. 4
; " HPUR () *+, e3e($z6) ((6M(T(i M COVPCSI TI ONS AND METHODS FOR WI'1
SPECI FI C | MMUNOTHERAPY STATEMENT REGARDI NG FEDERALLY SPONS
DEVELOPMENT This invention was made in part with governmenﬁ%i l ﬁS
NI H SBI R Phase | grant nunber |R43 CA81752-01Al1. The CGovern
«gertain rights in this invention. BACKGROUND OF THE | NVENTI ON Fi &%0%f t he
Invention The present invention relates generally to the inmunotherapy of
10 nal i gnangoMPESFRDNG ANBMERYODE FORWTRSPECH|CTIMMUNGTHERARY nor e
specifically related to conpositions for generating or enhancing an inmune
response to WL, and to the use of such conpositions for preventing and/or

| cukent 3 aesATEMENT EGARDING FEREHARLY BranSolR Birsphhek gkl e ™

t hr oughout Dfu_%ﬂ/quwf\lthough advances have been made in detection and
treatnment of suc I'Seases, no vaccine or other universally successful

met hod for preventi oMhigrinverstinwas nmedeciarpaer withh goletnieentsuppotumdent | y
avai |l abl e. Managenent of the di seases current \Iﬁ# relies on a 20 conbi nation

of earl § dNigRIBIRPhase bgrgntsumber {REACASI7S20hiAh Fag GavermmenumaYor nore
of a varie f urgery, radiotherapy, chenotherapy and
hor none th@%{&%e}‘%‘ﬁ?@ﬁ%ﬁ@@%ﬁt}f}ﬁ@% ‘ment for a particular cancer is often

sel ected based on a variety of prognostic paraneters, including an analysis
of specific tunmor markers. However, the use of established 25 markers often

| eads to aBAGKGROUND OF THE INVENTION interpret, and the high nortality
conti nues oI e bslerve in many cancer patients. |munotherapi es have the
potenti al E&ﬁﬁb@l&ﬂﬁ?—ﬁﬁ?—y‘ n i nprove cancer and |eukem a treatnent and
survival . Recent dat FhdejiesuritimiehtioRatlates gdneéralf mire ifRAURGhErI oY

i mmunot herapy in the context of bone marrow transplantation (e.g., donor

| ynphodt e malignanbdispasesusich & leapemia ang canceisy el henivvgatien stmere or
enhancenent of__an, i ne.response to.a tunor-:associated antigen (TAA).
However , tépﬁ%ff'%aq‘yergg%?séq o 8%'%%@’&%95%%9 arenianeing 3@@%&% of an
| mmune T eS pfiisagg ygramssUeRSoonibddidiry Br BréRAtingandngt been
shown to be t efgggﬁi’a Iy{bb@%e Icral. AC(I:T\(‘)édi ngl y) Phere ig a Z\tged in the
art for i mreatieg medighadsdiseasésuken a and cancer prevention and therapy.
The present invention fulfills these needs and further provides other

rel ated advantages. 10 BRI EF SUMVARY OF THE | NVENTION Briefly stated, this
i nvention g&ghﬁ@ Bﬂggqf{élhiém&gand net hods for the diagnosis and therapy
of di sease cancer. In one aspect, the present

i nventiign provi des pdangepand esukeoriaares significant heailtrogroblemp dr theodnibéd a
native Wi or a variant thereof 't differs in one or 15 re
substituti %tPS@é!déng,oubmﬁ WPgds t@hﬂ’“%’i‘ agdvaneces have Q%%’P]"'la%'nt he ability
of the vari ; i i - [ ' vcell |ines
or cl onee. CEtetPA EAfcatierf o SUbPLReBRES rd ok SCoher IANBIsly o1 of

t he presentsuceesshilimethotfer p@vention britreatmgniticf eanesér archtukemia istunogeni ¢
portion of WI1L wherein the I nmunogenic¢c portion is contained within am no

aci ds 2- 289Uernt!!>av?1ihblw Managem%pﬁtwgaamwremwereﬁw PPébt i de
conpri % A8 Gkt JANIGH Y BoBRARFLSIGR] AHER by litd ve

| munogeni nedrirmore ¢ffa aarietp ok tredtmestsdueh ab surdery, eddiothesapye W1
pol ypeptide or a variant thereof, wherein the pol¥pe ti de conprises no nore
than 16 cosbemetherapy@nddhaiaonertbeiapye st Bscoee ohtreairentfopaiRasictads 175

P10 aReRpBP oo e KPR oy cTBHRGRRI) BpRAele R bR
enbodi ment gn éﬂﬁi}{ﬁ@bﬁ’@ﬁ@éiﬁéﬁﬁm@(ﬂﬁﬁéim. FloWeVEENRE useloresetblishedn t he group
consisting of (&) sequences recited in any one or nore of Tables Il - XLVI,

(b) var2santsarkers ofteri lwadgdo agesell thatds difficudt todnterpret,i ancbthe high swrialite

substituti ons} del et onB addi.ti ons and/ or {.nserti ons such that the ability
of 2 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
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the variant to react with antigen-specific antisera and/or T-cell lines or
clones is not substantially dimnished and (¢c) mnetics of the pol ypeptides
recited above, such that the ability of the minetic to react with
antigen-specific antisera and/or T cell lines or clones is not
substantially dimnished. 5 Wthin other embodi ments, the pol ypeptide
conpri ses a sequence selected fromthe group conS|st|ng of (a) ALLPAVPSL

SEQ I D | . 49 and
bsey | solpeapmie ElBFKied B Fpiriantitisfhy e ROl B el 1og)
NLYQV[I'SQ_ {r&igblamatics (e.§4 Honod yBE)ocyke Irfisias). (Sileh therdmesiamy |BBolaed 255)
RVEPNAPYL (SEZ |D NOs: 185 and 293)  VLDEAPPGA (SEQ,1D NO: 241) APPGAS
(SEQ | D Nothgiaeneralian prenancement gf@n I8 ASSPONEEy ARUNE-A589C ?
variants Q%rﬁtidb% Q%g%me\%gqute Sreiatﬁg%lgqb%f'leh BrdlfowWh ﬁlﬁﬂrtﬁ

substituti i ons s an r |nser I'ons suc tha‘fa the ability

of the Sar?@i‘érahﬁn oeaatimmurie R_pbasH agaieei Such amigersasamdthaard - cel | 15
lines or clones is not substantially dimnished and gc) m netics of the
pol ypept i dexcepsiont aat Q&ﬁl\/&hO\%@&mbeN&Qfapﬁ@“%ﬂiliymwf'éﬁ the mnetic to react

with antigen-specifi

substantially dim méﬁ‘g‘?{m”@lm%gé%d‘f ogﬁp}b?é”{é%?@ér&ggﬁﬁ%hpgsg@gnbl nation
Wi th one OfpyRBika 8AH RANnEEr steVbRTdN GRd HerdBY. TRegtbserdlivvainiopernfilge
mnetics. 20 Wthin further aspects, the present invention provides

pol ypept i dttmsemqadssandguaheaprcamdemthahrelamdraﬂyantag%rt| on of a W1
protein, wherein the variant differs fromthe i mmunogenic portion due to
substitutions at between 1 and 3 anmino acid positions within the

i mrunoggni BF@?F@LWWdﬁ?HF[IW\/EWﬂONV of the variant to react with
antigen-specific antisera and/or T-cell lines 25 or clones is not
substantial 'y reduceBriefly stateththsombntmhalrovues@ompusitiome aﬁmmpﬂ'mda n. The

t t furfh de I des t hat
polypept i dlor4te dpasioslsaancHsraey vﬁqlﬁﬁaﬁq‘%’w&h‘” okt i Bpédent oRvent i on

provides 3 r [ B praceut i cal
conposi ti o%sm@y@gﬁr{g%@gh\é&gJ @ gb![cflé Ylﬁgtglcc rls scri bed above
and/ or oneurmmmo?emofpoﬂldn Sf a nativel’ anlqrramarmmtmeo(iha) differsiint oh@dy or
anti gen-bindin ragment thereof that specifi cal ly bin

pol ypep®i dmore |3Hb§t'tut'qn%éiq|etﬂﬁ‘§t addiiens apd/aryn %SW%W%"'WF%{%%WI %ept i de
| |
conbi nat | oTAATE MEFGERE Dt bty Pt SYRE ARG oF ToEeH oK | 1

Vacci nes cpgpsulsstamtiaig |dl’rlhﬁ’ﬁ§h6ﬂ? Withiresertaih erhisdamentsol/the ppeserdr nor e of

(i) a W1 pol ynucl eot | de an anti en%spresentl ng cell that [esses a
W1 pol ypemvﬁﬂﬂo'&rth("lHQMP dﬁrﬂomﬁrlﬁe§ t 3RcmERROgeRiPartiep of S&g&l fic

i mune resgmgﬁgn%ngﬁﬂﬁ]%ogx&.&:@gm&? st@drﬁ%nfiBHQ\?l{HW? fino LERSS 2581 of 3

consecuti v no acidre refera 'ess amno acid

resi duep, WTH wmilrveeﬁﬁn\ﬁfﬂbmhwmmtthdpompepﬂdesemprmes nomarethan 16
pol ypepti de enpl oyed wi thin such pharmaceutical conpositions and vaccines.

The i munecpRsgauive aming acist rasiduasf anatiye NVt polypeptides pMthingthermune

br ovi des. ETTREETEGE. B ARKPaRiGr b ARaCAT RmiBoRhETE ol B RIS T Jrt e
patient, cagRfreSidugsadm 74 &t &nafide VOT A pbBiepiide or Rhariamt terésiwhessmosi ti on

or vaccine as descri bed above. In certain enbodinents, the patient is a
human. Theths pelypepiide/eomptses 0e mere than Brensaeuliveiaming agid fesiduesg t he

to o 205papremr W ARIRLARHE 37 ode AsS b hebre VEELPRPEBRETPPLea mbove.
Mal i gnant ghafmpgenicsdriétep réwiabw sma@ttolahrmH@icm@sIgn&v@mms(ne g., acute
nyel oid, acute |ynphocytic and chronic nyel oid) and cancers (e.g., breast,

l ung, t hyr mmjemlegwuhlmcaﬂan emhbdmmﬁe,rthem(ﬂypm‘tldﬁmm)prlseﬁ@ @@qu&me may,

but need not 1affl cted with {]IP rrg{ nant seast

admi ni st ratsplﬁﬁ’t‘%ﬁ rel 959’9“%F9§§'§ 9 e5fa) 8%89??? Eengd i 38&%‘3 QY nni bi t
the onset of TaHER |p. ﬁLW?(EFvaﬁHntg%YtHé‘*Ur bdin rsggnsﬁéésoma@aﬁfe@nn BREBFL asi s
of an existing disease resent inven rther provides, wth

ot her Hpemare subshtnnisnf;,oulelem iadgitionk | adéorinsertiong sum tHatdhe lability ohr r ow
and/ or peripheral blood or fractions thereof, conprising contacting bone
marrow, 30 peripheral blood or a fraction of bone marrow or peri pheral
blood with T cells that specifically react wth a W'l pol ypepti de, wherein
the step of contacting is 4 performed2under conditions and for a tine
sufficient to permt the renoval of Wi positive cells to | ess than 10%
preferably | ess than 5% and nore preferably less than 1 % of the nunber of
nyeloid or lynphatic cells in the bone marrow, peri pheral bI ood or

o I T



15 I n other aspects, the present invention provides nmethods for stinulating
(or primng) and/or expanding T cells, conprising contacting T cells with a
W'l pol ypepti de under conditions and for a tinme sufficient to permt the
stinmulati on and/ or expansion of T cells. Such T cells nmay be autol ogous,

al | ogenei ¢, syngeneic or unrelated Wil-specific T cells, and nmay be
stinmnulated 20 in vitro or in vivo. Expanded T cells may, within certain
enbodi ment fhe \RRiaRE &5 RiHct Wlth@rﬂnpbﬁ%e&ﬁb@iﬂsel@éhd}’b?ﬂ'éﬂelIbin@gtbr(uorﬂasﬁs action
of bone marrow or peripheral bllood, and may (but need not) be cl onal

W thin cerhat substm'dmllyrﬂnnwsh'éd(m’ld k) meigneties of theepolypeptidesaiesiied aboveg

xampl o, uPudt WG BIBADIE otJe RIS t Fealt IR PGl A e 8 8pdier

et hocs  20F i INRE RS clhbsi8 Rbbhisientdly diffuppien o 2 Rl gnant disease

in a patie adm n ering’to a patient T cells prepared as
descri bgd above. SUCWltﬁlri:@lhleiier‘fmodlmenisL thecpolypeptidetadprises s, be

aut ol ogous, syngeneic or allogeneic. 30 The present |nventjo wrt her
provi des, @equenceciaiested figae the QWE'PHM@H'BB QWABPPAMPEI#&S&]Q tiveness of

i i th Wl
expr ossi on 0108, SATHREIRY (S QTP S8, CHOTNGNEISEGREREgant )
Ca+ T cel Izsar@m_rEé@Pﬂ (SE@'ID mespmaadlzgsy r@cnasomm( SBQ IDn certain
such aspects,” a neth ri se the st ubatIanfll‘St

bi ol ogi cal NEX#98)e NAN@MB'SQlo( e NPs: 147 aad\m) BAlpieﬁ/W%%i-l(ﬁg Ri) a

Col " RaE s aS R 258k AnFYBEYLTREQ IRNGS o8 and PRl VAPRPeR ol e

I's obtai neglséoqm ﬁ09241 eVLDPWP@fGAs (SEQ'D RD:401), | ISEQ D ADE:0M4-360, wher ein

t he i ncubation iIs pert under conditions and for a tine sufificient to
all ow i mthBﬁNRSie@E@ chN@M&ﬂ))(b):lmnaﬂt&; ngthermmgmmrpeweﬁdhabr med

bet ween t he, WI'1L tide,a ant i es i he b| e that
speci fi cal Afffebit "?%Pf’ﬁg !?SERLJF'SIB%&F‘??%@“SQ@ d '8B§§‘{‘ %’b@”?iag?&bnd (b)
using a segpiifndyLBiiRLsCHkL V%‘SIEH{? l‘é%bﬁ#vﬂﬁ%nil msbbélflééﬁﬁs@%taWbr Tellow ng
t herapy or | muni zat’i on; an conpar|ng he number of i nmmunoconpl exes
det ect a6 i tinéser élones isanot substardially dimiytlatmld argch(sl) esimediog of ther ef r om

pati ent . PORPAPIRAS EACHEH A00YP R GE ta ab IR dhe ERGHE (0 ARy of

det eoti N9, CATREA S63afiE hnki S5 AOT LBF I SETLF EEAERIEH Ukl cotl on

reagent tha to t e I nmunoconpl exes, wherein the
detection ganiphedc Vipiétismay cemprises agmwacid(slﬁ) comhnatlmg witth one or

detection 20 reagent, and ‘(_}%Fdet ectin re e Qr bsence of the
reporter gRIE.amiAe agd BUmEH P%Mrﬂe%@ﬂf dﬁ)ﬁﬂﬂ 'Qﬁ'rrpl e, a second
ant i bo?b or anti genw hrﬂﬁ'tﬁ%’ e{s hﬂfﬁﬁgn gﬁ%ﬁ: ﬁj\"a@gﬁdl ng to the
anti bodi"es that speci Teal ﬁ to't I ypeptP e or a nol ecul e such
as Proteinpbly \ébtlbeslcombﬁmngrd)mhamrdfan mnnmugetrmpgrnonp)ﬁasWB'derdtaum, t he

WI'L pol ypepti de and the step 25 of detectin ri ses .renpvi.ng unbound
WI'L pol ypemhedeinghe vguaab@ﬁemﬂrwdaeéemmgﬁ% r@@%ﬁé’@ tBrsng ﬂe'és 8t the

reporter g t
effecti ven %lw%?miﬁm d%rélrﬁ' E'd%ﬁ%evylgm b %?%rﬁn@%hgggﬁbwdlﬂgggg’ggwat
associ at ed thé tbilityldf 1Ak Variant Yeaot mtpaintngen spe;zlflccammsemeanmer fmnsmes (a)
i ncubating a first 30 biological sanple with one or nore of M

| i ) an

pol ypeRS der clanes ig, npbsybﬁjamaiw reeueefé@msrﬁjﬂharmﬂ rglatiye &o A native

antigen presenting cell 6 that expresses a W'l pol ypeptide, wherein the
bi ol ogi cal R e conprises CD4+ and/or CD8+ T cells and is obtained froma
patient prior to a theearesent .hmwmﬁm@ﬂprms/wamymmemmﬁxaaton i's
performed under conditions and for a tinme sufficient to allow specific
act i vat i on,ensodeiaf \WTdt palypeptitlecas dgsarivedfabpve. cel |'s; (b) detecting an
anount of activation roliferatio nd/or |lysis . ell's; (c)
repeati ng steps (a) (W@h inRthelsashse %BF&P%‘?{HP@& '83tpp§\§ﬁ% e conprising
Dt ang) Olprdacdufici 68 p‘éf@ﬁlbﬁs%nh%c%ﬁfé@CPrtarﬁiaéaUﬁ@él ceAipYsions may ai ned
fromthe saPrre pat 1 ent ﬂ oW ng therapy or inmmunization; and (d) conparing
t he anmount caimprise & polypeptige of miraetic asdesadbed abgee andfor pneairireorerdfi(le 10
first and second bi ol ogi cal sanples, and therefromnonitoring the
effectiveness of the therapy or i muni zation in the patient. The present

i nvention further provides nethods for inhibiting the devel opnment of a

mal i gnant di sease associated wwth Wi eression in a patient, conprising
the steps of: (a) incubating CD4+ and/or CD8+ T cells 15 isolated froma
patient with one or nore of: (i) a WI1 pol ypeptide; (ii) a polynucleotide
encodl ng a V\7I'| poI ypept i de; or (| i |) an ant| igen pr esentl ng cell that

o o I o " N 1 " o




i mmunoconpl exes to form and (b) detecting i nmunoconpl 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 expression.
20 These and ot her aspects of the present invention will becone apparent
upon reference to the follow ng detail ed description and attached draw ngs.
Al refere efiel I in
thei r enti Py ! BOVFLRRRRBCIT R iody oF BHth O R g et MRS AREE b o
OF THE DRAgp&¢Hicdlly bingsitoea Wﬂ’epolypepbde;c(mb)arT selhthat spheificallysreactgyitand
human (HU) W1 protein sequences &SEW NOS: &%O and 319 res _Li vel y).

Fi gure 2 i 8 WThwolneptige o (iv) a0 Antigen-pieserting éh%@?‘%fﬁsmagﬁ ific

ti bod 1 sh
ol coul ar - REPBRBIETR Spbionao B 3ferac o R ol tarblBE o, Ve 50
human | gu k@ﬂ%lﬁleﬁel \/ateines compries lesolppéptidedag\describediabavecanid/ocorendr body) ;
8 IaneSSovvsa\rxN%atlve cont r ol Wposmlve cell line

i munopr ecmsire af ilaMv i pelyniislentide, (il) ancantiges-presering eelltnat Béﬁfﬁﬁﬁ% ceI I

I h .0f,. i i R

Lhe- i mrumoBNT sostptedr (i &5 e dbieB e hhtiniay bhl bt el ifReT 1 1 1
a W'l specjdddondaldnbfiser. WithBEerain efnbibdihehiy], fosklthan 28 sorisealtiveg t he
detection of 'a WI1 specific antibody response in B6 mce inmunized with

TRAVP- C, aawiiio poisi resideesupreferably less than Lbamr_tnqacg regidusssofchnativeecul ar

(N80, 18anti ErabPeptfearmaesspwEBR/Bnt AeVERaff RyPlSstditi efics of
the N-ter ”b[?ﬁ*mé@éﬂtf&ﬁl é&n?f)gﬁ@ﬁs ¥Ad vBESh8S, ”Th@‘lﬂhﬁiﬁé‘&sgﬂnééénﬁﬁé@r n bl ot

at 52 kD) e primary anti body used was 80 in | ane sera of
non- i muni ey RS aniagfuvant. Breferablydarsiemrauné responiserantianedr eshances a T | ane
6. Figure 4 is a Western blot illustrating the detection of W'l specific

ant i bodi es CEh"@BRAPSErmuni zed with representative W1 peptides. 15 Lanes 1,

3 and 5 show nol ecul IS

specific positive con r%é%é@%@@hﬁgﬁ%& é@gﬁ%tsgrg ﬂ\glagg?/ﬁe pol ypl)'ggptl de
spanni NG lHduingan immimeatspdreseNntzepaiierd| cmmgnsmgcaidmlhstemg torat ei n,
mgrating on the Western blot at 52 kD). The ﬁa Cili Eod sed was
W80, 1 n°) PAtent a EAEAACUGAL Poans e PEKAGHIRS 25 FESLHEEG bR sk o of the 20

i nmuni zed r%]ggg' prow? h‘r?%}ﬁs 6[he a%f‘fé Phuman>C are graphs illustrating the

stimulatio i've responses in mce i munized with

representative W1 papel piesenﬁmwntidjnrferthecpmwiatmethomissfaymhv’mtmg ther f or ned
using one T cell line and two different clones) as |ndicated, and results

ver e expr eSieyalopgent of aimalignant giseasa dn aRpadignt ﬁW'W%ﬁ@@'WPH”Q&O anti gen
No Al 117 139 2
f)r p2911?@6%aﬁgf‘gﬁgbgﬁ?g@tggpé°'ﬁ§8§h@ﬁ@E"g?%g%F‘gtadgé ? I<:;{Srr€&|ah)ustratl ng 'Eﬁe)

stimul ati om4Alignahptistaseés inctude, bat are' estiiitezita leukemias @rg)nacute wi t h
representati ve W'l pepti des. Three weeks after the third i munizati on,

spl een cel Ineyaleidnpedetlymphacytisanderanicrpyeloid) @nd gancetm (&:9- ﬂ@r%séf VaCCI ne

B I .

OBl no. ant 1 inVtels e et il selBgt B afimBRoThE pfiefiial il ™
pP117-139 (mbbénotpBd afticied Witkithe nlﬁﬁlséasél md thebadministraton-GiQhe ( p287) ,
p299- 313 (p299) ) p421-435 (p421 ) (Vaccine B; gure GB%) and s(gsleen cells

pul sed 24 t Iprarrnace@tiaamamp@@nﬂpmﬂr vaeginedeay m’mt@t %\ﬁd?ﬂs%@ Buelp diseassy g/ ni
d d. ft ehr . f i di
hcor por at e MSEALT BBt padlo MtanEsR s &P st aRet ("

cal cul ated as the megthebrekBAt iRVORIdrRIMhEt prRlidss, dithird ethepaspbetsirean of the
control (B6 spleen cells with no antigen). FI gures 7A-7D are histograns

i 11 ustrat i methbds demremuavingcelis @xpessing VT &om bene marrw aaddrcl ones
specific for 6-22. Foll ow n in v muni zati on, the
initial t hrF@ép}‘ aIJh?QQf%II%IO&WBﬁ@OI‘IW&I%NCEBWI/@@'DBUP TRTOM al | three

peptid Iél?)lobod){vr ?fra&ﬁéﬁ’ﬁ%br‘{é’ h?’arro?ﬁ%??@ﬂﬁ%ral MSodelith v%ns ed out
as sing e e stinu i ons usin wo relevant peptid

p117-139 aﬁHalO@e’&ﬂca@ym Wikt @ WIBT pmwepmen welogrieirt the siépbicantacpng‘ts 139
specific T cell lines, as indicated. T cells were cultured with nmedi um

al one 15 (nedium or spleen cells and nmedium (B6/no antigen), B6 spl een
cells pulsed wth the peptides p6-22 (p6), pll7-139 (pll7) or an irrel evant
control peptide (irrelevant peptide) at £25ug/mM and were assayed after 96hr
for proliferation by (3H) thym dine incorporation. Bars represent the
stinmulation index (SI), which is calculated as the nean of the experinental
wel I's divided by the nean of the 20 control (BG spl een ceIIs mnth no

o e —— e, ——— o o Y .



pepti de-specific CTL in mce inmmnized with WI'1 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 determ ned 30 by standard chrom umrel ease assays) is shown at three
indicated effector:target ratios. Results are provided for |ynphoma cells
(LSTRA and 10 E10), as well as E10 + p235-243 (E10+P235). E10 cells are
al so ref er pefornfed '@ gércatiiitinsiartBlor & tift guffiefent @Apafkit ieerametof
illustrating the elicitation of WI1 specific CTL, which kill W1 positive
tunor cel | WTinpasitivg cefts todeskthan 10%, prefergbiy ieas than 5% ardmare| | owi ng

Tcel 1. of PredsrabhgRs hah i9h. of e Gkt ol ol pPRERNAIE Sel s FeBiie | nes.
Figure 1 Oﬁ‘.airﬂdw%ggﬁgﬁ@yt%g égjrécﬂbfn.tétﬁwé ﬁah%w,fb%'ritgﬁemrb&idmei c cell

lines. Figures 1 nonstrate the lysis of WI1 positive tunor
cel | |i Bestraetiorsompypbedbtaingd frome gapatieat afflidted withsa disease adsbdiatednt 10
experinments, In addition, Figures 1 CI,‘,%QP 1 Oé) show t he Lasi s of peptide
coat ed cel WIthiWE3 expiessiasy 8f May ke phiainetireca AYRRRLNRANEREN, el evant WL

pepti de Pl,’],@m h r‘?&c%ﬂi‘éfé%‘;\?itlil Eﬁcr()(‘h!df%é%e(. as determ ned by standard chrom um

rel ease assays) 1S shown ree indicated effectoraarget ratios. Results
are provi ded for |ynphnireralatedsaspetts) theopaseat inventior providesmeliolegP- C), a
15 transfornmed fibroblast cell |ine (BLK-SV40), as well as E10+pll7.

Fi gures 11foxinfibiting tee developmesy ohasnalignast diseang in Adatisnt.icoprsising

tati . ti P11.7- LE] |t
cell <258, - aiuaBEhads 2 patitat PRnE BEFOW peribhelf Bidaf ot rabfibh o ¥Bnb TP |
had been i RpgrivrbePeNpridial iBodppépaled delddschtad @abond.l ButBDome magbwul at ed
invitrowth 20 the rel evant peptide and tested for abll\lﬁgﬁto | yse

target s i npetipharal biood onfractiens meysbe guteiogouss onayssder P hegati ve
tunmor cells, The bars represent the ne % cific.lysis:in chrom um

rel ease asEi9E€ chrLfrH?lﬁéeEFD M"‘Pﬁ%ﬂ%‘a*ﬂ‘ﬂ%ap@??ﬁﬁﬁ' (Ed'r ?gi/qsé(;'%b‘# 8'25: 1. Figure 11
A shows t hgsgdri@xi c activity of the p235243 specific T cell line against

the WI'L negative cell line EL-4 (EL-4, W1 25 negative);, EL-4 pulsed with
the rellévant (used f brotheraspects; the presentiinventiongprovigesimethads é0n pept i de

235-243 (EL-4+p235): EL-4 | sed with.t i I A i - 139
(EL- :1_+p11:7ft,'mﬂﬁlagll(§ﬁpz"@m9ap” ; e)e%”,a"%{‘i?f fé@é,(%@ﬁﬁi&éfﬁéﬁﬁ ﬁlcg}&l
ositlve r M’Qﬂ Ld@-n% éﬁalf 1 Béﬁﬁt
E)TRAIVP- C, \%@ apg\g1t ?c\’/@% l as | nd‘lﬁcat eg. Ei gur gp?itlr%é go Ighowé cyt ot oxei c
apt IhVIt th y ois}immatitmmmdél@gemgvfigﬁ a;f'ITceHs. lzlsmimg Qe@aima.étl_bfautc}lomusrl_ |toul Sid
W e relevant pepti ae, - - 4+ an - ul.sed. W
the i 11 ol coUSISTRIGNRgENSIES Ugiatad WioSbAETC b oo Aich Y (8 St

BLKSVAGang, J; W‘ir?vi@s.éw&%?ef'celﬁ ﬂﬁ??@itﬂiﬁ%eﬁ!&ﬂj érBodifehtsS&Jr ans

illustrating ?ﬁe specificity of lysis of Wi positive tunor cells, as
denonst r at pdesent sithih bame etariawiperipheral tioother & fnastior pf ber@Mmarrew eean %

specific lysis in rom um rel ease assays, perto in tri.plicate with an
ET ratio Seriphergl %EOQU?BH]M \ﬂ?eaﬁd)cgé) 8'%8?[‘%{'] Qﬁ'{?'qof the pl17-139
speci fi ¢ T otaldohbAf, 34 b urihl Afehatbr(&a/éy VWi
negative); eﬁﬁdedw}amébsi |II§§?%§§PY%%$W?$5@%EE ?%RAIVP C V\7I'{
posi tive); ekpahbiof. ¥¢T1-Specificatelid may beaisedntdr @xdmple,esithin @ofioonpared to
the hot target) of EL-4 cells pulsed with the relevant peptide pl17-139
_(TRAE/PE%JI@% Eceaﬁimprg%t)_vmhou_t 5'3 | abel i ng and _TtRAlvP-c cggls ol
I ncubated w - r ; : g’ abel 1 ng
(TRAMP-C + irrel evanwl(t:r(ﬁ)ﬁge@aé%% ,dt%tsrﬁltﬁélagz%[réé)gg I gu?%er '@Eﬁlgﬁgws t he
cytotoxi c geveldphenof bimaligrbht H’kaspde afpatiefit, oomprisingadginisteting be aWr L
negative 15 cell_line EL-4 (EL-4, W1 negatiye), the W'l pogi.tive tunor
fﬁ” I:ne ptanee:vg@;atlepter@mé)t asmfcw@%d abg\ée)-; ?ngIﬁﬂlt@)m@Y,hthBhL'ﬂK&gggg'ed }N:th
e relevant col. r - + 0l rget) an - cells
i ncubat ed \;amtppdlwgnf%,%@@é{}@hgﬁ%ﬁ&@gﬁé tor(ca@!gggg%go + irrelevant cold
target)ag as indi cat edpehir@yéMmSndertichSurthbp phovide) willin 681l @potsan
eval uation of the 20 9nmer CTL epitope within pl17-139. The pll1l7-139 tunor
speci fi ¢ CThethbds fovasoniterirgthegffectivepess ofdars iniintinizatiaa of therapy & ai ni ng
or | acking an appropriate H2b class | binding notif and foll ow ng
restinmulation with pl26-134 or pl30138. The bars represent the nean %
specific lysis in chromumrel ease assays perfornmed in triplicate with an
E:Tratio of 25:1. Figure 13A shows thebcytotoxic 25 activity of the
pl17-139 specific T cell line against the WI1 negative cell line EL-4
(EL-4, W'l negative) and EL-4 cells pulsed with the peptides pl117-139 (EL-4
+ pl17), pl19-127 (EL-4 + pl119), p120-128 (EL-4 + pl120), p123-131 (EL-4 +
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represent the ositive and negative controls, respectively. Commercially 10
obt ai ned WI1 specific antibody WI'180 was used for the positive control. The
next 63 | anes represent results using sera fromeach individual patient.
The OD val ues depicted were from ELI SA using a 1:500 serumdilution. The
figure includes cunulative data from 3 separate experinments. Figure 15

depi cts serum antibody reactivity to W1 proteins and 15 control proteins

in 2 pati eﬁfaﬁg ﬁtf’dlﬁﬂsg Al Wth%ﬁ%dﬂi’ééﬁ”@r‘l Ppﬂbahéntvwéuéﬁ Heknddnat h,

W1 Ntermnu Ral2 protelins was evaluated by E In 2 patients
with AM.. Atecba¥edan mnmtdapg antibody r@Da+ d m@m@ou@Dﬂg 'E.CQH Eefapmeeﬂm
dilution. AM_-1 and -2 denaote serumfrom 2

?1 the individ atients in
i gure 1 winteRang: MENELCSIFINBYY 2BRES: 509D TG COMBY e e SERS: b The
WL ful |- | SPOEh it Rbghd St BURIERE Smipie a,.tweoa} bR 6 1) Wrfal2. The

WI1 / N-ter profein -was exp S dsion pr RX. The

cont r ol 5Rapgly pép”lnd@%om pbighasievtde enoddihg e ;@olypéptlw ofgily&s. The

results confl rmthat the serum anti body reactivity agai nst the Wil fusi on
prot ei ns |antmerepmanta@gaca&thatmeep@rWTdr@olmentld@ whereindhe fisstri gure 16

d t ti bod t WL

React | vi ty PUIOCSH AT IS aapnes Ao patert Bl 1 BraFabR dabMulldation.d by
ELI SA i n pahd QHeFeinithd iftMbatidh ®s pbHsimad dna&icauliticiiesnd RiP'eHASt t he
positive and negative controls, respectively. Commercially obtained Wi

ispem fic aatuﬁnblenytcwlmmmsnnoewpfezesméorpns(b) de@cgommmunom@piﬁaws Sﬁ

T D
vl oes 105" fomegatwaes dhe Wi npRpRelde and BriBsdisna it bidfgiedlseftble o
figure '”C{Hé%geénﬂgé!ﬁlha?oﬂ?éW‘ﬁr?&yé\]ﬁlﬂéﬁ‘f(@)tr‘éﬁééﬂ s @) ahtiqyy € 17

depi cts serum anti reactivity ot’ei ns an trol proteins in 2
patients V\uslhg@\&ecdwatmblngldaysarhpimobtmmdtfrmndbe1samb Nﬂtilen‘tffmlldwm@ngt h, Wi

[ N-term nus, TRX and Ral2 rote' was eval ated b ILISAin 2 patients
With OV HesRYOLIMMUBIZiENA EVRE 9@ e NYARRY q'?gmwupog F’E"e’ﬁ?m

di lution. &%% % Efée% f lents in
Figure 3 w cgeeoarr@ﬁ's]t ra ta ant | E‘g?jérpglac! -Q%f:nﬂlé%f 85%'.'?@&&)“ engt ﬁﬁﬁqhe W'l

/ ful | - H8ngtHe elfedtiweneseof mnhemcbramnwrhmtlamnnhewnenw th 10 Ral2. The
WL /N-term nus protein was express usi on prote th TRX. The

control Ral 2 and TRXV\it¥i ee'ﬁ%mmlaocﬁmeﬁss gfdt erAROVEI Mt s rﬁﬁp Othe

| t t 1 fusi
br ot el s 1 etsiclh eBinees T8 HEL SR SRt adod O AR acByafl T 13"
provi des tFgagdnmmtnscapable%fofndidrgatqurmnmdon\fmxéﬁ whereipithe used for

serol ogi cal analysis. Figure 19A-19E is a bar graph depicting the antibody
responses AAteetied reagentcomMpsizes acE@PEer 8FPUR. (P r&im‘?‘@fﬂger‘b@I'&‘g toctiof 1

o241 o1 Gy RO bRl Ry s A g bbb opRgce L

exam ned byefdction @sagerit may compASy, foe BRABPRY, ragsétsﬁhdfaritubowy,n@ arttigren- WL and
Vaccinia WIL infection. Figure 22 is a photograph that denobnstrates that

W'l expr esbinsing fﬂaﬁmﬁﬁhtr@@q’fs C@@@ﬁ'@dh@mﬂ'@ tolherptingdiasthat spacificali¥ct i on
and is nom@gg&e@c gigg&%mé GRBIeclefSidn s Protefn! AUVGitHR otferd 97 aph of

an | FN-ga
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 Dbiological sample with one or more of: (i) a WT1 polypeptide; (i) a
polynucleotide encoding a WT1 polypeptide; or (jii) an antigen presenting cell



that WI'lT whole gene in vitro primng elicits WI1 specific T-cell responses.
Fi gure 24 shows am no acids 2-281 (SEQ ID NO:461) of the WI1 protein and
t.he cDNA encodi ng these am no acid residues (SE4 1D NO:460). This truncated
W1l protein is referred to as W'1-F. 14 DETAI LED DESCRI PTI ON OF THE

| NVENTION U.S. patents, U S. patent application publications, U S. patent
applications, foreign patents, foreign patent applications and non-patent
publicati hAT {entigBewhbi A\OBi fsal mohise§e

oDl 1 cat i o T D D S e e
entirety. @B4naretonCbD8e, T célls andiscobtaineddram @npatieng prier t & $herapgored to

conposi tions and t hod or .the | not her a and di nosi,s. of | i gnant

di rsrgases. puRig %iqn‘f)wge@é%&q I@%Tgﬂtéqr&srp "Ieﬁd'mf@g CWQE'BHF?E@N igdes,
W'l pol yn i . i A, i inB-hd, Nt c cells
thatploye;@rr ?3‘5”‘5%%“%%I‘?%ﬂ%ﬁsﬁé,@m%g"@ﬁ‘{@?‘?a roifEfeliof dhajodgasiorin b oet o),
W1 pol gpeptlisy¢h)adutécting amanousy of activatiohs p(alifeyatiom and/dr $ysis pEttief T ¢ f or

WIl. WI1 Pol ypepti des_of the present invention 8enera_| Ily cor‘ipri se at | east
a portion eglls;(chrensating:siepgdakbang fAusing asecend piglogigal sampplener eof .

Nucl ei ¢ acj ! i : ral: ) DNA or
R scquonCanPASHERESE, Bhgldd GpsIreelis Wil s SERRAbISORATRAMR R
that is copgplafiBfrémitne Gafspaiteri dellbwiag thékapy e imprinitatiopcand ¢d)l y i nmune
system proteins, or antigenbinding fragnents thereof, that are capabl e of

bi ndi ng t ocemparing the amogntwhagivajipeproliteration-and/er tysig ofhgeleindh| oyed

W t hin,suc QNROSI i . Ly 1T, : . +

that atd" sfst AR ephod BiRiCatiihes dnd Rl o fonra s SHactnes,

herei n fur bype tRERIpYYoraRim@RFatiirEipane ipatiefe! | s that express a W1

pol ypeptide as provided herein. The present invention is based on the

di scovery that an i mibe@resentineationifiddierpravides raethpdaforiohibitingbeT) gene
roduct (e.g. W1 can provj de prophyl acti.c .and/ar therapeutic benefit

Por pat i onievelbpmect bté Fraignsst igeRie Bvo by il AT X BRERT dhr,

i ncreased e | C i coahushey r limted

![O, I eukewpgée'?é%ﬁsﬁg@ﬁ?@é%bﬁsﬁ*aq?gmgm a %E%) , cﬁ?gﬁpganf/g?ﬁ d : eukem a

(CM.), 1&cuiseldtgdiroot gtpatichtwite one drAhdre aofhdi) @WTdhpalypentide; (B wel | as many

h | b : id and .0l i nal d
el anomas. bawBuetpelds pBoadB0 s e Veditier BE Y 31 aRtearPresERISEERLn 1 ne
basi ; . : . ; th
Wine t ot ERBRRREE R W Gh0Begiiger UATRRA o ¥cdhs Brolefsit, R Bt Cene
consi st s ohdfinistening tatik patientem effettive amaurerof thepealifératedh celistand and

f and. h WI t ei : i ded .in Fi 1 and SE
e e S BrosmRoa0 BNy Baelserien % Naralni Al e bAER. et
L nvent ign, VﬂthWEeHQWe?ﬁB&diﬂ?edté t@&%%(ﬁ’é‘ﬁ%hﬁﬁi e TOSR hfé?%é"ffegbﬁﬁe?f an
I munogeni ¢ portron of a native i (1.e., a protel n expressed by an

or gani sm t bag or snarettingesiet i cal |y nodified), or a variant thereof, as
descri bed herein. A W1 pol ypeptide a}ua/ be of anéﬁl en that it

. h i d
conprises at |east aWithinoHiss aspeciso g presgnt BVR ‘?W/B%l’@%ﬂggﬁ%% Pra
LA onrging ik BoNABOHBRESE o TallbnaRPUKBARS hESodERGdRAPRL | 99PeRt ! de

(i.e., consis arerative er of amno acid residues, such
as 8-10 regkpression iniangatignt, cemprisieg tngteps of: (@) ihclisatipighCAL gmddsrei n
(e.g., present within a human or non-human ani mal, such as_a nouse) or a
pol ype@5i d&RF+ T eells inalatad drom apatignt with anereranareebhdiiadfltls, the use of 15

W'l I i . . i . I of TN JAVAC =T id
resi uce. oPolPERINGE S BB isuRE oo G LT pEFPERIE: St UITEh: o or e
preferred baftiges ptaiontingeellithatdkpedsddsen Wemepelypeptidd, sach teat therTesglisnse i s
desired. For exanple, such a WI'1l pol ypeptide may contain | ess than 23,

pr ef er abl y prafifensie; (bhelonirg) ongar more cglisthat proliferatediand (chadminjsiedngecut i ve
20 amno acid residyes, of .a nativ 1 pol ,de. Pol ypepti des

conpri si ng?%ﬁﬁpi%@@ﬁf%'vaﬁwfﬁ&%‘? g‘?f‘éﬁ:@t’%g a native W1 pol ypeptide
are gengyally suitab }HiﬁrotﬁéI% s AfetfiodS\dFl provitRld P deritrfsingahe ved from
the native protein and/or heterol ogous sequences may be present w thin any
WI'1l pol ypeprésimceardbsenbe of qumalignantdisegsatasseeidtatbwith Yt expressianher 25

i mrunogeni ¢ or antigenic properties. Polypeptides as provided herein nmay
further be associated (covalently or noncovalently) with other polypeptide

or non-pol ypepti de conpounds.
7



- - e i e

An "imunogenic portion," as used herein is a portion of a pol ypeptide that
is recognized (Le., specifically bound) by a B-cell and/or T-cell 30
surface antigen receptor. Certain preferred i munogenic portions bind to an
16 WMHC class | or class Il nolecule. As used herein, an i munogenic
portion is said to "bind to" an MHC class | or class Il nolecule if such

bi nding is detectable using any assay known in the art. For exanple, the
ability of; irReptd i i i H engli rectly
By mon < or e P S ) B D o

~i 2-m cr ogisolatéd frot & pajientnwith bhiE ocinleare df! i) arkVijd alyfeeplides(iptar i meri ¢

conpl exes (see Parker et al., J. |nmunol. _152',,3563, 1994). Alternatjvely,
funct i onal PR¥pUsiaetide,anReading 8WVId Nalwpantide: ar i arantiger preseqiind feY be

Coved. rae ; >
reggi ?gg Wi ﬁﬁi %Q%%gbggémr erﬂgﬁy%@gggﬁ? r@\{‘g"t%@&@egr eggﬁ %%’Fé% I rrrruzggzm C
portiong i prspetific Astivatioe of e Ticeils abetaironrDetéhriniAy Bt pfgdancboran WL

residues 6-22; SEQ ID NO 1), PSQASSGQARMFPNAPYLPSCLE (human and nouse W1
resi dues labysgwe aEgmalignaR:diseageiassocialed wWith \WiTyhexpresaixs WIS SSVKWIE

(human W'l _residues 244-262. ' " i dues 15
244- 252 s%‘%ﬁ?ﬁ"ﬁ)ef@’%ﬁ ?"%ﬁ%LAf%$%%°%g%§W%§eé§ 2243
SEQ | D NGsgr 4i5seHt@ ciptohiferiont oftBe M) gellBCLESAPTI (nouse WI'L resi dues
136-144; SE4 1D NO: 296), SCLESQPAI (human WI1 resi dues 136144; SEQ ID

NO: 198), NLYQWISQL (Withimfusiner aspeetsithe presenllivertitapprovides/metbosisdor 147
d 28 tively): ALLPAVSSL WI1.20 resid 0- 18: I D
b 2500 aRBRIsYED e miseBih Snansdniidr § Elnihate Boates atdedlen it 1o

and 293 reggﬁc | hn i SHIW' Wels OHUBS i i Q I D NO: 241
), or VLDF Pﬁ?@hﬁ'ﬁgr"\/\?\ﬁﬁ@(ﬁsﬁ% uesmggb- 406, tggiblﬂD@I\Idﬁgﬁ&l&l)ng%Eurther

i mmunogeni biclagital sampie ebtained ftoch a patié with has .ot tioresf: (Far\vidr

i mrunogeni ¢ portions_are provjded herein, nd .ot hers may.generally be

i dentifi edpaglpﬁemf%l(v)iﬁe UP@@H&?&U@@S""Q& SPOINRRRIdB; R 3R | n Paul ,
Fundanent al, .4 : - 7\Mﬁa¥y nd references
cited therép{ﬁggpﬁé@rsggg?\ g?ﬁ@%‘@ﬁ‘#&%g&s for (?g%%tﬁﬁs}yvr?;e? i&ﬁ’r)mﬁogeni C
portions i incubdtiors iz paforngedomderapnditiensfand foha timhe Buffigiendto allaw wi t h
antigen-specific antjsera and/or T-cell lines or cl on?s. A*B 30 ,i mmunogeni c

portion of "BmHHPFQ'@prSﬁ%I%Fﬂlé;ﬁr\do@?ﬂgte&ﬁBSr'mchﬂﬁlp PESICIMGA ¢ h such

antisera a T qt,lﬁ [{ﬁ i t AL I t han t he
17 react pg%eno?]%t e fﬁYﬁqdé@gét n }b(d ed?egé"ﬁ tp%‘bﬁﬁ&@%g&érﬁﬁl&tﬁ??cel I

reactivityspséifivally Bind @ trer WiIr pislypeptideyanddberefronpdetenmimingyhe eact wi t hin
such assays at a level that is simlar to or greater than_ the reactivity of

the full | BrRREACEANAPERNER T a MAlIgnapt disgaseapSeEaeowith VHE! BXRFESEIRBd usi ng

met hods,,wel | 5 known j ' ' -1 s those
descri gd in Harl ow ghgs‘%gﬁé?’t%{tl o&{%éf?/thgi{rg%%ﬁrtg?%%m@hwﬂﬁ Saﬁad Spring
Har bor Labeppafsiy updfA 38teréndectothibifukdwingidataileagdesctiption tndrattachgd be

identified using conputer analysis, such as the Tsites program see
Rot hbar d adtawiagsoAll reterentss disclpsed herrin ate harelydngoiporated by refgipnce

| munol . 33; - 9 i £ ar. ide notifs that have the
potenti al ﬁhﬂ%‘r’ﬁei'ﬁ?@??%‘@é%%’ﬂ@@@"@@%%@i"{ es'dgvlgI h notifs appropriate for
bi nding to murine and human class | or class Il MHC nmay be identified

according to BI MAS éPar ker et al., J. Immunol. 152:163, 1994) and ot her HLA
pepti de bi BRIEF RESGRIPTION OR T EeBDRAMINGSer nati vel y, i mungenic portions
that bipd to a particul ar ,MAC.nol ecul n i i {1 i defi ned
peptid inding noti %%éhd%@&gﬁo%‘a“ﬁaﬁéw gﬁt&eﬂﬁgﬁmﬁégﬁdﬁ"ﬁ%

| mrunogenefes wht P?&e%q\/uﬁ%és (S NOSNIZOUATIS O répgravélg).mur i ne and
human class | “or class |1 C nol'ecul es, peptide binding assays known in
the art may be used. Figure@nisia Weisternridetstusifating the zigteniioni of y be tested
using an HLA or ..ot her .trapsgeni.c nmouse . mdel and/ or i itr

sti nul at i offPEE Q?nﬂg?qn'ﬁsdféﬂa FREW W‘?’E?@?%P@BP%‘&'?”&V%E‘MH%%@PSP‘ bl ood
cells. As fgHERARY bl ¥ shBWRd 56siflve/ 8oniPA(WPF1 Bosiaiye ve W1
pr ot ein. A%E’F’%d@@%@?’g’\? I ant ,kbfsgi‘arﬁeg Eer ee}?\, Ii s a pol y(\;g\g{)t??je that 25
di f f er S0 r tumsamieukemipotly irepimmianoprecipitated witha WIisspecaific amtihodygl et i ons,
addi tions and/or insertions, such that the i Mmunogenicity of the

pol ypeptide 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 dimnished relative to th® native pol ypeptide). In other
words, the ability of a variant to react with antigen 30 specific antisera
and/or T-cell lines or clones my be enhanced or unchanged, relative to the
native polypeptide, or may be dimnished by Iess than 50% and 18
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amno acids 1-281 is nodified such that the ability of any nunber of

pol ypeptides therein that can bind to HLA- A2, HLA-A24, HLA-Al, HLA-A3, H
LA- A68, H LA-Al1l, H LA-A31, H LA-A33, HLA-B 14, H LA-B40, H LA-B60, H LA
20 B62, H LA-B7, HI~-B8, H LA-B27, H LA-B3501, H LA-B37, H LA-B38, H

LA- B39, HLA-B44, HLA-B51, HLA-B52, HLA-B58, HLA-CW3, HLA- C\W4, HLA- CW6,

of H.A-CW7 is increased relative to that of the wild type(unnodified) W1
pol ypept | d@ngefibidliea neafivé Hb?ﬁ@lf ((\W’P?esmv@beu fin® FhitipRbHEpieRePWithl ng at

| east one 1 nmunogeni ¢ portion (epitope) 1s nodified such that its ability
to bind 25mouseseld)Hatd tarieed shews aMW 1apoditive geliline immunad@récipiated A1, H

LA-A3, H LA-A68, HLA-A11l, HLA-A31, HLA-A33, HLA-814, HLA-B40, HLA- B6O,
HLA- B62, mﬁ%‘p‘fefaqompsﬁ?nwll%b A"éﬂ??%@ﬂﬁs%ﬁd‘ﬁ? "H"L%W'P'F&EM-’%%& H
LA-B39, H LA:B4d . , ] ) 4 H
LA v, orenikd B bl fedronhdresSahd diobéa satha Wit-fispdlitc ahtindty/07
variantg that can befFidQre)gneaavesterd biot filistrating the detectivmwof d Weadi | 'y

recogni ze that these are illustrative variants and_that other variants can
be gener at 8ReGific antihady respanse inBe Ace fnmupized Wiy TRAMPG, /WD HLA

I I th h HLA- A2. f i ot Ll th
Var i ant - poPoate faSk ShOHE 1 afs a3 E0d Bia MRSt R weitfi Adres Y L "
fold, prefgmnaBlay 484nd € 3Rbwda T dspeeifi®psitivs contrell (186! 8hnteeChiz t hat of a
native UVT1 polypeptide. It has been found, within the 5 context of the

present i nBatechmology,polypeptitiaispasningsiéd amingnacids of theuNdeminal @gione. g., 1
t 3 i.t hi i i ti W | d A t
(9,9 30 DT DA b R AOLEERS| S5 B v

Sui tabl e Sahﬁédcsedsyggéfmawmlﬁnahbyz, Berd geRdn-irefinied B6 Race MaRbar

prograns, as above, and the effect confirnmed based on the
reactivit yandl sereeofliberioundnized B6lmicepnilare @i t h anti sera and/or T-cells as

descri bed herein. Accordingly,. wthi t ai referred e ipents, a W'l
pol ypepti de conpri se 'gé."‘?/éﬁ? §M\/eﬁwrmﬁ!<§ﬁf%ﬁﬁﬂ"§t%ﬁﬁf?cg{e?g’?%tﬁes Wi t hin
an i mMunogeRi G ol i 41 A LK react with
anti gen- spggléﬂltggéﬁt%@%?gp Qﬁ%ﬁﬁ”‘%&éﬁ ﬁ%gééb?rnt%t on\g?1i%é%(ltdgt§ istically

gr eat eri5t haanéda; 3fand 5 Sieovi Moleculdr Weigtht prrkesEndianeS@; 4 ando8 showtd ons ar e
preferably | ocated wi thin an VHC binding sjte of . the pol ypeptide, which may
be identif W §Be‘aﬁ%EPWB\%ICQ'B"(BQHpreb@gWe rug, @f?q?hqof%’)s/BQB'PSW'ﬁj?lcr eased
bi nding to : : { : ; {18} [ contain
conservati \?é@@ﬂﬁéﬁ ?tﬁ uémﬁhsﬁl%sgothbc%@ﬁﬂgﬁé 9?%&@?%?%%9&?5 one in

whi ch an armigratingioh the Webletn blot @t 52&D)adiehprimary antibodydisedawashas si mi | ar

properties, such that one skilled in the art of peptide chem st woul d
expect t he VEEtBfhindape 2 saea of RONsiemKEYiFed 528 Mice M?BP@ Qﬂdcf;?nr@ cﬁdﬁépept ide to

be subst.ant i ifn0 acid substitutions may generally be nade
on the as?rémgb}&&%ﬁ?gﬁlgf& 'Fﬁg]% arity, charge, solubility, 25

hydr ophobi city, hydr pijurés sty D dfedgraphs ilushiatingtthe stimatatioa aff t he

resi dues. For exanple, negatively charged am no acids include aspartic acid
and gl ut anPeolierative el responsas inmica immuized wilh rep@sgaative Vhe and

v ar opn |1 BPPYARR Ty HebhdiRioraseharPedlectiial Ao 8 PLMET 1

al ani ne; aspatweidiferdfit olotes) al indioated, and results veré exp@sisod asgpemy | al ani ne
and tyrosine. Other groups of am no acids that nay represent conservative

change®5 n&andrels indicated an the ¥ axigwereyng antigen (Me A\g) gnd Bemediger . thr: (2)

cys, ser, tyr. thr; (3) valL,,dle. | : Y/ his;
and (5) phantigens “f"?‘i}"’)eﬁ? Be:2g %’F‘F‘Hﬁ#"n@t' ZT@f 2] BE ppitdlon Humdh 3); ai
nonconservative Chan@?ure\é@(aﬁd‘és éFB}hiétbQthG@ﬂluQiréﬁE'@ﬂtd_ stithitatioe ofrodi f i ed
by, for exanple, the deletion or addition of am no acids that have

m ni mal i niprolferativeT celresponsesjiarmicetimmurizesh withyrepraseptative Whd
hydropat hi c nature_of the pol ypeptide..ln a.preferred enpodi nent vari ant
pol ypept i dé’egf'd?%e-rg\ﬁef W%%%ﬁ%s@'@éﬁ\rﬂ5“5'&"3%“?5125@?9? §gﬁ%ﬂtwc§b¥h ,

wher ei h | J i i (vl i y that
Fecogni e MpAeeHInoBRaKRNN YRcLRCOTBR SaRolio EWRRe Bal P iodL

non-1i mi ti radprexanediamdior spleent cetlsdnd medium (B6/nd antigen) d6/spieescelisant a
Cruz Biotechnology, Inc., Santa Cruz, CA). As noted above, W1l pol ypepti des
may be conjugated to a signal (or |eader) sequence at the N-term nal end of
the protein which cotranslationally or post-translationally directs
transfer of the protein. A 15 polypepti @e may al so, or alternatively, be
conjugated to a |inker or other sequence for ease of synthesis,
purification or identification of the polypeptide (e.g., poly-Hs), or to
enhance bi ndi ng of the pol ypeptide to a solid support. For exanple, a

] v o




5 encode a variant of a native polypeptide may generally be prepared using
st andard nut agenesi s techni ques, such as oligonucleotide-directed site
speci fic mut agenesi s, and sections of the DNA sequence nay be renoved to
permt preparation of truncated pol ypeptides. Certain portions and ot her
variants may al so be generated by 10 synthetic means, using techniques well

known to those of ordinary skill in the art. For exanple) pol ypeptides
havi ng f ewshisédynrhahe H86s pBLIO(pEY, 51 7- P88 | pod£98P (pH44) about 100
am no aci \3@1 and nor elﬁperpef ergbl y meéjﬁt han é%[)ﬁ? go am no(baci ds) may be

synt hesi zefacemeyfsepigiice6A)ray p287-80it(p287)z p8985189(p2A9), pH2 MBS mHPd) ci al | y

i | abl lid- et i th 5 Merrifield li d-ph
oynthosi & RGeS BobghEs GaT ARd Shlesd tals Ruselbuty aligoleitead ' o burn
am no acid i iy . 46, 1963.
Equi prrenlt ?%‘?ﬁg]u?%ﬁgtgaeﬂé %@?Z?ﬁ%s%q/"g?‘ 9;?2%?;a§e§?9?g§§g?n%éﬁgﬁl |y avail abl e
from suppl prliteratiornbp$’HythymidineineSypdratien. Bacs repfesardtheistiyulatian, and may

be operated according to the manufacturer's jinstructions. 20 |.n ner al ,
ol ypept | ABEEX(GN WS calsuialed aa dheean eidnerpermearal welis difddd B,

"i sol at ed” i 0f d N : { is renoved fromits
ori gi nal e“’@?#p%ﬁﬁ@?]kl"ﬂaeggrﬁtr(gggﬁ%ﬁ%&a&é&%ﬁﬁgp?%ﬁgég rring proteinis
isolated if it is sepguiLHATIDAIskisDgramslilustiatingehe genesttionofmaterials in
the natural system Preferably, such pol ypeptides are at | east about 90%

pure, 25 nprotiferativeThellyings andplenesmepacifusir pii é-139%anhe6-23: drallowing at

excanpl 301 80 i BizafiRon Bl ted it SHTIAB1YS), Perd SRR T T
envir Onﬁenhsi\r}\#\ydllhhibé pEptidRs GISRREINe AR, Pegisediivelyn \SUlisequent V8 Were

m netics of W1 pol ypeptides. Such mnetics nmay conprise anm no acids |inked
to one or Garriedraut asisinglapeptide stimulations using only the Twe relevantRentideds wi t hin

ot i oty o8 T ol et B R RS weeretbrRifbrd Hoth e 22l ol T8 und ¢ hat
I's confor ggﬁ%&ﬁ’@‘*r'délﬁih%J a4 i_ngﬁba?l'éb.am‘idéﬂs ¥eré caHGRRd WA mddigdaidse

substit ut or an amno acid wthin a WI1 pol ypepti de w t hout
subst an6i a(rhgdidm)iarispteengeelisanadomedium (B6/neaartigen), iBGsplegr celi® pulsedc

[ T cell 1] I i d ' LC i
Compound ¢ Wih the Deplides BrHE(PR) 8 o e () AR BRCHElEVaCbalite) peplof

: . ; g . e oLty of
The. i mot i CreivAnL beptElf et Sy b oRy e Ry iy SR (4 THol PRRIoTEY o/ °
cl ones is (fef) tisyrhiglireninicetgoyatibrm Barswepressnthe stimolation index (S1) wickisAT1

Co. o nuc alEPIaiRly B e MEEcHL AR EXRRAMBDIFD s codrd Budmm R e -
e.g., nuc | [ a
evalgua tBﬁnlrr{)]r(%ﬁ éﬁlé@?éél%r\ﬁfth ﬁbrdl"lf?ibéﬁ)? of a peptide sequence. Mnetics
may be designe e of ~“t

e one or nore e side chain functionalities of the
W1 pol ypepti de are Fituires8A dnd 8B pugsent fize refultsaf TIHTESSAnalysis ohve t he

sanme size or volune, but have simlar chem.cal and/or physical . properties
whi ch prodbé@"aI‘SWQﬂn(iSIEé?"BiNQ@é?%rﬂe@g g5 hat have téﬁ@@?‘ﬂ}{@ﬁ%ﬂlﬁgtr ood
that, wthi i : i her g i i whstituted for
a W1 pol y"béc;%ﬁﬁgg.g' %@rﬁ ﬁ? ﬁéﬁ&leﬂ( u@t?@%@@@%@éﬁg?lggk‘%o ypepti de may
be a fusi oihdicates eediduies matching the Retibantyf Taydremptif, Yk ndichtes eesidleescr i bed
herein, or that conprises at |east one pol ypeptide as &Fes i bed. herein and

an unr @5at wtohing doe & eotid, and ‘dsingiqateswes maiching the Ikkmeliln part ner

may, for exanple, assgi LBaAR hdi / i ; bl BAY! ogi cal

fusion partner), pre%@&%#9@%?%5%gg?@?ﬂﬁ@?%@@gﬁ??%‘&“%%umans, or may
assi st i n p¥pligsspaeiit OTLPNThReTmhuhiedwithWTn peptides.eFigure 9N gher yi el ds
than the native reconbinant protein. Certain preferred fusion partners are

both 25 i milustatasi hellysisof iageterlisdly allageneiaeplklingsand aiourr:P8 showser
pol ypept | A aettiE SeRiegtel ok hibdd Bt e BuRS @ florfupa ™

'””acﬁg Ul st&IEaTchiiiui rélbhbd absiyshes shaveh apttiae imfiegtetincl ude affinity
t ags, ich’facilitate purification of 'the polypeptide. 30 Fusion

pol ypept i deffectoy:targetratiosy Resylisegyepeovided fiey lymphdeadcellsdhbiTiifednd i ncl udi ng
chem cal conjugation. Preferably, a fusion polypeptide is 23 expressed as
a reconbi nant pol ypeptide, allow ng the production of increased |evels,
relative to a non-fused pol ypeptide, in an expression system Briefly, DNA
sequences encodi ng the pol ypepti de conpthhents nmay be assenbl ed separately,
and ligated into an appropriate expression vector. The 3' end of the 5 DNA
sequence encodi ng one pol ypeptide conponent is ligated, with or without a
peptide linker, to the 5 end of a DNA sequence encoding the second

o o " I T " o Y M - o o o



fl exi bl e extended conformation; (2) their inability to adopt a secondary
structure that could interact with functional epitopes on the first and
second pol ypeptides; and (3) the lack of hydrophobic or charged residues
that m ght react with the pol ypeptide functional epitopes. Preferred
peptide |inker sequences contain 20 Ay, Asn and Ser residues. O her near
neutral am no acids, such as Thr and Ala may al so be used in the |inker
sequence. AP Asififas EIPaNS235-2h8 GH10Rp285), US ¢ Bbily ar@beYSfdrred tbi nkers

i nclude those disclosed in Maratea et al., CGene 40:39-46, 1985; Mirphy et
al ., Proc. heigin as Btadicelici . USA 83: 8258-8262, 1986; U.S. Patent No.

4,935,233 and U. S. Patent No, 4,751,180, The |jnker 25 seque y

general ly be from1 %SUER%WAﬂQDa%eeraHB?‘élg’sirﬁt"?%ﬁtﬁ ﬁl.'c't@?'aﬂ@?e\z-ggﬁ_ences are
not requir §€eéi‘ﬁl?éﬂ_h\§hfdhﬁaﬁ Wﬁagﬁwmr@w SRRt iR dOAVG KiPRaSSent i al
N-term nal 'am no acl d regions thalt can be used to separate the functional
domai ns5andegativectdll linies| followirigevdatiration. of Benicewith WDNpeptide ®1dds ar e
operably linked to suitable 30 transcriptional or translational regulatory

lel erren'([j s. Figure 20 isiajesihatd nealls el S19BrigIBYRIZe BoeRjseaia neikib WA a(rje
SOt oy PETye hindriiities” FATRCROR fusyaRsife Nbis Bk thiterielifBap ! des-

terninati ogliggemedd Selplires? MHijuidsero®hnd 100Pdémensiitesha ais 6f witiodi ng t he
second pol ypeptide. The fusron pol ypeecEtl de can conprise a poly tide as
hmpar

( e a pe
descri bed positivetumaergpitlines, asc Wi leaegativieraalidines ipiwe giffererluch as

such piBt epresheRaal egRlAns Fibety Gy Bod shBRane NS BP RS BIe e T sce,
for exanpl goatel @ell fings (W'F1_r'|\‘§§’étﬁ|695ejl Iiﬂlle Ef\ﬁﬂc@atéaﬁﬁiﬁﬁthajrele%ﬂFWTﬂ h one

preferred enbodi ment, the inmunol ogical fusion partner is 10 derived froma
Mycobact er peptidepP 1178udheach gass,dbbe 36 1ysis (aa deleamineddy siaadandechrenarim

f t. | 2 (L] d th f t hei i, ' th

expr oasi onlSAIGRSTARL GTBNITL R YTk MGar o POORE aUR, RS o qtahar 0Fy pept | de
. | * . : . h

nggfggﬁfeb'a‘ %?II c?h 'S Itncﬂgéjpggsr t‘Ea EIEI(’arel %Ic%?blreg?%lggQCe |Ir:-1“?(|§)t'sat 12 entirety.

Bri ef | 156 RahBsfoahed fibtablastmelllinedBe&:3W40), agiveell ah &t Oi-p187.subsequence of a
Mycobact eri um t uber cy] osi s clejc. acid. B32A i e protease

C B32A | . S a, seri
of 32 KD nol ecul ar \AEIQ{-;J'FRS ﬁg@tﬁ‘ d 1@3? '§H¥9"§WS\}¢\4T§5’I"‘@H9 ﬂ%‘?labi Plul ent
strai ns of g i 3 i \ i equence
of | MrBs2A [Qireseatife paudy P1RP B9 SHRRlic e RINSBIATA MoV anr cene 0
60/ 158, 585Thrssewetkaft&@kibekiire imalunjzatiohespleen calisi of micenthat had Heen

67:3998- 4007, incorporated h&rei n bé ref erence) . C—ter,m'(%gl fragments of
t he Mre32AINogHIated with1he pertides p2352A31argH 117139 werg atipuialed ndire Wity e
pol ypephi d . Ll i K y
Enhancad; i ek Bapliae BBl 6PN BB er R WIS i ¢
whi ch it i pepfiddsaswell @eNTT giositivecaridbiggdtive tamapcklipelPhe bhars mepeses a 14
KD C-term nal frat%ment corresponding to am no acid residues 192 to 323 of

MIB32A. Ot H& meapfe speaifirdysis puthrantyadeledss agsays Rerforraeehn triphcale | east

about 15 cgg U ) d I i I . . ﬁfesp | east
about 60 n%ﬁ%\?%@'ggﬁ %&is? @B%S?Al nsu@]?%?@glg%y Efégs a%scaigfjt 200
nucl eot i deg43@pedific at célbirs agdinstithd WTnunegative dels lind &L-£(ElodeWaTpor ti on of
a Ral 2 pol ypeptide. Ral 2 pol ynucl eotides ma nprise a native sequence

(i o 28n bAgeiNaICEL-4BisEa uidRe soleNant Gsed desimmuprationas walhasr or a

portion th f . I=S ar,i ok, s C:

pol ynucl eo?éﬁ@‘q}gt%rg%ﬂﬁé%&ggfﬁﬁﬁésﬁs)ﬁﬁé&@gﬁgpﬁﬁﬂfﬁ%n@eléggh?ti ons,
del etions ppglidds pTPE BQSEETﬂmhﬂ,WZG—TM kE04agh 26) oegtdok 88 (BL- t he
encoded fusSion polypeptide is not substantially 5 dimnished, relative to a
f usi on pol ¢ppp80)and: thepTdi m@m@mm&aﬂaIBZ.I‘iaSK/lee(&LKd%\./WaWTdnt s

pref erably exhi bjt I t 70%.ident i t. mor. e ..pr.ef erabl t | east
about 80% PBE"HY%I ?n‘gﬁu-ﬁmigé'tc M@P&gr y"ﬂfpf’ﬂﬁg‘%ﬁ apdNHicYysY; i'ﬁ%tﬂ%i to a

pol ynu ofg} %?ﬂjil i - } i Idggqﬁgti e 3 portion
t her eo?oelghgvﬁfgh' n %taﬁgg'gge?gﬁrégﬂq;%gog;i%ﬁ%d{nﬁcs@aeﬁ Iliﬁr@rrrunol ogEichfE%usi on
partner i s pdisedweith theonelevant peptide P4 13«30 -4+pt ) ransf ELHepysedwitbgat i ve
bact eri um Haenmophi l us influenza B (M 10 91 /18926). Preferably, a protein D
derivative conprises approximtely the first third of the protein (e.qg.,
the first Nterm nal 100-110 am no acids), and a protein D derivative may be
i pidated. 15 Wthin certain preferred ¥inbodi nents, the first 109 residues
of a Lipoprotein D fusion partner is included on the Nterm nus to provide
t he pol ypeptide with additional exogenous T-cell epitopes and to increase

t he expression level in E. coli (thus functioning as an expression
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10 179-189; Journal of Bacteriology, Jan 2001 p604-610 Vol 183, No 2;
Journal of Biochem stry Vol 276, March 16 2001 pp 8159-8164), hereby
i.ncorporated herein inits entirety. Yet another illustrative enbodi nent

i nvol ves fusion pol ypeptides, and the pol ynucl eoti des encodi ng them
wherein the fusion partner conprises a 15 targeting signal capabl e of
directing a polypeptide to the endosonal /| ysosomal conpartnent, as
described {np |Hef%vaﬁﬂbéﬂl‘idé§0p1fa $3 (2B4-+pAR3], ranmgsemet(mghypem égrof the
i nvention, when fused with this targeting signal, will associate nore
efficientl QVADtadeFRAMFhﬁs aslindicatedul es and ther eby pr ovi de enhanced in

vivo stimul ati on of cfor tide. The

i nvention provides t% E‘%&@Barﬁ?ﬁ §t°§6?'§'52'§{§?’@8§8%ﬁ §P€%JH°'8’ o'
reconbi nan on

par t ner. g% FARTE HRRveTuffor €8IS, o detfidhsitdtBa By Edid Ritg '"ﬁiﬂbﬁbm@ 342346,
and arese n?lfhdbdré‘.);ememﬂtuné mard%sspﬂummlymls u$EQ)drﬁiuN0=el6&'e 8dgaysl n

vari ations of these truncations, the fi m no aci ds of WIl can be

fused to 2BeHorned indrinfigaie with amE: -Bf%tt‘bi)fr?f’ &r é:égli"ﬁd 2\ ?'%%‘ﬁ%ﬁ?%ﬁﬂf’t%‘bt ein
that is eaébtﬁétg Oocf t@%j@ri ??Slﬂgrhﬁmff&of bﬁll ﬁﬁ%ﬁbafﬁgﬁiﬁn umaﬁjélngaLthB’be’iI?nE coli

can also b exa rotelrn can

further begpre(Er-2dwWTt hogdtive) hhét\NTlfﬂ positive. tum@r@émﬁne mmMPrent s,
di fferent subunits can be made and fused 30 together in an order Whl ch

differs frOiRAMR-CoWWThpositivelr IRAMIP-@IQBHS 'GﬁUbafﬁgl\Mﬂ'saé%!’ﬂrffﬂé %ﬁﬁﬁs Wi t h, for

S5- 538 CanttoronAred B 1% Hat Fgetlof Ef bl Alited AN Feiblens REMAES. "557- 301
WI'1 Pol ynugh £PHig Rﬂmpxwhmwlémtai@et)hﬁthoem@@ieébaun@randwhwwn de as

descri bed her ei n is a W1 pol ynucl eoti de enconpassed by the present
i nventi on. CSL&:INCpbmﬁdumﬂ'eELﬁUp@lSﬁdyVlﬂbeal’s|rl‘%$\@n§pﬁahd%wlfb@btj "Gy laheling

o Rua ol COAEC Rt corfiarol e Rolveized RGO G ooy ™ bt “noet

not, be prg f@{&.dﬂb?ﬁi}n@ cﬁtﬁ@hquls@cgﬂéémcof cémﬁn@agam@,imerwtmégmwand a

polynucleot eed not | 1 nked to~ ot her nol ecul’es and/ or
suppor tismatelt liné EL-ANBEL-doWiunegativeietherdly 1 grositve tumos cell SnsBLIGEYSI n, or

d ' W1 d.h X |l eotid i ant
Ty cont ai MRV WF L posibye: ali Y0 Cetgeisiated Huhabs sabvanted ' " °
t t
i i i shod'S1e] ELKSVADS, TTHBEABGey] dnd BLKSVADLRAS ipiatf it e ' 1o
i nmunogeni @rralgvarit coltctargeto(@id- Svnppelpneﬂejaanlhagldgargat)alasyndleamessed as

descri bed herein. Preferre ariants ntain pucleotide sub t|t i ons,
del etions, insertionSIBHES ggx‘ {%??r%m?%qfa'ﬁ‘& C{%‘[Bl(g NG fhe ‘é@b}@ abl y at

no nor th t PeR RIS rgﬁgé MREeni ¢
porti o‘r? of g@%%bgﬁ\éﬂ?gggﬁfﬂj 15%% gebidgﬁzﬁvéarl ants ar g' su S'!Igﬁtl ally
honol-ogous tésted against petides, withinaald 7t13caritaining or Iackingran appropdate de
variants are_capabl e of hybridizing under noderately stringent o ditions
to a nat ur &-2\class Libinding mekf %@%M%M%Fﬁﬁyﬂ?%@'% RIsby Xébﬁ)lﬂ (?or a

or evashi ng TPH JTeqratETeprespht Y el 95 BRONY el YR BmiGREleR 0 BRsaft) e
hybri di zi npeﬁbrrﬁ@@wﬁﬁ@hc@teﬁvn&ﬁ@n EVeatio gh5: 1f d*lgommMshwshhagytomﬂe at

65C for 20 mnutes with each of 2X, 0.5X and. 0.2X SSC cont ai n| %
SDS). €8¢ hasljvityi ofithe i 1ENSL sRerifitc Esell line aoginshihe Wit Redavsee gf"et hi s

that. as aEbot 5kt WL RBGER SR Pl A 05 o hith M bebtcc o} 07136 21 .,
nucl eoti de (284 + gwwp@ﬂqg 1276$]EL64QO|§|'9193 BT20128)EER ug;g 20p0pE2f 31 hese

pol ynucl eotl des bear m ni mal nol o to the nucl eoti sequence of any

native gendELMonefR3), @IL6-1A ‘Ei-uéHeD 26)ep128-486UELy4 durd 28D, %ﬁd PE3@mces in

Ther ef or o 13BdELA w0 aRsrE A SETRE B GeloRR AR BTG 8 ket
pol ynugonTréﬁﬁmﬂafr&&wum Is- P{S@aﬁéiﬂéfﬂféﬂk/vfrhaieqagﬁerdewnémw&ad telf a

pol ynucl eot1 de sequence set forth herein ments of a pol ynucl eotide
sequence s@ljls‘edrwmh pa1 189 (Thek ety pit26-134 |(Eh-t4s+oﬂ26) potl et WEDLL i de
sequence set forth herein. In certain preferred enbodi nents, the 10

pol ynucl eoti de sequences set forth herein encode i munogeni c pol ypepti des,
as descri bed above. Once an i mmunogenic portion of WIl1 is identified, as
descri bed above, a W1 pol ynucl eoti de nt® be prepared using any of a

vari ety of techniques. For exanple, a WI1 pol ynucl eotide may be anplified
fromcDNA 15 prepared fromcells that express WIl. Such pol ynucl eoti des nmay
be anplified via polynerase chain reaction (PCR). For this approach,




20 GAG AGT CAG ACT TGA AAG CAGT 3' (SEQ ID NO:5) and P135: 5 CTG AGC CTC
AGC AAA TGG GC 3' (SE4 ID NO:6); second step - P136: 5 GAG CAT GCA TGG GCT
CCG ACG TGC GGG 3' (SEQ ID NO:7) and P137: 5 GGG GTA CCC ACT GAA CGG TCC
CCG A3 (SEQID NO:8). Priners for PCR anplification of a nouse WI1 gene
include: first step - P138: 5° TCC 25 GAG CCG CAC CTC ATG 3' (SEQ I D NO:9)
and P139: 5 GCC TGG GAT GCT GGA CTG 3' (SEQ I D NO: 10), second step - P140:
> GAG CATh&&Hvd\imsieeliliiFe TREMPLE. %u% 1:§($Eﬁotv@th@c§f&ﬁ0)d@dcmﬁlof 5'° GGG
GITA CCT CAA AGC GCC ACG TGG AGIT TT 3' "( SEQ | An amplified portion
may then btheuSEd line aﬂnok%tmdatﬁmn W|them@0h138)aggnetE dnﬂﬁaﬁﬁﬁ’lpgléﬂdm c DNA

library or froma sw Iec i chni.qgues.

Al t er nat i vOIth, P1é7f1u?rq ﬂ(jtﬂ‘l{:z{}A 15@33&5@0‘1@%% Bég@e W thﬂ'F' ?ti pl e PCR
fragrrents \tﬂ% s may al so be prepared by synthesizing

ol i gonucl eol't e corrponen s, ~and | i gati ng conponents together to generate
the conpl ete pol ynucFigate d4.depicts pefum aaotibody mmuwtoa\v\srd ihe6Fpatiendsi zed by

any nethod 5 known in the art, including che nthe5|s e.g., solid
phase phospHBrA-dReactivibhelsgrum aatihady g? W-I[/g)(ﬁf ;qr YSHRQIRIR V§?

pol ynucl eo o] esi s

t echni quesg{'gﬁeﬁwgﬁﬁégﬁygﬁaﬁsgﬁt dtl(m{écﬁtlal‘ @ggéé@%ﬂ%gtg%%ﬁg@s (see
Adel man et tal posiffdiard hegatividEdhtrols) respe@twetsﬁthe ffhard|secohdsamasy be
gener ated by |n vitro 10 or in vivo transcription of DNA sequences encodi ng

a W1 poI y [airesen, the ositiveaind: negativecopiials, sesnﬁetiv%r saamertiallya vector with

may. bo Bscabiand WEFSPETCARTR Wa B S uee B iR BesugROfp. e | o1

addi t' on, AEXI6d ﬂn@@trbwsém FosRRE Uy S8 fftn adoh mcﬁtleuslobatnéna Phb| ent such
that the encoded 15 polypeptide is generated in vivo d;l'ug _%‘@transfectl ng
OINA

ant i gen- pr @@wualueg depicted were fram BbiSh Lsing & 1500 sgirum figurect
encodi ng a, mnls eri transfected cells to the
patient). V\T‘iﬂ%c‘?'“éﬁ‘ﬁgh 8?‘?3"?"’83%%@'3 e\&mpqqﬁ%%ﬁypeptl de may generally be
used for production E g{dr@%%g‘fﬂ§%bhﬁﬁan‘tlﬁow Féél:tl@fty tWIT v Brotéihs and

pol ynucl eotides 20 t are conplenentary to a coding sequence (i.e.,
anti serse pohiyolywrbt=ins ithe? patients avittoANK.. Lmetuﬁy@f penie aotibedy tanhi bit W1

expression,. cDNA constry that c t ed into anti se RNA may

al so be i nWBUMU&"Qﬁ\ Wﬁe’ﬁﬁ%”@f‘”?fﬂ@% ‘{gafé PIPINS WAt Ry H?ﬁ?&ﬂ@fl on of

anti sense Mmde t 1

tabi 1ty ERFA R RReHE A PO IO0 Ralide! iR Hord ELDRLERRE, L e

to, the adéltBotlsefurhldfﬁulmmgAmqm«ahde%Mhtz déreotd' seaurd/fom 2 ofdhels; the use of

B o amnenv o WMol B SROASH RS iReS,
e backbo nosi ne,

[ b vathh
o 1128 g ThETT Rk h."’ﬁ%‘,"a‘@@é s OB W . 20

Nucl eot i de Reei@ueTReWRIYNdemninusqrfotein was empestsedjas a fubior peoteinrwith y  of
ot her nucl eoti de sequences usi ngRF(‘ast abl | shed rec

? i.nant l?NA t echni ques.
For exanpl §R% pbegantrpkiBai dandeii%reteimsamereRyifigryin & Similan manner. o

I 5
and coont agneyBsyY Eofiithet e efim PRBEAY Yo P BERSPIRORTAIER | (=@

replicati opryteiisos Hireptetbagainstehe WM poﬂtnnsr@f taeqbrstequenm ng vectors. In
general, a vector will contain an origin of g icatio unctional in at

least e organi sm E&W@ﬂlwpl%ﬁﬂfﬂ'@tafﬁ\boﬁtd Mg AVET ine81 palieriSe or

and w11 1onLOMEpcFERdyof Renth B ody WL INT UERfRRRRcTRESS e uee

particul ar ,evanm@dtbgqmsmm phtibhe Witty AMLL OThe firsp aind &secon s @presert or s
whi ch incorporate the nucleic acid nolecules of the invention, in operable

| i nkage (i tle posmperaﬂﬂlrtega‘tme@anerlSor%ﬁPe@WﬁMsQ%mm@mﬁllydpb'f@wg

(pronoter) str 0 uch ve tor such a 2 Vi rus
or Vacci ni é‘R‘?P?‘Gs"’)" d&m{ﬁfgt”@ﬁ% e(Pr Qﬁjtqu éoriﬁeq Lri‘é%ﬁqq R1ﬂgr? e skill
of the ﬁ“reéﬁs’eﬁt Fé&%ltéruﬁ é&quFdrﬁ”éa@ﬁ |ﬁd|ﬁ6§éﬂ§étléh'ﬂ The@Dh@lugso produce
eukaryotic ¢ I nes, rokaryotic cell strains which encode the

nol ecul e of interest. Exerrpl ary of the host cells which can be enployed in
this fashion are COS cells, CHO cells, yeast cells, insect cells (e.qg.,
Spodoptera frugi perda or Sf-9 cells), NIH 3T3 cells, and so forth.
Prokaryotic cells, such as 20 E. coli and other bacteria may al so be used.
Wthin certain enbodi nents, polynucl eoti8es may be fornmulated so as to
permt entry into a cell of a mammal, and expression therein. Such

formul ations are particularly useful for therapeutic purposes, as described
bel ow. Those of ord| nary sk| |1 |n the art WI II appreC| ate t hat there are
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provi des bi ndi ng agents, such as antibodi es and anti gen-binding fragnments

thereof, that exhibit inmunol ogical binding to a WI1 pol ypepti de di scl osed
20 herein) or to a portion, variant or derivative thereof. An antibody, or
antigen binding fragment thereof, is said to "specifically bind,"

"immunogi cally bind,"” and/or is "inmmunologically reactive" to a Wi

pol ypeptide of the invention if it reacts at a detectable |evel (wthin,

for exanpl ggp hdiflg BNE50Q S¥RMR Hiidfon. 2MHe HEGFRe Mefudesact
det ect abl yawlﬁﬁﬁ§@$@ﬂ§ﬁ%ﬂﬁ ihdegmgnder 25 sinm' I a(re gondli tions.
| mmunol ogi cadnulzativdidadn from Bisepanate elperimentsext) generally refers to the

non-coval ent interactions of the type which occur, bet an_i.nmunqgl obul i n
nol ecul e and an anti 5848 &7 dﬂﬁf‘%ﬁsgﬁ@" ?ﬁﬂ%@%f%ﬁﬁ‘f@ﬁgp@@fqm%?" he

strengt h, find fr 1 icph b 0di [ ' n be 30

expressed ?ﬁ”‘?‘@ﬁ@eﬁs @hzeb%q@s@ggﬁtg't(?@rll‘ (t:%ér%ﬂggl[ OFF%@?%F% I'nteraction,

wher ei n532WTBfulBhGtR; WIH/NeehRfRie] TRX aric Raap mbfding Wis evaiuarsd byi cal

bi ndi ng proiérties of sel ected polgpe ti des can be quantified using nethods
@

wel | knownELISA ire2 patientsrwitts G e ¥alugs|depiated were fonh ELIQA asings

Chosecrat o8 g Ser G BMots ChATE afh oML de Ot R RTE2 Gab8l, ot e
affinity ofndiigudl’PatieAftihFigurrBIwii deprertiatéd BAtIBER! Rastivitielo Wi AlllY

influence the rate in both directions. Thus, both the "on rate constant”
(Ko~) and temgth.oThe WT ¢/fublesgtmprot¢irovgs expressedias arfusionproteinwitbul at i on of
t he congentratians the actual rates of associatipn.and di.ssagciation.
The raaﬁo E‘@qéoﬁﬁ‘e/%ﬂ/@ﬁ%weys%ﬂem Vag Péﬁf%ﬁeéﬁs %ﬁ‘%%’ﬁg‘?'ar‘@ ot
related to i gl } i i b atdi t Kd.
Sec. gener ATy, i gonEoats i TEROHRoE 1R e B e 2. an
"ant i gen- biThdirasults ¢anfirmahat thiensiram andibtoidyreactivityragainst el T tfusien t o t he

part of the inmmunog| obul.in nolecu hat, partici pates in antigen binding.
The anti geRTeRg % gIrected qg@lﬁ%ﬁ%ﬁfmamog'é °$6W%IBFC§‘§5”dues of the N 15

term nal variable (") [ i isticsTof triYecbhibifart W1 chai ns.
Three highly di vergemghsr%ﬁgtﬁgﬁzlgeéwt@{?né‘?ﬁ?f@ﬁ?gg?tons 8? thearﬁeavy and

| i ght digai proteins useticfor serolagical ahiajysés. var i abl e regi ons" which are

i nt er posed between nore caonserved flangifar;gbétr_etch s known as "framework

regions,” or "FRs". Tiause18A-1%k j5 a bar apictNGIRERNROCY FS8RANSESes whi ch

are natura : : 3 Labl e regions in
i mmunogl oburi %ﬁé&glmegwgéggﬂ%}ﬁﬁ?@mg%ﬁggfﬁgf)det%éri abl e regi ons
of a light chain andFidige Prisa Buragapaor the prolitepatives T-akllaesponsesdhai n are

di sposed relative to each other in three dinensional space to form an
ant i gen- bi AiEe INBYPizedaVithyMET bRkateBnbi ndi ng surtace is conpl enentary to the

t hr ee- djymensi onal su f. j ﬁﬂ@e r

hypervari abl e regi ons‘@ﬁgggdﬁ%ﬁ%ﬁ@aﬁga@%janﬁ Pic'g%?aclal&ngy gggrersg?rétr red to
as "conpl emnfeiogtopy, ekpressMdWIl follpwinsaderss WIODESd 'VaBeimth WIT faiptettionmay be
further capable o'?ydi ferengtqi ating between patients with and w thouyt a

WI'1- alssoci ated cancefiguiei22gs @rrhqtegiepbdhatdemensisales hal Wi RPressI& n. For
T pr e otsBAGRpIG K bG8l Bl I ORRBA R W dnfibuBh 18 By iiiRea P 0| €

| east aboutyyZP86rfol Afen®hfectibhh the di sease, nore preferably 33 at | east
about 30% o%l patients. Alternatively, or in addition, the antibody wll

gener at?® a negative §igual23 iad@ graphred anHENgaemMecELISRATE agraygBewing at

| east abou % of individual g wthout I [ . ether a
bi ndi ng agi'ﬁﬁgtq’gﬁ iqle gengiia vi @qpﬁlmgﬁeﬂ{cglgy.eﬁ%ﬁ?ﬁ'ﬁﬁggﬁtﬁg@ﬁgﬁw . bl ood,
sera, sputum 5 uringjqid/r sHowPamHPRSHS 21281 EEQADI OI46 1)iok thetwarwi t hout
a cancer (as determ ned using standard clinical tests) nmay be assayed as
descri bed Ipeoteimandthe tBNpr eromding tbiesp(anyipe;addjmidum(%étﬂ:)ﬂ\{ﬁﬂﬁ@ .bi ndi ng
agent. Preferably, a statistically, signific unber of sanples with and
wi t hout t hd Ni§ geﬁ%%tew@vﬁ lE’éOtﬁgb'é)féfﬁ" t@l‘f"%{aﬁl i'Eg agent shoul d satisfy the
above criteria; however, those 10 of ordinary skill in the art wll
recogni ze that binding agents may be used in conbination to inprove
sensitivity. Any agent that satisfies the above requirenents nmay be a

bi ndi ng agent. For exanple, a binding agent may be a ribosonme, with or

wi t hout a peptide component, an RNA nol ecule or a polypeptide. In a
preferred 15 enbodi nent, a binding agent is an anti body or an

antigen-bi nding fragnent thereof. Antibit4lies may be prepared by any of a
vari ety of techni ques known 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
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15 growmt h of hybrid cells, but not nyeloma cells. A preferred selection
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

i sol ated fpefa qlfmmgﬂﬁﬂ@ﬁcﬁTgEqN\[ENﬂﬁNI doma colonies. In addition,
vari ous techni ques nay enpl oyed to enhance the yield, such as injection
of the hybridoma celllJSmMemta;UShmtemtrapphnaMn pabllaaylons WS piatend] e
vertebrate host, such as a m)usg0 Mbnoc 5 anti badi es rrt%\églt hen be

har vest ed 2pRIicAtiaRs,forgignpatents, dorsion H%teBPBBB icatigRs be renoved
f h hy, |
F T e o PubiRabAS reRtrBa s Fii SFeo IR ditfor ';%%E*e%?.@éﬂ RafibR gaary. 9¢

i nventign Sﬁdetbérelﬁf\%drpd?atédehémrn tﬁy :étéletmepmtuessentnretyf or exanple, an
affinity chr onat ogr ’Rhy step A nunber of therapeutically useful

nol ecul es are known Agnotas @QVW%W%@%MV@@“@WS @%ﬁfi@"hﬁﬂﬂ@eglt?es t hat

ant 1 bty reiraeeftohsahd ietiads (4r e b RistRrafy AR e d BT bLinR Bt Sl s 1 oo

mol ecul es gigeysed dT ﬁ@t@ﬁﬁﬂosftlbﬁg estibed Woreit mayi inblute W1 polpeptiiesgment s)

each conprise a coval ent heterodi ner that includes an intact
anti gen- bi M1ngolynucdeot|d@ anﬁgmpm&ﬂtlﬁgl@"&lﬁ\act 6-&1 dendritic gells) et ecul es

L&Bi?ié?%ﬁféeéﬁlwbéa ratig, opilS SUkn asaptboBlzshat bRUISEMT Couceq by
pr ef erentlgﬁalggéﬂﬁ @m& hﬁﬁé%s}stem cafls [, TARASPEPEGMCTRWRS! WWF1 | 9G or

| gA i mmuno e Fv'tragnents are, however, nore comonly
deri ved usPoypepb@eﬂ)ofmletpreeemtnnmmlrpnlgm\mailmcmmpnse at leasta perioragfre:nt

i ncl udes n coval ent het er odi i nc a ntigen- bi ndi ng
s e i crWiBE ] o deRS roduss W) G variadt therpoh Kndlis i Rpodeies It 1 os
of the natj j I t Acad. Sci .
USA 69: 2658@82’3‘{5'%@%"&@% "l%ra"’lgg%’fﬁég S0NA bF Rl BEiten e 1 Teh
et al . 16198A¢odéisoaihena pBritdOdf-stehta p&&péptﬂe)girehaihalcombler(\éaﬂaw jo such

pol ypeptide is a covalently |inked VH :V~ heterodi ner, which Fgexpr essed

from a gen@ SEQYeBee.i ﬁBF'G‘éﬁ"ﬁﬁ a(g.0engrllyiImanneAYsiery Hretems, ok apti

tid i . USA
b5 16) - 50701 SuRr=PRfls nPHEl heficianctiofbindifto phMfa et
chem cal spolypeptids. Taells maztenay bg ewrmoyead within suchOcamgpositierisare- but

chem cal ly separated--1ight and vy pti de chains fr an anti body V
region i nt geapradyJ ¢alisded «Chr @Hd rIG{EE)Q b}ll'gathq@gpgcq%f%rea nsi onal

St 205 PURREARS. 2etia Mela dhddBed tiekh it @ eriBlor dritggfi: P NILNY
and U S Pﬁteselﬁﬂng%eﬂémaib&préss 4 Wirepolgpeplide 26 pkavidedhetdire.

above-descri bed nol ecul es includes a heavy chain and a |I%ht chain CDR set,
respectively interpodbg Rﬁ@‘%%é'ﬁ"@“ﬁéd%?aﬁ%ioﬁ the discovehihat aaimMuRes ot

e CoR 1 SFSRor VB PR el A CF R WEF b€ oRdtic o 01 St 887 P o

to the thrg ﬁ)\}w@Promfylambeanﬁmtnampehnab@ﬂeﬂwfoﬂpahembtafmbwanmregl on. 30
Proceeding fromthe N-term nus of heav | i ght chain, these regions are

denot e®5as maligrant disegses charagterieekby m@'@pée@ 1gen¢uexarﬁﬁsgéh Ui ng

of & heavy CLabRo8s e, Bl AL Gof e ke (RE o f AR EBRTE, & cgre
CDR, (€. 9. jeukeREIAMLEERofiic I3 leBkémie(Ch), fa@u’menympho@ i@léukehtigul ar

recognition unit." Crystallographic analysis of a nunber o

anti gen- ant(Abb)oBfnd:ohliﬂrmodsAll:ia)saSWraﬁmansltcaﬂceﬂ%&uohrﬂﬁ lapgnbregst.d r esi dues
of CDRs form extensive co ct, with bound t he npst

ext ensi ve Mrpﬁjeﬁ'f‘cigﬁté@[‘{ésgn% W%%a%%mﬁia%?rﬂ E&W’nﬂ%‘e W82 nol ecul ar
recognidqg o | r of an

anti gen édbl ndllbmamg @érﬁm%g d@égb%teérog?ﬁwh%ﬁg& %cﬁ%ﬂe%riétgiﬁt o the four
f1 anki ng ara:hrtﬂndgamend pd 8n patiestswiitrc Wilmsi temohseelall ef alg \(CSRPatentof a
heavy or |light chain V region. Sone FR residues nmay contact bound antigen;
however, FRs are prinmarily responsible for folding the V region into the
antigen-binding site) particularly the FR residues directly adjacent to the
CDRS. Wthin FRs, certain am no residuetsand certain structural features
are very highly conserved. In this 15 regard, all V region sequences
contain an internal disulfide |oop of around 90 am no aci d residues. Wen
the Vv reg| ons foId into a b| nd| ng- S|te the CDRs are dlspl ayed as
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10 provi de a xenogenei c nol ecul e conprising an anti gen-binding site which
retains substantially all of the native FR pol ypeptide folding structure.
Veneering techni ques are based on the understanding that the |igand binding
characteristics of an antigen-binding site are determned primarily by the
structure and relative disposition of the heavy and |light chain CDR sets
wthin 15 the antigen-binding surface. Davies et al. (1990) Ann. Rev.

Bi ochem 5Rio483567840)T e gérd b@%istb'd?dOf&oﬁﬁ%dferfddd!és@ﬂnbfﬁn?éﬁser ved in
a humani zed anti body 'only wherein the CDR structures, their interaction

wi t h each trahsgriptiandactosiand sequences of mouse anthuman WT 1 ipieteing argi on
domai ns are careful Ly majnt gi ) usj % ring techni ques, exterior
(e.g., sol 9@’(!&-"?4'@6%55"@ t?"&é%éﬁ’%@é é{yﬁﬂgréﬁsare readi | y encountered by
the i Mmune system are selectively replaced with human residues to provide a
hybrid nol ecul e that conprises either a weakly inmunogenic, or

subst ant i aW¥1 Rolypeptitdesgeni ¢ veneered surface. The process of veneering

makes use of the avallable sequence data for human antj body vari.abl e
domai nsSconpi | ed by WA the coptext fithe pregant dnvesdions a p¥ b1 pojypeptide is

| munol ogi \ nqﬁma . g rvices
U S Govglr %%Jé)rl#déyrﬁpﬁﬁ q‘%tg%r?%es, at(]!g%%a, up g? e@erﬁgﬁb hg) n%%ams\ét anZ:I
ot her acceg¥,,bhd W) Proteincexppesiegnbylah dpgareism(that is nvi geaiticallyi rodifidd),

protein). Solvent accessibilities of V region amno acids can be deduced
fromthe kpoavariantbesofeas deseribes hereinir & Wi polypeptidadnayipe 96aBp ant i body

ant T gen- bl IOy ey Beb MatifEinBhisds BBk oY FORENO B E AT te nethe an
anti body 3BroteMBrasvaaritithérebf! Redthef fofdsmanad ngemwermpmrng FR
sequences of human vari abl e domai ns obtai ned fromthe above-identified

sour ces. Thligopeptidedhel cgosistingioha relatively smallnumbercef aroimpaacidl r esi due by
resi due to_correspondin rine am.no ids. .The residu Ln rine FR
W ch di 11 Eases aren as o Tien S BnuBRed By Beni iR RAraRL A B bRah BT dles
present '”BFdléinhC[éb NpfgReRt Witinl 2 BurRRBHHIMRRGMER EMithaL 8Gchakla moaws) i n the

art. Resid i Ing is only carried out wwth noieties which are at |east

e SW
partial |y expgeiypeptide\odintecnediate size) Withid cedain ¢rmbedimarits dbieiusetdfe

repl acenen am no.acid residues which have a significant. effect on
the cerd aWTL pplibsandss hal SR st o SheRodtERiITGASdg ! yoi ne and
charged am i | ; Y \ i ne

anti gen- bﬁ%ﬁ%lg&sgfaeth\{éew-ﬁugagEgP%%ée%eq%@lé%&éﬁ&%mESQEEP%SC%% resi dues,

t he resi dupseferrbd famcertdih yses jrawhith the ganeraiioRsof a Meelleesphree isdent i fi ed as

buried or npstl uri ed (sol vent accessible), the resjdues believed to
parti ci pat 8epiKe o%oﬁgx%éﬁlv gHeh é‘é}"é} 1 ,pOEYRﬁP(t'FﬁéP%X pentgmjlleﬁ§ %ﬁébi c)
contacts b i4@h h:ﬁ(kr%p} LIS, [ £5 behssoutivem
conserved E%Edibw Q?Yﬁr{%rgiqgﬁé 1gf Ia?ﬂe \%I‘Iél? %ﬁ@e?rogﬂgre‘% P%\?e?%: 0 |nfu}cnggnce t he
" canoni2fal ‘aniieo aciarnesitiuescofa aativd WTiepGippeptide sPolypeptidekedmprisingt eri a are
then used to prepare reconbi nant nucl eoti de se nces which conbi ne the
CDRs of bofiN& ¢RNSeEHTVe aRiNe AgidresidLes ﬁ%@@%ﬂ in@%ﬁ’@'ﬂs&ﬁebi nding site

i nt o human; i u ; %% rapng=Y Ry l1's for
t he expr esglggg@& s;ﬁggglﬁlohgn h Eﬁ@gﬁﬁgﬂ?ﬁ@gﬁ:ﬁ’\gﬁsé I crﬂ&gxqﬁglgtaft eﬂgté;\ti gen
speci fi ci t natife prsteimandior heterdlogyusrséquanioes rhay be pirésentavithiciang WTof t he

i nvention, nonoclonal antibodies of the present invention may be coupled to
one or nor @olypeptigeandtsugseauensssmay dWtaegddratkpospassifdrti@igar d i ncl ude

{her cor® piruBaGh L HrbhRbBBHER! FooietiRins WDl I ERhER, | Vo2 o
21 ~At, and figtiddibe &ﬁcﬁté@ﬁq&l&l@ﬁlyi draiarbeovarntig) with atiesr polgpaptiderordi ne and

purine anal ogs. Preferred fferentiation inducers include phorbol esters
and but yri ®oacpalypeptide«ggonappunsii ns i ncl ude ricin, abrin, diptheria 30

in, chol in, | oni P d Ln,. i in, d
bokevieed ant 1 viral pASEnfiindgenicptriana A 860 hielis AR Bhol ed (org.
coval ently p??b%ﬁﬂ&ie‘tlﬁht%??t% R i enapeeirbIBoURODY &IB-6611 afki/oETtden or

indirectly , via a r group). A ditect redction between an agent
and an 3t isbddge iastigers seddptonieertaingrefereskipyrygnegeni® poitionsindg topabl e of
reacting with the other. For exanple, 5 a nucleophilic group, such as an
am no or sul fhydryl group, on one nay be
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capabl e of reacting with a carbonyl -containing group, such as an anhydride

or an acid halide, or wwth an al kyl group containing a good | eaving group

(e.g., a halide) on the other. Alternatively, it may be desirable to couple

a therapeutic agent 10 and an anti body via a |inker group. A linker group

can function as a spacer to distance an antibody froman agent in order to

avoid interference with binding capabilities. A linker group can al so serve

to I ncreasgy Ela%g‘?fé'r%%ssﬂﬁ%wcﬂé YA8Tusad Hepsihi A8 finupdgaRicdsttion & an

ant i body, an us increase the coupling efficiency. An’increase in

chenmi cal rsmdttome;dta’hanMH@dmllortdﬁ@Itlnmle@dedffsucb kiodingds or functi onal
ot herwi se woul 0SSi bI L. W be evi dent

ts, wh
P01t hose. APIEEIAPIS NG, 45opH AronmURhe A ﬁ b eaRIE DR ADIEY of a

| yf t th
ggsgrluggdl ﬁ&@bﬁe caﬂ@% t@ﬂ%%e‘r'@g em c é%o'?ﬁflﬂe%ﬂglbygﬁ%ﬁfbr £)) (r)r:ti be
enpl oyed athet disilityito lp%m@f@mborpﬁ@alﬁﬂn ol'%nigbeied pPimictaglobilir (Bargriploe, 20

t hrough am no_groups, carboxyl groups, sulfhydryl groups or oxidized
car bohydr aMEG elasslB2m/reptide B@*@WHH@"'@@W@G@%@@@SP Qf@;‘@bﬂ i vy such

?ﬁgrgggm%’ﬁﬂﬂ‘( 1?? 1%?? Egggf ﬂ%é ‘regléﬁ?r(‘)érnﬁ e ant bﬁlﬂé‘%&s n of t he

i munoconj mbeékﬁéwhhﬁftrwsﬁmy bé efiplbwy. Cenmmmr&fgemcspombhs to use a
| i nker group which is cleavable during or upon internalization into a cell.

A nunber ohave pheosmorelal heBequencasdeciedwitbineneopmeie gt dablesdl: The

3?8832‘ Proidie epiesrAnE mrtufiodnic PBR0o8 indlind il asb natlibga fo, Ekeéatem
No. 489 ﬁb%mmﬁwngeebeey(humaaw\ﬁwreand%se mcseoab Ne: nond (e.g.

u. S Patent , to Senter et al.) hydrol ysi's of
derivati zeBSﬂA&SG@ARI\AEPMI%WdPS@LEdhgmanLarEI rrwserWT Nasesndueszsmiw to

patont o, 1995 CoBRNCs5 SauaTroneruey) CATRGYARGSPER ST TnimepS <

(e.9., U SyPatsdiiud¥r442859SE8%D NO): A'fLQ(GVdeari WiesRiuedesi rabl e

to couple nore t an one ageni to an anti body e enbodi nent, nultiple
nol eculiés 244@52a5&Q IDN&) :88) [CMITWNQHINL thuman andynmﬂaa\éﬂﬁereSIdueanot her

2232?11?22223?&5%@552?&? 8 t%@%&a&%ﬁ%pe”?ﬁﬁuﬁéﬁﬁﬁééﬁin%ﬂ?ﬂ be than

t L% h
one agen E@;éfcoupf%d g&eéEH‘g/D""{\lbaégé (ﬂ.bEQ@P’N I'Fd?ﬁ La@e!?sé an one

agent may tec 0 an ‘ant1bod m) ecu ers that
provi de WUHnupSECBIID NO:198), NLYOMTEQL (tmlmamad@mmm WZKhtresldatas\ZQBy a

carrier can _be_us A carrier may bear the agents | vari e of ways,

i ncl udi ng 833a$5R|QJNﬁ)cﬁ ﬂ§7anﬂk%q1EﬁSP€E¥Y%}Y® %\'rPéilaSEI[’L ﬁﬁ@?sﬁyﬁb Suitabl e
carrier, e I R

4507 s, Pty BTG IYRI0355E PMERRAC fhumat And bR WA

am nodext r pgsidges126-W3%; SEQ WNOW .1857and Mre@ecuwy)smummpem) A
carrier may.al so bear an agent by noncoval ent bondi n Qr tg encargwatl on,

such as wi Krﬂﬂrﬁa&WTbé%‘"dﬂ%eS@?sﬂ@I’ EQ I NO:g4y), %\{lé?ff' GA Bind

4,873, 088) a mngr,ﬁ

radi ohal og&%sgﬁ%%ég Sﬁssggq Ndegﬁa dﬁecj: H %ﬁ"%ﬁoﬁﬂ%%g pé%deﬁ’e u. S
Pat ent No. nrﬂsE@lﬂ&@ﬂwhewwmerﬁﬁmmh@%;ene pzmnmrmammbvgieumefdmsrmu

nol ecul es and their synthesis. A radionuclide chelate may be forned from

chel at i25g epfwibersaney generady beddeniifiag using welikigwi tecbgeneansich @S ur at ons

exanpre. Utiodt S meficad P08 FlAGamEiain Py fiod, 8 f offear tHaede 0!
repr esent apirdgs, YRR hhAJefepemstis sl danerdin e ReprystraiestechhiqlieSddr s

| munot her apeut’i c conpositions may al so, or alternatively, conprise T cells
speci fic f ddentitying lrﬁuumogenh$orh9ng®nhldﬁl sqrewngrp@bme@adasnfcwr the @bility ex
Vi vo, usi ng(ast and ﬁr ocedur For exa resent within

(or isolat f?é}% %ﬁe&épgﬁ’ri %ejhllrms %{qrra%% of 30 bone
Tarr oWy RBH gpﬁlg:l pUrfaN ofh r%hV@'WT“l poyye?tléé ifa lcﬁﬂfhat Pééd‘!@ with41

comercial 'y ava e cell separation m such as the CEPRATE

system avauthlantiséracamdlel Tieels abha.levebdhatds notduljstartiallysessittan thet ent No.
5,240,856; U S. Patent No. 5,215,926; WO 89/06280; WD 91/16116 and WD
92/07243). Alternatively, T cells may be derived fromrelated or unrel ated
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5 humans, non-human animals, cell lines or cultures. T cells may be
stlnulated wth Wl polypeptlde pol ynucl eoti de encoding a WI1 pol ypepti de
and/or an antigen presenting cell (APC) that expresses a WI1 pol ypepti de.
Such stinulation is performed under conditions and for a time sufficient to
permt the generation of T cells that are specific for 10 the W1l

pol ypeptide. Preferably, a WI1l pol ypepti de or pol ynucl eotide is present

wi thin a deddatomy of tHe ﬁlil‘l‘engftHWTNe? Wh%h(ElBBW@nqlszch%ﬂ'reaétﬁ}i the
generation of antigen-speci T celi’'s. Briefly, whi ch may be

i sol at ed f assay. ;tlabtl'lmtwcordsaam arha:madgemcmormramay reaqb\mﬂm;» sushtassays

por | phar . abAdotP! Taat % siaE o oE SrePEneRd ¥%§rv&9bﬁ%ﬁﬁ'ﬂ”i ot der For

exanpl e, y &H%@g f } 4 days)
at 37C wi t RSW%BU‘H?ygggtl g 'ﬁgy bgmt\"('lc?t"gg)e Fﬂz'rrfnq? Sn%or ce sét'i?/g\g?h’b}sil zing a
conpar algl eknownnd thxfse\/ﬂﬂorum:aysoemtl urdthe art, suth axetmbseldesbhbed m Hadowat e a
separate allguot of a T cell sanple in the absence of W1 pal ypeptide to
serve as aapgiang AntbodiegA LabaratoryManedy 69ld sPHag §1@é'aq>rflr%bqrato% WI'1
polypeptlde é the T cells kill target cells coated with a W1 pol ypepti de
or expreSS|R§ a gene encodi ng such a polypeptide. T cell specificity may be
eval uated using any aftefhatiReiyeinimohog§émio Hsaelpibaligentiffeel ustngp! e,

within a chromumrel ease assay or proliferation assay, a stinulation index
of nore t hanmputerfanaivamcat@asa@ the T Tsyeserqwaahtseerﬂcpﬁhbard andilayler, conpar ed

per for abk, VIO iS40 6 Tea T8t o, WLl 3 85 ™ °
54:1065- 10Wv|cril§e%ché‘é f&t meuwhwfs@mﬁﬁveqneqfotéﬁtelw@hmﬁaﬁ pédpunses. T

cells may be acconplishe a variety of known techniques. For exanmple, T
cell proli Cé'd.apepildesamtrbmaﬁé& apprepriate fmahmmg@ mnrlnaendatmam glassdf DNA 30

S i e &aa%ﬁaaﬁrér&ﬁbw%ey&ea@%hﬂ& Stoarting onAS fedenst fihr borarad i nt o
DNA) . O heppy, 6:9 ‘éthtﬁé‘r‘ HLR [déghﬁé'bﬁ%dlﬁ@f)féméﬂ&ﬁaﬁ@%i ng

i ncreases |n |nterleu i n-2 ( producti or dye” upt ake,
such as|53- Meﬁaailvem imiviungenic! pcmlqrhs) tha’ bitidploem particatar AdtdCi ronalecule can

meacur ed obeHETHAAEY YSNadRHRY pepide DIy e ibroas ok ARegbRdvrT

000" Ch) mi ReieRSed PR ritnod g 1ol Agiof, Moo oTy RERANTBAbKE) ou ¢
in at | easbirihgwo ﬁmindelamraman iclassri@riclassdt NbiCuioled:ldeQ’ megtide and/ or

contact as descri bed above for 2-3 hours (ﬁgut ult in activation of the
T cel I's) a®iNAiAg apsRYSINGH St IR MRY\REMS Q€90 fm IMONeReRiCiy R £ ol d 10

i ncrea | T

i ndi catsélﬁve Phﬁe cel’l e%ﬁtgépgﬁlﬁ%sggka??r gﬁ'tegtr’angpgme&r réegrvlﬁgr otocols in
| mmunol ogy andfdr.anlin wWitd stimutstionsassay using@ieradritick@ds) fibrablastperci fic T cells
may be expanded usi ng standard techni ques. Wthin preferred enbodi nents,
the T cel | Pesipbe@plapscalléom a patient or a related or unrelated donor and
e S P her e o R e BRSNS chftiplioRitnay bRkt ALARrs SYRHATE" T

cells that have been’activated rnh res

pol ynucl eotwte @ewm%@adegvmtm Usedditeinizia polypeptide Smatci f i c

activation of + or cells may be detected in a variety of ways.
Met hod2& odiffrrs dm adative pofypeptidedn pna@crmene. ibstitidionacdeletiens,i ng t he 20

br °t he " gendiaios e Raplibfis SR hrt §1é i SodtiaRZo s BonvrehiBRE: 0°7
cells speCIrétatrnédJ(: eVWﬂ\e)abllify)bf fHe/varibng @ teact withratigenaspetkichadisbr

detecting specif Tc activation is the detection of the proliferation
of T cel | s.angdor Taoeulmes:er clgnealqometf%thsmttaﬂv Idtrmnl%\edorelaéwsutﬂgh%pauveu cT

cell activation i tection 2 ener t|on of...cyL ol yti

activity. gy R%’é'ﬁﬁijeﬁw ewpb‘g%é ea %?9 qrggtl:tlvgltq ﬁﬁtt'g oI iferate
|0 T esPans Sreiticitislia BRSPS Pes R IS Ry bderibantBé of #fichngepanded
in nunber erther 1n vitro or in vivo. Proliferation of such T cel ‘in
vitro may lrelative torfhe satbd polypeptide, er mayf bevdinsinidhed bylasptiean 5086, ﬁndel S
can be re-exposed 30 to WI1 pol ypeptide, with or without the addition of T
cell growth factors, such as interleukin-2, and/or stimulator cells that
synt hesi ze a WI1 pol ypeptide. The 43 addition of stinulator cells is
preferred where generating CD8+ T cell t&sponses. T cells can be grown to
| arge nunbers in vitro with retention of specificity in response to
intermttent restinulation with WIl pol ypeptide. Briefly, for the primry
|n V|tro stlnulatlon (IVS) Iarge nunbers of Iynphocytes 5 (e 9., greater
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20 cloning cells are well known in the art, and include Iimting dilution.
Responder T cells nmay be purified fromthe peripheral blood of sensitized
patients by density gradient centrifugation and sheep red cell rosetting
and established in culture by stinmulating with the nom nal antigen in the
presence of irradiated autologous filler cells. In order to generate CDA+ T
cell lines, W1 pol ypeptide 25 is used as the antigenic stinulus and

aut ol ogous i rPo6b ! YaIRINRE ) h toid cell lines
(LCL) imm?ﬁ?fraggﬁégiﬂrwnf ec?fgn W tbr?t@%’s@ﬁ é)yrépypréuqswg?g used as antigen
pr esent i ngembbtsmeritrthe thikability Qfemeamarﬁ tepeact withemtiganepscific antissga us

antigen-presenting cells transfect th .an ressi o Or i
pr odgcespvﬁ’id /BB Il ;l??é'dﬂe&é)rr?ﬁ%n @)ﬁgﬁ &@"E?h%ﬁéi&ﬁs tE@T‘ quxﬁ%?éc?hg? shed T

[ 1at b | at
St mul ot ec2P S2tir 0,8 % tefariied@ite bty Bbfippind 9800 (pMhshap oY P 2! 29
bott om pl ag Qﬁeraﬂ* be ldentitied by m@dlfﬁh?d)nlé&h‘ the ab6ve paIyIpEpadel seqaemtnmant

i nterl eukin L2) (50 Unl). s with established cl onal wth nay be
i denti fi edand euplyabng @%PtlﬁBof/\E'@k@Od'ﬁlﬁ@rpOi'Wetpi“Qﬁ vtrtha@ntns@r%ﬁad or T-

ont1 gen pr G0iss fadaBieRdte aie Attt o EREEP BN G T on o
| ow doses @dridrit rhay béﬁhéﬂtirbhztﬁréi/at@atmgfﬁ é@imyrtgbmutcg@huﬁtarrrmﬂ amuwing T cel |

cl ones may be naintained in plates by periodic restinulation with
anti gen anHLA molegple: dxione priefereadembodimerte Ryariant pelipertiideshas anbodi ment s,

Snar or 1n madiandndith Aanthe BBl Bt e Varial BORpoRERE 1 Otigo A wafs LO0 1 &
WI'L pol ypeeta'sﬁ*ﬂ MPrdDHJo}@wé 961 bxkmBRIICAID, $+I94‘-AQ4PPILAPRNHQR—AH HLAel |

producing such a pol ypepti de under conditions and for a time sufficient to
permt theAgBj HLAgAbT HLA A3 1s HUARAGBNHLAMB14; HieABA0aHLA:BASI HbAE62,0 be

b1 ol 1 fer ai Hb-BAAHBR i%tr‘flv&{aa?? HfA-BaBot RRrke? SA B0, FLA-B0 Hubtiar o

prol | fer at ag, PR 981 U A BYBOEH ARG HLISLRISE, SATINOBSoleSC | bed
an two

herein. A stihulatrton ex é nore t d increase in proliferation
or lysits, &iA-CWGY, tuhmreatuedereiaﬂvé to tiisateatsewild typee(unenadifiexf) WY oki ne,

::(r)]rreftr reg trg?r;gggttzé’;/e cont rol s i n(gr cat ﬁEeT\tfqrmrmﬁ CE fi c%_lo | I's prinmed
transpl ant ngR@gﬁﬁfsalszgpfboﬁtoW%ttﬁaft'ﬁta |Iﬂ uctgrng‘rf?'uo etRgci fic for W1

can kill expr ess el n genes encodi ng

T-cell r eC@@typéFﬁd'éRhe@émlthat dam bMJtOEHLeA !AQthLasAMnHBAsAt HiA AR i tatively
and qualitativ i nprove responses to Wl 25 bearin

ol o e HLAGAEE A it AR o FpsA33s AT 4 LAY gﬁ_ﬁ"bggfﬂﬁécancer
t f
WA L s S i

met hod i s HLA-B#AoHULBS HeHIARS2) #LrsBSALELAICWOS, Hnmcwmq HLAc@wespr

other cells with |ytic potential. In a suitable enbeg nt, PMCRaIpha
and 30 bet &r EhA- ﬁW%@'BFT&@éﬁdéﬁlﬁt'YQ tihat erthesywild tyR U'Tmeglf'ﬁd and used

T(r)ur:ofgor at gﬁ%&ﬁﬁt’%s%@%%‘% lga%yun@q‘éznwgégtdor&?%%@osr({Q&ﬁﬁﬁéq@e T cell

receptor (g oﬁ@ﬁmﬁ]rﬁ)gl%rc?p&trbﬁ 6(ti.ﬁrtﬁpe) hé efddifiedbsuchothet fis pbilisypreinde

chains, termed the T-cell receptor nd ~i chains, that are |inked by a

di sul fi2%e boad MH@NEWH'WSHO‘@% HWP{?@HLA -ARAUHLAAT JIA-AS IlATABS, |

et er od: mo PSRN el R [ AT A BT, EA R B0, £US BB LA - ane.
This conpl @¢ 1RoEEI HEA-BPEOHEABIIUY, $RIN-B3PSALANESS H9UaBIg HItABAR| ecul es.
The 10 enormdus diversity of TCR specificities is generated nuch |ike

i mrunog| othAtrB&ﬂvHLﬂn—B&Z HhAfB.ﬁﬁq Fﬂmrfﬁl(;NQB.ddhA -CWAd: Hh§e¥V06, orhlbA- chain
D i J
o

over 70V W tHegd as well as
one C1 ?ﬁeﬂ%& DUT?P%W cerﬁgaﬂeve oprren oq?ﬁzeé)thgrms, ?ﬁe Dto J gene
rearr angen&lmtr@irve Ivanantsrmdthabotlrres vafrahtlsmmobdsgenenated ea sinsitgnent
rearrangenent to the DJ. This functional VDI~ exon is transcribed and
spliced to jointo a Chi. For the a chain, a Va gene segnent rearranges to
a Ja gene segnent to create the functional exon that is then transcribed
and spliced to 20 the Ca. Diversity is t@rther increased during the

reconbi nati on process by the random addition of P and N-nucl eoti des between
the V, D, and J segnents of the ~i chain and between the V and J segrrents
|n the a char n (Janeway Tr avers, V\al port Irrrrunobr ol ogy. Fourth Ed 98
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addition or deletion nmutant of a T-cell receptor provided herein. This

i nvention al so enconpasses pol ypeptides or peptides that are substantially
honol ogous to the T-cell receptors provided herein or that retain
substantially the sane activity. The term "anal og"” includes any protein or
pol ypeptide having an 15 ami no acid residue sequence substantially
i-dentical to the T-cell receptors provided herein in which one or nore

residues, RizineF fdt pephitiesBi Bifdto FILAGRDIREARS dtREEthRReHIEA-A. Vinp nore than
25 resi dues have been conservati vel y substituted with a functionally

sim | ar refirthes esniibdimient; thie apllitysf theeariantpolypeptidesiodsing toa Hikd T-cel |
o table niIRRRS s RowRsed A TPan i atorah oL st Aitoldr adg, B VLot S ar o'
transfect eﬁ)l&"'rélﬂtl\?e Epth)é,gﬁf:é V@W?P?ngﬁgtﬂ&'?ﬁ Y5ae fbuh@rwﬁhrhq}tépept i de

descri bed herern y ren ering st cel specrfrc for the

pol ypepsi deontEkeotthemesentlinvertionf thata réRivetyysrhall nombar nésubstitsteps: at e
expression vectors or_alternatively, 25 ono?@s ql e ex ressi on vector that

al so f:ont al&hg-, drioi Htvithin animpyNRasnicReRios; FelyPaRtidedBaY SRBeJendent
ToR spect Priande erdBifhy i bbbt E@ahdéteaﬁ’ﬁ’ﬁ?%‘ﬁﬁég%t% T S

i munot her galystRiitioNs mageperdilydse identifed by udingoammtef pragrgmspas ow. 30 In
further aspects of the present inventjion, cloned TCRs specific for a

pol ypept i ddeserihadeabave; and the gffeet canfigmen basediory he repstivityofiBei s of W1 47

ther eof0 ofaRleGh palBEn (WY Butsdh 0L TS a8 BRENRA Refin L0 {07 he
detection hbcsmmw&vmﬂn@bntaheprewé@émdms &Wptpblypepedspeci fic TCR

in a biological sanple. Therefore, the present i nvent i on further provi des
for an asseagmprisesadariaot innghrnhslst@rﬂ;amrmcrdrreSJNAsawttwuangrnmwonem%pecr fic

i anot ey Pabipbcare SyPBYI-HEL S, AR RRN BB HRER Y aDiGeBRBRER ot ramor o)

specific farmJ ra%rdiorl Tak| Trﬁé@?t‘bléﬁe@|§ﬁbﬁ§lﬁi§llgg;‘?e§t'eﬁﬂté?ﬁh@t feritggn, or for

a variant or errvzg?rve thereo . I'n one 10 enbddi nent, tetranmers may be
used i 5t henoheddfted pntyp:éptldm Stpmr:sribatrtatmlare praterabiydocatediyithin ased i n

noni toring ne res ear |y det on of W'l associ ated
mal i gnanci é@%#ﬁfm sﬁ%ﬁ% %Pﬁ&pﬁﬁ’t "?reglaéﬁﬁ-/ﬂ 'dﬁf‘ﬁﬁgés deserRgth st ai ni ng
I's typical Ljogar Pr&%rr%tsu\wsﬁhut)hwwt.ﬁ&reéééd‘—bmﬂtg/ﬁj I@II—F@QIa@é“I‘oPSIa%ed to
identify groups within a patient population suffering froma 1

asssoci at etl roleeales. at a hi gher risk for relapse or disease progressr on.

Phar maceuti cal Conposjtions |n additional enbodi t he present
i nvent i on concerns f IMYraNt3 CORIAIN GPNSRIYAING S neﬁ?i'%lﬁtﬂ u”gl eot i de,

pol ypepy |{B§¥ # ggr herein in
phar maceutr caq-%eg\%eathlges Lﬁegogg%rfér]?fe\?@ey a?]oéfﬁﬁnﬁn%%?g?%sﬁr@tgaa&cel | or an
ani mal , ei whetherlaomino acid that hassimitdripsopevities, suoh that ope skitled ér theoaldlof t i es
of therapy It will be understood that, if desired, cfmr/r@_osr i,on_as

di scl osed RePHde chamisty wewd axpest the Secondapy siricyie an PRethiGHaNE as
[ h t
bhar rmcout 2L 318 olpenid Gbe kB Syftaly yRAGEE, Moo Mibgtitons | .

ot her conmpomgngendraty bemyadd en tivebasislof diilarity irepolatity, charsgeaddlubllnmal
agents do not cause a s!{gnrfr cant adverse effect upon caontact with the

tar get 28el Ihydeaphebiaityt b QEB'"CﬂYtén@/GFrB&ampBIP@tfr‘r'ﬁﬁaﬁll'fﬁsOfB@e RIIGYRS-ed al ong

conpos t i o0 ReaTRLS S0eRy N chAfid Td adE riidd ashetic SREEAREP- S GUr ces,
48  or al igRitamid H6idYpoBivel chARjBdCEhinG Suidy inehideddsing grrhml dmer ei n.

Li kewi se, such conpositions may further conprise substituted or derivatized
RNA or DNAaminp&si mﬂsunqmergedcnotar h&ﬁldagf@tlﬁﬁhaﬁ@ﬁeﬁim"@fhYdT@Pb'l"@'ﬁent

more of t heaR ARG s, FAPDRRR erf ko BERY oA, hahaRo R

conposigg O%dﬁgét@m.h@%ﬁt%@mrrb tAreRpIHY, mbhﬂﬁldﬂrﬁ@aﬁd Aft6sine! CMhéradrolips

acceptabl e carrier. In certain preferred enbodi nents, the pharnaceutica
conposi t i ond aofing heidsithaihmay meprespnt mserwatweg;hangepmnqludel éntalaeprand/ or
pol ypeptide 10 conpositions of the invention for use in prophylactic and
t heraputi c vacci ne applications. Vaccine preparation is generally described

in, for exanple, MF. Powell and MJ. Newran, eds., "Vaccine Design (the
subunrt and adj uvant approach)," Plenun2®Press (NY, 1995). Generally, such
conpositions will conprise one or nore polynucl eotide and/or polypeptide

conpositions of the 15 present invention in conbination with one or nore
|rrrrunost| rruI ants It vvr II be ‘appar ent that ~any of the phar rraceutr cal
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regul atory sequences for expression in a patient (such as a suitable
pronoter and termnating signal). Alternatively, bacterial delivery systens
may involve the adm nistration of a bacterium (such as

Bacillus-Cal neite-CGuerrin) that expresses an inmunogeni c portion of the

pol ypeptide on its cell surface or 5 secretes such an epitope. Therefore,
i-n certain enbodi nents, polynucl eotides encodi ng i mmunogeni ¢ pol ypepti des
descri bed BF?[ giu} aﬁbﬁglhnéél‘?,cﬁ&el‘ﬁr;' @?@ §,L§etr?ll9},ﬁthﬂ‘%3)79él', e 18@Shet@lla,s for
expression-usirng any of a nunber’ © ¥nomn viral based systens. |In one

i |l ustrati pbee@hbyd, armthis;ratd G) iphestys, top,dis.dA ariedt omyaladeont and ef fecti ve
platforn1fgh@%ene del i very %¥stens., ect ed ,nucl eoti de seqguence encodi ng

I A sel
a pol ypept giively Cofaienancopselyatiye ngﬂg%% Yadantsdpay s @r vect or and
Kaged. i e . . . St Th
Fecom: nangEey] Be niRifid bf. Jof Biole: e plefan b alidoR dranRb’ -\ Cper
of 111 ustr atidg¢hdgtHavevminimabinfitense batlee emnndgericityyeshcOndary strucfurd. S.  Pat .
No. 5,219,740; MIler and Rosman (1989) Bi oTechni ques 7:980-990; Mller, A
D. (1990) fndhydenahicinaiygyofthe polypeptidepa et al . (1991 ) Virol ogy

180: 849-852; B , | oy b ghqo 3- 8037;
and Bori s-Law F;nanfﬁhrﬂgﬁ%a%?gﬁﬁen% %?"@3%@%"."%985?@?99 :102-109. In
addi tion, ferfiimie(amihoidcidsst 2ab) iecardaneidd, whebein@he VaAasBolySeptiessal so

been described. Unlike retroviruses which integrate into the host genone,

adenovi r us eapae of binding taam estibedytiat yeeagnizes flldength YVT hand/arRyT

associ gted W th.inserntional t nes| Lt . 86) J.
Virol . q??: E“é‘?ﬂf‘m{ F&Yéepg@ealwn?ﬁg'%ﬁﬁieﬁgﬁbmamg%wwﬁt er eder et
al . (1994) 5 W0 T(SheP Tz BlofedttRiloBeIRc.e8adta CUEOEA). J. Virol.

68: 933 25 940; Barr et al. (1994) Gene Therapy 1:51-58; Berkner, K L.
(1988) Bi oTechni quesAs:neted aboye,aNd 1 Ralypeptidas maylbe spnjtgated teemsignakr apy
4:461476) . ,Vari ous adeno-associated .virus V) vect or.systens have al so
been devel &fjﬁa‘g?ﬁ SpAYSNatAL i@iefaaﬂ?k%}%$ﬁﬁﬁ@f9€e& WP%C?‘Z%QT be readily 30
constructe i i i i f .o, U S Pat.
oo, 5. 173 1T AG A S NS o iectd valBIeR ol BRI Ao 927 01070
and WO150 polypeptides aylalbd,corsliermativaly, belasfygaied éa a libket or diher .

8: 3988-3996; Vi t et | . 990) V. i 9 Col Sprj Har b
bor ot or v SEAUASE forgabe of SUithaSIS) RUSIAIBN A AN CRTPBAT 1N 29 HREsRG ! 0gy

3: 533-539; -1 : i i [T | .
T55. 07 120 CHo N Al Gy fo/RhcEifgb of 8 oybEpMet R Bl saRfor TBAD
and Snmith es&mp)e, Gpalypdptidenyal beGonjifiihted tal adlimmurtogldbulio FxOeEgiah. Exp.
Med. 179:1867-1875. jtional .yiral vectors useful for deliveri \% hhe
pol ynucl eoti des encodf hyPRYPEBUGRS ey kS PrERarest Wsingany af &Yar VB{/‘| §ene

f ; ) ) ) ) , h
vhao D Ao 3ecHigfed hEGHoIHATbRCRtes Bfitadedy KWFECS, BUch. 2o

r econbi nanpslypypleetide 8g ddseribed berein neayube seadily frepaedstomdhed as fol | ows.
The DNA encodin eptide is first inserted into an a%{ﬂo riate vector

g, a polyp . !
so that it PpPiynygleqtides Y’i generph AN R YRIFHS O EXRIGSSIONVAGINE 19 a DNA

sequences, ! J el j ir§ vector
S hon s VS ofrainaR, SERUERCad BRB b B Ut kot Rftoiant W VS0
vacci ni a. bolypeptides Erpiesbionahay beswhieedin anysppropfiate\nost cell thabr onot er
pl us the gene encodi ng the pol ypeptide of interest into the viral genone.

The re@8 t hag berndansigrmed erctoansiaeted withan expeassioneeator cantainindd t he

c S e ERVRRASAT8 ik SRR BN BEPRRA B SR i gBlieues
conveni ent lipclugeegrdkanitey, yéist and h idukaryotic defis.c Preferdliig 3B Miospr

coexpression of one or nore pol ypeptides described herein in host cells of
an or gani sieells amployedaretf. agliayeastor enmagunalianeead! ine such a3 8%arin vitro

wth a vacgi,nia virus reconbi nant at .encodes t he bacterionhage T7 RNA

pol ymer i sefa i §%r%ppﬁeﬁ$@§@pgfﬁ%ﬁgﬁggﬁmisgﬁtpg%wﬁ@hﬁeg% in that it
only trgnsead ; i i r i i t ; cells
e PR o PONPAGS S NI ol b fidt SoMERTated
driven by asifig g commerciallylawaitable fittei. SEhe gpneardesde inmay thendye appliestitofa om t he
vaccinia virus reconbi nant transcribes the transfected DNA i nto RNA which
is then translated into 30 pol ypeptide by the host translational machinery.
The met hod provides for high level, transient, cytoplasm c production of

| arge quantities of RNA and its 51 tr2zmsl ati on products. See) e.g. ,
Elroy-Stein and Moss, Proc. Natl. Acad. Sci. USA (1990) S7:6743-6747;
Fuerst et al. Proc. Natl. Acad. Sci. USA (1986) 83:8122-8126.

Al ternatively, avipoxviruses, such as the fow pox and canarypox 5 viruses,
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52 can al so be used, illustrative exanples of which can be found in U S
Pat ent Nos. 5,505,947 and 5, 643,576. Moreover, nolecul ar conjugate vectors,
such as the adenovirus chinmeric vectors described in Mchael et al. J.
Biol. Chem (1993) 268: 68665 6869 and Wagner et al. Proc. Natl. Acad. Sci.
USA (1992) 89:6099-6103, can al so be used for gene delivery under the
i-nvention. Additional illustrative information on these and ot her known

vi r al basedgdelple/ plitficativhefistrik ch sk 4t afinity MiatxX @fBheon excirrsjeeresiioch et
al., Proc. Natl. Acad. Sci. USA 86:317-321, 1989; Flexner et al., Ann. N.
Y. Acad. SEinally,®n&6er raorel everseopilasa-HPLGesteps can be employed tg further1, 1990;

US. Patent | . 4,603,112, 4,7 330, R,017,487: WD /01973; U.S.

Pat ent aNg .npUF,' sﬁefgm%"&“ @%pggg %ﬁhgggxﬁg‘éﬁ§ fnaw)@%ﬂschghﬂ@,paﬁ% rkner,

Bi ot hni : = p | i p 434, 1991;
KloIOI gcetn | gm%@%%%&%ggn%gﬁ%sfog%x g?ﬁ%?glﬁ%ﬁaﬁﬁé{ﬁ sler et
al ., 155Prencodscd varidwtest.a Sative péyp&stidelmag geheflly deog@pated usinget al .,

Circul ation 88:2838-2848, 1993; and Guzman et al  , 8 r.. Res, 73:1202-1207,
1993. As welandasbmutagenesisigphrigHes.<obyas pliganucieatide-directed sitesny nunber of

qditi I . .
excpr essi ngSB S M dpERle, 2EceRaRhS of MeDNseuchBb ) B8tetBEbdte i
For 20 exaﬁ@,lnqt prapaftivresir@icated bolypeptideks! i very of a pol ynucl eotide or

peptide of the present invention may include any nunber of a variety of
costimul atory nol ecuCesain partions agy othar vesients may &lsa be gepsratef by, | cam 1,

and LFA.3. A.delivery vector SO i n f cutokines, for
o R0 el s, 55 e Maiigh RbHE o SRS NEIaR s o e
reconbi nangtv 'Fro?bxéimﬁlé)rpol%%%pﬁdés havingdever thai aba 5o0ampet adids,i ncl udes
B7-1, ICAM1, and LFA-3." The present invention also conprises the use of

any conbi nprafenrably fewes timamabeot/ 110 aming acidstandmose prefpeabintewerthapr use in
t he treat nent nmal i gnanci es associ,ated wth the,. ressio In one
1 ust - at | GBowRR AIASRCOS, Féy BRERR R o Ay oGy ing Y B rthesiZet

adm ni ster | li AHH MstiBh @s th

WI'l- associ ggigg%@ﬁfgﬁggvﬁggﬁn%%ﬁ@égﬂéﬁgﬁg«%?rgp]@ggwéa recg(mienant

f owl pox5veMenritield solidhphhse synihedisrmaathodf whieee B&iino peidsane sequentidliyn, t he

nmbi t f i s, adm nstered tw fol | owi i nj st [ f th
Vacoi i & veeHeA 48 oW GATIRGI U R0 cuRe Hleetiaes aihr GRS 1n

o \ e . \ . . .
certain 9”35{21@@1546,%989. Mrﬁﬁgfyﬂ aﬂﬁm%d'éggggsﬁ %dl%@pﬂd@% jgenone o

a target ce hi's Tntegr e In the ocat'i on and

ori ent at i ooomiverbialip huaitabie frecpstippliers suck gs Applied BiaSystemp, brc. (Fostery be
integrated i n a random non-specific |qcation ene augnentation). In yet
further enbBYi @Bhtand MaY %?R}%ﬁtﬁde%?qqa INGHQ t%%’&ﬁ@?}”%ﬁﬁd?&f‘ﬁg@)"ﬁn t he
cell 1Qnas a separat i f | g hief
segnen g or "epi som?‘g%%g@b’ggﬁgﬁgggngﬁ |C|C|e%fi9?g%§erm ﬁbﬁgi nf%rr‘lance
and repl i cate isolatedle partsotted! polypeptide ocpolynucesiidmisveriehthahés tensavede! |
cycle. The manner in which the expression constni is delivered to a cell

ct
and where fram keotgingl @MAroReETy &0k SXAEP!e. S BAtEallY:0GRUFIRRIBIACBSt he type

of expressi : ' _af:
Tmvent 1 on. IREHIR! £l Epaiel RN KBhe o B0heKoRRRRg BRI W b, for
exanpl e asndragrdystsni Préferaily euchl polySeptesearg e Idast abdbuat 90%19ee, and

revi ewed by Cohen, Science 259:16911692, 1993. The uptake of naked DNA may
be i nci28asBwreypretesably gt ianst hput b % muse gnddegstrigfarablyat deast avorh ar e

fficientl [ . : [ j ' t,
corpos 11 ofos PURE A pobaiEledrbels Faheidersdio Y bbirBEl o orampie 8, °
bonbar dmentgigheariARCA vedBRthaRfis Wbi & paRafend paturdesviionasent/ n one _
illustrative exanple, gas-driven particle acceleration can be achieved with

devi ces such as t hos¥ithimfurtharaspectsy tispreseot investiorpEpvideREMNIMelesofPLC
(Oxford, Ul ~.and, Po rjegt Vaccines Inc. (Mdison J s e es of
which are MfPPB@&Bﬁﬁeﬁ %PCMI'EWE'CWV %‘?'éﬁ%‘f’%é@'n%%éﬁ,"ﬁ%&tqjéﬁgg)l,r796;
5,584, 87 nidtd d?ﬁngaécﬁi‘hir%tic§ﬁ.@9 driPor MdrE apiid askR wittie tise wTeedl e-free
del i very approach wherein a dry powder formnulation of mcroscopic

particl es, psotein mayhe repladeddiy are aming atigoejpoetin) @ mnaabe eotiealy ar e
accelerated to high speed within a heliumgas jet generated by a hand held
device, propelling the particles into a target tissue of interest. 54 In
a rel ated enbodi nent, other devices and nethods that may be useful for
gas-driven needle-less injection of com@®sitions of the present invention
i ncl ude those provided by Bioject, Inc. (Portland, OR), sone exanpl es of
which are described in U S. Patent Nos. 4,790,824; 5,064, 413; 5 5, 312, 335;
5,383, 851; 5,399, 163; 5,520,639 and 5, 993, 412. According to anot her
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25 Wthin certain enbodi ments of the invention, the adjuvant conposition is
preferably one that induces an i mmune response predom nantly of the Th 1
type. H gh levels of Th 1-type cytokines (e.g., | FNy, TN Fa, | L-2 and
IL-12) tend to favor the induction of cell nediated i mune responses to an
adm ni stered antigen. In contrast, high |levels of Th2-type cytokines (e.qg.,
I-lL-4, 30 IL-5, IL-6 and IL-10) tend to favor the induction of hunoral

i mune r espgRpatidenAlrhétids AR BRTInG atidaningdticis easstpeurmsthat @y i ded herein, a
patient will support an 55 i mrune response that includes Thl- and
Th2-type re@pforma'eonammmﬂarato;areammceamdrwch|tln®tnt ¢an he\snbsmumdt@wonse is

O cater oxeeino andivitiaWIE oieryde o SiBsarbaly Siinbhipaheof “These”
cytoki nes pgi 3}%6 réﬁgﬂhﬁwaﬁﬁié‘r%ﬁgclﬁc datiskt COZ!?&T Heffhsey ér cIEﬁés aar ev: ew of

the famlies cyt nes smann an Ann. Rev. Imuno
7: 145- 133, na9Bsptidéeminaetic mraeo&canpemahd)aj\dmsmdt contaiii aminmgcidspardithatnant | y

T ype e bty B S T SohRafe EASISTREC Y.
o0 20 o g G R AB R B, YRGBT B ta gy o on

4,866, 034 elofed iPast silbstantiay msheall reativkitg dnelabilityt ofde®T1 n whi ch the CpG
di nucl eoti de i s unnethyl at ed | so induce a predoninantly Thl response.

Such ol i goRolypeptideieSush mlm@ncs Ry e dasigned based onitandarditeehniaues, in WO

| munodBr i & SRRt D8 Restriines Ul torhBayPoat Sepiudiing: vl

al ., Scieng thrée dimensiGd strﬁamré@famegfueérs@du@dcelvmheqesrma a saponin,
such as Quil A, or derivatives thereof, including 21 and 4S7 (Aquil a

Bi ophar macéesigoed yvheme onemr aneregfAhe side chair dunetiopatiiescefithe W't 20
Gypsophila o

di .
net ude. maPEYPRTRSRE WA Y GroiAB M o oot s PG FRSRs 2R S coont

i nvention, of %Iuﬁiéa'ﬁiﬂi ﬁa@é’gﬁ’hllﬁfchéﬁﬁcélfanayork#@%hal BeopeHidd\Which! dresiicy gr oup
conprising QS21, 0s7, A, ~i-escin, difgitonin. Alternatively the

saponi n5f osmmlaaleluglcaWSbenSBmﬂl abwldntxemrmret@@dﬂhat withirc eebodimenised of
hi t t t .pal t d

go: yf):l?tn. grg g‘thﬁ‘U%ﬂP C% ’bgﬁ%tfc%'%ééf%ner ﬁﬁt'ﬁﬁﬁgﬁfﬂ "@ﬁl%@ﬁﬁp%ased pol yner

matrix, particles COpR@pHeete |I%&réﬁﬁéﬁhﬁddﬂﬁént%r aPHRPeplitemapee a ed

polysaccharldes | i posones and |1 pi d-based partlcles particl'es conposed of
gl ycerol rrﬁ:mmspelypeptsde:tha‘rhenmpea mudtipte ypolypeptides As descrlbed hereiB®ort he

presence o hol esterol ., to formparti.cul ate structures such as |ipgsones or
scone. - Futat SPETIses ah 1684 BBR PRL Ay 08 &3 Ghsib S bardio bt (iearBd "S5

pol yox g8 Nbaishcd), B6tn A RidN turoprotiih. A fRmABkirrer thal S0P kathb@! or
suspensi on, r Ina particulate structure such as a paucl I posone
or | SCom 5bsas’smmmwdmg’rﬁheumepﬁepé@(aminahadolwgtdal fusiorppanner),such as
Carbopol R to i ncrease Viscos or may, be fornmulated in a dry powder form

with 5 a pBM@@b&(zlrﬁlQﬁ{te%"GEﬁzé%cqw Ry hPWaHﬁeo'b'F‘@V@rsfsé%'rbnbodl ment, the

adj uvant lihgi d A and a
Sahomin. deERbERsInihd ditelr Gy @kR68dbn endhceh) SR ARIRT SIS tag thE 7 U0 5
descri bed nativOrebbniiiina®, proteim mstalrrpmtemq@fusmmpannenstarerboﬂhmre t he QSZl
is quenched with cholesterol, 10 as described in WD 96 % 9. O her
prefer@8d f@WP&Q‘Qﬁﬂ@”Q@’FﬁF@%ﬁP%ﬂ”WWQ‘nQ Qﬂpéﬂ'ﬂﬁ@r cét ShEHSIRE opher ol .

Anot her pahghﬁ& s%hg bRr & E&eE Yo tBWﬁE\%aEQEH%‘F@ﬁ:b? g%:’drlﬂgaeoﬁﬁ%]or 3D- MPL

adj uvant a 0co rol-1Th an oil-rnwater enul'sion s de I'n WO

95/ 17210. fwendiste tﬁefp@wtp@étuadwbenérg@m wdésied intacéigaceorpadnents. of a 15
CpG- cont ai ni ng ol i gonucl eoti de and a saponin derivative particularly the
u

conbi nat i oStih rmﬂ;fuwonwmer%mitsiﬁ aiﬁew tagsvwshinly fagilitde purificatiahely ¢ he
formul atio addll tionally conprises an oil in water emnul sion and tocopherol.
Addi ti onal ?PBXP?B'{‘?%e adj uvants for use in the pharnaceuti cal

conposigg ons of the t hevalideel 4réd | Btahdald ance) ,
20 BAF Xoni ron. Cal 1§ o B e g e e T o)
the SBAS sétedhmiquss, mqluma@cbe(rmaj; CpanBAEDIZ Blrefsmtgy@ fu@m palupepud&)m

Sm t hKl i ne Beecham Ri xensart, Bel gium, Detox (Enhanzyn) (Cori xa,
Ham | ton, MI), RC529 (Corixa, Hamilton, MI) and other am noal kyl

gl ucosam ni de 4-phosphates (AGPs), such as those described in pending U S.
Pat ent Application Serial 25 Nos. 08/838 826 and 09/074, 720, and in U. S
Pat ent Nos. 6,303,347 the disclosures of which are incorporated herein by
reference in their entireties, and pol yoxyethylene ether adjuvants such as
those descrl bed in V\D 99/ 52549A1 Addi ti onal il ust rat| ve adj uvant s for use
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25 presenting the antigen, to inprove activation and/ or maintenance of the
T cell response, to have anti-tunor effects per se and/or to be

i.mmunol ogi cally conpatible with the receiver (i.e., matched HLA hapl ot ype).
APCs may generally be isolated fromany of a variety of biological fluids
and organs, including tunor and peritunoral tissues, and may be autol ogous,
al | ogenei c, 30 syngeneic or xenogeneic cells. 58 Certain preferred

enbodi nent ' ' ; { 4 iR gtors
her cof - as e B B P R e o ent - APCs
( Bancher ealgvelsdrefatidiertoennomdtiseccpdgpetite, ¥ban expesssiomsysieme Briafly, shown t o
be effective as a physiological adjuvant for 5 eljciti n%ﬁﬁ#o%%gcti c or

t her apeut | @NASGQUERSES & ngyhe pelypephde CARIPORRATS Bay P € 1 Med.

5D: 507- 529 I ri ot j R 4 ed on
their typi%eaﬁja?%%i\yp@n?s@gﬁﬁgo Iaﬂ%@?)trb ﬁaﬁme;éﬁbhe;srs@%v cy?%p as%%ﬁ(gro*g@%sses
(dendri §eshNA sediepcerenebtiing) ond pelypeptile cérmpbrerttds tigated, with e vethond

present antigens wi th hi ?\hg efficiency and their abili t% to activate naive T
cel | 10 re3peptidelinkeinto the & end|ofa \ seruensareneoding thefieseBAed t o express

dendr it o oeVpEde GBS Y Brblhe eBMEamE of o BhARERRIR L 1 S e
contenpl at geady THE pefPRs %nb%ﬁ@ﬁﬁﬁt@&a siﬁgleams@h_tmmmw@ that eeaifs ithé C

cells, secreted vesicles antigen-loaded dendritic cells (called exosones)
may be usebiolagiddl activityaafdioth companent golypeptidesst al ., Nature Med.
4:594-60Q0) 1998). Depdritic.cells and progepitors may, be o i . from
peri phéPal Dbl ood, boRd F?WF%WDPEW Bﬁﬁ OY:%CY‘OSTS?GR?&%%@%&FQ
tissues-ing ' 3 SRIARD suFliéient to"BHduré @atcor d bl ood
or any ot héﬂriégé?(%g Pg&?{aé@dueeb%@%%@%r exanple, dendritic cells may be
di f f er ent i eactdpelypeplide fojdsinit itg secatdary @bdrtartiaoy stectuyesskPuelsasuch as

GV CSF, 1L-4, |L-13 and/or TNFa t | t f tes . h ted f
per i pher al PRRSSIrkeY SEAHSRS, BiIjoorBRteR Jupng &13dn POVREPYLS LR Fom

eri pheral i i i enti ated
ot o dondr S GaRLEERRIgEE ToIPBidwrPlfe it SORAIERepIe ke bdlences
GV CSFi15! Lmdy beNElroseb¥dsdd grathe folleBing fat®rs:i ¢griteinability toadaptteer
conpounds) that induce differentiation, rTB]tarr atio gnd prol.iferation of
dendritic fiexible extendad eprfopaatian; {2htheyiipa ”Q’ﬁf’l%dqo@ ASFIPNIRY HWOE gt ur e
and "maturg” i [ i Wyl n two
wel | onar agEa EPUTrist ey ErRBnd COReE offhe iRerte e Bty PR "3
construed gaAd¢3)cthedgciabt hyrrephsibie or chargeeiriesiduestibatermighit readtfvethetiei at i on.
| mature dendritic cells are characterized as_*(@P_C with a hc{e%h c? acity for
59 anti gbalynpptidefunctionalanitopesg Prajered ReRtide, inker SGAYeNGeR Lo %ﬂ
expr esgizon ~of . P eis
Cvbi caPly S A SER ey’ CRiERaRer HEGRE! Aino e Mbhad i P2 | 2 1

expr essi on Aff Rl disé befused imthelinker Seaepcels Antiro hioid Sequeinceaethiichat i on such
as class | and class 5 Il WMHC, adhesi on nol ecul es CD54 and CD11 )

) : > (€.0.,
and cost i mnay ke yseflly empleyeu-ay inkerpinsiudethpse osgthinsMarates et abcs may

general ly tran J n L de i i } portion
or other v nﬁn@?ﬁ%’%gg?%'&@@)ﬁ%mt’ﬁbgﬁ%@é gos&ge%@i‘?g’é%h ggéz’

i mmunogeni qgge! LiRP4tBRY R6f 4,985, 238HRF BIES. RatehhBoc#)751 118G UTheuirkerSuch
transfection may take place ex vivo, and a&ﬂar maceut i cal conposition

conpr i $5ng sequence mayfgeneallydes fremrhio aheut Hamingiacigs in langiipeLinker

, descr i bed i , i icle that
Par bots a anuenGasaBna) rdinee AhEE R ks it selo B BOVEEPHES YaVe Aol &, o0 o
a_patient, gsegidiiNg r'gfiehrﬂ%ﬂ;ﬁé%ld RIYiIcHhaPEaNbE Usedtb\epatdtetheo 15 and ex

vivo transfection o ritic cells, for exanple, may generally be

per f or med functipnahgomainscaigd preyent steric indederencséuch as t hose described in WO
97/ 24447, or the gen n a ch described b hyi, et, al .. nmunol ogy
and cel | Biology 75: i@gﬂ'ﬂﬁfﬁ?dpégg‘ﬁe%ﬁr\c&éﬁr? 88%[3%33’ ﬁ?ke(ftm]‘?lf'ﬁbie cell's may
be achigye ki ' ne 0 ' ' t he
Curor 20 pd ool in DBl e GuBfiry elheRis e feglietal Aot "or

Wi th anti gesspofilste $omexpressiomioh DNA areecloeatadnordy Svia thed3NAseguenceacci ni a,

f ow pox, adenovirus or lentivirus vectors). Prior to |oading, the

pol ypeptide may be coval ently conjugated to an i mrunol ogi cal partner that
provides T cell help (e.g., a carrier nolecule). Alternatively, a dendritic
cell may be pulsed with a 25 non-conjuga4 ed i mmunol ogi cal partner)
separately or in the presence of the pol ypeptide. Wile any suitable
carrier known to those of ordinary skill in the art nmay be enployed in the
phar maceuti cal conpositions of this invention, the type of carrier wll
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(e.g., polylactate polyglycolate) are enployed as carriers for the
conpositions of this invention. Suitable biodegradable m crospheres are

di scl osed, for exanple, 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 W/ 99 40934, and references cited therein, will also be useful
for many agwdodeg i tr@rf&st polppéystides! |Slmllaﬂylﬂepmdonsréqiﬂlledvtergndsyst em enpl oys
a carrier conprisin articul ateprotein conpl exes, such as those described
in U S Pdranslation arsd Baasemonwarmwaaee sm@aaa@ nly present Sgtothe RNA

| -restricted cytotoxi ponses in a host. 61 I n anot her
illustrat |§Fé1”@¥'68cﬂ"ﬁ8ﬁ't"9 tbé%% H@‘Bﬁ@%ﬁﬁ&% core particles are enpl oyed as
carriers, vaccine adrjyfifgich p dyp@c@éﬁﬁ @br‘nﬁﬂsé al ;ﬁﬂ:@bp’(ﬂbfascdésd‘rmédt he
conpositions of this invention enpl ary cal ci um phosphate particles are

di scl osgd, hérein gethErayith an pnmla@demnpmagetnltapmd%lnasuathamn 5 W/ 0046147.
The pharnaceuti cal %pfr}gom ti on ne i nvention w I(g)lften furthe

conpri se OAYNYROGRIH pingapaple BTT eliGiing 2 Lgc 'JPPB?'&? s ?rﬁglegrOfr?Hfféphat e
buf fered sglidifa {n&ﬁﬁié’fé?é(rﬂf@tl?ﬁeréﬁlogls)arﬂi HEPftRis PrBRRS BeesS i 'eXamphe,

dextrans) )" manni protelns pept i des or am no aci ds such as gl yci ne,
ant i oxi dan§toutel 6t hlatlesy Engh dIMedC,fHﬂ&aBG-Bg 4987t s such as EDTA or

gl ut at hi one, adj uvants (e.qg., alum num hydroxj de sol utes.that render the
f or nul at| on i sot oni ciN QRAIRAEHRITRA SF‘QQQHR?%‘ e H?'@g\ﬁP[ SILPHIIdS of a
reci | i Lke i ves.

Al tePn % ?gﬁésﬁg |lHﬂh ’péfuese fg%m%r??}% g%mnham%$&¥|§§%ul ated as a

| yophi | i Zad@ﬂvekﬁREthrﬁbﬁfdmceﬂmZBbmpOBiﬁOﬁs hndrlﬁetﬂedsﬁmr’dhdlrhseenn my be
presented in unit-dose or nmulti-dose containers, such as sealed anpoul es or

vi al s. 5ucanl¢anmg ther expeession gndAripnymnadeniaity of feterglogeyst o preserve t he

sterility an t.

Formul at | oRQREGERIadbYyBRPIdE sodiditeR s BBsiilied n3 S PatoftiiiBaton | |
or aqueousea,qbaqﬂa?ﬁthe’ZQuselob@reﬂ@nwnehys ircoRistateCieereircoy reforgreeiinitsn may be
stored in a freeze-dried condition requiring only the addition of a sterile

| i qui d1bar entirety. naﬁeﬂmﬁmﬁ iefersito agpalyrucleotided@gianihab it @ suUbseAUERNSPe dosi ng

nerein in & @Myc@ et heldsis SFTEREEA bEKlR! AR RAAR [Fa SERA ) °

par enteral prgig4 ﬁ?@!@ molEcufdiasdight émbdeattswmgéﬁuhm:rdém anahwmenn and
f or mul atloR |s wel I known in the art, sone of which are briefly discussed

bel ow f or g’néalesaalf M uubersglosis. The nucleatlde)aeqtuencﬁeamdamlmppclﬂ@@auenge t he

D ot r abf TERBARR bemly oEsdielifer STl Y st apdfiettn)' 5. ™
Formul apedeyi{isa sHb, gﬁérélsdj'éké@i}lel%l webtmaﬁasmmdrafei g% BhBgos-a007er . Of

they may be enclose hard- or soft-shel ge atin capsule, or 62 t hey
may be conjcesswdiedheretraby Eﬂfecerlm)tﬁetﬁrmml agments pbﬂ@tMEB&?A&QQI'}Q with

the food of the diet. The ive co ounds orated with
exci pi ent s SBAYENFERKATASS ﬁbﬁ@b (EYRI$ an dggﬁlrbgégpg%feep@yp%q&c&ﬁo t abl es,

troches, the like
(see, for exgﬂ%ﬁé’ttﬁgﬁu?@ﬁt&? ét%g ﬁaﬁﬁﬁ’?iﬂ%mﬁﬁ 27, 382'(5]%623) 410- 4,

Hwang et aimmuﬁogemﬁﬂfy/oﬂ'he’aerdboggus:nmmueog@ylstpolmndeﬁwthmltﬂcladt isU. S
Patent 5,641,515; U.

bl ot 25 ¢ e Ong Preferrod LA Bsionpovprota@miisesa SR ciiming L a
vari ety of gmetnh BBﬁB%ﬁﬁ{SIE{?RQ?cgéﬁuné 8t %e&ubsqgete DAt M'?B%QAC*Dtﬁér gum

t ragacant h cacCl a or ge atl n, exclprents, such as di cal ci um

phosphat e; peefdiret M@ polymaclegidys, genmhllyaeompnae at mashabmatt‘e& o starch,
al ginic aci d and the like; a lubricant, such as nmagnesi um sttﬁzrate and a

sweet eni ng cageerutive fkislastides catdeast about d0nusiedtideshat ieasta)oWdldded or a

flavoring a f r Y,

f1 avori ng. "RGeyHdRe. S BEREE T b Plpisiiied A SO0 riloioRBEs or
addi ti ggp t @t [Ese abalts36d nbdleoidsy/hat )éﬁ@od@a|pdﬂhtbrﬂoﬁalﬂa1erpoly@eptms ot her
materials may be present as coatings or to otherw se nodify the physical

form of t hdRai@spajynusieetidesonay gemprise a natiecsequesice|(se., ap Q!@ﬁ’gﬁl‘@%s may be
coated with shellac, sugar, or both. O course, any material used in
prepari ng any dosage unit form should be 20 pharnaceutically pure and
substantially non-toxic in the anounts enployed. In addition, the active
conpounds may be incorporated into sust2f ned-rel ease preparation and

formul ations. Typically, these fornmulations will contain at |east about 0.1
% of the active conpound or nore, although the percentage of the active 25
|ngred| ents) _may, of course, be vari ed and may convenl ently be between

I I ~~n7s —~ o~y o Y b1 e B o . - Y T



with a surfactant, such as hydroxypropyl cell ul ose. Dispersions may al so be
prepared in glycerol, liquid polyethylene glycols, and m xtures thereof and
i.-n oils. Under ordinary conditions of storage and use, these preparations
generally will contain a preservative to prevent the growth of

m croorgani sns. 25 Il lustrative pharmaceutical formnms suitable for

i-nj ectabl e use include sterile aqueous solutions or dispersions and sterile
powders fo FERGHER0Y E;gdt f i bRh&s L e sol utions
or disper s?%(?llgs@l(c?gpgexarrpl e, gggQW. F!gtaedrﬁta @@g%mj\l%ﬁg?f)eq}rqﬁg*l cases the
f orm nust bemptise alvariantiofisixth dsefuence. t Bal 2 polynueleotite aariantsymay

syringability exists. It nust be stable under 30 the conditjons of
mmnuf act ur EOHIAR Q4% phFoTe, SHbsHIUonR AHions, delelions ATE/oFINSeHiANSHGML i ng

action of i :Si [Pr- ki [,er can
be. o sol veliet i HRRME oo o B2 criehie deian Bolydeglice Iy of sty O
pol yol 6e. diminighigd eretdtivertoepiustomepaipepstide eorplising achativeyRa1ey| ene gl ycol ,
and the i ke?, sui tabl e m xtures thereof, /or vegetable oils. Proper

f, and
f1ui dity nB9lypepligs.nYariarig preferakly expibit atigastaboyt 0% idgntilyamong, such as

i sper st onbierebY at Btk SRR 8056 lachiiy SISt RrellBlany afieBbr gt o€ oo,
of m croor geAtif® ap?glyheclé@ﬁdé sbquaitehay ehcdtss RAhtIRARRSRIFdlyptptide

anti fungal agents, i exanpl e, parabens, chlorobutanol, phenol) sorbic

aci d, thinerapartiorsih@resfe i ke. In many cases, it will be preferable to

i ncl ude.i sot oni ¢ agent. for ex | e, sugars or 1Q sodi ym.chlori de.

Pr ol onSBq absorpti on%t?‘_iq ﬂ@eirﬁf%gﬁﬁﬁleéﬁ%‘gﬁﬁﬁgfsﬂ iaBHE"T&%{?PLi%@C%'IrfﬁﬁGHt about by
the use i ggéﬁﬁeﬁemﬁ%a RS pfiteMAS A SulEERPIIBinat 106 Bdrfithe fafie €xanpl e,

al um num nonost earate and gel atin. I n one enbodi nent,” for parenteral

adm ni st r abacterium Haemopbitussinfloénza BiWO 194 /589268)i dhrefenally da peotein Dabl y
buffered if, _necessary and the |iquid 15_.diluent first rendered i.s ni ¢
W th suff | EPRRIVEAOMRIRSS apReYTRe IR IS i GtharPTatel g 406 HFTORe. ar e
especi al | yte’?H\'irfa?fl%Qﬁ-f 1 aiid 24850'4Rd d Plot@RYY BH}i@étiveSrHQf Bbﬁﬁb‘f‘d%ﬂéd.a”d
intraperitoneal adm nistration. Tn thi's connection, a sterile aqueous
medi umishaWithimcédaiamreizyed embodimentsidhe first tdoesiduesfia Lipoprotdirn Bart i n
light of t resent disclosure. For exa e, one dosage may be di ssol ved

e, . | |
20 in 1 mpl@ffﬁl RYRAAi 18 | ed;gn the Dirterninusi topsevida dar Polypeptide withot
hypoder nocl ygit: | AU LR eat I i i 0fiLS (see
for exanpl é%‘alh eér'ié#gggﬁblslé gjﬁgéril cteoz){els?;\% t@éﬁéﬁgggtﬁélétg%@éaﬂloﬁ ilg\?ﬁ'q@aEges
10351038 avali (budfurcliohingSsan eapiestionrerinandenadiheipid taiberesiresi |y occur
depending on the condition of the sugl:g’ ect being treated. Moreqver, for

human 25 a8RYARLRIESENEHON &f M pRHgRIHIO aptigenspregenting:coliser @Masifysian et
oL pRGRRTBBAD RSB ASSD AELEHBRR L gt e 5

0 ol'o n er odi rent of the
i nventi on, (Hemaglotimiaki Typioallyditise Noteeslinat B¢ iamingacids drerwsddaatHough a neut r al

or salt form Illustrative 30 pharnmaceutically-acceptable salts 1nclude the
aci d addi t different|fragmends ikat influde {Theelperepitanasdngy Bgpisest the protein) and

hydrochl ori ¢ or - phos HeRREEEkBoBMetR, i mmdficlodRal f.8lon i Rre he o i ¢,
tartaric, praeialknowrsasiLYTa, br Kortsn treréor (pesterdoiatCreeringl portiGoxy|

groups can al so be derived frominorgani c bases such as, for exanple,

sodi umeSpot-¥3Aiis dervesienuiireptacerens paeumeniaec WiNaH fytesizesad N5 such

Che T ke. - SEONFTAIRTRE ARINASE Riowh Br BRNBHRE R hePbod bUihe RVEE Bber
conpat i bl ea@nbmdzteséggaweél)owmid & adttlydin tifatGpediiedil dégrades

t herapeutically effective. The carriers can further conprise any and all
sol vent s, desaibhonds in therpeptidoghedandvackbooeatlihegS-tenminakbdomainaefithbact er i al

and antifu | agents, isotopjc, and apsqrption del ayi agents,  buffers,
carrier solUTAoten feshongRle fof e aitagy fa ke eiing ardd S HaYINE cuch
medi a apd f UtinE A P i | known in the
art. E??eptaﬁlglg E?ﬁ?“g@gggﬁﬁg-ﬂgﬁ%’?&w@gi a oréﬁg@fﬁd f|%)sr\ﬂ:'?éncorrpati ble with
t he acti vedevegjopoheahof Ei ¢ali GdeYTA ekpressihg plasmjasuisefuldfonprpriessionofi s
contenpl at ed. Suppl ementary active ingredients can al so be incorporated
into the conpositions. The phrase "pharnmaceutical |l y-acceptable” refers to
nol ecul ar entities and conpositions that do not produce an allergic or
simlar untoward reaction when adm ni st2&ged to a human. 20 In certain
enbodi ments, the pharnmaceutical conpositions nay be delivered by intranasal
sprays, inhalation, and/or other aerosol delivery vehicles. Mthods for
delivering genes, nucleic acids, and peptide conpositions directly to the

o - o ~ 2 a2



20 that are typical of viral-based delivery systens. Liposones have been
used effectively to introduce genes, various drugs, radiotherapeutic
agents, enzynes, viruses, transcription factors, allosteric effectors and
the like, into a variety of cultured cell lines and animals. Furthernore,
he use of |iposones does not appear to be associated w th autoimmune
r-esponses or unacceptable 25 toxicity after systemc delivery. In certain
embodi ment g ;%fé?l'?@sPﬁﬁﬁcattfbrnrfﬂ‘qtyfohﬁfﬁrét@i}@@&haml tHehBIL YT R frélgfiept sed i n
an aqueous msdl um and spont aneousl’y formnul til ar concentric bilayer
vesi cl es (atithe ansinoderminus haabeehatescebed (sae BMte&'t)noIng N:i78b+88,vel y, in

th nbodi t th d f | | t abl
nanocapsul 598 WA eyr?e” RECBEE, ArreReaLROrgon of LY ABY SR | nvent i on.
Nanocapsul GaofaaATeC |l hoBeSRI O dBedt oo WictngH pigeoduct bl ¢

way (see, exa rrero v I'nd Pharm 1998
Dec; 24(42) tekrhiviad B@an EtarﬂN@ati residlee ¢78.eA partiogatly prefbrred abpedtaporfion yner i ¢
over | oadi ng, such ultrafine gartlcles (sized around 0.1 5 ~,n) may be

desi gned u@ca@qmeyrreslguaﬁﬂé t35%e degraded i n vivo. Such particles can be

Carrior Syat. 1988 St 888 yeaiisebaRiert tne A pRfer 00 (TR,
1998 Mar; o [Afeitranslodati nlgmr)tsr al bérme the 98 Jan 2;
50(1-3): 31- 4rgbniﬁaum£gpatenta 014*506 109rhl'h§’ri‘z!i)Ba of Malignant Di seases

| munol ogl signakpeptideds & @ottmdtae N- tﬁmaws,asae daklel Mlﬁrqm@l £ @(2): on t hat

For or oAOcel 12 188 Jnbiien Y BEranaloa dén 2o seharar 3Bl g 8L Bimd

theraloeutﬁ%1J Haw%lezté ‘R/Iér%ﬁ*"l'snzdd‘lepﬂ)@359551@451%er32?mdw§0ra€é@ 648 in

Kl ei n no ogy "(Wley-Interscience, New York Nuner ous recent
observati oheretmmtltS/emtlretys i mmune effectors can di rect l'y or indirectly

i nhibit growth of t to renewed i ter n.this a achto
cancer therapy, e. g qﬁegglugratlve@mgmﬁ ”3 OMP@YPQE@IH%‘

al ., A Hepmigl ﬂec@eﬁdgs%aea e, @ﬂer%wmeb@%m ﬁ&tﬂert taédé%e

function has beeRglgssom ated w tqhﬁ%ntl tunmor cell 1 nmunit and the
el i m nab6i otargétingisignakedpabld obdlredtmgtmpglypeptldetomel gnqmomaj/womnmlh

e o b i e e

P%ﬁggfohaﬁt&ﬁ%o gﬁﬂt%gﬁ{’%tﬁtnﬁw g?fﬁ%@{i’v\ﬁtﬂqpﬁrt? at g;%?ﬁ%rlﬁer | ynphocyt es

havi ng t woassstigteiraom éfﬂt:|ehfr¢\mth5MH@C¢lasslllwﬁo|temmles andlthereby provide
ant i body- dependent cel lular cytotoxicity and natural kill]i ngh and iv)

T- | ynphocy eeBansskiasdymatimiatie e Sdti T-oells SReails BnBONRGPIEPt he capaci ty
|
(Schr ofBor S ' GgoTE inveftphtrBAdee WnateR Bris BRVES pERpERAGEIat

923 955). 6#n be%mblnamwwawseuynﬁenehwmhmutmamu«tmofadtumomtg hunor al
i nmune responses, cellular inmune responses, or both. I\/& ver, is well
est abl i sheBattner Examplessf thgsednancated dorms agsshawn 1 §E Qaﬁ :i“ho- order to

= ant gens SRt fis bt baFR: GRafiieS Wit} SERTID NOG SN e T pert | 4¢

par ti cul ar Lrigseest thess suncasisatiesifitet 76 arfiio @citisesiaVaN  capf e fuseditover f ul
approach for inducing i mune responses agai nst cancer associated with W1

expr es €5ontheaGderminusiofithe pratain; ceaatingta tﬁcommnfmtem@twn thaldneasifr tq n

descri bed REPIESR by oBl” GG ertf HFRRYHO0 1d EgbRPBR Al ool b a8 =" "o
di seases (%rgexanﬁﬁiégBeﬁtégétérléﬁn NFhapréteirtcah ARMRE DeQrefartpwititout a

characterized by snall tunor burden such as mnimal residual disease). In
general , shidtidinettagds may be used to prevent, delay or treat a disease
associ at ed with Wi essi | n ot vvord t.herapeutic net

provi ded herein may ﬁ’ég{r@é@ Wet‘tsegﬁfeé %é’t”i'tﬁé;av §E§t§‘&h@§§%

di seas o] onaat 1af dﬂ,mjh ase in
a pati ?r(\)t W ?‘%Hﬁ ée@&@fe P&ﬁﬁé@ghﬁﬁ%\gﬁ%&?% cted vxlnﬁtah a di géﬂ%?t hat is
not yet assanibetmddeivith, firle>enplesBat?. Exemplany fasiopiproteinsiareestyown in
"associated with WI'L expression” if diseased cells (e.g., tunor cells) at
some time during the course of the disease 20 generate detectably higher

| evel s of a WI'1 pol ypeptide than normal cells of the sanme tissue.

Associ ation of Wi expression with a nme7gnant di sease does not require
that WI'l1 be present on a tunor. For exanple, overexpression of WIl nay be
involved with initiation of a tunor, but the protein expression nmay
subsequently be Iost AI ter nat| veI ly, a rral i gnant d| sease that is not 25
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cancer (e.g., gastrointestinal, lung) thyroid or breast cancer or a

nmel anona), where the cancer or |leukema is WI1 positive (i.e., reacts
detectably with an anti-W1 anti body, as provided herein or expresses W1
MRNA at a | evel detectable by RT-PCR, as described herein) or suffers from
an aut oi mmune 25 di sease directed agai nst WI'l-expressing cells. O her

di seases associated with W'l overexpression include kidney cancer (such as
renal cel | Se@ D N 332330 4G chN 'E@réncoaéddﬁSMIyrhﬁﬂecbtme‘éaémrﬁn SEQ al .

Pat hol . Int. 50(6):458-71 (2000), and ., Int. J. Cancer
78(2) : 182- D NWSR7-3Fd nesot hel i ona, as descrl bed in Am n K.M et 30 al.
Am J. Pai hol. 146(2):344-56 (1995). Harada et al. (Mol. UroI.
3(4):357-364 (1999) describe W1 gene expression in human testicul ar
germcel | Pailvntilieotidegonura et al . Hinyoki ka Kiyo 45(8):593-7 (1999)
descri be FMU‘E%’WI‘H’Q of testicular cancer using polynmerase chain
reacti on of the testAnyipalynugleotide pleat éricvodes /T 1S50lypeptidet asatescribed. J.
Gynecol . Pathol ., 19(2):158-63 (2000) describe the inmunohi st ochem cal

det ecti §n Bereimis POWUH@ﬁoé%GHGWPa§S¢d1bYS“%;Q)Pﬁﬁém iventien.i 8HCh unor s.

WI'1 d cell
Fumor s, by PR g RAuaEs e Y, SRBR!sifbed \oBGRER kLB OB dolb " 2000) . ane
Pat hol . Restrarﬁiﬂed; tandfdy be)DRAIgéndmicl BBA oiéynthetic)eorRATholeciles.

gl i obl astoma and ot her cancer was descri bed by Menssen, HD. et al., J. 10

Cancer ResAdditional eaglieg or mgemp'rmz@m@n@g@my, bufinead not, hepregent (W1 )

compar e 1 SRRy ARERlde P e RBACy ARl are s B3N ABeCHde Ay Bt , i

over exnoeSﬁe@@nbﬂqdeu#ﬁ(eawo@ﬁaqﬁbebaléscarwaﬁwppmht@ralé%ur kitt's |ynphonma
and nasopharyngeal cancer (Spinsanti P. et al Leuk. Lynphoma 38(5-6):611

15 9 (2000), "WI m; W‘Eﬂnpmlygwleowqam@wemodg armtwal\/\/érﬁoprntﬁlm,gnanay human B
| ynphocyt es n (9):1634- 2000), ,Pan scribe in
o T 1 58npedd maataat ot AR acs et Stpr Bl ot Ve ke f en s
wi th | eukegpitafi oﬁ‘&/ 8F Ribre BUBSHtLfioss, HYGRITS, dé!éﬂoﬁ§9ﬁ8kﬁ%éé?nd>r’i§3élﬁﬂﬁe in

cytotoxicity and reduction in WI1 gene expression. In Leukem a
13(6):891- ﬂmtmabﬁmpnog’amnmmihﬁa&n&ﬂdedlpolymptld'eeﬂnWﬂlnmnah%TmiatmpreSS| on
in myel Ias dr e ut.e ukem a. In Legqlg a 13(3):393-9
(1955 1574 W PiaiEi ofife Bfietran P itiogshim i Greaed & good

mar ker f Or W@E@Nﬁla&géﬂé&ﬁﬁﬁe BESEKRS @eéﬁrnb@ﬂﬂﬁ@hﬁs ﬂ*r@?érfé‘d syndr Omes.

ExpreSS| on o 25 t'unor gene WI1 I n solid tunors, and
i nvol venmenvariants wontair autlegtidestbstitatorns, mlmm msertmimtamifmtaxlcgtmgl c

cancer, colon cance I ng ca cer ﬁgr east ncer germ cel |
tumor cel | af pgénorg\;é@n gﬁ/‘bé’ﬁ% ably ”Gt'E‘Pr aEa] é'rOf tFﬁﬂ”SFé@ 'aﬁncer cel |

i ne, hepa s. 90 (2
:194- 204%?88@%&@8 e@ﬁéaﬁgﬁpq@s’?‘%’?bo@""c g%w? oé ﬂrgér‘hevl n may e%uggd al on(e z)r

i n com20naCentainwarants ave stubstaniiallytorplegous to agiative gesecor aposgtiorgery, 71

irradi ati on, chenpt hera and/ or bone marrow tra antati on aut ol ogous,
syngenei c, 'Eﬁrﬁﬁﬁghp%rbp%'%'dﬂ?@i'& E%‘)a"t%@r%ip%%@é?i%” g Wd€let ai | bel ow,

bi ndi ng ag | pur gi ng of
aut ol ogousﬁﬂi em cg’ %nﬁ&@ﬁh pt'}%l?'\rlltb%eﬁatn bcfebrc]:gfr}’nADBNASEéh)Je‘?{cg for

exanpl e, Sehoodingar Waw pdlwanidedbaalwmmemnmfsequenceﬁ Suitabie or
conponents thereof. Binding agents, T cells, antig resenting cells (APC)
and corrpostQﬂﬁ%teb‘rﬁﬂnﬂ@fdi lqmsmwierpm\@asmeg u%@c? mneqafp%x% , and

w1 spes § R S COtM TR ROy D) R e O R A 90 T cal s may

be used, f@f/e oﬁbwthvWaérQnglmme at\ospidey e mmﬁw@\mmeaﬁwt 2%, and
frequency of mnistration, as well as dosage, will vary fromi ndi vi dual

to indivi dGaﬁX and . %ﬁaﬁce@@mumgods%aﬁm)srﬁupmbvbrgi@ng geqeeneesjues. I n

general, the 5@ ositions and vaccines may be adm nistered

by injecti it ?a‘é‘lﬂeaﬂ%&'""?ﬂ qrarmscul ar, 15 intravenous or

subcut aneous), 'ntrana.ﬁn'ble Ods;ﬁeélatedlyyﬁﬁiébro?tdr@iﬂhrypéWfrﬁﬂhLeYartiHatsé&@
tunors, pharmaceutical conp tions or vaccines nay be adm nistered |locally

(by, f@&0 exesyl d,theeiegenetawaﬂmlye ggnstic cade dherevardcuanyloscleptide angi ogr aphy
or other methods known in the art). Preferably, between 1 and 10 doses nay
be adm nistered over a 52 week period. Preferably, 6 doses are 20

adm nistered, at intervals of 1 nonth, and booster vacci nations may be
given periodically thereafter. Alternata8 protocols may be appropriate for

i ndi vi dual patients. A suitable dose is an anount of a compound that, when
adm ni stered as descri bed above, is capable of pronoting an anti-tunor
|rmune response that is at Ieast 10 50% above the basal (i.e., untreated)

o ~ - . -, o 1. - - a4 0=



10 to WI'1 generally correlate with an inproved clinical outcone. Such

i mune responses may generally be eval uated using standard proliferation,
cytotoxicity or cytokine assays, which may be perfornmed using sanpl es
obtained froma patient before and after treatnment. Wthin certain

enbodi ments, inmunot herapy nay be active 15 i mmunotherapy, in which
treatnent relies on the in vivo stinulation of the endogenous host i nmune

systemto

Y eponse. nsadendihaeondotEE Sy bBNBREIAETSBINE 6(he8s pBlyrlPBdRiGes
provi ded hpeat minimél hbmmlagyrterthemiuomoudetsequenmmobamrpname gene.be passive 20
i munot herapy, in which treatnment involves the delivery of agents with

est abl i she WGMGSWW@UF@QEE’EWHW vesy e e d Eﬁef%"(‘ﬁ%'”@@ﬂ% l@ﬁ‘gﬁrﬁ’Pbodl es)

t hat can di 0 r effects and does not
necessari | §5§§ﬁ@1u %Hk%ﬂb[aﬁ%awﬂﬁgg e%ltemrun%h{s!%?em Exanpl es of effector
cells igclude T cell srhéﬁef@lﬂesaumdwgatwﬁ:thé’r hspaeh of iHeogrecahCinventice 8 +
cytotoxic T 25 | ynphocytes and CD4+ T-he | per tunor-infiltrating

| ynphocyt epplynkcleptide cefripositions lare provaded that npmpénsecaemeoaakh ofa

| ynphoki ne-a er cells Bcellsa [ ntJ gcells
(such as dBH PPP%@*E&%IS?QU%WEF ?F&JP%BW&@%’Q) C%QB §p&8\f erﬁtp e provided
her ei n. t he

Pol ypept | dSayercrERpns Q?ﬂ%aé“%98@“%%@“%’%'?2?22?%%’3’%‘#& orred 30

I nto ot her sequerwessetrforth hecgior Imeertamfprefmnenbembedmmnjadhaer apy. The
polypeptldes rOVId d here used to generate antibqodi es or
ot PavBuGBehe seAuSaFasot 481 Bersin DE0HR SETARGENE: RONPeRIESnt *No.
4, 918 164) EYesh Xﬁo gmnunot her apy. Mnocl onal antibodi es may be | abel ed
with any of "a varlée(! | abel s for desired selective usages in detection,
di agnosti c assays or Oincehm munmg:eraopbrtmtmfd{ﬁ 1(|asrje:mt|ed;amdes¢nb&ds

Pat ent Nos. 6,090, 365; 6,015, 542; 843, 398; .5, 595, 72 and 40&28 930,

her eby i ncaPp¥®.R Mbpohyep@eem ma behpiapacd HiBg)ANY<0 g Vet

| noor por at sriilied E dibinnih ' WP p6RGeieblite Mabe drinediof eaNeed

nonocl onal étermn sIte o

det ectign @reph?eﬂ Vrony cells thapexpriess VAT 11 ISechpriyniuciewices may b anh;dmedt i geni c
determ nant on the non-naormal cell. A further object of this invention is

to provi de ViehRolyimesasa ehaip rerstionAP Gk i Ry dhissanRraach, seguences8pPesific achi evi ng

bt ai ned | RIS FEDLHE IHSEHER HaBi R the SsgBEhEE of e BrfiEiedighoion, - | |
vitro, as @agqhappe pieciised drdyntiesiZdd. cRgcexamyple, étmame(pﬂﬁwrslﬁ)rﬂ?m@ e
antigen-specific effector cells to several bhillion in nunber with retention

of anti genamulifgatian eha heman \WTdrgengincludgofiFst step h2118:t 1434t 4:b'vitro

I
oten 189 1 RAGAE CACHCT TOAMAG Cr-TR (R OO B, B BT Pecter
cells. As AGETROAGE ANATEE 6T B (SEQIDWOMB)] skssbndsstep oWV 1ded shaGaGn 20
may be used to ra Idlé/ eannd ant i en specific T cell cultures in order to

generate aGAIFG QCQfAQ@ Gi ImOR6 K N&SY) andh Piart beul ar

1 br obl st GBS ?A&fémﬁ%?ﬁ%aeﬂ?éé%ém T B PR Bt i s

or transf eqEsH apdificalich efaW%LeeanrgéHeembiu@esmssstw Spp@gtaE’ dgE@chni ques

wel |l known in the art. For 25 exanp anti gen- gresentl ng cells can be

transf €% e@GAGICCE GACYGTICIATE |Sd(aSE@\ADd§OeB)m 139: B RCOprGat GATor

&fi5?25”Sﬁé‘ﬁﬁﬁéic@f@@”ﬂﬁﬁbﬁﬂw@ﬂ%?é' o8 PG AR GREY "

di stribute ap [ I 1 PShyds’ egg@@q-pshom
that cul tur ecﬁquect or I%ésjr(ga esjgﬁggglebc]NP; yr%W| n vivo and to 30

survive | oiGCT GAA WGGGQ@MG&TGG[A@'EH? BYSEHHANEA18).i nul ation with

antigen p. . :
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

29



74 suppl emented wwth I L-2 (see, for exanple, Cheever et al.,"

| mmunol ogi cal Reviews 757: 177, 1997). Alternatively, a vector expressing a
pol ypeptide recited herein nay be introduced into antigen presenting cells
taken froma patient and 5 clonally propagated ex vivo for transplant back
into the sane patient. Transfected cells may be reintroduced into the
patient using any neans known in the art, preferably in sterile form by

i ntraveno i 'aw' brits! VT ipofymessleotities Mdyealsoe mrdparsdsity at i on.
Wthin fumgrrﬁggpectgﬁqﬁre rﬂ%dg for inhibiting the y(?I%vel opprieﬁta of le a

mal i gnant siinthesizing otigenuclectide compmmentspard igating ¢rroperents sogathenliost r at i on

of autologous T cells that have heen, activated in response to a W1

pol ypept i densraigrt 36‘398?’32@ H’ngwfgﬁgt&e'descri bed above. Such T cells may be

CD4+ and/or CD8+, a ' ki T cells
Wolﬂﬁ:di’édﬂdg&sg'r@f afsodse ﬁgﬁﬁés@@ai b PYemethdd

may be adm nistered to the indivi n an a nt effeCtive to inhibit the
15 devebopkreovin inf the arglingoding ctiesdeal synthgsisciel g.y solabplbasel x 109 to 1 x 10"

T cells/M are adm nistered intravenously, infracavitar r in the bed of a
resect ed tmﬁﬁphommlﬂ'mlc“@@'@i%@meﬂ%- Mﬁca}l@nﬁl"éé qcﬁyr{qﬁegﬂcﬂe that the
nunber of f Wl i & dent upon
t he respongegd“lg"?~l c? Ma%gﬁoe%e[em@aBéﬁﬁkfiﬁac@éﬁgrﬁﬁﬁggﬁééthg& cel'ls may be
sti mul at edsygh 8% oligorfutietitideldicsetesd bicerepotific mutagenesid (seecddeimanetai,,
stinmulation nay take place in vivo or in vitro. For in vitro stimulation,

bone nar r oANANEN 83, 1R83)p Altasnataly RNAMeleculgs manbegepsraied By i WG

Dot | RS0 P SRS AP HLAGA Selb o BB SR ST BEDRRRIED, 2 YL oo
t hat expr esgffied tHALtHeODNASE indteporated int® adidctarwitthaduftablecRMAMe suffi ci ent
o permt the stinmulation of T cells as descri bed above. Bone marrow,

per i pher al ptlymetase pronetet (sushdsof 7 o 8P6he Serain poiens napahe used the

adm nistered to a patient using..standard igue Jt.hin rel ated
enbodi rrentEr,ep?“’cépleycBaeépPBﬁpffBBae’oe?s ﬁ§%qtb§§lg'ger§® 38@%"‘% OE)e sti nul at ed
prior to aal?é/rﬂﬂﬁvr@sg,gah Bbrtfdh! rﬁs?b@iéanﬁih%}térbedo%rpaﬂé_rn«?lsaét@ﬂiathﬁ@enméww

t ranspl ant ati on. stinulation may take place in 75 vivo or in vitro.
For in18i t polypeptide istgemeratedrie viver ey by traosfesting gntigen-preassding sells

Rt on OLoRe aBieY o s ARLRIA RoRbGP esRPYRens At PRYBBHS W & e
and/ or A!Dca{jll?lé’r{ist%i‘iﬁg]ﬂ?éﬁﬁnﬁe%d IsAB9RE beBentpder conditions and for a time

5 sufficien 0 per e stinulation of T cells as described above. Bone
marrow, peripheral bPolydusleetitesthat eacddea WIT'1-polypsptide rmay generaliypet hen be

dm ni st dt tient i t d t.echni W hi t her.
ebod nent Sseaer Rpausorne SONPeRIdRE TS SR EYe: W FhioBBCHERHdES ¢ erove
cel |'s gypr §55i.00 c¥hbidhaRaRHicPa egamgléége%gég a(:fg.‘é é%&@g:po%ﬁkﬁéotﬂbgpd or a

fraction o one nnalrow or ‘“peri pher enri ched
per i pher al maycaiso bBRjsedrasoa ptabeaontiorinbibitalViT d rexpressigrat ¢RBNA)constrontsmet hods

may be perfornmed by contacting bone nar or PB with such T cell nder
condi t i onsthaigankhe téa'i‘er%egdm%i tisgnse ﬁ%mﬁytalﬁﬂger'gﬁ%‘g'fq%mﬁ?c of
expr essi NQgy; ten b ss than 5% and nore

pr ef er abl ytlggésztggg?'hﬁé!Lﬁ%]/g{bg#gﬁ/%aef %@%éﬁhﬁ'gg of nyel oi%l or lynmphatic
cells in the bone maangwolynuetsotideenay bbifarider Mbeified teincreasevsiablityinc h

cell s have been renoved may be readily determ ned b}:(&st and%rd t hods such
I

as, forbexyivgl Fossibie megifications dndudethut are net lfteq gjaddition, Fnhol ogy,

i mmunohi st gchem str i ] r ction 20
t her eof) nﬁgnlﬁﬁh%ggéeﬁ(g% %‘i&@? esfggh%/og 32985 :}gﬁ{m %sq?ﬁ%‘%éf) Eﬁ’ééﬁga%eéﬁ%i ques.
Cancer Det gxfriettiyl2athePtagn épho@ﬁhm@%is‘eiliﬁka%ewmedmoabdnéﬁi argd/omnthgener al |
a cancer associated with W'l expression nay be detected in a patient based
on the preénolusiondf noetraditions!dages sy @siIRASIARIAUROSNS A WYBHIOSIRG @Sncodi ng

such prot eiwré a{snac?ety ] (r'q’rl\e(ﬁgtﬁin?,%io§ %HHlo?héF Rbdified forms of adenine, cytidine,

30 guanine, thymine and uridine.
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25 exanpl e, blood, sera, sputumurine and/or tunor biopsies) obtained from
the patient. In other words, such WI1l proteins nay be used as nmarkers to
i.-ndi cate the presence or absence of a cancer. The binding agents provided
herein generally permt detection of the |Ievel of antigen that binds to the
agent in the biological sanple. 76 Pol ynucl eoti de priners and probes may
be used to detect the | evel of nRNA encoding a WI1 protein, which |s al so

i ndicative of the prﬁ&@l’é‘éﬁd@‘se&@ér%@seaé)a @r%ﬂ%rem' lﬂagfb'é%ﬁ‘a'ed

sequence should be present at a level that is at |east”two- fold pref erably
t hr ee- f ol dyariaty ofrotrermuefentidblsgglienees usldgaestablishgdeecombmaanNA ssue than

i |1 f th type from which the t i
| cvels of (RPRNIGHeR; ot SxBPiRR, AUpoVBIERDIS BV T EORROMHDENY, HA VAN ar ose

are irrele i of
tunor cell éﬁ@grrl]fn e\fe?({)dn |'?Fre ﬁ%ﬂ%ﬁg@%?ﬂ%@bm 3?@92??!‘%15 g?rﬁéﬁ\fr%entl al
expr essbonahdcebmidse. \dectods digpatticulaf intereseincluderexpression vestoes,t o 10

expression |levels in normal tissue of the sane type. O her differential
expr essi onf%i?@@mge‘étﬁfﬁ pEokg gﬁan@HOENQQW§QBG§§ﬂyeﬂ@FQd'ﬁﬁtﬁﬁﬁsm C purposes.

i toor 1t 9200rR H AR RlodPhabiah RAE AL e B REFERBERTRGR 1eistthker “or

tissue typemanism; cd?%ﬁibnt@@é%rlﬁﬁ)nlénmméﬁblws@@mé eflore I n this case,
t he presence of nmetastatic tunor cells, for exanple in a sanple taken from

the circul 8eleciable maskarsotQtber elemants wilt depprid epemthe desiradhuge,iandmillch t he

the 1 ugr e aRBRH K Hidke it el E AR ik T ek e B BRhER 0T

many i nst aged® invéntidn d:orhﬁnéb%ﬁéip?ésén@n%&lo@@mhﬁh iRBofpéiae thelnugldie the
sanple of interest, e.g., PBMCs, using cell capture or other |ike

t echni quesacmheoleculles cﬁthmmvenpormflnameggble¢nhage (ilenploperably Ilmked"d)to ordi nary
skill in the art for usi.n i odetect t|d

ot ker 5 i w3 exBipsion dafel saguence [ paRaD.; ConsEusin srenPOetioR, 5081 at ory
Manual , Co i r L‘P"‘%ﬁ'ﬁé? 38 r. esence or
absence of bgvggln@g gg%'lgg‘{"g@eo vmt Ws) a zﬂqa%?epnﬂ \@t():ttao %2&;{?\&%&1 ned by
(a) conbacwithin thelskil afghe airt, asriptre tndnusionnalhdrr omran$fectlmnof eelishta bi ndi ng

t: b) d t th | | t that binds t
Py i nErOseR Ukt ﬁé@%ﬁ%f?@@@%ﬁpﬁﬁﬁtrams\%ﬁ%ﬁep BiS e wtn g O

Mvolves. 1t HOSA off"b *“E"e'%@'a“”f’ﬁ%m”% R e T R L NP

and r ermvefaslhmn\/ﬁm G(Z)S cqilsl @b’ﬁﬁ)bewba yeashcellse inseckeeltsele. mf Spbdo;siara)l e. The
bound WI'1 oI pepti de, may detected usin det ection reagent that
cont ai ns a %@F pr §F819&"%)m éﬁ- d ¢¢lisapng SBlfﬁﬂg ?" GOKaYOHE RIS GUSR &St M T1
pol ypephi d 3 lﬁ;c{at ts may conprise, for exanple, a
bi ndi ngbaggngaﬁggégbéc é}ﬁ%ﬁ%& gg@gg a WI'1 pol ypeptide or an anti body

or other agent that Within benahlemmmdﬁent@ pohaucleutideg nagebé forsudateds an
anti-immnogl obulin, protein G @rotel n Aor alectin. Alternatively, a

conpet i ti vEO A8JaPeRRi ety inta 3 selof a maipmah and/apressiopdherein $Ych abel ed

with a rep di ng agent
B ter i oottt e Bafuclind GerttoP iktabBulciuioBRBE) o dégeribelt!, 1O 2O
whi ch Cormbelmt STiebse bfeors:mmysmnnmrm artiwWikk apprediang tl@ét thbe aebebay W1

pol ypeptide to the binding agent is indicative of the reactivity of the

sanpl e 28 t Ways o RERISHE IExXpERSSKIME  golygualeotidr in akargepeels wist anesuitable use

por 1 ons -+ Mtaad 1y W pltRollh. rordPRlrbigid pByRhGeBiug Wilfe ERS AR, 1

The solid gieadifal Véé‘tobgu@rﬁ‘ﬁsnﬁﬁtfﬁdt%hltléﬂqwa@&dmeaéén@bdsmﬁédsk' Il in
the art to which the W'l protein may be attached. For exanpl e, the solid

support nayirgs retrowises, s Vacginiasometbeopox giruplege avnar\apax vlru!ﬁ)el | ul ose or

h bl h b b ad di
Suer as ! BReRnilRERIG Bearpolaing DA St sudh e bR e WM e R R8T 1 e

or 20 pgl ybfd?ﬁérg@kﬂhh% aH) €A PAtRRAY: gflv@@%r?r{aipadtﬁtlﬁ Q%@r grarticle or a

fiber optic sen suc as those sclosed,” for exanple, Iin U S Patent
No. 5, 359, btbrpdrate digedergr agelectablg niarkentioaid inztbd identtficatienor d support
using a variety of techniques known to those of skill in the art, which are
anply described in the patent and scientific literature. In the context of
the present invention, the term25 "imobilization" refers to both

noncoval ent associ ati on, such as adsor @t on, and coval ent attachnment (which
may be a direct |inkage between the agent and functional groups on the
support or may be a |linkage by way of a cross-linking agent).

Inm)blllzatlon by adsorptlon to a wel | |n a mcrotlter pI ate or to a

o o o ”~



30 with a suitable diluent, such as phosphate-buffered saline (PBS) prior
to incubation. In general, an appropriate contact tinme (i.e. , incubation
time) is a 79 period of time that is sufficient to detect the presence of
W'l pol ypeptide within a sanple obtained froman individual with a cancer
associated wwth W'l | east about 95% of that achieved at equilibrium between
bound and unbound pol ypeptide. Those of ordinary skill in the art wll
recogni ze I i readily
determned5 ?Eg§2g§?ﬁg§¥§§ﬂq§§§f§@$bg?ﬁgﬁﬁgﬁ ﬁg@@%@gﬂ?@aggtgﬁz gggrod of
tinme. At rencodespligandfor,a mceptordrea specific target celhtarerieritheveetori s

| ff t nb d | t hen, d th
Jol | o suppErgekFRaeTis, TABPHRI MAABOPPECOTRIANGY UBS FoATEIDREY0 1 5%
Tueen 20 Tonhod i A haRRldr0dary ki h FRR BONA SRR wikiAUP, MY

t hen be adH1 0 the s suppor erred reporter groups |nclude t hose

groups bkecstetaakector méfytbe dsbdcior exampie ¢otransfech homamcoreiisal vell ingdhe
i mmobi |i zed anti body- onpe tide conplex for an amount of time sufficient
to detect foélS!?EInIﬁS Sb@ ptrasiivesHmas snegals whichimayhe vsed tone nay

peri od of BEAE™ SOt AR OGS In Bt Ria Stk oina” "
detection Béﬁmﬁiraiestuﬁﬂir%tléﬁkefﬁra;g}ow|rffﬂﬂﬁ’d5r1i BF lygisosfisuchiteliget hod enpl oyed
for detecting the reporter group depends upon the nature of the reporter

group. For radi oactuOél'nerdhgranmpfercmufatm:nSatqronlyouoletondgsmclude

aut or adi,ogr aphi t hods ar ener appro te. Spectroscopi c net hods
maybe 1o aaoTy Rt S larties SreDeasmaB sttt drdorlietet cont or oups.

Bi otin Wynﬁﬁoé@sﬂfé@%réﬁsﬂﬁe?@é‘ Hbhds CatitPlifid-bated sYsieh®s ReludiPer-irr  group
(commonly a radioactive or fluofescent group or an enzyne). Enzyme reporter
gr oups rrayvsmeemulsyonlsenmﬂest Em(edmndedieacnhd liposarses>f Aqueternediaolipigiaher al | y

f fi ti . fo ct th I
of the r caBYHOR B bk bca Sl veRkledd ine Bp LUl & Peselie:Eeomn, Canter

associ at edaficlh Wem6raresREIdd). ¢ The Preifatanslh BRANAR drhisieIdiRPREE O oup
that remains bound to the soli'd support 1s generally conpared to a signal

t hat cdbr ekpowdsn e and. a predeternlned cut-off value. In one preferred
enbodi nent, the cut-off value for the detection of a cancer associated with
Wi is the average nean 80 si gnal obtained when the i mmobi |i zed anti body
i's |ncubatgﬂu.;ahC% : erlt§ general, a
sanpl e genera g—a < above the

predet erm ned cut - of Actzoddmg tosamther dqremf thepresent mmnttdmefurthecer In an
alternate referred embodi nent, the cut-off value 5 is detﬁrnlned using a

Recei ver OPEVIdes 'OQF@%Q%%&W@ antifockesan¢ aptigen QH@U@H agmeq

1 nical Eqilest kst it SEica SRR 0T WUy BBING BSpiotbit o 80w
be det @0m hefbifhGMtoa portibnpvarisritios d@’rrvatllueatmmft IA/reanm:Icﬁw or antigen-

sensitivitg) and fal se Posrtrve rates 100@6s§!crfrcrty t hat correspond to
each 10 pobidingfragmept thejaef,is said te nepeasificgHy Hin

&' tiggpunagically binthe cut - off

he val ue AGRY 8% Sriind ek, EaBRFE o W CrdRBSUAC b NG ARTIFR of ;- °
val ue, andrgacig&pheictsdigbiatievel éWrtﬁlngt‘c&le)@alnmlel@nEmessdirﬂnw"tﬁnme:ut of f
val ue determ ned by this nethod nay be consi dered Eosrtrve Al ternatively,

t he cut - of Polypeptidersanddogshnet react deteﬁtahlsemthmrda elyeeptides underni ni m ze
t he faI e g kgrve qat or to the right, to mnimze the fal se negative
rate. g ponglgg | e generating a signal that is higher than the

cut - Off val ue deter”lrﬂﬁﬂrnblbdiéhlfbrrmfﬁ@% u@&mﬂﬁrgi&rrﬂdnpgénérarr?ré@rsfb
cancer. In a related enbodinent, the assay is performed’in a Tl owthrough
or strip t tha nopcosalentinteractionshef thiertdpe whicjeaccurdetweaeniani zed on a

nmb 20 h | I ul L fl h, h I id
i Ui n ¢ he TEiARIGBUAR eosSEile shebab gkt B it e paHEnag BBl B2 PE" ' °°

passes thrggg &fr&hﬂwﬁﬁpgﬁ dficor Affia %f‘ﬁnmhﬁ@@?ffél BirigfHd téraefiond baMpgl nds to

t he bi ndi ng" agent po de conp ex as a tion containing t second

bi ndi n@Cagerprdssedsn térnmxghhehhssmratroanmnst’ém (Matafdhe interactionuwhieredt ond

bi ndi ng agent may 25 then be performed as descri bed above. In the strip
test format, one end of the nenbrane to which binding agent is bound is
imrersed in a solution containing the sanple. The sanple mgrates along the
menbrane through a region containing se»nd bi nding agent and to the area
of immbilized binding agent. Concentration of second bindi ng agent at the
area of imobilized anti body 30 indicates the presence of a cancer.
Typrcally, the concentratron of second brndrng agent at that srte gener at es

. a 1 —— I



expression. A cancer associated with WI'1 expression may al so, or 20
alternatively, be detected based on the presence of T cells that
specifically react with a tunor protein in a biological sanple. Wthin
certain nethods, a biological sanple conprising CD4+ and/or CD8+ T cells
isolated froma patient is incubated with a WI1l pol ypeptide, a

pol ynucl eoti de encodi ng such a pol ypepti de and/or an APC t hat expresses at
| east an 'maﬁﬂ%%meééht% g}tea?eﬁ aﬂrtﬁi? mARINoRRYIEAl Binding Bragaties eBence or
absence of specifiC activation of the cells is detected. Suitable

bi ol ogi cal selectptigwlypeptidds cable guantified using methads, welbknewrin thecaitl s.  For

I T cell ated f t t h
as by Fi cooﬁﬁﬁyéago’"éhe&eﬁ% TGpaRR edRle) FLAMBPBOBINESPATOEN bl ood
I hocyt e ndeorst t |
4yggyg)cyat E@BI x5 r+1a°t| ypep S'SQE'H?&H P\}Jhér%.ﬁ/{rgfge rﬁfé'm (fgp%l t rrayr%ge( dgg : ?gbl )é
to i ncubat @or&mm’aﬂbn@bf theodompler p]irtnel'é tlsaaﬂlnayloi thénintedastion,caref on\T1 82

pol ypeptide to serve as a control. For CD4+ T activati o i S
pr ef er abl ygmétflcdtﬂfﬁmeéﬁfélth%&?%"Mﬁ'@ﬂqqf@ﬁét‘ﬁ(')Wedf‘ Wéd*fe%@’]ss hesr cDg+ T

cells, act refe'shl s, ic activity.
Al eveI of b%tﬁéhgf 8’? Z?I ofP AL %‘g"c&e%rﬁﬁgz%stolﬁtr\%ofé/@ﬁjggéhpgl(‘f"&%ﬁg/ or a |level

of cytol ytgétepdiried BwCélbmhtlbﬁ ofithd estidentraiofs andah@acnjaaratesnoﬂl sease-free
patients indicates the presence of a cancer associated with W1 expression

i n the patassaciatien arnﬁélasacmaw Thecratiod KenfK.apBablescagreliationiohall y, be

cam o OFopaigy ”wster*"o 1p Bt ol L BoPelth 1B fsBeibuh odro o

ina 10 pOk% n@%%”%@%%tét% @QﬂAhﬁﬁﬂ@w%cﬁ&nathme portion of
a W'l cDNA er|ve from a biological sanple, wherein at |east one of the

ol i gonucl eoti de pri nﬁn§anmgmpbmdfngcsnta;ro:( birding peRiandiof 68 anjipody

| | eoti d d W'l Th |Jf
Cepar at eq_ ietersdonEs ped v ahs imrbeRaREE mapruRTBa A REPRBL P bHER o6 ge
el ectr OphOBﬁlﬁ’ir@p The anit hadnlld‘n %ﬁtb%’f&l‘ﬁi le Ry ARy Qélé%élaéés opgfd Nical ly

hybri di ze to a™pol ynuc otlde ncodi ng protein may be used in a
hybri ditgat tevmlrmsvaplable et eegionb of |li'||&3l5ea‘qe("b|f) piad lighkc('l'pchaimsembred ng t he

WI'l protelnln |00|ca erm:t bridizati er assay
cond ¢ ons hidbi Gusisert sreibes gnain el ragians s Mhemnld BaHRDE &%

ol i gonucl e e | at | east
about 75% ggg}éﬁ%%?(ggg f %ﬁéblaqé gggtﬁgvu?ggg%rmfd nl{,gittwfe%{‘ gﬁgﬂéportl on of
a pol ynucl _eometlve@ﬂanldng@tmtdh‘és kmostreas "feimewerk regéons,'oor tFrRa" Tbusithd east

10 | eotid d f bl t | t 20 tid | th.
Pref Efaﬁf’y'ter%s R TGS 3o BB ACRLsac RGPS WKL BEChatg I dping Batwen,
pol ynu teo% %dﬁbo%?lﬂd‘ﬂgﬁeﬁ%l%@g%@gﬁs‘i’r?@?ri'i'lh glopﬁﬁﬁé n WRGHtbeRger ately

string above. eotl e priners”and/ or

probes whi glpleeule theusielhyperearidbiy eshions bha lightagjredss aind theltﬂmés descri bed
herein preferably are at |east 10-40 nucl eqtides in |l ength. referred

enbf)dl ment hypﬁé’aﬂﬁb@d’ﬁg@lné&fladlew W%afﬁ)ﬂ'ﬁP%%d rlative, eagh @@%Egrt i guous
nucl eoti de eg%lﬁe%l%gf%c’aésta 0 rﬁ erﬂ%eﬁ%ﬁ&ﬂﬂ%?g@&C“'ﬁé’tapﬁﬁoo a DNA

nmol ecul e havi a sequen Isc os herein ues th 83
PCR based Wsm&wwdmblenbnmyasmmreeeilmhsnohamuﬂaoe afteebeund (see,
for exanple lis et al., Cold Spring Harbor Sy ant. Bjoi. . 51: 263,
1987; (25 i entigen, amdheTtheambyngiyariahle ¢kgions of eash rgRN"e eRvhan toreferred

assay enpl o p [n tuh reverse
transcri pt| ﬁﬁ'ns‘ﬂ;ﬁcagl""le@ t%A%’E’%EQ@' dhgﬁgé"d"q ?‘%ﬂ%ﬁgcg’f Q‘?Qﬁﬁr e, such
as biopsy tissue, an@idding@ éhﬁlﬂ"ﬂh{l@@S‘Gﬂhbﬁébﬁabl@bﬂdwmmlaﬂﬁgmdmeeheS PCR
anplification using at | east one specif rimer generates a cDNA nol ecul e,

whi ch nay Ipatiestsawith and avithout 8 YMT1 ,asaoqgt Garnasy, lesamﬁmeeyenjeasentaﬂve

el ectrophoresi s icatio pert.or | es

t aken fromaés?\é%nggdngpﬁreghde?rr%@ﬁe ﬂ’a‘i't?ﬁdﬁ%PP%% ?’b%gé?%‘g ed with
a canc Ii@idrastieati rRfher bséhdg,ltlons
of cDN?OSpm %altl%bgm?g vﬂﬁ*ﬁ?ﬁéﬁ{bﬁﬁll)tly‘*gén@%t?ag% | d o?ét reat ep? increase in
expr essi on of a caecer il atdeasttabout 201% ohpatierds withttherdiseasep rrmra@ref@r@idy ed to
the sane dilutions of the non-cancerous sanple is typically 15 consi dered
positive. In another aspect of the present invention, cell capture

technol ogi es may be used in conjunction, with, for exanple, real-time PCR
to provide a nore sensitive tool for de3&ction of netastatic cells
expressing W1 antigens. Detection of W1l-associated cancer cells in

bi ol ogi cal sanmples, e.g., 20 bone marrow sanpl es, peripheral blood, and
snall needle asplratlon sanples |s de5|rable for diagnosis and prognosis in




W'l expression. |Inmmunomagneti c beads coated with specific nonocl onal

anti bodies to surface cell markers, or tetraneric anti body conpl exes, may
be 25 used to first enrich or positively select cancer cells in a sanple.
Various conmercially available kits may be used, including Dynabeads
Epithelial Enrich (Dynal Biotech, Gslo, Norway), StentSepT'" (StentCel
TFechnol ogi es, Inc., Vancouver, BC), and RosetteSep (StenCell Technol ogies).

A skilled af[das8Pabdt 0% F paREAS. AIRnAVRR/ dmaadmbﬁ?ﬂh@%rﬁmdviww may al so
be used to 30 enrich or positiveliy select desired cell populations.

Dynabeads Fenetat¢ aalegative signabimdicatingrithgabsence obitihe diseasalinattieastnbs
specific for t | ycopratej n 84 nmenbr ane _antigens expressed.on nor nal
ana- neop! agbpit Sl SRdualBlsduttiout vie Gandel I deBinedyheBer A duiied s

sanpl e and i hd 4189 r rd he cells
bound to tﬁégﬁe%@égﬁégﬁmﬂﬂﬂbgwb are slﬁsegé]gwa%?ogﬁgeﬁeé pggjgrt'\’et ically
i sol at e§ catihe aald/dredmior binpisies) freatpatierts Witz withbutra bancerr{asyses.
RosetteSep can be used to enrich cells directly froma bl ood sanpl e and

consi sts oflelerawiad using standard sliricaldesis) Mmaydpe 3ssdvad asdgesribed Reteinet y of

unwant ed cel | S ; e e I'l's
(RBC) pres gdnr t’[ﬁle @Pﬁéé{cga%oyb%ﬁgpﬁg}%ﬁ rtg'l%% ﬁg@%'b\ﬁ'@ ﬁ é;{eér?'lt’t T ?,{ %g%ﬁ%\%:r

Fi col |, 10statictedliychigiticantrrinisdr oflsantpled thtame witlsut 6 disBase wilbenat i on
of antibodies in the depletion cocktail determ nes which cells wll be

renoved an8ssayeskdtach bipding agerd shpyldsatisfiiher ahaveceriseria; Aawensdi 189s€hat ar e

avai |l all.e ipcl ude t. ar Qt..limted : , , CD10,
CD11 b, Ow?ﬂ?’délﬁi@,st')@d‘ﬂgﬁgégl"é'!' r ,'Z%AP%%%%&B%%@, CD36)
CD38, CD41cofrBfatiohTo fRprdve séretpi). CD56, CD66B, CD66e, HLA-DR, 1gE, and
TCRa~i . In another enbodiment, the conpositions described herein may be

used as markers for ANy ageolthas satisfiesttheahoye requiremestsendy bereebindingssays

e T AL

reactive ZBeBﬁaé/e%.pbﬁsﬁﬁ)anqﬂmmhglgembe&td ggyﬁgpm@! A4 Bebfefre exanpl e, the

assays nmmy be per med every 24- hour s period of 6 nonths to 1
year, dbd embogirhert, agundingragentis areantiobdyl or ayeastigén-bimdirgntragment

[ ' h tients in wh he | | of W | ) id
D e ol RS S0 e etao b Y e e ERRELEEREC o o
progressi ng, WiRR diRdingHeskiPin thedt. Sée,zﬁ.gpﬂjin%dﬁpcgheia%, Rpiybgieseat | de

ei ther remal ns constant ‘or decreases wt rtain in vivo diagnostic
assays may LabopordydviarualdCokt8psng Hasbaeriraboraiong 1988h lagemeralnvol ves

O et o 580§ kb el o by el B R el b ™ g
- porynudEy ef RRBRAT SRS 35 LSt naRIERA M fahdettorof gifdy 21
present i ngengs intofsuithblerbaeteridl de snammalibocellhosts, imomieaty altddw férethebove
di agnostic prrrgcgurlz(t)igﬁ'of%ggmgiing?\t ;r%/t%ocdziiésl,.ylncgnrgp{eicﬁﬁiqtu\g?agrimrrTnDurn%gen
comprising 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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conponents necessary for performng a diagnostic assay. Conponents nmay be
conpounds, reagents, containers and/or equi pnent. For exanple, one 5
container within a kit nmay contain a nonocl onal antibody or fragment

t hereof 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 additional containers may enclose el ements, such as
reagent s giolfpégtilesmay thdrebe pefied frohesastsantisera o, fortexanmpte,adffinity or
alternatively, contain a detection 10 reagent as described above that

cont ai ns achremategrapby vsingshe pelypeptide caupledito@ suitabile selid sppart.i on of

anti body bi ndi ng. Algternativel kit y [be desi.gned t ect .the | evel
of nNRNA encodi ng a M”%&B?@iﬁﬁbﬁgé?sbﬁpa%%feaﬁné&h@?’é‘? pﬁ?m%’%bﬁ%sc’fgeneral |y
conpri se bp &AL foreXantifie ARGt tekhhife ofdoHigSaid bed above,
t hat hybrﬁh}ézrgﬁgytﬁgpg %ol ynucl eorﬁge encodi ng a Wl protelin. Such an

ol i gonus| eMilstem, BEay. bedmaswhl. 6:51 1648y DE6, and mproxePERtthengtor i Brieflyt i on
assay. Addjtional c onents t hat be.present w.thin sych kits include a
second ol i 6%@7‘%598% VQﬁ’&/‘BP p&eﬂﬁl%ﬁﬂé’? i‘@@é‘é@@ﬁm%’s 3%9?(%3? ng to
facilitat tecti e ol i WkitRkigd €i n. 20 The
fol | ow nge@zgﬁ%ﬂgsan@?ga%g %%@Myey way eggqe:&ﬁlggygét'i fognécg\rlll ngt @%/ way of
limtati orpolfp@;maeﬁﬂ idferéstp\I\Gidh dell IDENThay BAPrallLuced, Adé éxeville, REIBPONSE TO
V1/ T1 I N PATI ENTS W TH. HEMATOLOG CAL MALI GNANCI ES This Exanpl e illustrates
the i denti3nleen cels ebtaineddxomramanimatimeunizedasdesaiibegiabaves The h a

speci 110 aspabEoy AR Ko o oY 1o ot Tagiuft] aMifinaical] ™
nyel ogenougslopieiificr, Bieferabi\bne thagt i syrigomeltowith tife Inemlipized anfvhb)., Achr oni ¢

myel ogenous | eukem a (CML) and severe aplastic anem a were anal yzed using
West er n bl variedy af fusian tesbniguge meay be eawpleyrd.t Fer exampleythepspleen cells

anture: coma ilefant bl BB A HBRRY LS Rohicil beter 8P A 10T Ly 65" et o
separ at ed @y a8s afl %%ﬁ%ﬂ 86low dénsHysirea serkctive mdmmnamsbggn@hnd with

the anti W1l anti body 180 (Santa Cruz Biotechnol ogy, Inc., nta Cruz,
CA). ThEs guowtieofihigbrid celsalbyt net myelama cells. pbpsefierred sgfectiopdechnigue

ti bodi [ i ent i,t.h _hemat ol.oqi cal | i . taf i
vestern or wiouHAT BpoxmithDe AreaRien Burine e, b SSERE
Fi 2 > L h oo : th
p:a?iureﬁt se@gémg%l E:ognl gggrkbyatéﬁ% W1 spgﬁ?ﬁﬂéﬁaﬁtei body. TﬂsehggéqED p(raot ein
m gr at ed atolohiesssesekscked and theair gultlire isupeatantsitested dot biodimg aativily es

I d the . f ti.ent ith A d for..t f

Nt bod esaualetine RrRRCan diirigdeiedi¥iia MghgeBhuet k! SRy He: uo s
represg?m,@f%\l_ﬁp@d_hun&n WL /full-length (aa 1-449), the Nterm nus (aa

1- 249) termnus) and Cterm nus (aa 267-449) (W1 /Ctermnus)
regi on were subcl onellonotlonabatibodiegiBag devisolateds fromibe\stipernatantsraft h and

W1 /N-term nys proteins re expressed as Ral 2 fusion proteins., Ral.2 is

t he C-ternSRAYINg ¥Bﬂ&maﬁ%'%cﬁb@‘i‘§t'%é@5@%i‘??ﬂﬂﬂ‘f%&a&ﬂeowglolﬁd
protein, d y:[@ Ak I i I8 %Re ift6:1RE98, 1999}.
The RalZ-Vﬁ&}ﬁh(%-stpe g ﬁ’B?uum onl ecé@hn&\}\geéhg?lgne a3' tgeé&éitgtgi dine-tag in
a hi sti di npetitepeabchvity el astitadle eartebrateTihest\guch &6 aenoisessMoagtlonalvas

subcloned I1nto a nodified pET28 vector that has a. 5" histidine-tag followed
by t he2bhi aptikpdiesmavrheo Retharkested f1am ihe asciss fﬁ&é%ﬂ‘% BePEwed by a 3'

hi sti di ne : - 1 ' 2g| 4! oned into a
nodi fi ed péﬁﬂﬁ%‘%ﬁ%ﬁ“\%ﬁﬁé’uF@@Jg@@ﬁﬁ%gb nedrlgggg'?gl“g;érr‘]g only the 5 and
3' histi di ehhities] shidrnas ehimatographyb gel fitrdtidi pretipitatiirg andex@cloncol |
(Stratagene, La Jolla, CA) were transformed with the three W1l expression
const r uct s Thgmelypeplides phihis invention traydoaused ipthe purification process in,

i sopropyl -z -D-thi tQsi proteins were purified as

fol |l ows: ngrleg(a@qjg,gﬂ‘gﬁlbﬁgﬂ%éﬁ%tggﬁbgyv%épi ncubation in 10MM Tris, pH 8.0
with 889 Conplete PAGfasér dftAibRipedticdiRlsital mbrelliesraeknbwminahenart

Bi ochem cal s, Indianapolis, IN at 37C fol |l owed by repeated rounds of

soni cat i onwhighc¢cansprise aotigersbinding sitesibat are eapakile of exdwbitmgi s, pH 8. 0.
Proteins were then purified by netal chelate affinity chromatography over
nickel-nitrilotriacetic acid resin 5 (QAGEN Inc., Valencia, CA, Hochuli et
al., Biologically Active Ml ecules :217, 1989) followed by chronat ography
on a Source Q anion exchange resin (Ard@%ham Pharnmaci a Bi ot ech, Upsal a,
Sweden). The identity of the WI1 proteins was confirmed by N-term nal
sequenci ng.



Sera fromadult patients with de nova AML or CM. were studied 10 for the
presence of WI1 specific Ab. Reconbi nant proteins were adsorbed to TC

m crowel | plates (Nunc) Roskilde, Dennmark). Plates were washed with
PBS/ 0. 5%ween 20 and bl ocked with 1 % BSA/ PBS/ 0.1 %ween 20. After washi ng,
serum dil uti ons were added and i ncubated overnight at 4C. Plates were
washed and Donkey anti-human |1 gG HRP secondary anti body was added 15
(Jackson- | fmaA6IogMBal w#fa'ingqs rtigof a’pmdnmtm‘dyhﬁbeéuié) ThéfpratedigRm
tenperature. Platés were was ed i ncubated wi'th TMB Per oxi das€ substrate
sol ution (anmg@apalmprefmenhqllw_eleavealgﬁ gwlealys tagyieldcsaveraliftagmemis H2 S04)

Serol og caPwe o whER (e iSE Aot sagompies AgRaISTS NBleTalimAIbab!

| dil fined
AR 4O BT BB R RR °
sera frgm Iyﬁrf&ileclﬂe@tcﬁpl(dw%éeWaltfmgiﬂelﬁW including tHeetR(ab'), Vifdgrehter m nus)

standard devi ations. Due to a higher background in nornal donors to the W'l
I N-term nu¥ !ﬁ*b@@ﬂﬂ"%ﬁ%htﬂ’\?‘geﬂ 'I"Bﬁ't?% At IFy" Nragmentcan %Qr%ﬁeﬁed 25

as an CD v e

sera from Bkﬁ?e@i%éﬁgp%tgélk’ﬁ%g@aggéé'% QWV?Q F:)gﬁ'gré gcé\;%’&ﬁ% @% éﬁ
patient Abim®wRAe ﬁ)bummdleémtﬁﬂfrégmeﬁ@ andl howedemhore%dd%ﬁomlcfer%dTRX
f usi on part of t Brot ein or possible E col i contam nant pr ot ei ns,

control s | Heingdegom @anmephamesmnowbmethﬁ agl. Jhe puifragment |nﬁltw:ie§|am | Lar

prot oi 10 aBph EyeRRh v Y oETormER Hiqpind aB3ed3h-tgdna e WM s, csence
of i mmuni t yich oftAe aftigé ﬁréﬁqhmﬂ% bindir ééﬁﬁ]ﬁlhle@?ﬁ thé Haﬁ@é ﬁﬁtlty&i

proteins in the serao nor ma |n|V|duasan patients with | euk ema wer e
det er mi nedmoleguléddbar etalt (kﬂmm MataA;zaddSayUEA ex26682662,ty to W1

anl'y 2 of "BeCRRRR! Hoore) Piashed ThRzieridnf ot Hieh gtal, [Ethyy” PO "

/ful'l -1 engBihdheft $6:a00fl4gee 18) . One of those individuals had ant| body to
WL /Nterm nus protein and one had antibody to W1 /C-term nus protein. In
contrad6, 16 of 63 pAt3|mg19$het15% ("\sFvY palypeapdidess awcavatentlydidked Vi,e¥ct i ve

with 10 W uII-Ie rotein mar ked cont ¢ 63 patients
(399 had ' r Beteroumey AHICH I Bater i BaBRefvmORTauting Yo %0 Sha ant 5 ( 1096

with CM. h i v, / I t and 12
of 81 pati gﬂ ?Q%/ﬁaﬁ IIﬁ‘eser ﬁ%ﬁfdg %? rﬁbe%elrvfélllé\ﬂophéf\rﬁ. ﬁ?ﬁ?fgfdnq?nus.
Only 3 of B8lat. pﬁactadetﬂaa lQSA@BSMB@ 58%8:5883. tA( numbér bf figthedsrhaves bpent ei n.
(Figures 16 and 15 se data dermn?trate t hat  Ab res;i)onses to W1 are

h
det ect abl edPﬁC@%’etopFH?‘zeé eficd SHYCIULRY Qﬁ\ﬂ?n"?ﬁg‘ggmgaﬁaéﬁ"ai Wci dence of

anti bo C R eeleTol ,aeﬂ& HaiHSr6At | ON to
t he V\Z’%bpr opé gé(pcﬁ?@e bgﬂéﬂ'y e?‘é?‘%@a i chzltl en't(.?é"s(él ear?%%m%?gnanwﬁi hat
expresses 2A amtibetly MYoregidni into an sFeImeldciiBwhith Wilbfald into agthreen ted to a
specific theory, it is believed that the observed antibody responses to W'l

most  pr obaBinyensienalstiuckire sHbsantialiy,sisuir ﬁ@th%mﬂuwfmaeﬁlgqmeinﬂwm
I k d
LOkem 2, C5ih 30 1 S Bp NG s R BRIGRI o M58, A FRIARET

inplies the,LSCDprd A48 BT b L‘édmekbtaesponses are al so present in the
same patients. Wl is an internal protein. Thus, CTL responses are |ikely

to be @8 nost eff ecERGR of ihe abeve-deserihadmpleculasringhidas @ haavyrahain t oxi c

Vaccr nes abPd ot 2an CORGger fispebiiof Bfiofbsdd Befvbel a HeRARBH A e
to WI. 893 lighbenaihiFR s&vWﬁfchtdi@vuaétsubgdrt% tiie OPRE dndicdineahé tspafaMi t h
epi t opes vvlthln the N-termnus while only a small subgroup of patients

showed a matnmahnmoﬂgheeeﬁaﬂeetwe to waclcathermAswisedharein; thetemei "GRAt with

b " h i des d d
5 7rom t he SR rBIas T BPres PRSyarsbBasglons o aroadcn TobhaReh feipbnses
wher eafsonoWoééed.ﬁgefr?ﬁpﬂwbmeﬁﬁﬁh%f ARV e ngmt EHdlh Hesé 'ré§ heﬁr@nt i body

or T cell responses al ., Bl ood 96: 1334, 2000 O
| NDUCTI ON GEnéietl &0 T ER1;rO0nR2,! NnM"CBFlSWBBp@cEWeW An antlgen blndlng sute
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CELL LI NES EXPRESSI NG WI1 This Exanple illustrates the use of cells
expressing WI1 to induce a WI1 specific antibody response in vivo.

Det ection of existent antibodies to WI1 in patients with | eukem a 15
strongly inplied that it is possible to immunize to WI1 protein to elicit
I munity to WIl. To test whether immunity to WI1 can be generated by
vacci nation, mce were injected with TRAMP-C, a WI1 positive tunor cell

| ine of Bongtdidlindlidéd bix.CRLCcdifiplidifg tNECDR SELRbAUAH difa oayl CB

TRAWP- C cel I's su cutaneously and twce wth 5 x 106 cells at three
week i nterawdlahgﬁﬂcffdnnéérwksb« pblypeptidhe compekingrarsinglea€DéY) (e.geran wer e

obt ai ned and SI nal e cel]l suspensi ons of spleen re prepared in RPM 1640
rredl um (G 8 R2 95 (ADR3). iggetesiedd ch%ﬂ'glas Q%@%ﬁ‘i% rﬁg‘)%‘ﬂ?r&wﬁn per

, 1OorM L Y ni zation to
TRAVP. C. aC%TA'%%ﬁ?'c%“%w%%bﬁfafﬁ%b?*éé%%ﬁsieﬁ A e PR el was
det ect abl edefiohstpateaanatthieeniésicid residuds ofsSCBRsVOrm extergiveccéhtadthese
results show that inmmunization to WIl protein can elicit an |inmune response

to C\E/\7r1 pr owish houpd antlgmwnerem thmgﬂ exlensiveanigen samtasbiswitl-HeoNsES | N
M | MMUNLZED W T P ability of
i nmuni zat i RO ?'H"‘ Q\fﬁ%s pﬁb‘f @'%@ﬁﬁ“'{’h\%ﬁﬁé a?‘%@ﬁm@@ speci f|>/c for
WL, Pept i gapoRsibledr thd epe@hmfy éfldrgarﬁhgeaﬂsmarr@l difeerative T cel | responses

were identified according to the Tsites program (Rot hbard and Tayl or, EMBO
J. 7:93-100, 1988; DaAswusadderain, theNerm "F brefer:saoﬁheiqwlamo%ammmu ch

hes f tid fs, th T

iSaLZSt de8cidfReRkeN e ublch Tram e LT aa S 3r5La b8l o lon e ¥y °°

Peptides P nevel RS Rre tch

rel ative t%@%#@'%'ﬁdﬂ%“'V\%géﬁaféﬁggﬂﬁ%a%\'wlﬁ?zzRDLNALLPAVPZEaGG%G( SEQ

) Nbuse! “B%T%%W@@ssﬁ EE”@W@@F? "’é?“m‘“§ ‘ﬁgg?@'%“’"g%‘el o o
mspmatcn r a .

NO: 14) huneRaRipyaely | ety Reiaeen QR [cgrnain

NO: 4) H ;

0200, &E‘@%@@ﬁﬁmﬁ?@%@hﬁﬂ%ﬁ%ﬁ@% 3 a%'?f?“%ﬁﬁ%%"-“m

WI 1s equenc eadana dinv uegiofQegtaRCES-LoMaliodr? intd | BEQIﬂdB lbﬁp Df aeomnmm) 15

For inmuni zation, peptides were grouped as follows p6-
human: 10. 8RiNQ ACid rasidueshen te)\gregions? Ké@t%amﬁ'ﬁsﬂef the %ﬁﬁ‘slﬂ{el m

287301 niNRIRE Ee oA Hop i Bnih bl g smitbribta Bt e %

Icg 1nm ( 1E@ﬂeral| \ PEEHgriZstiLthd theie mwe conseved &tranwralrreguons df FHs whichOOng)
CF,rA]; |r |C2)1A\ mfluenge ttrlled %l&gdosggpe+o%é/égé |§88§ |rnct)(|) ceStaln "caho |tc|al estr%J(c):t%rgg ¥
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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G oup A contained peptides present wwthin the amno term nus portion of W1
(exon 1 ) and G oup B contained peptides present within the carboxy

t.erm nus, which contains a four zinc finger region with sequence honol ogy
to ot her DNA-bi nding proteins. Wthin group B, p287-301 and p299 5 313 were
derived fromexon 7) zinc finger 1, and p421-435 was derived from exon 10,
zinc finger IV. B6 mce were immunized with a group of WI1 peptides or with

a control m%é@-wﬁépéhd’@énéﬁféﬁam gmurdlsm ‘BR262%5) | Ard vsdept T or

i nj ection, and mce were | nmuni zed tines at time intervals of three
weeks. Adj GDBstsunmrnesIdv/ necombitrantlyrveneersdosrient FiRsMEuropearePatemé presence

f bod fic f d as,d b Exanpl
T and 2. %%Sﬁusaeﬁﬁﬁhé roveoer pupleod DB, SE< e o Pled ISaReT g o <t andar d
thymi di ne #n'&fegf Ry & el JHSiGHeP mirfim% W&@bgﬁmﬁﬂrﬁ)l taI4e§sbrde foargr esence

of antigen a was eval uat y neas ng I ncor por at ed

radi oacski viddent 8htitturaan abtibbdy niclemdes Which Ibditslib@cduraiion ahg94) . I n
particular, |ynphocytes were cultured in 96-wel | gl ates at 2x1Q5 cel |l s per

wel | with efed@yenessaf thesapquisapnlisationsghifese moietigsigrhuraan tecipignisne
designated pept | de. )ﬁ%ﬁ&@%@%ﬂ%@fm&g@vﬁné&ea*#‘hs@ ?.Hp- 1"?@H‘t"ure 5. No

desi gnated as G oup eed i\ oan response

anti bodi e8vm@ea¢:ﬂmtrefetrwtﬁe)éélem\rwrepmemaatofm t@ld(mscrmm &g.vich is
consistent wwth a lack of helper T cell response frominmunization with

Vacci ne B. raeenyheaey er hghttcaalmv regt@nowlthéwmamsﬂveélﬂuesﬂ@@fﬁmé@s (Fi gur es

5A-5C The stjmul ation i. nd| [ie her
oot 030 ( Bisvids 3 xhegb S MeEciyg sotnar B ARTIBER B Sid it ot ve 1
cel | respopggins sLBBlaRtAMN APDf tMet MatRe 123 g eé f618ing sthudieat i on i ndex
(SI') of 2.3 and i muni zation wth P299- resulted in a5 SI of 3.3.

Positive cVeheelirg tewhhlmlms apehased |mnmgtmwe13taedlng thakthadiganddindiag| | s

Ul nos ¢ onphamhteseigs of B a8 it Se 2 doGRbinsgny ARty By REETS ° T 62!
and 6B shoyy %&ﬁré’éﬁc‘] +é|§ﬁ@é d%ﬁoéuﬂéﬁ%’ﬂ%ﬁa RESAS Aedl g criams CDH sbizawitiinee

peptides w thin vaccine A (Figure 6A) and vaccine B (Figure 10 6B). Vaccine
A el i citbedthe atigesrbinding strfacel Damqscmms(weox Aem lﬁﬁ\mﬁimch@ﬂpéﬁﬂﬁﬂes p6- 22

d pl17-139 th st | d . 3 d 8 (bulk
?lnneg) ?oﬁq%@i‘i'bgab? r&gﬁlegc' '% %éﬂslg)é Ve E}% mg]%“%ﬁcgzre 6/(6\)u
Sub t
Stimil at Poﬁ*s‘%dsfql}é'ﬂx%‘f”ém'bqﬁﬁ U S he ek Wb AP OPL Y. . e A

speci fic TtiveM |htéraadbn/\wtth tlmelﬂést b$f:hef Vsregioeodomalps @re carefulyomairdaiped7- 139

th no response to p6-22 re?A Cl ones er e t ne were
\émpem fic f§§ Usingyveneering tg é gu r'@o@t@a%?verlét%/?(fﬁ?lsﬁ?’?%rﬁgfeﬁ' Y4eS/acci ne

A specishi € 2 Wth
o' s s uhidfs fﬁ%%“fﬁ?@?%ﬁ%@ﬁaﬁ%@ S AfepietectiR fopkicedt o
specific f Withnﬁrrﬁa’m Assiduesotor provide. a fiyiericbmodeauile that lsomprises eithecanati on with

W'l peptides can elicit antibody responses to WIi protein (?nd roliferative
T cel | resW@&‘b@"ﬂ'@%%ﬁﬂ'%ﬁﬁﬁP?ﬁW@“BEﬁbf‘PB’é@mWQE neeje ‘ON OF CTL

CESPNES Ty = MRl MR TR e g s o5 (1
moti fs appyas forhani=e aftibodtiynariablectiadains 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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30 MHC were identified using a BIMAS HLA peptide binding prediction

anal ysis (Parker et al., J. Imunol. 152:163) 1994). Peptides identified
wi t hin such 93 anal yses are shown in Tables Il - XLIV. In each of these
tables, the score reflects the theoretical binding affinity (half-tinme of
di ssoci ation) of the peptide to the MHC nol ecul e indicated. Al so indicated
I*'n the tables are the defined peptide binding notifs as descri bed by
Ramrensee, nfflecile of nfBReECA&rhsared wilh édifeghtihdindPR sdqiiefteobrhGwaRer ei n
inits entirety. The peptide binding notif for HUA-B14 1s described in

Di Bri no et vaiiable dontiing obiginad fraddhe abpeeddariifiedisuces The maslor por at ed

h init jt tirety. Peptid Yy b ' d PL, P2, P3, P4,
FST ES | 57bo%g?ob‘a«é%énarp@ﬁpbw%g%‘?éénéﬁ?é@ﬁéﬁgqawé?qﬂéﬁﬁas?@e % ogr am

Rot hbar ; -acld ; " i ;

| munol . 3@‘5‘?%%%@% %5'8?%%%@%?%&%?# %ré%?)gﬁﬁlggﬂgﬁ Q '%m%{?b%ave t he
potenti gl fromethiediumdr cogsterperbarerepldogdt thethesesidues présantiie theBumar SB,

and Table XLV. Table Il Results of BIMAS HLA Peptide Binding Predjction
Anal ysi s f Broiefy usingfieegmbinaniteshniguesowpl! knewntin the,agnRegidua switahirgal

po. i th aliy gRyest el it ien BiE alletst Gopy ORbosctl Vel ¥
Posi tion gobsssinie)) endfase Hiexdroisbd g finoreplddementaifanmiho Held residuesof

Di sassoci ation of a Ml ecul e Contai ni n% Thi s Subsequence) 1137CLESQPAI R ( SEQ
| D NO: 47) 19hihopey bareaesiguificam@fieot RO: Be}&ilaoo@uoﬁlﬂww\éml@rsm | D

: 74)5_00Q4354 DCER (SEQ | D. NO; 0 DVRDLNA (SEQ I D
:10)15?9. 7 6%%?@%&@'{%%&”%6&%&%@%@%@&%SNl(ﬂs (QSE4 | D
1 247) 2. 2508409T SEKHBfERmanREY, ik SRRl detieifdd érebRdi

© 125) 1. 35010386KTCWRKFSR ( SEO | D NO: 128) 1. 2501137VLDFAPPGA ( SEQ 1D

1 241) 1. 06itd3ESHhASRESIgRA(tsEtaimthemuine DB 1639068, RORTESIALESEQ | D
16700, 9001427 EEONTIRY | SEQCHR N 7110 SOTEGRISRAIREA f SR 0

buried (solvent inaccessible), the residues believed to participate in non-
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15 covalent (e.g., electrostatic and hydrophobic) contacts between heavy and light
chain domains, and the residues from conserved structural regions of the FRs
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, '#,
125 131) 186Rg, 18Re, 2''At, and #'?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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Subsequence Residue ListingScore (Estimate of Half Tine of D sassociation
of a Ml ecul e Containing This Subsequence) 16222SSDNLYWMT ( SEW | D

NO: 217) 0. 75017427RSDELVRHH ( SEA | D NO: 191) 0. 75018394RSDHLKTHT ( SEW I D

NO: 192) 0. 75019317TSEKRPFMC ( SEW | D NO: 233) 0. 67520213WALLLRTPY (SEW I D

NO: 160) 0. 500 Table 11l Results of BIMAS HLA Peptide Binding Prediction

Anal ysis for Binding of Hunan WI1 Peptides to Human HLA A 0201 ( HLA- A0201
peptide binding noti t W th
an auxiliary anchor Abéﬁﬁgb\e}ﬁgé gg W%?E%Sdtu rt d P%‘sfgﬁﬁmhggobg%%ﬂetﬁ%e

Resi due Li suitabdsSomneciobal antibedyoéithdaldirectiyror ndirecty g iviet adinkert a Mol ecul e
Containing This Subsequence) 126 RVFPNAPYL (S

. 185) 31306%1p}1 Adiastveaeto g@)an@ggm%ggw n'lé?@ﬂoﬂsmpawg@ ‘(’@%Wl D

i ?i%lﬁé LSRR ?@% FepRe H 8T e RSP RU R

1171) B2. 3618 Bl sUCREY aaind &6 sdithydsd W SoENINVbéMay ISEW | D
1 49) 15. 4281044 N LW.AL (SEW | D NO: 149) 15.428117DLNALLPAV ( SEW I D
- 58) 11. 9eapatie piactiog mith searhapykoentaining grau syoasranEnhydride\er D

195 ?%é‘%?e“” TLVRéhﬁ e Rﬁcﬁﬁ%&ﬁ%ﬁ%@é@@ﬁéﬁ%@?@%

1169) 4. 04 MHESRNET (SEW | D NO: 235) 3. 5861937VLDFAPPGA (SEW I D
: 241) 3. 37820 6EV\CLSAFTV SEW I D NO:69)3.068 95 Table IV Results of
Bl MAS HLA Pepti de Bi Auerrmgtlvelgdit mayobe Aaa!rqueio couplgiatierapaiticlagent W1

Fesi dudd aPad anzantedyvies dnien drap” A Trker BFBk fifn YintitoRfas Fbbaod 600G |
v, L A aH%sPeﬁ')ﬁe arﬁéﬁl‘fbo? Vfrdm ePrPé ér\tc?ﬁ‘oré%ftté%ﬁﬁﬁklféﬁéh@blmth'lﬁﬁdlﬁ Score

Dlsasso Iation of a Molecule Containing This
Subs equenc elgdiilitidsPAVRsker(BEQD icanlsB g 10 hiregsetirrchainical SaGtivity of

147) 21 BGOBSHHRIAL ARAGNE] AnrBOdY %%%ﬂﬁ@gﬁéé?%‘&%% BES 1
54113)5 )7.lgog@@ﬁ‘é&%%&%%ﬁ%ﬂﬁ%%g&% g et (SEQQI b

L% S essayomn g e cpst ot e
521832 0001593 TVHF$a Pwevé&%tfp Qﬁ@é@%@”db@f@ 3?5@5%%9 E?ESIB
226) 1 BRI BRBEPEEREN e sy PRI REHSC SN Aot ioa S

1 125) 0. 968 thiése ddsdribed\in es vatatopdf theWierdd Chétaival Qo.,BRockforgl, Rredi cti on
Anal ysis for Binding of Human WI'1l Peptides to Human I—# A%4 é:HLA- %4
peptide bi MAYRE ABEIGYesasite lnker grrup. apauRling may be efigcted, fopexam 5 wth

auxi i gy 608k %rﬂln(? groug¥, cBrbdfigfous, §@thydryl 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
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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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 1302RVPGVAPTL (SEQ I D NO: 195) 16. 8002218RTPYSSDNL ( SEQ |

: 194) 12. 0003356 DFKDCERRF ( SEQ | D NO: 55) 12. 0004126RVFPNAPYL ( SEQ |

: 185) 9. 6005326 AYPGCNKRY ( SEQ I D NO: 42) 7. 5006270GYESDNHT (SEQ I D

:106) T7. 5007239NQVNLGATL (SEQ I D NO: 151) 7. 200810ALLPAVPSL (SEQ I D

: 34) 7. 20QQLB0NA (S52U.8, Bt Nl 2671888 KRGS A15EBhHD

: 90) 6. 60011417 ~KK EQ | D NO: 196) 6. 600124 7AYGSLGGPA ('5EQ | D
:41) 6. ooamamm?zm I)(SSE@TgL D. SIOPS’@NS m@ﬁmmmaﬁlesamu)o
:62)5. 76015285(" ~Y Il—rl' G\/ ID NO: 016192( ~YSVPPPVY, EQ | D
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fié?ﬁ%%ﬁ%%ﬁ%ﬁ% Smtﬁfﬁﬁ?"ﬁﬁﬁ%eiﬁi’aﬁa&% Pt b coion
Anal ysi § f antiidydinoiecafe. HnthErlerﬁbodlmbm Mré-lthmrbrt&.Wpé%f( enf\mEy pepti de
bi nding nmotif anchor residues are P2; K, Y, or F 10 at P9;

auxi | i ary Becpupleddpone aitibpdyt H@ardlesmofthe nartléulatemquenent L, M F at

o5 RSy S e B BRE ) B8 A 8 S

EE66666666!

SUbsequenCW)ag%ﬁHWﬁm {micreGhal olNe: a/’@@@@é&é&"&@eﬂy—i@ &5EQ ID
NO: 168) 20. 000388CLSAFT Q I D NO: 97 Rank Start Position
Subsequencenﬁwmela_ouh, méjslserséh@mpw rauliple-gites for aachmenteanbei at i on

of a ecul e t ai n Thi s. Subs uenc ) 4126 RMFPNAPYL (SEQ I D
:185) 556%‘108 K‘%’éﬁ@' @n ‘ﬁ 500610ALLPAVPSL (SEQ I D

1 34) 4. 0507137CLES4R% ﬁuéﬁﬁ%b@a%é@?%t@%ﬁ%ﬁﬂvﬂw ifchidng D
: 147) 3. 000932AQWAPVLDF ( SE4 2. 70010280I'LCGAQYRI ( SEQ’I D

o L 2l T A oy O et D

g 24) iége SHO08 PULRECEIBYNISE ¢ 0D Patk b RS0 6 AT M, ToRet Rk 5£Q 1D

1 218) 0. 4§%§WW?§%§§@Bkﬁﬁ@%ﬁ@é}agg‘ﬁ%ﬁe@gﬁg%‘t Q o
Mol volS: S9bIe Erﬁ.t?,/ShérfesHﬂ'l)t ] ey Bl m?pﬁﬂfﬁfwmcme'ﬂﬂ\'. /‘128 1
bent | de bi BARKIROAEEVENEAREYA P@s&mme%g)wtﬂ' PoSAIEs VemitleEr; B-Se b

Rank Star  paRR AL 4o OE SHENCEr Rk CalioPd LPGROIG: oL ERIe of Ml

Ti me of Di sassom atibn of a I éc
agents include radiohalogenated small molecules and chelating compounds.

E66666666

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 aIternaﬁvely,
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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Thi s Subsequence) 1100FTGTAGACR ( SEQ I D NO: 84) 100. 0002386KTC( ~RKFSR (SEQ I D

NO: 128) 50. 0003368DQLKRH4RR ( SECT I D NO: 60) 30. 0004312RSASETSEK (SEW I D

NO: 190) 18. 0005337LSHLC~MHSR (SEQ | D NO: 141) 15. 0006364FSRSDQLKR ( SEQ | D

NO: 83) 15. 0007409TSEKPFSCR (SE4 | D NO: 232) 15. 0008299DVRRVPGVA (SEQ I D

NO: 63) 12. 00094DVRDLNALL (SEQ I D NO: 62)12. 00010118SQASSHAAR (SEG 1D

NO: 21;3) 10. 00011343HSRKHTGEK (SE4 1D NO: 111 )9. 00012169AC~-FPNHSFK ( SEW I D
'36900 ; ; ¥ sti ngScore

(Bst i nat o coimerciallaDIaBIELEI sEoativh BystBHh el e O T hg. Toi <

Subsequencsgyst&n9 2@FRE D CEHRYd INcNBaHl) B/ (EEbiaias CASPRaMIIRNGEQ | D

N0 162) 7. SoeibaRGLSpea K115 1ot Bdeete Bk dSssnent e | o
No: 47) 5. 0o RTan R RRK L o Mﬁﬁ%“é@@%ﬁ% ST SRR Fon

Anal ysi g fnumahsdmdsmmfnddlarﬁmaﬂbewme‘asdeeultmelsmrran HLA A 1101 (HLA- A1101
peptide binding notif anchor residues are K at P9; auxiliary anchor

residues are V. |, FT cellamaybe stimulatgd with WT1golypeptide, polynucleotide or F at

el i o BRo g 2T Ao E RS b b erh g %%FZR'E’@) fa e of

&

Subsequen069< S84 SRk 93| ﬁiéDS}!&hJﬁ@Lﬂaﬁﬂp% (coREitibRs
NO: 36) 1. 2003436 NVHARNMIK ( I'D NO: 148) 0. 80043 1KFSRSDHLK SE4 I D
NO: 12;) ) 0. 6anamgmrsm§m(e tsacparm|tmbege9pmt@m(m‘3“83dt§dhat:qm<s m@m
NO: 80 60 GATL
w: é6§3) %@3@%%&%}@@ %%@BVNG Vﬁg) '&pﬁ?% A‘é&é\ﬂdi’ﬁégq ID
: 84) 0. 20 .3535}2. m&e EQ ID
NO: 28) 0. 20@ ﬂ%@@é’gm 1(% % %b%o 2001'231%{85 QASSGOA é (§SE8 | D
£ HOs, pesaciagnomt Tnm, 2l sl isxiomyie | ©
NO: 44) 0. osﬁ@%&@ﬁ@@@@f@@%@ggrmr%@%@' BB %%e%qsgv
NO

N2, 15000 OERolypalg sl oy B35, fpmmagiqogunc o Pr ot
pept i dasbi Wmdytés)a‘amnnhmateewm 1epcﬁy;ﬁép1tdeP9=oraa)ca|n1\plaﬂ] cBllsmayor s L,
\p/OS,Yt , 8:, FbgtlncF:JBated in wtro for 2- 9 days (typlcall’y 4 days) at 37°8)Wlth \rﬁﬂk Start
polypeptide (e.g., 5 to 25 pg/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 andjor 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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Subsequence Residue ListingScore (Estimate of Half Tine of D sassociation
of a Ml ecul e Containing This Subsequence) 1386KTCQRKFSR ( SEQ I D

:128) 9. 0002287RI HTHGVFR ( SEQ I D NO: 182) 6. 0003137CLESQPAIR (SEQ I D

:47) 2. 0004118SQASSGCQAR (SEQ | D NO: 216) 2. 0005368DQLKRHQRR ( SEQ I D

: 60) 1. 2006100FTGTAGACR (SEW | D NO: 84) 1. 0007293VFRA QDVR ( SECT 1D

: 238) 0. 6008325CAYPGCNKR ( SEQ I D NO: 44) 0. 6009169AQFPNHSFK ( SEQ I D

:36) 0. 60@%?3?@8&4&%%? gr%rdﬂanwﬂemaémeﬂﬁ §4ﬁ@EHHGBNMﬁk%r(e$JﬁQ -bD
: 148) 0. 40012425FARSDELV] 75) 0. 4001332A4WAPVLDF (SE(~ ID

£ 37) 0. 24(LD)406d0eHBAT 042 (*SEQ bmwup&a(posadmasas@mm gyl

£ 162) 0. 200163 K D NO: 109) 0. 200 F SEW I D
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.118) 0. 1 Bl MAS
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Hal f Ti me OPOUPQBE%@%"‘QJWM@P&#Q/H" WPEQ!@'P'WOO ng/ml bs ug/ml) for 3 -7
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Di sassoci atheoh cells,;asvmiessuned uing slamdard Wﬁoblnsuaﬁeq&@hwa ichiz v fabdPAl R ( SEQ

N 16219 Sb7RBTESRAIRRO] eSS r%@%é% %Eéﬁéﬁaﬁ&ﬁé&@(&% fo”

1 75) 3. 00@8iBAevirbhI5EER o Qw'e@ahﬂcﬁﬁéhﬁpﬂﬂaéélg%hﬁﬂ@h
: 238) 3. 00011354QCDFKDCER I'D NO: 162) 3. 00012100FTGTA Q | D

: 84) 3. oom@yﬂewamsa(@e 1998)0 VIt specifio Imlsmaspmlaan

72) 1. SobTRISSEIRREIIIBLES NINDPRlyTeaBEBas R hael S8
: 159) L 28edved b hpatéit cSr%E& aledt uteiatePEes AR E R S dminmie édfio

:62) 1. 50 ults o I MAS HLA Peptide Binding Prediction
Anal ysi1$ f the patiehtrdgllowingistimulatih dtepexplrsioro Hunmen HLA B14 (HLA- B14

ESEt Thr eo of 1 he 4 ofR IhasaBRearadyBIee Pussponsa VT Art - Posi t1on
of o Mol oc AP UPERAYE, il btide  WEd L oiRESS L ARRE Ll CPY-grpprecc! =11 O

- 187) 100 ODO SRR vatibn 05 bseo4+mn\ooaz7|) G6IE: 198) DEXBHEEORIVELVATIBED | D
173) 20, 6bueYBoMeReRar detedPgrsnasiiso) sh SRR T Rt
30070 SaRIEARYERT e PR R N AR

: 126) 5. 0geheritibhL.orQyidhiic 4Gy I(T».Ngendralion @ @ytbldxic T ceitarspecific for
WT1). For CD4+ T cells, a preferred method for detecting specific T cell
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activation is the detection of the proliferation of 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 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. The
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Start Position Subsequence Residue ListingScore (Estimate of Half Tine of
Di sassoci ati on of a Ml ecule Containing This Subsequence) 131441 RNQGYSTV
(-SEQ I D NO: 117) 4. 00014429DELVRHHNM ( SEQ |1 D NO: 53) 3. 00015437 MHQRNMTKL ( SEQ

| D NO: 143) 3. 00016125ARMFPNAPY ( SEQ | D NO: 38) 3. 00017239NQWLGATL (SEQ I D

NO: 151 ) 3. 00018286YRI HTHGVF ( SEQ I D NO: 252) 3. 00019174HSFKHEDPM ( SEQ | D

NO: 110) 3. 00020372RHQRRHTGV (SEQ I D NO: 181 )3.000 Table XII Results of BI MAS
HLA Pepti dsd&tlaﬁlo'ﬁgtnrlﬁumibﬁéélms 6Péfbbf§tiii~ﬁé?é d%'n@?btﬁ@ ©bgtangg)| W1 Pept i des
to Human HLA B40 (H O peptide binding notif anchor residues are E at
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1 131) 52. (495 JrEAMBPHEN.4 xsm hi2ayNbe PRGRHN HASKSWABENNQCDRt(BRE | D
1 91) 8. 00086RDLNAL L PA SEQ | D NO: 177) 5. 0009BBEEQCLSAFT ( SEQ | D
: 65) 4. 00DPURNSSHIDE olypentideNs-g2oraRtidect 1O ka/miameMisraddaeh | p

1508 888%%@3%%@&%5@%3%9953 P TS RRISTRRIS PR |

1 220) 2. 59%681‘36%5%5@% (R aye) NFot 3) sbddpdlVes EeliCEiGthdrohavebted
: 99) 2. 0001830GAAQRAPVL ( SEQ | D NO 86).2. 0001984HEEQCLSAF ( SEQ | D
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:202)4 0 EQ I D NO: 61) 4. 00017218RTPYSSDNL ( SE ID

194) 4. ogg@zﬁ%@é‘? EGEEQ ID NO: 22)1)4 0001918L GGGGGCAL ESES ID

. 134) 4. ooozozmvssmemawewsﬁmeIanMﬂeZISGc)llsmaﬂpmtérat@dn\xhaemmemeof Bl MAS

LA Pepti de Bi ndi nqg Prediction Analg
of WT1 polypeptide can be expanded in number by cloning. Methods for
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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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Bi ndi ng of Human WI'1 Peptides to Human HLA B61 (HLA-B61 peptide binding
notif anchor residues are E at P2, V at P9; auxiliary 10 anchors are F, I,
L, V, Y, Wat P3, | at P6) Score (Estimte of HalfTinme of Di sassociation
of Starta Mol ecul e Cont ai ni ngRankPosi ti onSubsequence Resi due ListingThis
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Posi tion @@%ﬁeﬁw«ﬁ .hhardtéwﬁw& (&S EbMPARd Pécdrbihadi e _of
Di sassoci at I on ecul e Containing This Subsequence)481AEPHEEQCL ( SE(~

| D Tgﬁag) gglwmiﬂd}ﬁﬂEMNW\M@EQN&NSWMGSI}&BHWWWDWAM&?E@ | D
: 0785EEQCLSAFT. ( SEQ | D NO: 65).4. Q0Q8 1TE NHST
- 221) 4. Olgeot W%ﬁ@l&gﬁtw& |W%%‘%)‘Q‘“§é§ @9%‘%\!& D

%Z,%%% onRSRIRen, g a*%ﬁ%%%%ﬁ@@i%@%&ﬁﬁ&é 2el
1 209) 5. 6fHehSLbseqheYy Xpdrideq b mmmoﬂmwumﬂwmms D

: 88) 1. 10017ZOGGGGCALPV (SEQ I D NO 92) 1. 10018440RNMT ~LA ( SE
. 186) 1. 10y dormgantigen sticaiatiomo T clanssney bedvainaiped ins2 VYGEU

Al ysi s 1 8@tﬁaﬁ&ﬁﬁ§¥@5"féﬁi{ﬁﬁ'aﬁéﬂ Wb & @%%éﬁﬁ#{%%%f %ﬁ%k‘*@é"”

peptide bi gdrg, notif anchor resi dues are Qor L at P2, For Yat P9; 5
auxi liary anchors are | or V at P5) Rank Start Position Subsequence
Resi due Li sti ngScor eWithin cerais eptbadiments, aogeneir Jaeslisanay berprisnedy Mol ecul e

Cont Th 1146 TVTFE, (S |

N 1607075 (06 PrRRERAAG IR T) i BIRIST T ViB: cOs SR TRIRGTeY O acisyers
NO: 100) 96 %ﬁ?a%.q%ﬂ&lﬁ WlﬁEéWTDﬁng@%ilaé é’g@?ﬁﬁ&bm&élﬁ %ub@a
NO: 215) 9. 60DE23ONOVRLGATL ( SE4 | D 8.'8007191C0YSVPPPV ( SEQ

ND: 17 % iogﬂgggimfmém:l gsmycnmg smmamlymgeea,mmrmtxoms&np i 20: 163) ~
74) 4. 800112 YYW"S

NO: 251) 4. 8HEE @Pgﬂ@!}’\ﬁ%@dﬂ@ ﬂgjrz”fi 448 %@f"‘ 2R Start

Posi tion  suhs§88aNeDHRhEH S, Hr%ﬂaﬁﬂﬁ’é%&t&&%tﬂ@t\ﬁT?fpo\Wefptide results

15 in proliferation and/or activation of the T cells, as measured by standard

66666666

proliferation, chromium release and/or cytokine release assays as described
herein. A stimulation index of more than two fold increase in proliferation or
lysis, and more 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
tymphocyte infusion.

T cells specific for WT1 can kill celis that express WT1 protein.

Introduction 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 lytic potential. In a suitable embodiment, the TCR alpha and

30 beta chains are cloned out from a WT1 specific T cell line and used for
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Time of Disassociation of a Mdl ecule Containing This
Subsequence) 1386EQCLSAFTV (SEQ | D NO: 69) 4. 40014152VTFDGTPSY (SEQ I D
NO: 244) 4. 40015101 TGTAGACRY (SEQ | D NO: 224) 4. 00016242NLGATLKGV (SEQ I D
NO: 146) 4. 0001792FTVHFSGQF (SEQ I D NO: 85) 4. 000187DLNALLPAV (SEQ I D
NO: 58) 4. 00019123GQARMFPNA ( SEQ | D NO: 98) 4. 000202801 LCGAQYRI (SEQ I D
NO: 116) 3. 120 Table XVI Results of BIMAS HLA Peptide Binding Prediction
Anal ysi s f gdoftivedT eell tHerbbyesuchias desyribdesn YwObB/8u5 16L vcBrpdritett isteept | de
bi nding notif anchor residues are P at P2, L or F at P9; auxiliary anchor
is R at P2byreferenceSt art Position Subsequence Residue ListingScore
(Estimate of Half Tinme of Disassociation of a Ml ecule Containing This
Subsequence) 1180DPM3QQGSL ( SEQ | D NO: 59) 240. 00024DVRDLNALL (SEQ I D

: 62) 200. & QBHD,C{SEEQQ | D NO: 195) 20. 000430GAAQWAPVL (SEQ I D
:86)12.0 GATL (SE4tD NO: 151) 12. 0006130NAPYLPSCL (SEQ I D
: 144) 12. 0007 10ALL PEN@SLcliISeGepior IIDC B o asiSt0E ZD Qiffe R PdgAly(\BiEbldD
:63) 5. 0009208SCTGSWALL (SEQ.I D NO: 202) 4. 00010303VPGVAPTLY ( SEQ |
1 242) . oBe'ymemwﬁmﬂg(@eéﬂﬂ*Eﬁ‘or\?ﬁ%'l@ﬁ?BJ.OOGbﬂ_ ’ Ws@ﬁﬁ@‘% E&‘}‘F D

524 o) SBSURRAGRaredls, Srefac el EORERRRIRA, e BER
1 49) 4. 00948 4450NFIeeyfdr BcidrigetLtdIG alarid PLBlisHIN]. SISOORMTRBAIE Ihetéio@inér
1 185) 4. 00019225NLYC~-MTSQL ( SEQ | D NO: 147) 4. 00020143Al RN?GYST (SEQ ID

: 33) 3. 000omMpEXes Wil thexnvanaris«P3 shains @t trsscell merelyange This:aemplex

(LA 58 poiocRms amebifoent ianydtTEduide \iNE HOReLRS™MB, ", s 1

at 5 P9h  eRemfod aivbrsity @t T@Qpe&ﬂélﬁ@?l%@r%r&éﬂ iALen liké irhAthegiobulifst i mat e

6666666665

of Half Tinme of DisassocCiation of a Ml ecule Containing This

Subs equencgivessiyatnertF somesis\gene rmgrsogqmeot)o‘éh@ﬁmn@ﬂmgen%mntam
- 55) 1 0BT IR B () A8 0B bRRRUTRGR: 8T 1 b
:144) 0. 8@8&&&&%@%@%&%% D1iNe: 88héin QotfiMvelk 70 SEQ | D

© 86) 0. 8009299 DVRRVPGVA ( SEQ 1D NO: 63) 0. 40010420SCQKKFARS (SE4 I D
: 200) 0. 4660rhBATET BORIIVERE0 (JIEQmantshu no)D segmepts BNweasene SEQ | D

:147),0.40013141( zPAI RNGLGY, (S | D NO:.170) 0. 4001410ALL PAVPSL (SEQ | D

1 34) 33340593@6'?E%E#@@ﬁ@%@&%%%@%@%@ ﬁ%)@’i‘é%g'zllﬂé@o@@ﬂw ((SEQQI D
:163)0.4 . SEQ ID
112) 0. sDOTGIRERIRI A LB ot A 23 8 AR RRIEEN <07 b

: 127) 0. 2eénrfarigemefititod thdrBeul This &incBbNVAIS/ DUl eRepis ttan&iriteidrand splitiedt i on
Anal ysi s for, Bipdi of Human W1 Peptides to Hupan HLA B 270} HLA- B2702
bept | de bi RGNS EAAAG PRaNqR M GFe Redmepbreaganges td 5 da geney 1. a
Po) S : £ . oy

) Score ebaePicor8hud el fihBRorRil elbATRAE ik RAnsKribled driti SflcRetbe

Cont ai ni ng 0oSI t 1 onSubsequence i sting

Subs eq@énc el a2 Hhiversitiphs furBieindpedled duiing hede2ftdiitieBRBDEsE BEME D

NO: 187) 900. 0003286 YRI HTHGVF ( SE(~ .| D, NO: 252) 200, O 06
) random addition of P and N-nucleotides between the(vz [}, and J segments of

EE66666666

the B 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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This
Subsequence)4125ARlVFPNAPY (SEQ 1 D NO: 38) 200. 0005375RRHTGVKPF ( SEQ I D

: 188) 180. 000632A( ~WAPVLDF (SE4 | D NO: 37) 100. 0007301RRVPGVAPT (SEQ I D
:189) 60. 0008439CQRNMTKLQL (SEW I D NO: 173) 60. 0009126RVMFPNAPYL (SEQ I D

: 185) 22. 50010426 ARSDELVRH ( SEQ | D NO: 39) 20. 00011146NG~GYSTVTF (SEW I D
1 150) 20. 0P I2N44EMErSYBRIEh (rEESYAIE: P bikbAUATD BERRSERPREY (nB@ | D
: 172) 20. 00014263ASNHSTGY (S | D NO: 100) 20. 00015416 CRWPSCAKK (SE4 I D
: 50) 20. ooontexbafdMEG\iPFRPpref me;d lembaglimeny e, loowr Antigers FREEDIZEAIN0 | D

69) 10, 0BLbS Sl (RRRAIERICOTPBE  BONBSPIAS 8 KEOMBSENL PRI EPE s of Bl A

t6 Hunan d%&%%%?“?‘fﬁ%%@% PR SRl 2 WP oRpae cEHbe o dblerd o0 are R
at P2; b ofrom Rice®speCifiGfdr.a dmarpblyhepliseaising stabdard Moleviiiztbiéidgicat

nat ur al | y processed epi t.opes) Rank Start Position Subsequence Residue
Li st i ngScopBd fecambigapt QNDA-F&GPn‘ﬂPﬁﬁ of Disassociation of a Ml ecul e

%ntlglnn 58803%30?&2? gg@@%ﬁ@%ﬂﬁgﬁ%s@g 346%?55?088E?§if88@\'|9§8q<|< ( SEQ
| D NO: 50) 1(Hp8ofOi g SWbbiAtidINthe Sathd fﬁd&ﬂoﬁ&h&ﬁﬂ@ & MNe?BoERIréGaftvfs ( SEQ

| D NO: 252) 1000. 0006125ARMFPNAPY ( SEQ | D NO: 38) 1000. 0007294FRG QDVRR ( SEQ I D
NO: 81) 1oooobtm8mgmmm4m ognize o ind kimanpeypeRigeso AHAbNRSERIOISEQ | D

N 16%)' 950 ks DAL IRt e el &8"%%%3880%@8%3%6%?% P start

Posi tion §H§§|6ﬁldﬁ@@%ti3ﬁ5rhdta¢lt bf atT-66 tdrigrbviad eddin Haihis iveBtion
Di sassoci ation of a Ml ecul e Containing This Subse @D}Snce) 13301RRVPGVAPT

ESEQ | D maMmmeamA@MM&pr pe&h@eﬂh&@aw; agtizly o aogsNge PPy
SEQ ID NO 71 016373 0] 00174 RSDEL VRH
(SE8 I D Noi% 5)%‘8(9 Bé@ﬁﬂ éﬁ@g ﬁrﬁ@'ﬁé}‘%é gﬁ@&&%‘sﬁﬁﬁéﬂwmn
(SEQ I D NOa¢fak %@@@%ﬁ@éﬁﬁm én%ES}dtanl\& PoldeHRe HYinkd

Results of Bl MAS HLA Peptide Binding Prediction Analysis for nd| ng of

Human W61 Reyno deid reeldHerBﬁqanﬂe BuBSlamtlaIHLIAeBBG’:U 10 tﬂ'@ﬂ'ﬂmﬂ racemtorsg mot i f

anchor res (rjéngeda1 Fuereln in wﬁlch orie or mMe résné)ues preferably ?10 more than 5

E6666866¢

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 f§ chains
of the TCR may be contained on separate expression vectors or alternatively,

25 on a single 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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 1278TPI LCGAQY ( SEQ I D NO: 227) 40. 0002141QPAI RNQGY (SEQ I D

: 170) 40. 0003219TPYSSDNLY (SEQ | D NO: 231) 40. 0004327 YPGCNKRYF ( SEQ
: 250) 20. 0005163 TPSHHAAQF ( SEQ | D NO: 228) 20. 0006180DPM3QQGSL ( SEQ
: 59) 20. 0007221YSSDNLYQM ( SEQ |1 D NO: 253) 20. 000826LPVSGAAQW (SEQ | D

68 6. 0oBTITIANE Erey ¢ e iR\ B e e sl AR radon P
: 161) 6. 06DILidAdINRRCHiSL TCRSEanIb2 0bdba3 prai@dlcr4iimeisGasihe daEeCliorof

: 74) 6. 00015120ASSGOARMF ( SEQ | D NO: 40) 5, 00016207DSCIGSQAL (. SEQ, |
: 61) 5. 00XRTESSIPPCIARE ISAITANUSd GENQS mmmmﬁr‘é@%mé@%@%

1254, o5 Ps TheIgiis. it MR el pp RS o el s
Predi ct Bondé{&tibﬂ%irﬁeés@hgai RIAer DNARBEsHiIY thePPOR! spreificofoHarpolypdptid8. 3701

(HLA- B3701 peptide binding notif anchor residues are F, M or L at P8; | or
L 5 at P9; auxiliary anchors are D, E at P2 and V, | at P5) Rank Start

Posi ti b Resi Lj i S Esti t f Half Ti f
i sassoci aPEEROeMAC TR EREHE CoBIORR T S Touboequence) 13SOVRDLNAL ( SEQ
| D N0: 206) 40. 0002273 FRRIFARI ibVARRch DS Ad) A8 IBERITERAGE-MISEQ | D

: 30) 10. 0004298 QDVRRVPGV ( SEQ | D NO' 164) 8. 0005428 SDELVRHHAN' ( SEQ | D
: 203) 6. OCHGBBEIOENIBPIEKes YRpanrspspEERfl: 00 J7cHisSuaBSCOgNIZESEQ | D

2 BB R i Uiy IR S T
okt ORI LA S ey ©

; 10)7) 2. OTefraazss BEVHYNGSE] BEQonDority VBT Spediid irabDEreshdiidds( eavly | D

NO: 53) 2. 00018315SE RPF (SEQ | D NO: 209) 2. 00019349CGEKPY() SEA |

NO: 91) 2. ooéﬁmgh\ﬂlﬁbﬂﬁsé%@%l'ﬁa%@ Sla.@gg"f'é?j’l"@fm'ii:fﬁ@éﬁflegg’”@? Bl MAS
HLA Pepti de; Riadi ikl i BVAST atar i tides
to Human H RS%Eg?iBg%t%hﬁ%Q@% '%ﬁ'@é’sﬁ'ﬁ%ﬁ’ ﬁgpgn@ﬁ??wa?ﬁﬁgﬁﬂ#%%ﬁﬁgg :are F
or L at P9aAthtahiby usedtcidehtifygrenps Within dpatient populatioresuffedingScama
(Estimate of Hal f Time of Disassociation ofStarta Ml ecul e )

Cont ai ribng iRk pessQaiairddispasecat @higher asleforirelapsg prdisease progression.

Subsequence) 1437VHQRNMIKL ( SEQ | D NO: 143) 36. 0002434HHNVHQRNM ( SEQ | D
NO: 108) 6. 0003372RH4RRHTGV (SEQ | D NO: 181) 6. 000 109 Rank Start Position

Pharmaceutical Compositions

D
D
D

E666666665
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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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Subsequence Residue ListingScore (Estimate of Half Tine of D sassociation
of a Ml ecul e Containing This Subsequence)4180DPM3QQGSL (SE4 1D

: 59) 4. 0005433RHHNVHOQRN ( SEQ | D NO: 180) 3. 9006165SHHAAAFPN (SEA I D

: 213) 3. 9007202CHTPTDSCT ( SEQ | D NO: 45) 3. 0008396 DHLKTHTRT (SE(~ I D

:57) 3. 0009161GHTPSHHAA ( SEQ | D NO: 94) 3. 00010302RVPGVAPTL (SEQ I D

:195) 2. 60011417RWPSCKKF (SEQ | D NO: 196) 2. 40012327YPGCNKRYF ( SECT I D
250) 2. A0PARBAIHPRA b CRBRIL NnFRURAA0AIBBIRIUACT Gy D
:228) 2. 00015120AS SE4 | D" NO: 40) 2. 0001618LGGGEGCAL

: 134) 2. 080d ¢amsbBibeonspRY fakhet ﬁbmprlsemhstﬂommtEMSRNASE@NA
:154) 1. 8001910ALLPAVPSL (SEQ I D NO: 34) 1. 30020225NLYAMISC~L (SEQ I D

1 147) 1. 3e0mpasitienscx| I | Results of BIMAS HLA Peptide Binding Prediction

Anal ysis for Bindi ng i Xﬂ-&t gregéﬁ&q%&hger b—&g@pt g&éhﬁ)r?%l (HLA- B3901

pepti de bi ndi ng rmtl anc of TesT ues are dt P9; auxi liary

EE66686666

Li stingScore (Estimate of Half Tine of Disassociation of a Mlecule

Cont ai ni ngPylyNycisatidepalyraptidezantikydn/ R, @sefon Beell compositions

109) ao. BB ERSTERIR Edmiaalon B AR EAR AoSHREERR 22 [

NO

NO: 181) 30. @Qﬁ&hg;%ie%\eipeﬁhbbcﬁﬁ@rit@ the phélAab6@itaB 8om UM[Kh§DltI’(eSECT I D
NO: 173) 7. 5008390RKFSRSDHL ( SEQ I D NO: 183) 6. 0009396 DHLKTHTRT ( SEQ |

NO:
NO:
Po

&

: 57) 6. ootvwenﬁermumpﬁaemn(rsmgemmmlymglmtm@oarldmep@dvnm ( SECT | D
Bl isiver e AT ot e s s
25 oot Ve R P S RmRa R LTINS
| D NO: 117) Pod@ll BhitiAd SCINES4RAN, écECN/acbmuODesathrm:bmmmm (SEQ I D
ND: 202) 3. OBBRGRSTDLLIROST RETSINY 1 195%: Ganeralo SHaBcemeRsioRsatiTt s of Bl vAS
et A 1 Bl S 2
or Q ati5P2prdsent irfR@ntidon usdmbimagionwitioose ar mare immuRostmulands. P5) Rank
Start It will be apparent that any of the pharmaceutical 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 polynucleotide

expression systems will, of course, contain the necessary regulatory DNA
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Position Subsequence Residue ListingScore (Estimate of Half Tinme of

Di sassoci ati on of a Ml ecule Containing This Subsequence) 1239NAMNLGATL ( SEQ
I-D NO: 151) 24. 0002390RKFSRSDHL ( SEQ | D NO: 183) 20. 0003423KKFARSDEL (SEQ I D

: 122) 20. 000432AQMPVLDF (SEQ I D NO: 37) 5. 0005146NC~GYSTVTF (SE4 | D

: 150) 5. 0006130NAPYLPSCL (SEQ I D NO: 144) 2. 4007225NLYQMISQ. (SEQ I D

: 147) 2. 400830GAAQWAPVL (SEQ | D NO: 86) 2. 4009441NMTKLQLAL (SEQ I D

1 149) 2. 4&%1&51 Wﬁ@&}f&r eddibniti & |8n VA b3t ot BT | D

: 185) 2. 00012218RTPYSSDNL ( SEQ | D NO: 194) 0013209CTGSQALLL (SEQ ID

: 52) 2. 008nd s3atiretifng Sgnal). SAtErnatively, maotpnab@em@memmml e | D

612, COMEBUDSHAIR S o P TEnBLO 35 B oS SIGEPRUARRT) (RS | 0

: 90) 2. 00 I | t f
B NAQ A %é%%?ﬁ%*@ﬁﬁﬁﬁﬁgﬁﬁgﬂ& AorDEh B plifpdide orT RS8N SR
Pept | des t sedrgtersudhiarBepifdle. (HLA- B4403 peptide binding notif anchor

residues are E at P2, Y or F at P9) Rank Start Position Subsequence
Resi due Li stingScor eTK'E@NfﬁatneCQﬁa"P-l&mbOﬁ"ﬁﬁn@F pplyshslestides pBEOdERda Mol ecul e

Co.ntzglg)n éB%@%&éﬂi@éﬁ%%ﬁ@é%é@ﬁW@ ’g%%gﬂgggﬂ‘iﬁfé&i&ﬁa?'%m ID

1 107) 60. RRAPAAIRFFRESIHSMIVIO ISP rossidR usM() 2y 608 hdRMIRELYRMbWVIVIFGECT | D
: 53) 24. 0006278 TPl LCGA4Y (SEQ | D NO: 227)15.0007141C~PAI R\N( ~GY (SEQ | D

: 170) 9. obasembsystemasiavonaiigsirativiembpdinneo tetmuirnses §8EQ I D

ST A sl Rl
20 USSR YA e YU e

: 131) 4. omeaedmmamsﬁ@ckagMnae)rovwmmﬂwmgcmmg@$ D
Do ERGRR AT bl B i A e 2
to Human HE@%EC@%\%&Urﬁb%fbﬁ@?&?at%ﬁbtr@?r&'s%té?ﬁs ARveé beéﬁ%@éntﬁaf(éj es are A,

P, or G at Rank Start ' Position Subsequence Residue
Li sti ngScolkS Eat. Nuabe 18,74€;| Millgr and tfosDiantiHss) Bio Techpiquesvi98Q-996;

Cont Th Sub 1303V APTLV
|\|onz(?1|2)n 522“’8@3&8&%%&2‘ %l? egy W%ﬁ)‘gg%éﬁé@&ﬁm&déggﬁ/vt’ elesy | p
NO: 236) 157 1 888X BrhSEt al PFs3)PrRe: Naf) REPHLi 138A 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

EE66668666

EEE66666666

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.
Virol. 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 WO
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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 530GAAQMAPVL (SEQ I D NO: 86) 50. 000620GGGGECALPV (SEQ I D

: 92) 44. 000764PPPPPHSFI (SEQ | D NO: 157) 40. 000829SGAAQWAPVY (SEQ I D
:211) 40. 000918LGGGGEECAL (SEQ I D NO: 134) 31. 46010295RGE QDVRRV (SEQ I D
:179) 22. 00011119QASSGQRARM ( SEQ I D NO: 161) 18. 15012418WPSCKKFA (SEQ I D
1 246) 12. fl

- 96) 11 080 P p e ot 2 1 B G R R T RS

531) 6. BQ0TOLPAEENAPYLES c('@E@"f@ Hmmam'moz%%ﬁ)?mﬂ' (01D

: I230) 6. ]9 "?Hbg@")@@/m gl@ééé”&o g%ﬁéié%ﬂ ZYERK3, @S%ﬁ& 'BPEdi cti on

Al _

pept 1 de bl 1GPES HMittoBlol ot Aiflhol 185 d12Fa0 S SHTH A RoBaPiiiindr A =2 OB,

auxi | i agy @mbdlrherapyfsaﬁga?@m Shing &ité SmithP994) GeneTHerapy dies-F6S; due
Li stingScore (Estinmate of Hal t Time of Di sassom at ion of a Mol ecule

Cont ai ni ngandiZhogel 8bd88dky 1@%@@

ééé?iéi"la‘Sﬁ%éS%XA%@@é @%E%Bﬁ%@a%éfﬁ%%ﬁ%ﬁ%@%i@w@% D
ggg) 55. Oeﬁ@é&@%gﬁggﬁbeé SERe! prebBntlifdertibroy a@@ﬁ@ﬁa&wm&ms@
1 92) 44. 000829 V (SEQ I'D NO: 211) 44. 000964PPPPPHSFI  ( SEQ | D

: 157) 40. dexivex fromAbBs goxHRMilgROVIroses) sueh eso/agoiia VirasardarRps (SEQ | D

99,78, “BRDAACEST SRR, W TR cBORE SRR 97

Li stingSco , |
L ot naScorpIER 18 BoeknShl ol Ao e o8t o srdings s

NO: 43) )16 Sﬂmmavmappmt@woam)rm oS aupETepEFREAQDNI SEQ | D

NO: 103) 14. 64117136SCLES SE NO 198) 14. 5201841 8WPS KFA (SEQ | D
NO: 246) 12. Efﬂfﬂ@%éﬁ‘&‘é@ aécﬁlﬂ%bg' CP$: B %'5% f(D ?SEA I D
NO: 124) _ ( ehdodiRg tHythidfhekithsé (TK). This vector is then used to transfect cells

15 which are simultaneously infected with vaccinia. Homologous recombination
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serves to insert the vaccinia 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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Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of
Human WI'1 Peptides to Hunan HLA B 5201 (HLA-B5201 peptide binding notif
anchor residues are | or Vat P8; | or Vat 5 P9; auxiliary anchors are Q
at P2) F, Y, or Wat P3, L, I, or V at P5) Rank Start Position
Subsequence Resi due ListingScore (Estimate of Half Tine of D sassociation
of a Ml ecul e Cont ai ni ng Thi s Subsequence) 1191QQYSVPPPV (SEQ I D

1 171) 1004 9993@&4\ %8' Elr -SiéhBhdPNR38 431 NaiHEad 6 | D
: 133) 16. 5004303v GVAPTLV (SE ©242) 13. 500586 EQCLSAFTV ( SEQ | D

. 69) 12. 0UGFADAC) BDNRRG-§ RO RUBIStEt B roo. Na7ACRFRETUSA (1986) | D
© 99) 8. 2508292GVFRG QDV (SEQ | D NO: 103) 8. 250929SGAAQMPY ( SEQ | D NO: 211

. 0001014888228 1PE. (SEQ I D NO: 150) 5. 5001120GEGGCALPV ( SEQ | D

1573, s0014073SoN Rl TRy PO S3t fuct s TRAIGA L saRele

1 252) B. OVildezs 2afpdisa bt llisedsdeliveine coingHEyLieAo6d oKinterset: ( SEQ 1D
1 222) 2. 75018327YPGCNKRYF ( SEQ | D NO: 250) 2. 750197DLNALLPAV ( SEQ I D NO: 58) 2

. 64020104 ABCRmbITant sripoxyiiges 1expressing pmunegens frgp) Manfliaksul t s of

2, 1. . AR R RlaTl e BB IOR Rl R S e

resi dues aéﬁaﬁ cxe‘ér Tﬁe%‘se'i’ﬁ,an&\ﬂgoﬂ‘“(/éct@? iSartiouri ldéébr‘al@l@ﬂh*humeﬁf e P, E
or K at P4, of F, at Start osition Subsequence

Resi due Li and mg’arcm rmeslesfam members of thiy Auiposgeausoandinly Mol ecul e
Cont Thi 1230TSALECMIW ( SEQ LD 292FTVHFS
(SEQaII Blong 5995 uenc%@ﬁ%@%@%‘?%séﬁ %?HB%%%%@%%%@PNHSF (SEA?QF
| D NO: 29) 291 H%‘Qrﬁﬁiﬁ?ﬁ%e(l&ﬂétﬁbd@fo@? PsoRtbiREhl KTHT (SEQ I D
:192) 9. 90 7276HITPI LCGA ( SEQ 1 D NO: 115) 200821 BRI PYSSDRL (SEQ ID

i %Zi‘%%gﬁ“l’?’?&%““m:m’?ﬁf?mﬁ tf‘ga’&%‘?ﬁﬁ’g?'?gge’%??ﬁ%mw o (SE0 1D
;}ég)i gé@%@i@?& ' ?%l%@b}q ﬁﬂel\gf.og 9*29’2190‘1%@1%%6&%% : B
33) 2" 000t I RO/ VS F@%’d%gﬁoi’sggo%g%%@ﬁﬁépﬁ%“’?%@ D
: é;f);%gga\%glégsmmems(lmm Deomsz%o?me ta?grgsg@ﬁsngmﬂg{mc, I D
S\Qﬁ't Iyg; sb:‘ gg’tﬁinﬁdpﬁg gt Plt:néﬁ"&fﬂ%g& Wé}e %BGE)IMHH'H h’ﬁ‘ﬂe %3%‘351% Fad o301
[/Lﬂ?ﬂ%hlit‘@“or 1o gg%ﬁﬁ%@{ Bl. ILjPro% NMI gﬁaég %%) Bgc 10 auxi liary

anchors are ore (Estimate

of Hal f Ti mg4@898-3800 (196T); IRHnlchS&a?atdetl\erﬂmJlNatl Acad Sci. USA, 79:4927-
Cont ai ni ngRankPosi ti onSubsequence Resi due Listin

Subsequencé931§198HaMachett stal.| Brag Nath Asadosol ﬁ%ﬁ@ﬂ[ﬂ S£083) -
NO: 127),48. P RARENOW o a5 sivindidx Vires e WGiddie througRaRE ATcc

under accession numbers VR-229 and VR-363, respectively. A recombinant
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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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Start Position Subsequence Residue ListingScore (Estimate of Half Tine of
Di sassoci ation of a Ml ecule Containing This Subsequence) 43SDVRDLNAL ( SECT
I.-D NO: 206) 30. 0005239NQWNLGATL (SEQ I D NO: 151 ) 24. 0006225NLYQMISQL (SE4 I D
: 147) 24. 0007180DPM3 ~QGSL ( SEQ | D NO: 59) 20. 0008362RRFSRSDQ. ( SECT I D
:187) 12. 0009329GCNKRYFKL ( SEQ | D NO: 90) 10. 00010286YRI HTHGVF (SEQ | D

: 252) 10. 00011301RRVPGVAPT (SEQ I D NO: 189) 10. 0001224CALPVSGAA (SEQ I D
43) 10. 0000 AL3ARCLEAMIsHEHFO B SEMKICAUABASTMHITIMISL Pafe | D

: 143) 7. 20015390RKFSRSDHL ( SEQ I D 183) 6. 00016423KKFARSDEL (SEQ I D

: 122) 6. OBl0$75,505)\3473-5 638/676D NO: 85) 5. 00018429DELVRHHNM ( SEQ | D

: 53) 5. 00019130NAPY SE4 | D, NO: 144) 4. 8002030 SE

. 86) 4. 000 Tabl e 0'%‘@%1 'F‘é"%”'aél%ﬂé’ﬁ AVELIors: fu GA@%QQF ‘%"‘8@"&% on

Anal ysi's 1 ggirbl b8l iBgy WP BESS gt BightcRehy! _é@Jea@H LA- CW401
% G’Qﬁ? E ues are'yY, P, or F at ;

pepti de binding not anc resi F, or M at

P9; auxsl i 6869 andiwagneret &V, Ploc. Natll Aead PBgi. USRa(11993) 89t6099€6:i(13 @an
Subsequence Residue ListingScore (Estimate of Half Tinme of Disassociation
of a Ml ecalse beoused for ggnexleliveiyninds dhe BVeReDFKDCERRF ( SEQ | D

89) a8, 0004163 1PN e 0593408 8pdeda NS G pr i 1,
1 250) 40. Bh9k¢ e $ierhs( irbeé RouviY, 1ai5exdimBie DifiEidkerReEi-eval S8facl D
1 119) 25. 0008326 AYPGCNKRY ( SEQ | D NO: 42) 25. 00091924YSVPPPVY (SEG |ID

1 176) 25. dlad186ad.;-APSIISHKIE6:BSEQ21D1889;:1bexer. etcll Armg NoY L WGSEQ | D

posi t1 IR %ﬁ%élﬁﬁwgépébah?% éw?%g@z%éﬁféf TR0: U PR T e o

Di sassoci aNo%n4@03a1 1201452609, 836.04HPS 01 v%a IWFOBGIGEIEEB NG S) Padeht4 PAl RNWGY
(SEQ I D NO: 170)11.00014303VPGVAPTLY (SEQ D NO: 242) 11. 00015219TPYSSDNLY

(SEQ I D N0Nb331)m 120 168 ZRORESA TP OSH5, 2420/ 2) /02806 BeOQET,GTAGAC ( SEQ | D

No: 210) 5. SEPIBRNIAMPENE G e BB GBI 51 D B aap 4 1B0L: o

BI MAS HLA Re u#’gﬁl HL&@CG@EIOQS CE4i0 ”é‘f 2?5%1§gﬁ8§h“ﬂé§§lE%erW@” W'l

Peptides to LA— ept nding notif anchor
resi duds aPeod. Natl. AéadoSciY USA po; 11398u$d502an993n6hzmnaeteall Circulafionor M at

P5, V, |, or L at 3
88:2838-284 1993 and Guzman et al., Cir. Res. 73:1202-1207, 1993.

As would be readily appreciated by the skilled artisan, any

E66668666
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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 inciude 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. a vaccinia or fowlpox vector, includes B7-1, ICAM-1, and LFA-3.

The present invention also comprises the use of any combination
of the DNA and/or 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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Start Position Subsequence Residue ListingScore (Estimate of Half Tine of
Di sassoci ati on of a Ml ecule Containing This Subsequence) 1332KRYFKLSHL ( SEQ
I.D NO: 127) 9. 6802239NQVNLGATL (SE4 1D NO: 151) 6. 6003130NAPYLPSCL (SEQ I D

: 144) 6. 60047DLNALLPAV (SECT | D NO: 58) 6. 0005441NMTKLQLAL (SEQ I D

: 149) 6. 0006225NLYWMISQL ( SEQ I D NO: 147) 6. 00074DVRDLNALL (SEQ I D

:62) 6. 00083SDVRDLNAL ( SEQ I D NO: 206) 4. 400910ALLPAVPSL (SEQ | D

2405 ORI BRSBTS oiBB s ! °

: 146) 2. 28@himStP4BInRsH tRBVacEinih vatdioel D B nmmmm\@%@@danosm | D

:61) 2. 20016362RRFSRSDQL ( SEQ | D NO: 187) 2. 20017439CQRNMIKLC~L (SEQ I D

: 173) 2. 2REIMEBERG QDVRRV (SE4 |1 D NO: 179) 2. 20019423KKFARSDEL ( SEQ | D

:122) 2. 20020180DPMEQAGSL (SEQ | D NO: 59) 2. 200 117  Table XXXl Il Results
Bl MAS HLA Pepti de Binding Prediction Analysis for Binding of Human W'l

Peptideg to Human HLgy §8MAIR 2nidddimENB/ 8Dahridiatridel mdy be integratedietbor

residues are Y, F, or L at P9; 5 auxiliary anchors are Y or P at P2, V, Y,
, L) F, oﬂwa\gmom@of/a targemcell;r Thisdntegsation mayibesndhe speeiicdecation and

s e Rl e h PR S focte Bibdasthdfh BLuRgppacc! ot o
74 14 7EIEQ AR %@é@é&‘vﬁé&%ﬁ%’@%ﬁ O Y Ceen 1 0

. 227) 12. mmmemmsytr(ﬁo}ynmemmnr)ayme)aabmqumammmvtnesml ID
35008 SgosmwselZSAR”F%%%?E%&DD%B%%0%88%&%@%?%%@%%&%%& 0

- T66) 4. 00CIRI T O KGR ropEpeer B fgiett 4 e bideam ot YopiRalon)

: 188) 4. ORdiepRAGESHHB TGSy Sirgnizatidl withheé .o ¢&ll ecie:SHHaAGENESHIY I D
: 228) 3. 0001833GLWAPVLDFA &%‘% | D NO: 174) 2. 688719130 PYLP cL élﬁﬁ
1 144) 2. eWhitheherepressien ¢ qt f5 felivered 1o 268l eag) of

pept i dos. t BORBHEECfE s iF dpRondhu iRy "ﬁ%’éﬁe@%ﬁ%ﬁéﬁwﬁﬂc!ﬂ

Resi duasLi eh—ipm@zpre (Estimate of Half Ti rre of D| sassoci ati on of a Mol ecul e
Cont ai ni ng Thi s Subsequence) 1235CMIMNANQVNL (
NO: 49) 5255. 7122126RMFRRgIher @@@u@ﬂ@fi@@)moeo@myws@gmw (SEQ I D

NO: 253) 93 By hiiSibrediranferSl BEMharER DRANSr Eamplc ds d¥bcrtdéd in Uimer 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

o DSEEEEEEEES

EE66666666

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, W1), 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
formulation 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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 5239NQVNLGATL (SEQ I D NO: 151) 21. 4706441NMIKLQLAL (SEQ I D

: 149) 19. 9087437VMHWRNMTKL ( SEQ | D NO: 143) 19. 8378136SCLESQPAI (SEQ I D
:198) 11. 1779174HSFKHEDPM ( SEQ | D NO: 110) 10. 80010302RVPGVAPTL (SEQ I D
: 195) 10. 08811130NAPYLPSCL (SE(~ |1 D NO: 144) 8. 4001210ALLPAVPSL (SE4 | D
: 34) 5. 95813208SCT G4\ diafeBEmbb Bt 20Rb A évitds ARY FICIRENS tat (R be | D
: 52) 3. 54815238WNQWNLGAT (SE(~ D NO:245)3.30016218RTPYSSDNL (S D
: 194) 3. 166fdPHEARB IBUAA nesEle- |e§shlﬁjeétk)r208«§dmsaﬂtLMLpr SEnRt | D
:134) 2. 17719142PAl YS (SEQ.| D 152 6 PVL (SEQ I D
 86) 1. 6ginventipringlude these pravided Bm@epﬁn e(% ﬁﬁmpr edi ction

Anal ysis f Mgﬁé%é d NYUse, 9}9—5‘2 Rank
Start Posg%?'ﬁh@ggag\ggémence esl FELSSFEn r@corei St P@éé hl|1-l§1)ldf Ti me of
Di sassogi abj3qn,395; %,34d 851J|5%3§911631 5)520,639 an&ememmce) 1112FGPPPPSQ°~ (SEQ
| D NO: 76) 48.0002122SGAARVFPN (SE I D NO: 212) 36. 0003104AGACRYG3F (SEQ I D

NO: 31) 30. 0004218RTPY$SE§NQ' egenmbagiperdobs piamaee (SEQ I D

134) 20, BodRRTADR, Eé%%%%%ﬁ%%@%ém&%ﬁ%w

NO
NO
N0:211) 7. 2884943 HITATRBRod &id poRNBILRES ToAYRIHRRE BIGBTLo6 REITTR) D
%: 179) 7. 20012390RKFSRSDHL { SE4 | NO: 183)6 0 013332KRYFKLSHL SE4 | D

: 127) 6. 080d/08 &XPIGRESRBDEIIDNS SEthis DVROLiINS7 A, iTwounastimulantrefers 49 ar t
i shssdB: aBRRENY 3NyshBRtarEs dakenags o potaiislek i fomife e tpiiedocr
D o 92) 6 DBy B R B e D 1 b
NO: 181) 4. 5eﬂmammmanpc¢rﬁﬁ@esmm@\dm)am omnvadjwamemntaesm ts of BI MAS
'I[_"(-_)A“/Eﬁgtel de B%ﬁggéélgﬁgrﬂgga %Ct) Ip?c?teént leyantlgen?rom rapld cgta%ollsr%n%{]ch al Pept | des

aluminum hydroxide or mineral oil, and a stimulator of immune responses, such

E6666666

15 as lipid A, Bortadella pertussis or Mycobacterium 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 Th1 type. High levels of Th1-type cytokines (e.g., IFN-y, TNFa, 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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 1329CCNKRYFKL ( SECT | D NO: 90) 24. 0002225NLYQMISC~L (SEQ I D

: 147) 10. 0003420SCQKKFARS ( SEQ | D NO: 200) 3. 9604218RTPYSSDNL ( SEW I D
:194)3 6305437VHQRNMTKL (SE4 | D NO: 143) 3. 6006387TCQRKFSRS (SEQ I D
:219) 3. 6007302RVPGVAPTL (SE4 1D NO: 195) 3. 3008130NAPYLPSCL (SE4 | D

T83) 5 AR R e T B e i L 1 D
E %gfézoggﬁgg%(?}mm (o gsﬂ)“dhm zr%g)b?sggilazomga 1AIWEBE(tlsEQ P
%z 115§|£Y¢h<32m 0 'SE&“'I"B?‘&@E\PE# P@'@Qi%’l%ﬁ@i%khé %ﬁ%’
a0 1 SL0 ﬁ?bﬁ%%?% 2 B?%*S‘é)‘%ﬁﬁé"%@@@éﬂ%% S,

Pr edi ct Bonuginglsyadartl @ss&ys1dFoga eéviewraithéTamifieg of dptokines)\bes Md\dﬂ@r@l ass |
Kd Rank St art Posi tion Subsequence Resi due ListingScore (Estinate of

Hal f Ti me anRd ol A iRgy. SNMunob| 2 t45-d 780h989-ni ng Thi s

011920 oogsaveke RISy Pk PR ST TR
35) 115, SOD AV A, (S D %@i?@?ﬁ%ﬁ@%ﬁgmﬁ@%ﬁ%' °

: ig) 80. 8ggﬁermymgﬁ?y(anmospbwthmdmg,oeg@hepmmmyal usEWmMD
- 70)38 &M@%ﬁ’%@w@ (SR IRBI B0 P83 EITRIERIPERNR VA S | ©

1 62) 57. 6Rf¥ k4 éﬁ%é&b@s?@ﬁle@@%ﬁm%rm\éhhé @w
: 202) 48. 000174 NMI'KL4LAL (SE41 D NO: 149%}8 00018207DSCTGSWAL '( SEW | D

59) 4. 000 Table ¥ “f‘?‘?“‘%m‘“' s <m?~%?§a:§ Yy Emm"“’%wwwd'“L “predic

e esults. o e i ndi ng Prediction
Anal ysis fH Pmﬁﬂ?m ornduee gpiegupinagly The v E?x/l—éu ass | Rank
Start Posbﬁ% e%m%g @Sﬁhpgﬁd Héfil gg%@r forldsaim S\;E Hal f Ti mg of
Di sassoci at'| ecB\f&| tal ni ng EI S bsequencﬁ?liglA PHEEWCL ( SEW
| D NO: 38) 496@6885%@9&5188(&3/%[3) PEteAbNGS. 6,008 2000Nd/RBIBMESEW | D

NO: 53) 20. 0004315SETSEKRPFE_( SEW | D NO: 209) 20. 0005261 TEGASNHST ( SEW.| D
NO: 22)1) 20. tnmunestimulatory DI&IA sequences are %Iso descr?bed for example, i) %’e\l/t
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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
comprising 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 polylactide-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
ISCOMSs. Furthermore, the saponins may be formulated together with a
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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 6410SEKPFSCRW ( SEQ I D NO: 207) 10. 0007272ESDNHTTPI (SE4 1D

: 71) 10. 0008318SEKRPFMCA ( SEQ I D NO: 208) 10. 0009138LESQPAI RN (SEQ I D
:132) 10. 00010233LECMI'WC~M (SE4 | D NO: 131) 10. 00011298QDVRRVPGV (SE4 I D
:164) 10. 0001284HEEWCLSAF (SEQ | D NO: 107) 10. 00013349CGEKPYC~CDF (SEQ I D

- 04) . 0oB L AR Rl s e e e oo 1D
 116) 5. 0SQSRMIERBINTT BIpari s stidchire 2iehHsiDpaGERBRE: ifdddnd 6EQ | D

:203) 4. 000203SDVRDLNAL (SEQ I D NO: 206)4 000 Table XXXI X Results of BIMAS
HLA Pept i dISGPNIThE sanoming may %ﬂab?i@@‘#%ﬁe BVIHPXIPISNS BHANASATL Pept i des

to Mo

Li'sti ngSe “@Ertﬁ@aqmpé%@eeﬁi%ﬁy T oy BP bl Pt G R Rb v

Cont ai ngnga ePeRe Baeh hidadioseHAAQR (SEQ | D

1 228) 360. 0002327 YPGCNKRYF (SEQ | D NO: 250) 300. 0003180 ,%SL SE Q | D
e

: 59) 150. 000426LPVS@@(IF}W qfered embastimest, 9e adiywantayst

. 231) 60, SOBREORAAEoREREhoiy DA SR oo 1B SRt Rionch ééé%

: 40) 50. OBGHBhENBRIIIIIES avE4D-MALS: alg@)a‘}ﬁ &8 dcrbediRME G006 $58) drD
1 97) 45. 00012157 TPSYGHTPS ( SEQ I D NO: 229) 39. 00013207DSCTGSQAL (SE4 1D

:gé) 32. ggooassllzmmgemz Rizmsnp@el@m gmmeﬂm @@mosm@nmmmr@e(smgn D

(st ) 48:"3 dRirived ek 0jelizhg . ket bidtered FETUIETS Cmpist am et &
D

S R R = |

NO: 230) 30. fnRARBFENBIBYINESQSSEA3DIMRL® 2d)8an0and Taduphertl iRasudikis- of Bl MAS

HLA Pepti de Bi ndi ng. Predjc Bi ndi f H W1l P
to Cath e Waterem Ulgion |sdlescr|bed Wdasﬁm?r $nerng o Fdman eptides

E66688656¢

mEEEE66565

Another enhanced adjuvant system involves the combination of a

15 CpG-containing oligonucleotide and a saponin derivative particularly the
combination of CpG and QS21 is disclosed in WO 00/09159. Preferably the
formulation additionally comprises an oil in water emulsion 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 SmithKiine
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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 1350EKPYC~CDFK ( SEQ | D NO: 66) 1000. 002319EKRPFMCAY (SEQ I D
:67) 500. 0003423KKFARSDEL (SE4 |1 D NO: 122) 500. 0004345RKHTGEKPY (SEQ I D
:184) 500. 0005390RKFSRSDHL ( SE4 | D NO: 183) 500. 0006137CLESQPAIR (SEQ I D
:47)120. 0007380VKPFQCKTC ( SECT | D NO: 239) 100. 0008407CGKTSEKPFS ( SEQ I D

: 95) 100. 0009335FKL@R—_1H8%§ NOH78) 100. 00010247LKGVAAGSS (SEQ I D

: 135) 100. 00011370L sé4 ! D ND: 136) 100. 0001225SVKWIEGQSN (SEQ I D
: 240) 100. 00013398 L wheieRT,HT is( 5EQ, Als Kb arii7)rl-00(M@)0,0R 48 81 Mk idr FHe$ECO | D
: 145) 100. 00015357FKDCERRFS (SE4 |1 D NO: 77) 100. 00016385CKTCQRKFS (SE ID

: 46) 100. Soe@itdarrG QVRR (SEQ I D NO: 81) 80. 00018368D4LKRHQRR ( SEQ |

218)80. 000 123 Db anopdiiet o e resef ndeiiicl s B VaeRe? | :
Pr edi ct Bonfaifrilationscarapristhd e gy iyelfiyierte ¥ihkr Be peheies frmutdy (R rwhdréinA 0201

Rank Start Position Subsequence Residue ListingScore (Estimate of Half
Ti me of Di 5d8bebyearn bﬂndeChpx@feaﬂLyé 2% mpestpretgratly 9; the A component is

Sub 1126 Y D, NO: 8

0: 299) 285! GRS %%nggﬁéﬁlfeyﬁ@sﬁ‘W%& ID
. 284) 68. ID
02 a0, S B e o Y 1

: %g) 1; zgscfezabiy\twm_w;ﬂm ,%uy nmsl\lprefe@bissmnelreagammmef 80 | D
g 3333 81_099 (e arpselcies fEmubs Bl SlééﬁQQM%hx% ¥
52773 5. 7%‘%‘?@?1%@8\)%6@&%%%% '?gg?‘}’ é@%sq_lzw SEA | D

: 289) 4. ogemsyethmemawﬁmeerlenm)wsleaégm}mmmAlmd (SEQ I D
1295) 1. 869 Tabl LIl esu ts of Bl MAS HL bl de Binding Prediction
Anal ysis f@8pPY8 ¥igngr2 ejer- B gl %‘ B ass | Db Rank

Start P I f Ti f
oi cassoct aPPNRRTUENE YT Err 8l s e AIRERIGTcl rRIch D SRS vau ( st
| D NO: 3G8) 8hfty (2] Z&WEWnt(nﬁﬂéch@slﬁﬁe desgri in0VErag/6REYBUMNL ( SECT 1D

NO: 258) 260. 0004437MH4RNMTKL (SE(~ 1 D NO: 281) 200. 0005238\/\N(P|VNLGAT l()SEQ | D
NO: 305) 12. 000 124  The polyoxyethylene ether according to the generaf formula (

E666666865¢

EEE66666666

above may, if desired, be combined with another adjuvant. For example, a
preferred adjuvant combination is preferably with CpG as described in the
pending UK patent application GB 9820956.2.

20 According to another embodiment of this invention, an
immunogenic compaosition 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
celis may, but need not, be genetically modified to increase the capacity for

25 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,
including tumor and peritumoral tissues, and may be autologous, allogeneic,

30 syngeneic or xenogeneic cells.
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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This
Subsequence)6130NAPYLPSCL (SEW 1 D NO: 282) 8. 58073SDVRDLNAL (SEW I D
: 298) 7. 9208136SCLESWPTI (SEW I D NO: 296) 7. 920981AEPHEEWCL ( SEW I D
:254) 6. 6001010ALLPAVSSL (SEW I D NO: 255) 6. 60011218RTPYSSDNL ( SEW I D
:294) 6. 00012441NMTKLHVAL ( SEW | D NO: 285) 3. 43213228WMISW.ECM ( SEW | D
: 289) 3. 1201417 4HSFKEEDIRNbRIA EnbBaRTEHS of HLERARNLFIBRIIVUSSEW | D
: 283) 2. 64016261TE(%%£HE r%SEWI D NO: 301) 2. 6401@225NLYV\MI’SV\L (SEW I D
. 284) 2. 6Mﬂm7mmf@ger(lwn®ewagaeugerspmmmgg\asmmm(imﬁwusa

: 288) 2. 60020181 GEEECCAEL _( SEW I D NO: 279 600 Tahle XLl |1 Results of BIMAS
HLA Pept i dareshighlyRptentAPesi(Banehareay |3§‘d¥§tﬁ'rl§‘% ugs IR #de 3Rt Pept i des
to Mouse I\/ll—g‘9 ﬁ?f t ,.g'la ue
Li stingScore !ﬁ hé¥é<8e “Eﬁﬁ‘f% iﬁ‘% ef;éacﬁ%ggg;%ﬁl at i ggﬂﬁf&@ﬁ I egﬁl e
Cont ai ngngeiiditirsg R#ieti0 O YHer2p&tid<EMvitiinor HhaMUNRY (see Timmerman and

E§6668656¢

NO: 268) 24. 000222 NLYWMTSW. (SEW I D NO: 284) 10. 0003420SCVKKFARS (SEW| D

NO. 5979 5. obews v Fesetfad es%m 52001958, 41 eneidansitisrels

No. 593 3. oEnRindd RARES BRme E@%é%sh%p%@%%@at%%éﬁ@ﬂ@%@@ P&@@%ﬁ

NO: 287) 2. 48 WYQ’% AH5TRVih Dltm t?l@ﬁ)a?bllﬁ ¢ O¥Edg-and>EW | D

NO: 293) 2. 012128FPNAPYLP (SEWl D 2672' 013207 S GSWAL (SEW I D

N 253) - DA Eavbgane B@”mmc‘z? o theisabbhcmiaubRlenalve il D
D 2l Ok GibnaRes-Pebatlic o B bayr et iSO e AR Sarb e Spdrifi nascore

Subs equem%l%ﬁ%ﬁ%%%o? g%vdﬁﬂﬁ@ afd Avte &ﬁ%ﬁlﬁo@ﬁ@‘%drﬁﬁ%ll@

NO: 279) 1. 3 I'D NO: 283) 1. 20019123GMWARMFPN ( SEW | D
NO: 269) Al. izmmmmmwmsucﬁmdlﬂeweaeﬁmca@oaremr@mplatedabg the s of

Elegf‘ iSdEIS_At gee%ggge H ES' ' n%gqea l@%'at?\pe 0 3er¥dgr=t|% cfe S, s'?’ecr}gte%%eosflck'avsb use Wi
antigen-loaded dendritic cells (called exosomes) may be used within a vaccine
15 (see Zitvogel et al., Nature Med. 4:594-600, 1998).

Dendritic cells and progenitors may be obtained from peripheral
blood, bone marrow, tumor-infiltrating cells, peritumoral tissues-infiltirating 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, TNFa, CD40 ligand, LPS, fit3 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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Rank Start Position Subsequence Residue ListingScore (Estimte of Half
Ti me of Disassociation of a Ml ecule Containing This

Subsequence) 1285WYRI HTHGV ( SEW | D NO: 291) 600. 0002424KFARSDELV (SEW I D

: 275) 288. 0003334 YFKLSHLWM ( SEW | D NO: 306) 120. 0004136SCLESWPTI (SEW I D
: 296) 115. 2005239NWWNLGATL ( SEW I D NO: 286) 115. 200610ALLPAVSSL (SEW I D

: 255) 115. 200747AYGSLGGPA (SEW | D NO: 256) 86. 4008180DPMAWNGSL ( SEW | D

1 262) 80.  RES BN TACARING, Witich 28AiEReORAA HOR B8t SEQ | D

: 292) 60. 00011326 AYPGCNKRY ( SEW'I D NO: 257) 60. 0001228 HGVFRG (SEW I D

: 273) 57. BOPER4PIdREINGAhaNYGIRWecBpie: Jiw) matee phentyperstyrcally SEwW | D

: 293) 57. 60015209 LL (SEW I D NO;.259)48. 0001686 SAFTL (SEW.ID
:2653 48.%@?@@%%’%%@%@% ARG 854 8 Eg'Pélﬁfw D

1 294) 48. | : : Qﬁglgg@&ﬁ I D

: 2843 48. g%gwgsi#@&h%@%@wés ept | d%%iﬂ%d( redi ction
Anal ysi g f pMHBadhde¥idn Redlecules (6.gh BDHS4 ahd BDt1)tantcestinallatory T cel |

Response Pepti deSequencep6- 23RDLNALLPAVPSLGGEGEG (SEQ | D NO: 1) p30- 35GAAQMNA
(SEQ ID mW&ﬁ%(ﬂa@@ﬁﬁ&@%@@%@"dﬁ-mBBm) p91- 105AFTVHFSGQFTGTAG

(SEQ 1D No: 312) o0z DS TSt BETARGRE, L roaett e plafp i e A
NO: 313) p24ihvéhtiér (drisertidioPothekVaRantharddd such that the encoded

NO: 4) p287- 318RI HTHGVFRG QDVRRVPGVAPTLVRSASETS (SEQ | D NO: 314) p333- 336RYFK
(SEQ | D NopGlypppiiisl o3 AnHRRISREEBNIKPerjopdterec is expressed on the cell

NO: 316), p389- 410QRKFSRSDHLKTHTRTHTGKTS ( SEQ | D .

NO: 317§1§42§U MA%MHW&@P&%%bV’K& NG ROREDACEMNCAETL pept i des
(shown in Ea@@ssiﬁbk{'cb{rﬁdi?ﬁm Sl @k @ssibaedidels Atdy e used fopach peptide in

Tabl e XLVI, ores ob ed using BI MAS HLA peptide binding prediction
anal ysi s atherapeticdaurpoded)|as daserib&d hefdin PAdternktively; aegerssdeliveryHL A Pept i de

Bi ndi Predicti Pept i deSequ: t sSp329- 337GCNKRYEKLS

24, 000( SEQ/PICKEaT GIOS EAR IS PIAR VAR BFARLGFSb™AY B ass |1 and
HLA A2, (SE i ; i QP NBIQYAkARIoNd I
to HLA ,(6\2 Q‘é@?}'eE SEQ@%&%&&E%&% ?‘255, 7?%%%?%??%%%%PNAPYLM nZsaalsgo

to Kd, 16l aand ke vivoitrahgfeSich oDdeidriticictis for sxample, rogy generaliy be
293) p221-229YSSDNLYqu nds also to Ld zﬁore 31 OOQ 127
38!

Pept i deSeqRefewtedrHelRoAMyEReigdRdmowHia 1Rg 28 S baseAfesHbedp Y¥Pe

3, 120( SEQ : z NS [ ; 0201, Kd,
scor e( SEQ P@%@Z égﬁ%ﬁaﬁp%é@?ﬁ%ﬁse ph%gg&%%l %F’n@?ng*é\’o 0 Kd, 1
m sat ch t ghdeeBBdIbhy M6: 4585360, Mg antigehditaditgksdendsitic cells magtiet 4 ( SEQ | D
NO: 198) nouse pl0- 18ALLPAVSSLbi nds al so to Kd, . HLA 16\2 1(SEQ I D

NO: 255) i s AglieMed bYHugHbatingLenstitic £ells PPRIASENELLERIISAVIEHHIEIANGTD No: 34)

Pept i denbi ndj : I i ; i . : em a cell
[ ne. RO sPOyBBRlde, TAUR (haketybt AR & plttiil GBLiqH B ANE, BF Wi ariiehe 000 “
brief) RVAeRprsking reeombingnt baeteriuon or7vingsess(ea., vésCinia, fowipdet e medi um
supplenented with 1 % FCS. Atotal of 1 G RVA-S cells were added 5 into
each wel | @fepovimse leniiyinisvagiers).nBrgaial@adingnthe pelyRertge 1@y P& ne

desi gnat ed i A [of ot hour s at
37C in conﬁﬁgﬁéhﬁgﬁﬁgﬁﬁyg@gt%’sa{nm@'éé?ﬂgg{C%Q%%'igtangggmﬁ%g gﬁ@hg ained with
f1 uorescei g, gs & barfiey Aoldcie)0 NAItapaelvE dehdiritiercelinhay B misedwitk a

(Phar M ngen, "San Diego) CA). Labeled cells were washed tw ce, resuspended
10 and 25 x@&eniaenjgaiad snmopglogical partoeh SeRAEHal Adn{iR Peasensa of yed f or

fl uorescence, | nt f&?l ty in a flow cytoneter (Becton-Di ckinson FACSCal i bur~.
The percenlpgalgeB' ncrease of Db or Kb nolecules on the surface of the
RVA-S cel I's was neasyyigifk vy siitdia eaficMkAbwhlt anese enbrdirdrg aRilltin tisd cel | s

i ncubated with peptide conpared wth that of cells incubated in nmedium

al one. art may be employed in the pharmaceutical compositions of this invention, the

E6666668656

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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15 Mce were immuni zed with the peptides capable of binding to nmurine class
| MHC. Followi ng i nmuni zation, spleen cells were stinmulated in vitro and
tested for the ability to |lyse targets incubated with WI'l peptides. CTL
were evaluated with a standard chrom umrel ease assay (Chen et al., Cancer
Res. 54:1065-1070) 1994). 1 O target cells were incubated at 37C with 128
150~. G of sodium5 C for 90 mnutes, in the presence or absence of
specific pﬁﬂa‘v@ﬁéus,@ﬁﬂr&&aﬁ%’iﬁnﬂﬁﬁ{rﬁéné&lf §8bdutaREo @ and fittaPReRdRd i n RPM
with 5% fetal bovine serum For the assay, 104 5 Cr-labeled target cells
wer e i ncubadmihistrationdi f f erent concentrations of effector cells in a final
vol une of 200A in U g bott?med 96-wel | Bl tes. Supernatants. were renoved
after 4 to 7 hours abadiers fehlipe wWithipsuch Rhagmaggutical coMPESION§ e get er ni ned
by the formgd.a: I G h&nT [ ; q%%'ﬁﬁ A1aS t aneous
rel ease)/(%f?’rpu%ﬂrﬁg’teaggéﬁés{%gﬁgébr?égggége eggé)l. rfealrr' Eg{u ts,egtrséfsrgt ed in
Tabl e XBVI fornfiietivnt freferabiyeordVidied @ retnivellecorstantevel of activeassmpoiveit

mol ecul es, which is essential for generating CTL. Mreover, several of the
pepti des wegleass|le othersambedimests, ihgweygea moge apid rategefrreleas® and 9B), as

bept 1 des pimpeRtyeh ArBlsTARSn HAPKS gested.aShRSokIbr Bhsddh,,s ™"
pepti de speginpbsitions id WERwithi hedevsl'ctiordinaRdskill e drbugidfknewnabl i shed.

These results indicate that peptide specific CTL can kill nalignant cells
expr essi ngteshniquesh|lbustiative carnirrs ugelil invihis Egaredpslude micropat o6 cl ass |

antige Pept i.deBi ndi ng AfL.finity to u VH ass, | Positive

o ont L o111 nBaNIRGHA G BRsolide), bok g %i%’és??%’%ﬁ%l“i%& 986&85?.”9%?36- 144

human52% 1ikel 8:Otner illustrative delayed-release carriers include supramolecular

human2. 2%p225- 2335. 8%p329- 3371 2%p126- 1340. 9%p221- 2290. 8%p228- 2361. 2%p239- 2
471 129 BioAisBloES, Swhilit cofphiseElndraliyHEPydBEphilie ebrede’y. VA crasBEmikedC CTL | N

M CE This Exanple i]lustrates the ability of tgtive 1M 1.
pol ypept | ABOBBREAAIIE QRGP RRGATAF ey AHARIRSETY; & PREPRH IR GoPIR/EING, on

Il 5 1i ) W td 1 i ; | atje f IS t
Class 1 angnamptishiic BepdboBRfl s 4 wpriRphoRIBRNDRIY. s Falioht N6 o7 Lo
and Bl NBS B|151p25t ane PCThdpplications VeOi 920078, \We594/RBZe1 aadWOmuni zed as

described in Exanple 3. Follow ng inmuni zation, .sp|leen cells were
st i mul at ed9pH6E38)-o Tha@Maeynt & agtve BQmPﬁHn%SPFfaﬂQ;q W'tFS’/‘s%S‘t'%I?E@FS i ncubat ed

with W'l pept.i I btd i ells. CTL
were oval Liegow R IR defndSpds e S A RER, Wi BRI,
present ed erpédted dusatidhoflreleaselamnd theataté¥elot thercoaditiontto\bE treatedidri ¢ CTL
capable of killing WI1 positive tunor cells, whereas no killing of W1
negative CETQV@“&ﬂg observed. These results 15 denonstrate that peptide
speci fige CTL in fact ki i : : r i &éﬁ]}e ] acci ne
and T czg)II t her apy aMébé#tpgﬂup\%%ea?ﬁ?baH@%ﬁgﬁ@ﬁ%p&i aﬁ{']éejrgé esrsegwl'l.
Simlar i nggi,fﬁﬂylmatmlgglpemfam)@d ensploged as carriers forl the compdsiidmsndi ng
pepti des pl3b6-144, F225-2' , P235-243 as well as the 23-ner 20 peptide
pl17-139. phthisiavegtionmduitable kiedegradable misrosphgsesar disglogeddforn vitro

Mheubat ed SCEmRRrn 058 PAED! RES, s i0ded $070b 4 opB eartBd i bats
p235- 243 arBanlE83;153853 7688; 58H 43104, BXAIY,803 anf 5,943,282 Modifétbhégatitsnd

pl17-139 are presented in Figures 11 A and 11 B. Data for peptides pl36-144
and p22§ 283cars pipteimearrige sysiems. sugh ap\dessribriimAO/PBAAIB eandr get WL

pepti des ar ndoger [ e I iatl W th tunor
cell cl assr%eﬁﬁ%@e%ﬁmggﬁhé@n’%gz}gégugﬁ@ ﬁc’zg{‘]‘%’ﬁgaéﬁé%%ﬁﬁg %ﬁzeﬂ%@re tested
For abi|it yijsRative eatel/dBiveryisyStent Biiployed Bhiné? coriisirteparticulags. CTL
specific for p%S- 233 %{0 Iysrgc?vt”a:r g%te; iiﬁbat@rgﬁiﬁ%ﬁ%ﬁ;&%

pept i des, Ipooteiracoraplexes, such asihoseidessribédin rRatent ' bns (Figure
11A. By %‘ ed ot r?s%f ingtTJIc':insglo.':ia 8fafs's(f-relsgi(r)|cted cytotoxic T lymphocyte

ich are capable
30 responses in a host.
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for pll17-139 lysed targets incubated with pl17-139 peptides and al so |ysed
mal i gnant cells expressing WI1 (Figure 11 B). As a negative control, CTL
specific for pl17-139 did not |yse WI1 negative EL-4 (also referred to
herein as E10). 5 Specificity of WI1 specific lysis was confirmed by cold
target inhibition (Figures 12A-12B). Effector cells were plated for various
gffector: target ratios in 96-well U bottomplates. A ten-fold excess

(conpared to hot targﬁy%otﬁér mpﬁratw érﬁbs&wmtéarlauﬁp@ﬁ&bﬁa% @8fe W t hout

5 Cr | abeling was ad Fi na Cr-1abel ed target cells per well
wer e addedpannlesr&remmleyedasmmebra;‘eabcme adjavams ar s costrollddereleass vol une
per well was 200A Lysis of TRAI\/P-(% %g E peci fi CTL was, bl ocked
fr om 58% t BIRYIRSHPN E’L& @.omneﬁlﬁa@%ef v Htéoﬁ‘e a%@a iue nhogphateg  py¢

Vsis of ePRCIRFEIe TP Prarhbil, ) AishER peli AR RE [, Pt he
rel evang pwiojoda6is7p117- 139 (F| gure 12B). Resul ts validate that W1

pepti de specific CTL_specifically kill malignant cells by recognl tion of
processed WI1l. Sever Ehewgﬁ@ac%utwai ﬁO’ﬂ?D@ﬁﬁ'pU% otthe inventian wilofteit ai ned

ot enti o1 BT ol PO Role Bufl8 1637, AR DR Sfeer piftSebdy 1)

Two of thepgffg@dreihe %%r&dﬁﬁat@‘(%%j dyladade, Hdhnose! gua’@eW@rmxﬁan@b to H2b

class | nolecul es (Tabl gener ated by | muni zation with
p117- 139 | yaeitokpieteins, polypap’wesmrtammmldsssuemasm@nel,mtlmsmnts@t t he

E%Ee{.ﬁle”ﬁhe&ﬁﬁ cetef chelaingduents o o BTl diletoions: 300a8 62 cui '33
pept | de Spani it c"’ﬁ"ﬁgﬁ"%ﬁf“gﬁ *;*ﬁa%ﬁ%rgﬁsgézﬁ@'?ﬁ%e@ﬁ%m e ot a

W'l posi ti weaklyrhypetiohic Witln¢hg Blogdraf s me@mndsusam)mdlﬁgqagentp,ltmbkeamgappear S

to be th t | | Bi ndi f Wl
CTL srer - PRgetisEncjotpeRopives sl PGaElccamPaPlgas pf Hia psral 0 °

o 221) 20 B 1A B R B P R, 16 127 288) WASSGIARM ( SEW 1 D
o S el e e auonetosese s (<110
N‘é_s 98and PIgSEPIEd BRI MUEEQRSSCARAYILSS Wi\aaslgeﬁi%w @éw

1D N0, 224) 9@@%@%%%%? DR o '"%EQ VL Bl Nf\&fpéffw
(SEW I D NOs@#filylafd @bl o) oRhilaRSAUNtSESY. | In déperal, formulations may

144and79%P131- 139APYLPSCLE( SEW | D NO: 2262N 1% 5 EXAMPLE 6 | DENT] FI CATI ON COF
W'l SPECI Fb@atmnaa\ﬁmggﬁlon@mumszow kisions i gy QHAAMEOUS Y8NICRSs t he

oo 8L R o, I St gk

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 such, these
30 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 capsule, or
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10 centrifugation, and were imredi ately frozen and stored at -800C until
anal yzed by RT-PCR for the presence of WI1 specific nRNA RT-PCR was
generally perfornmed as described by Fraizer et al., Blood 86:4704-4706,
1995. Total RNA was extracted from 10' cells according to standard
procedures. RNA pellets were resuspended in 25 pL diethyl pyrocarbonat e
treated water and 15 used directly for reverse transcription. The

zi nc-finge b Becni S irhap BelicdrpbraAéd @irdélly Withmouse
cDNA. Anpl ﬁ‘elry?g!ta?gr? was %3??%?‘%%839'%@??@&@?%5 d% ng oneglglr, when
necessary, thedoodesftleerdied] rounds of 132 PCR. Anpli Tag DNA Pol yner ase

(Perkin El mer Cetus, rwal k, CT), 2.5 nmM 2, and 20 [, of each primer
in atotal reaction WG?@HEV%FOWBP'I&W %&U%e mmwaﬁ{‘%ﬁ'i‘ CHERIEMSf ¢ he
PCR produc : % kN | et hi di um
br ompde. Théd\gng 'ﬁ/ie'fegfog@o 3@5%3 (Iaéé{hva?%{%’ oda&(rf?ﬁ %I];I %btg%fégrlécﬁ}d 667,

Pol aroi @ Lelikirs, saspérmiotd)isyrups-agifersgdand Reticel (See forap@imple, Matrdowitz _
contam nation were taken foll ow&gst he recomendati ons. of Kwok and Hi guchi,

Nat ure 339ebaly-Natgre 1890 Maulys386(6628)4 1 &tds Hwanaefe., (i Rewniheriyg

PCR-r eagen ) i ! eada0 ) h expsLi tranl©rgVvoi d
fal se negahﬁé%?ﬁﬁﬂébgpgggﬁcg%ﬁhl ﬁt §c[°a@x%a¢f{c} ’§g€’{:}da$'eﬁé1ﬁﬁiggsesr9é% ion 10
was eval uagad U.®. Paeht 5202145 1pyTableeNirbohes; @Risy sapsulés andithd like ey s.

Sanmpl es that did not anplify wth these prinmers were excluded from

anal ysi s. PRlsorsandain@ny0fa variety of addionatcomponanis,dotexamplenadingdere: p115:
1458-1478: 5' CCC AGG CTG TAA GAG 3' (£ Driner; | D

NO: 21) ?]iz’anﬁugi% :gumcﬁggiﬁgéﬁ%cac’a;é%%%%g@ﬁe sgcl‘?%g (reverse
primer; SERjdkdi :F’f%g I i : , tarchai zer
et al., BFQ'OCEB%IB% 704P E‘lé%ga dfég*g%"%téﬁ gg%it??ﬁctggffer’réﬁgstﬁ(gg p|0r¥1a&t8 %(taaigontrol
reacti ons walgimic abid SidxhedikeCadulitamGhichras Daghesiuseateargtel asda SEQ | D

NO: 23); and 5 GJC CIT AAT GIC ACG CAC GAT TTC 3! (.anti sens rinmer; SEQ ID
N 24) " 20" BARRIEING Bons SU a8 SHETOS (A5 aRe saREhalin AIES B8089 07854 ora

o AGT CALSRA S RIET Uk ooy i gh et areen?Bf e Imdr i, o e

may be:15P1 Veheri d3ddsadie: uriit foBOTs GapsSake, TTManCaniakT, icaddiion(tshitenalso: 26) ;
and P120: 1345-1365: 5' Ti]‘A @AG %S.MG tﬁTG GAG, TTT_3' éSE | D_NO: 27) .
Tabl e XLVI Pft ve e, aliguidcasrenvanioys aiRsr (naterials may Re Pr ael |

faple XLt/ = | O LUt e
or oduet || nCPRIMGPOR0 el nodiy 18 piysRaPon ALt tYd ioshde B For O3 O"
product t hidstarsce]ealslotsabills, bycdpsutés slagrbe/dcated waBRshellay, sugkircat bsth30 a

product that is detectable only in the second step of WI'l1 RT PCR, and (-)
i ndi cat es Wfronrge, aaydnategal used in preppENgeny desage Uniforga shgyld in Muse

Tt gl Il BT O T
t r ansf or neddpiion| Hecacte)corfipairels rahy de.indorpCeated intBestistdine B Bsass 30,

1997BLK- SV40 HD2 (SV40-transf. fibroblast, B6; ATCC); ++Nature 276:510-511,
1978CTLL ( fPreparptiomgnd foroaylatiens.| i s, Nat ure 268:; 154- 156, +1977) FM ( FBL- 3

313 (ATCO) © Aar oot on THRISIHdflp88 forhftldians il cBhudia I6a8} 4Bdade's 4p 200" ®
(Lynphoma, tHe aélive édrspourd 6f mdFéQAlthdughi thetpereerdagiof tre adtive. Cel | . Res.

60: 61, 1970BNL CL.2 (enbr?/oni c liver, B/C, ATCC); Nature+276:510-511,
1978Met29A (rgredieni(s) may) of course: bevariechand may perneniently heybetwesn 106,

196275, 5 2 ol o 465 6595 1o g o iy, g o
L7 1267- 12 el £346h. (NASRIRTe SimPTatve Sompcurty) iigaaher - Nat ur e

272: 624- 626, 1977LSTRA (Il ynmphoma, B/ C); nn et ncer

Res. - 28: 434herapeuticiyRisefuticompdsitiophmay beRBppa@dyisrsush aaway t@trcer

Res. -28:434-439, 1968 5 EXAVMPLE 7 EXPRESS|I ON I.N E. | OF WI'1 TRX FUSI ON
CONSTRUCT ﬁHﬁaP'ﬁﬂ%{Séﬂéd”'Eﬁgerh@Q&Pﬁ@aPV%%‘F”'Dlﬂ‘iS? %I‘%?%%“%R anpl i fi ed
W th the f dgﬁ% ' ilit bRVt RbigRRal hag-if, rddenst acid 2 10 P-37
(SEQ | B;SQ\IOQj I%Cﬁga‘gs(r:gt%{l:%g ’g!t5|g?{g,égiigda%{!,CY"gat5 gﬁng 64C 134  Reverse Primer
creati ng Ecishinistrationf predust shelidife,cas Wek as(dBie pHarhaco®igals'

gaatt ct caaagcgccagctggagtttggt 3' Tm 63C The PCR was perfornmed under the
following conditions: 5 101 1 OX Pfu buffer 1 ~, 1 1 OrM dNTPs 2~,1 10, M

each oligo 83L sterile water 1.5al Pfu DNA pol ynerase (Stratagene, La
Jolla, CA) 10 50 ng DNA (pPDM FL W1 ) 63



96C 2 m nutes 96C 20 seconds 63C 15 seconds 72C 3 mnutes x 40 cycles 72C 4
m nutes 15 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 fusion on the Nnterminal and two His tags surrounding the Trx fusion.
After the Trx fusion there exists protease cleavage sites for thronbin and
ent er oki nase). The pTrx2H construct was digested with Stul and EcoR 20

restricti OBofiideERans Wﬂfbé %g@mlg@g@g &?é  Skied th fHent bﬂﬁfédayingbsgggaequence

anal ysi s an en transtorne 3) pLys S and BL21

CodonPl us phamesceuticahfoshulatibhs, aridXad/Buch,t LaridiRRESSAGRS and Eeatioent OF W'l
A HS TAG FUSI ON CONSTRUCTS The N-term nal open reading frane of W1 (W1
A) was PCREGENsmay be deskdlers ol | owi ng primers: Forward Primer starting at

amno acid 2 P-37 ( : oNFolele : r C 135
Reverse Pri ner creatslE %gb}écl:%ﬁn '@?‘?Aét'a ?%réﬁlgﬁﬁ%%?ﬁ%g%ﬁég%ﬁgﬁg‘ut after
amno aeid terRiifhvaRpbé Ficarpdiatéd with Dheorgnetd excdlpisatstothafmhygobat t t ggt

3" Tm64C 5 The PCR was perforned under the follow ng conditions: 10wl 10X
Pfu buf f er mputhwastodentifares baecal taligt, esalspsay.gy tBlingualaralye wat er 10 1. 5wl

> i nut et aMETgeCe BTUIARE. et thedthve el baBhimel B 15 Thc e
m nut es 40'&%@??’@?3%?; %Ro%l%ﬂﬁfonvﬁﬁhcﬂﬁ&% edntéiriiflg 568i0n beské,i cti on

enzyme, ge then cloned into pPDM a nodified pET28 vector
with a H sglyagrin antpmtassiuhibitarbanates ondispgesadtin avientifiies, 7radsed iF€oR

I Ctl 20, The PCR d . al f d i T 2H
Vect or 107 heiapdicediepiiia ameuRhfis Soabeniten Bel el Tt et ec: i ot 1 on
enzynes. TRfhdepd faﬁ?ésw%ﬁr;a&?@g@ggﬁ& %ihg%nw di¥hanesange anal ysis and

then transtorned I nto ys S an 21 (DE3) CodonPl us expression
host cel | s AlteEively the 28niPK3RIEBS| My bbl fashiQukd inds avtableB oHsSILTIOGIEIOSI ON

aCSr]p?lISﬂ‘? Pecgswmﬁnéﬁgg%ﬁq%gmorﬁfﬁ?ﬁ?eeam n- &ﬁﬁgwﬁ%\gﬁ%@&@&l@% %S%'F-Cgm no acid
Rever se Priner o eat PR CUTSEARESHRAEE AEIABI dIVERI, 0'No aa7)
5' gaat 6t c phagngcaltigal corapbsitigns disclosed hteinparéXBrailys inievenousiy, under t he
followng (i:nqtrnacrlriugsi;c%rlla'lsriy, %r %33% inltga)é)eli')ittclenel?'sllIJI];/Tc eSrucih gﬁ;;ro%cl'%g\gr%h&rrgi? 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 Ilustrative 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 under
30 the conditions of manufacture and storage and must be preserved against the

contaminating action of microorganisms, such as bacteria and fungi. The
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2~1 | OMM each oligo 83L sterile water 1.51 Pfu DNA pol ynerase (Stratagene,
La Jolla, CA) 10 50 ng DNA (pPDM FL WI1 ) 96C 2 mi nutes 96C 20 seconds 63C
15 seconds 72C 1 minute 30 seconds x 40 cycles 15 72C 4 m nutes The PCR
product was digested with EcCoR restriction enzyme, gel purified and then
cloned into pPDM a nodified pET28 vector with a H's tag in franme, which
had been digested with Eco721 and EcoR restriction enzynmes. The PCR

product wagy bFE%ﬁ henssaUambr disserBibhvmeédlurtebmtaining) foPdxsimpld, datéronst r uct

e>
was di gestecfﬁvmt Stul and EcoR restriction enzynes. The correct

const r uct sethanel, polyol (ergg ghcebNApropylenecglyeolabnd liguidpblydibylene glycobr med
into BL21 (DE3) pLys S and BL21 (DE3) ,CodonPl us expression host, cells. For
Exanpl es 7aRd t&%@‘%oﬂ"@ﬂ'@\ﬁ“’ﬁlﬁ@ﬂ 'BEN%%”. a’é&gr M?%%tﬁg&s‘a.s- é%@pﬁbﬁﬁ’l@&y%? i s
the deternj f [ D s t

determ ned C @gﬁ’ﬁéﬁggeﬁgﬁ"%‘ﬁ{ﬂm tﬁgéﬁg (ﬁ% @@23% atgﬁgc'for@’e m ned
cDNA seguethgembimteranceVdttherdquired\bartidieGsize int the cisearfrdispaisiobhdiemence
for W1 A SE4 ID NO 331 is_the determ ned cDNA sequence for WIi1 B SEQ I D
NO. 332 i stheneserplsuriactantsmTihe Rieventinsefdhe actinp &l grciepraanisms cRp besp 327

137 SE4 INO | / I; . | ded by SE4 ID
No. 325 SelAOHRReDY el BaREE] G0 AMLARGRFaderRe KT RARDME OO ue by s
| D No. 329p8rabeRs]| 6hibkebutatiol] phérith, surBidi atii¢ dhimmerasaiaahnd the tikeniremangoded by
SEQ ID No. 330 SEQ ID NO. 336 is the predicted am no acid sequence encoded

by SEQ I D tases3 Bwill bemrefarableo iNTuAEISDEMIiE agRBISOFONEREMIIGREERFDONN E.  COL)
o ey 16 S35, et Sbnd SR BbbD oF kg o dsfors e

cacgaagaac E&@‘h 84O inthe Witﬂﬂ&& enfFabhnYAbsdfRior? Tor
ccggcgaattgat agthgt aaat?{ﬁgﬁlt gc 3' TM 62C For 1 Tr 39 yOQPDM 443 (SEQ I D

NO. 350) Sexamplgs aiumicugtngagsteamteantt gafatinv4C PDMV 444 (SEQ ID NO 351) &'
NG, 03535 5" acage aglsEak SEIOCiHe it it Barenlerd) AcklpiSkaNRA BT SEUSPES N 353)
> goatat CBQIGQS&,%E%%%@%}W%@ fé'it%%IV'b@ﬁf@rJd‘ﬁ nBGBnga? apRrtheniga@ under the

follow ng conditions: 1 10pl 10X Pfu buffer 1 pl" 1 OrM dNTPs
2pl | 48 editentlfirsioreA8etedsisetonicewitia sefficiens salind ar gNsosel Yheseaparticular
(Stratagene, La Jolla, CA) 50 n ) FL WI'1 96C 2 m nutes 96C 20
seconds 6389460us8QJHHQNS 2 g@%c&!%ggg%rW@vggo%@,dn;{amu,:fgglgé The PCR
products ' ' 2 sﬁiqr} n ' id i ed
pET28 vecﬁ?ﬁ%ﬂ?ﬂggﬁgaﬁﬁggépﬁ@eﬁnéa@'%e ) engg%ﬁﬁﬂggagﬁ“édi gest ed
wi t h Eco72aqascusmedium Tihet camsé employedewitl beokriownrtadthioge lod skitirin dlog atthr ough

sequence analysis and transfornmed into BL21 pLxs S and BL21 CodopPlus cells
or BLR pLy# Kghied the prassabdisclesure Far example, one dosage may be dissolved

20 in 1 mi of isotonic NaCl solution and either added to 1000 mi 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. lllustrative
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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EXAMPLE 11 WI1 C (am no acids 76-437) AND WI1 D (am no acids 91-437)
EXPRESSION IN E. Cou The WIL C reading frane was anplified by PCR using the
followi ng prinmers: 25 PDM504 (SEQ ID NO. 354) 5' cactccttcatcaaacaggaac 3'
Tm 61 C PDM 446 (SE(~ I D NO. 355) 5' ggatatctgcagaattctcaaagcgccagc 3" Tm
63C The PCR was perfornmed under the follow ng conditions: 10al 10X Pfu
pbuffer 1 pl 1 OrM dNTPs 2pl | OoM each oligo 139 83wL sterile water 1.5al

Pfu DNA po | 1 96C
R P A e e e b A i S

i nut es Thas BCRiQroxdlicttartardc,dngedelied andtthe ElsexRBaﬂscﬂormemwdh ithe trepPDM Hi s
whi ch had been dlrggrested vm h Eco721 e se nce was 10

o o) BarpeYOTouBs SR &5 a6 deriediam IRGrANIG Hases S S8for BLR pLys S

d wh
PRopUCT OB b(P: SRR EOHANGTER, ettt Rekietes P bR hes A T s
per formgd sgchletgania besdsas sbprspylarhinehairgethglaping) istidind oprogaimgearah
expression. The follow ng pairs of oligos were annealed: 1. PDM 505 (SEQ ID

NO. 356) SThﬁj@tet dém@zrgu@m§pwaagmlbbg@{dgnerstez@d qursm | D NO.

396) 5 cobeRannBearLEenbORdbanPRERIAbAR SO ahaf R 0 o 3s9)

25 cggcagt fHIaFaRRaly effeapRACCCagggat ggaa 3" 3. PDM 509 (SEQ I D NO. 360) 5'
cgcact gccggtt agcggt gcagcacagt gggctc 3' PDM 510 (SECT ID NO. 361) 5'

cagaact ggagcccact gt gthe cavigys candurtheriomnprise ampand all speqts, disgersigp2) 5

tt 51
o oA G AR Y e R S
ggttccct 99%6%}@6 @ﬁ%@l&ﬁﬁ@ﬁ?Gﬁ@aBGﬁérﬁcaﬁ@"s@%ohé?%é nbigns365) 5'

ggcggt gggggegt t gcgggecggadgt gctggaccacc 3'° 6. PDM 515 (SE4 | D NO 366) 5 10
cccaccgcct colinidg@ndcthediket ddet use ofasa.mhargedia m/ageras(feamarmaoeutnem) 5'

;;222{ ;;g{ el gg%t?%%g%% 3\3@3‘3&8@3’8@5@3 ag Except insofar aé any conven ona§68) >
media or agent is incompatible with the active ingredient, its use in the

15 therapeutic compositions is contemplated. Supplementary active ingredients
can also be incorporated into the compositions. The 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
compositions 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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15 PDM 518 (SEQ ID NO. 369) 5' ctcaggcactgttcttcgtgecggttctgcaccaccccag 3
8. PDM 519 (SEQ ID NO 370) 5 gtgcctgagcgcattctgagaattctgcagat 3' PDM 520
(SEQ ID NO 371) 5 20 gtgtgatggatatctgcagaattctcagaatgcg 3' Each oligo
pair was separately conbi ned then anneal ed. The pairs were then |igated
together and one ~,I ofi ligation mx was used for PCR conditions bel ow
I01 10X Pfu buffer 25 1 ~, 1 |1 OrM dNTPs 2~,1 10M each oligo 83L sterile

water 1.51 &i\go%é’gg Wg%@‘%én(iﬁ%ﬁﬁ ﬁf@sui’t&"olé%bbﬂeel@?%rgéﬁfhms. 9RC 2

m nutes 96 secon 5 seconds 72C 30 seconds x cycles 72C 4

m nutes 5 paricBlaR theadmypositicnsdofghe peelsent tinveatioRl may be dowmadtedfoo pPDM Hi s
whi ch had been digested with Eco721 and EcoRl ., The sequence was confirnmed
and then tfiﬁm#‘ﬁf@@r engapsglated in,a ligidprrtigera lRPeemes é’@ﬂcg%@f ormed with

CodonPl us X A2 £ ol AW G: s nal | scl osed:
o ot 1D Renasiierd G @ haodshicte of t@%{ﬂkg-sé&%@'ﬁ@#b@ﬁ?ﬁ'Pgﬁm NO: 338 i s
t he det 6r mprez@nt [PNantien canbe Boundy\Eithe2&analeridly st risBcovaleily, dethe mi ned cDNA

sequence for WI1Tr3SEQ I D NO: 340 is the determ ned cDNA sequence for
WI1Tr 4SEW swiage ghsughscarper wehielesi ned cDNA sequence for WILC15 SEW I D

1D D343 1 the. prodieian g seBL IR E S8 BBaRmE kW | b ho: 338 Sw
| D NO: 344 ggagid?&ti&fs%é% poRMtiaNdrng wﬁéirss_ggeﬁéﬁamym@mﬂd thysSEVEKilPikHeNO: 339

SEW | D NO: I's the predicted am no acid sequence encoded by SEWID NO: 340
SEW | D NO: antdsés farraxapnple; kasic, Erends Biotedhnel d998culd 6(HHT-BY; SEW I D NO: 341

of TR OTrREAKFISEPP e RS 1R08 MGt Y Pe T, (i BpabJBnBE LB °o' o
pol ynucl eogjdleragy Nggsés(eyl:é@f-gﬁr\dav@alﬁ,ogﬁpﬁe\fl ThePDRli CRIrMEr Systubsti tuted for

t he native codons, produci ng a pol ynucl eoti de capabl e of expressing W'l
TR-1 in E. 18985j12(2-8p233BAMEEPatenES/A867/34N) .S PrientS/SIENGT, U.S.

The. purpos BTN €1drtl . IoRtS ZAEPEA 'S bl oI B pot et 1 o
?ﬁrfjﬁimz;t i géé@ﬁ@%ﬂﬂh?ﬁp%rﬂgeggggélﬁﬁ ratél}%he?‘nn ﬁﬁj' %gﬁkﬁyﬁg exper P:rg;'?ialn desi gn

for inmgni zati on of tiposomiesthalBlbeerotisedsuccessiully wdth a nuirder ef tell 10 Tabl e
L Experinmental Design of Wil | munization in Mce Hi siolo r\]/ G, ou lxa
eglufpsidc

G oupTr eat A#@S thatare permalipslificylbiaIransiart N Other preg laiing'T ce
treat ment 04gdn dibneShribadty Wepatotyfd Ofures Ghd PC We&tlls (Renneisen et al., J
Biol Chem. 1990 Sep 25;265(27):16337-42; Muller et al., DNA Celi 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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apartl Qug431. 2MPL- SE, 3x, 2 weeks apartl| Oug442. 1Ral 2- W1+ MPL- SE,
6x25ug452. 2Ral 2- Wi + MPL- SE, 3x25ug463. 1Ral 2- W1 + MPL- SE,
6x100ug473. 2Ral 2- INT1 + MPL-SE, 3x100ug484. 1Ral 2-WI'1 + MPL-SE, 6x1000u
9494. 2Ral 2- Wi + MPL-SE, 3x1000u g4 Vaccination to UVT1l protein using
MPL- SE as adjuvant, in a 15 multiple dose 143 titration study (doses
ranging from25g, 1 O ug to 1000,g WI1 protein) in fenmale C57/B6 m ce
elicited amd preentihlefi®s NaRogaidursivan GEneratg ehﬁapwbw&mdanﬁ acel lul ar
T-cell responses (Figure 20). No system c™ hi st opat hol ogi cal or

t oxi col ogi stablefhe ceprodiicible wayisem foexample, Ghintanart-Guarreesebd/sddngd. No
hi st ol ogi cal evidence for toxici was_seen_in th folloggﬂth'ssues:

gfirggal gLQﬁM,In%!Pélaﬁm- (1_8%%;960@%4(3%),:1 Ll@Bhufe avpid sifle e >on gal
adder, ﬁﬁfﬁgcgg@%ﬁﬂgy[ﬂgﬁc%%ahlngﬂ§¥ch h;ﬂ‘}i)'aYigg ;%:Irl"i’(ﬂéé @e@{iﬁﬂ;u%.d yver,

l ung, lynmp esophagus, “ovar reas, ‘para roid, salivary

gl and, st epf)mayBe tRsighed UENE pOolynRirs ablEto Bédednadied in vivec feagch t hyr oi d,
urinary bl adder and uterus. Special enphasis was EUt on eval uatiaon of

potential Rafigleskanbe madeas describese fonaxample by Corvieyr ehal-oCrihReY er num

and fenur [ alelg . ) I I I nd bl ood
cher otry (BeRDMY SRR (e 5SRO B IRe oF Bl Firy PREIA™ k7 ne
nor mal ranggghbiil. §958 Marlds (8):Y49-55h Zanauxtet al. J Contolled Reledbe. 199@r esent
in sone patients with | eukenia and that vaccination to W1 protein can

elicit W1Jan&sa(l3)&d -4dantUl Bl Ratent&e145,684ponses in nice wit hout
toxicity to normal tissues, these experinents validate WI1 as a
tunor/| eukem a vaccine. 20 Table LI Cinical Chem stry and Hemat ol ogy

Anal ysiyg TR »f MAlgriatt Diddddedt i on Study CGinical Chenistry and
Hemat oI@gy*Ah%@ls?—s—%ﬂ—nm—lﬁﬂé'ut VBCM uL RBCg/dl Hg. % HCTfL MCVpg MCH

MCHCNor el 5. 4- 16, 06. ima@inslogicapproashes tecamnsEy therapysre based osdheup 11
0) 5. 68. 4112. 843, 55315, 229. 42 (0)5. 59. 1213, 447.55314 728. 23 .
Eog 7.59. 221%‘?@&‘8‘5’1‘1‘%?'?9%’)% (‘@6‘%@. GI) 1%’%&3%9?&’?’%&%9@% a0308f e L1: Wit

Dose Tit . o . . Ani mal

80 oL WBCNPOCTRE o réioh TS pnft REIpEIEs, ARSI dfiended igitve Ani

6. 7- 12. 510ierapetittally 4ttndated 2o 26g4in the lost ground, e.g. pgs. 623-648 in Klein,

(1. 5) o101 Imiinoibgy, S \cistaraoiies Aou Ry ke s Nrmarauis recant - " 0
1.7)7.89. ; ; s il

E 1 83 6. annaRas s Yaniol immupe effectors can diecivor indirectiy inhibit, | ¢ 1 o

roup 39 (2ghgwth36r.tlimbds has letbolrbngdedlinterest.ib X%is appicabh BaheeB29. 311

(2.7)48. 9413. 24S. 35414. 727, 312
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00.20.5 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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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, a 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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adenovirus at an MO I. of 10 (Figures 21 and 22). Vaccinia virus was
inactivated by U V. irradiation. CD8+ T-cells were isolated by positive

sel ection using nagnetic beads, and primng cultures were initiated in
96-wel | plates. Cultures were restinulated every 7-10 days usi ng autol ogous
dendritic cells 15 adeno or vaccinia infected to express WIil. Follow ng 3-6
stinulation cycles, CD8+ lines could be identified that specifically

pr oduced 'Nbﬁpﬁft‘:rrﬁg} ?Ero y%ﬁ.@ l@%ﬁyﬁ pﬂf%@‘&e@b%%@&ﬂaﬁé&ggmﬁ' ng

dendritic S or asts activity of the I nes
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i nfect ed afPefityBaReH STIMIZY @t dleilmts JpGYnaen). Batieh 1H2) 13868 (BOBAFP- i nf ect ed

FoRuLL AT PG HeDs st AP BEARH B e R floras T B

LYOPH! LEZERhit&HaHevarfdH tungorap! e describes the formul ation that allows the
conpl ete solubilization of |yophilized Ral 2-W'1l. The follow ng fornulation
al l owed for the reco\ﬂﬂ'1navarepp@§§ionwalspzdaﬁmbe@lrb@e@mgp@s%amaﬂto an
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Trehal ose (15251, Signa, MO 10% Mal tose (MP17 % Sucr ose

(57903 Si gl :?umstomaoairﬂmgeosanwmdﬁw&egrw Mm);sam% l @talsel ]g G75§8

T
di Ssol J8 2Fanrer Bl el 2R3l Pet: ebAD), Wi Bierpudie WA ;’Si”s by
oa0rved EXBIERSEN e AncR 0Etn Bangh ity ot sTRi SEILITRE CTRARBNE 11 ¢
exanpl e degscfrestdy iddiatednamor specinfendl 1 Otperadiéeasesnshawing ¥¢ponses fol | owi ng
i mruni zation with WI'l protein and 2 different adquant 15 formul ati ons.

Accor di ng pmertepfpse%sawﬁp@ eViV gespeiated ¢iseatas: sueh 88 BMrF'H BPEEMhduces a
strong Ab Gn'a%ﬁﬁ%gﬁgggl dceﬁ'\' !’“}%’Plné P”é?alt M?L)ﬁ?&ﬁﬁh’labﬁéj(s -gigtai |

bel ow are uce specitic | ne responses

f ol | owi1gg Wl(zoom)QtWHms‘ tumo gerie expressnog Uyﬁlorﬁﬁl and ndiligmanh hama® adj uvant
in C57/B6 mce. C57BL/6 mice were inmunized with 20 ~, g rRal2-W1 conbi ned
with eithelymphoostessr Enhanzyn adj uvants. One group of control mce was

e e 2 oR Fo 4 Bl oo Bl [BS ¢
12 treatment of peripheral blood mononuclear cells from patients with Ieukemla
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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25 weeks apart. Spleens and sera were harvested 2 weeks post-final

i mmuni zation. Sera were anal yzed for anti body responses by ELI SA on pl ates
coated with Ral2-W1 fusion, Ral2 or WI1 TRX. Simlar |evels of Ig&a and
| gGl antibody titers were observed in mce i munized with Ral2-W1 +MPLSE
and Ral 2- W1+Enhanzyn. M ce immunized with rRal 2-WI'1 wi thout 30 adj uvant
showed | ower levels of Ig&a antibodies. 152 CD4 responses were assessed
by neasuri b enocyt es
h Vi o w Rt REppmerRhp Al tonbithpdgh i Sl I Abadh o8

Bot h adj uvayrgenieiq atiogeneib er Givelatesiho Asatiscussedin geeatemenaﬂ below,t h
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e compar cAHERE s Gt Ak, S PG 8, A bl R %*”E;?Fde
responsgs BER& niittow ﬂbﬁ%ﬁlﬁﬁt&tl@gmrﬂﬁnsﬂﬂslﬂn ofibidoti g tomponents theegofi mmuni zed

with rRal2 10 WIr1+MPL Strong | FN-~y responses to the p05| tive control,
ConA, wer eBisting agentsnT gells, rarttlgencmeg«em tingealisdARG ansheompesitiontser ved i n

r esponacs. HEPEpae ey SulthRbe e tdr bR bteats SiEkiaN o G bihle) o
RANDOMLY Malifdideeus? éuéd&l%ﬁR\éyﬁbené%r@nee@fedivmqm Plcels ipnitrdTl was

random y nut at eéd usi ng ol ynerase chain reaction nethod in the presence
of 8-o0xo0 da’m’oarrdvmoTlSt(cthﬂ' ﬁsﬂpecffncmceummaymuﬂeslgyorl@%npleswntblag 603) .

The conqpl et.e 20 unspliced. human WIl gene is disclosed in SEQ I D NO: 380 and
t he corPesABARH e prSYt@I IAfUSISence is set forth in SEQ I D NO:404. A splice

variant of WIi was u f i
disclosed in SEQ ID ﬁ&gte%s%@(Wa d f4%5glhgs?rg§§ﬁn§§wggr?%@sggg ﬂlre

sel ect ed svartyffadmtlmﬂwrﬂuaqnmendmdnlalramdmay becieddiy estahtishadusing to a
target ed change he am no 25 uence, al | 30% of the PCR
product. T ﬁ@"%ﬁf‘iﬁ “Iﬂ&QSp B@GEP@(ME‘ i'qqﬁéﬂm%sﬁﬁﬁ’@smnce of the
nucl eot | de, 2050 QOHRS B@é&%nﬁn&‘éréoob'wd“&ét%' cltineoliERnfiaAflidehianas

0 vector ahd viral vectors for

subcl oned I Ato hamEl 1 an expressi

i muni A8t i imravéhobas br bulbeytanédies) eintraeasaliynfecg. nbyasplramh)mvmnaﬂy.l lnn of
random y nutated UUT1 cl ones. Several cl|ones were 30 se]ected a

sequenced. SIME tHMOsS RNANNACEYTica] SOMBQRITONG AL YAESINgS fal ke IaGEBB'SWie%EQ ID

NGs: 377- 37 e e variants
are set foﬂlc%ﬂ?r@)gga'pé% %t@% iﬁ&&’i’b{e%’é&g‘ﬁ’%ﬁgu"@éa%@‘ﬁ%eé’;’ pand ot hers
fromthe | ahg @gyaplﬁﬁdﬂ' dthersrethads kriowmirgibiesart)o F?rethlablysbemwﬂ anddlol
responses agai nst protein in cancer cells E 18 CONSTRUCTI ON

OF WIl - LAﬁpswmam@ aﬂmm@grqd @\éerf%?mq}seger&%s?rﬁﬁr@ew Gdangsiane

pol yrer, t he
s 1od0; uRAMMiSterER s iRRnAIC of {Mhdlfth, End bbEeRGGahatiers ATk LGN | |
) and a spbeﬂednéﬁuwﬂtfelr@aﬂerofAltéanatprTamc\dlelmaydu&mmoprme feplndeualrl ant of
Wi and the LAMP-1 sequence used for these fusions are disclosed in SEQ ID

NOs: 381 angatiems. gpsuitahle dosg is amamaun of agempaundshat, Axren admingernd r s

frame (L, 285 d5acioHhAEvS.1s bafalRr n?ﬁrgﬁ“ﬁ%%&%ﬂ%ﬁt@%@%’é&ﬁ@ﬁ%é‘%Q?ﬂ c
domai n of %l%athé\uﬂehs{ POTBIPADEe iHebBasd ( ﬂ@%nﬂéaﬂeﬁ?‘/@ve%s%wmdn@et he
3-prine end of the WI1 sequence. The sequence of t resul ting WIr1- LAMP

const r @5 icandempoiterediby maasmlmg\mml -{upng) antiedisrediniapalie @9 bypr ot ei n) .

cert s, ¢ neVabghEReRERbErEdaT el AN bR SRR EER B RBHEer T cu un
(ER wher e plignfOniniialelis® urd. S@dtldedines Soula asoBeTsaatsied daayingp! asri ©

domai n of
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



direct transport of the fusion protein to the |ysosomal |ocation where
peptides are | oaded on to Cass Il WMHC nol ecul es. EXAMPLE 19 25

CONSTRUCTI ON OF WI1- UBlI QUI TI N FUSI ONS FOR ENHANCED MHC CLASS | PRESENTATI ON
The human ubiquitin open reading frame (SEQ I D NO: 384) was nutated such
that the nucl eoti des encoding the | ast am no acid encode an al ani ne instead
of a glycine. This nutated open reading frane was cloned in 30 frame j ust
upstreamo ¥ } i i ds¥réin! D

Nox: 351 anfOYBEPAUSER S I bf SadtPhORBoie Plischl i BB%e Rigcsran' Xsa
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decreased cellular 5 XiCi S expressed | man cells.

Wher eas 5i t phgvidetrtheriive Rompound(s)an ancambait sifficiasttogrovide shexapeatic ve WL,
cell lines expressing the fusion protein were readily obtained. The
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Fecoani 1 ofdNBAEABIGET R d), Tgte HEcisht Siibiphd of Pafieouy oL £ 20
CONSTRUCT! dinigkiofd. oFlehNglt Hideasé-fréeRaridbiriveraNeu Nn\tYehitéd patieste asar i ant
of human WI1 (SEWI1 D N07'381) was cloned into 15 an E1 and E3 del et ed

adenovi r us cemparggto mon-reatad patients x ceeasesrn greexistingrimmune respansesr ol | ed

by th t diati hi.gh |, | f.\W t ei . ion.

by, e W R ADLEL TR SLLER, DAl svel PLMEY REGLEL D el o
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proteins i ost c duri'ng and produced at” low | ével s 20
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recognition of WI'l1 as an 'ﬁm’runol oerg‘igcal target. This vector can be al so used
to gener at Paf'?ﬁ\‘\ﬁéo'iee%%ﬁ eslreiNieldt the W1 protein when innocul ated into

human subj ects. 1T DGt SURERCADAEIMEMS inishdiéralff nd Bo 2aUg L unor

cells the i mune response ve a eraputic or “curative effect on the
cour se 185 dhmunettdirapyde wHittAlvEaarit rEliR4SHRUET InChvaBstivhulatioo dlithe VI RUS
VECTOR EXPRESSI NG HUMAN WI'1 A splice variant ,of the fulél | engt h human WI'l
gene (SEQ Epdegengisspastimipunes tp freact:againgt JunarsWitkith@se 1 ocus of the

vector Tnaangsfafdh L imbre aRrse Aot alBhENSLOR oR HolReBRES, 7 | (L

pronot er that pohgHRiRRides e rupidediepsin).hr oughout the course of vaccinia
virus infection. This reagent can be used to express the WI1 protein in

human cel I's in vivo ¥Yithip olherembaegiments, dmgunothergpyimay b pasgive

over ex S | Y L responses to
WL delalye ranuuRg I YERERSR Intoyes 1 asiveRTHN dudtis it L CoEe T 1y
C ass | (Mdgtablished timorimhrauad reactivitpi($ucnas effedtdr célisrenvantiboaligs)dsat on of
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wi Il al | owcanghrecty er indisectly madigte anditrneneffests and dassdayitinecessaily t he W1

Ui rus. veot SEPBIAProgiL biact R BhER sRpteo FXm el St s BB 0, e
of MHC cl agg|ld hs ¥isbusEed abbvé,cT RampHdcytesdguehrds GD8etytotoxid™® uses of this

invention include its use as a cancer "vacci ne. |mmunization of human
subj ect25 bdymphocytds apd S04 VEhelpes tymoninfilirategdymphacytes), &jler cellsr curati ve

response. -I(-Qt?cheég N%%usriaPRillgl; cgﬁ-@,lar\{\é }yrllri\pr}\otk?nee-ggtli\}atg\é Hllelr Sglfjs), 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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15 to recognition of the protein by both CD4 and CD8 positive T cells.
EXAMPLE 22 CGENERATI ON OF WI'1l- SPECI FI C CD8+ T- CELL CLONES USI NG WHOLE GENE
PRIM NG Dendritic cells (DC) were differentiated from nonocyte cultures 20
derived from PBMC of normal donors by growth for 4-6 days in RPM nedium
contai ni ng 10% human serum 50 ng/m GWCSF and 30 ng/m IL-4. Follow ng
culture, DC were infected 16 hours with reconbi nant WIi -expressi ng

vacci ni a Vi : N j bRt NBI f1d tion
(Vo1) or_5IpIERIBRIRE ok BeSHISE Bncle At B S RAERL NG RIS AL an
MO of 10. p¥esivé mmuRbtherapys was inactivated by U V. irradiation. CD8+
T-cells were isolated by negative depl etion using magnetic beads,, and

priming cul tures werMongeionat agtihadiessmay e ‘Bpﬁleé’g".vit Ny of 8yafighyeof

ndono. o v EDER B Yofod sERkive Brate ' AT e bl of, 5 oo T
sti nul aki otheriséRfc appheating @ld dédcrned aou.S. Patent Riasi 6i090,365;t hat

specifically produced interferon-ganma when stinulated w th autol ogousW'l
expr essi ng6@diBH42;i5;843;898; ©695,721pbhd % 208,98@ werebyincoreorated byied and 156

d trat t i f.i I, | i W1t d. |
e SR ol SR B PRGN S
WIns' tungaed \fé b]ncﬂﬁ‘q:‘éf e I}abéﬂé&ﬁﬁ%obi&nbﬁé‘r‘ﬂﬂf&ﬂﬁa%é YefdHfhinant site of

overexpressed i n nost human [eukemas as well as”in several solid tunors. 5
Previ ous sthedamtigenmwitisignal detectiodardeliveny efd particplae tharapedtc agantdpeci fi c

i bod Ab i 161 6 250 f AM i 15/.81 0 f CML
0t 200 bl nnaeen SSbonthed batnd Perinanet b SAdubher SRR R0 o,
based vaccifeatigh 'isCtotpr%S;QsepBbm %@@@%ﬁ%ay g@&;@@g%eu@a%use of

pepti des as vaccines ns'rs imte therr striction and the

t endency t achieviplgistich desireddelentiveiusages dsareokes and only in a mnority of
patients tunor specific CTL. The advantages of whole gene i munj zation are

that several hel per Effgctorceligmaysanesally be optaineginsyticigntauritties Sl ne,
th t . Cti i i fi : .Th di scl d
hor o n_cenaRRPiE EAHhORLARAN GrdingR Yl 6 destribddisroil Bultde ¢ °F oS¢

whol e g@ne cbiditibhs forExpanting sibglerantigbatspétificsafiectdriceliChE severatbillionl ones

can be generated. G ven that existent inmunity to WI1 is present in sone
pati ents win RUMbgkwithdetgntion phantigen rrecogmiion/fdivosie wekkagwninthg adal  at

the am no id. I - i : Lol ti des can
e o 0o S5l b B ot ERGHPAS el MR sy PRt WL | o
toxicity tanfgemedften iAXHE présentecst cytdkinde@ach wgab-3) rand ridredividing ng _
experinments provide further validation of WI1 as a tunor/| eukem a vacci ne.
Fur t her nor égedarselisi Astnoted abeverigreungreagipecpalypertioes as provided el nmay

U ng Shema5e S te PR S PRRE A EBe RRRARIE T DM SR B8 BT e
FOR CLI NI Clenbhiib/e/SufidteMnuiphb ¥t dellddocipilinathbrapier|a paticulas aftigend bed in

detail bel ow, for the production of clinical grade WI'l. Design of Ral2M T-E
(SEQ | D Nopresstingmely, such aodengyitis; macrophage, wionooyte, ibroblasthand/esB ( cDNa)
and 395 (protein)) . wWth is 30 tag: 157 . T - NG T was
BCR anp! | | cBlva% 0B el wib mitnbFetisiye ovbhlol ot nEcS R fieh Ghe®
construct: 959?‘6@ |%r§ﬁfedt@ewsﬁfg6§taﬁaaﬂﬂfé@ﬁﬁmé§w|qemv¢rpmtthéa;rpap@c 3 Tm
6C 5 PDM 7 SEQ I'D NO: 397) 5" “cgcgtgaattcatcactgaatgcctctgaag 3' Tm 63C
The f ol25wiexgnipiR antigenrpyesentifig ¢celiscandbetransfected with 2 polymealedligef er, 1 ~, |

1 OM dNTPs, 2~,1 1 ~ M h o]i , .83al steril t 1.51 Pf
pol yner as e?‘@gt’}ga@ B‘E%H%t,ergggfﬁﬂ?iag ?%99%36%9?989&6\%\??@%%&#%%"%?5&%% s).

10 The react.i ] | bk | | d by
10 oyl ces oF O BHrESH SSEmL "OUlFeerioidt Sels Ry o hHE Dy O RS e
and 40 secahisto Jiowsanadistrittute wddelpyard to sarlvivexioag séromiroviva 2 Stidies 4

m nut es. The PCR product was digested with Ndel aquj EcoRl, and clgned into
pPDM H s ( daveshowsdthgigultired effgctoroglis can deprayced earovginyIY§argdd? and

EcoRl . e : r . ! r haYi t hen

tr ansi e T EigeRRapEeRtal ARfobiR, Hpop Rk RnFRBA W e |
construct - pPDM WI-1 E was then digested with Ncol and Xbal and used as

t he vector backbone for the Ncol and Xbal insert frompPDM Ral2 WI-1 F (see
bel ow). The construct was confirnmed through sequence anal ysis and then
tranformed 20 into BLR (DE3) pLys S and HVS 174 (DE3) pLys S cells. Protein
expression was confirnmed by Coonassi e syqi ned SDS- PAGE and N-term nal

protei n sequence analysis. Design of Ral2-W-1-F (a.a. 1-281 ) with No Hi s
tag (SEG? I D NGs: 389 (cDNA) and 393 (protein)): 25 The Ral2 WI-1 reading
frame was PCR anplified with the following prinmers: PDM 777 (SEQ | D NO: 398)

o o o o —— on v N IR A =~ N~ 1 R I /NN PN




The follow ng PCR cycling conditions were used: 1 ~, 1 1 OX Pfu buffer, 1

~ | 1O dNTPs, 2~,1 1 wM each oligo, 83al sterile water 1.5w Pfu DNA

pol ymerase (Stratagene, La Jolla, CA), 50 rlg DNA (pPDVRal2 WI-1 No Hi s).
The reaction was denatured initially at 96C for 2 mnutes, followed by 40 5
cyl ces of 96C for 20 seconds, 58C for 15 seconds, and 72C for 3 m nutes.
This was followed by a final extension of 72C for 4 m nutes. The PCR
product wasipglegenterPwith 1In2Nges, fandxamplis Chiever BPAIN /hirsundiegichhd been

di gested with Ndel and Eco721. The sequence was confirmed through sequence
anal ysi s aRéviewsn’a# 478189 d into BLR (DE3) pLys S and HVS 174 (DE3) plLysS

and N er i nal pr ot of RS EaHER¥es JAER) arelESRing  HO PRI S e RER o 14 5
tag (SEWI P‘aV%e ﬁ%dﬁﬁé&"ﬁ%o %@ﬂgér?%résﬁnﬂh@ic_%}lé tak'éfhefrcﬁﬁIa'Zgé‘ﬂénl angadi ng frane

was PCR anplrfied wth the owi ng priners: PDM 777 (SEWID NO: 400) 5
cgat aagbat elbgallypopaggtestepavivadoBtransplagdarBNnio7iBe(SBEW patien; 401) 5'

tet t 3" Tm 7C 20 The fal | owing PCR cycl |
Condit 1 ons TiaEcieq oI mayibeyeistrasipeq Jiedhe patent YSiBR G eRS KGwE - 1

each ol i go; : ' ki l; ﬁﬁﬂﬁ%l La
Jol la, CA) !n @g aﬂ?’?%ﬁ}é%&f%"@@]ﬁﬁhﬁaﬁ si@ﬁtﬁ@%ﬁf S denatured
initially atind@aturhor administedtion, fol l owed by 40 cylces of 96C for 20
seconds) 68C for 15 seconds, and 72C for 2 m nutes 25 and 30 seconds. This

was fol l owed by a fiWithinfurhesiasreels, methads foy infibjting the qavelppmept 8biuct was

di gest it I | I } il ; i gest ed
w 0n nagh “ibeiRBian: B SE Bs Bt R IVt { bRaRS St otk Ble ARSI 0=
t hen transppaiiefbgotisor EbI8 theERave besn activatetibrdspbnsBid)a WSS cel | s.
Protein expression was confirnmed by Coomassie 30 stained SDS-PAGE and

N-t er mi nal pplypeptide eeMiEhexpressingARC, asdescribes ahpver SuchiT celflamay 69- 430)

W- 5 <1 eabbiPT s SnalongDRd setkinal e Wit i O s Htbvel [HePt Bbtls T
PDM 780 ( Sﬁ@aﬂ e ABrviigtbréd tomedAGRItRAl M &IF afidtmt bfeénaiadnkibit e 6C PDM 778

(SEQ I'D NO: 403) 5" gtctgcagcggccgcet caaagecgecage 3' Tm 7C The fgll owi ng PCR
cycl i nd5coddivelopmentof a maligmant dispase.OXypically.aheowt fle¢ 10 ol X 100mM dNTPs,

2~-,1 1 ~-M | 4 , 3al. ster.i t 1..5al Pfu DNA
(Strat agenfg{hﬁﬂﬂdﬁ%a@g’@%ﬁt& r'hﬁgﬁm@%ﬁwm@%'tﬁﬁr 'N&R??Ihég%ﬁ sg reaction
was denat ”(F)%gasdtéﬂéfzdrﬁéﬂ. Wt il @@@viﬁ@ht%tﬁgagfggm]ggﬁﬂtzﬂénaﬂ%mné%umdmﬁ of 96C

for 20 sec C for 15 seconds, an m nutes. This was

fol | owed byels andite freqeerncdyoof adminibiration will bedepesdemhepardRepiesponase 15 was
di gested w %g?Il\IdeIm&nd cloned into pPDM Hi s that had been digested with
Ndel and E& pat - sequence was confirnmed through sequence anal ysis and
t hen trgnsformed i nt QuiBk ; el r36ldns.

Pr ot ei r@gxpr ession m&s‘%géﬁg@e%rﬁ%g&g?ﬁ%i?%@s@qﬁned g%‘él-a%%angd

Nt er mi nal  putdlegoussieone maerowntrapsplantation ESucRLtinRAatieNERX Ak plaee in

WI'1l- SPECI FI C CD8+T, CEL

L CLONES US| E GENE PRI M NG AND | | F| CATI ON
OF AN HLA- KQ’DR@SJ’TP(It@FE'[PWY’tE?’FWg%P%?% MATOW) PQMOA@@HBRQWE%QQ% a

virus deli i b@&g@r { il | i nes.
AT cell C%ﬁ?\%ﬂ%ﬁﬁ?&ﬂoﬁ% %Iﬁﬁgw\ﬁﬁﬁgﬁat o) ﬁ%@ﬂﬁ:ﬁgfﬂa&/{ﬁt Fa‘tzlr?gq%‘éurt her,
t he epi t opeontavtahivithc W 1t polppeptivies avpadynubledtide entodienaWTic cel |'s (DO
were differentiated from nonocyte cultures de ivegw][‘erq PBg/C of nor mal
donor s 4§y @obyRentide and/ag Qﬂ‘a@gcﬁhamreﬁ%‘iﬁ amsb pe RF'H%H@ %%”F\‘ﬂ?‘@ﬂ? serum
50 ng/m s I i e ed 16
hours w t %ngﬁghg?ﬁnaeggu@%{f%&dpﬂr’%r@tl {rﬁ% %@:@?ﬁ?ﬁ%gg efts \%E)rg l?\sgeg?e%%%'

mul ti pli ci Boref marbas pefphémsitbloodfstémarells @andZr3NTayspenifichT celtsomial ribaer

WI'1l- expressi ng adeno virus at an MJ of 3-10. Vaccinia virus was
i nact i vat edegdroinistereditad patient usingsstandars teshpjgres; sol at ed by negati ve

depl eti on using anti I | s,
fol |l oned by nagneticQgﬂbﬁiﬁ%ﬂ§ggﬁFpﬁﬁﬁ$g§Fﬁkgmigp%g?gﬂ%%gggﬁﬁﬁggg Abs.

Pri m ngae uldomof naffbé stimuleitéd prof 1 a9§¥ ei®bPhkSgerfeit {ralatsd ver e _
restimnmul ated every 7-14 days using autologous dendritic cells infected with
adeno or vanmrelated)bonesmamgwritansplantatian pPuels stimulatiopimaytake plaee in
stinmulation cycles) CD8+ T cell lines could be identified that specifically
produced 10 interferon-y (I FNy) when stinulated wi th autol ogous- W1
expressing dendritic cells or fibroblasts. These lines were cloned and
denonstrated to specifically recogni ze ¥#1 transduced aut ol ogous
fibroblasts but not control transduced fibroblasts by Elispot assays. To
further analyze HLA restriction of these W'l specific CDS+ T 15 cel

clones, fibroblasts derived froman additional donor (D475), sharing only
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transformation), the |eukema cell line K562 was tested. K562 was
transduced with the HLA A2 nol ecul e, and HLA- A2 negative K562 cells were
used as controls for nonspecific IFN-y rel ease. ELISPOT anal ysi s
denonstrated that the T cells recognized the A2 positive K562 cell I|ine,
but not the A2 negative 25 K562 cells. Further proof of specificity and
HLA- A2 restriction of the recognition was docunented by HLA- A2 anti body
bl ocki ng eyRgor PR, P&t ih Wtﬁd‘ﬁimdlﬁtlbﬁebér’f@m\ﬁmmﬁﬂhdlgpPenﬂhér’aPBI%HE{Qr W'l
retroviral constructs were generated. Donor 475 fi asts were then

t r ansducedaviaction Imébenemwmwmpenﬁherstﬁoﬁ shiainetbfromsa related orecogni ti on

of D475 30 fi brohl asts transduced the W1 Trl co uct (aa2-aa92)
thus denonYbreiated dongamayee mtaetﬁ @23 | GoNreRide, W lvﬁlﬁ oids o1

N-t er m nal t ope
15mer pept | é@é mﬂﬁ\ﬁ%yé&;&?el n, ﬂ%eﬁ%pl n ﬁat?rz%?&h'%ﬁﬁgﬂgg?ﬂg tif

synt hesgz eguffidieat Wﬁemmeme‘smnﬂtaﬂ@h bf ?lflo@nsasedesgnbedeabbvm lmaelrﬁmmwg | Srrer

pepti des, peptide 9 8/\APVLDFAPPGAS\)'¢_(E SEQ | D NGO 412) and peptide 10 5
(VLDFAPPGAB&MQMPI t(algg stepniqells andjor speetierT @ﬂtﬁrra@vmerteet he mi ni mal

epitope re h i.des of the 15ners (5 total
vvglre 5sed ?@%ﬁhé@&&ﬁ%ggﬂsrng#ln@g%}tﬁgﬁTﬁ?QRw &%e. The clone speci tgi cally :
recogni zed the 9mer, Wﬁh@FéﬁB@%n‘bﬁﬂﬁanW%becm@¢ ddie dsiiacribeti DFAPPGAS
(SEQ I D NO:411). 10 EXAMPLE 25 CLONI NG AND SEQUENCI NG OF TCR ALPHA AND BETA

CHAI NS DERh®fEin m\bmusmmmemn\te SpliE@AressmR fromcautolagasishane ( TCR)

o1 bned 10sc RV Raribhot B Bl rebion of Bafie Ao B predtiera Podiiedn o
the the al @'D%ﬁ'é‘?'m@ﬁéc?g phéral BfooHF(tPBT?ﬁor fddmirfistration to%ﬁgﬂ%tﬂ' versity

and joi ning segments buti1 ng specificity of e response) are
identifi edSuilfbtmethaﬂestmayrtompérf&rmed]ay@ehtactmgdm)ne mtmowmeB with@meh T cel |

20 cl one |s soI ted usjng Trjzol reagept.and c S esi si ng
Ready- t 0go®R Sc'é"‘? ang)andréraéme gvﬁls'eoag%ﬂafwl 'Ef?.aé‘ﬁg fﬁﬂa{.’cl one,
anel of V, inb ,%qé% n
BI’I mer squéﬁ{cégg' gecnezlrgg(?g g@B@qgéiﬁférgﬁp%ﬁﬁaﬁ%‘é use mglﬁ PCR
reacti dgs lesstthadNige,gxflee ddtabndmber efamyebid)oelym'ﬁmatléz'ﬁem thedwineons 25
denonstrate which VvV~ and Va] sgq nce i s ex ressed]3 é ﬁ Ione. To cl one
Lhe ful | -1 EYSEW PeRerpharal legdodie efantio Wrigh SHok PEhays PR ar o
designed t Y | eoti des.

St angard 3%9‘2‘?‘gﬂt§¥wr ?%%r@%gﬁsﬁd%@mée}t %@?ﬁ%%?synt hesi zed
from t he Cgkambi®)guaiidtivéanaliuantifativetPGRuhahsis, mopholagyeadi ng 30

t her nost abl e pol ynerase PWO (Roche, Basel, Switzerland). The resul tant
speci fic bHRAMNOBIStoGhEMisiry angrfat\%%angyelsr JRONRMaRyroN & PBJat adracieB the PCR

£ ool i 207 ainsfEPat IHEH i AdfhialsRed) ROF Racy Y ple PR Bfibues i o'

chains are identified, and | arge scal e preparations of the correspondi ng
pl asm ds are generated Plasntds contalnlng fuII-Iength TCR al pha and beta
chai ns ar e GaRERN BElaCiOR @ A oRpasHions: Methodsiapd Kit§er si t y-j oi ni ng

et er i ned. S&Lpf%”ﬁ%b%@%%’ﬁé@%%@‘ﬁh{# Qi VB tieosBe g MSpressi n
LEUKEM C Bigfebfech d patiRebaskasH theopresentaibt 6hé wr fiore WEeroteinSxanpl e 24

that recogni zes peptide sequence VLDFAPPGA (human WI'1l resi dues 37-45; SEW
| D NO: 241) awdgartpmlmwteqtldese@Cﬂdnngtswhapspteim%ﬂnta)blqloglcql|S,aﬁmle\t{pr expr essi ng

| euk I HLA A2 t t ed fash 62 t |

{1t ansdiibed SHRTIIS oG, £356 Serdp e adior hitey BaRitodinbag B e o 12
used in a %)‘aﬂéﬁ'larlﬁ dthér Wekds, §u&twm Hmtémbwba%éu a4 rhBrieks R?ﬁﬂica‘t@
target cell (E:T) ratios of 25:1 and 5: 1. an EET ratio of 25:1, the CD8+

T-cel | cl othe presedce log akisence\af aman&eaz'mezkmm agentspyvovided memle pecific
ot s kS SR TG Vel

K562/ A2Kb ¢ @ g2l % and 24% respectively. Thus, this CD8+ T cell
cl one recognl zes an y’ses | eukemi c cells expressing WIL in an

HLA- A2-restricted fashion. The ability to generate WI1 specific CD8+ T-cell
clones has utility in the treatnment of malignancies associated with UVTL
over expressi on using genetically engineered T-cells. 25 EXAMPLE 27
CONSTRUCTI ON OF HLA- A2- PEPTI DE- MHC TETRAMERI C COVPLEXES Thi s exanpl e

descri bes the cloning and expressi on ofzgol uble HLA-A2 in insect cells, and
the purification and assenbly of HLA-A2 into 30 fluorescent, nultival ent
pepti de- MHC tetramer conpl exes for the detection and isolation of
antigen-specific CD8 T cells. 163 Th| s system | S 5| m | ar to that

. S



The HLA- A2 heavy chain gene, appended with the birA biotinylation sequence,
and the human bet a-2-m crogl obulin gene were cloned 10 into the bacul ovirus
expressi on vector pFASTBAC-dual. Upon infection of insect cells the genes
were concomitantly transcribed fromdivergent pronoters and fully

assenbl ed, gl ycosyl ated sol ubl e HLA- A2 heterodi ner was secreted into the
grom h nmedium The infected insect cells were cultured in cell factories
for 4 days at 21 Cb t ctebt

production 15 was mﬁ?&@rg%'gaﬁgégﬂiégt@tﬁﬁg pEE[?\%éAﬁ\e é(;g?én(gﬂ)t%e V\Bt/ﬁ%Z and

bi ot i nyl at edeBSf hBRNA entoding iadd/T 1Hirateh?, whish sl alsbiiedicativerot the presences

supernatant to >90% purity in one step hy affinity chr t ography using 2
ant i - humanotpbsenge W*’I’Rg%(:l"éﬁﬁpe%t i §§qll"?"fﬂ?eﬂ"°c”(5‘?ggrmg$%§@¥@eads. The
ant i bodi es i ifi - L AR e

bi oti nyl at !ae&fé gﬁ#‘ﬁ%&g%@% @8%@6?8%@?? %ﬁ%@%ﬂgﬁéghéﬁ ﬁ\é&%f%g?ﬁi%?sf% t he
heavy cBai pr highegirl fuencraissee than Inynemel tisslie obthe’sane ype froimewhithitike ency of

bi otinyl ati on was eval uated essentially as described (Crawford et al (1998)
| mruni ty Jtunaor Beep: Expression leyals af W Tidn dissue types diflereptfroputhat ined by si ze

excl usion cht t Qqr aph SEQ).. Phycoer 1 Ne COoNj tavidi n was
o O B PR YaP Aot ralRhABO R4 04 PR B b B e
purified fmpidsBRcebftuirordeliSian Bd-Corfidniedf tpoBservaon Bﬁeérb@%t’éhfh@éd 48
hours at roomtenperature wwth a 10-fold nol ar excess of r-2/neu E75
pepti de or difieréntah eapressiondexels, @gpt2-fid efald cetchioa tupeeitissde o cel | ¢l ones
were stained at 4C for, 30 _m nutes inﬁéih[ﬁa?gre ence of peptide | oaded

tetramdP aREPTESSiONde¥els i PRURR' tissye mPﬁ)ﬂP%’at ed that the tetraners
i ncubated in the prepgRgadifbrembPéxftésaien patteifiecdilbediiffedl i nfl uenza

pepti de specifically stained an i nfluenza-specific 164 T cell clone and
t he t et r amadeantagebdasiy fondiagnasticpurpssesf Fohexaraple2imene aspediabthele

specifically stained the Her-2/ specific, T cell. clone., EXAMPLE 28 5
DETECTI ON mvemqn,svsatemresqw@ﬂWbﬁgm@m'W@%#W%n¢@ﬂngﬁ§%A- A2

tetramers I I i A a ess of the
W1 p37-4sgﬁﬁ%¥$%§gé%%§@§@?% Sy\nﬁéﬁwgfgggg?%ﬂe@]%?'égEﬁa'FBgm: 241)
previ ousl y esploited idingnostivally. A4 this dagey thet prieserce bf midtastatic tufharscellsy r aner

was used to stain the Wil-specific CD8+ T cell clone 10 described in

Exanpl e 24forgxasnple ina spawle fjen remdpeGreuialipn or seEsypiheelissie $iter- 45

i t ope. i ' 1 ' ' i
ept 1 0o, 1 RapreRarhaTR IR iRl HE, o4 o iR ol ey
Letraners bydishadid eNpréssion ekiestuntdr sequehes imtheratnpie, furieadede ( Her 2/ neu,

W1 p38 46, 'er'P 47), the tetramers did not stajn the CD8+ T cell clone.
Thus, the ¥sINGIRT{RER analysise injnpaeyinstances, t will Bealesied te enrick 91

oot bt B Sl it LR R el B L T o
HLA- A2- p37 B tedhiniledyant Her 2/ neu or W1 p37-46 tetramers. The

HLA- A2-p37-45 tetraners stained 1 % of the total population of 20 this Wi
-specific T cell I|indhargianea yarietyofassay famnmts kppwndeitopsent erdinat cont r ol

HA Ao Fer 3Tdh T A6 4 Fio@hocddind W BRRREPEBPORNE Meffergfaont O
tetraners aamphe.nBeb! ¥.gsanaidw wadarghes Aptibbdiest AdlabbratoseMantiah COM 1
specific i mmune responses. The 25 peptide-MHC tetranmers can be used for

early @& e&pring HarborlLaberateryat 988.nin generabitae preaamicedriangente ofpeci fi c
responses” and for nonitor.i i.ni_mal,. resid i e ection. of W'l
spe(F:) ific T-C@BF?rsanaél?é ?ﬂbr“ agtl d'i‘ll"i‘i %'qng "iﬁ@g% Qgt?iﬁ‘?’fﬁd ngé) Qoi"t%@%ﬁ fy
roups Wt i j { i i j di sease
ot aPhi gheGlo@icBrSarfitb, dHAHGE fichf apiet With d BRI alfentos detadinn B! o8
GENERAT| ON i samyled a SREECOFWT 10pslyp@ptitie that bt srtadive Ainding\agent; pog! (T) VE

DONOR USI NG WHOLE NE PRI I t hi | d V ini i
DO U N G BT, bbb AT Stosb RS SR, 25, o
HLA- A24posi tive dongy o pTEfe?reij%l‘rﬁtbhdi'MéPﬁ, s?éﬁ"iﬁ%l@e?ﬁ\e'\('f& &1 BiRding

restricted. These experinents er confirmthe 1 nmunogenicity of "the W'l

prot ei n anchgenpimbbilized esea selidsuppayeto ind to andiremoxedhe Wbl her
i mmunot her apeuti ¢ approaches.
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Dendritic cells (DC) were differentiated from nonocyte cultures 10 derived
from PBMC of a normal HLA- A24-positive donor by growh for 4-6 days in RPM
medi um cont ai ni ng 10% hunman serum 50 ng/mM GWCSF and 30 ng/m |L-4.
Following culture, DC were infected 16 hours wi th reconbi nant

WI'1- expressing vaccinia virus at a nultiplicity of infection (MJ) of 5 or
for 2-3 days with reconbi nant Wi - expressi ng adeno virus at an MJ of 3-10.
15 Vacci ni ' ' | npld. r f5e dblLAY! S were
a0l at e B H G Sl e B VP LBy PeRe ™ ot
and CD56+ nwmlylthen bel detectedusintpgdetectiongadgesitbat ¢ontainsra tdportec gpaup i on of
these Abs. Primn

g cul tures were initiated in 96-wel.l pl ates. |.tures were
resti mul at 8ad WGF‘%CQMQ”Q%%trl?s‘?'ﬂa'nSLﬁQﬂrﬁ&gtg p&gﬁl?&P*'@? EOE@?@% %?'éct ed with
20 adeno o TN i i r A i
ot mul ati odelEGaph et Wi BHHARRE 3br Earfibel At agbht irafispBatiedly, oy
produceg i binelsfteraoW Ty fdlypéeptidevdrean antibodyadresther adertithatl spewificaliyr binds
expressing dendritic cells or fibroblasts. These |ines v&re cl.oned and

™ay

shown by EIQ thedindingagent.Sushas an apiipmunogipnuip, Retein GrratRir A @A ol ogous

fibrobl ast t I ' : LR cl ass

| -restrict %ﬁmﬁﬂ@&n&%j&é% %‘iﬁp%étitﬁgz{géggg%%y Pﬁg‘pl'?ﬁ%\/\%'ﬁ%w&n can be
used to gepglypkptide & BBEled VgD MeForterdrobp andfanoWedrtodsind td the he

i mmunogeni city of the WI'L antigen and support its use as a target for
vacci ne animuohilized hinding hgeaiftariiscuhsiionnfitbe birgting eagent wixaiia £ 30

descri 005 ER@PIE, The Fxfsnt KR Sambanenft of e SapPR LR FERTIAES! o 1 o
to HLA-A2 yhd t&baiéaiwn'wéél'y;séﬁtwettbaﬁ?_ dﬁﬁgflbbunﬁsmw@@%%edr 1BBirkagRay The

epitopes identified herein have utility in vaccine and/or inmunotherapeutic
st r at egi es of the saraplerwith thenimroobilizet bindingsagentatSutitahie polyweptidesfessi on.

b3y a5 (VLRARER syethansepinrude RUEERHT G eialinb ARy neiisbitty, i ool y
shown 111 ESBRIng 1Rérelof 1@ RnichStheititdiflg biget biftl2as Webétitel aéve. or binding to

H~A2.1 higher affinity than t naturally processed peptide were
construét ed as descr iThedolid stppotienayle¢ any nhatedal knbwretn thoseredordinaryar chi ng

E;%iéﬁ?eg?iﬁﬁﬂr‘e’ﬁw%'aﬂEé&?n%sti%e\&?rh?@r&dqir%ra@ﬁ%ﬁ%éﬁ%ﬁ?o&ép”ﬁﬁf@%‘éégr d
B .S i RELTHI ; i
moti s, 1 eGSR Al e g HStyeIle migbiier phy o airotIRARSoPOREP PR | O

C., M A Baitableahembrahe) . Allernétivelgahe suppdrt nsay bem lhead orndiscnsughoasent i al
HLA- A2 bi ndi ng pepti des based on i ndependent bi ndi of individual peptide
si de- chai ng_lasg_, ﬁll’&igiﬁ?@b latexsoF 3 piastic \%@Fﬁ‘é‘gha§ Bo{\]’g’@/ﬁ?ﬁ‘? Qr anal ogs of the

a1y RRPryhIGRI. 2o SlRert iy IH el thabfctl Rick, b Aver Ybi " P!
have predi geasompepth de thoseldisglosed) fos erauple, in UoB. Bateat dlo. 5/859,68ik

naturally processed p37-45 peptide, The bi ndi n[(? score is, derived froma
predi cted Hherbindipg agenimaydee mmehilized opdheisalicsupperd ssingavangtu ol e. The

et at ur o Wy TgUeMARTII {oeB s siih Be 88 WARR areihpDudstbeqitthe
167  Tabl gatdntrihd stieritiietitstatuioalivtse Bosteki ofthdiederadSaantionc thEneemet i cal

Bi nding ScoreSE4 ID NOWId - i
Ty pe VL 38APEimpobifizztiors refersipboin ey alent psspoigiamSush asasorplignppcag. 141

420p 4L DEASBEADY SR SRUPBRAMBIER mid e 8 dhbio R ikaag Beniyt s alE a2 78
424POVL DFAREFBARAPR PR G3Aa5 B ke RAPBEATTodSATRY. and

PAKLDEAPPGA28. 52428P1 and P4Y PPGA37. 48429P1 and PAFLDKAPPGA9. 141430P1
and P4KLDK&Rea)s.losselslizztionrhy adsarpiowrlecagvelldn aapietotiat plate-pDl@PGY128433P1
and PO9KLDFAPPGVO7. 37434P1 and P9YLDEAPPGV128435P1 a - PG_39. 31436P1
and P9KLDF %1.99'?14)\59‘%{'@' qn,ggg'ﬁtqagﬁs, q?‘émg%cg’%ﬁ%ﬁ}'cal Bi ndi ng
Scor eS I ; Pt . 7439P1,
4. and FK O RSCaE O S e Fcpr Pt or g

P9FL DEAPPGsLiableatadunt dtdinaend TRE iSoDEaSPRMAC ZtieGMiBPiemparature, but is
POYLDEAPPA.161. 2444 In a separate anal ysis, conputer nodeling was used to
identify peptide epitope anal ogs of the p37-45 WIi epitope. The coordi nates
of the HLA-A2 native structure were downl oaded from the Brookhaven protein
5 database (pdb 1.D.: 3HLA) (L. L. Wal s "Annotated PDB File Listing",
Protein Science 1.5, Diskette Appendix (1992). This file was used as a
tenpl ate for



mani pul ations with the Sw ssMbdel (Peitsch MC (1996) ProMbd and Sw ss
Model . Internet-based tools for autonated conparative protein nodeling.

8i ochem Soc. Trans. 24:274-279.) program avail abl e through the Expasy web
10 site (Appel R D., Bairoch A, Hochstrasser D.F. A new generation of
information retrieval tools for biologists: the exanple of the ExPASy WW
server. Trends Bi ochem Sci. 19:258-260(1994). The peptide bound to the
protein wa | ' n - i The new
structure %‘sﬂéﬁslgtg%ﬂqﬁga oLrjty1t h?gzéf%gﬁggﬁo? ggng; g%nﬁﬁﬂ’i@;ﬁ?gnajgﬂlh t he
GROMOS96 16f a pizistivenicedtitenplate (sheh Seipodysytiokie enpojyvinyichioride)with anmi zat i ons
were performed on the whole structure, foll owed by one, round with

unf avor abl @amoust gt kigding agant ganging ifrem abowy 1400 4o abaetk udnagder al |

ont y ane nEIEEEPL A 100 nd B RBBT, o B SREERI 1 APichiizlh lquip o et
i dent i f sedamduRbof Bitdivgdederg 20 nmet hod described herein are set forth in

Table LIl below 169 Table LIl p37-45 Peptide Anal ogs ldentified by
Conput er Mbdel i ng Po€pvalent atachimenrisydirding sgent to aspli¢ sapport may

PoVL DF ATPCERATBLY B FOBRYECH N aRIAS IR S LB bR AT TP ERFBEE® L2 e
i dent i fi edisdiwigrddet withbdiR thO dappsiss ahd Reinationas 8@.@, sueRas£Ry@dXyPr the
ability to be recogni zed by the p37-45 specific L clone (see Exanple 24).

(Eg |E gPIOT al\mlgaz Zm‘irm gtmmedntthapinﬁép% ag?ﬁt. Fiég-?@(gsﬁc? mllmding %@r?eahmaydzﬁa |t -1
. r recogni ze e clone. Se resu S

SuggestOr napvalbabeatacet S mbBhns haing & fpimtare bolites cHRRRG HEPRL A A2

w th hi ghepeafdduihdne BP@?géﬁ?eﬁ@éch%f'an &ﬂ@ﬁﬁ%tsgﬁu%ﬁ fHeespdriswith bnbe

recognizedbgy a native receptor. Thus, I S experinent describes the
in silico bodme ahd aatactive diydvigieregn trepkisdingephrtinerdsea egnPierseHLA- A2 wit h

hi gh fifinity th t I it LT f th it
e bl B8 BT Aa A oo oE LS
generated with the ”ﬁ%é/r?ai%?n&b%?m%gtrs‘?}mé QE&yhiE*hemﬁﬁéﬁme dRiich | ed

herein have utility 1'n vaccine and nmunot’herapeuti ¢ strateglies for the

treat mest afsapnThisassay orayebe gevibtrhed\by fiestmontadting. arEaitisldy that Bas THE | N
VI VO | MMUNOGENECI TY_ OF THE WI'l ANTI GEN Thi s eXﬁrrplei (%escr_i bes three in vivo
i munogeni BeeY imailizedian 264lid suRPIhcanmenlthemelk I micraiiten »in mce.

The three §hkahedhfithid, ‘Qich 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 (j.e., incubation time) is a
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r r conprised: 1 ) a naked DNA vaccine prinme and boost; 2) an attenuated
adenovirus prine followed by an attenuated al phavirus boost; or 3) a naked
DNA prine foll owed by an adenovirus boost. The full-1ength cDNA of the
splice variant of UVT1l used in these studies is set forth in SEWID NO: 381.
The 5 results described herein provide support for the use of WI'1 DNA/ DNA,
DNA/ adenovi rus or adenovi rus/ al phavirus prinme/boost regi nens as vacci ne

strategi espbfitd bf BbitAS! i§ 3UARIEHt 36 Hefdct ties prdsehc¥\bf VERP peRpEptide Withirhe
first stud(/), C57/BI6 mce were inmmunized 3 tines at 2 week intervals with

100 wg of aaseerl®bbtamedttongan idixidual withca capeer assoclated withAVId leasteeks

ft the fjnal i i zat | CTL. | uat ed t and Chr om
el case 3R 909 S Rt ANt SANIBAUTBEREN BSUad RO o i to.
Wi - speci §j : b Codl i i } A 51ET
Fati o houPbPGHidy thGsd of Giaindrg SRAH % bf Wil FRchaRigetnet e eS| = 0
wer e i mgunheeesbshby tnachievé bqbiliridmn&y-beabadilyt deternineddnjeassayingsthencodi ng

W1l (as described in Exanple 20) followed 4 weeks | ater by one boost with 5
X 106 PFU leveboihindingdbat agguis oMen a erEadioh§mer 1AL roopttefeperalife M ced 2- 3

weeks afte L1 pal, | ni, At r uat ed by standard
Chrom um rk\cggggéig'g‘gydf%é’l‘ ?gsrh'ﬁp tseasg%&%% r?{lﬁa@f@@rﬁté pecific CTL in

HLA- A2/ Kb transgeni cURBolihg Safiphs idyahbh el reprsbeddydwashing ¢ies belid DC)
transduced with W1l-expressing viral construct as well as DC pul sed with
WI1l pepti dewpparhwith arhappropriaie; buffarosuch asPE$ycentaiping §.48 Tweep 207 ci t s

Ut ansgdli ¢ ThpcEcaRd vl Wit Eodi PPty ardp. giey TR PLEHRE & eeks
apart foll gyesolid sippteherefated répbrtbrg@@mgﬂs icludle thdfsd §foupsedplédovi r us

encoding WI1. Mce were sacrificed 2- eks after the final inmmunization
and CTL weabowe.al uat ed by IFN-y ELISPOT assay. The results showed that the

WL DNA and adenovir pri me- bogst gener at es INVT1-specific, ! T cell
response in HLA- A2/ Kgﬁ?éﬁ%g@ﬂirgaﬂ? .S?'A?Jw}c“ﬁ%%do 'tl?:%? WQPP&)%(’ cells

st ai ned pPoghtihd - I ' ' odetdétitAe DCs

t ransduced%ﬁ?%@&gypém&?ﬁaﬁgb?%%19? é‘?g’ggy\lﬁuwggﬁgﬁl&md tﬁat this

i muni 28t i bound palypeptiden Anappsomizte aMountrof timepayrgereralt ket abl e in fresh

Do o et EY LSS i By el Sy BoBSTT 9. 10
protein. Ogy)ng)]pﬁﬁh'd%té%gﬂéggﬁ iYhdh O\Péc?éh&%uﬁﬁ‘a‘é?&ctibﬁ'\"é&géﬁﬁbn' ng.

About 1.1 ose s stinmulated wth the pl21-171"5 peptide
pool st ai neldtguted using the reportéd-groughiTheprethoderoployed for ddiectpiglthe139
peptide (SEQ ID NO:2) shown in anple 3 elicit CIL, T_hel per cell and
anti body r &EOuly, dgpeads Pﬂogﬁfﬁqg?v,reph repQEST Sroup, P RIIC ﬁ\éethree

i muni [ ' rei - in vivo.
Thus, Ehes i, SERA B gl SEhheORRRARNE rohBUs afefeRREAp ! [y
protein andprdpriad@. Speowoscdpic mettltodssmay beWisedinAldbbE, dyeisAluminessentus or
adenovi rus/ al phavi rus prine/ boost regi nens as vaccine, strategies faor

treating camewnssandlvereseent giprps \BiotEHAY DS dtected usipg\pyiging SORRIBAICTI ON | N

Thi s exanptGadiiaiphbieefe oreth (EMHSHY dithcmu B AoracHh Grallor i

i muni zed @nizpmae). VEhzymeaeperterigreaps neauyémerally bbeletected dytthe 2aditibh as a
vacci ne target and provide support for the use of WI1l in vacci ne strategies

for tré%ti ofsubsiratedoererally faraispeaific pariodeplimedifeliowath by SREFHRRSCRDIdri ti ¢
cell (DO 1] A t ced with a WI'l- LAMP construct (see
Exanpl e 18,°r3§ﬁ2%?§’%¥§f@?r{ggémé€°@%§ét forth in SEQ I D NO: 382 and 409,
respectively). Mce wgydstbhfineithepréssmred ctaiitiehbeof aldamebrassucidted(s. c.) or

intraperitoneally (i.p.) with 2 X 106 cells. This resulted in tunor growth
i n 80- 100%wdith Wd expressiamthe signakdetected framdie repariergroup ihatdemaing ned

vali dat e ROCRARS A0 soud Sano] s adhpcety formbyectio  fbBa firb Atbisiohds o i ce
were thep gaitedetériindd st-offvaile Vit be PréfetrederhBbdifiEnt, the cut-off

value for the detection of a cancer associated with WT1 is the average mean
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G oup 1: saline alone s.c.(control, n=10 mce) 172 G oup 2: MPL-SE 10 ~g
alone s.c. (control, n=10 mce) Goup 3: Ral2/VII|l'"1 protein 100 ~,g + 10
~, g MPL-SE s.c. (n=9 mce) Two to three weeks after the | ast W1

I muni zation, mce were 5 inoculated with 2 X 1 06 A2/Kb DC2.4 tunor cells
overexpressing WIrL. After tunor challenge mce were nonitored and tunor
Size neasured twi ce per week up to 4 weeks after tunor challenge. The

resul ts shgjynd 6H5tatnefdhﬁh@|¢ﬂf§iﬁﬁrﬁ6§m2éd BhfiSody %hnédﬁé!éd Withvddinples flden 9r oup
that receivéd the WIi protein vaccine was reduced from 10 about 100%

(sal i ne copatienty withoddthe darceBE Imdenerahta samplecgenaratmgs%s@gnal thatds ei n
I muni zednﬂgoup urther,. the averaq(%e t unor educed. i n h| S
gvefh

group fro deyvialiens ab E@ge&ﬁ’ﬁﬁ"@%%ﬂﬂn%%@ﬁhﬁ'ﬁICPnﬁ'Pe
(ML SE adbHuaie 1diqhk cahe RS %rh?het;lf"\%f&gé;ltf ERIbofIAL, it At t@,bn “the

wr'l prote I'nuni zed group ana yses S t unor
15 mar gsénsig detummedarsmg arﬂemi\ter\mrefamrMVw adtomhag to theumetiogd ofal

reactions including histiocytes,  eosinophils nphocyt es, past cells and
pl asnacyt eSachelkehak deltial Epidamiolagyy Seie,aiRtaenoe el Medichet ei n

t t
|t 22| PREERAR EgRE, Tk SRR Bl AR VB RS L ¢ Ut

WI'L prot ei palae raay Be \tetamiged fronnaplatrotpaire f jsithvedrares (el 1
expressi on. EXAMPLE 33 | DENTI FI CATI ON A NATURALLY PROCESSED W'l

CYTOTOXI C sewsiivityFanddeise nasivexatgs @ 00%sspegitieity) thati apsiesppnd i@ eaghof a

ol 's. 16h; BOSSBRr kol vaito fataRe Binartine lesi2e R Tob B VARE &Y ot ™ ©
prot ei n angh4piPMHeAQ8sSIHRE B ubﬁér Ibﬁ%éﬂﬁ%cﬁfﬁeﬁ?bartBSR/afL@th‘éﬁéﬁblﬂﬁeﬁﬂfé( or
ot her i nmmunot herapeuti c approaches. Additiona hi s experi ment

i denti fi eslargéstares) isfthe moammprabe eutoff Natuerrapdlaesame@ genaratinga

I L d h 100
o hakod vironakiab s igher el fo £ Pl el detbiphec B eyt iy e 1, 20-
PFU 173 égﬁéleéﬂerdﬁos@t"\@dAlwnW@ely %é%u‘t\%ﬁe\/aﬁ?é?ﬁiafy' Beeshifted toikpfaf ter the

final inmunization ‘and were eval uated by standard chrom umrel ease
assay. 1As ahmgrthecplmtntmmnme;tmmtsel pasitive, rateyrario iae right, i minivaize thea
foll owed b

transgeni c¥%ggrfe‘gggtl'\;%|96?d Sb?'gérl 5@?‘9 ylEe @ﬁ%éﬁ%‘ i ?CTM"QSS B%emai}bgLﬁ;Az
the T cell fh ch?f# RUE d%‘?ér‘?mﬂé&‘%&%%%ét’ﬁ@d% eaﬁgdgaeg bé@uﬁo@ﬁ)r%'ééﬁchn using

standard pr I've cfone was then tes using as target cells
DC2.4 A2/ Kb cells pulmadelatémembpdlm ttwamgosnﬂerfgrmeduma flowpth26ugh

redicted HLA-A2 restricted CIL epito The results showed that the W'l
I;310 I18 onmePr ﬁﬁkﬁ’ttﬁabfo(f@lﬁi H@%@lfﬁé‘e%l@ﬁﬁ aﬁRVb@L"“’E&? f?%f?’halfﬁe%@{?fr% NO: 451

| "55 7 S8IbA 88 oSS i oy P PRSgepRcR a dipd ot o
addi ti onal binddierthesmmobiided ingingegent as the sahpleopassasahraugh theser ved in 4

of 5 WI1 i mmunj zed ani nal s tested. Thus) this experinent denonstrates that
the predi cieambrane: A gggondilabgiad P!ﬂq%ﬂ ﬁgﬁ'l“l t{)‘e@@"ﬁi eQinding ageRkgni zed

by CTLs. [ he W'l
protein amam@mﬁ Eghﬁlééégfé na ur a yé'rﬁr ctb§§e88ﬁﬁﬁwﬁ¢ gg{gr | ﬁ eéd CTL
epi t ope t hatiroagh tihe mersirane. VRrecdetectartof bourmbsdeorehbihdingdgertegayes for the
treatment of malignancies associated with UVT1 overexpression. 20
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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EXAMPLE 34 WI'1 EXPRESSI ON CONSTRUCTS USI NG TW N ARG NI NE TRANSLOCATOR ( TAT)
SI GNAL PEPTI DE Thi s exanpl e descri bes the construction of WI'1l- TAT vectors
and 25 expression of WI1l-TAT fromthese vectors. These constructs have
utility in the expression of WIl- TAT nol ecul es for the use in vaccination
strategies. WI-1-F (a.a. 2-281 of the WI1 protein; cDNA and am no acid
sequence of 2-281 of WI1 are set forth in SEQ ID NGs: 460 and 461,
respectlveb.&algﬁdrﬁ Ebsér?&%ﬁ‘sd% 2 pHfted iR iésu&hégaﬁ\?e R5OR. figeAsal th no
30 His tag as described bel ow. The cDNA am no sequencés of the 174
resul ting mwamoanmfdm@mgfagehhmnmoBEQad lnM@s ‘rAErAbean® :s%lmeu EEQ | D

NGs: 454 and 455 respectlvel y.. The WI-1-F open .r eadi e was

anpl i 1 ed apnoralera visyally fsegmibleratiom sihanneiologea) fai %ﬁ&msg@

CGCGT GAAW%&M mééé?ﬁ)&%h%lﬁ%o%ﬁﬁk ﬁ@nm t"ht open

r eadi ngsf rmmam%ﬁndmeﬁ ask Cak} it e forhia® distasssd aBoge. pﬁéfe(rs&Q I D
NO: 458) : G 3' p23 (SEQ I D NO: 459):

GAATTCTCAADIBOBYCATETSINGISETIOGNCE assay s aee aajivedias and @mﬁga@w\@egf ol lows: 1

~I1OX ubuf er dNTP. sterile
wat er {ﬁ\meb%qu r?er P%Oé% Sﬁg frgégrﬁ%ofﬁrﬁi’b%ﬁ%%@&zggcﬁh%m (pPDM
FL \WI- 1 ) m%rhﬁéqah@éwaﬁm&t%mtzsr@it@éb&ﬁng%na rﬁbwréserhayfﬂmd by 40
cycles of 96C for 20 Seconds, 20 64C for 15 seconds, and 72C for 2 ninutes,
30 secondsabout 50 g hgBbout 50fing e Suehdests aan typiealyibe pesformed withha vegr
productanwere di estr%g wi.th EcoRl and cloned into pTAT (a nodified pET28
vect or 10 t BMaNARIOHN Of biloIca! SampIBe at i on (TAT) signal peptide fromthe
Tor A signal peptide pp 0 n@i’% I r obi ol .
(2000) 2(2): 179-189; gﬂ?s%abh a%?tgr@roﬁgﬁlﬁﬁg%aggé%ttﬂgggfr%%gn%lé 183,
No 2; Jour forlusefwith ttrd’MﬁTEpm;elh@br Bindlind\agertts b8 tiad presept Bﬂ/ﬁﬁtl@lGIheat t he

Eco721 d EcoRl T f
anal ysi ‘;‘“aaecﬁé’mﬁéérﬁpiﬁwéeﬁéﬁ 0 EDREK DRI o SKaBeLF ] BES) plyss
cel |s.  ExphgaalenfiindsBorBidindfy s ff ekt 2R i@ BbbIETBROIOYoIS thalfsé o

anal ysi s.
15 readily modified to use tumor polypeptides to detect antibodies that bind to

such polypeptides 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 cells that specifically
react with a tumor protein in a biological sample. Within certain methods, a
biological 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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THE N-TERM NUS OF WI'1 IS THE DOM NANT I N VI VO | MMUNOGENI C PORTI ON OF THE
PROTEIN In this Exanple, mce were inmunized with different protein 5
constructs of WI-1, (F truncation (2-281 ) and full length (2-430) as
described in Exanple 34)) formulated with MPL-SE adjuvant. |nproved CD4
responses were elicited by the truncated constructs relative to the full
Irfength protein. Thus, this exanple denonstrates that the N-term nal portion
of the W1 i f’éw' EOM AP CES4*Ir el adfivatich is/Refépapipant

i munogeni geggréﬁld(}anﬁ)g tﬁé%l% %@1 protein in vivo. Groug)g of fgur C57BL/ 6
m ce were detested byl evalnating pealiferiatiomiof the?T cellg For CO& Gt edliss activBtionF or
W-1 full length (FL), with Ral2, H'S or TAT fusions. ni.zations were
per f or med &prﬁ&ﬁalydet%ctaq dyevalialing FYAINUC Aetivityn £} @@l é@f&l'@@&!‘ 11.

wth 1o a8 EAGTE ol R AR A el BY otolyR BN AL B dF3st Vo 00"
found wst hppog ng%atﬁrltﬁaﬁﬁ?di@easw@eqﬁtiehm indioatesSiH@ présélice2df a'vhhbert he

DC2.4-WI- 1/ LAVP cell line, or with rRal2. CD4 cells were then stained for
i nt r acel | unasodiatedwith WA lgexprassiaa inthenpatiendd by FACS anal ysis. A portion

f th I t h t] ' i , t
ohi ch- oD | Eesel 1 ASKsred BRAVE AL R fsB b SrarBhn R e
P32, 0. 33%a5ed B the fdviel YENFRNA enbBding ROWTH MetdiAfin hbislagirehl saraplel FN- ganma
staining in mce inmunized with the truncated N-term nal construct

r W'1- F- TAT FoBexample, at teasbtwy oligaroselertiderprimers may becnployed i ded positi ve
for int | | ul | F]\- 4 iy ' i ized with rVIITl-FL.T After th
5" day 38" < OPIIISIEse RNaRTERCOM{T BLBRTRY RS e O AR SREriEB ALENT! howed |
FN gamma Sbéyg} Agrivel f%&m?gﬁfvofﬁr%eh%a . WiSérein afléaSoiid 8the 0. 24% of

CD4positive frommce | nized wth the full-length W'1l- TAT
construct sligogmedeqgine primersfisspeaific daref. b lhybritdizss da)rapolynbelsetidat a i ndi cat e

that i d ) | icj. the t ted, rVLrfl-TA
Const r ut _PBredIng ahe SEDBatens ine rmaifed cONA B inet SRERENRY and setecked]

d . . ! : . 53 (1 de.
o7 130 ( BEroRRERBaYCs BetRaRA i At el 6! Bictirbpnbieis?, 0L Peba ©°
epi t opgsand enconpas Simigarlyy 3AgonucléotideSprdbies thatf specifishlly hybrigize taaant s wer e

assayed for secreted | FN _amm“leoel ELI SA. There 5 was ng det ect abl e
| FN- gamma $ebinugiestde epredipdan Vbl ROt sairbe aispehin Ai ySHOiZetiaN @gaay to

N gamra wig e M BRtselFR Bt pEnBaRbIAS enodindife W Blotehf S hictael

wi thout a kKafmplédg. An average of 4658 pg/m | FN-gamma was detected from
spl enocytes frommce i munized with rW1l- F- TAT. These data 10 further
support the obser vat iT@rParRuthybridizalien under pEsHHARRAIIGRS, OlIgPNYGIeRNg,y t he

trunca ; inal r ; ' : rpt ein.
The. vir 22br ST TS P8 prelds SARRL B e P At eibdide selbnt St AR
functi onal |skyrabbat 6696p pafersbightieasi dtsouti759% andanoregprefdrabh-dtéeastnus, and
a zinc finger domain conposed of four zinc fingers at the Cterm nus with

15 honol ogypbout 90%, iertidieia parionofs pelyawaleetide eaeeding eoVd 1 nrptein of 5 sel f

tein. T C-term N . t t, el dis th
Peas T mmundgemveRtion Ba i, 3t B3P 1B ARERoles. At Lo~ frapl AR REns) ogi cal
tol erance. ngklgdfities, ihlendthz iFteferatig eoligtmimicdtideiprindls tame/dF-grepes nus have
honol ogy to EGR fam |y nenbers. The results described in this exanple

y . . .
i ndi catab t thwbridizetto lacpalynucientide ergoding:apodpeptide slesaribgbhefeimynder a

st § Modetalely SPRGERT tyllidr AR eRoRd Aheld, SHiBRacl ik ariist hac. < ne
most ef fi Cigpjor\Prébysahichemel lde wstmialy &apidyed'H ihd\diaghBstis Metitddsher as a

reconbi nant protein or gene-based construct. 25 EXAWMPLE 36 BACULOVI RUS
EXPRESSI ON desbiSiéine®inr prefepabiRFaE aiNeast T0H#0 MuTERNHRSIIN EREVENTR OF W1

(UWT-1-F. AM CIDS 1-281 ) AND LA . SCALE PRODUCT! ON ElI N USI NG

| NSECT CELIPSG%Q@“E %r%ﬁﬂngﬁ'ﬁpf'mﬁéﬁmpﬂﬁ? avgaff%jgget her with
a Kozak,fo : j I logsm d
177" 20 2 PNaE ik des, WitrB chcieRatly ay WysPv5, cemtiols Rutléouded ot
downst r eamzDNA @blgculgTraVing al setjuenbblasadistiasedberin.dTeepiquesfarfboth 281  of
Wi are set forth in SEQ I D NGs: 460 and 461, respectively. The pTAT fusion
construct used as tenplate in the experinents described herein is described
in 5 Exanple 34. The cDNA of this construct is set forth in SE4 | D NO: 452).
The following priners were used for anpg3fication: Wl F1 (SEQ | D NO: 466) :
5" CGGCTCTAGAGCCGCCACCATGGEECTCCGACGTGCG Wi Rv4 (SE4 1D NO: 467): 10 5
CGGCTCTAGACTACTGAATGCCTCTGAAGACACCGTG The cDNA for the same ORF plus a
C-termnal 10 residue H s Tag was obtained by PCR simlarly as above except

A= A 2N N A L~ A NS o o o



CCTCTGAAGACACCGTG). The purified PCR products were cloned into the Xba |
site of the donor plasm d, pFastBacl . The reconbi nant donor plasm d pFBWI
-F (cDNA and anmino acid sequences set forth in SE4 I D NGs: 463 and 465,
respectively) 20 and pFBWIlI -FH (with the 1 OX H's Tag; cDNA and am no acid
sequence set forth in SEQ ID NGOs: 462 and 464, respectively) were
transfornmed into E. coli strain DH OBac (Invitrogen, Carlsbad, CA) to nake

reconbi nanpcpsaRElPasdhys Ibridiyetieflhshl s afdRell khewhriaine agi (568 ¥or The
r ecomnbi nan{D bacér%ﬁa{"/\%gé aconf){ rrrr(riédé?by PCRyanaI ysis and then tr(gnsfect ed

into Sf-9 exaraple, Millisset al., @dié Spsingddarbbi Sgmp. Kuant.dBiol. LSEL6BVIAEZ;F and
BVW1- FH. The reconbi hant viruses Vﬁre an$>l irﬁl:i S\&atag high titer viral stock
in Sf-9 ceFrligh eﬂﬁepﬂﬁgrﬁfﬂﬂpéog}’m%é‘é@ erFress, Y, sed to optimze
conditions for the ' r ' : - ; ction of
pQﬁE?r@tﬁ?&?p In&?&n@ﬁgs FALPERE in @hitd PEA i8 a‘erﬂQG'

t he reconbi nant prot condrtrons ftor protel

expr essgonjn ¢drilindtionnFies fevepsd traRscriptiohayRipicalip) RNANE extradted fromtehe
reconbi nant bacul ovi ruses BVWM1-F and BVYWI1-FH at different multiplicities

of i nfect i biolqgical sample suchaas Rigpsytissues andis sevarse danseribed to Produeer ent

eriods of tine.. . rhe, id Lt es. . 0f.8] ik by Western
bl ot anal ySPMAmelpREids, B0 driirapb SordIban S il piBE. 37 (Toon)].
Both WI1- Fgéﬁ&a‘l@sla CON/& AU WhIBR ‘Pﬁﬂ b6 separited hhd viguatizéd dsiag, fort her 48
hours or 54 hours post-infection when High 5 cells were 5 infected by the

r econbi nanexamples gel elecivopharesisorAmplificating raay be pesfarmed o bielegigakc onbi nant

orotei 18 wasmpliStaker oo 2 58t natieBhandFonT AtV ataL SR adl Eble o
g . 2 \ ; e et at al

anpl 111 €ed Lhh f@%g?bg@?e#ﬁ%ﬁ%ghg%?ﬁﬂoﬂ rhay B eiRfied GiPséwvral N9 ata

calf serum an I cation was carried out for 4 days at
MO 0, 05 atiliifs offcDNHA gpafining twossrdersoaf rhagnihudenad twe-doldtar grpateri ze

conditions, for the protein expressiqn. Hi P 5 i nsect (iells were infected by
t he r ecombiNGEPASSHIREGHPERTHRAL B %’M@“'Bf‘sg. the tpsppadent sampie 83g) 54, or 72

hours bef 0E§n@§g§ﬁﬂh%%arﬁé‘eniﬁb?&tdfttﬁe%ntéhﬁmcéﬁﬁ@é’drﬁﬁlﬁtis Bjgiédlyn was

confirnmed ern blot analysis wth a specific 15 rabbit pol ycl onal
anti body agensideredipogitive.i body #942-32), and by capillary LC ESI-tandem
mass spectronetry. These exBeri ments indicate thﬁéno i mal protein

expressi on for | argelisaaptbepaspRriaf Hie Bresgpt Invey LeaRtWecurs at 43

hour s post ;i nf Is L'T%%f' 5 [l s: [ ﬁ{ﬁé)‘ h Ep‘@ﬁti nant

Vi ruses at t%ér?lm(éﬁd'%g]g]\g?q% 'Inncs n'#’rc;'P \;{?wﬁn’efbfé‘t;egée I ife%';@nFOV| rug can be
used for | pr@ieds aaheresarisitive toobidy detetionfof hnstadtatie cells ekpressingoNTof WI'L
for use in a variety of vaccine strategies for the treatnent of

mal i gnanci estigerscPatestioniof NVirassegiatesiganser sellgipAnpiogioay SmpesSTPe OF | N

VI VO A P I ,gﬁ\g VACCI NI A
AND F ngn%%mdﬁfagﬁgﬁ%%yéﬁﬁgg% n Vivo | nﬁgﬁ%g%%%i y sst udi es
to 30 eval ipgesinate forafiagnosid and progriosie iInpatiehts withicaaceMassquiated swthof

t hese experinents was to test the ability to rV-W1 /TRICOM and rF-W'1
/ TR COM t o WTbexpiasgige i rmunity, in particular T cell imunity, to WIL.

The results descri beg har el Mt b8 ds SRR with 'spbBific WidhdtiondR COM vacci ni a

and fow pox vectors
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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expressing Wi and containing a triad of costinulatory nol ecul es (B7-1,
ICAM 1 and LFA-3) in vaccine strategies for treating cancers associ ated
with WIl 5 expression. In the first study, C57BI/6 mice (12 mce per group)
were inmuni zed two or three times with 14 days between the primry,
secondary and tertiary inmuni zations as shown belowin Table 1. Mce were
harvested at 21 days follow ng the secondary and tertiary imuni zati ons.

CD8 and C%e}'hb']rgné%Hi%é_qssé%}%;§§ed‘%ﬁ%6f‘ﬁfé%ﬁ@ néyplastic léPitHéIfaM@édéé.ar

cytokine staining o peptide activated spleen cells as described in
furt her deThe coateddveadsSiMay bealddeddsposaraplevandcthedsirnplertben ppplieciea by

Y e S aapet Sbrely £aBheG e ShSHoRpate PEESHE SFhé poBBpHLLAR, 2
eval uat ed ysi wgsrpé%@gg%nhﬁtﬂa?g@@g}é?%qs@;égsa cbils Bl ﬁg@gg)@tuéaaswdm :

Anti body tTters were termne r ual- mce group/tinme

poi nt) . sTagsed i fudhecanalyses) Strategy Goups: A Non-imune B. r W1 +
SE-Vehicle C. rW1 + MPL-SE D. 1 : WIi -DNA, 2: Wi -DNA, 3: W'1-Adeno E)
rF-WIlrfRICOM F. 1: RusetieSepreaoke useditpawich erlledivecty frem awioodr com Dose:

E i/ Tr St eorid ol sookG gripref ErGRgs srak Ry B varien aneous
(200 ul) i prywWERed LRI AhdtiressinkéS BtkrH e alycepHoNe &L or fed blodaysiiscul ar

i muni zation (50 ul) for WI1-DNA. The ful'l-length cDNA of the splice
vari ant of (WM¥C) pessent in thecsampleLforming wseliesf ¥Yhen centrfugedovan Figoll, The

[Tra coibr clastiSietigas pelist Aohd with 1§ e 9BG  Thé EomBIare ot binhoel M i i
vectors bow%ﬁélwéﬁ&? EOGktN deRPRirkR WRICh cels il bé g@tg@t/e@ aRdiconsageently

nol ecul es , CAM1 and LFA-3) were generate y Therion Bi ol ogics
( Canbr i dgewhidh, caliSAyill bEaecovdradt Antibodids thatareravailablepheludeybetsarganod

125150 of imked oGDEcking. A P4 0aeH1956Blabr YA Lo TR, dien SEo o

NO: 2) kno [ h r [ . r | ul ar
cyt oki ne \Q@g%’ ??%(grd?%%b%?fg?gg?@gagﬁﬁp eDdﬁs?pﬁ %}%’cci/?gis' (gtgag'l days
f ol | owilsg CDe5HA,@045RO;, ©D56, CD66B, Ch66eHbADRBNIgE, aadtT@Ragent age W1

oS o T vaehed b b OREcHioen b gl ™
significan Liy - r S t rou
was pri nedbg\r%égo%o{@gh{e\?\? ﬁ{qmr%%&%ﬁlﬁg%ggggﬁglp (}h% @%@Enuéerﬂ't y ag anIO
rWI'l- Adv t gsidestiibedrabove furitiee didgriosisvefregcanceriassyciatedwita 8Tbn, responses

to pools Ofexgrve%rsilo%pr?\iag %e 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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20 15-ner peptides were eval uated rather than responses to the single
peptide #32. W1l peptide CD8+ and CD4+ T-cells specific for peptide pool
#32-36 were found to respond at levels simlar to the responses follow ng
secondary inmuni zation in mce vaccinated with rV-Wi /TR COM (prine) and
rE-WIi /TR COM (boost X2). In addition, CD4+ and CD8+ T-cells fromthese 25
mce were found to respond, albeit at a nmuch | ower |evel than peptide #32,

to a second W'l epit i A trhd i i tides
4o7 55 (Pepti de S DL VR M e e B g A G RO 57" 16
MT SQL ECMT Viig\abovieadingnostic miethddd: LR} kitsviypically compeise twd ©r nworani no aci d
resi dues 224-243 of WIl1 ). Anti body responses were evgluated using a
standar d ECPRORONERA Nesessaryder E%&?KW'P@ agnesticRfsey- ((PORANGIE B asur abl e

i Il 8 mj : i i i i -4.350 d
21 days. pobt SPRCLHZ! foekiBits SEAENICRS and/Br kBt For SEImalb, cne o7 *F
r'Wl + BPLeGiitain@y withii aaddttmay sortain ainhenodsra) patibedy or frggRienattierboidi es

titers were <1:100 (Table 2). 10 Table 2: Anti body Responses in
WI'1- | muni thed speeificalbyr bindstq aW¥ 1 protein. Such antibodies or fragments may be

G S i I I I I b, - |

Veni ol o- SeLAMESAtEnedip A mrP Batelia-ab dase BV, Dbt miore

WI'1- DNA, NDREREDEAVderaiRBRY hayBhclbsk @RMBNEES 3065 As riaddnts Br Gulferd\ib 580 <50
ND r FWI'l/ TRICOM Serum titers are the average of 4 mice per group. Titers

written asusedin tipassay. SLEh kisrmoaybiso, av altemativelyucontainad detastiopAnces | ess

than 4 m ce had,detect abl iters. ND i.ndicates antibod nqt det ect ed

oy 10 Terbint 88 do5Red abbvE it DR & 18P GTeritou8 St ol Biagtiar

rv-Wrl/ TRI F@Veﬁpﬂ%ﬁ@ioﬁ of éﬁm indifigW1 / TRI COM (boost) or by WI1- DNA
owed by W1-A ?

(prinme) fo eno (boost) elicited both CD8 and CD4 T cell
responses agai nst WrAlteffativalycalkit may pedesigned to\deraat/theles@lof oiRNAed by

rF-Wr'l/ TRI COM yer s WI'1- DNA, f ol | qwed W1- Adeno .were equi val ent within
he mower S0MG RN IRDIoR I 8 DiICeGrg, SaripBn aond aenssaiucaprie st o
maj or adva [T I i ; Al Q@%

colnti nuevt %ﬁ@?ﬁggégﬂﬁe‘?ﬁe\g’%yfﬁﬁﬂ ésk{%ﬁggﬁ@q %gg\éést'ﬁu i ebgl urther
confi r mst hto apolynugisutidetencotinghee W poteineiSucinah pligonubdectideraay beor t he

use of WI'1 DNA/ adenovirus or rvW1/ TRI COM r F- W1 /TRé&S\/I i muni zati on
regi mens i HS@&der Axample. withing RCR gr hybddization agsaye r AJ@INQRRl COMRONGNS, wr1

expressi on > -

ExPRESS] ONMEE g o Pt e ot R Tnolide o otnls dlaaclegtieardidiac i on
of an expr drrnostiy fsdgent ©p cbaiainerdo fadilitatecthicatbtéation aff @ polynackeotids| ocat or
(TAT) signal peptide fused to the WI'1-F reading frane (2-281 N-term nal
portion of enpediDg R WIJtROIN. This 15 vector can be used to produce a single
speci esat runcat ed TA ; i e i i ; pes for
the tr &% ment of mal 1 BRASBE FoEhThi? bre offelel yTHHY of s8] 5Ru 7k

descri bed pyeavd InyitationExanpl e 34, the TAT signal sequence was used to
make vari ous 1 vectors. Wen these TAT vectors were used 20 in
expression, nultiple fornms of the protein were observed. N-term nal

sequenci ng of these forms showed thégm,_:éf the three separate proteins
bei ng expressed were truncations of pepti de. These cl eavages were
occurring at each of the twin arginine sites. Thus, a truncated TAT vector
was constructed to shorten the TAT signal peptide from 39 amno acids to 12
amino 25 acids to avoid generation EX&M@S&ICI eavage products during

T2 res dues of the TAT SIAPA TGN BF Al OB R BRe R o W\ i o hi ne: Thi s
vector was construct ed @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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follows: 30 The follow ng pairs of oligonucleotides were conbi ned and t hen
anneal ed. 183 Pair 1: Stunpy 1 (SEQ I D NO:486): 5'

t at gaacaat aacgatctgtttcaggc 3' Stunpy 3 (SE4 1D NO:487): 5
CTGAAACAGATCGITATTGITCA 3' Pair 2: 5 Stunmpy 4 (SEQ I D NO:488): 5
aattcttggtcattcacgtggcggctcge 3' Stunpy 2 (SE4 1D NO:489): 5

gagccgccacgt gaat gaccaag 3' The pairs were then ligated together with pPDM

a ”DdifiedqgﬁLf%cMFeCW&gobm Ié‘uﬁ@n@é’% aﬁwrgg%q@,gweaé |&ikénfiaoR . The

resul ting asm d IS set fofth in NO: 471. The am no
aci d seque(CMLpand bevenmammt@bﬁdm“ iapwetccamalyzedsesing dWestermblSEgNalpsiN0: 506.

The full-1length TAT nucl eotide is set fortg 503 and
encodes t hSEEhWRES il% e Abilityto 'm@UWeB'BF@WeW%?éAO@éFQ?‘HHW in SEQ I D

vector J“%y%?@i{?%“h'lﬁeﬁﬁﬁé%ﬁ? oSG TYPE CURRE BB, St ol THE Lok .
The St uspyeé(ifrlcEse/emhmnomécupm&bmm—be@paméalbycgmeleBne horlisiey regi on of
WI'1l- F was PCR arrpllfled W th he foll o ng primer set : PDMlOOS(égEQ I D

NO: 484) : 2bassfered 1COBYAUTE iherasts W THDRRtitsty W3i80(Banks 485) :

2 BRI LBt 6. 3 W0 A Rer . “aa i

steril e wajfntifiédPotentialWTHf spdditfe AMbOTELPtihtsivith Heehatbidg ﬂdé'l' a, CA.

The reaction was ?I rst denatured for 2 mnutes at 96C foll ovved by 40 cycles
of 96C f or mligeanondA reﬁ@SentatlveENeetethbt shewingAgefresulgofos apatiest The

The. boBor Bl AMRAS Shn Th Figbe 3, A PRKCERDRAR IR e imrhiop el "ot umpy
vect or thaﬁeﬂéﬁn&?ﬁg g't9& ph an’\éérﬂ v@@%&g@ﬁ@ﬁ%ﬁqﬁeﬂrgpéémc antiBb§ EX.V uct

was confir sequence analysis a med into R (DE3)
pLys S cel Whe%p@eirtmigyatedntdhésdm@é’zd\ﬁs tRe positive contyoki n expressed as

a single species. The pol ynucl eotide sequence of the coding
pSt unpy WIil-F is set Adgitiopaj ﬂus@eanﬁ'm%zibg%rﬁlehp%maé@thv’h@f% no aci d

Wi Ao it Riesne daltdds (B RIErr Fr AR MY bl ) S
descriligs ODNA eoastructs irepreséntitid tHe hukhan WT Hifuall-MRgtDEa B-489Y,dhe dN-s

optim zed for protein production in E. coli. The TAT W-1 E seguence
was codon IMiNNS (aa 1n2d9) (WiTH AN terminys)ang FJeratnus,(aa262- 4@)%1/8

Bi ot echnol coli.

Thi s codon?%é‘l'g@{ggioglﬁﬁ)esée@&gﬁ}ce o&o{ﬂf@féﬁﬁ%é-geq 9%%#)%?&@%/@ NGs: 477
and encodeferigi afdiWP1 AN-tetnfifgs proteing sieré @xpressed SsRaNR fiioA fotelies pl asni d
containing this sequence was then digested with Ndel and EcoR and

sub- cl oned Fia1t203 therbdiermingl tremmn&@t:acﬁectqta@ Mycgbaeiarium BOSredosift h Ndel
and EC(HBI %tel X%eﬁatgedo& Mq'd‘E'ZBC Olékelkv]étsal 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
subcloned 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-B-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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20 construct was confirnmed to be correct by DNA sequence anal ysis and then
transfornmed into BLR (DE3) pLys S cells for expression. This construct is a
purely synthetic traceabl e source of TAT WI1-F tenplate DNA. The codon
optim zed sequence was then used as tenplate for PCRto delete a proline
rich region of fourteen amno acids fromthe N-termnal 25 region (deletion
of am no acids 54-67 of WI-1 F sequence set forth in SEQ I D NO: 461;

cor r espondicigndiStedto F@arstﬁﬁlhﬁﬁ)lté?Tﬁﬁle% l\lgéééﬂrrdg%%ﬂdhn%ﬁnblo&{éﬁkhﬁg the WI-1

G cDNA sequence set whi ch encodes the am no acid
sequence sWididmapdiisi IN)%Q?P@fovae‘tBbyTépeataasomtdseoﬂgorﬁcatmn dedusiani ng t he

TAT-WI-1 G construct f ol | ows ono W-1..G was PCR
gnpl ified Dedieswere W%ﬁ Fhﬁgm'\zgﬁﬁ Eb'sé) 8! BiteTsow k@"l%"f(l?%go) 5

cat aaai 11 Ségiﬁééc%iéé%%caga?gccg@gﬁﬁﬁ%&gﬁwﬁgpﬁ""ﬁﬁéﬁ%& Pt e

W-1 G seg{QIAGEN IRERVarardid,iGAl Mechdi étred., BidlbglsaigApiivertolentles 2OV, 1008
(SEQ I D NO:492) 5' cattcattcatcaaacaggagcc 3' Tm 61C PDM 1009 (SEQ ID

NO: 493) 5' 1989} foHawed bychrematogiaphy. ena SCMﬁCQ(ﬂ @piontexchapgeesibt i on f or

il each 10 AefAR PhegaaBR BE Uolipe peield. Phifienshub bW IYoce " °
(Strat agengrotbfhsqpég éonffrfived @N_tgﬁnm| EdHudrom. at e (pTAT Wi -F codon

optim zed as set forth in NO 477). The reaction 15 was first
denatured for 2 m nuSemHD"'QMDH‘Daﬁei\l%wlibﬁ&lm‘&yé\wgoro@mwmmd@dseconds

63C f 15 d d d t ended
For a MonaloraRs Bresauirogi W34 Pops Al Ecambibagt pRAEHsWeBRisplRY e T hen
di gested W@m?@a\bveﬁlgmtéé 'HBskulaé’%mam)dlma@@ weré3fasteeiwith t hat had
been digested wth X d 20 Eco721. The resulting construct (pTAT

V1/ T1- GA) REBS/0i586T weer 20ahdiblotkest with ditel BSAYRBS/0H &6 Baeema0péltetonst r uct
was digested with EcoRl, and cloned,i TAT WI'1- GA S onstruct.
At he s anmbeshig, SSTUAT SBOURS WESAdaRH and MRS O 959%39@ F’ﬂfﬁ e
first PCR Egge’i%j

const ruct \)Wﬁ%ﬁhp\ggtrqg)%r}’ %3%%%}‘ I@%ﬁ}l-lﬁ at gaﬁ% been di gested wth
Xbal andé E¢éddksorimnigmchen West/Grodie] PB) @odshcubzteddsr 2ioaf ioomed t o be
correct through sequence anal ysis and then to an ression
host. The EHRA %r/ﬂlawlwesq wasghgd, f"chL{Q@t?qsw Eg'\ﬁg%oﬂags%ﬁ&lb Gdes the
am no acid a'%ﬁ’e f4 tion
during the ég‘@gﬁg ?éa%ﬁ%ﬂd?’%ﬁ% %r abov gm%ﬂ%%@é@%@@ﬂ 1fr\f)‘ri’ﬁigg? INT-1 G
(INT-1 Del madGnnwedistehatead (Oytd-Filer @360; Miliporen BedfordsM@uri no aci ds 55- 68

of WI-1 F) and added three 186 additional am no acids g%};@@g ta G
pol ynucl eoti de seque & thaseroingisal sHrvays hpmagesesgyveigitested A he

pol ypepchq d%géﬁﬁ‘l‘é@ﬁ?ﬁfg Srid1 Yitbtion fr@%&.# gqov éabo Npositvelredkiin Walst 2 G

constr n unexpec - expressi on as conp ared to

the TAT W dbfihe@ @8 OD valud bﬁaCIE!Nm dﬂutteb%eﬁjmTHé'tréﬁlEbeBedtthe Glemnst} uct is
set forth in SEQ ID NO:476 and encodes the am no acid sequence set forth in

SEQ | D No: A8lue ¢ligearafiony ngenal-danass (rs98) y threer (Wil Mfulilqagﬂp)%ﬁﬁy-wrlf G and
Wi -G wi 1G
as a terrplt 3?@“8H¥yt$¥§8§éf&a‘%&é@ ot]"'%%smgéegoc @5‘[ r%%lkﬁgfoﬁgqqﬁghgggqﬁgmﬁél on of

the WI'- G ﬂﬁgwmmrrﬂﬂ%s?mtewﬁ aqsbsnwmabhm foWTMNAgrminusevaseefined®CR 1:

PDM 1010 (SEQ I D NO: 494 3 &ggat gt mﬂgcgat ctgaacg 3' Tm 68C 15 PDV 1011
( SEQ | 25\0 aas%)ODvaiaa@@a:ﬁQQ: sgaum hal gxgesded hemeapdpDyalugobpv 1023

(SEQ 1D NO: A28} o ndifidl dohBreh i LA AR R\ RERAI TS verifyTdt 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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PDM 1011 (SEQ I D NO: 497) 5' caaagaattcatcactgaataccgcg 3' Tm 63C 25 The PCR
reaction and anplification conditions were as descri bed above using the
PTAT-VIrfl G set forth in SEQ ID NO:475 as tenplate. The first PCR product
was digested with EcoR and cloned into pPDM (a nodi fied pET28 vector with
a his tag in-frane) and pSTUWY (a nodified pET28 vector wwth a 12 am no
acid truncated TAT | eader peptide in frane set forth in SEQI1 D 30 NO:471 )

that were digested wrphygRekd fotife présehbe offnnamgid WER Apggluct was
di gested with Ndel and EcoR and cloned into a nodified pET28 vector 187

(pPDM  t haredombihastrfulkieregth eddiuricatettWEinprokeioin theheeraofstormat s vere

- expr oss NSRS andratieB VR IRkada wase detduned " Aatibady reartany o ™
| | . ; ' . : . > ! JUs d

pol ynuc eOWagean%clyzgﬁibe%W@bréﬂcﬁvWﬂ) WA 172 Illérﬁdtg@ébilébrﬁ@Hm hg}nﬂrg@s an

encodes the amn sequence set fort 480, T

pol ynuckeoprateincdnd WIFIE vetrhious prbigin.ag i s set forth in SE4 | D NO: 473 whi ch
encodes the am no acid sequence set forth in SEQ ID_NO:; 478. The

pSt unpy- Vi r f 1- G pol y Y 2 &f Posmgl denersihadssqrupbantipodiessegctive Nitha74 and

encodes th ' ' f [ : : L rel ated

experi nment mmggﬁQW?ﬁ@Bgﬁé)( c@h%%f g@ﬁ%@%@?@? n\g/‘vg%&)ggﬁst ructed

as fol | ows wi)R-eadire [g\rfﬂii@anéforkhmﬂnt%dﬁ 10ONTN/CBSTNinmS pfdteid. uai ng the

following prinmers 15 PDM 1010 (SEQ I D NO: 500) 5' ggttcg%at gtacgcgat ct gaacg
@

3' Tm 68oCcomrast016 of 88@atientan(2664))with Abiabad serura eptieedias ferdtyegvith Tm

Sbove- 49 niVERIHaRSH roidR £ etk idtntany, SRR o A hABN G 8L oW ¢
EcoR and gdsuinfly kT {/0aeRmind@Iproiis! Piftedpsstigsdtidnts Frosapith EMLhat was

digested wth EcoRl and Eco721. 'The construct was confirnmed to be correct
t hr ough sebadseeurarantipsdiesandctiveswith WLt fulklepgth proteinanexi? e681 on 25 host .

ND: 458 uhi BRTEHEJHED) TAG SR Bed e aRE e Wi ELN e BB Bhimr .
the expresgh PrHBRES 308) @ﬁ;ﬁd&?g@; REWAHICS 8RS P6Mir!, OfFiQures W8 arfk pr essi on

and producti W'l, and WI1 fusion proteins for use in
vacci ngsst ndt)egi es for the treatnment of malignancies 30 associated with

expression of Wr1. 1 Fromthe foregping, it will Rhe reci ated that,
ai(ltohoﬁzlh specific enﬁ- Gﬁﬁﬂﬁf%d%mopﬁﬁawﬁglﬁhgpkﬁsﬁ’%ﬁgsﬁgé&%&%Iri bed herein

f or purpos LI fl i iANac at ; i t hout
devi a1 ho. ERtdtianly it Sbi® deliente/ Gith 2431 BRE CUES THEGrolRY imsagiictooht {100

i nvention iaatibedy In leukemiizcpatigrits providds/stréreg eyifenciethat limmanizatien to e Al M5
What is dained: An isolated pol ypeptide conpri sing.an i ngenic ortion
of a W1 nsWI L RitekRecied ash sestlOtnalionts Boging BRuananck b SEpresses | b
NGs: 41 5 i i g ;

Subst i 25+ Onaf SGmelife BabresSba TRl Vitious BRIrRPImictito IshbEiE thébri @iy, ToF =

of the var ibelievédthat #ied obsérved\Bhtibody résponses tcWEl aodt probBbiyetdsulti nes or
clones is not substantially dimnished. 2. The isol at edLapoI éﬁaerﬁ%i de
accordi ng ffi®ne patients bgeerminginemune feYW b} enitbeis g IsHkemmia ¢Rl di fied such

| nor cased PPy oept RiPR FRPRIt f cBRbE At doshibabla 8o E d ' ©

pol ypepti depr@@mrdi ng to claim2 wherein the i nmunogeni c portion has been
modi fi ed such that the ability of the im’runog[;enic ortion to bind to HLA- A2
i s incrdfased rel ati vdhepreaanceef antibody to WTT 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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unnodi fied i nmunogenic portion. 4. An isolated pol ypeptide conprising a
Wl nms' tunor antigen having a deletion of a proline rich region. 5. An

i sol at ed pol ypeptide according to claim4 wherein said proline rich region
is fromabout amno acid positions 54 to 68 of the WIlns' tunor antigen. 6.
The isol ated pol ypeptide of claim5 wherein said pol ypeptide conprises the
amno acid sequence set forth in any one of SEQ ID NO:478 and 502. 190

16. A vaccine conpr i sh@ehajoryof BRPhhtiSodiés Bbricledlwefe réactios with i n _
conbination with a non-specific inmmune response enhancer. 17. The vaccine
accor di ng epitapesi witHib th: d-terminusewhitmonlyecsmalt subgnonp of patientssshoweshcer
preferentially enhances a T cell. r onse in_a patient. 18. The vacci ne
accor di ng @(Wékeﬁ'm gy fammeriotthﬁ%ﬁfﬁ?wsr&WE&EO%%HI}MN s sel ect ed
fromthe g 5@}% i ~NE : 294 \ Fgmg irided! SA50,
Seppi ¢ an{)gén%e A'ﬁ%g?‘"gﬁ%%ﬁ@h&h%gé%“ @?@%{%ﬂgﬁgﬁ h?l’e th§?ﬁdiiqoct adecyl
amoni ugbr frenctae (NPRAMihas elicited) antibody, héiped T ca-ahd G bresptingeant system

based adjuvant, 4S21, saponin based adjuvants, Syntex adjuvant jn if{s
mi cr of | ui dwheteasdiane aitheeptides tegiad from the Grierings e ?M&‘)orb sed

adj uvant s, I I . i . e sion vector conprising a
pol ynucl eo?ggéésb?ﬁ%éar%@gr %ﬁélf’ar%’f)?/&%?h@é'?gbg' expressi on control
sequence. 20. A host cell transforned or transfected with an expression

vector according to claim19. 21. An isol ated pol ypeptide conprising an
i mrunogeni c portion of the Wins' tEXMPYR2gen wherein said pol ypeptide

has be nodi fi ed t t {LL1 i to bind HLA- A2

is i ncﬁ@ased and mﬁﬂﬁg?ﬁgﬁ%éméﬁ{’?\’ﬂ/'W&%ﬁ'@lﬁ%e‘gﬁﬁde is increased
relative to that of SEQ | D NOCRALLINES ExPRESSISEMETRd pol ypeptide of claim 21
wherei n said pol ypeptide conprises an am no acid sequence sel ected fromthe

group consi sting of &hig Dxample ifEyates thesuseraf- calls. expeessin@W T ige i sol at ed

pol ypeptide of clajm 21, wherein said nodificati on conprises one or nore
subst it uti fucga@ %R‘F‘&'ft?ra’i!}@’adﬁ’i%ﬁ@’lset’ﬂr"é‘@gh 9 of SEA ID NO:241. 24. The

| solated polypepti depgfdiofictéxistert!ahitiBbdRsWOIVE! h BafichtSHiH leGRémR
conprises a substitution at position 6 (P6) of SE4 | D NO:241. 25. The
i sol at 48 petrgpgiptinpledthat litds pogsgibishteriginunizé to 6T iy prgieinde edicitjmimsisgy t he

' id f h in SEQ I . 445 26. The | sol at.ed.pol id
o0 e B S S oot o i 5 B b ShBURgadL YPopt e
posit1 on 9 i Wefd infbcred v@méfgﬁ-gééwﬂfh%dsﬁ%%%r&ehms,reﬁ Béorififor di ng

to claim?2 erern-sal conprises an am no aci d sequence set
forth in SBReflp haledB6 mied webe imtrunizedonitti 50Ut RAMB-Greefle response in an
animal, conprising: (a) adm nistering.to sai ima| a first conposition
conpri si ng SHD‘F'-F"?@%O‘\’/‘#'Y and\hoostad tyies g’ﬂth 55118 F"?Ipss@t tbferedwegéﬂtﬁwgg%rmri ses
at | easfy aRpidE | | el ] agﬁeé ji nked to
an exprsjgssﬁgh co%? ?%?hg'é@%reﬁlﬂg‘emn%%n&g%ﬁh?@{aen ng(%t%%inggi ar:ﬁ@g%téé second
conposi t i oBusPeNyions siospleesswerk piepaired itREMIViiGd0anadisian (GHBLONithi r al
vector conprises at |east an immunogeni ¢ portion of a er& poHnupI eot i de
oper abl y | RRkMiB2amgreaptosthanol, 200 units of penicillin per mi, 10m 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.
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expression control sequence; and thereby inducing an i nmmune response in the
animal. 193 29. The nmethod of claim 28 wherein said first and said second
viral vectors are selected fromthe group consisting of vaccinia vectors,
fow pox vectors, and adenoviral vectors. 30. The method of claim29 wherein
said first viral vector conprises a reconbi nant vaccinia vector. 31. The
et hod of claim 28 wherein said first viral vector conprises rV-Wi /TRl COM
32. The nethod of claim 28 wherein prAMRECENd viral vector conprises a
reconbi nant fow pox vector. 33. The nethod of claim 28 wherein said second
viral vector tDYSTIGNOF T H-ANDIANTRBAISVRESZONSHSSIN MICE BdMoNIZED #ITH WE twher ei n
said first and said second viral vec%ors further conprise at | east one

pol ynucl eoti de encodi ng a costi nul at F@T'Wfﬁ’ ecul e. 35. The nmethod of claim

28 wherein said costi I%}glépﬁ h'gsa (1) Wi?%fl’? hRGtHWeP

consi sting of B7-1, T%\ , %ﬁmsﬁ%%ﬁ 6.m$k§?rreﬁ1¥o o' r(:‘fial m 28 wherein
sai d fi 6st peptigesstotelicit ansimmiumenrespense specificforWT1t i mepoi nt and said second
conposition is adm nistered subseguent a second and_a third tinepoint.

|
37. A nethod for i ndOepligps:suitabig s Q“@E%G?éb@ﬁ’lpy Biua T CrEEPAnsRy

conpri o1 ngare lbrifieq BBGoElHg 8 108 TRABS P odtaRT RSB RS e Tlth, SRRRPTC
455, 470, #:43-100,99883 DehOM etadld MdI2inamdnel. SSciarsd1 55 nMewsyWwhitA4  sel ected

fromany one or both of a physiologically acceptable carrier or
i munost i neéaighes W.Pwtlﬁétmg%sﬁbat havebemptential terglieit Thsepensesn a pati ent
conpri shhg I, 0] i t,h ient . It onprising a first
conponght E’%ﬁﬁa‘%g’@”iﬂﬁﬁ{’@ﬁdcﬁﬂgﬁvﬂﬁﬁ%ﬁ’ﬂ@%%’f{%’gpt| de conprising an
am no acid sequence set forth in any one of 414-450, 453, 455, 470, 478,
479483, 499, and 502 and a second cquonent conprising a pol ypeptide
conprising an amino acid sequence setla®edh in any one of 414-450, 453,
455, 470, 478, 479-483, 499, and 5% I]-’95t'dAS :
F. Af Fr. Af F. AS(3. AS; 3. Af F. Af . AS( Fr Yag. Feptide
Fr. Afu3. Af (E.Af Yr. Af (Yr. AfF. AS(Yr. AS( 3. ASa3. AS(E. AS(__. A@uFE. AS(Fr . ASUF. Af;
| _. ASNF. A@)|Peptider . Af (3. ASeguéim®e . AS( Fr . ASFr . AS3. ASNFCAas{rientas; :
F. ASYr. AT F. NMougeeiielaZ™>: PRBLNALNPAVSSLGGGG 1 mismatch relative to
Yr . ASFr . ASHr . AS( Yr . ASaFr r ASNFT . ASFr . AS( Yf , RrwA YT - ASNS.
. ASYr . Af (Fr{. ASFr . ASFr . ASFI~ IJr . uE’r) Af (Fr. ASS. ASNY__S i f;

Y_ . AfNY_. AS3_ASEr ASLY NEE_ASLEr _AS: E TAST
F_. ASYr . ASYHUMani Peeer . hAREILNAKPA g J&(}Ai% GPrr . AscF. AVA . A
r.AFYl . AgKL. Al Yr. AS{ Yr . MSERYD MOW)AKL . AYK% A8% A=% AU% Af ~9. AYF% AK9| AMAL
. AK% Ac9. Ay FHumaRrimdie: APPSQASS GOARMRPMAPYIOPBEKE A*=9. Ac=L. AAL9. Ay YD. Af {
% AS9. AS% AP1117-189 Af NO. ANSEQEINOG R afdl3)Af ; L. ASL. A@r9. AS9. AS(

9. AS9. ASNL. NN ESA MAAGSSSSVKWTE 1 mismatch relative to

» S% AS9. A@%@ﬁg’%ﬁ; ft%% A%&L@ 10 ,SA?% AS; % ASa9. AQ]f{ﬁéﬁe\%aﬁf 9. AS; % AS( 9.
AS; YL. AS; 9.|AF% A{ 9% ASuL A A(&)g. AS% ASNO. AS;

% AS9. Af (L. Q_AS(L.AS(% AuQ_AS: sequence

[Af 2% A@Ga ¢
L. AS(9. A, 9.|Abemar p244s N GAT LAKGYAAGSSSSMKVNEL. Al ; 9>r ~) B\ 1| hXP9
3zt oj e’ [ V] dH6&a] ca] ca] ca] (SELIER NOM)ca] ca] ca] ca] ca] ca] cal ca] c”a] cal cal ¢a] ca
] ca] c”a] cal|{ddjmahsadust: c A RiETEIE EREQDYReeOhET&S+
rrrgqryt” d#idmgd-} xsni d @EDq@\/ﬂJg%] §8]ahd] 18)] ca] ca] cq] ca] ca] ca] ca] ca] cq] ca]

ca] ca] ca] cahmAlcamaacal T FAIRa] cal cal cal Cah hishiaton felat 579:
==? @GADDEEB®- %’fd I w WH; al ca] ca] ca] ca] c cal calca] ca
cal ca] ca] cq] ca] cal ca] Z%%Q] a @g\i'@:i ca} ca} ca} ca} C bgag%%mPPPPQ#Q, J]DQQ]Q

7RRT?T{ TTUULL\AAMEVK W2 Z[ \\ { vpkE a\ MV cal cal cal ca) SEAW®M&a] cal cal ca] ca]
ca] ca] ca] cd]Runeairegses] ¢ QQEKEARSARINREM ca] caV] ca] ca] ca] ca] ca] cal \ " ]~f 1
Taeegsi yi wj|jpddkess | mAmmi (BEQ0IENDsp p9qunglia®ni d_ZV] c] ca] ca) ca] ca] ca] cajca] ¢
aJca]ca]calcaJcaJcaJcaJcaJcaJcaJca]JcaJca]calJcalca]calcalcalcalcalca]ca]ca]c

al g4r aner 6sbt t t Fuuuu XA, O ca]ca]ca]ca]c
a] ga] cg]sca] caV] ca] carégwm%%ﬁbgﬁg%éﬁ%@gé%g? %g]rfcla c%{}/]cll] c}a] c}a] c}a] c}a]

calcalca]cal[zzz& p{{]| =}} & m~Ac" ( ?dj zupkf a\ W/ ca] ca] ca] ca] ca] ca] caV] ca] ca]

caV] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca!d
5>d] W%+-P$X} xr mhb] Xkf a\ W/] ] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV]ca]ca]c
a]J ca] ca] caV] ca] ca] ca] ca] ca] ca] ca]ca] ca]caV]ca]ca]calca X e |Kk2il; D,

| wmhc”YV] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca! 5?| bG s>*zoDzupkf a\ W] ca] ca] ca] ca] ca] c
a]J ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca\@ica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] caV] ca! D_1V] z=6;

Xm wgl gb\ Vkf a\ W] caV] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] caV]ca] caV]ca]c
a]J ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]ca] ca

A(. Ay3. Af (Fr. AS; 3. Af; Yr. Af;

AS( Yr

L N : . . . . . . T Y :



NQEZ Mt {#J g\b

"# $2%}xsnid_Yid_ZU] ] cV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]cha
} caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca

2$C$d$6%Rp(Vv())) c*j *d+,,./21812B4{5678: : b<<}>@

C&CADDDzupkfa\ W ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
Ca] ca] caV] ca] ca] caV] ca] ca] ca] caj caéca\/] ca] ca! DE EEE$CY GHHEI [ | JRJK&L, LMVIVNON
0002 PPQRORRRSSS) xsni dGKUPL A ca]RE:2e ALens 404 4) dB) 419wl ¢891A] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]p:1a]]7ch(]!&h]mmhﬂapus&] CABBDAM TN WE WLYPVVV: WPWANY
2XXXNYYYMZZZE[ f[ [ D\] ]

A&} xsnid_Z]]]Y ca] ca] ca] caj ca] Q% ﬁ]m]@?gp%%}‘ﬁf] caJ ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]’cal ca eeeegf 4ijj] nmmooqr sl

AL ) e %fﬁhﬁ%&?@hré‘%‘:f%%vmfﬁhﬁﬁlCa] caca

NVWWWAZ WWWX XX Yy * y<yyyyyy' znzzO{ 93yriy}~k~{vql gb] Xnid Z]]]]ca]ca]ca]ca]ca
] ca] ca] ca] ca] caV] ca] ca] ca] ca] caPO'élS@ DQ?QMCQ]&:@BOEFM\@ﬁa £dPOuPka] caV] ca]
ca\/] cal caV] ca p421-435 human/mouse: 3.3mg in 1ml (30l =

*~9<CW fp: CU @M Z| wmhc” Yni d Z]iddp]gga] cal] ca] ca] ca] ca] caV] ca] ca] ca] ca] c™a] ca
] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca

: KQI" nU*WWk0o~Yyt oi a] ca] a\/] ca] ca] ca] ca] ca] ca

] ca] ca] cal ca] ca] ca] cg-%ﬁ'é%\@ca] c"@? g?écg @@é@a} CW 0AGVB/ =Al dyt ni d*Yid_Z
U] ca] caV] ca] ca] caV] calc ca] C lc ﬁgﬁ:&avj caJ ca]ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] cgéf—@\ag—ca] c:(&f&] Bg& aa(_,] ?66“96) &
"CrCgw} gzupkfa[ Vid_ZU] ] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca]
ca] ca] ca] ca] ca] ca] cagreap podriaihed Hee gtexent Withirethe amino terminus
Wuz#4CQAP} xsni ¢~ Xid ZU]'] U] ca] cal] ca] ca] ca] ca ca] ca] ca] ca] ca ca]ca] cajcaV]c

a] caV] ca] cQV!‘thE,I] S WEA\Exsen dhpod Grave & edtaegdnentides resent within the

e e o BN R ke b spboges) oo

rmJ X } xsnhem@idg yst@]&ﬁbﬁ@}\mabma] r@ﬁdlﬁéﬂ vwim@y}%i Bap287-3el eaidopdam] caV] ca
] ca] caV] ca] caV] ca] ca] caV] ca] ca] cal ca] ca] ca] ca! % 7S #H#SM R) *, , 4. 602945577

; 313 were derived from exon 7, zinc finger 1, and p421-435 was derlved from

; a<k<. > Ifa ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca] ng69+ 'Qf&ﬁ@gwcfja] c!a\/] I:a] I:a] I:a] I:al ] >4]>’>@]@@ }AI B]BBC}]BCC] EF}:I G% GGLH
| HQHHHHHI 11 21 JKeIV[ UDF%']' ngﬁrl WhhCH ol GraMirs plepalbs a wadl £2] cal ca
V] ca] caV] ca] ca] ca] ca ca] ca ca] caV] ca] ca] ca] Ca] caV] ca] ca] cal ca eMNNQFQSST
VWAKXX YZZZ Cohtrdl] jeptide. Peplides averamlissdived ] Wl $terile] waller fov) injectiav] and ca] caV]
cal caV] cal gal el el ol el CaL M SShe b bR 8 LS NaciE] S Galag] o2l cal c

adp

Fefiy"
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10=10%& () - 100 () -t #1100 ()<t dL*od 100@ () 21 TE 1% nd 10048 ) - =>? GAAB
Fope. 11 11 paiR BRAd il RsddetBepin! B fierbes, phaf dimmiddeiiies - =7 A2
| MFl 1098 J &44 1-78F226) %GB8, incoferaledtigrein<ih:its entirety. The peptide binding motif
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#109&' () - EfrdHA-B1v igdesarnibed innPiBoing gt)al, ¢ nBiohghem. 269:284364L33484,
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10%& ()- S 109%& () - SPeptdes idpntitied 0siag the Tsiteoprogram (FrtrmartianTaBbC 10! ;
yL* 10,0 'Tay°’|o$, Endd ﬁ.)f:93-1oo, 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 8A 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 Subsequence)

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 | QLECMTWNQ (SEQ ID NO:167) 0.900
14 272 ESDNHTTPI (SEQ ID NO:71) 0.750
15 366 RSDQLKRHQ (SEQ ID NO:193) 0.750
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109%&’ () - YJ_Q_E ) - 222 1 o NI.Y Q) _ 2 100 -
| mminnColdBbe 10! 427 - vigR VRHH-SEQ R NO:1 ) Mﬁ%_%&_(_)_
S109%& ()- |L108&]() 394000 RSPHRKENT (REQ EDNQUIGR) () - 010%&' 0)750@ " 10%& () -
- 109% () -[ 0% §17 U AEEMRPFMG) (BEQADANG233P [107 1 67 T0%&75 - | Fnilovk () -
20 213 QALLLRTPY (SEQ ID NO:160) 0.500

=R

)

Table lll
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 P9; 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 SLGEQQYSV (SEQ ID NO:214) 285.163
3 10 ALLPAVPSL (SEQ ID NO:34) 181.794
4 242 NLGATLKGYV (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 LQMHSRKHT (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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| (1 900%EES! () - #10%& () - T 109 ()-f2109&\ ()| 109! ()-AcaBbC

10! 1 6y710%&' ()- 1f 109%& ()-'y-!10%& {80V 1 100008 ()-, 100 ()-

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A 0205
5 (HLA-A0205 peptide binding motif anchor residues are L at P9 with auxiliary
anchors being V, L, |,MatP2and |, V, L, A, at P6)

Score (Estimate of Halif
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
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 NO: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 NLGATLKGV (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
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10111 (f *Z"109& ()-f""109& ()-!#f""109& ()-f3"109& ()-!f3"109& ()-f"109%& ()
-dghij}rg\= 10! 11 F10%& ()- 10 10 10=10%& ()-f6" 10%& ()-Y!;

f6"100& ()-Y! (f *Z"10%& ()-Jd]aBg\= 10!!! 109%& ()-flz 109%& ()- |g

109%& ()-!LM 109& ()-1 t10%& ()- 110%& ()-]WIEg\= 10!!11

109& ()-ff/1109& ()- ( 109& ()-f'z 1GYgdy-f , 109 ()-f! 109%& ()-%)*+] =
10! 11 1AYI109EES ()- ! Y 10%@a& ()- 1 0=10%& ()-s910%& ()-y7 "109%& ()-
Px$zX6_= 10! (y, #Fidkilté of BIMAS HILAReitide) Binding Prbamoo)Arialysw%r& ()-! #f
"109%& ()-!#f "10%}J&()- Ee{\— 10! Mlo%&lg Y 109& 1

10=10%&’ () -! Dy, #1009 jmﬁumanH M&: ()-y 109%& () -

y10%&' () - & uemr/xao, péptiﬂﬁ%ihdmg motlmmh(oy ms}ldms areY atP2; |, L, or F at P9;
10! (! 1y5" 109%&' () - Z * 10%#h (@Qux(liahpalcHors | Yor ¥ aiPg&ahy-F &PePY&’ () - #S

109%&' () - KOYNCTOT (T 10 10 IT0=109& () - 9109& () - 7 1P - :
109 Eg-yt];ilo%& ()(z><2} [ 9YNC v Y gc‘(’r)e (Esmhte of Half
1011 41" 1098 () - 7" 300 () - 100 ()11 100 () -F! f 589)% {2i 1%}
[ <1C 10= 1jou& ( 8100 g) t!1f 1#109& ()-tf" #100/&
| 9810%& ()|-Naak (~P03|t|on ubsequence Residue Listing This Su sequence)

1 302 RVPGVAPTL (SEQ ID NO:195) 16.800

2 218 | RTPYSSDNL (SEQ ID NO:194) 12.000

3 356 DFKDCERRF (SEQ ID NO:55) 12.000

4 126 RMFPNAPYL (SEQ ID NO:185) 9.600

5 326 AYPGCNKRY (SEQ ID NO:42) 7.500

6 270 GYESDNHT (SEQ ID NO:106)T 7.500

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 QYRIHTHGYV (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 | NLYQMTSAQL (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, orM at P2; K, Y, or F

10 at P9; auxiliary anchorsare For Y atP3,1, 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 Subsequence)

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
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10! S"10%& [[)-L!' $" 109 () -LS"109%& ()-!S"109%& () - 33| Tifé&'of Disassodiatidhief
[9YNC 10! 1507 LO%& St}art; '(S0"10%& () -~ S(f 10%& ()-!} SafMolecule Containing
18!/ é‘.. (12)%% l%igr{?‘(ﬁlqﬁq n, [0 '&énéqﬂesiq”gu,sting o I@islgyft{)s:equence)
100& ()- 1qhi gy 4 1428 ARYISEQJIE NO:185) 4 nog g () 4509
#109& () -] 18&[() 1691 1pAQFPNHSFKASERID N@6Y )| 1 110964590 - 10 10
10=109%& ()}! @& 7!(10%0 ()| ALLPRXEPSL (SBEQ}DND: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
12 235 CMTWNQMNL (SEQ ID NO:49) 1.200
13 441 NMTKLQLAL (SEQ ID NO:149) 1.200
14 152 VTFDGTPSY (SEQ ID NO:244) 1.000
15 187 SLGEQQYSV (SEQ ID NO:214) 0.900
16 383 FQCKTCQRK (SEQ ID NO:80) 0.600
17 292 GVFRGIQDV (SEQ ID NO:103) 0.450
18 194 SVPPPVYGC (SEQ ID NO:218) 0.405
19 287 RIHTHGVFR (SEQ ID NO:182) 0.400
20 263 | GQSNHSTGY (SEQ ID NO:100) 0.360
Table VII
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
5 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
5 337 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
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14 325 \CAYPGCNKR ('SEQ 1D 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

Table VIl

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A 1101

(HLA-A1101 peptide binding motif anchor residues are K at P9; auxiliary

5 anchorresiduesareV,|,F,YatP2,M,L,F,Y,|,A atP3,L,1,Y,V,orFatP7)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
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
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5 anchors L, V,Y,orFatP2;F, L, Y,WatP3,L, F,V,|I, at P6)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence 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
5 368 DQLKRHQRR (SEQ ID NO:60) 1.200
6 100 FTGTAGACR (SEQ ID NO:84) 1.000
7 293 VFRGIQDVR (SEQ ID NO:238) 0.600
8 325 CAYPGCNKR (SEQ ID NO:44) 0.600
9 169 AQFPNHSFK (SEQ ID NO:36) 0.600
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 ID 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

10 anchors A, I, L, F, Y, orV 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
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10! ! Sf . Score (Estimate of Half |
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U o Al R g RE s A
" igéf‘k((&-) 0 _Fian%e ?%ﬁﬁ@ﬁ%&qmpp%@iﬁppd.ﬁ@ ' %is ubsecg)uence)
10! f 0" 109@] (Y* s3( " 18%x&l ( CUERQRAWR (BEQ IDAR0:47) 9.000
F'10%: () - B 8% (368S" [LIDRLKRHARRLGEQ $MNGS0) - 9.000
e o TR © 1 1087 S [ RIHTHOVPRYIEQ IBNGTSRY L= A 54-50;0?%& Ads
1865&(%)-ﬁx 3 3“/1‘ (}Mo?z; b LR (9E 'ﬂj&NQ.'._ é: i F 0 g
1011 F1 109%dus 8 )| 18280 h oA (P I?[:&E‘@/ZLB)() L1115 3.000
1#10%& () - LS@ 149&813- J| SASETSERH (REQ IBNOM7 109 () - 1§00 109&' () -
Sl #109&' ()} t10SI|#1298' () -VFRGIARDVR (SEQ1DMESL3E) - [A\B CHCS@MALCADzodY: |10! Y3
10%: ()-& [IOT{0[ 354 | QCDFKDCER (SEQIDNO:162) | 3000 _ _
10=109%&' () - 7 10 - z "-if/:.,_ |JD NU.EZ?IV )= LH% ooy
100 YSY 109 %% ASSEAAR (SEQ ID NO:216) 3.000

14 325 CAYPGCNKR (SEQ ID NO:44) 3.000

15 207 DSCTGSQAL (SEQ ID NO:61) 1.500

16 139 ESQPAIRNQ (SEQ ID NO:72) 1.500

17 299 DVRRVPGVA (SEQ ID NO:63) 1.500

18 419 PSCQKKFAR (SEQ ID NO:159) 1.500

19 272 ESDNHTTPI (SEQ ID NO:71) 1.500

20 4 DVRDLNALL (SEQ ID NO:62) 1.500

Table X|

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,
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 RRFSRSDAL (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
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Table XlI
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B40
(HLA-B40 peptide binding motif anchor residues are E at P2, L, W, M, or A at
5 P9; auxiliary anchors are F, |, or V at P3)

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) 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
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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

5 273 SDNHTTPIL (SEQ ID NO:204) 20.000

6 209 CTGSQALLL (SEQ ID NO:52) 8.000

7 30 GAAQWAPVL (SEQ ID NO:86) 8.000

8 318 SEKRPFMCA (SEQ ID NO:208) 8.000

9 180 DPMGQQGSL (SEQ ID NO:59) 8.000

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
10 anchorsareF, I, 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
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9 06 TDSCTGSQA (SEQ ID 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
15 138 LESQPAIRN (SEQ ID NO:132) 1.200
16 244 GATLKGVAA (SEQ ID NO:88) 1.100
17 20 GGGGCALPV (SEQ ID NO:92) 1.100
18 440 RNMTKLQLA (SEQ ID NO:186) 1.100
19 23 GCALPVSGA (SEQ ID NO:89) 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 P9;
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 QCKTCQRKEF (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
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"109%& ()-|', S "10%& ()-{g~\= 10S'10%& ()-!S" 10%& oPPRacsodibtion of
o o20 10sin 2 o o \%wg;g& oy
10= 109 ([Bank i’Pﬁ@@m $ula$a¢§ﬁ?w,gﬁqs'q?w$}ln§ : (TS S4Rsaquense) o (0 10
"109& () - § 1Be& (B6! #3" 1IBGRLOAFTV (SB@ ID)NOB) 100e () - | 4#0ysse () | coru
VWASH= 14! 14 10 182 JOMERDGHEPSYUSEL (D N@BAAN110%11& () 4.400109%& () - ¥ 6Sf
"109%& () - WSS 1687, t##éﬁ*’mﬁi(:h)v‘ Sﬁb"l@@&@m YlO%&‘ () - 4.000
8" 10%& ()F ﬁi 19y 42‘ L@m—‘r@ = -
1)1 109%& ()5 ID%R =5 e SR ﬁ:: MR PP o
101 £ 109 [O17 cf 188 () -FTVHbRGQE (SEQ 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
Table XV
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B7
(HLA-B7 peptide binding motif anchor residues are P at P2, L or F at P9;
5 auxiliary anchor is R at P2)

Score (Estimate of Half
Time of Disassociation of
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 VPGVAPTLYV (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 NLYQMTSAQL (SEQ ID NO:147) 4.000
20 143 AIRNQGYST (SEQ ID NO:33) 3.000

105



109& () - F: 109& () - F: 109 () - MK} A<PE: 10!
| (y1! 109& ()-f("109%& ()-!1f ("109%& ()-ff s!109J& ()-!(ff
‘51 109& ()-f"109& ()-D~\= 10!

1 S"109%& ()-!S"10%& ()- Y 10%@& ()-!Yni 10% 1 & () -
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Results of BIMAS HLA Peptide Binding Prediction Analysis for

100 ()-1 @ 22" 1096 0) 1 F27 1098 ()

r +mz X9vB7 10! Binding of Human WT1 Peptides to Human HLA B8
f& 10%& () - HL& égﬁ@pﬁlbe BindIfEmotif SRCASEsiduesiarb 108EP8) KoY HLAMBSEL @} - MTUXY}

[;ég/&l? 1007erl?L1 (2:-' 1110% ()-f (" 10%& |(;Q)- P#F (" 109 () - Sy 109&' ()- 1Sy
101 f &" 10%57 )-S 109 ()|-!'S' 10%& () - Y! 10%& () -1 VI [LGSBORR: (Eft'mfbe ohial X7
101 f1 4#1do ()1, f, Z"[10%& ()-!,f, Z" 10%& ()-!1Sy| 3iM@okDIsassogiafjon o
37109 () -] f & 10%S4an) -[oF%4 Y: * 10! F " 109%& ()-!F " 10%@&9I@§=u FCorItewns& )- 10
10 Rank | Position | Subsequence Residue Listing This Subsequence) ﬁ'
1 329 GCNKRYFKL (SEQ ID NO:90) 16.000
2 4 DVRDLNALL (SEQ ID NO:62) 12.000
3 316 ETSEKRPFM (SEQ ID NO:73) 3.000
4 180 DPMGQQGSL (SEQ ID NO:59) 1.600
5 208 SCTGSQALL (SEQ ID NO:202) 0.800
6 130 NAPYLPSCL (SEQ ID NO:144) 0.800
7 244 GATLKGVAA (SEQ ID NO:88) 0.800
8 30 GAAQWAPVL (SEQ ID NO:86) 0.800
9 299 DVRRVPGVA (SEQ ID NO:63) 0.400
10 420 SCQKKFARS (SEQ ID NO:200) 0.400
11 387 TCQRKFSRS (SEQ ID NO:219) 0.400
12 225 NLYQMTSQL (SEQ ID NO:147) 0.400
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 XVIHI
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
10 at P9)
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) 900.000
2 362 RRFSRSDQL (SEQ ID NO:187) 900.000
3 286 YRIHTHGVF (SEQ ID NO:252) 200.000
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10=109%& ()-!1y, ! 109%& ()-z'y, ! 109%& ()-z'y, ! 10%& ()-zi $$"&M ') R) zX9dY7

10N 109& () - 109& () -

L @O%& ()-! (SY"10%& ()-!#SY" 109%mn& ()-! KF! 10% ()-R)**, .., ., VASHE 101! 10

10 10=109() - Y[ TFIOU&T() - sT,y 1#10% ()-sy( "10% &dore!(Egtimate of Half
109%& () -,|- 4. k/ $00P2zXgSH= Time of Disassociation of

10! (Ss" 109& () - |#35240%& () -1 #S"10%& ()- ! S"10% () - KL Co,ﬁa,]., & ()-P

2230944555 >ﬁ %

Lo o
10% ()-! &%ﬁ%ﬁ%@%@%%&a Thi 4" 100&
() - 555677199dE= ARMFPNAPY (SEQ 1D NO:38) 00.000

108l " 10%: [() 5 ' #S329%] RRHTIGVERF) (SERIDNNGNSS)) | | F! 109888:000 10

109: : <k<= FTEYET T@o T TAGWARVEDE (SEGIDNGEY) [ ( TOW1GD000" 10°T ) Sy
13"04?/3&&'( %; ! 1Mo /; c '"T‘ “. "' 1 ' 1°F
1001, f (" 10e&B() 00 QWMTKLUW-(S‘E'O D'NO173) -

"109%& () - fl ! B0%k (1261 | RMEPNAPYIBEQIDIN@HBSFG y:  22.500

10! F3" 109 (30! F3" 428668 Amsomvm-l (SEQ ID NO:39) 20.000

10=10%& ()FTHYT#10vks ()| NAEYSTRTH (SEQIDNGK50) Vi 20.000

100 () Kbt B %%WW@Q IFNGIYFKS O TEI058000- 1O

L0210 ()L 2" 0le: 999 2%%%%_@% 3 D0 {2X6SH
= 10! 1f #" ookd () - 1 263 " 10 GRINHEIGY (Sbf ID) N (). 20.00

| AF10%ae (15! F 1096 @ LRYWVPSICQKEEERWR NE50) i 20.000
16 191 | QQYSVPPPV (SEQ ID NO:171) 10.000
17 217 | LRTPYSSDN (SEQ ID NO:140) 10.000
18 107 CRYGPFGPP (SEQ ID NO:51) 10.000
19 98 GQFTGTAGA (SEQ ID NO:99) 10.000
20 239 | NQMNLGATL (SEQ ID NO:151) 6.000
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 Fat 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 RRFSRSDAQL (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
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()-AaU]~( " }[9PE
- 10! Dy1#10%& ()-t!y1#109%& ()-tf (! 109 ()-!(f(!10%& ()-ff *1109%& ()-!ff
1109 ()-" """ b=ccd{\:
o o P O e 1?%{&\ () - T#Snt 10%& () -1 Yni 10% (ScoréqEstmate of Half
ee*1 z[ 4
10I I 31100}& ()-1¢( %33’8 () -rA(m 109 () S3"" 109&' -{Ime o Dlsassoma;"o,? Ofl 59" 10%
& () - MgrthmS ANl {Y 10"Y'19:{ \é
10=109%& 0) £ wﬁmﬁs@%‘; e 3 1, sy
"10%& () - 38 1Dow (301 S& WWGVAQH DN 8994 3 PE:
10! 10 14 1D+ 10982() -| AQMRW/&EDI(’)(SEQID NO:37) 500.000
11096 () -|STHE Thvedy T EQIDNUHTE) [1017T 10800008 () - &
- - I 1
107 @ 10%& %9’%) THUSBRO\GoOIEPE: 1]! !
f1109& () - : 2 & () -
"F10%& ()-ly_18.0%& 383 X ' Ql@%_(_);a@_lé’%‘ o0,
y7:109& ()| &p0%& 239 2 WMN(_QATLy(,SEQGDaNQ 161) zlzz <{ S{ { LOPDAAV
10%& () -, :|1036& ()-389 | QRKFSRSDH (SEQ ID NO:172) 200.000
Table XX
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B 3501
(HLA-B3501 peptide binding motif anchor residues are P at P2; Y, F, M, L, or |
5 at P9)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence 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 VPGVAPTLYV (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

108



| SZ109%&' () -
_ "109%&' () - @O () -
109 ()- (

MLO%&: () -
109 () -

| & 10%&' ()-1 Y@ 109&' () -

10 10Z}}} (~n~~dEnN/
109 ()-9109%& ()- f109& ()- E2dEmN |
109& ()-f9' 109& ()- # 109& ()-3"109%& () -

10=109& ()-y7 "109& ()- 96109& ()-2 109 ()-31 109%& () -

109& () -j UaB7/
| #y- " 109 () -

MmN Y 109& ()- 10%& ()- 1910%& ()- nlO% ()- YZ 109& ()-Y310%& ()-

10, 3WdEMV Y 10% 109&& ()-1 109 ()-SY'109%& ()- 109%& ()-1 109%& ()-1Sz

109& ()- XAaBmiV Y 109 94.09& ()-#S 109& ()i ' 109& ()-!fd@ 109%& ()- 109%& () -
109& ()-b; dEMNV Y 10%/4109& ()- 2 1%&—‘@ 109& ()- fS/"109%& ()- (

10% () -1 "10% Rbsultd sMBMASIAA PER@SBinding PrEditfion 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

5 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
5 428 SDELVRHHN (SEQ ID NO:203) 6.000
6 85 EEQCLSAFT (SEQ ID NO:65) 5.000
7 208 SCTGSQALL (SEQ ID NO:202) 5.000
8 4 DVRDLNALL (SEQ ID NO:62) 5.000
9 209 CTGSQALLL (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 XXII

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

10 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
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10=109% ()FTIy [ T09& ()-SOt 77"\ TT1y("10% 1 & (3cdre (EHNES 6) HAKT

' 1098 () -|f " 109 ()-lf 100& () - 100& () - TRV g Faé@o/ o k
10-10% (- 6y1 100 () Ay 10% () - (" 10%8 ? & %1 () -

| U3t 10%: (-stl% ?’osﬁéﬁ Mqoq/& %3 Ggsddue If%tl% hIS ubsequence)

10=109& ()|-! Bi f ] " 1tBR ()D.F}MGHQ@%' (BEQ [N 59Y 4.000

(f("109%&'[() 5 f | 4B& () RHANMEGEN (SEQ IDINGEI§0)- | #S! 10%&3(900 (S! 10%EE&’ () -
MbzodY7 ! |I3IETUYNNEEE ) - P DING: ek () - BI0S 10%& ()-!;
f("1ocy&'()-‘4;.}[3 \'20% :

111 6S#" 1098~ e : . : r
>?@\z[ PE: |L1 B 396 2 ) ;
9 161 | GHTPSHHAA (SEQ D 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
15 | 120 | ASSGQARMF (SEQ ID NO:40) 2.000
16 18 LGGGGGCAL (SEQ ID NO:134) 2.000
17 | 177 | KHEDPMGQQ (SEQ ID NO:121) 1.800
18 83 | PHEEQCLSA (SEQ ID NO:154) 1.800
19 10 ALLPAVPSL (SEQ ID NO:34) 1.300
20 | 225 | NLYQMTSQL (SEQ ID NO:147) 1.300

Table XXIl

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
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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
Table XXIV
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B 3902
(HLA-B3902 peptide binding motif anchor residues are K or Q at P2; L at P9;
5 auxiliary anchors are |, L, F, or V at P5)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
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
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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
6 278 TPILCGAQY (SEQ ID NO:227) 15.000
7 141 QPAIRNQGY (SEQ ID NO:170) 9.000
8 40 FAPPGASAY (SEQ ID NO:74) 9.000
9 213 QALLLRTPY (SEQ ID NO:160) 9.000
10 318 SEKRPFMCA (SEQ ID NO:208) 8.000
11 81 AEPHEEQCL (SEQ ID NO:30) 8.000
12 152 VTFDGTPSY (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 |

at P9)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 303 VPGVAPTLYV (SEQ ID NO:242) 314.600
2 180 DPMGQQGSL (SEQ ID NO:59) 242.000
3 250 VAAGSSSSV (SEQ ID NO:236) 157.300
4 130 NAPYLPSCL (SEQ ID NO:144) 50.000
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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

16 306 | VAPTLVRSA (SEQ ID NO:237) 7.150

17 280 ILCGAQYRI (SEQ ID NO:116) 6.921

18 219 | TPYSSDNLY (SEQ ID NO:231) 6.600

19 128 FPNAPYLPS (SEQ ID NO:79) 6.500

20 204 | TPTDSCTGS (SEQ ID NO:230) 6.050

Table XXVII

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 VPGVAPTLV (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 GGGGCALPV (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
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Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
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
Table XXVIll

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 5201
(HLA-B5201 peptide binding motif anchor residues are | or V at P8; | or V at
5 P9; auxiliary anchors are Q at P2, F, Y, or W at P3, L, |, or V at P5)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule 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 RGIQDVRRYV (SEQ ID NO:179) 10.000
7 98 GQFTGTAGA (SEQ ID NO: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 DLNALLPAYV (SEQ ID NO:58) 2.640
20 104 AGACRYGPF (SEQ ID NO:31) 2.500
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S0 () S e i ¥ paSY @ ELPERE( bt Py 10998 () -
SL910%& ([)- Sy7"10%& ()- S6@ 10%& ()- SF F41D ’g Edfifatd of Hal
S2&10%t&' (|) - 456kJbA; 104 S S S10%#&' ()- Sf10%t& |()IMme % Disgssgelation of
"109%t& ()-| SI F 10Btart()|- &10#10#, vq [ : A, 10# Sf 10948 @)MoleguleGanigiging -
S10%#&' () -| RGO PB8Itioh-| Stibdeduisnte(Residde Lixting () - Thig Subserience)
S, 10%#& (- 1S57 1P3F& [(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
5 408 KTSEKPFSC (SEQ ID NO:129) 12.000
6 394 RSDHLKTHT (SEQ ID NO:192) 9.900
7 276 HTTPILCGA (SEQ ID NO:115) 7.200
8 218 RTPYSSDNL (SEQ ID NO:194) 6.600
9 1562 VTFDGTPSY (SEQ ID NO:244) 6.000
10 40 FAPPGASAY (SEQ 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 P9;
10 auxiliary anchors are V, |, 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
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Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA CW0401
(HLA-CWO0401 peptide binding motif anchor residues are Y, P, or F at P2; L, F,
5 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
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1 10%! h& ()-K* 110%! h& ()-K* 110%! h& ()-K* 1 10%! h& () - K~

- 110%! h& ()-Kacg DOg” ! 10#3~ | 109%! h& () - K#39q! ~ ! 10%! h& () - K~
1 109! h& ()-K* 110%! h& ()-K* 1 10%! h&' ()-K{_?0g" ! 10#" ! 10%! h& ()- K~

1 10%! h& () - K#39g! ~ 1 10% ! h& ()-K* 110% ! h& ()-K* 1 10%! h& ()-K _?20g" ! 10#"

- 110%! h& ()-K* 110%! h& ()-KN 110%! h& () - K#39qg! ~ 110%! h&' () - K»

110%! h& ()-K ' ?20g” 104~ 110%! h& () -KN 110%! h& () -KN 110%! h& () - KA
1 109! h& (J)- K#39q! ~ 10% ! h& () - K (*. HOP" <0g” ! 10#+#Scare/(Estitgte oRHANf - K
110%! h& () - KN 110%! h& () - KM 110%! h& () - K#39q! ARYime bf Disdssodiatier of
i 102415 h&! () - Kir39alci, 109! h&' () - K~ | 10911 h&! () - K !éﬁﬁ%“'@%(@qﬁgining
$ 109 h& (D it poddlion' |- &libsedibribeMedidud Listind " "“This Nitsifuence)
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
11 130 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
16 218 RTPYSSDNL (SEQ ID NO:194) 3.185
17 24 CALPVSGAA (SEQ ID NO:43) 2.851
18 18 LGGGGGCAL (SEQ ID NO:134) 2177
19 142 PAIRNQGYS (SEQ ID NO:152) 2.160
20 30 GAAQWAPVL (SEQ ID NO:86) 1.680
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 SGAAQWAPYV (SEQ ID NO:211) 7.200
10 423 KKFARSDEL (SEQ ID NO:122) 7.200
11 295 RGIQDVRRYV (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
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1 10%! h& ()-K* 110%! h& ()-K* 110%! h& ()-K_20g" ! 10##" | 10%! h& () - K
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110##" 110%! h&' ()-K* 1 10%! h& ()-K* 1 10%! h& ()-K* | 10%! h& () - K#39q! ~

1 10%! h& ()-K5; < <0g” ! 10##39q! ~ ! 10%! h& () -K* 1 10%! h& () - KA
. 110%! h&' ()-Kr 1 10%! h&' () - K#39q! <?C] cdg  DOg” ! 10##3~ | 10%! h&' () - K#39q! A

F10%! h&' ()-KM 110%! h& ()-KN 110%! h& ()-KN 110%h! h&' () - ng{ 209" | 10##"
1 10%! h& (J-K~ T10T h& () - K#39q1 ~ 1 10%! h& () - K~ 'S@&ﬂ&' ﬁ-h[é(ﬁf Half
1 109! h& () - K 209" ! 10##~ | 10%! h& () -K* 1 10%! h& ?‘m i olg¢L39q! A
1 10%! h& () - K™ 1 1QyaLh& () - K_20g" ! 10##" | 10%! h& L Sleculd E\‘S
1 109! h& () K» " . -
Rank | Position | Subsequence Residue Listing This Subsequence)
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 RHQRRHTGYV (SEQ ID NO:181) 4.500
20 52 GGPAPPPAP (SEQ ID NO:93) 4.000
Table XXXVI
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human 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: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 HTHGVFRGI (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
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109 ()-9 ~. 109 & ()-9 7, 9-10% & () -
MNTU® ~ dQ0g” ! 10## |

!;ggl?:%:%'z'()blm 109%&: ()-l12l 10% ()_ﬁgﬁ&é_&) | 12! 10% () - 12! 10%& () *| xV20
q N 109&' (0 I I
00#312! 10%& () - ! LA et Anefyciotds () (* VY70

q#! 12! 10%& () - 12! mmh@f#aman Mnmmes tolemse’eMlﬂQ) Clags m%& (V- 1 QRTXI { Y
70g#! 12! 10%&’ () -1 121 10%& ()- 121 10%& () - #30~11 121 109&' ()-! 12! 10%& ()-ryz{}pc

V: q#! 0ql 109 1;} Tot+% N ] cor 35-6]96{ a|f
Ay=10% & ( 1 109 () - #3071 1 121 109& () - ILO.qq!lOéﬁ -q10% &
(Y-q' 10% & ()-q!|10% & () -0q! 10% & ()-q' 109 & ()-d E&‘L E -q! 10
% & ()-q! 109 & ) -JfaMoos &' ()-q! 109 & ()-q! 10% & () - O'QGU 9@#@9 1109 &
' () - q! 109 gRaEnk q !Pastidoty )S@pbseqa@qe)ﬂes;duesb.jstmg Th|s Subsequence)
>W_a" DO0: g '310#~ 12050 & (QYREITHEGMLBBQIDNGHYEYS K () - 9! HRedd) - q! 1098 & ()
_38 gq?‘iogﬂ. gt TS REARSBELV Aok '*"’”95& L) a aee0g - 9 1 &,,g?’
51 20001 10ob &y e Taks o) K-RL ALV ISEC IDIND:FAe) 1201 bt V\WM —ooid
0#3071 q! 10p8 & (|- 13604 lo” PCLESQRAILSEQ | Aﬂ&bh #3071 &)1 0#3q!
10% & () - #3078 q![10289 () NOMOMGAT) (SEQIR KOS 110% & (MBSO} { ?o. qq! 10
#gl! 109% & (P - @ 19% &(X) 3L LPAMBSIK(SEQIDINESDB)( ) + ! 1098 &16)200 ?0: qq! 10#q! 1
0% & () - ! [0 &[(T 47 0P AVEeT P RS EY I§‘MO4‘1 TP & () - 88Upgd’ 107a 0% &
Q;q?'w% & "an}h;t,’{ B8l BEQ DT J}nignﬂaﬂﬁ '62)) T I/(:q!&l(()
% & ()-q! 1puk () -4reon LY bA SEQIMNG:ES) bo: qq! 10%@99‘%_&'_(_)4! 109
& ()-#30 j! 10%]& 826! [L0AYRGONKRYOGEQ (DfNO 96) qh! 10# "160480()- s
10%+& () -qf 1098 & (92301 'QYSVAPRVY (SEQUBNO()76)| | ~F J*' ! 168@00) - ' ' 10%¢ () -
| 100 () [ T9BE 1) 75 TO/EGDNETAPTEERD NO;70) 57.600 o |
® & Uit 58878 (UTh SE 473) "5 -
) Yook |1 126 1 DML A (SECIBLNGIER) obic () 35600 ~ o
'T10% ! 109 15- |1 10de () - OTAB@ALLL (SEQ® NOBRNb | 1 109 pYB9030— < ' 1|10734
b! ' 1 109 (| - 1610%&208- " | ISCRGSQALL(SBO(P-M3202)D] ' | 10#3' 48080 () - #34H! " | 10
Y& ()-'!10p&a¢) -1 RaY& )NM"I‘J@WL) (SEG ID'NQ#MQ}O & ()-'"'38%00() - #34b" 1'10%
e B YT (e e niesTEl, o 7 L,
O%EL'.()-JKI\/ A1 T T eT 3 waadi vy
T110#3' 1 () - 288p: cdow 11

ofy&()-'llofy&() #34b! " |10%&()-'|1o<y&()‘-'|10fy&()- 2, 108 1100& ()-'!10%
& ()-' 1 109%& ()-#34b!" 1 10%& ()-' ! 10%& ()-rex<'!10Y! 109& ()- 10#10#10%
f=1096&5() - ' | 109%& () - #34b!"' | 109& ()Tatl XXEMUO<Y! 10%&' ()- Y! 10%& () -

Y 109%#& () - Y! 109%#& ()- Y! 109%#&' () - YL 109%#& ()- Y! 10%t&
56R) dDO<Y! 10%+&Y! Fesy! Mﬁﬁﬁmmpredlctmmﬁ sigifor vi 100s& () -
Y! 109%6& T <0<Y! 204 . 3 . ' L —Y! 109
#3401 D0(<<(l 10#3Y1 1298% ) R8st M Efss ki 109 () -
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) 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
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1 10%! & ()-Fh8 110%! & ()-F{_?/7h8 !10%h8 ! 10%! & () - Fh8
1 109! & () - F#39g! h8 ! 10%! & ()-Fh8 !10%! & ()-Fh8 110%! & ()-F "% _?/7h8
| 10%th8 ! 10%! & ()-Fh8 ! 10%! & ()-Fh8 !10%! & ()- F#39g! h8 ! 10%! & () - Fh8
1 10%! & () - F>EFHLel _?/7h8 ! 10%th8 ! 10%! & ()-Fh8 ! 10%! & () - Fh8
- 110%! & ()-Fh8 110%! & ()-F#39g! h8 ! 10%! & () - Fl mos™ </ 7h8 ! 10%#39g! h8

1 10%! & ()-Fh8 !10%! & ()-Fh8 '10%! & ()-Fh8 ! 10%! & ()- F#39g! "D/ 7h8
1 10%#3h8 ! 109%! & () - F#39g! h8 ! 10%! 8'- s i3 F10%! & ()-Fh8 110%! & () - Fh8
1 10%! & ()-F{_?/7h8 ! 10%th8 ! 10%x! &'M! 109%! & () - F#39g! h8
110%! & () - Fh8 ! Hi¥ul&of BINMAS MILARdpside)Bifrding Prébifttion Hrdngsid fd9x! & () - Fh8
110%! & ()-Fh8 ! TOWT & () - F#39gTh8 T T0WT & () - Fh8

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
7 191 QQYSVPPPV (SEQ ID NO:290) 22.566
8 280 ILCGAQYRI (SEQ ID NO:274) 17.736
9 441 NMTKLHVAL (SEQ ID NO:285) 15.428
10 235 | CMTWNQMNL (SEQ ID NO:258) 15.428
11 7 DLNALLPAYV (SEQ ID NO:261) 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
5 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 | Subsequence 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
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1 10%! & ()-F/ 67: >W_?/7h8 | 10%¢*h8 ! 10%! & () - Fh8 ! 10%! & () - Fh8
1 109%! & ()-Fh8 ! 109%! & () - F#39g! h8 ! 10%! & () - F~_bd} </ 7h8 ! 109%#39g! h8

1 10%! & ()-Fh8 110%! & ()-Fh8 110%! & ()-Fh8 !10%! & ()- F#39g!"

D/ 7h8

| 1094t3h8 | 10%! & () - F#39g! h8 ! 109! & ()-Fh8 ! 10%! & ()-Fh8 ! 10%! & ()- Fh8

- 110%! & ()-F{_?/7h8 110%h8 ! 10%! & ()-Fh8 ! 10%! & () - F#39g! h8
| 109! & ()-Fh8 110%! & ()-Fh8 110! & ()-F

2/ 7h8 1109%#h8 ! 10%! & () -Fh8

1 10%! & ()[F Fh8 T10%! & [() - F#39g! h8 1 10%«! & () - Fhg| ! 368ite! (Estinake bf HAKO| ?/ 7h8
1 10%¢h8 ! §0%! &) () - Fh8 [l 109%! & ()-Fh8 ! 10%! & () - [Firfné bﬂma&s(,q\,.aﬁg@gg h8
! 100/%<! & () FOPQ_;C%P; 8 |l 10%#AL! 109 & () - ALl 10% & ( %i 9,5 "
TR By 1 SRR A I was R ¢ o L 0
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
18 207 DSCTGSQAL (SEQ ID NO:263) 2.600
19 119 QASSGQARM (SEQ ID NO:288) 2.600
20 18 LGGGGGCGL (SEQ ID NO:279) 2.600
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
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(!%? 08? 10%h&; (Rahik %PH%%% () shﬁﬁﬁdce%éé%é@?@t % &Th)ssmﬁé fgnge) ) - | ()) 98 100
| & (Qh) ) brosh & 3 208 s a8y 5 ; J‘-‘*-? e 2 1006
&'()-h)%l%%o@%ﬁ'@m 012;7 / \OA1no Boh ,t/ ) % 10
96 & () - h#34g) % 10884 () YAKBSIHLAM (SEQ)NOREM®) () - hi 9@ dﬁﬂ)%(ho%z)_M 0% &
()-h) 9% 109 &4() {h) ¥8680% &SC)ESECR! (BRQA IDND:@P6h) P4 1098 &1(15-200-FG Myn_1/ A) %
10‘V#)<;’4A)100£ &) go(mmo%aqo b & () - h#A340@8 109 &|() - hn
oqu IO"é'ﬁZ = & !
g/A)%lOW#c 141 : : o R AT rﬁja&llg%

P& () - h{_7FA)04 : } 041 & ()-
h) % 109 & [) B/ |2/ I ) A U -h)o )%10
%W& ()-h)% 1% & (270/ 67:G>‘WESDNH'I5A SER -h) % 498 & (
)-h) % 10% K §0- (#3492) % 1DVEUPPPVY (SEQIDANGI29)6B4g! ) % 169@&0() h) % 0% &
()-h) 98 109&TN) 5BgU7t RYPG CSECT IDROSSAOYE & () - Bh.HRYF & () -
h! 109 & () 1?05 10;895 '»YHTE i o7 JUEH‘TOW&' () -
h! 10% & () }—hf100s &5¢) L HI 2 10948 (¥

13 47 | DV VRDLNALL (SE(ﬂD NO:264) ' 57.600

14 126 | RMFPNAPYL (SEQ ID NO:293) 57.600

15 209 | CTGSQALLL (SEQ ID NO:259) 48.000

16 86 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 | NLYQMTSAQL (SEQ ID NO:284) 48.000
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#[ 20Eh! 1h! 109 & ()- O#3+" h!1 10% & ()- h!10% & ()- h!10% & ()- h! 10% & () -
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#3+7 h! 10% & ()- h1 109 & ()- _?0Eh! 1h! 10% & ()- h!10% & ()- h!10% & () -

- h1109% & ()- #3+A1h! 109 & ()- ~<OEh#3+A1 h!10% & ()- h!109% & ()- h! 109% & () -

h! 1098 & ()- #3+"! def Kkl KK/ Ev! 109 & ()-Fv! 109 & ()-Fv! 109 & ()-Fv! 10% & ()-F
h109% & ()- h109% & ()-h!109% & () -
s}~ L, Ev! 10% & ()- Fv! 10% & () - FviBBRXEEY _Fvi 1008 & ()- Fvi 10% & () - Fvi 10%

1 & () - Fv! 10% & 9
. &(%) v! 1094 ¢ &(%) 'ﬁFes?mE‘b‘f T Fjti8e Binding Fbiition Anakies for! 109 & () - Fv! 10

$=_?, Ev! 10%! 1bdngan WTHvPeptides Capabie niHligiting-a-Hetper Ui calbResgonsey! 10% & () -

F=EFHLfn_?, Ev! 109! 10%& ()-FvI10% & ()-Fv! 109 & ()-Fv! 10% & () - F#39g! v! 10%
1& ()-Fno J. oV hd 078 & () FVITOR & () FVTTIOW & () - FVIT I0%W & () - F#39
o 8 e SR TR T U O DR AURELI A oy

“F{_?, Ev! (EQIQQO%F BLLEAVE WSS Dty Eul m% g () Eui 10468 & ()
-F p30-35 GAAQWA (SEQTD NO sdg)

2_?, Ev! 104p4986& (ASAY GOUGGRAPF(SEGARNQ:3F#B9g! v! 10% & ()-Fv! 10% & ()-F
2:; p91-105 | AFTVHFSGQFTGTAG_ (SEQ ID NO:311)

" Evl 10#3v! [ (] 1 HARGEF, (855 & NO:212h dog & (). £y 100 0% & §) - F{

2, Ev! 10#v! 1102022283 - IGHTETDEQTIGSR LBTW@%DMYQM'E%GU-&(%Q#D! 10% & ()-F
- _?,EvI 10#v! 109 & (NGB8 & ()-Fv! 109 & () - F#39g! v! 104 & ()-Fv! 10% & ()-F
-569=v"_?, [Ey341555 1A KGVAAGSFEEVIIWTE (SEGRID NG=4) 10% & () - F#399! y! 10%
& ()-Pr_bf aggﬁg; PTGV REIODVIRVPEVARTLVRSASETS ([SERTBWOETW) | Fi#399

:'-AI%EE;? ' FL _E,Ii ﬁﬁﬁ g ﬂiﬁ’}QASASQWKHBﬂFPNKf MEM&&’QJ}B%QQ{JI??QWL}L(%?&"(
) ) PV =+#39g! D

| D, Ev! 10# 5 s 8 O &
F{_2, Ev! 10 %3,336{- \FYEK Eﬁcﬁf Lyl 1004 2 ) Ful 1094 8" {5 Fyl 1094l & 8
F' 2, Ev! 10 ﬁb%‘& BRESREHR B ADNOBI® 41 i 100a & ()~ Evi 1004]& () -

F") * +/ 012<f R3@0- nioooQR&FsﬁSmﬂm‘rmcmTHTGKTs (SEQ D NO:317)

hy=10% & (| p421.424 & CQKRFARSDELYRHHNWMHRRR I (SEQLID/ANO:Z18)) - KN 110% !
& ()-K'gll %! E()-K-TI0% T & ()-K~ T10%

Certain CTL peptides (shown in Table XLVI) were selected for
further study. For each peptide in Table XLVI, scores obtained using BIMAS
HLA peptide binding prediction analysis are provided.

Table XLVI
10 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 [I 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
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I & ()-K h9 10%! & ()- h &10%! & ()- IL,» 110%! & ()-K* 110%! & ()-K~

. 110%! & ()-Kr 110%!
& ()-K) ;<>B\_?2," 110% !10% !
110% ! & ()-KN 110%

& ()-KN 110% !

& ()-Kr 110% !

& ()-Kh”r 110% !

& ()-Kr 110% !

& ()-KN 110% !

& ()-K#3>1 1 (7

Peptide

Sequence

Comments

(SEQ ID NOs: 253

10

15

and 308)

p228-236 QMTSQLECM

and 289)

(SEQ ID NOs: 169

score 3,120

p239-247 NQMNLGATL
(SEQ ID NOs:

and 286)

151

binds also to HLA A 0201, Kd, score
8,015

SCLESQPTI
(SEQ ID NO:296)

mouse
144

p136-

binds also to Kd,
human

1mismatch to

SCLESQPAI
(SEQ ID NO:198)

human
144

p136-

score 7,920

ALLPAVSSL
(SEQ ID NO:255)

mouse p10-18

binds also to Kd, HLA A2, 1
mismatch to human

ALLPAVPSL
(SEQ ID NO:34)

human p10-18

score 6,600

Peptide binding to C57BI/6 murine MHC was confirmed using the

leukemia cell line RMA-S, as described by Ljunggren et al., Nature 346:476-
480, 1990. In brief, RMA-S cells were cultured for 7 hours at 26°C in complete
medium supplemented with 1% FCS. A total of 10° RMA-S celis were added
into each well of a 24-well plate and incubated either alone or with the

designated peptide (25ug/ml) for 16 hours at 26°C and additional 3 hours at

37°C in complete medium. Cells were 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

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.

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
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| & ()-Kidegk_?,~ 110% 110%! & ()-K* 110%! & ()-K* 110%! & ()-K* 110%!!
& ()-K#3>1 1A T10% ! & ()-K <, A 110#3> 1~ 110% ! & ()-Kr 110%! & ()-K~ 110%
& ()-KN 110%! & ()-K#3>11 DA 110#3" 110% ! & ()-K#3>1 17 110% ! & ()-K~

110% ! & ()-K* 110%!!

150uCi of sodium °'Cr 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-
5 bottomed 96-well plates. Supernatants were removed after 4 to 7 hours at
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 XLVI!, show that some WT1

10 peptides can bind to class | MHC molecules, which is essential for generating
CTL. Moreover, several of the peptides were able to elicit peptide specific CTL
(Figures 9A and 9B), as determined using chromium release assays. Following
immunization to CTL peptides p10-18 human, p136-144 human, p136-144
mouse and p235-243, peptide specific CTL lines were generated and clones

15 were established. These results indicate that peptide specific CTL can kill
malignant cells expressing WT1.

Table XLVII
Binding 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%

129



& ()-KN 110%! & ()-K {_ 2,7 110#" 110%! & ()-K* 110% ! & ()-K#3> 1~ 110%
I & ()-Kr 110%! & ()-KA 110% ! & ()-K './15P 2, ~ 110#" 110%! & ()-K* !110%
& ()-KN 110% ! & ()-K#3>I 1A 110% ! & ()-K* T10% ! & ()-KPWKZAy 2,7~ 1 1047

110% ! & ()-K~

EXAMPLE 5
Use oF AWT1 PoLYPEPTIDE TO ELICIT WT1 SPECIFIC CTL IN MICE

This Example illustrates the ability of a representative WT1

polypeptide to elicit CTL immunity capable of killing WT1 positive tumor cell
5 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
HLA peptide binding prediction analyses. Mice were immunized as described
in Example 3. Following immunization, spleen cells were stimulated in vitro and

10 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
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

15 demonstrate that peptide specific CTL in fact kill malignant cells expressing
WT1 and that vaccine and T cell therapy are effective against malignancies that
express WT1.

Similar immunizations were performed using the 9-mer class |
MHC binding peptides p136-144, p225-233, p235-243 as well as the 23-mer

20 peptide p117-139. Following immunization, spleen cells were stimulated in
vitro with each of the 4 peptides and tested for ability to lyse targets incubated
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

25 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 p235-243

30 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
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110% ! & ()-K* 110%! & ()-K* 110%! & ()-K#3>I 1~ 110%! & ()-K <, °
110#3>1 17 110% ! & ()-KM 110% ! & ()-KN 110% ! & ()-K~ 110% !

& ()-K#3>1 1 D, A 11043~ 110% ! & ()-K#3>I 1~ 110%! & ()-Kr 110%! & ()-K~
110% ! & ()-K* 110%! & ()-K{_?,~ 110#" |10%

for p117-139 lysed targets incubated with p117-139 peptides and also lysed
malighant 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 as
E10).

5 Specificity of WT1 specific lysis was confirmed by cold target
inhibition (Figures 12A-12B). Effector cells were plated for various effector:
target 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.
Finally, 10* 5'Cr-labeled target cells per well were added and the plates

10 incubated at 37°C for 4 hours. The total volume per well was 200ul.

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-
SV40 was blocked from 18% to 0% by EL-4 incubated with the relevant peptide

15 p117-139 (Figure 12B). Results validate that WT1 peptide specific CTL
specifically kill malignant cells by recognition of processed WT1.

Several segments with putative CTL motifs are contained within
p117-139. To determine the precise sequence of the CTL epitope all potential
9-mer peptides within p117-139 were synthesized (Table XLVIIl). Two of these

20 peptides (p126-134 and p130-138) were shown to bind to H-2° class |
molecules (Table XLV!II). 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).

The p117-139 specific CTL line was restimulated with either

25 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.

131



110% !

& ()-KI "4 D 2,7~ | 10#" | 10% !
& ()-Kr 110% !
& ()-K* 110% !

1'10% !

& ()-KN 110% !

& () - K#3>| 1A

& ()-Kr 110% !
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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%

& () - K#3>l 1A
& ()- KA

5 EXAMPLE 6
IDENTIFICATION OF WT1 SPECIFIC MRNA IN MOUSE TUMOR CELL LINES
This Example illustrates the use of RT-PCR to detect WT1
specific mRNA in cells and cell lines.
Mononuclear cells were isolated by density gradient
10 centrifugation, and were immediately frozen and stored at -800C until analyzed
by RT-PCR for the presence of WT1 specific mRNA. 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
pellets were resuspended in 25 pL diethylpyrocarbonate treated water and
15 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

132



110% ! & ()-Ktux| <, ~ 110#3> 1~ 110%! & ()-KN 110%! & ()-K* 110% !

& ()-KM 110% ! & ()-K#3>1 1 D, A 110430 110% ! & ()-K#3>I 1A 110% ! & ()-KA

110% ! & ()-K* 110% ! & ()-K* 110% ! & ()-K{_?, A 110#" 110%! & ()-K* 110%
| & ()-K#3>1 1~ 110%! & ()-K* 110%

PCR. AmpliTag DNA Polymerase (Perkin Eimer Cetus, Norwalk, CT), 2.5 mM
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
5 film (Polaroid 667, Polaroid Ltd., Hertfordshire, England). Precautions against
cross contamination were taken following the recommendations of Kwok and
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

10 was evaluated for each sample by a control PCR using p-actin primers.
Samples that did not amplify with these primers were excluded from analysis.

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’

15 (reverse primer; SEQ ID NO:22) (see Inoue et al, Blood 88:2267-2278, 1996;
Fraizer et al., Blood 86:4704-4706, 1995).

Beta Actin primers used in the control reactions were: 5’ GTG
GGG CGC CCC AGG CAC CA 3’ (sense primer; SEQ ID NO:23); and 5’ GTC
CTT AAT GTC ACG CAC GAT TTC 3’ (antisense primer; SEQ ID NO:24)

20 Primers for use in amplifying human WT1 include: P117: 954-
974: 5' GGC ATC TGA GAC CAG TGA GAA 3’ (SEQ ID NO:25); and P118:
1434-1414: 5 GAG AGT CAG ACT TGA AAG CAGT 3’ (SEQ ID NO:5). For
nested RT-PCR, primers may be: P119: 1023-1043: 5 GCT GTC CCACTT
ACA GAT GCA 3’ (SEQ ID NO:26); and P120: 1345-1365: 5 TCA AAG CGC

25 CAG CTG GAG TTT 3’ (SEQ ID NO:27).

Table XLVIII shows the results of WT1 PCR analysis of mouse
tumor cell lines. Within Table IV, (+++) indicates a strong WT1 PCR
amplification product in the first step RT PCR, (++) indicates a WT1
amplification product that is detectable by first step WT1 RT PCR, (+) indicates

30 a product that is detectable only in the second step of WT1 RT PCR, and (-)
indicates WT1 PCR negative.
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I & ()-KM 110%! & ()-K5_?,~ 110#" 110%! & ()-K* 110%! & ()-K* 110%!!
& ()-K#3>I1A 110% ! & ()-KN 110% ! & ()-K5;<?Clc_?,~ 110#" 110%! & ()-K~
110% ! & ()-KM 110% ! & ()-KMN 110%! & ()-K#3>1 17~ 110%! & ()-KcdepcG A

| 10#11 1098 & ()- 1110% & ()- ~,9-10% & ()- ~+F10% & ()-~ !10%!!

- & ()-K#3> 1 hLO1! 10% & () -

Table XLIX
Detection of WT1 mRNA 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

S49.1 (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
P3.6.2.8.1 (myeloma, B/C; ATCC); Proc. Natl. Acad. Sci. -
USA 66:344, 1970
P2N (leukemia, DBA/2; ATCC); Melling et al., J. -
Immunol. 117:1267-1274, 1976
BCL1 (lymphoma, B/C; ATCC); Slavin and Strober, -
Nature 272:624-626, 1977
LSTRA (lymphoma, B/C); Glynn et al.,, Cancer Res. -
28:434-439, 1968
E10/EL-4 (lymphoma, B6); Glynn et al., Cancer Res. -
28:434-439, 1968

5 EXAMPLE 7
EXPRESSION IN E. CoLl oF WT1 TRX FUSION CONSTRUCT
The truncated open reading frame of WT1 (WT1B) was PCR
amplified with the following primers:

Forward Primer starting at amino acid 2
10 P-37 (SEQ ID NO. 342) 5 ggctcegacgtgegggacctg 3' Tm 64°C
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11109 & ()- 11109 & ()- 1!10% & ()- 1!10% & ()- 1!10% & ()- 1!10% & () -

_ 1Kast ;01! 10#34b! 1! 10% & ()- 1!10% & ()- 1!10% & ()- 1!110% & () -
1110% & ()- tvz DO1! 10#31!10% & ()- #34b! 1!10% & ()- 1!10% & () -

11109 & ()- 11109 & ()- {_?01!10#1!10% & ()- 1!109% & ()- #34b!1!110% & () -

- 11109% & ()- 11109 & ()- 201110411 109 & ()- 1110% & ()- 1110% & ()-

#34b! 11 10% & ()- 11109 & ()- :A ?201110#1110% & ()- 11109 & ()- 1110% & () -
1\:3(1:(();0{5 §LK(L ) - : A;flr*?ifg;tl: ifg@/ﬁé%sé Pﬂmc?rlc(ge/?tgg( !)EcoRl %lte gﬂer0 stop codon
y c! 109 c! 109 10! 10! 10! 10%& 0% &
#?4P118%Y?;:d?w Ac! 1%%3&580 112 N(39343) () 5% @a@tt@bcaa@gcq 99%9@98995@%10% &( %)
c 0 c!10% X
/ Ac! 10#30c! &c! 10%&'6‘ (*%3&10%& ()-{c!10% & ()-{c!'10% & ()-{c!10% & ()-{°
Ac! 10#3c! 109 & () - { #BRCPERLY e('fbrr{léblﬁ%&tr(éfoiléw onditiorss! 109 & () -{
& )-{_?/Ac! 10#c! 10% & () - c'lO {#30c! cl1098 & ()-{c!10% & ()-{c!10% &
()-{- GWPSmM ?/ Ac! 10#c! 10% & () - {c'lO%& ()-{c!10% & ()-{#30c!c!10% & ()-{c!
10% & (5-{msth_?/ AclOpdAOXIBM ufler- { c! 109 & ()-{c! 109 & ()-{c!10% & ()-{#30
clc! 108 & ()-{° </Acl4éh(la#§3 11 10W & ()-{c!10% & ()-{c!10% & ()-{c!10% & () -
{#30c! > D/ Ac! 10##3c! 1 0’9 1c!10% & ()-{c!10% & ()-{c!10% & ()-{c!10%
Eyé&&(%){%z?/ Ac! 10##"'519%0‘3!\“3({:??0@% & ()-{#30c!c!10% & ()-{c!10% & ()-{c!10
>B\ _?/ Ac! 10##c! 1098 &dL- $tetikOfatar() - {c! 1098 & () -{#30c! c! 1098 & ()-{c! 10% & (
)-{\bcfj 2/ Ac! 10##c! 10% & ()-{c! 109 & ()-{c!10% & () - {|c'10%&() {#30c! c! 10
%D/&A(? 1% #;g Af:ll é%#zsotspl Etup/lloﬂl,t\(polymenm Btatagene s wllg) GAY! 10% & () - {#30c!
C c! 109 1 10% & 1 109 1 109
{E#;/ A?; 10;##(:' 18% &(% C éﬁﬁ é%&gﬂii)ccl 109 &'( % ) { fc! 16?’/6&&'( % ) { fc!lgoﬂi%&&'( %)
*+7t >/ Ac! 10## cé&l 10%&
c10% & ()-c!10% & ()9 Etje%%& ()-{c!10% & ()-{tkK/ A% 10% & ()-h% 10% &
'()-h% 10% & () - h%l ﬂ % 10% & ()-h% 109 & ()-h ¢c"s10% & () -
gg:’%A;A (1)0%h<(& (9% 10% 896"[} POEEoonds ()6374 1Dsesonds hoB2r8 aintess 4@ & () - h9s
_ﬁ{ b'>/ A%o/lgoﬁ/él(l)%& @YClea 1094 &' () -h98 10% & () - h#39g! 9% 10% & () -h9%s 10% & ()
cei 9% 10984 1 0% & ()-h% 109% & hos 10% & h#39g! % 10%
& ()-h </ A% 10W#399022?0&@Ht4§éh% 10% & ()-ho% 105%2& ()-ho% 105%2& ()- ﬁ#39gl D

’Eé\?ﬁ%" g;%z?}iﬁﬂl‘iﬁﬁf&(  The Pt piotlcl wasaligesadyitn Escbirilio Bl bl o' 1)
) TR e B O R PE )tk 200 &) hi3og!

()% ﬁg?g&l ()Tmm%%ﬁma&m@wams tatgR SLopauRIding el Tradugion) After10% & (

g %4398 109 #39q! % 1098 & % % 10% & hos 1
0% & () - h{hg /‘t!%qf%'% ﬁfﬁﬁ’ﬁé‘)ﬁ)prﬂ%a éjeé"é‘ﬂeﬁ%ﬁ ‘(’.1’5)5 %ﬂ&h% 109% &(%) hos
109 & () - hﬁﬂxyrcﬁ%éé@f#%hw&zﬁ)c&érhg%vﬁsG)gés%dl%%t@aﬁ&%%h% 10% & () - h%

1109% & ()
>@ _?00% fficiohGenzgm(es: h%aoefmct(c;onswatswae(gonﬂ@medqzsy&Dr(m -SeaRences 10% &

()E%hlgod/gg,f{aé% 10%3(%? IEI('){éﬂ]?% o |R%lé%‘§i?&§) ??&/dbﬁlg r%oébr syt & () -h#3og!
ﬂ 1(%00/:/6&&(§b°® Q%ﬁ?@‘ﬁfﬁ%%? ()- MN10%& ()- "N 10%W& ()- M 10% & ()-

EXAMPLE 8
25 EXPRESSION IN E. CoLl oF WT1 A His TAG FusioN CONSTRUCTS
The N-terminal open reading frame of WT1 (WT1A) was PCR

amplified with the following primers:

Forward Primer starting at amino acid 2
P-37 (SEQ ID NO. 344)  5'ggctccgacgtgegggacctg 3' Tm 64°C
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| "o P0EA 171109 & () - O#3&Y! A 109% & ()- A1 10% & ()- A 10%& ()- ~110% & ()-
. 9% ClIMP{_?0Er 171109 & ()- A1 109 & ()- #3&Y!I A 109 & ()- ~110% & () -
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AT 109% & () - “s109%Reverse Pribenatedting ECOPY sitg after an artificial stop codon
opvwl POVA! 10% & () - BvA! 10% &'_n(.é- BvAl 1098 & () - BMA109% & () - BvA! 109 & () - Bvn
!Ef?‘.%lg‘l%f g- I(B;/":Blg‘l%l&' Rut ageseing asiciafd. &' () - Bo#34g! v~! 10% & () - Bv~! 109 & () -
VAl ' () - BvA! 1098, LaSAIRAAM ki ! 1098 & () - BvAl 1098 & () - B#34g! v/l 10
% & ()-Bv~! 10% & ()-%@M.(%%%é@)"?ésgl ﬁm_?ow 1vA1 109% & () - B\(/)A! 1096 & ()-Bv
"10% & () - Bi3g! V7| 10% & GaatuicidditoRohdciBaginagPavITiBA ClO% & () Byl 10%
& ()-BvAI 10% & ()-BvA!l 109 & () - B#34gIvAI 1098 & () - BT <OvA#34g! vAl 1098 & () - BvA
1109 & §) - BvA! 109 & The BOR waseperfoympd auger thae follgwinglconditiqns: B#34g! v/A! 109 &

'()-BvAl 109 & ()-BvA! 1098 & () -Burl 10% & ()-B

{ _20vA#vAL 109 & () - B\&Sﬂ@gﬁ '%“(9‘!“@349! VAL 10% & ()-BvA! 109 & () -BvAl 109 & ()
- B5<=2C] _?0v/ #vA! 10%ﬁ'1%@}? 9% & ()-Bv~!109% & () - B#34g! vA1 10% & ()-Bvrll
0% & () - B] dehl _?0vA#V" éﬁ‘% -BvA1 10% & ()-Bv~! 10% & () - By~ 10% & () - B#34
gl vA1 10% & () - B' <Ov/%a4@um baofigd ) - BvA! 10% & () - By~ 109% & () - Bv”! 109 & ()
- B#34g! ~ DOVA#3vA! 109 & () - B#34g! vA1 10% & ()-Bv~1 10% & ()-Bv~1 10% & ()-Bvrll
0% & ()-B 83uL sterile water

{_20vA#y~ 109% & () - ByA! 109 & () - B#34g! vA1.10% & () -BvA! 10%.&' () - BvA! 109% &
63(5 g o?;r@_g%#w 10%1-guﬂig@N%mEi?@e%sYeB@saf@we%M@ 24t A!()lovgl & () - Bv’\!()l

() - BOXY\ _y_20VA#yAl ' ) & ()-Bv~!l10% & ()-Bv~! 10% & () - B#3
4g! v~ 10% & () - B <oﬁ%aéﬁ?ﬁ"%ﬁ%%@‘% - ﬁ! 18)/6 &'V( ) - BvA! 1(()‘)3/6 &'V( ) - BVA! 1(()‘)3/6 & (
)163;#2‘49! ) DOv’;g3v;! 19%32&: £ miBtfRsg! vA! 109 & () - Byl 109 & () - Bv/Al 109 & () - Bu/!

' _ POV AHYA] ' - BvAl 04 & - RVZ 04 & - ByA ' -
109 () B0 100 £ Buil 10748 () Bioq A £ Byt 10% 8 ()
Af=109% & ()-vA! 109% & () -B#34g! vA1 10% & ()-BvA! 10% & ()-B-7q}] E
| 109K#& ()-!) ! 10%%&4‘%"5"-%?% T 0vkig: () - V 31 00kH&! ()-()Aggz%l/«;tg' () -
AL 10%KAE ()- . SWI) 110% ! 109%K#& ()-) ! 109K#& () - 40 cydek#& () -)
| 109K#& ()-!) ! 109KH#& (8-./7vaxx@ 1 109 )
72°C 4 minutes

The PCR product was digested with EcoRl restriction enzyme, gel
purified and then cloned into pPDM, a modified pET28 vector with a His tag in
frame, which had been digested with Eco72l and EcoRl restriction enzymes.

20 The PCR product was also transformed into pTrx 2H vector. The pTrx2H
construct was digested with Stul and EcoRl restriction enzymes. The correct
constructs were confirmed by DNA sequence analysis and then transformed
into BL21 (DE3) pLys S and BL21 (DE3) CodonPlus expression host cells.

EXAMPLE 9
25 ExPRESSION IN E. CoLi oF WT1 B His TAG FUSION CONSTRUCTS
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'
30 Tm 58°C
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| 109K#& ()-) ! 109K#& ()-!) !109%K#& ()-) !109%K#& ()-!pP8) !10%)

C 1109%#& ()-) ! 109K#& ()-) ! 109%K#& ()-!) !109%#& ()-) ! 109%K#& ()- IKTpX<)
1109 ! 109&#& ()-!) ! 109%k#& ()-) ! 109k#& ()-!) ! 10%k#& ()-)

| 109%K#& ()-TijSSW) 110% ! 109%k#& ()-) !109%K#& ()-!) ! 109%K#& ()-)

. 110%k#& ()-1) | 10%#& ()-4yX7) 110%y  10%g#& ()- y 10%g#H& ()-)

| 109K#&' ()-1) ! 10%#& ()-) ! 10%#& ()-!4|\<7) 110%

$$+" 10%g#& () - 8$$+" Jme@e#seﬁmweamgﬁeom site gﬂeaste@#:&dom y$ 10%#&' () -

yY' 10%#& () -! +89: eGr$s+ 100 "$$+" 109g# - 8$$+" 0% - 8$$+" 10%
g#& ()-8 " $3+" 109gud CM) SO %’2‘ 0564951993 Szgé - 8$$+" 10%
g#& () 8" "$$+" 10%3#&&'%)6"§§$+ 10%#& () - 8XakeE/ ' " $$+" 10%g#& () - 8$$+" 10%;#& (
)-8'"$$+" 10%g#&' () Yg#& () - 8$$+" 10%g#&' () - 8i K+$$+" 10%g#& () -8' "$$+"1
0%g#& () - 8$$+" 10%9#8& g PB:ﬁSWaé erofmed ubdebihe NGEHY conditdnsS+" 109g#8& $$+"
109g#& () - 8$S+" 100g#& () - 883+" 100g#& () -8' " - $3+" 10%g#& () - 8S$+" 10%g#& () - 8
I L, $$+" 10%g#E& () - 83$+" 10%g#&' () - 8' " $$+" 10%g#& () - 8$$+" 10%g#& () - 8$$+" 10%g#
& ()-8 5*MO tuve&mwlﬂmgaﬁy huffes' " $$+" 10%g#& () - 8$$+" 10%g#& () - 8$$+" 10%g#
& ()-8 "$$+" 10%g#& ( -8ve%§§$ F}O%g#& () - $$+" 10%g#& () - 8$$+" 10%g#& () - 8$$+"
10%g#& () - 8' " $$+" 1094 OMMENIFS gogre ()-8 233+  10%g#& 10%#& () - ! 10%g#E (
) - 10g#10g#10g# 10uM th i

yS=10%g#&' () - $$+" 100gH¢ " 8 Ri9? 10%g#& ()-' 11 10%#H& ()-! 10%g#& () -! 10%g#
& ()-"1110%#& () - eE83) u@%ﬁ%ﬁwhtb@‘y@#& ()-110%#& ()-!10%g#& ()-'!!10%g#& ()
-1 10%g#& () -*+, - 6] PO?! 100 #& () -1 10%g#& 8 | 10%g#& () -! 10%g#& () -! 109g#H&!
()-'I ! g?SAKoqu H, zl 1ov/@pt&P? DNA p@v@w@qq t ?93 ‘() - 11 10%g#HE& ()
-gel + lllO%g#& ) d ) 'Hlo%g#& ()-110%#& ()-eE+?' 1110%
g#& () 19100g#8& () - l 3&3&(@5’6&{%@3‘& Y)-1100g#& () - 0

eG+?1 109g#& ()-' 1! 10%g#& ()-110%g#& () -1 10%g#& ()-' 11 10%g#& () -

- 7SeE+?! 109%9#& () - ! 198 & rhihutek0%a#& () - ! 10%g#&' () -' ! 10%g#& () -! 109%g#& () -
STUewxhL, ?! 10%g#& ()-110%#& ()-' ! 10%#& ()-! 10%g#& ()-! 10%g#& ()-' i KO?2!11
Ovg#& ()-' |1 10%g#& (960 L0EREON]S ! 1686385 (spcomdmo%ﬁ?@‘( leuqe[SQ)vl 10
f#FlO%(#& ()- f" 10%(#&&- f@10%#H& ()- fy 10%#H& ()- fl10%#& ()- f

S 109%#& () -hAl| [: 0?1 98F X0ox#&' ()- f+109#& ()- ffL*3109%#& ()- f(
109%#& () - f&L0%#H& () - fY%FlO%(#&() 10> [: 02! 1044 dvdQIOHE ()- 6

10064& () - fYA100#& ()- fy2 10964& ()- fO10064& (- ¥ 9

109%6#&16) - #' () *xvU4 72°C A0fitiRes( ) - 1 9109K#& ()- T 109K#& () - 1OX#LOX#10XH#

f S=109#& ()- fLILOWK 0 0
1098k #3&' (§) fl 10%%@5@589&' 0& i, ftslagwﬁﬁﬁn&'é&&aferef@'r%gﬁe%&?ep QPL

12%52‘&(%)Baié@%@ﬁa@ﬁ%&9@%{8&%@%@%&%#@‘3 gt

f sl " 10%#&raine, WhichLRa& B8eh digested wnth Eco72! and EcoRl restriction enzymes.
&/ 5sW9% 10984 10%(#& ()-s9% 10%(#& -s$! 19 109%K#&' é %é_# s$! 94 109K
#&' () - s56E|'Ehf= PG @rodustavas algokians U@%'@t@&ﬂ& é‘p é & &") % 109K#&

04 100k 28 ( PSR AILEE i ST AndeReH F%ff%%}f%%sé) el () s
51 9 10018 cONSIRICKEIO WBhfHIad by BNA 58 érwaénfawé.saﬁu%émﬁaﬁ&o(rmee% 109K #&!
()-s$!' W[:9 10% SL 1008#& ()- L 1093!3 (god SL10%S#&' () - 10SH#10S#10SH

SS=10%6#&' {nto BLLIUWRES) (PLys nd BL21 (DES3) onPlus expression host cells.
For Examples 7-9, the following SEQ ID NOs. are disclosed:

SEQ ID NO. 327 is the determined cDNA sequence for Trx_ WT1_B
25 SEQ ID NO. 328 is the determined cDNA sequence for Trx WT1_A

SEQ ID NO. 329 is the determined cDNA sequence for Trx_WT1

SEQ ID NO. 330 is the determined ¢cDNA sequence for WT1_A

SEQ ID NO. 331 is the determined cDNA sequence for WT1_B

SEQ ID NO. 332 is the predicted amino acid sequence encoded by SEQ ID No.
30 327
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I [:][:9% 10% SS$" 1096#& ()- S$"10%@ @ ()- gf #109BH& ()- f #10% & () -

. SSH109! & ()- | SH109SHE ()- 1$mvU4% 10 S| & 1098H#& ()-  SYI Z10YSHE () -
"10S#10S#10SH Sf=10S#&' ()- vyl 1#10%" #& ()-t vyl 1#10%SH#& ()-tm T

1 [:vU4% 10 S SS109B#& ()-S S, 109BH#& ()- SY 109B#& ()- S 1098#& ()- S, @

- 1098#& ()- SY 109%SH#& ()- [3|[:vU4% 10 S S f10%S#& ()-S SF10%S#& ()- S@

1096#& ()- SS 1098#&' ()- Sl 1096#& ()- S 910%6#& ()- 3rH [:vU4% 10 S S
- 109B#& () SEQ I1B@N0L8884sthe pregioied et apid sequenge@nteded by\BEQ10MsH#8 () -
S 3" @OYBH#E ()- HOnrstu| obU4% 10 S9109%H& ()- 10S#H10SH10SH Sy=Z10%BHE () -
S41096#&' (328 S2109B#&' ()- f/"109%@ @& ()-fJI*{ 10%t& ()-{ 10%& ()-{

100 ()- (SEEHPEND) sptplitplanaet o flis SqlBibE drbaded by SR O IO,

10%H:3; | s 40d.0%+& ()-{ 10%& ()-{ 10%& ()-{ 10%& ()-#3;/s T]b}d@{

10%##3; /s { 10%t& ()-{ 10%t& ()-{ 10%t& ()-{ 10%*& ()-{ 109%& () -dH
109%¢#3{5 10& s} N&)fa?%g is tm)pwéi)iqtéd @leiW#S&')d( g{equem%ﬂ(@)ce§19@ %y -)|P)ON%-{ov{
109%H{ 10%#& ()-{ 109%& ()-#3;/s { 10%& ()-{ 10%t& ()-{ 10%t& ()-"dD*{
10%#{ 1098 ()-{ 10%#& ()-{ 10%#& ()-#3;/s { 10%t& ()-{

109%#& () - " SEEAIMNNG: 3360%4Hd prefiéiéd @mibo befdseduentce EifbBdad by(SEQ/ID No.

109%#&' ()-{ I109#& ()-NPQzstvcCe{ 10%t#{ 10%t& ()-{ 10%t& ()-{ 10%t& ()-{
10%& ()-#331s { 10%t& ()-vw @{ 10%# 10%t& ()-{ 10%t& ()-{ 10%& ()-{
109%&' ()-{ 10%& ()-#3;/s d@{ 10%#3;/s { 10%t& ()-{ 10%t& ()-{ 10%t& ()-{
109%#&' ()-#3;/s dH{ 10%#3{ 10%t& ()-#3;/s { 10%t& ()-{ 10%t& ()-{

109%#& () -{ 10%t& ()- $%)27cC*{ 10%#{ 10%t& ()-{ 10%& ()-#3;/s {

10%1& (19-{ 10%t& ()-{ 10%t& ()- 7RVEXAMPBEE101004 10%t& ()-{ 10%t& ()-#3;/s

109%#&' ()-{ 10%& () ~{ 10%t& L)-}~ 9% %, 10% &= (ha, » &10% & () -;
{10%#&' ()9&#3?/ s { 10%5%“-8{*#%%@&"?%g‘&Tﬂ%%é%%%%é/?ﬁL'()- F. 108/3#" #L{gz () -
3 ,s10% & ()- +10% &rhpee readinkOfarkes bif W1 Wereé &implifiéd by PER Gskitkess () -
-G'10% & ()-10"10"10" y=10% & ()- :10% & ()- S8 10% & ()- Ck@d|[:vu4{

f F" F" 109! ftlowjng pitiers: 109600 N& () - f" 1090V W& ()- f" 109R' R& () -

f 1094 r1& ()-" f"100/%":\$'@()-‘@ o !'I1111][NA4{10&" &10&" &10&" &

s=10%&" && ()- yF1" 1068 W& T yF1m 10001 2& ()-° f( "109%&8& ()- f(

"109N'N& ()-!1"2"<"E"F"}""~fJ*kW 109 & () -1 096 & ()-!sVIKW10% & ()-!kW 1
0% & (15! 910% & () - PDM-441 ](85)0&6 ?\IO@QVB} 85

S0 ()0 KGN 100 M AN kb MO f Bt KW 0% & () - W
F10% & ()-!sv” D #

#THPX<KW 109KW 109 & () - ! pEMB2QHER) (D NCK\WADYYS & §) - | sVI KW 1098 & () -1 kW 10
0 & ()-! THUBVH##H##E X<KW 10%KW 1096 & () - ! kKW 10% & ()-!sVI kW 109 & ()-! kW 10
% & ()-!sVI kKW 10% & () - | #teggtgaattixacayiatsaatiotoactooB&TM 62968 1096 & () - ! sVI kW
1109% & ()-! kW 109% & &) -1 SVI #$3$7$8398pSOWKVKW 1096 & () - ! SV! (kW 10% & () - ! (
KW 1096 & ()-!sVI kW 1 %)ﬁ%-@w 1096 & () -! p$r $s$SSSSSWITKVKW 1096 & () - kW 1
0% & ()-!sVI KW 10% & ()-! kW 10% & ()-!sVI kW 10% & ()-! $$$$$%08/x\ DkVWKWE V! kKW
1096 & [y | KW 1096 & () - | sVplyih-4A% @EQ 11 K 1888) & () 51 SV 9% % % Yo%l %e % %k STk W
KW 109%8& ()-!sVI KW 10% & ()-! KW 1098 & ()-1!sVI KW 10% & ()-!kW 10% & ()-! vone
X9BBBO0E X<k WKW 10% & () - ! bXgdatgetgtigageatgatciB ot 64°C! kW 10% & () - ! sV! kW 10
% & ()-! 9BBBBREIE XGWEV!I KW 10% & () -1 kW 109 &' () -!sVI kW 10% & () -! kW 10% &
()-1sV! &QIGLEMBN & & &&oW k ROM-fddy 1D NW(3W 1008 &' ()- ! (KW 10% & ()-! sVI kKW
1109% & () -! %e& ()-! : 0

SETPAY 0 KW L0008 % ) - f?%‘g‘i‘%%%céweﬂq%wgm%%m% Rw 1006 & () -1 &&&
"E | [ KW 7" 10%<HEof WT1 Fra:6Y100#& () - FA10%<#& ()-  y210%<#& ()-
OMLO%#& ()- s, /- 10%<#& ()-"" """ 1()(_(vU4 &10%#L& ()-  10%#L& ()-

f 1094 #L& ()- f10%L& ()-10<#10<#10<# f =109%<#& ()-_gg((( YA | [ v

310%.#128 ()- " 10%.#L& ()- PEMAHSLEORQ IDNQRSAL () D Lf 10%#L& ()-

MLO%G&' ()-A) W 7** S+t +~+| [ 1 vU4  SLO10% #L & () - - 109 ‘A S)"10% #} & () -
@00t Le ) sor- 109 ¥ EopFocAdEaRdeRcartpGtbpaaadd { Thiedds o) (DA # & O
S=109#L& ()- 3 | 710%#L& : S510% #L& ()-  310%#L& () -
flzlo%_#L&'(%)- ,,,,, "-Z--bﬁﬁ%i‘%ﬁ (%%{ch %%53) ¢ 0 0
ggatatctgcagaattctcaaagegecage 3' TM 63°C

The PCR was performed under the following conditions:
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MLOY#L&' ()- 10%#L& ()- @O0%L& ()-m

. @O0%#L& ()-mOL#LIOL#L--.7. A D.S.|[: AM410L#L "~ 10%#L& ()- S10%#L& ()-
"@EL0%H#LE ()- S10%#L& ()- J @0% & ()- J P@O% #

& ()-S.].5/ X0b00O| [: A410L#L 210%#L& ()- f OMLO%UH#LE ()- s.-10%#L& ()-

- S"MI0% & ()- S""10%#0& ()- 10%#L& ()-0&1[ 1f 1j 1k1l 1nill| obU410

-109998& () - GLOL#L10L#L10L#L f=10%#L& ()- y 9z10%#L& ()- 3 510%#L& ()- 3
510%.L& () - 112A2U2g 2l 10XA0 buBEdoOu#9& () - nLOYOU#9& ()- Lgl0%Qu#9& () -
MLO%w#&' ()- 1090u#9& () - -10%9u#9& ()-G2223 333|[:bU410 Y" 109Qu#9& () -
f_1090u#9& () - 109U 40MM dNIBsopu#98 ()- 109@u#9& () -

vy o 0
(y/ #1099y98 ()- b f 2 %Wéé‘l 0"93’ Vo usi @ (). 0 rore2es O
f*'1109%N W& () - 6666 8 e0%ED#EL () - ni 10%8h#&E ()- - ¥ L0%#E () -

109%&b#&&' () - 109u#9109 #91 9u#9 1099u#9& () - 881 888B99{ ZOvIMA10 |
[f(10%g& ()- T Afl fLOHRRI [oNAI;mlymem (StratdgeresRiaotia( CA) 110008 () -
f1109R&& ()-9<::::::::vU410 Syl09Du#9& ) ( 1099u#9& () - (108b#8108b#&108D#&
S=10%&b#&&' ()- 7, 5B BNAYPPOM BI¥¥ib# & ()-m:::GV;;|[: vU410

1090U#9& ()- " 10909& ()- 109@u#9& ()- 10909& ()- S( 109BU#9& ()- S@
1090U#98& ()-; ; <= Tzzzéqz 9* GLOY®U#9&' ()-  (MLOYDU#I& () -

#1090U#9&' ()- | #10% ?#Jﬁ'?yt 1099u#98& () -

10999& () - === >] >>>gg°[C 26&@8@4@; SEPTNG8EEdNds A CIHOsedatids)x 40 S, 1090
9& ()- S, 1090"9& ()- S, 1090u#9& ()- S1 1090u#9& () - >>>>>>?B?bA4109u#9 vy
10%#L& ()- 3 1094yl - 10%#L& ()- 10%#L& ()-

0%#% ()- - 109u#910040B2 27 @@ [ A4109u#9 S Y" 10%#x& () -m

109 #1 10%_#L&##)ég BM6Pxr " x& ()- @ 10%#} & () -

S10%. L& () yA6AUAAAA B| [ A4109u#9 / 10% #L&
‘MON#LE ()- SO 1be PCR pyad uctﬁwgnﬁ_glggsye}fwmw gco?-ll}an% fohed into
Y"10% () - Bh B RAERRER A ER D i d kit A4 hag i f&hié-éh e 51 edd) O7A#LE () -

which has been digested with Eco72] and EcoRI. The constructs were
confirmed to be correct through sequence analysis and transformed into BL21
15 plLys S and BL21 CodonPlus cells or BLR pLys S and BLR CodonPlus cells.

EXAMPLE 11
WT1 C (amino acids 76-437) AND WT1 D (amino acids 91-437) EXPRESSION IN
E. Coui
20 The WT1 C reading frame was amplified by PCR using the

following primers:

PDM-504 (SEQ ID NO. 354) 5' cactccttcatcaaacaggaac 3'

Tm61°C
PDM-446 (SEQ ID NO. 355) 5
25 ggatatctgcagaattctcaaagegecage 3' Tm 63°C

The PCR was performed under the following conditions:

10pl 10X Pfu buffer
1wl 10mM dNTPs
2ul 10uM each oligo
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610% #L& ()- ,510%#L& ()- fy210%#L& ()- BCl Ct CD$DD|[: NA41010 S10% u#
& ()-: E S109& ()-: 10% "J & ()-: LmlO%u#9& ()- 10%Qu#9& ()-

"109Qu#9& () - DD. EEERFYF| [ : NA41010 SL31099e9& ()- - 1099u#9& () -

Sy&f 1090u#9& ()-' O0Sy& 10% |" & ()-' S10% & ()-' 0S10%

. & ()-' yFFFFFFFF$GrU410 1090u#9& ()- 10909& () - 109u#9109u#9109u#9

@ 1099u#9& ()- | SL310%#& ()- ] SL310%
& () - $G3GHUHHHHH} | E)&SpLISe@ietdatef) - s SF! 1090u#9&' () - SSF! 1099u#9&' () - S
1090U#9& ()- 77 Y' 10%#& ( %

10999&' () - HHHI 1 1 21 I konidpiuiBNAmolymgasesStiatagsane; daoloHasCH - so

1SF! 1099u#9&' () - SSF! F u#9& ()-sCl Dzl |1}1111x\DSF! 10%SF
SF! 1099u#9&' () - SSF! 1%9? ﬁ‘i‘\& éﬁgﬁ’%érﬁlé@ #9& () - sSF! 1090u#9& ()-s

1 11J1 JJKcBDSF! 10%6 S(10% & ()-F S(10% & ()- S6Sy !10% & ()- Sy

1 1094" 1& () -' SF! 109680 Mingte! 1090u#9&' () - sKKeKK: L>L?L@AL| [ NA4SF! 1010" S1
0"10"& Sy=ml0% & ()-& Sy1"10%& ()-& y1"10% ", & ()-& {y1"109% (& ()-' Sf/
1096 & (5- ALLLLLL8NV5 NGO\ SECArIE @3@01»5 gegondss, &S ytps x4 (s

10% & ()- & Ss  10% & & SL 10% & ()-' S10% & ()- sMVMVNNN| \ <NA4SF! 1010
vV 109 &' () - vV! 10%&93/ S5 10%& ()- & SS-10%& ()-& SI10% & ()-

SF1096 & ()- NNO&\: N Wﬁ@@gl 1010
vVI 109 & () -vV! 109 & 1098°& ()-vVI 109 & ()-vVI 109 & () -vV! 109 & () - PNY

T L0964 () 9%335 ! 1%%58?@&%%@1“9&%%@%%@%@ B3y, )

v\ 109% & (gﬂsgr \éhjtfééngd ges @HWW&FE&&QDM&@ eils?er(dewé(é 10% & ()-vV
1 109 & PV 1096 & () - vV 109% & () - NNNNNNNy YONA4SF! 1010vV! 109% & () - vV! 1
0% & ()9vwamma(tmm@sequenoeaa&a{ypwcimrar)sfmmm@\Blﬂanlsrs $010vV! 10%

" & v\ 1 VL1008 & () o) 2@l v 0% & 1 109% & 00000050y YONA4 SF
! 10(12)vv' 10@@ g{-ﬁ WK‘/‘CH‘O%G@L SIF{W‘%O (13)0 B%E‘J.%Wm%' & (§ 2vV! 10% &'O{) -50,
O=C>0@Dd Oy YONA4SF! 1010vV! 109 & () -vVI 10% & ()-vV!I 10% & ()-) 2@ vV! 10% & (

)-vVI 109 & () - [ CaOcCdOf O OOy YONA4SF! 1010vV! 10% & () - vV! 109% & () - vV! 109 & ()
) 2@ vV 109 &' () - vV! 0%& () - COOCERAMPREAZF! 1010vV! 10% & ()-VVI 10% & () -)

i R i 1 R
O, O e i R S e

Yf’loi/é‘yﬁl# O Uy T30 ST 10088, () - +171094#8

Z +
S0- 10%1#&(()--)3- 10@1‘%50"0“@%@%9&0@08 wel e@éi%ﬁ%l@ﬁ() UUUUEJ{JU 2vU4SF! 10
121094 #&' () - +1z100/<1#%& ()- Séﬁﬂlgggqffglz&g%l%%%a;ﬁ& ()-+1z1094#& () - +1z10%A#& (

+UUUUUUU_?vU4SF! 10

)1210%1#&' () - +1z10%A#8& () - + 10%#@&@ 210% g@ 210%4#8& () - +1210%A#& (
) - +UUUUUUUI L, vU41z109%4#& 9YUCCHAtd 9"(‘?‘3 Sl‘ﬁ"ﬂf%f Q -+ c7
, V1Z10%p#& () - +121094#& (
,vlzlogé#&' ()-+1z10%A#8& () - Zgygl(gggtb O Bana Y () - +1210%A#& () - +UWVVVW
t X<c7 ctgccggcagcagtgcgttcaggtcccgcacgtcggaacc 3
,v1z1094#& () - +1210%1#& ()-+11z10%#& () - +9%Az10%A#& () - +z1z10%A#& ()-+1210%
14& () - +1210%4#& () -
VWVWhH( <1z 1094 #&' ()2+1218m4+:§0() (SEQ DM B50) - +1.800a#8 () - +; c7

VIS () e bstanonrs,
v1z109 z1009 2 :
V@/EVJVM/RV ?7<1z10% #& ”PW@Sﬁ& SEO*FUW l()- +4710%4#& ()-+1z10%#& () -
+1z10%#& () -+1z10%#& () - VbVgVl VoG <1z10%#& () -+1z109%#& ()-+1z10

VA#& (P5+1Z10%A#& () - +; c7cggﬂag1@eglcag'c®cc&ccgﬂ¢awmg@gatgga&3’10%#&' ()-+; c7
v1Z10%4#& ()-+12109%4#& () - +121098#& () - +1210%1#& () - "VWWWW._2<1z109%4#& (1

21094 48& () - +121094#& () - + O/a § %&8%)0/ 117109A#8&' () - +1z10%A#8& ()
- +VWWWWWAWgZM@Lz 1094 BE! (1 B$09dS 12160/(1#& ()-+:¢c7

cgcactgccggttagcggtgcagcacagtgggcte 3'
PDM-510 (SEQ ID NO. 361) 5

cagaactggagcccactgtgctgcaccgctaac 3'
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,v1z109%#&' () - “\WMVWWBB@LZ 1094 #8& (v 10% & () - vf10% & () - vf10% & () - vf 10%
()- Sl 10% & ()-S S| 10%& () - SWWWWNMW ?@z10%A#& (vf10% & () - vf 10%
()-vf10% & ()-vf10% & ()-vf10% & ()-vf10%

() - #\WW W WLVRWP W C@Lz 1094 #& (vf 10% & () - vf10% & () -vf10% & () - vf 10%
()-vf10% & ()-vf10% & ()- 7VBWPWWOWRW VW L, @f 10% & () - vf 10% & () - vf 10%
()-vf10% & ()-vf10% & ()-;c +b>bWaW W W WG @f 10% & ()-vf10% & ()-:c
b>vf 10% & () - (vf 10%.& ()PDMIBY GEQ-IDNDVBB2) @ f B0% v 10% & () - vf 10%
()-vf10% & ()-vf10% & ()-vf10% & () - v 10% & () - WWNAWWYH( @f 10%

()-vf10% & ()-vf10% & (qawmmﬂpacgqaamﬁequﬁ}GQQ@aMwwwww&@f 10%
()-vf10% & ()-;c +b>vf 109 & () - 06 & ( hadf 10%8" () - WYY X@F 10%

() - vf 10% vf 10% & () - vf ]1%@5% §eode 'io( ;’géi 100y ()-vf10% & ()-vf10%

() - VWA DSV 10% &' () 9o & ' ' vf10% & ()-; ¢
b>VWAWAKXC G v 10% & () - v?ég(?% gg%t-é?gé’bgéﬁéfa%ég%@gg v@ 1(9(@/(3 %' ()-vf10% & ()- X
XXXXXX_2v 10% v 10% & () - vf10% & ()-vf10% & ()-vf10% & ()-vf10% & () - vf10%
() - X (X, XIX6X9XhHE.vT 10PDRI-$)3 (SEQUDSNQ) 36#410% &' () - vi 10% & () - vf 10%

;¢ +h>9IX<XAXFXGXOXSXcG vf 10% & () -vf 10% & () -; ¢ +b>vf 10% & () - vf 10%
f10% & () - SXVXYX\ X 0aiestonetadiosagcagotcedeqearpaeas®s () - vi 10%

-V

~vE10% & () -vf10% & (yevf 10% &-L) $ X0 XhH( vE 10% & () - v 10%
~vf10% & ()-vf10% & &Wﬁgﬁ%{fﬁm‘a@bﬁéﬁ cG vf10% & ()-vf10%

_ic +b>vf10% & () - vf A daaticbRie& £39% Vi 10% & () - vf 10%
v 10% & () - vf 10% & %ggl%%%g ?) Beddogos )~ pT8vf 100 f 10%

Ro R0 R0 R0 R0 + R0 Ro Ro RO R0

+

! f10% & ()-%f10% & ()-vf10% & ()-vi10% & ()-:c +h>XXXXXXXpPOvf 10%

\

VvV

vi10% & ()-:c +®>vi 1PDVES1S {SEQO® BO B66) 10%5 () - XXXXXXX_?vf 1vf 10%

v - vi10% & () - XXXXXXXhH( v 10%
\

£10% & ()-vf10% & (%-vflO%&'( -vflO%&'18>

CopCegReteeacrageonsgractetticate YYYcG v 10%

)

)

)

)

)

)

)

)

)

§ 190% & ()-vf10% & (

% & -V % &
vi10% & ()-;c +b>vf 199 & ( )+ ' 10%& () - YY'Y' Y*Y/ YAY_2vf 10%

Do & (- vi 10% & () vt 109518 (SEEOR B0 BN 1000k () vt aons
)

)

)

)

)

)

)

)

)

)

)

)

R0 Q0 Ro Ro R0 Ro Ro Qo RO Ro Ro Ro

<
-+

- 4Y5Y>YBYEYHYKYhH( vf 1&%@&&&&9/ I&%ﬁ)ﬁ%}g%t%@??g&%dtg%g B10% & ()-vf10%
() -V % & -

(
(
(
(
(
(
(
(
(
(
(
(
1
' E -; ¢ +b>KYNYQYTYUYZYAYCG Vf 10 >vf10% & () - vf 10%
'()-vf10% & ()-~YbYgYl YqYvY{Y_ 2vf10% vf 10% & ()-vf10% & () - vf 10%
'()-vf10% & () - vf10% & (PDM-5076(SEQ IO NOY @88y YhH(®/f 10% & () - vf 10%
"()-vf10% & ()-vf10% & ()-vf10% & ().-:c +b>YYYYYYYcGHvf 109 & () - vf10%
' E i c +b>vf (12)% & () - vf g%)%%*?Q%Qé&SWfQ%ﬁW%ﬁ%/? & (§ 2vf 10% vf 10%
-vE 0% & () -vf10% & oy &4 %@ () - ViEr10% & () - YYYYYYYdD$vf 10%
E -v1t1 §0% & 8-vf 10% & E?’D‘v‘m@%‘%@ WP%%@E% ;éc +b>YY§/%/YYYcG vf 10%
'()-vi10% & ()-;c +b>vi 1gkaghéactytditidiggtciichoeadiochg BYYYYYY_2vf 10% vf 10%
'()-vi10% & ()-vi10% & ()-vi10% & ()-vf10% & ()-vf10% & () - YYZZZZZhH( vf 10%
( -
( -
Z
(
(
(

' ()-vf10% & ()-vf10% & ()-vf10% & 8) vi10% & ()-; ¢ +b>ZZZ 7! Z*Z. ZcG vf 10%
'()-vi10% & () - c +B>vf 16RM5IP(SELDH BQ. )37 1006 % () - . z328Z;

O TRy 7 2nivi 18R CoRbRRacd ) 0% & () Vi dose

Ro Qo Qo Ro R0 Qo Ro Ro RO Ro Ro Ro

N

g -;Cc +b>" Zezj Zozpzt Zprgm_gé@%sg'd D pgfch_Q;&M?‘ ()-sc +b>vf10% & ()-vf1l0%
'()-vf10% & ()-xZ| 222Z2ZZ_?vf 10% vf 10% & () - vf10% & () -vf10% & () - vf 10%

' () -vi200% & () - vf10% & ( ptgfgaggamictgcagadtioteagagiged @-210%&' () - 2@ 109%& () -
| @109 ()-vvfl0% & ()-:c +b>Z[[[[[[_? ~ @210%&3+10%&' ()- 3+10%& ()-
3+10%& ()- 3+109& () Eadh Hilt® pairwas @pérﬁféﬁg combiréddRheh-drleatdd. Prd 09%& () -
3+109&' ()- 3+10%&' ()- S5Wb 3+10% ()- 3+10%& ()- 2[5[8[;[@A[fE[I-

S 3+10%&' () pab¥wers tavig4dted tageatberarng ong-+d ofdigation mix was used for PCR

conditions below:

Ro Ro Ro Ro

10ul 10X Pfu buffer
25 1ul 10mM dNTPs
2ul 10uM each oligo
83ulL sterile water
1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
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10

15

20

25

30

E[JIMR U Z[ _[_? " 3+1093+109%& ()- 3+10%& ()- 3+10%&' ()-

3+109& ()- 3+10%& ()- [ [d[g[j[m p[nN.  3+10%& ()- 3+10%& ()-

3+10%& ()- 3+109% ()- S5SWb p[s[v[W {[[[mM " 3+10%& ()-

3+10% . ()- 5Wb 3+109%& ()- 3+10% ()- [[[[[[[!-  3+10%& ()- 5Wb

3+100& ()- 3+109%&' ()- 3+10%&' ()- [[[[[[[_?  3+109%8+10%& ()-
3+109& ()- 3+10%& ()- 3+109%&' ()- 3+109%& ()- [[[[[[[nN

- 3+10% (96°C32miffRtes) - 3+109& () - 3+10%&k ()- SWb [[[[[[[mW

- 3+10%& - 3+109%& - 5Wh 3+10%& - 3+109%&' -
(36°C 20 secorgc}s 63°C 15 secon s) 72°C 30 ségondsx40

cycles

72°C 4 minutes

The PCR product was digested with EcoRI and cloned into pPDM
His which had been digested with Eco72] and EcoRI. The sequence was
confirmed and then transformed into BLR pLys S and BLR which is co-
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
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
NO:338
SEQ ID NO:344 is the predicted amino acid sequence encoded by SEQ 1D
NO:339
SEQ ID NO:345 is the predicted amino acid sequence encoded by SEQ ID
NO:340
SEQ ID NO:346 is the predicted amino acid sequence encoded by SEQ ID
NO:341

The WT1 C sequence represents a polynucleotide having the
coding regions of TR2, TR3 and TR4.

The WT1 TR-1 synthetic sequence represents a polynucleotide in
which alternative codons for proline were substituted for the native codons,

producing a polynucleotide capable of expressing WT1 TR-1 in E. coli.
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< 3+109%&

[ILLI[[1- ~3+10%& ()- 5Wb 3+10%& ()- 3+109%& ()- 3+10%& ()- 3+109& ()- [\\

W2 * 3+1098+109& ()- 3+10% ()- 3+10%& ()- 3+10%& ()- 3+10% ()-

3+109& ()- \\\\IVS\'\nN. " 3+109%& ()- 3+109& ()- 3+109%& ()- 3+10%& ()-

3+10%& ()- 5Wb '\ *\-\.\2\6\;\m 3+109& ()- 3+10%& ()- 3+10% ()- 5Wb
()- 3+10% ()- ;\@E\J\OP\T\I- "3+10% ()- 5Wb 3+10%& ()- -

3+10%& ()- 3+109&' ()- 3+109& ()- T\X\\\ \d\h\I\_? *3+10%8+109&' ()-

3+109&' ()- 3+10%& ()- 3+10%& () - ;(%iéﬁblt% 33+10%& ()-

INmnr\s\t\u\\tgF 3+10% | 10938 (¢ W d3 =100 ()-3+10% ()- 5Wb

W\ e CFF\%%&@\ OB T sTIHRMRC HisTOPRIFOLOGIFAO/E Tox1IEO03GICAL EFFECTS OF

109& () - S\ \'_?F 3+10%I10%&" () - T109%& ()- T10%&' ()- T10%& ()- T10%&' ()- T10%&

"()-\\\\\]]c' F;c] PT109%& () - WOISMPUNEADER IN MICELOYR' () - TLO%&' () -]

5 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.

The experimental design for immunization of mice with WT1

protein is outlined in Table L.

10 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
4 2.1 Ra12-WT1+ MPL-SE, 6x 25ug 4
5 2.2 | Ra12-WT1 + MPL-SE, 3x 25ug 4
6 3.1 | Ra12-WT1 + MPL-SE, 6x 100ug 4
7 3.2 | Ra12-WT1 + MPL-SE, 3x 100ug 4
8 4.1 | Ra12-WT1 + MPL-SE, 6x 1000u 4
g
9 4.2 | Ral12-WT1 + MPL-SE, 3x 1000u 4
g

Vaccination to WT1 protein using MPL-SE as adjuvant, in a

15 multiple dose
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1118],12]dDF; c| PT10%&' ()- T10%&' ()- T10%&' ()- T10%&' ()- T10%&' () - T10%&' () - 2] ;
. JEIFJO Q T] 9G FT10% ()- T10%& ()- T10%& ()-; c|
PT10%&' ()-T109% ()-TIWZ]1] 1c]d] _#;c|
PT109%&' ()- T109%& ()- T10%&' ()- T109%&" ()-T109%& ()-d]niqlv]{]]1]1d D |
- PT109%& ()- T10%& ()- T10%&' ()- T109%& ()- T10%&' ()-T10%& ()-11111119G ;
T10%& ()- T10%&' ()-T109& ()-;c| PT109%& ()- T10%& ( %] ]
PT109%&' () -tiltedivh s(tt)dvr(bwmsaanmmgmm ?511390’/@!(9"(]]96%9 1CFP’°'“9'"J in

G ibsirine i i
PT10% - A AAAAR] A
pnocyi- E ) TG (e el 1esbhEES (MR () Triove () -1 o)~ naxnanhes:

f&L0%& ()- &LOYE& .
 &100@100EE' () - 0((%2%6%; "g%gﬁﬁtmg%%%?gmm'@mw 2:

&100%5& %) - |mamzatmq with Wik grotein waselsenveds dNaRist gloglgﬂyqvnq@a@joo
10988 0~ oy was sech B 1S sty Ve bR Bl dnal GhER b oIS,

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,
10 thymus, trachea, thyroid, urinary bladder and uterus.
Special emphasis was put on evaluation of potential
hematopoietic toxicity. The myeloid/erythroid ratio in sternum and femur
marrow was normal. All evaluabie blood celi counts and blood chemistry (BUN,

creatinine, bilirubin, albumin, globulin) were within the normal range (Table LI).

15 Given that existent immunity to WT1 is present in some patients
with leukemia and that vaccination to WT1 protein can elicit WT1 specific Ab
and cellular T-cell responses in mice without toxicity to normal tissues, these
experiments validate WT1 as a tumor/leukemia vaccine.

20 Table LI
Clinical Chemistry and Hematology Analysis

Table LI: WT1 Dose Titration Study
Clinical Chemistry and Hematology Analysis

K/uL M/uL g/di % fL Pg %
Animal # WBC RBC Hg. HCT MCV 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
Group 1
1(0) 5.6 8.41 12.8 43.5 53 15.2 29.4
2(0) 55 9.12 13.4 47.5 53 14.7 28.2
3(0) 7.5 9.22 13.5 48 54 14.7 28.1
4 (0) 39 9.27 13.6 46 52 14.7 29.6
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109€& ()- 109E& ()- 109E& ()- nN.; f109%E& ()- 109%E& ()- 109%E& ()-

. 10%& ()- 10%E& ()- 5W] # ' M f109E& ()- 109E& ()- 10%E& ()- 5W]

109€& ()- 109&& ()- , 1 6, @AE.I-; f109€& ()- 5W] 109%& ()- 109%E& () -
109€& ()- 109%&& ()- E_I_MQUY . f109E10%EE ()- 10%E& ()- 109%&E& () -

- 109E& ()- 109E& ()- 10%E& ()- ] A a d g j _mnN.; f109E& ()- 10%E& ()-
109€& ()- 109E& ()- 109E& ()- S5W] mp.s.t x }  mv; f109E& ()- 109%E& ()-

102/5&: ()- Tdble LOOW¥1(Dosd Mifrtion Study |- f10%E& ()- 5W] 10%E& ()-
10%& () - clinical Chemistry and Hematology Analysis

K/uL M/uL 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 31-62 9.2-20.8 22.0-35.5
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 0.5 24 0.6 0.1 0.6
Group 3
9 (2.5) 8.3 9.16 13.6 50.3 55 14.9 271
10 (2.6) 5 8.78 13 44.2 50 14.8 29.3
1 (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 2.2 0.2 0.3 4.2 2.6 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 27.5
16 (3.8) 4.8 8.19 12.6 44 55 15.3 28.6
Mean 6.6 8.6 13.0 46.0 54.5 15.0 28.2
STD 1.9 0.3 0.3 1.6 06 0.2 0.5
Group 5
17 (4.5) 3.1 8.48 12.6 46 54 14.9 275
18 (4.6) 5.7 9.12 13.7 48 54 15 285
19 (4.7) 5.3 8.58 13 44.5 55 15.2 29.2
20 (4.8) 53 NA NA 40 NA NA NA
Mean 49 8.7 13.1 44.6 54.3 15.0 28.4
STD 1.2 03 0.6 3.4 0.6 0.2 0.9
Group 6
21 (1.1) 35 9.36 13.5 37.6 40 14.4 35.9
22 (1.2) 6.9 8.93 13.6 37.3 42 15.3 36.6
23 (1.3) 3.6 8.3 12.5 35.3 43 15.1 35.5
24 (1.4) NA NA NA NA NA NA NA
Mean 47 8.9 13.2 36.7 41.7 14.9 36.0
STD 1.9 05 0.6 1.3 1.5 0.5 0.6
Group 7
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10%E& ()- 109E& () - 2: f10%EL09%ES ()- 10%E& ()- 10%E& ()- 109E& ()-

1098 ()- 109%& ()- nN.; f109E& ()- 109E& ()- 109E& ()- 109%E& ()-
109€& ()- 5W] mvi; f109E& ()- 109E&& ()- 109%E& ()- 5W] 109%E& ()-
109€& () - -, T10%&& ()- 5W] 10%&& ()- 109%&& ()- 10%E& () -

- 109E& ()- 7, f109%E10%& ()- 109%&E& ()- 109%&E& ()- 10%E& ()- 10%E& () -
109€& (Y- s t gFf 109E P@0%s& ()-| 10EELOELOE f=10%E& () - 10%E& () -

I5W!) S TabléEl: W Dosd Tipation Study! 10%8s& () - 3 1 10%s& ()- 3
1 10%s& () cifhical Chemistry and Hematology Analysis

K/uL M/ul g/dl % L pg %
Animal # WBC RBC Hg. HCT MCV 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
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 34.5 42 14.8 35.1
28 (2.4) 5.8 8.25 12.3 34.1 41 14.9 36.1
Mean 54 8.5 12.5 36.8 41.7 14.7 35.2
STD 1.5 05 0.6 29 0.6 0.2 0.9
Group 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 36.1
32 (3.9) 6.1 8.11 12.3 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 03 0.6 1.2 03 0.3
Group 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 16.1 36.3
Mean 4.4 8.5 12.7 35.5 41.7 14.9 35.7
STD 0.4 0.4 0.4 15 0.6 0.2 0.6
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110%s& ()- 3 '10%s& ()- _?Ff10%3 !'10%s& ()- 3 '10%s& ()- 3
110%s& ()- 3 '10%s& ()- 3 '10%sé& ()- 3 '10%s& ()- =?Ff 10%ol LP! 3
110%s& ()- 3 '10%s& ()- 3 '10%s& ()- 3 110%s& ()- ~ aadDFf 109A3
1109%s& ()- 3 110%s& ()- 3 110%s& ()- 3 '10%s& ()- 3 '10%s& ()- 3
110%s& ()- aaa&a' a/ala]l AYB8 ! 10%ss& ()- 3 '10%s& ()- Aol LPI3 110%s& ()- 3
110%ss& () -

Table LI (cont’d): WT1 Dose Titration Study

Clinical Chemistry and Hematology Analysis
yes/no K/uL Abs. Abs. Abs. Abs. Abs. Abs.
Animal # Pit. clump Platelets Baso Eos Bands Polys Lymph Mono

Normal no 150-1500 0.0-0.15 0.0-0.51 0.0-0.32 8.0-429 8.0-18.0 0.0-1.5
Group 1 K/uL K/uL K/uL K/uL K/uL K/uL
1(0) yes 726 0 56 0 336 5208 0
2 (0) no 860 0 0 0 55 5445 0
3(0) no 875 0 375 0 525 6525 75
4 (0) yes 902 0 0 0 156 3744 0
Mean 840.8 0.0 107.8 0.0 268.0 5230.5 18.8
STD 78.4 0.0 180.1 0.0 207.0 11448 37.5
Group 2
5(1.5) no 1193 0 132 0 792 5214 462
6(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 0.0 136.0 0.0 678.0 5501.0 160.0
STD 55.1 0.0 74.8 0.0 4331 840.5 207.9
Group 3
9 (2.5) no 705 0] 166 0 664 7387 83
10 (2.6) ho 1140 0 150 0 500 4350 0
11 2.7) no 952 0 120 0 680 3200 0
12 (2.8) yes NA 0 164 0 656 7216 164
Mean 932.3 0.0 150.0 0.0 625.0 55383 61.8
STD 218.2 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) 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 16471 172.4
Group 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 53
20 (4.8) yes NA 0 106 0 53 5141 0
Mean 913.7 143 76.0 0.0 5675 4179.0 13.3
STD 45.5 285 40.4 0.0 356.2 11885 26.5
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Table LI (cont’d): WT1 Dose Titration Study

Clinical Chemistry and Hematology Analysis
yes/no K/ul Abs. Abs. Abs. Abs. Abs. Abs.
Animal # Pit. clump Platelets Baso Eos Bands Polys Lymph Mono

Normal no 150-1500 0.0-0.15 0.0-0.51 0.0-0.32 8.0-429 8.0-18.0 0.0-1.5
Group 6
21 (1.1) yes 784 0 35 0 385 2870 210
22 (1.2) yes 806 0 69 0 207 6486 138
23 (1.3) yes 790 0 180 0 396 2988 36
24 (1.4) NA NA NA NA NA NA NA NA
Mean 793.3 0.0 94.7 0.0 329.3 41147 128.0
STD 11.4 0.0 75.8 0.0 106.1  2054.5 87.4
Group 7
25 (2.1) yes NA 0 80 0 200 3720 0
26 (2.2) yes 753 0 0 0 518 6734 148
27 (2.3) yes 725 0 90 0 225 4140 45
28 (2.9) yes 792 0 232 0 754 4814 0
Mean 756.7 0.0 100.5 0.0 4243 4852.0 48.3
STD 33.7 0.0 96.5 0.0 263.0 13331 69.8
Group 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 0 238 3094 68
32 (3.9) yes 631 0 305 0 305 5368 122
Mean 657.0 0.0 152.5 0.0 3520 49218 123.8
STD 115.1 0.0 124.5 0.0 142.8 1663.3 39.9
Group 9
33 (4.1) NA NA NA NA NA NA NA NA
34 (4.2) yes 724 0 125 0 540 3780 45
35 (4.3) yes 758 0 117 0 429 3315 39
36 (4.4) yes 808 0 47 0 329 4089 235
Mean 763.3 0.0 96.3 0.0 4327 3728.0 106.3
STD 423 0.0 429 0.0 105.5 389.6 111.5
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Table LI (cont’d): WT1 Dose Titration Study
Clinical Chemistry and Hematology Analysis

mg/di mg/dl g/dl g/di g/dl mg/di
Animal# BUN Creatinine T. protein Albumin Globulin T. Bllirubin

Normal (13.9-28.3 0.3-1.0 4.0-86 2548 1538 0.10-0.90
Group 1
1(0) NA NA NA NA NA NA
2(0) 28 05 4.9 3.7 1.2 0.3
3(0) 25 0.5 4.9 38 1.1 0.2
4 (0) 27 05 4.7 3.7 1 0.2
Mean 26.7 05 4.8 37 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
701.7) 34 0.6 4.9 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 0.5 46 3.6 1 0.3
11 2.7) NA NA NA NA NA NA
12 (2.8) 31 05 48 37 1.1 0.2
Mean 32.0 0.5 4.7 3.7 1.1 0.3
STD 1.4 0.0 0.1 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 0.5 4.8 3.6 1.2 0.2
STD 4.3 0.2 0.2 0.2 0.1 0.0
Group 5
17 (4.5) 22 0.4 46 3.3 1.3 0.2
18 (4.6) 31 0.5 4.9 3.7 1.2 0.2
19 (4.7) 23 0.6 48 3.6 1.2 0.2
20 (4.8) 28 0.5 4.5 34 1.1 0.2
Mean 26.0 0.5 4.7 35 1.2 0.2
STD 4.2 0.1 0.2 0.2 0.1 0.0
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Table LI (cont’d): WT1 Dose Titration Study
Clinical Chemistry and Hematology Analysis

Mg/di mg/dl g/dl g/dl g/dl mg/dI
Animal# BUN Creatinine T. protein Albumin Globulin T. Bilirubin

Normal [13.9-28.3 03-1.0 4086 2548 1538 0.10-0.90

Group 6

21 (1.1) 28 03 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 3.5 1.4 0.1

24 (1.9) NA NA NA NA NA NA
Mean 32.0 0.3 5.0 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 34 1.6 0.2

26 (2.2) 24 0.3 4.2 2.8 1.4 0.1

27 (2.3) 28 03 4.8 3.2 1.6 0.2

28 (2.49) 27 0.3 5 3.4 1.6 0.1
Mean 27.8 0.3 4.8 3.2 1.6 0.2
STD 3.3 0.0 0.4 0.3 0.1 0.1

Group 8

29 (3.1) 32 0.3 4.9 3.3 1.6 0.2

30 (3.2) NA NA NA NA NA NA

31 (3.3) 18 0.3 4.8 3.1 1.7 0.2

32 (34 26 0.2 4.2 29 1.3 0
Mean 25.3 0.3 4.6 3.1 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 4.1 2.7 1.4 0.3

34 (4.2) NA NA NA NA NA NA

35 (4.3) 23 0.2 4.7 3.1 1.6 0.2

36 (4.4) 29 0.3 4.7 3.2 1.5 0.3
Mean 25.7 0.2 45 3.0 1.5 0.3
STD 3.1 0.1 03 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; PIt.
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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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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Recombinant Ra12-WT1 concentration: 0.5 — 1.0 mg/ml; Buffer:
10-20 mM Ethanolamine, pH 10.0; 1.0 — 5.0 mM Cysteine; 0.05 % Tween-80
(Polysorbate-80); Sugar: 10% Trehalose (T5251, Sigma, MO) 10% Maltose
(M9171, Sigma, MO) 10% Sucrose (S7903, Sigma, MO) 10% Fructose (F2543,
5 Sigma, MO) 10% Glucose (G7528, Sigma, MO).
The lyophilized protein with the sugar excipient was found to

'
f
1109 & ()- 3 110% & ()- 3 110% & ()- 3 110% & ()- 3
3

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
immunized 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 |gG2a antibodies.
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CD4 responses were assessed by measuring Interferon-y

production following stimulation of splenocytes in vitro with rRa12-WT1, rRai2
or with WT1 peptides p6, p117 and p287. Both adjuvants improved the CD4
responses over mice immunized with rRA12-WT1 alone. Additionally, the

5 results indicate that rRA12-WT1+MPL-SE induced a stronger CD4 response
than did rRA12-WT1+Enhanzyn. IFN-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-oxo 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 1D NOs:377-379 and the predicted amino acid sequences of
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the variants are set forth in SEQ ID NOs:405-407. These altered sequences,
and others from the library, can be used as immunogens to induce stronger T

cell 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 oligonuclectides 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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prevents co-translational cleavage of the nacent protein by the proteases that
normally process poly-ubiquitin during translation. The DNA and predicted
amino acid sequence for the resulting contruct are set forth in SEQ 1D NOs:385
and 410, respectively. The resulting protein demonstrated decreased cellular
5 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+
10 T cells.

EXAMPLE 20
CONSTRUCTION OF AN ADENOVIRUS VECTOR EXPRESSING HUMAN WT1
A splice variant of human WT1 (SEQ ID NO:381) was cloned into
15 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
20 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
25 of the disease.

EXAMPLE 21
CONSTRUCTION OF A VACCINIA VIRUS VECTOR EXPRESSING HUMAN WT 1
A splice variant of the full length human WT1 gene (SEQ ID
30 NO: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
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EXAMPLE 22
GENERATION OF WT1-SPECIFIC CD8+ T-CELL CLONES USING WHOLE GENE PRIMING
Dendritic cells (DC) were differentiated from monocyte cultures
20 derived from PBMC of normal donors by growth for 4-6 days in RPMI medium
containing 10% human serum, 50 ng/ml GM-CSF and 30 ng/ml IL-4. Following
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
25 virus was inactivated by U.V. irradiation. CD8+ T-cells were isolated by
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
30 that specifically produced interferon-gamma when stimulated with autologous-

WT1 expressing dendritic cells or fibroblasts. These lines were cloned and
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is overexpressed in most human leukemias as well as in several solid tumors.

5 Previous studies in humans have demonstrated the presence of WT1 specific
antibody (Ab) responses in 16/63 (25%) of AML and in 15/81 (19%) of CML
patients studied. Previous studies in mice have shown that WT1 peptide based
vaccines elicit WT1 specific Ab, Th and CTL responses. The use of peptides
as vaccines in humans is limited by their HLA restriction and the tendency to

10 elicit peptide specific responses and only in a minority of patients tumor specific
CTL. The advantages of whole gene immunization are that several helper and
CTL epitopes can be included in a single vaccine, thus not restricting the
vaccine to specific HLA types. The data disclosed herein demonstrate the
induction of WT1 specific immune responses using whole gene in vitro priming.

15 and that WT1 specific CD8+ T-cell clones can be generated. Given that
existent immunity to WT1 is present in some patients with leukemia 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 tissues in mice,

20 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 malignancies associated with
WT1 overexpression using genetically engineered T-cells.

EXAMPLE 23
25 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
(protein)) and WT-1 E (SEQ ID NOs:386 (cDNA) and 395 (protein)) with No His
30 tag:
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PDM-780 (SEQI NO:396) 5' gacgaaagcatatgcactccttcatcaaac 3’
Tm6°C
5 PDM-779 (SEQ ID NO:397) 5’ cgcgtgaattcatcactgaatgcctctgaag
3’ Tm 63°C

The following PCR cycling conditions were used: 1ul 10X Pfu
buffer, 1ul 10mM dNTPs, 2ul 1M each oligo, 83ul sterile water 1.5ul Pfu DNA
polymerase (Stratagene, La Jolla, CA), 50 ng DNA (pPDMRa12 WT-1 No His).

10 The reaction was denatured initially at 96°C for 2 minutes, followed by 40
cylces of 96°C for 20 seconds, 62°C for 15 seconds, and 72°C for 1 minute and
40 seconds. This was followed by a final extension of 72°C for 4 minutes. The
PCR product was digested with Ndel and EcoRI and cloned into pPDM His (a
modified pET28 vector) that had been digested with Ndel and EcoRI. 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’ cgataagcatatgacggccgcgtccgataac
3’ Tm 66°C

PDM-779 (SEQ ID NO:399) 5' cgcgtgaattcatcactgaatgccictgaag

30 3'Tm63°C
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The reaction was denatured initially at 96°C for 2 minutes, followed by 40
5 cylces of 96°C for 20 seconds, 58°C for 15 seconds, and 72°C for 3 minutes.
This was followed by a final extension of 72°C for 4 minutes. The PCR product
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 (DES3) pLysS cells.
10 Protein expression was confirmed by Coomassie stained SDS-PAGE and N-
terminal protein sequence analysis.
Design of Ra12-WT-1 with No His tag (SEQ ID NOs:390 (cDNA)
and 392 (protein)):
The Rai12 WT-1 reading frame was PCR amplified with the
15 following primers:
PDM-777 (SEQ ID NO:400) 5’ cgataagcatatgacggccgcgtccgataac
3’ Tm 66°C
PDM-778 (SEQ ID NO:401) 5' gtctgcagcggecgctcaaagegecage 3’
Tm7°C
20 The following PCR cycling conditions were used: 1ul 10X Pfu
buffer, 1ul 10mM dNTPs, 2ul 1uM each oligo, 83pl 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 (DES3) pLys S and
HMS 174 (DE3) pLysS cells. Protein expression was confirmed by Coomassie
30 stained SDS-PAGE and N-terminal protein sequence analysis.
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primers:

PDM-780 (SEQ ID NO:402) 5’ gacgaaagcatatgcactccttcatcaaac 3’
Tm6°C

PDM-778 (SEQ ID NO:403) 5’ gtctgcagcggecgctcaaagegecage 3
Tm 7°C

The following PCR cycling conditions were used: 1ul 10X Pfu
buffer, 1ul 10mM dNTPs, 2ul 1uM each oligo, 83yl 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, 62°C for 15 seconds, and 72°C for 2 minutes.
This was followed by a final extension of 72°C for 4 minutes. The PCR product
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.

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
used to generate WT1-specific T cell lines. AT 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
containing 10% human serum, 50 ng/ml GM-CSF and 30 ng/ml |L-4. Following

culture, DC were infected 16 hours with recombinant WT1-expressing vaccinia
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Priming cultures were initiated in 96-well plates. Cultures were
restimulated every 7-14 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

10 interferon-y (IFN-y) when stimulated with autologous-WT1 expressing dendritic
cells or fibroblasts. These lines were cloned and demonstrated to specifically
recognize WT1 transduced autologous fibroblasts but not control transduced
fibroblasts by Elispot assays.

To further analyze HLA restriction of these WT1 specific CD8+ T-

15 cell clones, fibroblasts derived from an additional donor (D475), sharing only
the HLA-A2 allele with the donor (D349) 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
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&10% & () - $pecHidIV4céll Cloneaecoguized two osefapping 15mer peptides, peptide 9

(QWAPVLDFAPPGASA) (SEQ ID NO: 412) and peptide 10
5 (VLDFAPPGASAYGSL) (SEQ ID NO: 413). To further characterize the

minimal epitope recognized, shared 9mer and 10mer peptides of the 15mers (5
total) were used to analyse the specificity of the clone. The clone specifically
recognized the 9mer, VLDFAPPGA (SEQ ID NO:241), and the 10mer,
VLDFAPPGAS (SEQ ID NO:411).

10

EXAMPLE 25
CLONING AND SEQUENCING OF TCR ALPHA AND BETA CHAINS DERIVED 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 Vo and VP sequences in a clone, a panel of
Va and VB 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 VB 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 ~950 for beta) are ligated into the PCR
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identified, and large scale preparations of the corresponding plasmids are
generated. Plasmids containing full-length TCR alpha and beta chains are then

5 sequenced using standard methods. The diversity-joining (DJ) region that
contributes to the specificity of the TCR is thus determined.

EXAMPLE 26
WT1 sPeCIFIC CD8+ T-CELL CLONE LYSES WT1-EXPRESSING LEUKEMIC BLASTS
10 The CD8+ T cell clone intially disclosed in Example 24 that
recognizes peptide sequence VLDFAPPGA (human WT1 residues 37-45; SEQ
ID NO:241) was further tested for the ability to kill (lyse) WT1 expressing
leukemia target cells in an HLA A2 restricted fashion. K562 target cells
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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was singly biotinylated at a birA recognition sequence and was subsequently

1094 &

assembled into multimers on a phycoerythrin-conjugated streptavidin
5 scaffolding. The materials described herein differ in that the HLA-A2 was
expressed in a glycosylated, soluble form from insect cells and the heterodimer
was purified using an anti-human class | MHC antibody affinity column.
The HLA-A2 heavy chain gene, appended with the birA
biotinylation sequence, and the human beta-2-microglobulin gene were cloned
10 into the baculovirus expression vector pFASTBAC-dual. Upon infection of
insect cells the genes were concomitantly 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 production
15 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 biotinylated on the birA
20 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 saturated
25  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 M| 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 antibody.
30 Results indicated that the tetramers incubated in the presence of molar excess
of the M1 58-66 M1 influenza peptide specifically stained an influenza-specific
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EXAMPLE 28
5 DETECTION OF WT1 SPECIFIC T-CELLS USING WT1 MHC-PEPTIDE TETRAMERS

HLA-A2 tetramers described in Example 27 were incubated with a
molar excess of the WT1 p37-45 peptide (VLDFAPPGA) (human WT1 residues
37-45; SEQ ID NO:241) previously shown in Example 24 to be restricted by
HLA-A2. This tetramer was used to stain the WT1-specific CD8+ T cell clone

10 described in Example 24. This clone was shown to specifically recognize the
p37-45 epitope. When the tetramers were incubated with an excess of p37-45
peptide, they specifically stained the CD8+ T cell clone while those tetramers
incubated with an excess of irrelevant HLA-A2 peptides (Her2/neu, WT1p38-
46, WT1p39-47), the tetramers did not stain the CD8+ T cell clone. Thus, the

15 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
tetramers. The HLA-A2-p37-45 tetramers stained 1% of the total population of

20 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
sensitive and specific tool for detecting WT1 specific immune responses. The

25 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
asssociated disease at a higher risk for relapse or disease progression.

30
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DONOR USING WHOLE GENE PRIMING
In this example, Adeno and Vaccinia virus delivery vehicles were
5 used to generate WT1-specific T cell lines from an HLA-A24 positive donor.

This T cell line was shown to be MHC class | restricted. These experiments
further confirm the immunogenicity of the WT1 protein and support its use as a
target for vaccine and/or other immunotherapeutic approaches.

Dendritic cells (DC) were differentiated from monocyte cultures

10 derived from PBMC of a normal HLA-A24-positive donor by growth for 4-6 days
in RPMI medium containing 10% human serum, 50 ng/m! GM-CSF and 30
ng/mi IL-4. Following culture, DC were infected 16 hours with recombinant
WT1-expressing vaccinia virus at a multiplicity of infection (MO!) of 5 or for 2-3
days with recombinant 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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This experiment describes the in silico identification of WT1
epitopes predicted to bind to HLA-A2 with higher affinity than naturally
5 processed epitopes. The epitopes identified herein have utility in vaccine
and/or immunotherapeutic strategies for the treatment of cancers associated
with WT1 expression.
Peptide analogs of the naturally processed HLA A2 restricted
WT1 epitope p37-45 (VLDFAPPGA; human WT1 residues 37-45; SEQ ID
10 NO:241; previously shown in Example 24 to be restricted by HLA-A2) with
motifs for binding to HLA-A2.1 with higher affinity than the naturally processed
peptide were constructed as described in further detail below.
A peptide motif searching program based on algorithms
developed by Rammensee, et al (Hans-Georg Rammensee, Jutta 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.

167



10%44& "3 109%#48& ()-"3 10%#4& ()-"5WB 10%#4& ()-"3

()-
10%4&' () -"sssssssl-/3 10%44& ()-"5WB 10%14& ()-"3 10%#4& ()-"3
109%44& ()-"3 10%14& ()-"sssssss_?/3 10%143 10%14& ()-"3 10%14& ()-"3
- 10%14& ()-"3 10%14& ()-"3 10%14& ()-"3 10%14& ()-"sssssssnN./3 10%14& ()-"3
- . 109%44& ()-"3 109%44& ()-"3 109%44& ()-"3 10%44& ()-"5Wstttt ttmv/3
109%14& ()-"3 10%14& ()-"3 10%14& ()-"5W8 10%14& ()-"3
109%44& ()-"tttt!t"t#t1. /3 109%44& () -"5WB 10%14& ()-"3 10%14& ()-"3
109%44& ()-"3 10%14& ()-"#ttuuuuuuvvU43 L- 10%"& ()- 109" & ()-10! 10! 90!
f=1098 & ()- U!'1098 & ()- /!'109 & ()- Tamleymyv whwj [:vU43 Y@ 10%"& ()- Y
10%" & ()- 10%"& ()- L&OW"& ()-— IT0%"& ()-
3&10%" & () - hwwDxx/ yy| [ : vU43 pSYUBReptide Analogs0%" & ()- | 10%" & ()-
YY10%" & ()- @10%"& ()- Yz 10%"& ()- yzzl{V{a{{|[:vu43 f0O "10%"& ()-
& 109" & ()- +10%"& ()- ) 10%"& ()- SF(110%"& ()- |!g
0, - ] n ool
109" & () -{{{ @ litdrl [ VI3 el & () THedRikarBiing -| sEQD
Modified Score NO:

Wild Type VLDFAPPGA 3.378 241

P1 ILDFAPPGA 3.378 414

P1 LLDFAPPGA 3.378 415

P1 FLDFAPPGA 9.141 416

P1 KLDFAPPGA 6.955 417

P1 MLDFAPPGA 3.378 418

P1 YLDFAPPGA 9.141 419

P2 VMDFAPPGA 2.44 420

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

P1 and P4 FLDKAPPGA 9.141 430

P1 and 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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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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CTL clone (see Example 24). ELISPOT analysis showed that peptides p37-1
(SEQ ID NO: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

epitope and still be recognized by a native T cell receptor.

predicted to bind to HLA-A2 with higher affinity than the naturally processed

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.

20

EXAMPLE 31

THE IN VIvOo IMMUNOGENECITY OF THE WT1 ANTIGEN

This example describes three in vivo immunogenicity studies to

evaluate vaccination strategies with WT1 in mice. The three strategies
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a& ()-%{ P\%Pla?imlf&ofqis?T(l)used{mItﬁ'n 0so/emé#tu |es i se? %Ah ID%E'&}(]D rﬁé :381. The
5 results described herein 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.
In the first study, C57/BI6 mice were immunized 3 times at 2 week
intervals with 100 pg of naked DNA encoding for WT1. Mice were sacrificed 2-
10 3 weeks after the final immunization and CTL were evaluated by standard
Chromium release assay. This first study showed that WT1 DNA immunization
elicits WT1-specific cytotoxic T cell responses in these mice with a 25:1 E:T
ratio showing 40% lysis.
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 ug 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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5 peptide pool stained positive for IFN-y. This peptide 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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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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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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20 64°Cfor15 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 EcoRlI 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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EXAMPLE 35
THE N-TERMINUS OF WT1 1S THE DOMINANT /N VIVO IMMUNOGENIC PORTION OF THE
PROTEIN

In this Example, mice were immunized with different protein

5 constructs of WT-1, (F truncation (2-281) and full length (2-430) as described in
Example 34)) formulated with MPL-SE adjuvant. Improved CD4 responses

were elicited by the truncated constructs relative to the full length protein.
Thus, this example demonstrates that the N-terminal portion of the WT1 protein
spanning from amino acid 2 to 281 is the dominant immunogenic portion of the

10 WT1 protein in vivo.

Groups of four C57BL/6 mice were immunized subcutaneously
with 20 ug WT-1 proteins: WT-1-F or WT-1 full length (FL), with Ra12, 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 intracellular
IFN-gamma staining in mice immunized with the truncated N-terminal construct
IWT1-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 |FN-
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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AS"10%E5& (Was rfoldefBctinle [FN-gamma secretion from splenocytes from mice
immunized with the full-length WT1 constructs. By contrast, an average of
2477 pg/ml IFN-gamma was detected from splenocytes from mice immunized
with rWT1-F without a HIS tag. An average of 4658 pg/ml IFN-gamma was
detected from splenocytes from mice immunized with rWT1-F-TAT. These data
10 further support the observation that improved CD4 responses were elicited by
the truncated N-terminal WT1 constructs relative to the full length protein.
The WT1 protein is a transcription factor which is composed of
two functional domains: a proline-glutamine rich domain at the N-terminus, and
a zinc finger domain composed of four zinc fingers at the C-terminus with
15 homology to the EGR1/Sp1 family of transcription factors. WT1 is a self-
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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Tag was obtained by PCR S|m|IarIy 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 BVWT1-F and
BVWT1-FH at different multiplicities of infection (MOI) and harvested the
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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 rvV-WT1/TRICOM and rF-WT1/TRICOM to
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In the first study, C57BI/6 mice (12 mice per group) were
immunized two or three times with 14 days between the primary, secondary
and tertiary immunizations as shown below in Table 1. Mice were harvested at
21 days following the secondary and tertiary immunizations. CD8 and CD4 T

10 cell responses were assayed by IFN-y intracellular cytokine staining of WT1-
peptide activated spleen cells as described in further detail below. CD4 T cell
responses were additionally assayed by IFN-y release from rWT1 protein
stimulated spleen cells. Serum IgG, and IgG,, antibody responses were
assayed by ELISA. T cell responses were evaluated using pooled splenocyte

15 cultures (4 mice/group/time point). Antibody titers were determined for
individual mice (4 mice/group/time point).

Table 1: Vaccination Strategy

Groups:

Non-immune

IWT1 + SE-Vehicle

rWT1 + MPL-SE

1°: WT1-DNA, 2°: WT1-DNA, 3°: WT1-Adeno
rE-WT1/TRICOM

1° r'V-WT1/TRICOM, 2°: rF-WT1/TRICOM, 3°: rF-WT1/TRICOM
Dose:

'WT1: 50 ug

MPL-SE: 10 ug

WT1-DNA: 100 ug

WT1-Adeno: 5X10° pfu

rF-WT1/TRICOM: 1X10° pfu

nmioio >
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r'V-WT1/TRICOM: 1X10° pfu

Route:

Subcutaneous (200 ul) immunization for protein/adjuvant and vectors.

Intramuscular immunization (50 ul) for WT1-DNA.

The full-length cDNA of the splice variant of WT1 used in these
studies is set forth in SEQ ID NO:381. The WT1-adenovirus used herein is as
described in Example 20. The rF-WT1/TRICOM recombinant fowlpox and the

5 rV-WT1/TRICOM recombinant vaccinia vectors both expressing WT1 and
containing a triad of costimulatory molecules (B7-1, ICAM-1 and LFA-3) were
generated by Therion Biologics (Cambridge, MA, USA).

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
immunization showed a significant percentage WT1 responsive CD4* and CD8*
T cells in mice immunized with rV-WT1/TRICOM (prime) and rF-WT1/TRICOM

15 (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 tertiary
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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MTSQLECMTWNQMNL (amino acids 229-243); overlap corresponds to amino
acid residues 224-243 of WT1).

Antibody responses were evaluated using a standard ELISA.
Low levels of serum IgG,, antibodies to WT1 were measurable in all 8 mice 21
days post secondary immunization (titer of 1:1350) and 21 days post tertiary
immunization (titer of 1:3325) in mice immunized with rWT1 + MPL-SE. By
contrast, in all other groups serum IgG,, antibodies titers were <1:100 (Table
2).

Table 2: Antibody Responses in WT1-Immunized Mice

Serum Titers*

Group Secondary Tertiary

lgG, 1gG,, 19G, 19G,,
Non-immune ND ND ND ND
WT1 + Vehicle-SE <75 <100 475 <50
WT1 + MPL-SE <50 1350 338 3325
WT1-DNA, WT1-DNA, ND ND ND ND
WT1-Adeno
rF-WT1/TRICOM ND ND <50 <50
r'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.

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 foliowed by rF-WT1/TRICOM
versus WT1-DNA followed by WT1-Adeno were equivalent within the power of
the experimental design. Without being bound by theory, a major advantage of
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rF-WT1/TRICOM is that multiple boosts can continue to increase the level of
immunity. Thus, these studies further confirm the immunogenicity of the WT1
protein and provide support for the use of WT1 DNA/adenovirus or rv-

WT1/TRICOM/rF-WT1/TRICOM immunization regimens in vaccine strategies

for treating cancers associated with WT1 expression.

EXAMPLE 38
CONSTRUCTION OF THE STUMPY-WT 1-F VECTOR FOR EXPRESSION OF WT1-F INE.
coLl

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
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 sequence
was used to make various WT1 vectors. When these TAT vectors were used
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
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:

The following pairs of oligonucleotides were combined and then

annealed.
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Pair 1:

Stumpy 1 (SEQ ID NO:486): 5’ tatgaacaataacgatctgtitcaggc 3’
Stumpy 3 (SEQ ID NO:487): 5 CTGAAACAGATCGTTATTGTTCA 3’
Pair 2:

Stumpy 4 (SEQ ID NO:488): 5’ aattcttggtcattcacgtggcggctege 3'
Stumpy 2 (SEQ ID NO:489): 5' gagccgecacgtgaatgaccaag 3’

The pairs were then ligated together with pPDM, a modified
pET28 vector, that had been digested with Ndel and EcoRI. The resulting
plasmid, pStumpy, is set forth in SEQ ID NO:471. The amino acid sequence of
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-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):

5 GGCTCCGACGTTCGGGACCTGAACGCACTG 3

PDM-1004 (SEQ ID NO:485):

5 CTGCAGAATTCATCACTGAATGCCTCTGAAG 3'

The amplification reaction contained 10 ul 10X Pfu buffer, 1 ul
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.

The PCR product was then digested with EcoRI and cloned into
the pStumpy vector that had been digested with Eco72l and EcoRIl. The
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construct was confirmed through sequence analysis and then transformed into
BLR (DE3) pLys S cells. The resulting truncated TAT WT1-F fusion protein
expressed as a single species. The polynucleotide sequence of the coding
region of pStumpy WT1-F is set forth in SEQ ID NO:469 which encodes the
amino acid sequence set forth in SEQ ID NO:470.

EXAMPLE 39
CONSTRUCTION OF WT1-F GMP, WT1-G, AND WT1-DELTA G VECTORS FOR
EXPRESSION IN E. coL!

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
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 EcoRlI for expression in E. coli. This
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
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:

The 5’ coding region of WT-1 G was PCR amplified using the
following primer set:
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The PCR reaction for amplification of WT1-G contained 10 ul 10X
Pfu buffer, 1 ul 10 mM dNTPs, 2 ul each 10 uM primer, 83 ul sterile water, 1.5
ul Pfu DNA polymerase (Stratagene, La Jolla, CA), and 50 ng DNA template
(pPTAT 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 (p-TAT WT1-GA) was then digested with Srfl
and EcoRI. 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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additional amino acids (WT-1 Delta G polynucleotide sequence set forth in
SEQ ID NO:505 which encodes the polypeptide sequence set forth in SEQ ID
NO:502). This TAT WT-1 Delta G construct resulted in an unexpected 5-fold
over expression as compared to the TAT WT-1 F constructs. The cDNA of the
pTAT-WT1 Delta G construct is set forth in SEQ ID NO:476 and encodes the
amino acid sequence set forth in SEQ 1D NO:481.

Following generation of the pTAT-WT-1 G, pStumpy-WT1 G and
WT1-G with and without a His tag were constructed using the pTAT-WT1 G as
a template in the PCR reactions described below.

The coding region of the WT1-G region was PCR amplified using
the following primer sets:

PCR 1:

PDM-1010 (SEQ ID NO:494) 5’ ggttcggatgtacgcgatctgaacg 3' Tm

68°C

PDM-1011 (SEQ ID NO:495) 5’ caaagaattcatcactgaataccgeg 3’
Tm 63°C

PCR 2:

PDM-1023 (SEQ ID NO:496) 5’ gctttiggcatatgggttcggatgtacgcgatc
3 Tm71°C

PDM-1011 (SEQ ID NO:497) 5’ caaagaattcatcactgaataccgcg 3’
Tm 63°C

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 EcoRl 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
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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(pPDM) that had been digested with Ndel and EcoRI. The constructs were
confirmed to be correct through sequence analysis and then transformed into
an expression host. The resulting constructs are as follows: The polynucleotide
of WT1-G with His tag is set forth in SEQ ID NO:472 and encodes the amino
acid sequence set forth in SEQ ID NO:480. The polynucleotide of WT1-G
without His tag is set forth in SEQ ID NO:473 which encodes the amino acid
sequence set forth in SEQ ID NO:478. The pStumpy-WT1-G polynucleotide
sequence is set forth in SEQ ID NO:474 and encodes the amino acid sequence
set forth in SEQ ID NO:483.

In a related experiment, the pStumpy WT-1 F GMP (codon
optimized) vector was constructed as follows:

The coding region of the WT-1 F region was amplified using the
following primers

PDM-1010 (SEQ ID NO:500) 5’ ggttcggatgtacgcgatctgaacg 3' Tm
680C

PDM-1011 (SEQ ID NO:501) 5’ caaagaattcatcactgaataccgcg 3’
Tm 630C

The PCR reaction and ampilification conditions were as described
above using pTAT WT-1F GMP as template. The PCR product was digested
with EcoRI and cloned into the pStumpy vector described in Example 38 that
was digested with EcoRl and Eco72|. The construct was confirmed to be
correct through sequence analysis and then transformed into an expression
host. The polynucleotide sequence of pStumpy WT-1 F GMP is set forth in
SEQ ID 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

associated with expression of WT1.
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From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as

5 by the appended claims.
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CLAIMS

What is Claimed:

1. An isolated polypeptide comprising an immunogenic
portion of a Wilms' tumor antigen, selected from the group consisting of SEQ ID
NOs:414-450, 478, and 502, or a variant thereof that differs in one or more
substitutions, deletions, additions and/or insertions such that the ability of the
variant to react with WT1-specific antisera and/or T-cell lines or clones is not
substantially diminished.

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-AZ2 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.

190



7. A fusion protein comprising at least one polypeptide

according to any one of claims 1, 2 or 4.

8. The fusion protein of claim 7 wherein said fusion partner is
selected from the group consisting of Ra12, protein D, LYTA, a HIS tag, a
targeting signal capable of directing a polypeptide to the endosomal/lysosomal
compartment, twin arginine translocator , and truncated twin arginine
translocator.

9. The fusion protein of claim 8 wherein the fusion protein
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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16. A vaccine comprising a polypeptide of claim 1, 4, 6, or 11

in combination with a non-specific immune response enhancer.

17.  The vaccine according to claim 15 wherein the non-specific
immune response enhancer preferentially enhances a T cell response in a
patient.

18.  The vaccine according to claim 15, wherein the immune
response enhancer is selected from the group consisting of 3d-MPL, MPL, RC-
529, AGP’s, Montanide ISA50, Seppic Montanide ISA 720, a cytokine, a
microsphere, dimethy! dioctadecyl ammoniumbromide (DDA) based adjuvants,
AS-1, AS-2, Ribi Adjuvant system based adjuvant, QS21, saponin based
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. A host 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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23. The isolated polypeptide of claim 21, wherein said
modification comprises one or more substitutions at any one of positions 1
through 9 of SEQ ID NO:241.

24. The isolated polypeptide according to claim 23 wherein
said modification comprises a substitution at position 6 (P6) of SEQ ID NO:241.

25. The isolated polypeptide of claim 24 wherein said
polypeptide comprises the amino acid sequence set forth in SEQ 1D NO:445

26. The isolated polypeptide according to claim 23 wherein
said modification comprises a substitution at position 9 (P9) of SEQ ID NO:241.

27. The isolated 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:

(@) 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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29. The method of claim 28 wherein said first and said second
viral vectors are selected from the group consisting of vaccinia vectors, fowlpox
vectors, and adenoviral vectors.

30. The method of claim 29 wherein said first viral vector
comprises a recombinant vaccinia vector.

31. The method of claim 28 wherein said first viral vector
comprises rV-WT1/TRICOM.

32. The method of claim 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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selected from any one or both of a physiologically acceptable carrier or
immunostimulant.

38. A method for inducing an immune response in a patient
comprising administering to the patient a composition comprising a first
component comprising a polynucleotide encoding a polypeptide 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 comprising a polypeptide
comprising an amino acid sequence set forth in any one of 414-450, 453, 455,
470, 478, 479-483, 499, and 502.
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