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TI TLE OF THE | NVENTI ON SYNTHETI C GENE ENCODI H@
EPI DERVMAAL GROWIH FACTOR 2/ NEU ANTI GEN  AND USES
I%%g: » FIELD OF THE | NVENTI ON The present invention
M FA LTRSS generally to the therapy of cancer. MId/EP2004/008234
specifically, the present invention relates to
synt heti ¢ pol ynucl eoti des encodi ng the human tunor
associ ated pol ypeptide epidermal growh factor 2/neu
antigen, herein designated hHER2. opt, wherein the
Iyﬁ%h?ﬁ? are codon-optim zed for expression in
TITLE@jhuman ceIILI ar environnment. The present invention
SYNBHIEHC@@NE ENCOPING BYMAREERIDERD AT GRIOSSTH FAC TORDNEURNTIGEN
formof the HER2/ neu antigen, herein
desi gnated hHER2ECDTM opt, wherein the -
pol ynucl eoti des are codon-optim zed for expression in

FIELRORUIBNNCEENmicN  environnment. The present invention
further_relates to_recomnmbi nant vectors and hosts

conpr i SiRGTSEHt fventiaptlpies scacary (it iherpy efccancerhMgre specifically, the

preserit mventionoclatad SEyRMEL OBAUAREIR\EnEHin MBS h@hardiRos@s el polypeptide

rr the r use in
ePlder\ﬁ/'la C%B%g%c%%rcan uyanﬁge&xe%?u& ?sxiﬁtﬁ%@%}i{{? g?ln the polynucleotides are
codonptiizad for gxla'mmotlweahmmagl ctBuloran ciesnmeBAHERRMD ifentidiflso relates to

synthehWﬁchblu&:ag'eg a %Qé@édr}'orfn?% tgg E%ersﬁeu 4. an?lﬁl‘gldlnb drcmgnated

f unor aSSOCIate ntirgen enco

' IMR%E%@M‘G g@@w @gp@lﬁm@hpmd@a amced@&@mzﬂﬂfﬂ(ﬂ?{pne&mcm in a human cellular
' ermroim&’ﬁefrh res?eﬁ?m%ﬂhgﬁ Gy ﬂﬁ@%r}ego%%;%ﬁt %gfﬁgsea GERLA ¢ compnsmo said’

surface receptors ene

Synﬂle[‘l? P‘&?”ﬁ’ﬁ@f’?‘?‘? %P’éPEfaﬂffqﬂaﬁP grovides adsagigyaces Ia@émleﬁlmd constmcts camying
hHERZ.Gjptiahd @itheit use ilNedctings 228 Qhatfdcedfickl trdbhitbn b plednBhe and treating
cancerC! ONed and characterized from human cells (%bussens

et al., Science 230: 1132-39 (:1985); King et al.

Sci ence 229: 974-76 (1985))_ HER2/neu is further
BACKEE@ﬁﬁhﬁtﬁﬂt H@Vﬁﬁﬁgﬁg of the HER famly of receptor

tyrosi ne I hases I ch consists of four receptors

that pEridrERbeew ficterd i a Gruswetnbeand tulick eventd aitigemencoded by the

'HERzlﬁélﬁprb'lEBncé’g%né Q8 B&I&H%—a@@ﬁ)r Whidh & 4 Igerﬁpe‘r Bf ﬁl'e @blﬁgnﬁpérmh factor

bi ndi-n wt h factor
receptor. %Wél ygof cg&ggg% CRTPIGFS- gﬁl? I-@@WF%?%H §#SQFH@R§| frpspatat
nemgupummtar(smhmeam @la8ro290t bl -6 B S prak Yatt{rbﬁﬁbd add%ﬁ&act@&d,d from

 human Fﬁgﬁ%ﬁ' s*s% %f’aﬁ Ogmf?%zzgce ha&@zﬁg%ﬁP ghal.aﬁﬁemtzyg%§7fh 26 (1955)).

aut o- hoy iy ﬁathcmlassxﬁod:m angemsher efthé HIERCHnilp bﬂf&ﬁﬂpfbr tyrosme
€ I
kinas sSWHEﬁ l:én@gts%@ k’cﬁl&" Egcﬁt? 2 u ﬁﬁﬁfa’?& ﬁg?lf‘grgwgl ar@r feren nglf“i“’d‘r él‘}]e HER

cond S|gna 1ng S IS 1.Nnl

jfecePf"%ﬁ‘ GREPE L wankimmsnonyplicelhgrawl shiediys BOwHoReibt ligandstas éimers.
- Specifieatlly] hiaah GIEROf foSR 1RErddHRGSE AR Bﬂlbxf}n&ﬁtkérs & tﬂé"ﬁ@F%%J)ﬁ é{fﬁ%&l HER3

T T PR R A

tyrosinqarterplhdsyhoalbtine éebking sﬁﬁlﬂ)rtcyﬁplahhi@|si0§hlufg%$lgcu(8cs aﬁé%ﬁé?&t@d and
ti1ssues. o

conickygigs el g e S e et spd O ST
result i i( ‘the e@ga@qm adlgenes Gnpebetie cdi grOGG; 46 fhug 188094 . Hi gher _
' level § o9 jfdRRY, eglﬁ'rléfsﬁfﬁ%&" B2 ﬁ]:ﬁ){g/n%ﬁ ?ral%lcs S aglgtt %Ce%%%ed ?3§ Igfprotem are

COrres ondln I Ssues duri ng

- normally detegt wlt ?qu@lgzé cedls ofyarioussfigsues) mclﬂg@ng &&uhmy.n&mt aWissues of

the gast&ﬁx&&:ﬁﬂ:ﬂlz@ rodiRGivh M@M&g @E‘l‘es@%ﬁ’zﬁr @:zcc%gﬁgg \@%5 '9@5] fL990e)) Higher
levels } ER2 antlg an attractiveé artg
evels ojé E% F?%CXPICSSIOE are also detected In the correspondmg etal tlSSIlCS dur_mcr embtyomc ‘

- development (Press et al., supr a). -
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i mrunot her apy. First, fhe HER2/ neu gene is co I
overexpressed or anplified in various naligngﬁgggé“y2007

such as carci nomas of the breast, ovary, uterus,
WRB#128hd prostate, and adenocarcinomas of t‘f@@'ﬂ?ﬁ@“‘mz“

(reviewed in Disis and Cheever, Adv. Cancer Research

71:. 343-371 (1997)). CNerexpression 5 of HER2/ neu
~correlates with a poor prognosis and a higher rel apse

rate for cancer patients (Sl anon et al. Sci ence 244

707-712 (1989)). Anplification of human HER? | eads to

enhanc epvRIAPoYePHatives makq the FER2 antigeaan piBpieitastAqr oGy e specific

immuBheaSN il lﬂie@?&li%eh Bensig 4 RS5ALY Bvd kel or @fnplifiddGh various
cel|l s (Ben-Leyy %f%ﬁ Enrbo J 13 R

mahgf‘ﬁ%ﬂ!)s)wh aPr?éfcmOEjﬁS et SﬁarVel{}Pe‘P S?I)O’HE"ﬁg p@ﬁ?@r g gdprqearcinomas
of thetliﬂxfgxltéiud\x&d iMDiisraee Chaoed, Has Canbdr Resekhd 11 0343-3N €1997)). Overexpression

of H% g%ej §s \FQ} argoﬁi‘ gi:%%?s?sg anx né gﬁ T orﬁf psg T re%e 'ﬁl(%%largcerquﬁgty (Slamon et al.,
ScienesBdcTEtHE (WW80)). AnpRItaton Oﬁhlanm&}ﬂﬂé%k:ﬂ@rtﬂ hizhaecadd MAP kinase activity

‘and cﬂ%&éﬁ&@ 918@ §§1§1}(b?1%§ 'td}‘tﬁ% 31%5%59%%% ?;ags n—Levy etal, Embo J

 13(14): 3805 bASPAbrTha stsv oo RHl HERARbsrved it g i direct contrast with
thelo(v'I%ﬁ%s%%ﬁteﬁthﬁﬂnom%h&ulttlsaiménO' 151(1): 225-34 (1993);

Peopl es et aL_Proc Nat | Acad USA 923&14) 6547-5 '
(1995) )Additsnglly, granxtmcmaﬂffms '6’&3 11078 ¢pafi BeRole} R Wlth L
HER M@ vheghesdnh Ihﬂtfédla& ﬁﬁlﬂﬁ:ﬂﬁ&pﬁﬁses @mlsf ive HERCGIbtSinC ARGEER? cytotomc

Ty G5B v Bl By oSSl P8 Ui et o

T AIAS UL ): 2251@@ GERoBY Reaples atal mnwatmrmm U $202)14):¥097-3B(1995)).

| 'Severglllglgg)ékt} g(?maqgign\f-ﬁﬂ&' (ﬂ:gﬁa &etffngﬁ i rJ} ide-g eclﬁc T cells can be

I mmune  effector anl SNs._ a actl vat

generited iarceEigkat dleGewenitay 5ﬁ(1grﬂ—?3gﬂf99?)h¥0§§!moeqﬁ &k Qpnaséﬁ@fﬁ%w) 3387-90

- (19949 LSRR ARG Qgﬂamﬁ;mu;mm@@) neaqgk(Moly. An effect ive

vaccine ez£I0|t|n i mmune res onse to / neu

must Dot SBRRLHSETE TR gl Fipipeg fetqripgrhaoisms are

act:vaﬂfdQﬁ &ﬁxbbﬂ{ﬁtl&[ﬂﬁﬁﬂﬂu@h@it@mpomuﬂﬂﬁnm erf a(hﬁﬁ:mg such immune reactivity. An

t ol er.ance

'eﬁcctﬁg@cwgﬁx%lg g ggz ﬁmrpnu? re%pgnse Sto jﬁ;ﬁ.?n 1 %%#s rﬁﬁmce th1s m]mumty toa

level tietie pofatvetandfor pmmmodc oyl waicome edf wmnse of o
mal | gNafeL E6, meRy Fé@ﬁ%oﬂ“ﬁﬁﬁmaﬁﬁas BB aﬂ%&‘&b@és J@g& forthe
st c th

been |nvest|gate erapl.es for ancer,

develepment efimpnselpsiay ﬁe@ia@hﬁs eERehEenGeS ﬁgltlvlé’?%@@noql%ta‘angbodws bave
been @lesBEBAGES Shdrdpds FSH LS GUSHhQR, wiBRACH AUy afpREeh 8G¥onstrating various

le_velsp%‘ qctféifeaéléamv%@ eéeﬁg'ﬂg&%ﬂl\?@%??ﬁ%qh@éﬁﬁ f’%ﬁngﬁ

r epor t esldditichaily,iDNX a@l pepidd-iGEsedRakeings tﬂd@etu@ I-mlr&ﬁzh)we been reported

: Anuc%é%g Fﬁ §ePa§ r{?\fo 8 ?”’Fﬁt%élscq e larﬁgeﬂm%rnﬁaly cin; ?ﬁﬁty agamst HERJneu by

adm nrst pression
adminigerpigiag |enmertstw vEsbrl wt@ngtlm thh MWHHERQWHEBDW c¢DNA flmctlonall}’
| e 6 Bdiscl thod of
hnketf ﬂd'?ﬁ:ﬁt Hu%ﬁ k/%me%dl&@g{o&o%e@ I\/ﬂagg%? 5'%@@%‘)4;1\3 gj‘é:lésc 6?se a method o
Vaccllm'élph mth dﬁndrma edllsrmadifisd biiadenoyien érpqtvrﬁ éXRfé‘iSmé 2pgaiEneds HER2/neu

¢ gene kl%.e@@# Qﬁ’d’bfsﬁl distREE DEBo I 1ﬁ§1§in%g%uﬂﬁﬁs @%aﬁfdﬁﬂiElﬂﬂneu-assocmted cancers .

it e S Ly 5 R s v

- been Sadi6Eh Sodent ihbdHHRR2 roani, bebaBisit khdSChdeatreAdy. Maucer Res. 71:343-71 (1997)).

\E; agg? ne 83?1553ég\ggf%égé?{l%%f)ﬁ%degéa%éolpo g Bk 9 tvzlif%gnlesb a(v]p %cen hindered by

difficuleies Bwciabdevii ehizniagid gi0hgesseion letely of Gapowrs Ravss in successﬁllly

nmerci af i zation o Vaccines have been Rfndere
by difficulties associated with obt ai ni ng hi gh
expression | evel s of exogenous genes in successful ly
35, transformed host organisns. Therefore, despite the
i dentification of the.mﬁId-@ype'nucleotide-sequences
2 19 January 2007 -encodi ng hHER2 protein descri-bed
~above, it mould be highly desirable to develop a

| Eansf&%‘le%%%st 1’% ilsgl%?)fﬂerefgﬂgedquy Qﬂ@ﬁﬂfca ft ewﬂd—type ucleot d;de sequences




nucl eoti de sequences that are optim zed for expression
in the intended host cell, said source a||OMA§ apygry 2007
t he devel opnent of a cancer vaccine which is

ef fi caci ous and not hi ndered by sel f-tol erance.

THE | ION I n acc nc
e%e@a&ﬁ*&%gtqﬁ@ewr grRed; ahoume it w'dg @@'V%Sﬁﬁﬁe ity gﬁveépp a
resdﬂytrbﬁéwabimswr& of Fachah HBRE prdtein creptilizes h§iER2s encrelinge

C .
ol E i A B PEARET o BB i BB BB B i
sogitriechliowinigdonthe deedlopmentdd ncep@errvﬂzme Wwoich s gfficaciopgland not
hifdPEEES s olefarfteNuman cel | . In accordance with a

second aspect of the present invention, there is

provided a vector conprising the nuclelc acid
SWMARY @F JHIEIBIMENIdOMbove. I n accordance with a third

aspect of the present invention, there is provided a

In38&drda lvlnthcé)ﬁﬁf é@;ﬂ%ﬁﬁ@ r’é@@rt\tc?ﬁv ﬁorﬂ?ﬁér@?@pt@pl%@ a ln

accor nce wt ourt S ect resent

symﬁr@t&%w%c agif gralequie mmsmﬁ @pq@ym ﬁféwcteoﬂﬁ%ﬂ ibatengergs a
hl.ﬁminﬂiﬂ‘z'ﬂiﬂné@ HMélﬁ ta@ geﬂoﬁﬁm@meo ofo:p Ltﬁé epithetesnudiid acid

R2/ neu tide that has
RS 3808 sodat itz ot BbiR cLFHREr SR 8 & e of
SEQ I D NG 2, V\hlch may include up to Na amno acid
[ over [ : :
In S itce i £6ekno bR o e BrasEReifedion, St 7 pfbiden o
-veglor epraplisirgsthe amdleicsacishinolecule @g definadhabaver nul a Na = Xa
- (XaY), in which Xa is the total nunmber of am no
acids in SEQID NO 2, and Y has_a val ue of 0.90
In gaear @?r}?eaﬂv sibird a?W%QEWeMW&WV%t’OR thgfes previded a host
cell ebgRsing Metv@etonaguemied 4oeger prior to subtracting
such  product from Xa., wherein the sequence of
nucl eoti des i s codon- optl m zed for high |evel _
- In exqréargieavithi anfoarth aspett obthke présenbiceentidaniberevis phovidedi € t h
syﬁﬁngﬁ%h{c%lc 508 nﬂﬁ&%?enéoﬁ&\%ﬁ@té ?éhueh&‘eeéﬁqdc%oﬂﬁé’s"ﬂh%&c%des a

nucl e sing a se
vaﬂantr’mmwdﬁ%seu pelypentide et has aHaa%trQOMERQE@Dmhpremm facid

seaﬁerﬁ:%tof fS‘E’d- I'ﬁ) N@ Zsmchl?n% héifide LP & ﬁ!ﬂr‘i‘nhﬁtdcﬁj élté@ét%'ng over

| ecul bei n timzed for hi

' th%ﬁlaﬂéﬁg&f)ﬂsrﬁ% I Dk V&'lﬂ"?m ar® e eABWR U ﬁ°§a'§'i"9taﬁ'd
alteR4866s, aﬁﬁ ld EfcURtes B thd foxeuns INg =, X 1-he, e), Iwaﬁlbﬁ\‘Klaertdea)tal

cto riSi t cleig.acid
et o B § S8 ENBYTHEAS 428 bellR A B wBL T o
mtegsarq:mducaemmndo‘f istrbengecateding nearedrimteger, prih &r fubtracting such
I

pr&ﬂ&}m Q(ﬁ s oh nn gcéce ﬁ% df?u'u@lg%ﬁd& i 8&{1 ) hopggmf&lefor rfngh
- levehexpessiemio & weanéedn, there is provi ded a synthetic

nucl eic acid nol ecul e conprising a sequence of

nucl eoti des that encodes a variant human HERZECDTM
In gerarpseivd® & Kty aspast Qfdne Bsentdn i Aiere s RIBVIdRL
syﬁtﬁbf@nudﬁid: 8cig atisutecomhpriig d Sediehddtof miticdlidesthat encodes a

et T e 8e Tt i m SECURANGI g Wbl Ruceio aci

moteodlerbeing noduexoptimizeahfionbigh dével expressimi io aunemdcels
cal cul ated by the formula Na = Xa - (XaY), in which X

In accordance with a sixth aspect of the present invention, there is provided a vector -
. comprising the nucleic acid molecule of the fifth aspect.




is the total nunber of amno acids in SEQ ID r 14,

and Y has a value of 0.90, wherein any non-i nglagdaryzow
product of Xa and Y is rounded to the nearest integer

pr| or to subtracti ng such product from Xa., wherein

he se e cleotjdes is codon
I RaFOp TEg SRl B7pechStdne BipsA YA o LSSl
hosit tdll @rmprisiny ths pectér affthd Siethpispeant | nvention, there is
provided a process for expressing a human HER2/ neu
protein in a reconbi nant host cell, conprising: (a)
Injageerdanas with an ¢igbtharspecigb theswrn@ertt freventiarl, diece isgiravidgd a
sgntr%ué haaé.c%aerﬁaewé Comprish LR gEQ%Fn&‘Fédhde@ﬂﬁt ehddbes a

culturin S er con
Vaé'ﬁﬁfr'é%ﬁfg'ﬁEB?EQQTM Wﬁ“%ﬁzt Preotdeast % identiy @éh% amino
ac séquan&eedt SEQID AT 10 fwHikiemBaY fRRIAE ulprw e bintd adid\giteations

ol B gL SEREIR S0 BbeRRuIs e BRRMAT Ry
amino aoid waiteragjoss, aad uwcalmﬂatpd by thegfotningla hly & 26 -€(>QY), th which X,

is H%etofa'l Eﬁrﬂb@rsd? ﬁ‘flnd 8 '1[5 RI@ fa '&98‘{ I‘faesvé]valﬁ@gfq é@)

turing the under conditions

WhSEein 88 |n@ﬁlr6¢99§aw@ldu¢9ﬁfa?ﬁa andrR sroviegrte the pearest mfeger prior to
suB?rﬁétfn@%'ﬁ@l@ pVMtht fPor® eV RREMRIPHRE 864udie LRBUAESARIBE s codon-

d
orlEAceT bR el Sapoln Tba THOENGFL acid mol ecule. t he
nucleic acid nolecule conprising a sequence of
nggfordgioetin g G2b RRRET IS pReoR kit P el &1 n
pra@sséwr a‘xpretsamgm hpED HERRNO:Q grdtein inua eec@mbmamah@st el, | n
veng Z%tﬁé’ﬁﬂan@a%@@tbfé cﬁ]’%ﬂ@%e ﬂgcléig%cﬂrcﬁ%%‘ﬂirst aspect into

ere I's provi enovi rus vaccin

a %f@b'@rhOébffﬁﬂr Ard. flgy aiurR:the optgel yedemongitions whigaiadew on

expfestidf oFdaid h@BlaRHERINShofin.i Nsert in the El region,
wherein the insert conprises an expression cassette
conprising: (a) a codon-optimn zed pol ynucl eoti de

In encardanvg véithhauteath ddpe2t of thopresantdveatiog dharg issprovidad a

o BRI B U ARG RI O 53855 Al st
cogpeising g tradudingaa vedtert eaenprisingshe oucleit atidef frecfftraspect into
a édl\éﬁlatHonheut Qﬁd gb)' (ﬁlltPl?r@éﬂhg ‘Fu@stad%n mﬂﬂ%\ﬁhﬁltﬂﬁs Wﬁf&h Glow

accor di ng aspect ich 1s an
expeegpign of Ffﬂd QH%‘@P&T@P&EQ@TM PEP®IBuUr t eent h aspect of the
present invention, there is provided an adenovirus
vector accordin tothet fth as ect 1s an Ad
In §EGAsSingE Vo oo aspers et B PrebeRORE Al bEap Broved a
vetiof terepidinggs patdhetiaf codbe-optimized hutlsic @aoldi molecuidehe nudeic acid
: e | I ;
D T UL
preiriprassast tonthda SE& IDNQEr ariconuneaniiEREEGHTM piptein as set forth in

O 1P 1€689s oLyl eotide encoding a human HER2
Sggg?gl n or0 g‘ﬁumam H%ECDTM protein; and (b) a

pronoter operably |linked to the polynucleotlde In
In a6eRAARBGEthVM fuifth éalpé&t&ﬂ%é‘pr%§&ﬂ‘lﬂveﬁf0rt ger8 iLSeWted an
invention, there is prov %
adenovirus vacdlne vector comprising an adenoviral genome with a deletion in the E1
- region, and an insert in the E1 region, wherein the insert comprises an expression
cassette comprising: (a) a codon-optimized polynucleotide encoding a human HER2
protein or encoding a human HER2ECDTM proteln and (b) a promoter operably

linked to the polynucleotide.

3a_




use of a first vector and a second vector, in the
preparation of a medicanment for treating a ndfngnuary 2007
suffering from HER2- associ at ed cancer, wherein the

' f| rst vect or conprl ses a codon-opti m' zed

FARSRES R TUTIR e ol e BrasP OO RYioBlariaty povided ar

adennk:a& tegtdr lmecqding rtmﬂieetwbliftd @spedt hdichds an ddvieaicor.
conprises a codon-optim zed pol ynucl eoti de encoding a
human HER2 protein or a human HER2ECDTM protein, and
Inacgerdapeewittop &usiseythiasare @f the present ryepiinn: theee isdeovidatdan
adRBUIRIS VP a2 85ramnd to Betibtlith spOd Sk An Ad 6 vector or an Ad 24
redeterm ned anount of tinme passes after introducing
-first vector. In accordance with a seventeenth
aspect of the present inventlon there is provided a

3t EES TR 8 B e R e
vacoing plasimidycemprisinga plasmid punhn)remd alesxpréssionesaseettespartion,

G EELRRE AN o L S A D

enQesing & hymaneiRRA BfOé%B gra hé'fnaa Hﬁﬁ%ﬁ@l%TM erotpineansHbi Ag

prooler ©pérabl link&ee- tﬂéﬁ@l%lﬁﬂeﬁﬁdéancef Di scl osed are
‘conpositions and nethods to elicit or enhance inmmunity
to the protein products expressed by the human HER2

In mnm'ﬁand:a with iassigtesmthiaabect of uhé breventinveastion, there is provided a

s P AR SPOFang o Bl Yol BRI AL S iR for
tregding 8 mmmmqbsuﬂferlng framn HER2-apsoaitited damcen, avherdin thenfirsiEREtor
coﬁﬁﬁ’l'é@é 2| d%bﬁ RpGRERE 'p%%u%l@&lgz%xﬂgggﬁgl &' hahaRMER?2 protein or a

ransnenbr ane, domail ns rotern

hum?@r HERER+RIT Mypetei=@ntg projielsraingrably tinksd tg dhr pemydestide;
th@rseconmodévrorowrmnsw@ tﬁd?:fo;g,ié)ﬂhuie@V lyrR6ROESES eREbdiny 8 human

HERSERINGR o 24 BV BCRIRb Fab wa et phgiary Bhked to
thsmlthﬂec_mdpphwm whbrsit treesscand vditsc isoaduedusieerod padetbrmined
cﬁﬂ 8f tind ﬁ?gggﬂﬂggﬁg}écﬁp&%ﬁpﬁ@s@ b@@é and vaccines for

e prevenhtion an HER2- associ at ed
cancer. The  pol ynucl eoti des descri bed herein are nore

In géédrgérﬁzﬁtW|ﬂ‘éi§e0@n{één¥hy&%eH%?¥hé egéhtqh\]?énﬂgn Fheref brobidkd a

hunoral | nmrune response agal n human

USBl A VRAY cRRPTSiNg: A SYD eﬁ'ﬁJE‘l’(@”cOpé'm'%PdnB‘F%ﬁllaé@ molecule, the
nu(‘.IBMQUt{Jﬁio%h{ed@ﬁﬁt pnsﬁ@r@é%@.!dﬂt@e df ?lggﬁ@tiﬁé%l R4t encodes a human
eotides tha epi der ma ctor.
HEREGE ISt oh aPtioRA SECHEERBT s Bupan SEFERGPHER e o
seNOrt, in Wi ) NG einsthie nfeelufazture of heaccine fak preleating estreating
fa&s%gi% gi zed for high-1evel expression in a

urran cepﬁdo&%ﬁerel nafter hHER2.opt). Disclosed further
are synthetic nucleic acid nol ecul es

(pol ynuc |Eﬂ§:tlds@9%)re E&E%éitﬂn@ Gné n'?'é?ﬁét?s'}ﬁpehﬂf o%ﬁﬁé& |h9'ﬁ\§nrty

hat encode hunan M as set fort

/Pratein RIAGHCES AxRressed\nythr hipam HER2 A

wntarrmnm@lmamtacmmﬂhaé ARcltdigd blea¥eindRRian %bfﬁtféré 'Spé(:lflcally
cul es S

cispH83RY Afemaly St e gicing e, MERB GXo(Sfe bt & Byiiks foam of
humiae HERE protein which tbinpesds the ektraseiillapand iralessnentsrans demains

of {h%rHéﬁ@ﬁlto?éittl k@reihgﬂeglh?;lEﬁZE@bﬁ%)?ﬂvﬁgﬁe‘ﬁgsaid polynuclgotides are

| codon-optimized for high level expression in a human cell. Disclosed

Vi

3b




functional hHER2 protein (SEQ ID NO 2) or hHE CDTM
protein (SEQ ID NO 14). Disclosed also is a syfrRaygny 2007
" nucleic acid nol ecul e which encodes nRNA t hat
expresses a hunman HER2 protein. A preferred embodi nment
_ di sclosed in FIGJRE 1, which shows a DNA nol ecul e
fuﬁég@rg Bd'f’\l@""i* aﬁdrféﬁsr@ﬁ‘@@a%%v%ct?fﬁff@m”ﬁﬁ%f@l synthstie) | D
pdtgauzbeona'émrmcﬁéws“eed:s@ B Ge@bisdn mhﬁmdemcl@mposmons and

T Qellicnanger bR B eSS B heBe T
payrsigleotidisad assrizednherait iaom mabo effisikntibattwildgdgpenBERR i sliciting a

ce"ﬂEItaF ¥hd NurhGraf¥emurEdss %dﬁsé%)amst Mﬁ%\ﬂeﬂﬁh?e quuences

at do not contain t
cont enpl aPigelosedzre synthaliruricjeipacid moﬁﬁ%ﬂlﬁsde@wucleotldes)

co&@bi‘istdg@é&du)émtesoﬁw%héﬁﬁdt%tth§t dHE6HE hGmaR eFidBMAL GHIvRh factor 2

artiBnt hefonates PR 23 SoUABb N SERIOND A CETBEd Fhet
nueleid iR 6lecoleis @ne sdunnsoptinted fophigisldvel €Xpk3sio in AlBughan cell

(neARarPAQERS oy MEEREC MY L Sl RERCR 2 rdHhyehe

nuc IS CO on 0
: (pownucrlecgﬂes)eqmw@mg eessguence of rucleatides thall ancocm Bwhased

HERSECBTR arsesfé@fmhnﬁetawmer $4 mré.ﬁgﬁgnmﬂ& Sit acid

cells, prokaryoti ¢ and eukar contain
m?'ﬁ%ulmerieéioe'%epwﬂ @E@F@s‘e‘tﬂ?’%P%%Hn iy %P‘éﬂ]@'h@%li Thengcleic
ac&pmelefcu|@§Hlsensed)1§r§inoﬁ@,dbé ttahdigdted Micda R6KEEH 6f Edice wherein
proteln |

g B Oy S8f SR b st ter SRR g eI 4 R shed

fumtbhaithERﬂrmotam (BFEQ I3 NO: Dedrint HRABODIN pateinl ¢SEQ D N G4).

\";\‘h human &i8a iﬁﬁﬁeﬁc nﬁ&l‘él %g ldemcn&ﬁﬁe §hich encodes
erein t synt etic nuc
mBUAdhaWprqﬁ?th‘e@i heman Zmptelrefmrefgg‘ed ﬁmbndla’lamu ipethisclosed

in muREan duhucﬁ@now latDHA H\%Iéch% (oesy |qubl1) w.a@'@ﬁcodes a hHER?

con i tions W exp reSS|on Sai d human
profer (S *Dd"Qc?l)oE’@oP"ﬁieéde|”§°‘§‘°G}C@c'@§@°¥'8r's ExgneQRtimigedyfor
hlgh;lé@ﬂ eximissﬂh ared hhmmiﬁell HEB%E@QEMGW gHiepiefdrizddolynucleotide
1 hant

risin
IS NS & Bl R ok Rt SRR Kb g ABRe A g
Nuzldntide sediERRECIDEMI@natteentain thianmatatlem miagklse Heoohtepadldted.
wherein the; synthetic polynucleotide is -
codon-optim zed for optinmal expression in a hunan
cell; and, (b) culturing the host cell under
conditions which allow expression of said human
HER2ECDTM protein. Disclosed further is a nethod of
preventing or treating cancer conprising
adm nistering to a manmal a vacci ne vector conpri sing
a synthetic nucleic acid nolecule, the synthetic
nucl ei ¢ acid nol ecul e conprising a sequence of
nucl eoti des that encodes a hunan epi dermal growh
factor 2 antigen (hHER2) protein as set forth in SEQ
ID NO 2, or a human HER2ECDTM protein as set forth in
SEQ ID NGO 14, wherein the synthetic nucleic acid
nol ecul e is codon-optimnzed for high Ievel expression
in a human cell. Disclosed is a vaccine plasmid
conprising a plasn1d portion and an :
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expressi on cassette portion, the expression cassette
portion conprising: (a) a synthetic pol ynucl d8+aaeary 2007
encodi ng a human HER2 protein or a human HER2ECDTM
“protein, wherein the synthetlc pol ynucl eotide is

d d f
ol I+ and TFEd asRlisBRby Bup RS SidoiRag meapls Whion
el‘pmﬁymmﬂ!\@omatj@(pressegaMmmrHETrmpmibloseqbréfemrdzdwer
emﬁo@maﬁt.yegcneéedqpqilég T, S [1Rls BN iR Q1D

treatin

N@#) that eeaﬁeﬁ iad | HER2E GO TH mt@kﬂd§Eﬁg DiN@:o! 4 hEhenpiafesried aucleic

adid mdlecMIBCls @bdERORIThiSéd br hlg)n IévéF@ @séim{ '8 Fddan cell.
pol ynucl E[Stl de encodin rotein or

human HE TOEE" Com%{ﬂ"i‘{'t VP§t°'§ %ﬁdﬁﬁ@?'”%@éﬁeys
bdth ptodxdrybtnc autkeyp@lnyotio olvisich teleain (i nadldioutia haecules disclosed

th!%rug qﬁ,ggggc%c unt of tine to pass; and (c)
u0|n 'he mammal a second vect or

conpri si r@scltpgedefudlmmma oders fos @xpessinga icedati-detimized
hPRerOdERS prté]H mﬂé‘ ré'c.“é%u%rn%@ét Ref rcom@rlgl'lﬁfﬂa) |W%TMector

_ roteln ) ronnter op era
Comﬂf?wea saatnea% Polﬂé'JCL&Oélae @ﬁﬁqﬂj@ﬂw@nvmﬁﬁ HERZpteintintia an

su&ﬂbﬁe Ihasttdéﬁ \am@m d@sﬁitl@étl&ﬁ;olmlhaeotfiieﬂﬂ Hbdtin- cfpimd for optimal
ur a nce nl es

I
pREsianit et eeb Ay 5 sbliFil 1 Rest L ECERGonBers Whicn
alfowreapiglssion of ead hmenHERﬁprotmrand appended cl ai nms, the

fol I ow ngi)lgcq’cﬁéee atléo%% ﬁ?&s@?@&éb@&bg %Scoé&l?' é’p‘tlmué%ﬂwan

term' Pronnt er
HERZEFITH protaniic A recmﬁntmmt b@‘ﬁtw?ﬂrmﬂbinld@) lnmoducmg a vector

coﬁfpﬁgiﬁb %rsyfﬁ%ﬂ@p&%dc@oﬁlﬂébhéﬁ'ﬂl@oﬁﬁurﬁén WERDECT M Frotem into a

toinitiate and drive transcrlptlona
| SUE%'?'¥ Ppstye styre M‘eef@amﬁ S¥ntpglie pRlynugisatiqs s godgn-aelimizad fang
: opﬁﬁﬂumldneﬁ a&ﬂma@r&eﬂmﬁr ) cORuringfth® hbstregll §RE8IRDAGISONS

sette" refers to a
Wh' %‘E)gﬁxggesgfo ﬁ%‘dQé'Hl?QAﬁ%%ﬁﬁﬁ?rqt% be expressed
from a véh$dﬂsedﬁMh%mMeﬁ10dtdiepreventhtdaatmg CQEIRe

coﬁ@gagg aamﬁm&mﬁer a ,hmn!al?ﬁ%afm \%cibr%mgﬁgng'@%gﬁ{ﬁaw

a casse
ﬂU§lél$L?éwt'@oli6ﬁ@|e-rthé§ynthef@ RUojRIe aeid mnlﬁcgﬁ cqmvr@@s@ sequence of

~nu6l@’6ﬁd¥sr’fﬁéﬁeﬁcoﬁs‘ﬁ/ ht‘ﬂﬁ§n eﬁl@&%aﬁ‘b%ﬁh RRIBICHRGeh Q{HER2)

Xpres tide or ene sequence. |n ot
B el it SR8 1R N0 or aBUmAn HERCECLT M piotein as opegn in
SHOn 1D NOg il attasryin Smswm@aii% nutlelc actdSmSDéQulé f&Secdn-dplimized for

nigh bV BhorB NS ,gggg%ent San bJp_vector provides some

egu the nucl eotide or gene
sequence Emdnsed ésa gadoae plegroid abowyising aglesnie portiBornd an
exBreesiBh @a s'éﬁ@ p¥|‘%L 6h Otﬁe %ﬁ&egélgﬁ( bgs%eﬁe EBl‘i’igR'i:&[n Fléﬂﬁ% (a2

anscrl e seque

SVWD@W'%ER'Y%'%FdQJ@?F@deﬂJM@ bEBﬁmmtgm@r athlla]ﬁ@dﬁEfBZE@ﬁTM

prét&in! nWﬁé%binQﬂe §3ﬁﬂh@i&c®lynﬁbﬁof oY |c§&c9'f Uptﬁﬁ?ét?ﬁ? Sﬁtlﬁ‘i‘eﬁl' ch
ovi d e vector i nclude

r are
epRRvel g Bum@hﬂ%lh Bt ibq & Prametsr operRbly 'm&@qﬂoﬁa@ pahmucieotide.
sequences, splice acceptor and donor sequences,

i ntrons, ribosone binding




sequences, and poly(A) addition sequences. The

cassette is simlar in concept to a cassette iajgauary 2007
each cassette has its own sequence. Thus by

i nterchanging the cassette, the vector will express a

di fferent_sequ Because of the restriction sites
at the 5 Dissigsed TugRerds apeihed atarpiegtingampmmal ap jomycancer or

treatiag atreammaksuieadg frbmrrwkaa%bcmédlcamao&dmnsﬂ@s gntte.

inflod tingN e methlol a8 yeBloP koG,  f Bl s &
pq*mxplegwgaeno;omnara imogan HEBQ weoteilie adugras HERZEGREMtpypteisn;

arRifu)‘é‘%ﬁér%t%r bB&%\HQ'IlHI@a% 3R bSyndd o‘ﬁﬁe r&bf‘&ﬂo\@‘\d@gredetermmed

adenovjrus), bacteri ophages’ an

ameigryme soRass\End () Bt9dueng intathe may@md vepier
con@riingf i) é%bd@ﬁﬁﬁlﬁrﬁﬁzé@ Bolymﬁﬁedﬁ&@@nbdﬁuﬁgﬁé ﬁﬁlﬂﬁﬁ HER@ protein or

o BHEBPEEGS L7 G L BB DR

pohyohenlevtidels vectors typically have a del et ed or
i nactivated E1 gene region, a nd preferably have a
deI eted or inactivated E3 gene region. The designation

"pV 1J- hMsrgsegghrouglegus the snecilicticasinddn éerrnpended claims, the

su@uﬁ%'f&ﬁﬁdaheér?" &hd ‘the® HBIdeSthe Piutdl ferBiemRe u%s the context
(IE) prompter with intron

a A,
clequlmdlqtagﬁ%gﬁ;e %%n optimi zed human HER2 gene, bOVI ne
gr owt h hoYsnmsed- tnieugrvwﬂtmmameatwnanb@ppamg claims, the |
I tion sequences, and a m ni ma
fol W@%LB'O@ ﬁ%gég Eapij The desi gnation
"pVl J- hHH’ME@DTqupotefee@rstota)reaogmmmm anonBNAwttand to
wﬂé%%@ﬁ@gpolﬁﬁéﬁs? n@ﬂo%térﬁ'& Lﬂmﬂitig}% complex with

I mredi at e- ear |
RIA prlgmese dotiiete 6r|mei transedptienatastivigRIhe epfaplex can be

md‘dﬂiﬁ@lfbysddﬂgat&ﬁ%eq&éﬁc%@ eriniddaEniadiders’ BRMABITAG 2BGuSHREB IdiMed
t he HER2 gene, bovi ne growth hornone-derived

S'%Bp?fﬁdenyl ation and transcriptional term nation
sequencegheaarth Tassetie!' nefbrsiCabaciebidtcor(gpe sEéﬁA’ér‘Eb%a’&)ls to

be ERBIEEER) FRR e bty exbE T oty 3eS adnfrE shitiing
thenHER2 pygseinfau the: IHERQEGDﬂ'anteHEm?_ggmﬁ anssselld compeses a
'geﬁgg&fhe?@é H@b?ﬁ@&'wﬁﬁ*%@ct&@gﬁ@%n g6ME em-[)l%@lrﬁjé?ﬁé gﬂﬁfide‘%n

hHE ers to a construct
"39}@9% aeNAss e, SxPeeeiBping Mecleadide OF gene sasmenee da other

emblobifndrid) ehd hubsoliie ér Béﬁ@&dﬂgﬁ% ﬂ%@iﬁes fﬁ%‘ r@glﬁitéh f %cﬁl@nces
ne conprisin e of nucl eotides that encode

f°f3‘ﬁeexe';?§?§e&r'|f%rﬁw SibadmEnts hesclat oroHias SEegeo oY

setiiiERZepand themucleotidd epgbrefscguendqitodés sthaedgulatory

s 228 s o S B a DS s e

nuclﬁﬂMgﬁﬁquwnce rpfl e nusladtide er genessequenss prdivides esed

trah%ri‘éhc‘ih te ln‘é or? e'nﬁ@ égfér églﬁ gﬁﬁéﬁ\ﬁéﬁzﬁés wHE ' &FPbe provided

an
by '"mr@&&s rmhmazbatmre n@blﬂgvtem@t enhapgers| transgfirfion, tgrmmatlon

secqmlca@ %ﬁnckeya@es@d 8nd aBkdrEed@shcks|ihtrdrR) ﬂb&ommada

%f &Wa w | el orient tlon under .t he. conrol
Se@IENGEh ARE RO ?f{‘ﬂl‘i’ﬂtsé’ﬂ“%ﬁcﬁﬁ € GaspeiHis AImi |'rl CrUEEPHY 2
- casselie tapes egeiovdsset®hapiteeown sequence. Thus by interchanging the
cassette, the vector will express a different sequence. Because of the restriction sites

at the 5' and 3' ends, the cassette can be easily inserted, removed or replaced with
another cassette. '




25 pol yadenyl ati on signal. The "NMRKAdS- hHER2ECDTM opt "
construct is essentially as descri bed above, %&E@ﬁ@y2007
the El region of the Ads genone is replaced by a
codon-optim zed truncated version of the human HER2

gene, said truncated HE ene conprisin . nce
of nucl eoﬂ‘%li@n'f ng’g‘gnﬁ‘??éQ%r?é’"&%é@l t?ﬁ‘f"ﬁ'l"ﬁm’g t he
fragraeaisecer ba intibaueed $ntofa hist drifiRisreseidsitisslUdcThere are

) - " t N i al: :
varldi hod bt nERaRid Wabmidh VAESRBK BN anguirss)
bagiederphagesray e@wdiddi th a wild-type full- 30 |length

human HER2 sequence (see EXAMPLE 11). The term

"effective amount” means sufficient vaccine

conposition is introduced to produce the adequate

| evel s of the pol ypeptide, so that an i nmune response

results. One skilled in the art recognizes that this

| evel may vary. 6 19 January 2007 WD 2005/012327

PCT/ EP2004/ 008234 The term "treatnent” refers to both

t herapeutic treatnent and prophylactic, or

preventati ve nmeasures. Those in need of treatnent

i nclude those already with the disorder as well as

those prone to, have the disorder or those in which

the disorder is to be prevented A "disorder" is any
condition that would benefit fromtreatnent with the

nmet hods or the 5 vaccines and i mrunogeni c

conpositions described herein. This termincludes

chronic and acute disorders or diseases including

t hose pat hol ogi cal conditions which predi spose the

manmal to the disorder in question. The nmethods and

the vaccines of the present invention are intended for
the treatnment of disorders or conditions associ ated
wi t h aberrant HER2/ neu- associ at ed expression or
signaling, including, but in no way limted to,
breast, colorectal, gastric, ovarian, and |ung cancer.

A "conservative am no acid substitution" refers to the

repl acenent of one am no acid residue by another,

chemcally simlar, amno acid residue. Exanples of
such conservative substitutions ‘are: substitution of
one hydr ophobi c residue (isoleucine, |eucine, valine,
or nethionine) for another, substitution of one pol ar
resi due for another polar residue of the same charge -

(e.g., arginine for lysine; glutamc acid for

aspartic acid). 15 "hHER2. wt" and' %ER2. opt" refer to

a human epidermal growth factor 2 antigen and a hunan
- codon-optimzed epidermal growth factor 2 antigen,

respectively. "hHERZECDTM wt " and "hHER2ECDTM opt '

refer to a truncated human epidermal growh factor 2

antigen and a truncated human codon-optim zed

epi dermal growth factor 2 antigen, respectively. The

truncated fornms of HER2, "hHERZECDTM wt" and

"hHER2ECDTM opt," conprise 20. the extracellular and

transmenbr ane domai ns of the human HER2 protein. The

term"manmal i an” refers to any mammal, including a

human being. The abbreviation "Ag" refers to an

antigen. The abbreviations "Ab" and "mAb" refer to an
“anti body and a nonocl onal antibody, respectively. 25

The abbreviation "ORF' refers to the open reading

frame of a gene. BRI EF DESCRI PTI ON OF THE DRAW NGS
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FI GURE 1 shows the nucl eotide sequence of a _
codon- opti mi zed pol ynucl eotide (hll ER2. opt, $Bdapgsary 2007

w'iﬁo&%mh'af‘;t encodes human HER2 protein. See EXAVEtEg%oomosz'sx

Panel B shows the 30 deduced am no acid sequen

the human HER2 protein (SEQ ID NO 2). FIGURE 2 shows

the identification of imunodom nant T-cell epitopes

in the human HER2 protein by ELISPOT and

intracellular staining (1CS) anal ysi s. BALB/c mice

I mmuni zgd with Ad5-hHER2 were a zed for, the

i nduct i o Hisraroritee. " @t i feP ﬁfﬁmaﬁ?nwmﬁ?tw describes said
adenoTh}ﬂ vatioil eliat Gfe reﬁhE&&oﬁ«dn&&Wee Firﬁtggeﬂﬁitionhmmnkﬂ[i@&ofﬁ typically have a

delete r°8 ﬁisctwg%:d%g gﬁ?enggglgg, ﬁ’ﬂ‘? Brg{‘ g%?qr[?v? 'ﬁga?tctf g v%&c&#? gene region.
usi ng piieldssiguation Y 1¢-hBERLiogE'gefeBde apldsisidicanstdctadisclosed herein,

oS SR 8 et A S A e
huma/HERS sengs bowe%édnmetdh@mdmb’e@enbhﬁ@mﬂ apgoppiigpal termination

sequcﬁéé's %H!i §§mu(n§i:ﬁ)(/: ﬂ&ﬁb&n@gﬁk Emmy)t es, subtracted of
groun val ues.determned in t he absence. of

p e pt i d & degighation [nY] Jﬁg@p?ﬁ@ﬁl\@@t”gp‘ forsiig @ plasmig construct, disclosed
herem$ @Jx@ﬁamgtt@esﬁmaﬂme Ezﬁmé‘diité—Qﬁ'BC{IHEbl pRgmdter \ﬁﬂflﬁtrbxhﬂ,rh trfiiceed codon-

o B B P B S RS bR P

gene, bahmﬁ@o@malodnmeienmmpoblbﬁﬁylanoﬂaniddfaa@aptld%labtqumm:tyﬁn@équences and a

" ninii g%jcgﬁ)ca% se WT’;,\ejﬂll\lllP et' ng 1 FN-y was neasured by
q 1 SpI aye are representatlve of severa

| ndepe e desigation oV ARBER AT sErsioa cengpreias descrbed above, except the
cons&&&ggl’ﬁ{:ﬁgeg N (B IOREY ﬁzll—-ﬁﬁgth%ﬁ'n HER@@@Q‘E)&KQ&@@%I‘ @E’&lo%ﬁm%d human

Val ues™ 'hi gher "than 1 % were considered

_HERZF%E? tive and indicated in bol df ace. -Sequences .

enc o rrp maés@aubrmpm @-@HERBE@ETMW”S&MQ ket cd@@uaxot shedesaitdd above,
excent e (MR S BT Y hPR estal bR HER gt SO T 28 ELR comprsing

" 2 sequbliERDE pucdttc@ldes thit GuREe the shiossitlirend transitembraex forgains witheolER2 protein,

h b
instea bR obip R AP A U AN
" ‘Data arTém éﬁ%wg@rédlvﬁ?é{&qﬁ 4 “M&MWRWTM opt” and
“FRKGIBIHISIR A it QEBSt6 BR6cofiftRibis Wik Tdied melﬁ v coBDES At £4b adenoviral

* senonlelrhg oF PR T BB B ol \sRBRgr R B0 b g eson s

25

30

o replac@ﬂ@?cdﬂb&ﬁopﬂﬁﬁﬁsi Rilémgth huifn AIBRIREn<inah Bdpaialid Oll'lmm?‘m under the

S onse
contcl FELRRER oy AR ey e G By o Pl Bligne
_ polyademnmalmmﬁdﬂmﬁdomté cauistrebt isteapppotitisRe described above,

exceptsﬁ@ﬁp on of 91% %eﬁcﬁﬁyﬂs %eBTEHéH lﬁ)aat é&ﬁﬁa]rgﬁétgﬁﬁé\é} tnﬂl(:ﬁ&p‘?erswn of the human

each cOnprising. two m ce, [ T-h wt

- HERZgengy wid irppqaid Pﬂq&?- aesw@waﬁgé a gpqEence 6f ?4]10&@%1% tﬁiq«ﬁ elmée the extracellular
and thel ARG BRS e AbEALEIf theTOR2 l‘é@éiJf& ghd QURKRAGSIhEIR2 wi” construct is '

cssetif Seesen bR SR S TR A e Pregsced Fapd-pe fll-

lengmaﬁﬁay}m&ﬂ@g'qxﬁmt(sed@s{mmu’iﬁlﬁ (aa 63-71, includi ng a.
CD8+ e DE).o .. NNeu301 .(aa 1

o6 rop B RRT SRTCREID CRarAERT6 Yrine oy Eigduced o
produeepihd Giog)ate IRedudbiite: pﬁoﬁypnptﬁiefsoﬁhal @B iraneheSesponse results. One Skllled in the art

'rmg[gég@ﬁg %qg%iﬁé% ;\[A;%th two -replicas of each anount

ested, are Aver age val ues were cal cul at ed by

-subtractl ng the background | evel determined in the
absence of peptides (typically Fess than 10 SFC/ 106
total spleriocytes).. Results were expressed as the
nunber of 25 SFC/ 106 total splenocytes. Panel (B).
shows that. pV | J-hHER2. opt- elicits a significantly

. inproved 1g3@ and IgGZa humral response.conpared to.
pV | J-hHER2. wt, Serum sanpl'es were col |l ected at week 6
(the day before the first inmmunization, pre-bleed)

- and week 14 (two. weeks after the l-ast injection) fr_om_.
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groups of 4 mce inmmunized w-th pV |J-hHER2. vvt or
I J- hHER2. opt pl asmid DNA. Anti-hHER2 anti body 9t4af‘lé‘?r¥2007
in the pooled sera fromeach group of mce were

T WORAS by ELI SA using the dineric 30 extra- | ar
do?rﬁa?}ir%e%f hHER2 (HER2- ECD) as target antigen. SEERoR0ozss
AP- conj ugated goat anti-nouse IgGlL or |gQ&a was used
to detect bound nouse antibodies. FIGURE 5 shows a
conpari son of p185-specific T-cell response elicited in
m ce by immunization wth pV 1J-HER2 and Ad5- HER2

Wl d-t Bl.c m,ce a B/ c ‘t.ransgenic mc
over ex’%‘%g%rgﬁ §PST FTEﬁitodqoﬁHﬁihﬁ%?eé‘Hc eatgn gnd E@%hy lactic.or
preventhiineoidanirese tTha.‘le in nésdné &Batﬂnertttmcﬁﬁé Hose 23wt 48 Ajsprdweds vell as

B T

J anuardy “digoder” 1\?\@1)2@3@51#1911 B0 FoDTnERIB0 r @OB 2B 4vith the methods or the
vaccined Hxﬁﬁfdnnﬁggcen%%@twng ﬁéécﬁﬂlﬁ%egﬁl qlhfs%rﬁi ﬁﬂh%e%tchtrgﬂ c%ﬁé e

dlsordeﬁfor Piewsss indwdinedhoss gathplogical graditicns phish mshsg@p éhermmrual loythe
disordedih |qt5é:§gﬂ_n. arlﬁgﬂa‘ﬁio‘as i ’%@:@ﬂg&s &‘lftherﬂré‘s@nt itehih &b ﬁtctnd?d for the
S 1 ndl ga ISPl ay are representati ve

rcatmef} G s o SR ER DA, A gt S ipLenpresion o
signaling xipeledise Huidis nd Wa:Fhﬁ.ﬂREo;lbre&t, Ed)lGdREl @str}&adikfahaz{\ and W¥Bancer.

the nycd \ uene A .5Pdan-
o ol yn ULACI glgs{ {’Vgl% € ﬁ%@% 011 re?eﬁi% Rléeﬁ}enf ?fé)tne amino acid
residue Eﬁ@:@@-@g chenicaliysmtitag, ahumxd—lg@mp tEmlapIcB of seehcbopsentativersubstitutions
are: sub&ﬁﬁ%'o? bﬁlﬁx Shéid fa8s dté&reﬁ&n@ 'ﬂ%mﬁé @Qﬁd@em&gﬁnﬂ%@ ASther;

roteln Pane
Subsﬁwwa} %fﬁa%P@atrP%@Etf%@emféﬁd@&é gesidpeofdhe eme ehdrgs Grg-arginine for lysine;

glutamid fcdd®iRypRiiaagddomai ns of the HER2 prote| n, the.

et oI GnE b0 GRTRR B st i g 2 anaem and

human wpﬁn—mtmzbd(eaidERaEﬁB\m fabtor ﬁE@g&rDreN@cﬁ&)y , FIGURE 7
shows i Iyﬁ\zli %Vt’Of dt“HﬁEﬁ%éD‘ﬁ& op &eefd t? 3 ?ﬁ%?& lﬂlp‘gm 8]?1dcnnal

i nduced ' I'n esus” nnnke S T Amuni

growth fepipebansiserindddriasegiduain gomwanmm SEIDAIERE 68 2anign

I‘CSPCCUM 9 AEbd FRRRIFHER2 C‘%%ﬁtﬁ@ L O SRIARR Etis comprise
eXpreSSIOn

are codon-optirnized evel
the em"ﬁﬁlﬁ% dEmsgembrpge domains g FIWP%”‘IV\&E%Z PREHL | mruni zed
VVI t h @hddesti thenddlizheies Bday weehal hcRiREYSHAL biike

q,uen,ce of each of the three anti gens
Cel |.-i€ef%§%§1§§ hiitth e FBIDBHEEEH 1 ect ed against the -
hi ghl Vhe dbbreslatigoe uab’c SR %0 A¥qefenio en sativbdyaaridt ahorcdblRaal ntibody,
rﬂsp‘%,m;gwkey HER2 protein was nmeasured by 1FN 'y ELI SPOT
every _month for one year. Values are expressed as

SFC/ 156 Fbbgation IR aefers tethe pprn readingignsafd gord. ues

determined in the absence of peptides. Values which _
icantly different (p < 0.05) from S '
BRIEFWFM OF 4, WRESi n control experinments w thout
ant i gRIGURPEHolve &&,nuae&ldbls@iﬂa{cebh@ébdm?-@pﬁrtﬁ@ed ol ucleotldc

e O3 bk B b e ol SR o) Bptons the

deducedtahmocaeidlseqmnheaif thet hunmuHERP m*mnSEQdDmﬂ)ﬂpd in mce by

oo MR et ekt bl bn A inent el atiopgs g e
HER2 PIPFBFWhYsFééS%QT sl 19'@¢Ce]élﬁafc§é1ml& @ESrmpalzts. AR/ ElitcSROEnized with
AdS-hHERS Rerd bS4N-AY 84 tRIi£1ud8d d‘f?Hmfn{ a8R3- g[f cCftic bR ﬂnﬁﬂgy PleSumber of

representative of several | ndependent experinment
IFN-1 -5apg 8t G, T SRS 25 SHETRITgR bY ELISRO TSt leRogs from groups of

o
=

- mice (indifdtddSin Bt EAGHE sz pbbl@ oPAEHIFRHNG, Dada URHla ?@4 &E F@pﬂs@&xtaﬁv& of .

in the absence of peptides (typically |ess

SFC/ 106 spleen cells). Values which are. S|gn|f|cantly
~different (p: < 0.05) fron1background as neasured in.

control experinents: MAthoyt anti geni c peptides, and

are hi gher than the arbltrarlly chosen threshold of .
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Hurman eg dePH*?éYZUW

tactor 2 (hHER2) is commonly associated with
“%%PIZO?’C di fferent types of tunors, includi nECT’E92“°4f003234

breast, ovarian, gastric, and col on carcinomas. The
present invention relates to conpositions and net hods
to-elicit or enhance imrunity to the protein product
expressed by the hHER2 gene, wherein aberrant hHER2

e R S A O L8 i
(SFCHMPY @!ﬁé brdenowy tesh subtrectedd filgrtaciernd REltes @Buhingd tnhBS atsiiRe of peptides
07, WD 2005/012527

1 arl
(ol e BN PG00 8 SR80 Aeriorernonias iy nage foan threetimes the
backgrpyd IB@F’WP‘?Sm@anQI sxpbomento itk antisnia pawidesiverd bEBﬂiered p031t1ve values

and aBXRBRS AMolMB¥e Phreql at, itiati
e detectabl 6 Iatgqlﬁ?%ﬁ?%ﬁbrrtﬁgpﬁeéglo q@ﬁ 'T“MSme“mdeICS

Data gisplavedapesgprespatativg of sesenl lﬂé‘}mﬂ‘ﬁ@t ‘T—X(S’Cmtsdeuﬁl agsexpressed as
10004 (T (Dig3"aa1fdllilib4+| RPN ERE+BE g%*kg Uhatuls higher than 1 % were

uhcat.ed. n otein, referre her el
°°n3_“;17{_§?§‘??€j ﬁngcﬁggvs%a‘gg’ceaﬁ CHUSIF ST FEZATRRISIAE Y thespool or by the single
peptideorspt indlesastalyarccindicashid thi 1aft.  Hagbdrf RRSORTRE ﬁd}ﬁmﬂ QM ?Huﬁgf aCId res:due of
e

mﬁmg&mﬁﬁgFﬂﬂ HER2 protein. The codons of t synt het i
_ cul'es are designed so as to use the codons _
pr ef er rAGUBRE 3 shewpthefrevire dkphasion o:[ﬁiHERz/\ﬂhllﬁthg tnsfection in (A) human

=embr3%ﬁ:fk§{n%ﬁ HEeRRdLIER) gB)' moiffe Elgg%ev ?d? Ja{%ar% }["btresggd as the geometric

nP ecul es may be used Tor t opren
mean gt the phagog] fluaigsogaee droeghigh the sigephbeneeated udbrepty oY LinsA plasmld has

been smhtr&ifedp FSLV(ESHE? &ﬁé Qeth hNeGoRITHARY éml:i@fféysofgg@i'l“p ﬁNA transfectlon

ng .ant

HER2- a te cer through neutral |z
Iﬁaﬁgg 4 tﬂﬁf?ﬁmﬁ“{cy‘”l’qfﬁe todymap &R in @ Aty emwleeganel (A)

‘and ce

"ShOWSrth‘B} chdontoptiohizad I—HJR2IyiHIﬂ¢ﬁ @@ﬁﬁbﬁﬂ? gﬂi&@mdthEIQBPOThhlﬁes compared to wild
: es 1 C )
type Hﬁme rﬁ)i)v@lp ?.tggé%mésdl? mza OQ,‘gIrfl?‘gﬁ%'Pév 9 eﬂng)&smg two mice, with

direct
plasmidpy1 52“'@ mvg-lﬁﬂiﬂi c@s(Sppg/ ot elsctanﬁjedftemmrﬂse quaﬂrﬁlﬁp&rﬁuscle) ‘Two

Weckstah&: tﬁ@ﬂﬁ&‘%ﬁé&tﬁﬂ thOfed Q&%%? f &Ex%{nﬁ'f Wit Pnous%sgﬂan%cg% was

dete %H l)éﬁe ‘human eot | séquence .
mP‘é%d’.‘at WBJGBLE pssappsing pepmesbN@ﬂéé (ze@s-m 18 uddE a CDS+ epitope),
hNeu3( 1%5)302-1@ mgmelhd:ag a CD8¢ cHIRG6) 24 RierdiB4ad ﬁ55(117%8§1b])1dm5r Epa+

. epﬂop@nc o%ﬂ.ﬁ fro §‘ ¥ Et?jn mﬁéﬁ%lltog 12 S AL tr‘lg{rlggl_éqaﬁof e@ph gnount tested are
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shownt Ayeress ‘@dilebl mrca]biﬂazd by atberadting HEBQ&@EEENH e TkerinBdin the absence of

pept[désl'tﬁfpﬁzélw Ié%gﬁdnﬁ'o%c%@ 113 r%% es)agessugtgtwn%i:e%%%q ﬁstﬁz number of

t1c nmolecul es

SFC/1 % O‘ﬁ‘ﬁ* ogytese famsh 0B shewaiy IPH@HJHEET opitedivits asigtifidaethsinproved IOGi

and Ig@ltﬂuﬁ{oral t3BorRY! e&ﬁﬁ%&éd@@ﬁvi‘m{é}&%& al, f\ﬂ &%ﬂﬁ&% v?ﬁ?e ouﬂeclfede at week 6 (the

dons preferred hunan cel

cay el A e o s edh S VP W62 vkt WERRE SNk fon o

groupsvfidaticeingtunized Wit vej-mmettd VIRLEE O Angi- ’
, 15 ER2 or TEHERZEC%%'WI{F%%{%‘?%N% t1 hHER'

rce
antibodt3fills BnEhhRidlEE fin A Brour ATl eio FPOTTHy TR apiny e dimeric
&‘ltfa"cﬂmmlpﬁlo pﬁg‘,ﬂHERI G—IHQBE@BI ashigdRantBs6 0aPaloaflcfad £daP B Souse IgGl or
1gG2a S BUID BRUE £hiDBLEROCY and cel | rredi ated
|nnun|té ternative e synthetic nol ecul es may
be usdHCHRE Sshowas p@n}m‘;scal dDNPSS-spedifi¢ Weet respsian ehﬁﬂﬁd,lfﬁ mlce by

mﬁnuuit@ﬁ‘&ﬂ Wit pVAFHER DA ds SREON Vﬁid-'ityg %?CSAIBL e%g%%@g &-g%s genic mice

XISI i n over 60 var

overe*cqrf:,s(ggl l‘é}f%@&ﬁ(ﬁlﬂb"ﬂeﬁés Nevd, e Syerhi f’—‘tﬂl 6'n¢c5¢r2€ﬁ H(BX 203e(1992)) were

'mnnuna@d #10 206 b d8cllsaF a¥L bithen®ith FANHHBRRWOBNAI( %;I(g/@otsé %g c%qn the

tern1nat|on) some am no aci ds can be cod

nor e t han one codon-a phenomenon known -ascodon
redundancy. For reasons not conpletely under st ood,
alternative codons are not uniformy present in the

”endogenous DNA of dlffer|n§ types of cells. Indeed
there appears to exist a variable natural. hlerarchy

or. "preference” for certain codons in specific types
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15

20

30 the amno acid |leucine is specified by any of six
DNA codons i ncluding CTA, CTC, CTG CTT, TTA, 194gguary 2007
TTG Exhaustive anal ysis of genone codon frequenC|es

" Wmroesersepr gani sms has reveal ed endogenous DNA
coli nost commonly contains the CTG | eucine- spEEFWVWWémmn34

codon, while the DNA of yeasts and slinme nol ds nost
connnnly i ncludes a TTA | euci ne-speci fying codon. In
view of this hierarchy, it is generally believed that
the |ikelihood of obtaining high levels of expression

vl UE KB P HER O RAR bR o e VAL BRars of e, e

numbgy 9 [FN=yp rsecreiingleati-hamerneelis RGO terviDed 69 ELIHPEHZ&Ealysm from pools of mice

" using B%éﬁﬂgsoﬂéllcggé i cﬁ\%ﬁz}@ﬁ gre rég&es’slfcatwe l%% sé(ze I;acti?pﬁn S experiments.

rich in TTA codons y express
Valuegggp pxpregpeshas smFISUBES- rich gene will probably be

hi ghl'y FI@maE essasl A Bndwivs Ji:%&nde%&ﬂch@er de¥e (?Onporﬁ Eimgzre[’l sglmucleoﬁde

(26 8Fod i, SR T R0 hfensatr ncefel Homen FRE o oid protin.

comprizg dire gutradetinlenmd tﬁim%ﬁﬁﬁiﬁad@ﬁhlﬁmﬁm@fﬂﬁ Panel B shows a second

0 ex
secondeg@bmg@gqtdn cd)reprshe “wifl- m’bge:[wt!&e @qm&:sl WhisERR 266 Bekh Yodon

" ‘polyuutcfésml %&cogfsethe eﬁ%%;l lg.? and o qfengzg]gg#otg@g]?,%; gwtem the -

'o mniéi 5 -a |l ess "preferred" codon
- opm m E@ﬁ’rﬂ%ﬁéﬁ *in the inserted gene and.

- maybe: eat e resen R
the hoBIG YSw@nnw@byxsfogﬂm esibmedigiedrespraye indtced jrahadue monkeys

 immun@Sd wﬁﬁﬁlnﬁktﬁfbtdf anee?l‘dsﬁucﬁ Qﬁﬁ@s‘é@% %ﬂﬂ%ﬁ%ﬂ%@ﬁémlﬁabEﬁuﬁd EpCAM, said

las etic ﬁ%@ 3 whi ch” have to 1 NnC
plasm o OO A oGS b PoB- BB o hisiIokst @uprosion in bucaan
cells. Bytshmabnifnals et thénGf@iugiRedeIIes inbtifB beihkalAds Qecthi: @Eﬂr&s@ffﬁg the wild-

0 g n ni Thus, one aspect 0
oo selend b SAEN A e O ISl e TS R ipghpenintthe bighly

' _homolqugsi @3- 2%@31@:10%“@1!&”&}@ VblsuselxquejsHEBE ploiawhUuiBBueeby IFN-
o t
 TELISOR RphRAE 3 GRS TRAL S exblha WNEOM OO BB e
ba"}‘g“i'i‘? vilusredefsrained it taetsraprce pagtifes-cYves witidh arcogrsficanily tiferent (p <

0.05) fiol b@é@@hﬁﬁ& | 2@ The@urdd%® %&9 R@Hﬂ%%% WL IR gdn: &BH&Q and higher than

IS Invention “IS

a
mﬁahlanmggﬁgﬂgﬁ ﬁﬁﬂoiéﬁé&% hﬁﬁER?@GEﬁ%miﬂﬁﬁWQS codon. -
opt i mf‘Z@URE(&’Shhwsgbednmﬁ(ﬂdoneimb eelbinediate irmddz 1B4pBRR eﬁ&%‘ﬂ inmice by

im0 RS R SRR ROOPE AL B By o
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IFNy-secrehipg aeh cellsas ehopmufed by BLIIGTR mmlaym m@emedaamethme ammals and
are repr\@deﬁtﬁuﬁemﬁe\}eﬁy ﬁlﬁ eﬁébnt & g&rﬂéﬁ@ R/a'ﬁlgggfre%a{é@ssef %Lgﬁ‘t%gg)é%gtal spleen

unman ne seqguence wer conve

 cells s %BWF daéﬂcséo%q%}bﬁ g ghilesncs oakptidea ispiadlydess than 5
SFCI108 qqmmem Hﬁlugsafmaf:eamg&fdwlﬁmﬁwaﬁt@ bé’sz Hltt%ckggc%ld?ag measured
a

i ve .codon usage, as_ descCri

i contdl b o Bt B S5 00 e 4 5 BEb einscberchiariy/he o dreshold of

25 SFC/A@ HMSaqummanmanahthﬁﬁmet|cal and Practica
Consi derations" J. Mdlec. Biol. 183:1-12(1985), which
her eby i ncorporated by reference. ' The nethodol ogy.

S
DETAH&@%BEﬁC ?ﬁﬂﬁQ%THEﬁmVENEﬁm#fylng codons in the
W | d- pmgg assocj a
it th b gh i g&;ﬁgﬁ@%@ ?%?w% gen s %H “é‘fp‘i‘sé%".‘ag;d W‘h%"’}ﬁmmbcr of
tiferent fypag OSBW%FHCE’S% REFe§t gV atiing gastnisxandeson oarcinpmbn ke present invention
relates te Bjﬂpﬁssm&w ﬁd k0P eﬁ(ﬁdﬁ@%&ﬁé@in&ﬁfnﬁ& iSdle gt%tcti}? Bl Q}&)ressed by the
g

err odons, The 25 new gen
BHER2 %"ﬁw nq}eﬁeg‘b f 8‘&%%&&36%%%10%&5%%&@8%@@@@@0&4@ ﬂbyieveIoPment

| .Assomat@cmdxf abarept [&Mpﬁssﬁcﬁ vgth,a caichbinbAoeSRA QMRS Hat the HHER2 protein be

i nadvertent creation of intron splice: recognltlon
sites, unwanted restriction enzyne sites, high GC .

. content, etc.). Undesirable sequences are .elimnated .
by substitution of the esttlng codons  w th different = -
codons coding for the sane am no aci-d. The synthetic

~ gene segnents are then tested for inproved == .
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30 The net hods descri bed above were used to create
synthetic gene:sequences for human HER2 and Hdr&puary 2007

woEsefIv resultlng in full-length and trunca ? :
genes conprising codons optinized for high IebE /EP2004/008234
expression in human cells. Wile the above procedure
provi des a summary of our nethodol ogy for designing
codon-optim zed genes for use in cancer vaccines, it
i's understood by one skilled in the art that simlar

cxpreéé@@ & t&ﬁoﬁs&ﬁecﬁ G e PJ)LQ% L8 ﬁssgeq/eﬁéﬂgrﬁf or%]; gr@a(ston may be

be achi eved m no vari at'| e proce ur
presengt Wﬁbmlqﬁaﬂ %ﬂdun@hlse detpciahle laje iptremoer Pl@@smn G idetveisa

t he ar tyonhis |en§2%ﬁ‘hetﬁ: bNAmdRBMEY éﬁcéggg a mﬁ@e@m protein or a

PCT/EPZ 4/0 recognlze t hat t1ona
Toman BERRPieR relemat P he el st HRR2ZEGIINL e provided. gfaid truncated HER2

compﬂtsey ﬂ:le%xtﬁcelﬂﬂﬁﬁﬂﬁd ﬁimmhﬁgﬁam%%eﬂﬁﬂaﬁ MERD ﬂ'ib‘t@ﬁ.n The codons of the

er.ei n ortlo of the codons of the DNA
synthe:,tr;S ﬂé\@h fnm@ ulgsr aée p  COgpns PRERT R by tg%PIBjCCth host cell, which
in prefeptdeubodgnats it b humﬁsﬁn t[‘hda syneptic ﬁﬁleaﬂes mabisd \ed for tﬁe)development of

: plasm{dr tﬁ?edean}?xes At Fﬁg ﬂtr('a%}t Sowﬂ dusrhlch %1??:' gécrdgc %ﬂmunoprophylaxxs against

resent. 1 nven
HER-]:?@W%@G@ canser t@@uglomﬂalmmgganabo@eqd edb—med!ﬁtedl Uolneity. 0hS synthetic

molcc@l@&ﬂﬁ’i Wus8d- Mﬁmi'oﬁ%ﬁﬂﬂzgﬁlﬁéﬁh o ﬁ%ﬁﬂ%ﬂﬁeuepro%ﬁgs dameotides Whlch | |

pr ot el n,. set

when @t@ﬁﬂwﬁe%% infey Yevtébl’ﬁﬁea'g%%tmcé‘td"tﬁftlwﬂlﬁ Sichios prigatet andiiumens,

mducel'ﬂ%cp&rsﬁ&E'bﬂhncdda@proEBiﬁsWﬂﬂﬁ{ ﬁ@hﬁuﬂﬁl sequence conpri sing

it ant 107 giEs pupp R Pe ot seicr e i Ui eppnd (Gpgssens et ol
Sciencp @30:11il38- 1%@98@ King essty Faitrce 820 87H06 QIQISd)).S Wbﬁpﬂeidnf inGsSion ptovtdcs
syntheﬁ@bm rtt@le&ﬁés %%knﬁtﬂgeuﬂﬁ zi‘énlgﬂtrhg@a{il R t ft),r (g‘llji ncated ‘human HER2

truncations

protein, HERIECHAM, pomprisingdhe ¢xtagpiht arttegemembramrionwiinis|of KEER?. The
syntheﬁ@ﬁl@&'@lxl@d IR préeR iRleRidh éBBapHEé):I ﬁt{ﬁbnt:é gﬁ:gﬁﬂtm{@ | Gl at least one of

| east. supstantially. mmcs the i'nmun

the nucleqfides hias Been gftered o 45 tense %@@emsrpra’srrgdew ok oElh tgs@llpwing for high-
level efyPesRion BARHBRD bi e {HR2ECRIEN Mﬁl@ﬁﬁnl a0l ThEnPe@S B kcules may be

wsed ag Sk oD B RS SR TR Bt Sttt e adpge yaoine o provide

effwﬁtmglmilevmbpipdmrstamﬂst aHERleaaqoelated carcinopaohiopbEatitélizing antibody and

e ‘conp

Cetl—m&ﬁﬁ&ﬁﬁnﬁ{ﬁﬁf BRernati 431‘§x tHé %Tnlg:[c'tlg 910 %JX%HQ}L §eolisle¢9 gsotile BQ% ofa DNA
: Wmmﬂ%@ﬁ@@ﬁﬂéuﬁwwﬁa%leotldes encoding a truncated hunan

present 1 nvention n

- HBRZECR M¥iproéRibhlof ook dbiNEhclddtilie b&s@?can@ﬁ?isy ﬁ%@l’:ﬁ@%ﬁﬁtt fonns

(a%gence CO rLsing codons Ogtl m-zed or expression iIn
Becausg

PRI tB%\P‘F?SE% faF Py 2 it wrinpatigrias Febes tgpascription
initiati@f anﬂhi&mh‘faﬁﬁte[ﬁcme RxtEH dchis cﬁﬂf&ﬁoﬂ&f—ﬁr By BBEUBACe@bdon—a phcnomenon

: e et fort
nown QAN ATERRE 3P heatoll nol oplBEly wigslog e B st o
'umfomdw Prksenti] the mdegt(npud DNAcIf diferidelypeafivpil. Q:ndagd,sthqu epj:ears to enst a

variabl® flatﬁ'r'éﬁh@rgxtchg & lpt@ér&ﬁf:’g 99(9‘3%1 JH&% 1%1 E%t ‘pre? As one example

human elrn r exarrp

the amigp e leHEP& Isﬁpmﬁﬁﬁ By 8By efsix PHAtdedons ISEGINLTRG QtC,cﬁ:TCa CTT, TTA,

 and TG, UERkAE ﬁﬂ%gg%g%m@%ﬁ?@queﬁﬁeg fof mrgantlé?& has rev%aled

T uence as set orth
end‘)geg?}ﬁ%r) 1FGE PP Commea]YcpoRiaing e (€K @pcwépemfege Fidon, wile the DNA

‘of yeasts i@ flirheOiolds RoQQaafoalPlindNideed TTANeingy écﬁ’fj/ﬁtg codon, In view of this

iR b T SRS I o of s v

~ tich polofp@@de oyt Bicpl dost pall Japennd lecbind estent @nlid fdqnenca of ediof ne:e For

of nucl eotides that encode:a: variant HER2 polypepti de
that has at |east 90%identity to the am.no acid
sequence of SEQ I D NO 2, ~which may include up. to Na.
amno -acid: alterations. over: the entire. Iength of . SEQ .
I D NO2, wherein Na is the nHX|nun1nunber of anino acid
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-skllled m%_résaém\{‘a sw
_' vanatxoﬁsmalta poiure biff2mipsotagibtiorsiin fe s@uUEREYOhd 6 &ﬂi in @@arﬁﬁﬂl also

30 alterations, and is calculated by the formul a
Xa - (Xay), in which Xa is the total nunber of19a1|“?'PH‘EfV2007

acids in SEQID NO 2, and Y has a val ue of 0. 90,

wﬂmnmmaﬂny non-i nteger product of Xa and Y i
rounded to the nearest integer prior to subtrag(tzrlrlnEg[]%04/003‘7'34

such product from Xa. Likew se, the present invention
al so contenpl at es codon-opti m zed nucl eoti de sequences
encodi ng 35 variants of the HER2ECDTM pol ypepti de as
set forth in SEQ ID NO 14. 12 19 January 2007

. O e sent v
T R T -
rich gpissvill pegbably be bighly exprodsed indhis bosunginslatty myedferesd dsbicfor expression of a

_‘ leucme%h@bl éﬂa@elﬁ%isﬁh&t@&woﬁm%%@s di scl osed

t hr oughout Egem ication he synthetic DNA
ol ecul '€ malsatnes g eadloy prefaense phanomprsnigeapinbiraat DNA techniques are

mamfﬂit,&ﬁ@ the phéﬁbﬁleﬁanﬂayasreﬁle td!&:6f14h m%mﬂop Eul%}{ & Q:?E@ﬁ fugﬂ exﬁessmn levels

nol ecu

' ncer -vacci @ﬁ referred
of X0 SRS RPEs FFRHE S G CaRSF o8 Gort NEPRIGER ot (el prefegei medon may be

repeatdilg plegeneih theineitad mwSEth Dofﬂ@all mécﬂlh@wlfot & Fés%} )mt operate as

eﬂicwﬁm Gguse@%g?ﬁe%g{;] Qu%gesgsgl‘%a rf:géfﬁlgnwj@y%\&ep &@sugned to mclude a .

> projected é}gﬁé welbs lgéprrefdcnoﬂebnmmm&mnl dﬁhfdﬁl fbnma&t’o:et@@ﬁetﬂﬁﬁdtéﬁal e practice of L
.rccomf)iﬁﬁnt@mA Bt ) r-ﬂ%F '09.@ aép@ct@fﬁﬁﬂng&h%é ié a o ay gifl‘i&iaggne that is codon-

| fi cation
| opnmxﬁqtz@mg ieﬁgl@mrpqgwn ipa h@g@ egfly Jm:ggnfengb@mhndmt ofithis invention, it has
been fﬁiﬁﬁlﬂgﬂﬂﬂi&ﬁ& (ﬂ'@ﬂﬁﬁz&ﬁe f:@cionﬁ Qx?coﬁﬁgﬁi% sdile. ﬁ%&ﬂ@% n@@ﬁl oxe the

360 educed nt ent

: .constl‘éé?%g%ﬁ?r??ﬂoq é;xgm prgtandn W lg. ﬂ{.;wthegg@ect of thls Invention

isa tmEb@ePd?mtExaﬁ HERR g&téthEMﬁis‘(BD’Dﬂi@?nﬁf i6 &dioﬁ)%tlrfﬁgécﬁﬁkl hignével B@ression in a
humauﬁﬁﬁ%@ﬁ s g@%gﬁ’&d?—ﬂiﬁo b oHiDT gmt g(%gg%eq:uﬁﬁﬁ ik gg%the extracellular

|"0se erern as
and trapgrneptbrensclonieiss @ﬂieluhum HER2ECDTM protein set forth
2 SEQ Dediined i HREAHELE08 15,8 0HENEE STl Ol P

on- opttm z

:'HER@‘E‘BQFI D-NO 9 15 was- co
MS%FW‘FEHC%W ponvertydio P@iﬁéucé?oué%emlﬂnp% hieteg identical translated

sequentéslak corBRIrédze vAlBafpe Qﬁiﬂeﬂeﬁfg&t wRRHaf® JiBYn ﬁ%%mg%ﬁeg&ﬁ)gd by Lathe,

syl Gyl oA TR S5 ABforhl S bl pland rcticl.

- :‘Cons1da¢atlm5’éd Mblec. IRiotBrS3 i (EIBS?dwlﬁeldﬁ mrebyt facdrforite@be Hf@ence “The =
ol Blrd 5V r S bl 2 S A 8 ot commonty

assocxar.qé\)xgﬂptmm xpesssied hemaipgeabeamdacplaogahsn with optﬁnmfxb@ons for high
expreséﬂflﬁﬁ bR éaﬂ%ptﬁhl LRRRS arf &%Hed?@{@ra% % ﬁfrﬁg geiqsrée%r’ Godons. The

uman- pr ef erred and even nore preferre
new g“’ﬁ%’é’fﬂl‘em’%%ﬁ& fuspested piesined scquensanespereied by eeflon Temdacements (e.g.,

“ATTTPI @s@Riicek, ﬁﬁhﬁ?drteﬂﬂ'br@h&@ of REbhGAiSe RishABh ¢@ls! Nn\’@a%éd\fgsmcnon enzyme

' : sutes hl%&%%és or ? r?éncﬁ%ﬁaos{g@%%:a% eéxPN}?%a%chyulésl}}gﬁgg (c))f the existing codons

with dlﬁli‘:redlt@gdana bddgmgafoxt thy earferangneadid. Beditthetidyb@ YegMbth are then tested for
at

1mprovfd‘ ? &Lt her a protein or protein fragment which
stantially mmcs the 25 pharnmacol ogi cal

pr opertheatsthofls deheibefERNe weot widito craate] syathety denid sea0tnces for human

‘HER2 énﬁ M%QHEQ_ECEWI N H%lrp’r 1Htﬁﬁl n@‘ﬁ 2 C(:Fﬁalc;tgc{)&e?% pon}?)%{?ing codons

Any such pol ynucl eotide®in
OPtimlzﬁ%,f_’Oé bigh AGVENEXPTEsFionde hurgan ¢elle| While the aboya broceduge prowisles a summary of

our metﬁ@io@ﬂcﬂy FbrSdesigeh M&Bﬁptxrﬁ%d@&%ﬂﬁs@ A cahf REREHD ritc'zs ﬁﬂ&jerstood by one
tergj::]nal Sﬁgcat ions. The nutations of
YAoEiRe BRCH T IsRgRs s ETsioR of eist max BP é@%ﬁvad by minor

"to. be useful ‘in cancer vaccine developnent

-1
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30 This invention also relates to synthetic
codon- opti ni zéd DNA nol ecul-es that encode;t he 19niaprgry 2007

w(pg(mt;@uﬁz-,or t he hHER2ECDTM protein, wherein th
nucl eot i de sequence of the synthetic DNA di fepc}TgEP2°°4’°°8234
significantly fromthe nucl eoti de sequence of SEQ ID
NO1 or SEQID NG9, but still encodes the hHER2
protein as set forth in SEQ I D NO 2 or the hHERZECDTM
protein as set forth in SEQID NO 14. Such synthetic

ed to.b thin th t hi
- TECOET %rlgégaet% | or? Ve nﬂ%orﬂolec?%aeq’%&\%’lg & OQSFH%%ptﬁét;gﬁ‘?‘?%@r _E‘g]@/ Lavels GRRHER2 or

hHERGECRTM sapressiuton hnmehy crdlaneherdimatly aportisiesithé cédondoihs DN& molecules

e e 005) 0125;%ES ‘&%@P%%@%S@%ﬁ&ég%g & éa“g’u‘%bf’%‘oa{ee?“ S”ﬂEi‘aEB free from

other nuglgicagidy wi t hin the scope of this invention are

nut at i @Rg&rdin lﬁrhtﬁa PRers GRHERA ?elatésl'i@% bolynucleotide g comprising a |
subtantlally ter the ultimate si cal “properti

sequenge of fycleatidss E%Cé’éalgﬁrba@én HERR groteds, W@nplc@h@hwmtﬁﬁhpmtem set forth
in SEQID No{2| tiex Hiblogic UCiN@s frintinnérfridn® forn)ota Mema® HER2 protein, the

i.ne. for Iuta t cause -a change :
potyrop B s AP PSRBT D e Breseiop 1p o BRGK BoSaid mtant

' forms dithe LEIANS meindncieds, budirdpt f@ﬁtcﬁo%ﬁ&dr%v%ub&cﬁﬂ sﬁ@.ﬁfﬁﬁﬁions ammo—

B L e D e

fragmegte@ﬂ,{oa@utammgo@fexthql ameetpingr pm‘em[mgnsatmhnh: @ideast substantlally -

“mirfiicd ﬁ@ﬁﬂﬂﬁoﬁ%ﬁcaﬁﬂr@p&@& Je 'tﬂym.gr  hEsetERGE §€Q m NO 3 The synthetlc

{ agenesli s. | es. of properti es i ncl

POIYD“ﬂa?“d&%%f WIC%GPWY@EIOF @@H%ﬂé%@ rnfriectuiré thet £xmpssy Forictignal buman HER?

"protelnfsﬂ 2y e hefuldn %bﬁ%’l@ﬁrﬁen@ bfd tﬁ@r@;ﬁhﬁl{ or el ﬁﬁlcﬁé Sahg: vaéc@mc

-Fh t | l'at.es "t 0 "hHER?0pt
RO BT PP RET PR 8T Ptiveion tpeg B fsteomerising 2

f-»-‘sequenta afintdebtitles dnosdinga contateriotsn MBRZTHCBRYULSSindSPO IIDINUﬂ:M) the
‘ polynu&lgi%%t{dgg&qﬁé{{%@?r‘ﬁm%&rd%secipﬁmzpd F %?}é})tr%g\ég?é; 1‘?13 mahosg Ebartxcularly

preferrgd Rgp@yp@gggﬁp ogﬂugtpgqsmt mvleht@pn chivisepa sagpence @sﬁ'uclmdeﬂ-'es set forth in SEQ
ID NOANY -such: fusi-on construct ~may be expressed in the cell :

line of interest and used to screen for nodul ators of
't he  huRE R SETE SRERALP Tgleise fogsertheismurigic anjdgolecule (polynucleotide)

 compriiard @qpiied efthualetiddd Sihak eﬁ&degmws:& Sxprb@bs @ﬂtﬁnan HER? protein, for

'T

 cumif OSSP e L BIUS EBTRASS 0 BIRD, e

35

' PFOfequLffﬁBimtﬂe ﬂmﬁﬁmcmma;umw s Lsi&tlfdl‘&f in ISEQADENO1d. ' The syntheuc nuclelc
- acid mdiQERIMH o Rl sg\ﬂ?ﬁﬁufgﬁtﬁnpmacél u C{HE% %ﬁ ﬁ%]r § hS%ge%}? elterﬁssmn ina human host

e NUCH

25 ‘Geﬂ-" speci fication. These vectors may be conprised of DNA

ecu

~20or A&Winc[E&Hd Fsh e sepe! 'BgthQerEEﬂﬁﬁ%th% VRah B]?t% «gl

'_,polynuc{%e errred. i cal vectors. .incl | asn ds

Pﬁ?égmp%% BrRce obmicteatides Bﬁh@@o %aaszE%a@Iwepnde that has at

“least 904 id¢ntikycto dlie aphine Avd sepisyce aRBEQTIMBIO:, mhm miy meIpdeﬁ;imlNa amino acid

alteratzd?xE E!re? %\@Qﬁ;ﬁ}{e (%tjae\?f §ER?¥D \A/e%?rgq ?\Iatal% érglbrﬁt%u\?r:n ._ o og Frgmo ‘ac;d

alterathnh@néislchllcddtedbylﬂsﬁnnmﬂa determ ne an approprl ate vector
for angark]cekay) gene transfer or other. use 25 An
eSSI 9 vector cont ai nj g codon-optim ze

pr
in whiclf X3 s b iRt P P Y Beozetrd B hias \gqlflq P, wherein any
non—mt@xﬂ:rrﬁﬁm ma(HnthEI?BuddBd & tﬁfﬁib@{éﬁluﬁ&f& pheISth s@ftdeting such product from

Lﬂﬁ Qnd tﬂwg%%epglgxé%% ex %ng pE es &c}q%@%g%tﬁ%ugﬂaggda Sﬁqqﬁgps encodmg

fvanantsmemums@nm myb@mk ds RIPHEEFEYMENOHER2ECDTM i n a

“-.reconbi nant: host cell. Expressi-on vectors nmay include,
“but are not - limted to, cloning vectors, nodified -
' cloning vectors,  speci fical ly designed pI asmds or -
Loooaviruses.o Also,.a.. 30 variety of bacterial expression
“tvectors rray be used to exd ess’ recorrbl nant hHER2 or
hHER2ECDTM in y _ _

{
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<35

bacterial cells if desired. In addition, a varlet%
f.ungal cell expression vectors may be used to1§xﬁ gRry 2007

. reconbi nant hHER2 or hHER2ECDTM i n fungal cells.
wdrososheiszya variety of insect cell expression é‘f'?ﬁz%ﬁooszy
may be used to express reconbinant protein in |nsect
cells. The present invention also relates to host
cells transforned or transfected with vectors 35
conprising the nucleic acid nol ecul es of the present
i nvention. Reconbi nant host cells may be 14 19 January

2007  VitheXRehOdvdnddn ﬁ%lﬁ%@@qgéo%% re@{og%;a%d e%gl init host cells,

kar v.ot i incl.uding but not IImted
both Pg&aﬁ’éé‘ 1é fotic, sy sontain |fhe§1ugk§t9wc1ggnq}@a§s dlSClOSﬁd throughout this

" specifimatiora 'lfl:arsyuihétlcsDNﬂ edoledin]ag assbdiited Aletdrd, Bhd RfdtstoPihe Bf‘elﬁént invention are

ful orci ne, nonkey and rodent ori
use fo{}ﬁ?ﬁéé%éo ek q%acg?lcgﬁ 57 *y but not Iimited to
Dr osophit P@fw DNA kolsounlsofites pw@dt Gednkioh & sestHERicleotide sequence

d1scloie§21@ﬁ9il do%‘;?ﬁ{% ﬁpﬁb d@k Wﬁh% i&ﬁ%{f&t%g‘i\ﬂ%n%tgg El%nt}%ﬁblll.epmtem shown

- mFIGRE 2, Pepdcsst foyth@agﬁ(q &P diex:2.f Brermuclestida sg:p:eﬁc&rsbﬁﬂrth in SEQ ID NO:1 was
‘ codon&@bﬁ&b@ﬁﬁtopﬁ&alt RBre R RIS MmdnUBN U Ol Rroj Plotg% tﬁlcgtﬁ)lngr?pietnw in this

emme qg defined herein, the term
1At 88@8 Pfeée‘}t FeRfife. Bletfskingens ppiimigatidnaletigniyacopted for the hHER?

sequertce beterg@rpsitioh 868N SRORY which BRSNS Mﬂhﬁﬁﬁr&’s@wl&' the same amino

._1,amdm£§%§§%§ﬂ%ﬁ v§99395523¥g?n|ng Eﬁafgn§28Yﬁg a hHER2 ..

pr ot ei An@ddiaon&l QrefeHEﬂ?DE@DﬁNb@ﬂ@df&hdpr%Mt Iﬁﬁentvi&?éjm{pﬁﬁes fhe nucieoude

chuen@é(ﬂgﬁé&%& gQL‘& EEOI‘ &l EQEIFE% qg@ygékf@f wﬁ%ﬁ ngc!Pﬁri]Ra?g];ﬂhuGWn

S host
HERzlgngMmr%te@ﬁt ff)ﬁlil weS&Sl BXNOHg. ThbmurdmotiHERGudnEOceionth of SBQ ID NO:9

was coletP@iind Mapé Eﬁél&ﬁlrﬁu&aﬁ%@m nant host Ce"

rodu0|ng a vector conprising -

conpr i sin :
T’ ? ﬂi‘ﬁféq vl gealigs hatioffsr HERS @@Elanqalmahbd-mned whxch are

codon-
codon~gptmhmiﬂﬁ3r MEREE@[EEMCSS&E% @t R RoviliBE RO m&EE bddons are altered

K t I ] d di t
. e I N i N——

HER? wiclegtidecsenuamars dﬂEﬂZpE@Eﬁf Mviitioh etehunAnpEiddc8bns. It i 1s more preferred
that at IBEPALIBRL, oPfhe biHoRs A8 REG - lﬁgfex(rcd ﬂg;sggngr?%rlf %?eﬁgr{ea ﬂgxt at Ieast about

rocess faor expressi.ng

"-90%ofEtéeé>8 FENUpgrefewad © conprising: (a) i nt roduci ng a

vecto I'I‘Héq:méﬂt&hﬂ&ﬂtmﬁi alsd ltkﬁ:'hﬁlascbiéﬁbigalﬂﬁacﬁﬁ fr:Igga[ ét@ 0 161 énEfgof SEQ 13

f a SULt bl'e human hos
~ Nou, ‘4’@1} Terds dﬂ?ﬁ% pErsitgdman HRAL prokoprl Ay stk WPg;m:alamw fragment

and/or rayipnt ek enmvdetitteak ﬁm{f&iﬁﬁi Ii)rthBﬂ'aQﬁ@ft &hith a%as&iﬂgtgrﬁ{all%r mimics the

. phanna@ic%flc%f I%Berﬁgp% rotcéxﬁﬁp%l @.Fg]e Ctt g&{.}ﬂ%&ﬁ%@.&nv i motem as set

oVl process

. forth in SE@tIngﬁn P@Yﬁ@@aﬂ’bﬂnmdm&thMdtséiut is nﬁﬁﬁﬁisbzﬁilﬁ&mtécﬁb nucleotide

ei-c aCI as set

" subs dils -
substituti f&@@di%h%ﬁdﬁtmﬁé{‘%ﬁxg& teFr g}ugﬁa?tgnsoalng% ﬂzé}rﬁteﬂlgng txalgq:qtmns The

forth in

- mutations of fhe(PﬁﬁscnfdﬁYetﬂﬂ?fi W@OC{GWAM% stoleseles thetreatpresscofaitbhMSIER? protein in 2
_ euka_ryoblhd:eﬂ‘.]]’l;oals hﬂw 1@8@[ R cOVaRlin SRV HofiiRn HERZECDTM

30

prote owi hg expressi on of hHER2 or

. hHER2 ﬁ\)i ¢ 0%31%?651#6%*@|S}'ﬂthqﬁlﬂEP@nmpﬂrrqumEommules that encode the
hHER2 posieirmhniyEREECRETN ‘g‘)ﬁit@lﬂ vitherey 184 ﬁlcﬁ:oh&b K &én}!@offtﬁg %%%ﬁeﬁc DNA

~ differs s§ﬁ’gﬁ£rﬁlﬂy c[)n? ! Hcl?olf{d‘le géqﬁ%&%%ﬁé{ﬁ) I(\:IE?H%%ESS a]é'}e IgSéa”lglpt still encodes the

surt

R2 MpREESHTND IR m@chm Neyp cbﬁxeﬂaHBRfZEeﬁ)'IM @meﬁﬁdslsetlfaﬁa&%? ID NO:14.

or 1 VI

- Such syrﬁl&@ic SNALEL ﬁlthMe 1]@53% %{ﬁm(ﬁ%@o <0 O%%?efsgr& l%v)?ﬁtllfﬁln geregore the present

l.i cation of ractlo

v‘i.:‘lmventlo%ﬁx ?ﬁgf ngwm@p}zféat@@ylr@ﬁﬁhmmmm m@fhyles expressingan |

hydroxylapatlte adsor ption 30 chronat ography and
“ - .hydrophobi ¢ interaction chromatography. In addition,
< reconbi-nant -protein can.be . separated from other RENETT
cellul ar proteins by use qQt an imunoaffinity col unm -

made wi th nonocl onal or polyclonal antibodies
:¢spe0|f|c for full-length hHER2 protein, or polypeptide




10
"Coﬂstxﬁpt@,f:gqlq&cg@g bqt notdisded trefasion vinstudtdwivisich expeest & portion bitthe hunian HER2
, protmﬁ HEERAQH b arfhus HEERZ WMQ%%{RJ Wﬂ

15

The nucleic acids of the present invention nay be

assenbl ed into an expression cassette which. 19January2007
sequences designed to provide for efficie

“ggg@é‘?g%g% of the protein in a human cell. In g/%lﬁgoyooszn

enbodi ment of the invention, the cassette contains a

full-length codon-optimzed hHER2 gene, with 15 19

January 2007 WD 20051012527 PCT/ EP2004/ 008231 rel ated

transcri pti onal and translations control sequences
ronot er, and

1dent9£ﬁ§n nig}’ ?%Qn{) usléehmé '%gl dl(% %OS ué:théléig SH’(YQ A rw,giaﬂongp the, DNA sequence

that dornpé sbitentially la]@sr dws:ﬁaﬁ&tep[g@mhlqumrt&s bf thoeakeskdibidn, For example,

I odesthe extracel | ul ar an
subst OflfJlgrg‘%ane o) I@r’\gl} o the “ntl mﬁgﬁzfa %?%Wﬁ“aylﬂﬁt cause a change

transne

in thﬁoﬁ’é‘ft@ﬂ?léﬂo%thhwmﬁlﬁes the pronmoter is the
cyt omegali oot %apbﬂmglﬁcn%tcgﬁﬂéﬁoﬂ' Fﬁ edéﬂé Eﬂ%?ﬁe Tered so.as to code for a

al t hou ose

Pepﬂfee@%‘@aﬁ Qrélgﬁtfiﬁfétfﬁaém dffergt tharrhese effthenapimsllylaeowriog peptide. Methods of

- alterigy mmrm\m Seqduedd iRBude bel frORGt mii[rm&l &pﬁdg gﬂéﬂ/&éd%un?éen%é“ eéxampies of altered
. prope g%%%u%f? lBgt ag ?111?1&?%3 I,?EWS Hpfiam @n%ﬁ?lﬁl substrate or receptor

forallr@ndmne termnator, although ot her knovvn

A R TR,

m%l?(él?'gly[opt fus:on N

-J

u:gfl?esd t&‘ % ?géﬁ%g huoricscent protem) the

-nser into a vect.or e. vector

t
B’é%vﬁgg’é@“%“c 1497, Sugh RURigE GPRSITRS aney bmwssqdnk e ct:kb Ilae of interest and

used (PEQEDITDN modlatlt Dfthe MERAGTER? Fidelh dRIACANASEAS batlfblated are fusion
Constr?f tor a . |f1e a inra vins,. retrowral or.
arec

AT S etdé? %‘H‘”B’éle B"SQB‘H‘SG forhupyag Wt%“dm& but not

, hmlte‘étm@élﬂ&ﬁsp%ﬂdﬁ?ﬁnw rus, it is preferred that the

20

o
%] .

30

35

‘vector be a so-called fi rst- geherati on--adenovi ral

... vector. These adengviral vectors.are characterized by

havi ng T&e Btspent inkertion ftheiielates & xgmxd:lm@gvemm;s tmdomprise the Synﬂle;tlc

HucleiPERE BRI (ﬁscﬂﬁéﬁﬁx%q lﬁﬁgﬁﬁﬁ bEc"ﬂicag!)n HOE vgc%gtls 8‘[‘31?] g!e c?n'el%Psed of DNA

RN?‘ enbo i rents,: the expression cassette IS 1
or RN, FEpIof) Gloping Byp{ie MANA Hestoreiais dwles.  Eypiesd Neotprs include plasmids,

modifind viteses. Sbadumr&h@dactdrmpm%éldoblﬂﬂs y‘eﬁb@&tﬁfimﬁiﬁ&l&ﬁ&um% and other forms of 7

ePlSOrrfﬁm)ﬂ lﬁ{églla D&rﬁ%rg tta ngt?ctoﬁ%g] il X Ogﬁopel?é g&;ﬁe%c%@ég%gﬁ It is well
within g@m@v gf the gktilkedtaktsato cbwd'niﬁa ati qgr@ﬁﬁta(v@&&vaﬁﬁé parfkfi@ar gene transfer

.I.

orotheddgnovi ruses can be mul tiplied i'n known - cell "Tines

whi ch express the viral El gene, such as 293 cells, -or :
PERC. 648&Kpigssiop veqier coptpininiicaden-ejtiniized dNA emodidg 20BERR protein may

be usetPER@wﬁJ&@l éxpi’h@ﬁ&fbf%ﬁ—ﬁRbﬁﬁQ ?éc&!% in¥nt ‘ﬂBst %élﬁ bg’@cﬁﬂlc}ﬁally, an expression

vector for express.:an extra--protern.
bR EE T ieiim el B crating o CICIRGD T peotaln by iol e high-love

exprestgmnef Iéﬁ.’ﬁ?ﬂ@ﬂ'[%m a&%h:b&&n&dsﬁ&eﬂ 2aBYGikds8 vEREY sty &RUiRle, but are not

: 11m1ted|%5 ve(s,t}grsét rﬁé‘&ﬂ; CE?”&?%FS? 053,/ &egﬁallg}ggsless .pgqsg;p Ogg 91&1?533 Also, a

Vanctysn@ bwterul ¢xpession] Yagwrs rsayTbeRaed ta%presstrtmrnsmaﬁte&mmm WHER2ECDTM in

bacteridREIAE Hcsugcp M gﬁ’d’fﬂcﬁp h gg}?egr s O@Pce?[ eX; ressg)g veﬁtoré? maz(é)e used to express

adenovi ral vector,
recombinggt W%Rﬂp?rat%ﬁRéE@ffM inThigs! ¢olly. anrtbon aiveries elingbor @l egptession

veotorstrBayBeSBsH th lefrftk A2 BinGinY R ptREin Miash: &:ﬁ rises a plasmd

portiop and an adenagvirus portion, e .adenovirus

por t i oh* @b @’eﬁtﬂ)%LﬁoéE}étﬁ%Wl l}oﬁceléeéﬁ@?fémlmféﬂﬂnﬂﬁ@@dawth vectors

: 'compndag & edcl&t addphoRpilésufdle frekeftGh@hiio Re@(ﬂﬂblﬁﬁﬁ hést cells may be

~.inserted expression cassette conprising -
codon-opti m zed human- HER2 or codon- optlnlzed
hHER2ECDTM - I n preferred- enbodi nents, ‘there are - _
restriction sites flanking the adenOV|raI portion of
the plasm d so that the adEhoviral vector can easily
be 30 -renoved. The shuttle plasmid may be replicated
in prokaryotlc cells or eukaryotic ceIIs In a
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Thi s plasnud conprises an Ads adenovir al

reference).
and E3 regions. The 8&@["@*’1‘1’3’2007

genone del eted of the El

of the pMRKAd5-HVO plasm d was i nproved over prior
veoleosestors by extending the 5° cis 35 actin '
: g y 9 gene to g PCT/EP2004/008234

packagi ng region further into the El
i ncorporate elenents found to be inportant in
January 2007 WD 2005/012527 PCT/ EP2004/ 003234
optim zing viral packaging, resulting in enhanced
virus anplification. Advantageously, this enhanced

Proka@'GﬂQM" eﬁﬂrydfﬁcﬁlaﬁdlh§ E?lﬂ]!n%d?«; bg::gl e, |%'ci«oh I}LLr}glaICcells such as yeast,

a§ Ly oI 1'owi ng passade
%ﬁ[ §ine qulgégt l@ﬂteﬁtg edlifnes oﬁhomine,gs;ard‘uw mRRFALA ﬂﬂent origin;

d iasedt qells inbyibmg biWO: GRRASE re
Ia:cor}l? (gﬂ en oig(;r gs?e shut ttIB g}; %JSIE a@?ﬁ%g& S%JLI\JB %RWD@%&E’E hﬁﬁie %E"h
RS i Perlonces upder sygblp andititos e pmdmedHER?, hHER2ECDTM, or a

biol
iologisalir mwebnwﬁomm mh@rm;e@i%ﬁiboa[ﬁuﬁ%&@ﬁre%%ﬁn H&‘on, theyppst cell i human.

| bed
As de—?&gﬁ H&LIE&%%%&C‘@% ﬁo%* oF t?eggg) glglgdq:@}éqghc@lpg |ﬂm bodylof a transgenic

h“maPé’FmE:l t@ﬁsgcnle@emarefcpus,eﬁsnamgenmhxandmm&ogeI |, are
expressed with greater efficiency than the

correspon wild type sequence. Additionally, it
was sh o%ﬂ%%faépm ETheRPTsHERRO ot commg BNASRIGHGCALGER?  protein or a

16 19

' hHEHZHEDTMﬁB&HﬁH@ ﬁémécpfom Pes§ld 6@1—&"1& %ﬁ@g k;,g'%.‘@mbmant host

nd hunor a ne responses
cell. 'fk?er flg':rresanaglgrcqsp%éatf thig W@ﬂ%ys PRIOGPSEIGT ExprassinE A hg:ami HER2 protein or a

h“ma@ HEB@ECDTMIsomdn 2 %6HbIAAS hdsPEelIDE
a coddill m Lclgl 91? oca L no y gsogﬁgygi?itggr@) ﬁlﬂg?]ucmg a vector comprising .
rrant E‘%ﬁg %:ﬁ ropmas HERFEGDTHA into a suitable

hu mﬂebassﬁeﬂln@ldc@h e fﬁhéost edlwier AR WHBSEBl kPYUEN P hid
- HER2@rdt@Wof @i Mﬁ%q%z ment -and conmer ci a?fé wan
. BrdGtlol @kd Flc?qﬁﬁjgﬁsgpwth obt ai ni_.ng hi gh

zation

by eli natln

~expres hodiggent efithig espent of HER chiiomspi6 Gig &S] I&i‘bée&’s for expressing

* a humdo ABRE ﬁbﬂ?ﬂﬂn EQ&bmﬁ{nQﬁ’t'Ho&'Zﬁ cdfl rﬁlsmg {)?mgrbd chli;e% z?l ﬁ tec%tlson?gnsmg a

pre

nst ion.is
nucleu% Q:?d set da %Eﬁ?é;%@ Ot iate a@%@rhug@msit sillhgnd, (b) culturing the host cell

‘under fa)@diﬁnnss\tflach allpwt e&pxassxdﬁaifam hl@ndﬁ%o%ﬁm or conprising
the

~a synt t nucl ei c aci d nol ecul e, -
synt he%?% u ﬁ%&? u{% ‘?H”‘Z‘été’ FiFasRsictothip H‘Vﬁ#lf@dm‘édﬁs a process for -

| ‘expres%%hqngnﬁg@m@émtmm ameroinbinbitB6S célf) @bmFﬂﬁﬁ% % nﬂroducmg a
" ¥ect ing@ :
. czlctj; }E’B]F n% Egﬁag aﬁﬂ 9%5%% i;&lrl%% §I§(§Dﬁ§ pr ltﬂ{{l) 3t YIpan Q@ceﬂ and (b
ng 95t cell vder sprditions which Iq}éowmu)msdmd@mﬂlkhﬁﬁn am&CDt[‘h@protem

vacci ne vector nmay be adm ni stered for the treatnent
In a preferred

or -pr ntion of can i n any manmal .
el ing eprrrsion o BER Lor ECR&Mala tost @l WHRRE or

enbodi men

'hHERZBEDE Y prhiein mayrie rﬂfov&lﬁd tol prdtﬁn H@ﬁ% %Hﬁ[agcvgﬂﬂ) ProfeidPWification

t d '
procedurdsfe RhMECLQ" ﬁlf‘agfe 0TS g Slg[ﬁg.g Egptggn geHERREGP TMprotein

revention. net esc

- may be purified dingu sl ljgsat;aemdcmtrmts ey \phel&?mdﬁbiﬂ@tﬁin@ bf, ot tdidual application of salt

fractionpic®f R Eﬁéﬁaﬁé&@ﬁghﬁ%@{ S{ZQ Qxci W& @é{ afg %rag]?)f, gggrtogsrgﬂ{gﬁg adsorption

denqyiral_ vector cd I'SI Ng
chroma@grtaﬁa ngéy@f)ﬁﬂ@hlqu:eqaﬁ@n& m@tmgrfag@ Eh additgin) fhcoﬁﬁiﬁaxﬁlﬂ:rotem can be

. separated fioer dthdr Beltulte pRASKII UsHISF aﬁlznﬁuﬁ%aﬁfhﬁg%r g noclonal
PochIoﬂ(aP?n%%gdlgSOﬂE é}é S )(%s E@g expressi on cassette ?’ﬁ@" or
. P RE T SR MRS mretginger pyhmtei@tﬁagmeaaof EHER? protein.

encodiChguweldirumiin of-lﬂiagre@ernoh%dﬁo@h %b@éélgglﬁn 1 %D}Hressxon cassefte

which ccﬂﬁﬁfs@ﬁ ueﬁgeq 3@39&1113? Rrﬂgg aﬁf cf? ﬁ{grgﬁqiop @f flﬁ.@p:otpxg [im2 bgnan cell In

pol ynucl eoti

one embpdimight of Hieriwnentions the zesiiiveontsiot DfulldasE dogbag EFtﬁﬁized hHERZ gene, with

‘adenoviral genome Wi th a deletion in the regi on
-and an insert i'n the El region, wherein the i nsert
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conprises an expression cassette conprising: (a),a
synt hetic codon-optim zed pol ynucl eoti de enco&gnﬁnQNVZOOT
ary 2007 WD 2005/012527 PCT/ EP2004/
“ﬁiﬁ'&ﬁmﬁ%{éﬂz protein or a human HER2ECDTM pr ot ei gef’l%:%goomoszm
(b) a pronoter operably Iinked to the polynucleotide.
In a preferred enbodi nent of this aspect of the
i nvention,-the adenovirus vector is an Ad 5 vector. 5
I n ot her preferred enbodi nents of the invention, the
vect or. |s d6é vector oy an Ad24 vector. In anot her
relatedfaatert afr R CnEPLe@eness ORergtaeh lrré%foag A< as 2 promoter, and

tennm&tiansetmemgs alnpl ﬁﬁdﬂidmb@drfnblﬁﬁf the Rfle@ibnChp E&M&Qﬁntams a truncated HER?2

gene,glﬁ%%[és O\Ll%lglfedgoéeﬁ ﬁ}eﬁé %gg% grg%%x[%fnh{a?g gtgmams of the human HER?2

protepo |1y prgfhred tinbedimags dherpgomottrumﬁa cj-ﬂERegaﬂnwnepmmoaﬂdxtndm): the intron A

sequéﬁ1 A %9&0‘&%&{@@ quli ﬂffﬁgar% \gﬂltljg&gé% ﬁ%& Q’r{}%‘%l eot er St other known

ntio SO r e
promglsmrahists agrengymasmpelopding drotheamitanyntic gonp p@mery may be used. A preferred

&@‘ﬁ&?ﬂ Ee?mﬁ%? is% bov g ﬁﬁ‘ﬁbﬁﬂeﬁﬂﬁﬁﬁt 51&103@'[ $th&@'known transcriptional

npri si a synthetic codon-optim ze

‘m%rfff RG¥% P'g%b‘? W@%E%@Pﬁgmao {RAVRERD toomipiopis preiowarlppraferred.

(b) a Qhaﬁaiﬁnc@ﬁﬁli i lﬁvdntl&r,(&{a hHERQB]ﬁ or HHERE‘E@Ib’?MBbt@%pressmn

cassef s et STRRo VI U AR HRLb g SRR VoG diipugypar DNA

- linkedi®agrompteract whes vpatonsshdios adeno-ardotingd | virtsor\wi hddliffed vaceinia virus,

| -".lrewoﬂag&%ngvﬁﬁ% ﬂanc%ydﬁ%%%%d de vaccine in order to .t he

15
" cassettig inB&ted & the phetioraPiREORE hdthevilalE pgaﬁfe lis ncarlna Isearﬁéan dn addmon, these
B a e T P R S -

20

uce an en I nMmune response In this case,
two vedf Begesprchgemiiranadenouiius, it isprefomeditbat thekctoobst So-called first-

generbRRiaiBRviri EctX AMRLSab S VeSS -
Bnera@rmanl ét er: edc t hen caf t erlraV resdge%gﬁarﬁg(%eeﬁa&g&g%ﬂ}r@a?w functional £1

gene gogigp, and pre eé:;pg)ht) getedadgposizal E1) seppiegion. Iu spmerembodigients, the expression

used lpﬂdekh?d of bah iwtd lomd &6 myiona (ARIAES). Thelajemoeirest caide mdliiphed in known

n one

el 11543 %vhm I?t'e{&gﬁ@ Y%éti] 81 Gerfd Q.Jcﬁ%@ﬁ O%ﬂ I%RC% §§ls c?f%gcell lmes derived from

t e Vector-"c

293 Ob?%%ﬁ evlswhigle g sl yr siebitlsitpesiomied 1. mem arc@qtragrqtmn For :
- examlilcspﬁrﬁérﬁfs[ne@om% &H?!ﬂﬁrc abiifoll s E{Aﬁf\&ﬁb sﬁ&%%ﬁ&m@ cline regulatable

rong%pronﬁimr such but- no'? li'mted tq, the
‘Pmm%rfar% Fho op U Y S5 LRI IEFEl Vet e TRt OppiR. Ono example

" of sucheid] mmnswnggmlaantmEﬁmenmaﬁessed woul d be I'i nked

“25

30

35

o e o BB o AR 0GR Yty R et Bl e ma
shuttleiplesorid fooul. (l‘hrs iSieitieris gio digected forn Dhitle Yinsmidnestor Which bemprises a

‘ plasmﬁi&)oﬁiou aﬁrfj§n adeu%l%ﬁ gﬁﬁ@rg 'the%ﬁétrov ;demchZuP&ﬁﬁ gﬂ a%e?owrgsgenome _

rern 1 ncor erence
whic f%f’o%‘v@d opHough B éelptiog) and e‘t?@rmvde papEesaipRcagsetie comprising

codonRJpﬁ[%iﬂedthﬁ&ﬁ‘i@l@Z Giaﬁbd&ﬁo Rl hskERpedD TV 1B pYe%ﬁeﬁQﬁl@Erﬁments there are

. f as hera utr regi ne to i nduce an
restncﬁﬁzﬁﬁg h?"gg‘,&ﬂﬁ%@q tpe plagat %qt@@ﬁgnqu@éfﬁ@tpW easily be
removed| ”Hteeﬁutﬂ@plasrﬁﬁtnh@d)e @efphﬁ)a[t@it i ﬁiokﬁ@ot&b d%ﬁﬂﬂi&%ukﬁrﬁr&iﬁ c@ﬂrﬂ cer

conpri a) - C manal_a’
v eth) or T O%SFG{T J“T‘e l.:,trﬁ {“ﬁg{g e %‘Ef%’ﬁesﬁﬁ? Fﬁﬁfeftg&s inserted into the
PMRIPelS Rt #ds00vine p@m@dﬁw@mm ehﬁlﬂﬁfﬁo BER2089; ohieh ix lereba mcorporated by

refereﬁm %ﬁrﬁ%&@%ﬂt | %naq Akdbs)ad o%{e &%‘%@?g@éﬂél‘ agg%g reg;ons The

_\”demgnaﬁﬂrj -Hémtp&lseaiseas narrave(d@)ver mior e@mevqcr@rs it extontiog the 57 cis-
acting PRSFEBhe ReRDR QAL MELHOE] g&m&r in&drpSate elenRn® YRnH &3 !>é31n1portant in

.codon-opti m zed pol ynuc eoti de encodi ng a hurra

16




10

15

25

30

ol R o P BRD RLRA 170 T

35 HER2 protein or a human HER2ZECDTM and ii
pronoter operably |inked to the polynucleotldégJaT$“¥§007

January 2007 WD 2005/012527 PCT/ EP2001/ 008233 1n one
d “Qﬁggqbl {? of the nmethod of protection described
" a tHe first vector is a plasnmid and the BEEERPO400823+¢
vector is an adenovirus vector. In an alternative
enbodi ment, the first vector is an adenovirus vector
and the second vector is a plasm d. The instant
invention further relates to a nethod of treating a
mammal suffering froma 5 HER2-associ ated cancer
optingiging viry iPAgkagifg)resuliing ooknbinegd vuﬂsaﬂphﬁcammmﬂvaatafgbmﬁly this enhanced
adenéfﬁﬁi QJcto‘E %‘m %Zé %}%&a&d&;){m@g %fﬁ%ﬁ; Q%lh%@%%r{lﬁ %@ npageagg propagatmn

pol ynucl eot

human HERpgEobERpniqepefandicoutanbioldgy for ppepering and popfigdPYA constructs
enabiel ShatAioh BEhD MeMSAGES Al . plabiids Bl @Nﬁ[‘%m?u ogens of this invention.
edeterm ned anmount of tine to pass 3

|ntrodu0|ng into the mammal a second vector
co r‘r‘p ri Sitm@s bdep déterfiyid RedckSrdaRE Qith t%lrbﬁhﬁ%nuon that the synthetic cDNA

16%5%9 @deﬂ-thmuzed for high-

level gp:eqssabh n 4 nnkeadel, (aretehﬁeﬁed with glegiaf d:fﬁ&exadyﬂhﬁﬁ%e %orrespondmg wild type
o) nt describe

s LRI 0BG Bl 0L B o o

more eHicgpt la@rbﬁé% 'PQBEWHE]@I . hummrahmualluteecapamszw e enbodi nent,

‘the first vector is an adenovirus vector and the
second yector is a plasnid The anount of expressible

DNA or HiexdRertheegtopdascribedrbor simey Bewed i immpmagepireompesitions and

vaccids fdr@%@hﬁ@thﬂdvbloﬂﬁﬁﬂﬁ&ﬂd&%hbﬁbhﬂs BBoctdp Wit ﬁ)@ﬁ&tﬂ I-IEfRZ expression
used an enicity of th

. and/og %ﬁFgas“?g‘gt 88 HEng P%‘aifa?fhﬁ "ﬁ“aer?é ﬁ.%uvfgs B e RS fera‘fawne

devcl@nmept ophpinactdidiaitioy be élimmhtmgei:ﬂ‘mﬁleemﬂa&ﬂaiﬁmﬁ hrgg expréssion levels of

exo'reﬁQLQ HBR? i@ Qgccgsrsﬁﬁlg E‘?I?k‘c)fm%)l%ﬁ orlfgm %0 gus n% 0 e aflpech?f &he mstant

[asm d vaccl ne I's adnfnistere rec

 inventigniz p groftiod sliprevenpingriveating HERfozseociaied qaneso dsiprisnig administering to a
_mamrﬂzﬂi e ﬂﬁbéirfe%ctbtscoﬁ-@ﬁh é}ﬁﬁh@ﬂlé/co@lgﬁ—o tuﬁ@é@n&ﬂ[ctdcﬁf Iﬁ&eﬁﬁgj the synthetic

g efer? bqa é Ollparticles. Subcutaneous
codorf Gl Pleif i P FOrHERIAG 8 GETIFRHY O PO Bt eprpdes 2 uman
Hngtmeug las $eo Eorebiin BEQAD 0oL bt el @ SERAECIATH Blotid # seORrth in SEQ ID

'N01§UCh as ‘i ntraperitoneal, intravenous, or inhalation

deliivery are also contenplated It is also ..
cont enph atcerflandeatithibieosdtiond desaribedatiove e mtymebﬁector may be adnumstered

for theotfeﬂﬁﬁqugr preve ﬁﬁﬁ{btf Bl n??rg} i H 9 Ercfe%%& emggc%uﬁlent of the invention, the

" intravencus, i ntramnuscu gous or o
mamubis gdugpeo. adn1n|strat|on mnth adJuvants such as

interl Q“Ukhé} ohé P&l Rtk arlGRACAbERAhY ¥p¥of $LcF for use in the treatment and

: ubset arenteral introduction of the vaccine ,
Pm"e“gﬁ"“ ﬂ%&’gsg ﬁﬁdr %ﬁfﬁf@t’% e yector 8 At adrasyias vesormys @ plageid yeetor. Ina

preferned embodmedt of e $nvlc11’tibﬁ,l’thd: ﬁ&toﬂ&)ﬁnhﬂeﬂb&ﬁﬂdfectbr d%mpnsm an adenoviral

' Q th an ot ei ns ts, or ot
senonti STRRARIEDE R Al P RiPh ot an Bk S vy 7 evon, wheron
the i msprﬁ cqrhgrges;as@cpress_xom egsselesiomphisieg:f(ara syhﬂheﬂmdm—b;ﬁumﬁﬁﬁitmlﬁmclconde

‘ encodﬁlQa thmérf‘HER@ P%%IPAI’%%L‘I%QA R 8 aﬁ?ﬁ 431%1:@111 281' ' a?pgrbmf)ééf operably linked

u imte ste
“’meﬂﬁﬁwéﬁgﬁhsallne Alternatively, it my be advant ageous

t 0 adnirpé k@t 1@.@ntﬁdﬁ"ﬂx&%§¥da‘f@élt@5ﬁ adefbAGhs vASind r\‘fector qom ising an
protein, or other carrier wt FE

B uvant, .cyt.okine,
| ade“"‘(}% PRiag v e dﬁﬁ%’da Bi5iFd Tz 8% 44 1t i fhefil aegion, p*fhéeevﬂw ingert
. comprisehwarkprostion CagEefcofmBrisitg| (@ aisputRdticicodonl dpamitde olyﬁﬁzlébﬁﬁe encodmcr a’

of 'such i mminostinmul ant's in conjunction w't

conpositions and net hods of the present |nvent|on. ‘An

i munostinul ant, as used herein, refers to.
essentially any substance t hat enhances or. potentlates

“an imrmune response (antlbody and/or cell- nediated) to - i

an exogenous antigen. - Sai d” i rmunosti mul ants can be
adm ni stered in the forn1of DNAoOr
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protein. Any of a variety of inmunostinmulants
enpl oyed in conjunction with the vaccines and @g%nuaryzoo?

| enj ¢ conpositions of the present inventions,
w ncl Q@%ng’l, but not limted to: GV CSF, |FNu, PETIEP2004/008234

January 2007 WD 2005/012527 PCT/ EP2004/ 008231 t et anus

toxoid, 1L12, B7.1, LFA-3 and |CAM1. Said

i mmunostinul ants are well-known in the art. Agents

whi ch assist in the cellular uptake of DNA, such as,

but not limted to calciumion, may al so be used.
humaY fEEE psgfein o2 rend ERABITDITM rpecftan,rmdl (B)@ pasmdteraipsiabilinke to the
polynh@€dtdet at i ng reagents and pharmaceutically acceptable

carriers. Those of skill in the art will be able to

det er ni e profared ambpéintentrofitiimeapos of tha irmiticnr ths adenovirus vector is an Ad
5 vecfdhar maceutically acceptable carrier as well as the

appropriate tine and node of administration. Al

public alJP PHRSPIRERE] Spkadinpeiseiihaipeention groseiar s dn Byi6 vector or an Ad24
veciof. ef erence for the purpose of describing and

di scl osin thod i es an mat eri al,s that m ght  be
used |§‘"5’g°ﬁl?‘?éﬁpe‘3h VRRtoRde ﬁ‘ie%g’é‘ﬁ’tac"uferﬁ}%‘ﬁ’tl‘i{ Afoprising a plasmid portion

~and aiNerphession dasseid porticn, tie dﬁpreﬁﬁhiﬁdaﬁ%ﬁﬂpo@ﬁonai&n@ﬁﬁhﬁ SIh}Hbth@ﬂic codon—

- t d ta an at e
°p tnm%@@%(}lgﬁﬁu{ééﬁ 3‘1%/0?%"%8%}’ 6 prl or? ?tﬁ]\'?’eaﬁ‘fl%%r? P“itﬁm?’é?ﬂeﬁ’ﬁly linked to the
polynglagtids. bed preferred enbodi nents of the [ nventl on with

ref erengg u%rghtfoh %130 AGRABANYERG p%sm g a'lafhsr(rxfciﬁ%xon and an

understood that the invention i's not
EXPTessiop Cpsseite pgw%dh%%ﬁfﬁ‘ésma%%@fﬁ at)rhqum@n@h@hg exgithptid codon-optimized

" polynutdsdiifd @asdiqnshuiay HIRBdreni gﬂ)t&ﬁl%&gﬁ aRYor¥iG oﬁkﬂaiﬂ&%ﬂked to the
.polyﬁdc?eo%lhe art w thout departing fromthe

Scope of spirit

701 %é i nvention as defined in the appended clai ns. _
The f ol @wiergibediarmpis 68thid ihvstion e, retimu-tbnﬁﬁt d’d@ﬁoﬂldumréccmes disclosed

Lk

‘order fgduduss Fymbasicodienmang respese fnethiis bgsesbm@@@tors(aap aheinigsred in a “prime

d bobﬂ:ﬁ l £ bu:ﬁ (3
an regfaRdsl Fﬁpex_gi_:z%g])e l&llg?%er NS !:t&t 19 a&rﬁ‘iﬁi 5 HE%H Qﬁer\ég%h%r rmined .

. Vltro
'am°“‘\§\ﬁ trgey e d Wreks § ity arﬁﬂslﬂwéo% raergh% ﬁ@lﬂth%@én@l?@%te interval, a

secondlypd:!ﬁRe&frr is m&yls@%ﬂef’tdﬂaﬁﬁlﬁ tdesabk bag, &@f&ﬁéi&h cdsftfres encoding the
Nnuc e carri.e a

seme Plagﬁﬁf%ne(’;ﬁgd 5o R RN ey 38 e Fen s p Pl DNA i
also usad,dt iepiefeded hetfhevemr asntsigiont or hére pmrxﬁE@; teEbgided b matninalian or |

insect @éﬁg' i o %efelrréaee):régﬁg?hg meg@f%%%&?d &%ﬂl on%lpréArlgo &8?%1 as, but not

subst.ituted wth
limitedsgahe MY repmpotery s synibeticihoman BESS s@@sHEWB@DﬁM finnas éther gene to

‘be exp@Bdel Vol be finkted®o ABh %?Hrﬁ‘oct&o ngi e&ﬁmﬂﬁ 8F Kich agﬁgmzd would be the

i m nat es -t he, downst r eam_si gnal.i ng -event

- mammplag prestpng Gisehies adessrbeg o Phivesaigh i P4 Je@rrigesehl. Liuetal, eds.,

N. Y Aabd. SMOIN. elrT2: B3dog (igvea), \ﬂﬁﬁl(ﬁ-}lerexinﬂ; 63&96%4))5/)re@fen£e?t

. HER2 L t I
K s o Bt abhou by Bt B RE AN valdhe ol bl iy ipe may bo acministered

"to a vexngtgzﬁtaaq pag ofic smglp ﬂ}prapfbuta: regime qumémaﬁi muhﬂm@thﬁ: “To this cnd the

L TR e A —

into the mammal a first vector comprising: i) a synthetic codon—optlmxzed polynucleotlde encoding a

‘human HER2 protein or a human HER_,ECDTM and ii) a promoter operably hnked to the

polynucleotide; (b) allowulg a prcdetermmed amount of time to pass; and (c) mtroducmg into the

_ mammal a second vector comprising: i) a synthetlc codon-optumzed polynuclcotlde encoding a human
'HERZ protein or 2 human HER,_.ECDTM and i) a promote_r operably linked to the polynucleotide.
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pVi J- hHER2. wt: The human HER2 wild type codin
sequence was anplified by PCR from plasnid %9 January 2007

PLTR-2/erb-B2 (kindly provided by P. Di Fiore,
Mlan, 5 Italy;

- VEempemszi nstitute of Oncol ogy, Di
Fiore et al- Science 237 (4811): 178-82 (1987))PCI&E7§0008234
prinmers hNeu.forl (5-CCAGTTTAA
ACATTTAAATGCCGCCACCATGGAGCTGECEECCT- 3' (SEQ D NO 3

codi ng 'sequence i s underlined)
andhNeu. rev2(5' - GCCGTCGACTTTACACTGGCACGT C CA GAC

CCA-3; aRa LA Ta | ymer ase
l(e%%@ | et otf]%%glﬁ%og 0 fi?spglaegta,bgw, the first vector is a

Ra Q su,
plas%.‘d the seqqpd gqq:tqrnsgrm Jgenaties vator. Omtaln mtérﬁﬂlvta %ﬁﬁ%ﬁﬁ;ﬁt&ge first vector is

' ma&h&ﬁﬁxsﬁé&&aﬁm%on%ccw} id79d. Biol 10 196(4)
B¢ Res 15(20): 8125- 48

ozak, , Nucleic

(1987);
( 1987) ) Tﬁmgta% igfeatienifupherrelmesto a mﬁndeﬁ&batihg&&ﬁahﬁﬁdl Qﬁ:fermg from a

HER2ngypeinted ednberCo@PEsn =af | tes of
T T U AL
ot fidz(egﬁodlmmesn HEBQ 8)ofein Fhvehuman HER2ECDTM

. protegzp and) @ pp)p&qiermblﬁmlytlhked to@e}R é%ﬁé}éjm@@ Qﬁ)@ﬂ@%&e Ha?ﬂgtenmned amount of

R2 sequence un

e h H
i oot 0t g (o B AR e ow oo epemivmgod owstisic codon.

transcrl t1ona

3 optltqlq?ﬂgg,l e dnpodinpabtman MER hprofsfh or B hinfkh mﬁ%’fﬂ%rotem and ii) a

prom&iét&;p&ldﬂ@'lﬁuﬂdtgtﬂ ?‘?,ngl «fER2 coding sequence was
ne - grovvt h hor none. pol yadenyl ati on -

follo t he L
Y\%E 8&%@?!%9@1“1%% thg miet4BRET togatmeAt di:i&&bﬂ abeseRhe §é{ Jreotor isa

. signa

. -p'lasmfd aag mm&cowse&ms ﬁ?ﬂieﬁ&% péc"f)oﬁ‘ nhltdan%ﬁgr]patr R%a&] Wt\,]ﬁg st vector is

e corresponding sites.o
an ad’%k)@H? q’f’;g%r é{e sggond "%‘iﬁ%r‘%ﬁ pl a%@ﬁer ating the
V1J- hAlERemopt: opbasiitlc NA 3 G i
p optt op idlle IINA %ﬁ%al?g@fnﬁ& 168 POD a vaccine

idnk PChAGABEEReTA
:‘P‘ ta ﬁg’@?&dﬁiﬁf‘r’eﬁg B E‘Iﬁ&g%%f%ﬁp EARRteR vesdand ty of the
Kpres € Pregucy: In gemoplDeriN@nt2pogiod Sadr brophylacticall X effecuvc d&se of about 1 ng

100
oy “@é@ Mf O P op e o watipd Vool fagiutigered diretly o
o EHATETH ﬁ@ﬁ?m g adhngwe@s Edppmkﬂﬁlatem_s,euﬁc.oﬁ\h particles and

Pfefefaéb'chbﬁal107-#&611@&1&&1&9“8@&&%%13 a c% %&%t he.
pl. asm Tt SB?‘FE’PVIH@feSS‘OH :
thoughtR &t B g‘li""’ %@ﬁ SttﬁEOWCII‘E‘PIWHEP@E@EM@pemuS or inhalation

supr

dehverﬁ PER D gontg@lmm hﬁlﬁ cofletiphted fat 530&8%13%%%% B&gbéabrewded.

Parentcs3! AEhRlsk & AUSRA agﬁm%gus E%EER%HO FUOPHtaRpoRT R Al meehs of

gned to I ncorporate.”

admml%ga% ith aiuvanis Ruciiras iserteolkid 10 Ipettai, RedcRéntBagitH @ Shbefent to | ‘ h
parentelll intro o t: l'i fication S
e o giotos e Yacthe P INE N LB 1 g 7 om

consi stently del eted an
posi ti O Ve veefoe of ghis WYF@IW ghy @ak@hi €inagbcib e with any proteins,

| adjuvanteothecegeiits whlthSmpad b the rksh &V@ﬁ&&%ﬂ%\ﬁt 265%5[?1
| d@icqssi,-}t is desirable fi
the vacéxﬁeséggg 6%&%%8%&%%0%) gl&n%ge{p Izﬁ:%glggqrg fuchas batiop tiedted oy sterile saIZc

teril i
or sterilp htéf orgderines éqtspmauwlb,et MEBESE 40t dzb g t@ﬁ@rﬂim?tgld% nostimulant such

e sane

m reserving
s an admb’ﬁ’ ydERGS H’éegr&gé r‘fa%‘ei‘iv"v‘.f‘h%&Hf%wrmummcemmmons of the

onposi ti on.

-present Wﬁ?%’f’%l fﬁheg@‘org%hﬁu@‘regmrt Idduded drtusd of shieh itA@inoQinh¥idddh conjunctlon

with the@bﬁﬁ@moﬁﬁﬁidcrﬁ&%s Q)HH&ZSH%&Q mqrm Kﬁ%{%@%%ﬁ%g aét]n tggqs%herem refers

ectors (Mont

to esscngally faP% stancg that ﬁﬂl@ﬁgqs oF E@@pﬂg@qﬂ@ﬂmné Bespde¥ @0V a8d/0r cell-

mcd:atecB i 3 g el
e 02&3089 andig) gh{ihzeﬁ'nn}u{?lﬁs{tlrngfgﬁk Ql.lrl %ér)r%iﬁumstell'eggn {hg form of DNA or

rot 9%
| protein. BJ%?E gzglegr V&fﬁmﬁ%x ?ﬁSIH‘%l @uby be employed n conjunctxon with the vaccines and

bovi ne gr
lmmunooemc comp031t10ns of the present, mvenuons including, but not limited fo: GM-CSF, IFNo., .
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25

term nation signal. The construct was naned \/
- 1J-hHER20pt (see EXAMPLE 2). EXAMPLE 4 10 |n1\9|J@F'k5afy2007

n of plasm d constructs. The in vitro
W?’f@?ﬁ‘i‘?fﬁn of the pVIJ-hHER2. wt and pV 1J. hHERECHEP2004/008234
- constructs was assessed by transiently transfecting

human enbryoni ¢ ki dney "HEK-293 or nouse nyobl asts C2C7
cell lines and detecting human HER2 expression by

flow cytonmetry. Supercoiled, endotoxin-free plasmd
t he human HER2 expression

-h - encodin
ot SAR0RY V0BT T3 SR o1 inpgramasmylipis ereseli-knsmmnin the art,
Agcnts othichBeii? S the belRilaf hiptdkd SFOONEA sudl Q6w g&rhrmt-gﬁ % caIc}x(um ion, may also be

Ik en, endo- f ee It
used. h%tc&ea xﬁﬂgr%) ngall% W as H acﬁﬁliaﬁmg-lreqﬁqg@znwmgpaceuncally
accep‘@iyle |cgm|q1fq5m20®ptf skik krethé Mpwﬂlelmt@m ta Gctéﬁrﬁﬁﬁﬁ@id@&l&@nﬁﬁﬁosﬂmulant or

pharnﬁ%uﬁ!:ﬂ&'at:f{;?%@ﬁ cafeP v@egleag the E;P)]g gﬁ%&t% a.r@derfl @ I%\%grpléustratmn

. NDUSE
t ransf &gl @é’h\?\ﬁt’lohs memwﬂet:bherdmazt invprpbrated bgfrefpdea&rfdﬁthe purpose of

-l

idescnﬁilﬁﬁ MRI%H Rr%mt?)ﬂgirogﬁg i%?-]- t& %k { Hahe ﬁ%&i% connectlon Ghith the present
m"e“‘f“f‘a H‘E’i\‘ﬁé‘tﬁ BeERTR o Pipsensisd oy ar@imswélﬂll% thefiywaton i aet ctided to antedate

such disoldeutre bptirtit 3Eics FUARRE dramatical |y i nproves hHER2
sequence.:( FI GURES 3A and

expres red -
3B) . 3‘3&%@? *Iﬁﬂf%‘fee“f Pt 9f fhs inventiop Wik feinge to the
accomparlyingdirdveings, & lsBAIbBbmdemtcmd ﬂ(aHebz (ihvektﬁdild!; ot el dﬁﬂo&)ﬁr@m

embod:uﬁ&ﬁg amfmlat tc%e/\ng r ea ﬁ orﬁ n:gg @8 F}a'n%%éﬁwxﬂl?y one skilled in thc art

condi'tions.

“without denggimg Arom e stepaekpiriiof the itvengioals gmﬁu@e Ind thea)pehdbd claims.

par t'i cwh@follofing @xWBSI& iff ket am ne
-(Inalgene()goéﬁ ﬁ%ﬁ#al %%g¥ﬁgggiﬁﬁéno IM)gnat 100 .

ng/ kg of body wei ght and xyl azi ne (Xllor BIO 98, S.
- Lazzaro, 30 Bologna, |taywAmate3. 2 ng/Kg when =

. necessary for procedures. 22 19 January 2007 WO
2005/012527 PCT/EP2004/008234 Fifty microgranms of.

alaftiy il < m‘¢r0|njected in a 50 pl volunme in
‘m-ce quadrlceps at 6, 8, and 10 weeks -of age, as

previously described (Ri.zzuto et al. Proc. Natl. Acad.
Sci.  Uiesnfire ERA0pt cqlinEe@RN¢e10 8y sthesbiyamt asmw-d\mlomms

| (aneﬂf%ﬂhdloaﬁlandJCA'] Qhd VIBER mtﬁkﬁ%mm*&ttvg&&t dv!&fdv%”i% I\#eth%rlands) The

hI-IERZS ”[?Ig”g,gqsggésgpﬁfcf CeCs weg%eegqq@sgam%led by PCR. For many

7 expemmmsmed hﬂnézﬂ,tth@lﬂ-[&fmpt ‘ﬂ&ﬂecﬁﬂé §e@ﬁé@g w8 cRESY LMY zed Kozak

soauenGR4 § 058, € LGS phasfialreanion hap o ARG IO NG

el ect rpedditieh d@l«kﬁblmanﬂ:sg by,knmfr&idheﬂﬁﬂbvﬁ:ﬁsuh&tttﬂe& G'QH Alanine (R733A)
by replil:'xr%cb'o%n ARPU vﬁﬁlsGl(Sjts Q‘M's 5:1% al?g%?e{s osm dl?f‘%s% 6%’:1*«'1% ogglc

ections were. carrle

: corresp?x? ing pspteinand elgpinateshe éox@@trp@@ @1g@1mgpvcit&{@sd (dsu]ltmb edcopenic actmf.s/ of
- human ’(Mﬁssérlcleﬁﬂ!um{cﬂ@e!l@ﬂdocpﬁz@l'l%ﬁfq)-m (@%&% éa(z‘% Yl’@x%‘%%al , supra),

r.1he t ni zation
In addifle N g “gelie @%Céﬁ%%@@@gn@l@era@wwfa Fpteypressed

mwmmmnhHERantlgen speC|f|c manner were detected uslng a
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standard enzyne-|inked wmunospot (ELI SPOT) ass
(Myahira et al: Jlnmunol Methods 181(1): 45- fs}IagHaryZOOT

~(1995)). Multiscreen 96-well MAIP filtration plates

. VOR003@250A PS4510; M| Iipore, Bedford, MA) wer
coated with an affinity-purified rat anti- rmusele(ﬁq%l!’%f’0"“""’8234
anti body ((1gd, clone R4-6A2, cat No. 1818 ID,
Phanrnngen, San Diego, CA) diluted sterile PBS. After
overni ght incubation, plates were washed wth PBST

(0.005% Tween in PBS) and i ncubated with R O nedi um
for 2 hrs at 37C to bl ock Eaﬂﬂlﬁﬁg i fic binding. 20
Spl enocyt es were obtai ned by renp ?ng the spleen from
eut hani zed mice in a sterile manner. Spleen

| Plasdiid Comtrieity was carried out by grating the dissected

spleen on a netal grid. .Red blood cells were renoved
by osnotic lysis by adding I nil of 0. I X PBS to the
cel | pelfM{F-hHRER2 war TEXhubghnHERD 2] tyfath.%@m §ecﬁ.lgﬁ’c%lwa% amplified by PCR

s d an d the-vo
frorr@'l%nﬁ%#i 2%%%15? %ﬂ\{l@y lﬂ_fRVlgggg}’dlg [Faze, \ﬁgmeaﬁémt@;tg df @wlogy, Milan,
ItalyCQhFIPtOfeg gla@'qz@rne A7 (A2N00: 7B 187HQisikg: plmﬂ&rs ﬁNaHfoE?(ﬂf’ CCAGTTTAA

ACATTIE ADRNIGE 09 €A £ B Readed dToly 84 6T g S SH D N3

cod:éﬁ\ﬁeﬂuengqﬁpﬁﬁlﬁ?@d}@@hﬂ_@ﬂ@éﬁ@ﬂGGﬁ'@@rAOMMGAGi'lO@GCACGT
CAIGATNON/ELN
____WI_L( H:“i\qfo B OndMERRER Qo2 BieTase (FpeRg Otsu, Shiga, Japan).

t oet hanol

The ‘”’FEP ’l%‘gﬁ?t“é’ﬁ ﬁtg i IneorBespien an eRtintived drapslation stae sip(Resk, 04, 7 Mol Biol
19647070 (DR s Ko M.2H0H14TE AGIIYRASA SI0F 8 P}?Bt @éj(@é)?a)d wh? dpgesﬁed with Piel

and Sa i
nd ;S' fr &ﬁg;ﬁgﬁ ngs d n?ﬂ]‘f@%&{ﬁ]@ﬁ%}R%f 2 %g Sitfgréqf gjgynmllan expB@sion plasmid

B PVU@%@%MoaﬂgvmerAe(@m Celh Bioli SHQ): A%7-§0Q 9Asf13t)y erﬂe@:iﬁ V1I-hHER? thus
er, ext ensi ’
genee@B bélinddhe fifl4he v rf??% yv.?rrth é—%lgse%tﬁfx?c under, transcnpuonal control of

h hvvashl ng.-w:t h PBST,
© gy CrioegaloRs mgdu(t@-g@ﬂmomq@ﬂwm infiRinod Mgnges; Th§ﬂ|ﬁnan wild type .

HERI)l:celgxg,se@&ceV\aﬁhS faRded by E@%o%@%{%@%@ﬁﬁone prs if!b? gﬂgn 31gual sequence.

overni hen d wt pri
addi ti mgﬁ‘m% ﬁp EraBtSafl draginerd s txoised (iGat plademid pCR-

hHERﬂBMBEGIOﬁ&daanmnespﬁﬁnn@:ﬁgsf Jhsthid ‘ﬁflhﬁi oolx?ery et al,, supra)

I'sdat
vere e AEXp Mwﬁbpm'g‘hamd:adﬁmiﬂéa%ﬁmmng TaKaRa

taq) with gLk IEesme&ft %%9& ‘i" b% g“ﬁ‘y? TS GRCGCCACCATG

brono-4 -or o-

e WRT K 5012527 PCT/E 00410 523‘21
---_.géner g 9:% \A@Pﬁg’%né roomtenperature the plates. . .

i ncubatl
V

- e um 5
GA-? b{fﬁ‘fﬁw lggtandﬁ@I-revja@qgjTQ%@G@ACFE)‘EKT&T@AM?@E&GGATG

25

- 30

- CCGA AL AR gianc BT cdﬁyfl(gﬁgmhi\rgpgzgggt | gwﬂ%‘%ﬁ, e resulting fragment

was dx%c;s%td%ﬁtgvgff %f%tR?a(nig'[ g g%mC o epmes eyl olaeed inte throwkgsppaditlg sites of

Plasmlé Iﬁ&-lmg IMOHQOI'&C@ edly ﬂlpr&)%n@ﬁﬁi@ tmh%Eﬁ@E&BT%F%% plagn}ld
counted by conputer-assisted i magi ng anal ysi s
ELRO2 coupled wth AID ELISPOT 2.6 Software,
Strassberg, Germany). Th&EXAMHURAcY of positive IFN—y
produci ng spl enocytes per total nunber of cells plated

'Codonpeg_ ,vve|| was cal cul ated as the average val ue of spots
. SR licates at two different cell
' concentrations subtracted of the average val ue

spots neasured in control wells

siml a ve
10 con ﬁﬁ‘ﬁ’jﬂﬁl@ 1 ?fb#geﬁe@ﬂl@ﬁ%%‘}ﬁf&(}mdhgfesd%rgmd to incorporate

| humau@r@qwd fioymanfzed)feddgns }fdir&dﬂﬁ—inﬁﬁb £6H (nereliRft adatlinRd Biting assembly of

cal cul at'ed from

.the gen@W &0310%5 fﬁlms enfll}f g?lntcc? ﬁb%‘%fsg%g%e Sarting @r@pmq@@z due to

neasur
the high Gg, C%Clv@f 616 eopsicdér i regigni Td Garbme BXAMIEN 2 188 strin ent
| dentification of inmunodorninant T-cell epitopes i

the human HER2 protein Three hundred and twel ve
15-am no acid peptl des overl.apping by 11 am no aci ds,

vvere : 21
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desi gned to'span the entire human HER2 sequence These
peptides, which also included seven peptides 'delényaed007
wo zaxetsene i nsol ubility problens, were synthe dﬁ?L

SynPep (Dublin, CA)_ Al peptides were shown ?% ez@%mmn&;
90% pure by HPLC and were used w thout HPLC

purification. Peptides were 20 reconstituted at 35

ng/mM in DMBO. Those peptides that did not innediately

di ssol ve were rocked at 37C to aid dissolution.

optug%gtgﬁﬁéﬁ w%s{aﬁo%etgfség h?ﬂ:?%sa e}sce%g’%é‘)c?e%pqsﬁl\ﬁ Qagf aél% 3805, which

reduggd; G¢ cqpésmt Whllwtaqmﬁtmhwmraasmaionhour s of rocking.
sty SRS TR O30 98 £ i

iO € _Was €( resent e i
OFIgIE%}r? Bfrt ?%thoéw %ﬂé?&é ﬁD pteregdoned inipy the gV westors (Montgomery et al.,

: su_pr@)@blﬁchihgﬂxh%nf KRk $ zm squéi\@@ SPIGCMRSCAbdau W@‘S) and under the

he i munodomi’

t 80C. 2 f
confﬂf %%ﬁffdh 2 SBrcEpees "“i“ﬁ lﬁ-%flﬁ’ﬂy ORI ysbEhgvBIeErowh dermone (BGH)

- termipkti@ckipgein ht consamt g Oned,p VA I-DEER 26t theb BNRMPIBALB/ C

. m ce were inmuni zed by. injecting 109 vp - of ‘Ad5- hHER2
-in the quadrlceps muscles. A second injection was -
perforned after 3 weeks. AXAMBRE4 group of mice was

oA similarly injected with saline solution as negative

: control Three weeks after .the . second.injection, the

:ﬁiw LR WREPESBICIONENERd and the frequency of IFNy

secretlng T celts in nmouse 30 Splenocytes was
-eval uat.ed nterfero y enzyne-l.i nked _i.mmmosp
Bargy L et

(I FNy T\ XIS EIRR HERAME @t &%@Pt constructs was

" assospeyittiesentle mfﬁﬁn@mﬁ@ mbd,mclmgy mxenga,pmoaga rﬂyob'[asﬂs C2C7 cell
" lines Eﬁﬁde%ﬁ% uﬂﬂg I—D%‘%}.QQ qtyo oW c e h u 11p§r00f ﬁ(b Ica%‘tcgéu-ﬁee pIasrmcl

wer e conbi eI

:DNA\M“E FrhHERBats endodimt tﬁeéilmenmmmstom cKssetfenmed i 1rh1ﬁumzat10n was

e YR 058500 8, R et o

(hgagﬁlﬁpﬁVl fljde, ey | FN-y spleen T cells. For peptlde

pool s: APIaﬁnW MnHERN-W JEp V%@@iﬁ Wcﬁlp@fectammc—n‘ansfccted (Gibeo

BRL T4 ﬁ;ﬂ{? et i Metiied @ik, Hﬁqvnpg{ olls Shonita t%g,@e,‘fwoblasts C2C7 cells

were trhefeaﬂeé with e 1dfqpé P4l ingietureTal piladml’a!tpHygEGBB (B]D Biostidtiah Clontech, PaloAlto

CCA) ReRi g gﬁkg %I&&g e activity, :peptides from
- 6) g ﬁﬁﬁf?gﬁ wer e %lded i.-nto sub-pools,:among -
o Whl ch’ An pifrodvegstegiion Bf HEKz393 ¢r K. 7Sd@rshdwnghatﬁhwwdeoPtlmued seqpence ‘

s
[T

IfiramaacﬂE,J iRpRAB HHHES be&@ﬂrh%ﬁ%aﬁ@% b Y2 seﬁy%gé) @I@U\@é §Atag§ BB)

25

30

‘motosf LA o PHPE NBt B

.. tested for their ability to trigger y rel-eas
CNerIapplng pepti des hNeu-15 and hNeu- 16 exhlblted
“high and conparabl e react gxistwprE% much | ower
reactivity -was exhibited by -overlapping peptides. -
hNeu- 41 and hNeu-42. Another peptide, hNeu-301, was

Mice miimenizationn to contain a T-cell epitope. To confirm

these data and identify the CD4+ or CD8+ T cell subset
responsible. for IFN- 10 y production, |IFNy secreting
T- cel | Siweek dhigbadifenile BALB ming (’I’&@‘élkﬁmﬂmmsﬂm i @Forni,

. Unlvefslit?@f Turh@ U2e Leghq}x %ﬁ’cﬁl‘& &ﬁd%ﬁse Mi@g H’QI%?I%QE Aéc&h:ﬂm% g’lth EuroPean

es for his in_the presence o e secret

union Fwﬁﬁﬂﬁwﬁtﬂmﬂ Pidekings qfnpagicufar.yeiee were fifyapestheieat \au%lkettame (Imalgene

- 500; Midrhil Ilzﬂﬁ, HA81and, nﬂyﬁ&eb@ ﬂiaﬂcro of by Yovei AP En I th- D4 X b, %98 ds Lazzaro,

n zed flom1 tonetry. |CS confirne
‘éé ‘% identifying it as

~an epitope able to activate CD8+ cells. Peptide

~ hNeul 5 and hNeul6 were equal |y reactive in ELISPOT 15
anal ysi s, suggestlng that the CD8+ epitope. shoul d be
conprised in the |I laa residues conmon to the two _
- pepti.des. To.identify the Egrget nonanmer. sequéence, we.
tested three 9 as-long peptides spanning the
over | appi ng regi on between hNeul 5 and hNeul 6. hNeul5. 3

“proved the nost reactive, dlsplaylng a
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30

slightly increased.reactivity conpared to the 15 as
| ong .peptides hNeu- 15 and Wen-16. |nteresti ngldpnuang 2007
, _about half of the reactivity was al so detected with
WRNEE183271, indicating that. two overlapping begriepioos/oosas
di stinct CD8+ epitopes co-exist in this 11 as
sequence. IFN-y ICS analysis also confirned the
reactivity of hNeu30l1 and typed it as a CD8+ epitope.
Anal ysi s of these CD38+ epitopes by | FN-y ELI SPOT
confirmed the results obtained by ICS. Finally, a low

react | it rRSeriRg
uadr k ggi\iﬁ}gg el oﬁ%&aﬁ%{lﬁ@% %v\%?%%gmﬁ%c%g%j% 30 1 \g})lume in mice
B 35ks 9l 26 BIeFIaRsh decsyiboR (Riamsy e ahi Freg. Natl. Acad Sci

© US.Al 9(Haceil ab arggpﬁmopgaff@aw hQEu m&&@%&lﬁ%@ﬂe@ﬁﬁ&%ﬁw&wt incising

en st apdar d ocol rie
the S"&‘g‘%‘%@"ﬁme adiegy iscles @g &8 %ﬂ%gf R%é!FIOIPSTCfSPWOWWJqQP@) and
elec&mmulamr; (ES) es parfosenics pmﬁnoﬁslgdmnbeaf(z&dcﬂah et AT JPRRY. 72f24): 11598-

R s S B L Bl BB i o

pulsesi({ 30V, Bmbr200ps/plpes):  San D| ego, CA). Staphyl ococcus

Ent er ommggctg&% ?églzzaorg%c/{ %1% g%éxgé ggaﬁflge%ﬁb%%%l %r?e%l ﬁs\%were collected

at? wéa(?ﬁ]f g‘i’_ Bigitust ’WF’}‘“%’H’&H:DWB@%@@ 112 ke (Fwpivteks 4fer the last immunization),

"spl'enocyt es as posi tive and background control,

respectively. Before st allﬂé‘@gPOf surface antigens, Ab:~ "~

anti-nmouse CD16/ CD32 was & k%6 educe non- speci fic

i mmunof | uorescent signal (cat No. 553142, BD
M@ﬁm@%ﬂ ego, CA). The specific 5 signal was

ai ne C-anti - mouse CD3e, PE-anti-nouse CD4
and Per CP-anti-nouse CD8a (cat. No. 553066 553653 _
and 55131@3&5 E&%@ﬁé&eﬂ%@frl\r ﬁﬁgn%t%gﬁ-'zsgcgféc ma e \%eer!ﬁ l(él%tected using a

fix per me

sndefGhSplIeD Jashed
| SPEsTselked I agspof ﬁi@Wﬂa.awgy @ﬂry@wjaugé@wzmmeﬂwds 181(1): 45-
54(195(&))&&@1%&5596—%11@1?%@{% Fﬂ@@(c@@ﬁoqhﬁq?s%(fﬁ%wmﬂ_ ore, Bedford, MA)

Werec%%&%ét %'B‘AQP%P 2 lcu A e )é(l;[%qxﬂR GAJ_ cat No.

ISISIQghmgey, SagtDitgeaCh) fﬁﬂlieﬂ@fdnElBR-Sl wf&haeeﬁ:gst i&ib&tion, platcs were

washecﬁﬁm Te({é Ogg%llﬁvets.ﬂ Mﬁﬁ%ﬁf Hc;%llete %ttix %p g%ggg%ﬁf Zgrs af §7°C to block

|'ynphocyt es sanpl es,
no“’SP%HC Wi®4 nrs  of staining usi ng a FACSCalibur flow

cyt 0 nﬂpﬁdho@?& vked ébgh}i%ﬁté)ygéﬂdﬁé@'&t% #E@g ﬁzgésrgﬂé & in a sterile

|tra

 manner ggf%‘? ?ﬂjpﬁ‘%é‘?‘ﬂﬁ cfrgpd o bY Bt the disseted I3P1 ORI aomtdugnéd Red blood
- cells Wﬂ@yrcmewctb}mshmtxalymb be edliig. mideb 34 R Bicase ENYRBet and vortex1tng 1o more

than 15YBERGC IRE xot 3P b Gy 2N %&@V@%@ﬁﬁ%ﬂ PGt o i with 1X PBS.

Oat
Cells wgggpelhptedgyy;pggz)iﬁaatum at b0 eprt: fomtl 0 etin aitfrodin Gnfi., dnd ¢ t was

oL Bk R Bl (O g8 050l Y S e
g‘“tam"é& %‘7’% fpppighisgrgnh ég 12 pf ESAM E%p@@nlﬂ\(émM BEBBS)S0 pM 2-

mercaptdéthab) Warsdbid @ lls &&9@6&?&&%&1& %:L{)&ﬁﬁ: gells was added in
: i ncu ate at RT for ~hrs

saturg lllﬁn‘gﬁi g I on and
( Chen”Bf" 15t fendiaspiseqtty or pezgngaized 8y, Werfng@bated for
15 hrs m;@b bescplé ot ygémf o sekgd: day p&n ofﬁ(a ud%alﬁtcaeﬁnmwﬁliéﬁ%aggzw cells/well.
ci.ence rael) are -
Concanzhﬂﬁ A éBnA) Yas usedtaﬁ gogdt Vﬁérf' ?rga F%T iﬁ)r SR TRMSA 2% %lég/@;(tAfter extensive

S-'secre
washing &idIBST, gmtmwaiad nt ofti-hiR2 FahghntneadfiboHocEd106) 181 12DUPRMMingen:

San Dleécg CA'?IWQE SdicWefie pi’é@e% Qs%g Lﬁﬁgatedeat 4% overnight and then washed with PBST prior

. to the addltlon of strcptawdm—alkalme phosphatase (Cat No 13043E Pharl\{[mgen San Diego, CA). After
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dilution of sera (from 1:4,000 to 1:25,600) in PBBSTI
buffer (BSA 1% Tween O. 05% wer e i ncubat ed 259 January 2007
wOo\es at 4C. Pre-imune sera were used as
' -back%‘jrlg%gd. Véshes were carried out with PBBSTPCT/EP2004/008234
Secondary anti body (goat anti-nouse Igd or
| g&aAP- conj ugat ed (Pharm ngen, 557272 and 553389) was
di luted 1:40,000 in PBBST5 and i ncubated 2-3 hr at

roomtenp. on a shaker. After washing, plates were
ma 106 phosphat ase

neu 0 hat L]
i bgﬁaﬁ%@ﬁfé %’ré fnquyme?aulfrgﬂn %ﬁéye!rﬁg srtepsivelyavnshed Wik BST and devclcped by

s ubstrate ('S gng;
incubgifngrwith W@tqpempbbyz tetrzaliute frbtaetb-ELhISH-3- ﬁﬁﬁ@fphos;phate substrate (cat. No.

34047 pRRe! ﬁ&ﬁ&’@d NE E § g ﬁq&gr feve] PP‘Eé‘\R@? %Poésx&néxgg thg plades jp water

si nkj , Fi nl
stopptl._c&e t}gg@gﬁwp M@%Mman@@hh A&d{ﬁpg/aﬂ) wére incdheied gy tauiRtlound and posmve

contra fgieadh b ﬁc$ﬁd§l‘)g%r§ gbr;%%rgy %%éﬁ%%%@ﬁa}yms (AID ELRO2 coupled

Wlm%%ggéggiﬁoﬁ’g‘?‘gﬁ PFAsFoerErRonaE) um titer s were

cal cul amedreqmtmf pbﬁﬁir@lﬁ@ﬁﬁﬂnrohdc'fﬂgt Iéﬂoc%s &5%11 tP%l rﬁImbmt' of cells plated

east

an absor pance at 3
per well s G %@ ® §p1UG B BP S gerieed from duplicates agévm@ﬁ:fapnt cell

" concertfmowmtddmf ﬂmmverEgeEfXI%NEﬂuElaﬂiﬁ dedid rﬁ%ﬁﬁ@@ts measured in control wells

' viovaeisnmune

- Gontaihi A HOOSAR ir)]ﬂgrﬁ( g%s Ig',lﬂ;%g R frﬁqaertcyﬁ YHPRRHRE S5Ht Yare Aafimed as

responses [ :
exceeding W@@W@QW@W&M@@M from tBAkiBADent 6Reonesl€ Differences with a p value

<0.05 e ddnAigded SpAiadmscul arly- with p V 17-hHER2. wt or
. pVI J- hHER2. opt plasm d DNA foll owed by  ES (as
described in EXAMPLE 5). Mce were subjected to 10

“three injections at 6, 8,EpAdprifweeks of age. Two
weeks after the last immnization, splenocytes were

i sol at ed from each nouse. .To quantlfy the .
by HEIRRelkt efgﬁrcthea&nirza:adzgﬁm&ursor
frequenm es generat ed by the plasm-d DNA | nmuni zati on,
. the EL|.SPOT assay. for the H2d restricted T- cell -
epit oprgh ANBRdEd30diwe e NS i dnovesd madbs dueriuppireetiyi 10Rmino acids, were

desgeh bt R Wizh CrERY "
des:gnc%% lefr:e SC%;} resp oﬁgqé!% &q ‘% [ Vi E“ﬁgc}l%tlsr? I?ﬂ%{%ﬁﬁ’“ peptides
ptl &°°“€ﬁd§ i probles st %yalgleswqdrw &}%BP@lp@uhi@ém)Hmeptldes

were shgpyqttmbﬂ:?e 9% e B LT enfl @dreﬁb L&B@M}E&ﬁ HPE SRR otﬁ%t%rﬁ mf’ﬂ:%des were
- recons at @gq ‘ fe%s %ﬁﬁgd\)/ a‘II[‘E p ﬁgﬁ t%téhq: Mt %@ggt@gtd&golve were rocked at

37°C toealbq %s@ jon AlfneteesaryCDior mumﬂmlms) oamcscdﬁtn@fah&q to Wiy dissolve

 those pdp@RLs! tﬂ&v&&eﬁﬂlfﬂof:m sglh'tléﬁ( aj@lg’sa O%C\R%imgsgegonls@gw PrRiides were

combi é‘; nsB-i mmuni zed mce
mbin ced Relide was seuadly Wf@tﬂ@ﬁm@m mi. ﬂtheﬁthBnqaﬁmmancach |
peptxde asths ﬂhﬁﬁvﬁﬁaﬂm&@bd(ﬁﬂ%@nﬁ Blach Hi€ w%%oﬂcéﬁ g&d stor%d at 80°C

ant:ii b er was detécted in a
pVI J- ﬂé‘?&“ﬁ"&‘ ¢ OHRRR A omRigant Togell eampcﬁ Rthg bumet HER2 pearin BALB/c

mice (Hy24) ggeet}y:fbatltyotﬁﬂ), E+vteﬁlt—olﬁﬁ8m£l5 B%%@I%Jﬁucz%ve@&rﬁﬂ gh Qﬁn&é%ﬁng 109 vp
ot Ads-HEBEs i e LRS- S inlreion ite PerguBAL 3 e A sscond

an appr
group of Ip{cg pvamlnnlhqlfmz‘-c@@ @Wfbfsalme asltiidiog Yegativt SontioN EBiged \ﬁ&‘lﬂ; Eﬁer the

second 16}%&@%5{116 ahithalshde Jal?ﬁ?ﬁc%g qgcpthg ﬁ'te%u@P%ye? éf‘%acrﬁw cfls m mouse

I eef|C|ent|ne|C|t|n
p e“_"‘:}f‘?ﬁﬁﬁ% &Y% B%tifb%@teffwanmewwlhﬁed inpeuroen (iFtley BIZ[SPOT) assay.

EXAl\/PlFEce& &und@éﬁ%@\éleﬁéﬁﬁaeyﬁfég Qach Vﬁ%ﬁ%ﬂ%&%@ﬁg% tover}%lp]i;}ag by 11

f.ragnent from

. tesidues E}III\CI[ spamung the entire human HER2 protein sequence were combined i into eleven pools
.indicated with alphabctlcal letters from A to K, from N- to C—tenmnus Each of these pools was tesfed for

Co24
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human HER2 cDNA was cl oned in the correspondi 1% sites
of the shuttle plasm d pol yMRKAEI (Belt et. zfanuary 2007
,“KP]reoc Aratl Acad Sci USA 91(19):880-'1- 04(1994) The
_ HF012a% pl asmid pMM RKAEI hHER2 contained a
ClvlV pronoter driving the expression of the h%ﬁamzoouﬁoszu
HER2 cDNA, followed by the 27 19 January 2007 WO
2005/ 012527 PCT/ EP2001/ 008234 bovi ne growt h hor none
pol yadenyl ati on signal. Plasm d pMRKAEl _bHER2 was
reconbined with the adenoviral backbone plasmd

its abpligt So $thvibhldte I3k ¢ cb

Stausp@é, E%@%F gAd § frilka [%:%EZ E é%@ﬂ? Jtz{. a}%:,fx W ~y ELISPOT measured a
i N Erogpesies b anicy inmnmize®ith mehiﬁwm bdilgparcd to control in

the a 5@ dipejitids.eTd ideatisy P indivieshl Zﬂﬁd@ E@[ﬂﬁgbfe %rocgé Dc%w tpeptldes from pool

AB gﬁd W%Pg%?ﬁ%gig 8d§q | C,tﬁﬁnoncr D& ggpllaﬁcgéf\b%rlgta@@ Mgyscored positive.

Single Qﬂg\dgq}@@ thege| msmmbnm%diﬁw&lﬂ&ﬁﬁ tébled 83 @heir ability to trigger IFN-

P TGRS il Rl Bl A SO

,muc LUFAEACHE R Was gElrlited by o verFipping peptisesh Nus@ ang hN¥42. NAnother peptide,
meu*%lgﬁsq&aﬁﬁdmhltg&n% el g*lﬁ)rpgounds of anplification

I'de gradi-ent

and pur caesi-um ch
ul tra- chcioF.ﬁjFrE I%‘SFF idafa ar(lcp:g]pptguihe@D@ or CDEuH @dsebdet 1 te§fonsible. for IFN-

1 prodBEti) TFNLp@Beetig 483 %eko Mk izl MBS SABSENCY. Mouse

nomc |ntegr|ty

ol t d,
SPI ﬂ&gf@% %I%?Iﬁ:‘ﬁ%a%edd vggfsfqaie? qregﬁgeg 52%111 theyrgsepog 1 &@lsbcgemdnbltor

brefeldin Ao fixed pm@ﬂmﬂ(maehéﬂmmz m&?o@ﬁitﬁm |, B3 BEPEMAQPEDS markers
and aﬂd@'z&%ﬁ’ﬁd’v@r EHoind i¢§’$ S@%F&ﬁcr}.‘l G pegﬂéq lg}gqusls) identifying it as an

@r essi on monj toréd b
epitopg able 1 actvaig PR sell léapm@e Kitd¢vd 5 dod ]ﬂéﬁﬁlﬂ)ﬂ eercRgblBeBactiiein BLISPOT

analysis{ $tRgatiRehp RS E@HEr E55 on-opfimze
peptiag€guence conpar ed ?g ?qle ?’@ﬁsﬁfmﬁﬁ%ﬁgﬁﬁw@ﬁc@mm the two
P ?romthe wt HER2 sequence 15 (data not shovvn)

EXANVPLEo 1@nt1i§5ﬂl¥pﬁg¢t$16ﬂib1ﬁ8cr sétﬁ%&@' @@feét&f‘thfe@ @' 50 pepgdes spanmng the

gl B R DS B s
s 1crhtl}(:1(§tﬁxi%qeé tragifvith cerpeteddd fHedSnia dbn@&iéptﬁi&ﬂﬁ@dualt%d\m\feﬂ-m Interestingly, -

~ about }ﬁlf%@' EHe'r@a@!sz{td’agyfs@&ét&@e'ﬁl ‘fﬁ} IB}IeuE %fagg%ﬁ&t w O_Ergrlﬁg:@ but distinet

ressi on cassettes

(;D8+ @Bﬂs‘:ﬁ]"é’é?%@‘% Ht"ésﬁqveﬂcequadrl ceps nuscle of vvt BALE/ c

m ce Omaﬁaliﬁ%%ﬂfuﬁﬁ'tﬁeere&%@ﬁ §§ t{@%ﬁ itgs 2 CD8*

Lucc

E H see
- epitope 'i{?)%ly%ﬁ ?%mse §§§+gpz fopen) J§F1‘?-bBU§R@E cogfueed gue résultniobisined by ICS.
: lFmally,\ml@Wgea@ﬁwagms detFutal foERNE4A Rh@ENQROHL G, wggéerm\!v SesPEIsE was
predonﬁ?dﬁﬁ &bged and spleen cells were coll ecte

sti rrul ated with 25 pept| des containing the
i mmunodom nant p 185 epitopes. Very |ow spot formng

" cells (SFC) were detect vvlng stinmulation with
human peptides,. both in WI‘ g‘nd neuT m ce (Fl GURE

5). On average, the response was 50-fold | ower than

' Intracclmmc oﬁdkls&du Ad5- HER2 i mruni zation. The above data

show that immuni zing mce with plasmd pV1iJ- HER2
i nduced a conparabl e response in BALE/c and neuT nice

for e M&g@hﬁ;ﬂgf? prgg\%zfﬁ whOmd AR Cor@ o B\ﬂ%’hanmncren standard
protocol2 %Qéhﬁlz% ?O% spleen cells were cu tured3 for 15 frs in R10 medium in the presence of 6 ug/ml
of single or pool of peptides and Brefeldin A as protein transport inhibitor (Cytoﬁ:JCytopcml Plus™ with

_ ™
GolgiPlug™ Kit; BD Pharmingen; San DIeoo CA) Staphylococcus Enterotoxm B (SEB) at 10 pg/mi
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 betwopp tha sHmAG
_ dllutlcEJ tﬁ’%éﬂi drdaNA1 DX ELESS @(ﬂ)l) MBW%%R@SAW% efly 8 QB Srere incubated

EXAMPLE 13 | mmuni zati on of rhesus macaques with huma

HER2 in combination with human CEA and EpCAM §NPF3¥M§007
wp20086L85 t he efficiency of imunization of rh%”iﬁmmmoszu
‘macaques (macaca nmulatta) with the 5 human tuno

antigen HER2 in conbination with other tunor antl gens,

a group of 4 rhesus nonkeys (2 males and 2 fenul es)

were inmuni zed with a m xture of plasnid DNA vectors
expreSS| ng codon optimzed sequences of hunman tunor

(cat. é&%gln 3 v@@‘cg\%?%gﬁg@dtﬁgé Wg’f?éaﬁt%@;‘u I&Hﬁa ﬁ;&{:réocytes as positive and

| back@e'&da:pmiplﬁ‘espbmts/ely( BPRC, Rijsw jk, The Netherlands).

These | ﬁé{fﬁfg' %gﬂﬁ%&‘ i 65 e\é\%c g: Ga%@-sr’ﬁ&ﬁ eeﬁtl 843\ A8LE 10 reduce non-

the T ce SPONSEes | anen -ant 1 gens
specifig Eﬁlfnlgloﬂmfescmtéwsl (s itsl. HFUEL BSF PhatMmgamﬁaamergge(aé) The specific

signalREK RIS/ E Aﬁﬁ&ﬁtﬂﬁb@é@ dﬁ%f%ﬂbﬁe ldl')Mnh I'll’erCP—antI ouse CD8a (cat.
wee 6,8, 10, 12, 14, and

ectlons at
No. 353065 1P hase 5590 BB ashines ST Ipeo: RAD nEhescollhere fen washed, ixed,

permbdﬁilﬁ@d efll JA6RY fopmesdaient H:NM ﬁsliholFI'm:-c&ghgﬂtédaﬁAb (®RMNol554411,BD

-'Phanﬁ\é%:rnf Ig.%gsn%xitﬁbp&ap ?s|c ttll%%gg 900% T?[Fﬁ'yaf (I:H)g"" and CD4+

or CDEHY(ED 0 sinit @It dr GHBS‘*‘XJ tGaat:rBBy, aff Iea’kﬂﬂ) mmam% ﬂ?h@ﬁd)c@rfes were collected by

il BARR s S CIEP s I SRy APeRURl Ui witin 241

of stalngggising adé C3 Catilae Mokaybonwier andCaliQusss software (Raviop mddnson San Jose,

| CA) anpl i tude of 100 Hz and 100 mA (constant current

nmode), respectively. The same npnkeys were then

vacci nated at weeks 27 and 31 with a m xture of three
Adenovirus 5 (AEl -AE3, "figstveeneration”, P2 |evel)
~expr.essing the-w sequence of human HER2, human CEA
.or human EpCAM .respectively. 20 To neasure the inmune -

' Anﬁbo@ﬁﬁﬁﬂma&@lmb@m honol ogue of human HER2 using the

above i muni zation protocol, blood sanples were
collected every four weeks fO[ a total duration of one -
year . Sphdoraitiodieiiadion tefermbiamed Pesgorskitahblsedinm SEE Y plates (Nunc

- MaxiddYp™ el ﬁ&ﬁﬁar@)s@éﬂf comleﬁl hf RRSE L5 gb:ﬂ il GRE I7gG Fc-specl.ﬁc

E ._(Plerce,g(ga;; 833{,\2%31) 5‘? 3 cém}cel}/he"auoyrllo fZ al, ]I@Flﬁ‘ ﬁﬁg&@#?p éPSﬁ? m ngxcess of antlbody was |
| femiovod apDivREDEGR bisding BIICGALY isubling R ORI 0YURinG/BERISMA or (BSA 5%.

e STRT Wb Sl B ip SRR s i R o tgp nd nebatd

20

at RT @tﬂhrs}{mal aliRio! @én1 20 HERIEIET (1986)). IERe calﬂnﬂ{mdhfapm\udbd by Dr. Y.
Yarde?lf @Eﬂn%%tﬁ%te gf &1&&%% cﬁq?l{aaf’ érg ﬁgﬁj%ﬁnéell? £ecPe11§E the dlmcnc fusion

retal ni nq tra-

Iytas demaiaof HER@HEM‘E@DFWOW\B@W&IIQaP]é@S were washed and serial

full 1en th VI'J- HER2. opt ). or. of the truncated

: ovem fiﬂt 2 q] P(rﬁwrjw% seigwgrg HﬁFélraﬁ b%@r?mw) \E@@Sq Hare 5@1716(:1 out with PBBSTI.

Swon@&?hﬁ%@ﬁ@b@&&ﬂ&ﬂmﬁe IQ&HRE@EHEM}D&M)ug%& (Pharmmgen 557272 and 553389)

was duGE LI PERET R P BB R RGPt ot R Tpting, plts

“Were denrdupﬁ@d#y arpubation withIBgme &0d phosplibtateaobstree{Bigae; &ut.gh&106) in

dietha &?ﬂm@hﬁ {N@[%lfg %M&%ﬁa&'ﬁ %iﬁel%%cl? ﬁ%b%%é Wlft‘ékgn Bichromatic,
Helsin \Lnaa(ﬁﬁﬁ Ao A3 EL S T i) Acimay 91t ssple, the

- backgRXRd 8SH @Jﬂe&eraawf»ﬂhé pfetsnﬁ%nz sﬁﬁkﬁ@sm&wst s did not

r eveaf
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5 differences in the expression between the twy
pl asnmi ds (data not shown). 30 19 January 20079 JaB'ay@007

. Wg?/?gﬂh%fﬂ 25 2 7 PCT/ EP2004/ 008234 WHAT IS CLAIMED IS: 1.

_ ¥H¢13827% ¢ nucleic acid nol ecul e conprising a , |
sequence of nucleotides that encodes a human ﬁ%ﬁ@f’%"é’d’“"‘m*
protein as set forth in SEQID NO 2, the synthetic
nucl eic acid nolecule 5 being codon-optim zed for
hi gh | evel expresSion in a human cell. 2. The
synthetic nucleic acid nolecule of claiml| wherein the

sequendetsfHERR e tltetieser@@m[ajtﬁ% tHe'?&;q%@@W ﬁ.ﬂ%\ﬁg gﬁutzon of serum
VeC

produﬂh'fﬁ?ﬂ’sbrg%e aﬂgast 5! rf:glg tg’f%ggh%f %l%salibéncap% E‘Ft%lioﬁqui pre-munuAe serum at

nprising t nucl el €

' thesalﬁ%%‘tlu“@éil conprising the vector of claim3. 5. A

synthetic nucleic acid nol ecul e conprising a sequence
- of nucleotides that 15 encodes a variant human

HER2/ neu pol ypepti de thatEXAd4PEE 10 east 90% i dentity to

the amno acid sequence of SEQ ID NO 2, which may

Ine aéeﬁ‘f. "l'J‘de u 0 tj}%@ ino acid alterations over t he
T T unqucgﬁﬁ’-‘:hﬁ o D NO2, wherein Nais the
maxi num nunber of amino acid alterations, and is

I cul Sieh
Sl ol § Sthalie 0BT ?Spgmeﬁwdg%ﬂaggw b i Qe optimized

hHERZ grgressipmesciors, BALB/ oiicd we immineel mtramgcm&@ WER thlﬁﬂﬁiz Wt or

vu-hmm tpl

T e et
ee i GHBD%" awl By werke pEagei Bwe weeks afictdhe bgtimmuziediohQplenocytes were

lsolatedlﬁngh cicﬁ\ﬁ@ius@xw e IPN@SJE: hﬁﬁﬂ-’s e@iﬁc%ﬁ&%"f‘ cegleprccursor

e COﬁpflSlng a se
ﬁ'equencfég gene{ateggngqq{ﬂ mi PM&E@“&‘ZH%W‘? B Mylcfp@he Hfﬁdasstncted T-
cell ep;ig hmzrégfg aind hSEQ2Ivias g@d. Idmuhibios With E@Hﬁ;}i‘#ﬁ& g)lpg séfﬁ’:rﬂ:c elicited a
ado Jd 1 gh l.eve
ety SR IS RSS! By vcheras,
optimiz R srasense dndyeeds w-ﬁqid&nmcmspohmO SRIERGRpe, yleldmg up to 286
IFNy spﬂwﬁhﬁﬁé s} SF@ rﬂ?&ah %ﬁﬁe)gsg&gﬁefg\ytﬁg er? vf:pl{c])u g ?gltf)l d e@]ﬂég activity was

also det cg%i; 2\{ i
- opepi eﬁspﬁgﬁ%gﬁf S welegetastel in t@ pWJhisB{lmmahJ]zed mice (data not

shown)con'prl sing the vector of claim8. 10. A synthetic
" nucl ebg grm d,nol ecul e- cor%rl Si % sequence of-
nucl edtdes PhYme Bise whe deied by ELITA g hefal? Dretein BORDArate

(FIGUREABY.p Bl iR 2-tpatifio astitatly fieawis @R Semt iy HeRb! %Ft-nmmumed mice

=

and the @éﬁrﬁ&c%aﬂ valﬁé'otltg? )lg @i‘:@@fﬁ 4?60@ og’?ﬁe ﬁlg)eféa l[egaﬁf r? N Sdrast, | ihe
i'leJ-h}é%‘PgrwttW goup leaygd hn erpr@E@t&ﬂleOHold%weﬂ\é’@ﬁﬁirﬁ nh¥3n titer of

hHERz—s cilfib entiBaY. . o a d
o e@? S ealcn %?’S%“S{}%%%“@d AR Sh Ao Gl B3 R o meamR2 i
éc n ) 1ﬁgng BF%‘U‘ a5, apbiaimogt Ha’m‘mﬂ@gnsﬁghanﬁhm -tyDe Mandnke.

and Y has a value of 0.90, wherein any non-integer

product of Xa and Y is E ded to the nearest integer
prior to subtracting s gﬁ‘gﬁ) ddct from Xa., wher ei.n

the sequence of nucl eotl des is codon-optim zed

Adenowms Vcctors

MRKAJdS-hHER2. wt: A Swal-Sall DNA fracrment from pV1]_hHER2 containing the

. human HER2 cDNA was cloned in the corresponding sites of the shuttle plasrmd polyMRIAE] (Bett et

al Proc Natl Acad Sci US A 91(19): §802-04 (1994)). The resulting plasmid pMRKAR1 hHER2

' | coutamcd.a human CMV promoter driving the expression of the human HER? ¢DNA, followed by the

27




10

15

20

- f.or hlgh | evel expression in a human cell. 11. A

process for expressing a human HER2/ neu pr ot eilfl Japuagy 2007
woeneaknant host cell, conprising. .(a) 'n”Od#éT/@',Gz(ﬂmmﬂszu

vector conprising the nucleic acid of claiml into a

sui tabl e host cell; and, (b) culturing the host cell

under conditions V\,hi ch allow expression of said

humanHER2 protein. 12. A process for expressing a

human HER2ECDTM protein in a reconbi nant host cell,

bovin& QMH RrROne d;(c@adérpyia@l&g BEA! gPﬁsxﬂﬁ?M”HﬁEﬁﬂ Qs i;ee@mbmed with the

ntcl ei ¢ aci cflaim 6™ Iinto ui t abl & host cel

adenogize] baglpnecplpsid pAY_EYQ tp sereraietoe pierderovid Wéﬁsﬂl%ds“mm“’t
whi ch aliREWds- BKBRESSHORL & ?ﬂérﬂid RoreHH GRS idested with EcoRI. The

13. A vectoo 0 het.i c
result{3 3&? @dﬁem%auwfﬁ 2 glongd igto 'ﬂﬁf@&’i PE&C PHEMRE g7 thuttle plasmid
(See Bagihickt Aln [ WEOWRA2030NWhich istgreby Gegiperutd befreftrgndeot | des

SE0 | DA g TR e OB LS ar Rl Pact diesin
and transfe@BQINtOPHNCS cdlé té mem@shﬁﬁmmmmmemﬂmmvﬁb& Oruses were
grovmqﬁ (l:é?éech A9 b¥ ln"ﬂi ?% GF fﬁ%ﬁ}: cgt‘f'on gg%f c'd% Q chloride gradient

e vector ere

ultra—%@ft@ms@awuaa@lﬂawﬁfge Ties (50 190947 (958 Wirghdhlwas extracted by
protelﬁage ltgilgl’,@ﬁ}}i?d'nﬁ EwAelaN A m@e@ntym CHREHRE bR %&E%Maﬁyﬁs clai m

n e..vector oV vect
o n‘pr | & %ﬁ%ﬁﬂ%ﬁ&ﬂf?%?d %@%@5‘\&5 %?Féudsétwéf%r%‘%% the -
hHERBE@DTDMi crplt 851Eg vanegd il Hipleviist ofl thfeckits @i.b.i.). rE)Ipt‘HESI&ﬂ giogivdrediBy western
blot ana&gsm cd more%fxan aqo-gﬁl(dlﬁzgrgrrlcte ba&v@r {hfe %unca{ég P Lift %}?ﬂrgsrs],ed from the

codonmmmé B@@tncd eore;m:@dp tig fall hmﬁlhmrdﬁlﬁﬁ@xw@s@tfmm th@rwtéiERZ sequence
ER2ECDTM protein; and (b) a pronoter operably
(datalfb g@%ﬂto t he pol ynucl eotl de_. 17. The vector according-
to clai'm15 wherein the vector is a plasmd vaccine
vector, which conprises ag}gd,mngdzportl on and an
expressi bl e cassette conprising: (a) a“ '
codon-optim zed pol ynucl eotide encoding a human HER2
Comi gmsonefxmmmmtadmmmehERZECDTM protein; and (b) a .
pronot er-.operably linked to-the pol ynucl'eotide 18." An
adenovi rus vacci ne vector conprising an adenoviral:
genone The eficiencyda indusinpan et venagHERS fiehmediaind ismune response of

 AdendvRSSds doiphiB®whh Hiaf SGiRia mrﬁé&mtéa%mr&%&fcag@imwnaﬁ Doth

n_ ex reSS|on cassette ca

. , a risi
~+ harborg pERY S@EsHe WF%& @‘FR%%‘*&P@‘]B]VH ﬁﬁ%%%ﬁ'ﬁﬁmched rito the

25

30

- quadrlccps rnuscle of wt BALB/c mice or BALB/c transgemc mice ovar—expressmg rat HER2 (md1cated
" as NeuT, see Lucchini et al., Cancer Lett 64(3): 203-9 (199”)) followed by ES at 6 and 9 weeks of age.
 Two weeks after boosting, animals were sacrificed and spleen cells were collected and sumulatcd with

peptides containing the immunodominant p185 epitopes. Very low spot formmtr ce:lls (SFC) were
detected following stimulation with human peptides, both in BALB/c and neuT mice (FIGURE 5). On
avérage, the response was 50-fold lower than that induced by Ad5-HER? immunization. The above data
show that immunizing mice with plasmid pV1J-HER?2 induced a comparable response in BALB/c and

neu’T mice for each protocol.
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protein-or encoding a human HER2ECDTM protei n; and (b)
a pronoter operably linked to the pol ynucl eot il§elanyayy 2007
. An adenovirus vector according to claim18 which is an
walz®soestor. 20. An adenovirus vector accordi
- claim18.which is an Ad 6 vector or an Ad 24 \'i}gg{lég’rzgwooszu
21. A vaccine plasmd conprising a plasmd portion and
anexpressi on cassette portion, the expression
cassette portion conprising: (a) a codon-optim zed
pol ynucl eoti de encoding a human HER2 protein or a
human HER2- ECDTM pr ot ei n; ggadpiR);3a2 pronoter operably
i nked to the pol ynucl eotide. 33 19 January 2007 22.
Use of a first vector and a second vector, in the
Immumizefier @trhests BicaguelBith GANRNHERDin dofn8AkfidiOwdh ARMFELEA and EpCAM

. suffering from HER2- associ ated cancer, wherein the
anfigens . e D L TN |
TT1 st vectror—ctonprrses—a——Coaoi—opr+mZ€a

pol ynucl eoti de encodi ng a human HER2 protein or a

human HER2 ej Ih: ._a. pr ter oper apl .

li nked t0 %{%%%&%{ %&”uﬁ’ggﬁt"ﬁ P o 4 igbaca mutatca) with e
h“maiﬂw paitesn HERS E}g&;ﬁm@imaﬁnﬂ »&H ofbol tymenpinG g cregrevroafol thesuamonkeys (2
males 8B He if1fa AHARD ‘

es idtdsP whte halnizedWitiPa ?ﬁﬁgﬁﬁngﬂc\f@gfg%s%&es%odm

. & pronoter operably linked to e poly
optimizgl segpencsy i BUBROHEOy BEERS BrCAMICBA, e R 2inen.
predet dmifiuaRetiod ¥idiss wafe fetfoBn-AA6HEBioalcliREl Prinidid REMELNBentre

fi. tor. A .use according to claim 22
(BPR%@%S&U ﬁ'ﬁl\%ﬁwﬁ glémmﬁﬂglméa%"é&*me werg flesigned to evaliap the T cell
responsecinduced by tn haderonigens againe di thesus2¥moR g f #e:0aine bftikens.
to clai i . first ctar.is.an adenovi S
voct op My e Sl Dbkl SO i dR SREAGH 1 406, 5. 10,12,
14, ang 16 dpllosred by mispirastimylation yAnitwels imgredujelter wides aniesteia with [ ml solution
(split SWED Gikted wak oS mIBRbEGHlatind §'8g Pugbia gzgqﬁfdﬁ it R 86 tﬁugaz_s kilos.

conpriﬁ ng a sequence of, nucl eot | S at encodes

hunan giratimiiaiion; hirajes ofdPO sqyate pinofer peeys|(bseq@agh)givere delivered
every aﬂnh:_lmamﬁ R ERRACRIMAr ®hebTB RE. Tt_&%ls% Qb w43 295 ARsNRith a pulse
t ur vacci ne for preventing or

ﬁequegl é’eééjt Ny E‘ﬁ%ﬂ(@%&? éé)Je‘Hg‘a(ﬁOé‘éf?I}t c’%‘?n? K‘OE e CREEBY Y ng:

. to cl ailhe SSewnskeisiwarhithenemnindted & wetite].an@ 71 with ussixture of three
Adenc? I Ok I : L n :

o s R I kB Ve bRk of yman HER2, human
CEA of bpgnfERicp M Feppeively27 wherein the vector is an

adenovirs aleasuahd RimGRFRpbEE RkhaRs RARNBHL - hudSNIER2 using the above
i n the adenovinis_El region,

o mﬁih.a ?eletlo and an
 Imnmuizafion pro Oﬁolt IH%O G@H% WETPLO ctqdézﬁer% fﬂur WREE donp tplghduration of one year.

The cellasalidicd imenms ﬂes;_em._smasemjlms&ﬂglaﬁm BEgpet zts@ayd GO rﬁ;’bd@ﬁa inFIGURE 7
s e : n- tl Zed..po cleoti encoding a nu .
indica s B BRI bR S B Frovidng S mune

respense against endogenous rhesus homologue of human HER2/neu.
EXAMPLE 14

Comparison of p185-specific T-cell response elicited in mice by immunization with leJ—HEREopt and
DVIJI-HER2ECDTM.opt

The immunization efficiency of a C-terminal deletion mutant of p185 retaining the extra-

~cellular and the transmembrane domain (HER2ECDTM) was evaluated. Plasmid DNA expressing the

- . codon-optimized sequence of the full length (pV1J-HERZ2.opt) or of the truncated protein .(pVII..




(b) a pronoter operably i nked to the polynucl eoti de.
34 19 January 2007 29. A use according to cl dinapyary 2007
she vector is a plasm d vaccine vector _

: “g‘g%%ﬁﬁgze-g?a pl asm d portion and an expressible PCMzﬁ&moszu
" cassette conprising: (a) a codon-optim zed

pol ynucl eoti de encodi ng a human 1-1ER2 protein or a

human HER2ECDTM protein; and (b) a pronoter operably

linked to the polynucleotide. 35 19 January 2007 WO

_ I-IER%E&?‘&I& %gw?as EFFt&o—mjeﬁgﬁ/ to v(f)e% X g%%:&'%ﬂ%%g%%ﬁg&%e at week 14,

The tNuzate] profao IR 2ECGDIN mdﬁhélﬂ'ﬁhﬁiﬂ - AGEehiE nichiEED rdGotde)hiihkr than that

induc%E %

B o 3 b EL ) oMy B ot by g

ELISE@@@D@YFISZEIGQRB 6> Imzrwlestsmasmsmy ingE2- Vondovisyoldestsidishnot reveal
dlffcﬁn&s m?ﬁ’e]&ﬁre%m&gg&sﬁee%?ﬁ&wo sy tificial

Sequence <220> <223> HERZopt <400> 1 at ggagct gg
.ccgecectgtg ccgetgggge ctgectgetgg ccctgetgec cccctgegcec
60 gccagcaccc aggtgtgcac cggcaccgac at gaagctgc
gcctgccecge cagccccgag 120 acccacct.gg acatgctgeg -
ccacctgtac cagggctgec aggtggtgca gggcaacctg.180 . L
gagct gacct acctgcccac caacgccagc ctgagcttcc tgcaggacat
. ccaggaggtg 240 -cagggctacy tgctgatcgc ccacaaccag - -
.gt.gcgccagg tgatcctgca gcgectgege 300 . atcgtgecgeg
gcacccagcet gttcgaggac aactacgccc tggccgtgct ggacaacggc
360 " gaccccct gaacaacaccac ‘ccccgt cagc ggcgeccagcec
ccggcggcect..gcgegaget g 420 cagctgcgca gcct gaccga
. gatcctgaag ggcggcgtgc tgatccagcgcaacccccag 480




ctgtgctacc aggacaccat cctgtggaag gacatcttcc acaagaacaa
ccagct ggcc 540 ctgaccctga tcgacaccaa ccgcagedgc/anuary 2007
., gcctgccacc cctgcagccc catgtggaag 600. ggcagccg' ct
. Waeigggrega gagcagcgag gactgccaga gcctgacccy Caeq9tdHodfoos2sy
660 gccggcggcet gcgcccgetg caagggcccc ctgcccaccg
actgctgcca cgagcagtgc 720 gccgcecggcet
gcaccggccc. caagcacagc gactgcctgg cctgcectgca cttcaaccac
780 agcggcatct gcgagctgca ctgccccgec ctggtgacct
acaacaccga caccttcgag 840 agcatgccca accccgaggg
- WHATJICLACMED I8t cggcgcca gctgegt gac cgcctgeccc 900
t acaact acc tgagcaccga cgtgggcagc tgcaccctgg tgtgccccct
_ gcacaaccag 960 gaggtgaccg ccgaggacgg cacccagcgc
t gcgagdagt dcagtatggeclettagdgodagt: cibﬂxaﬁsin%i SHgf&dca 6 Bnucleotides that
faleten C a c ca ccaqc
e B b S TR B0 B P A8 S8 rotecute
5 being gofgp-eptimiced G bich leyel grprestind in 4 hogmoglicg accccgecag
caacaccgcc cccctgcagc ccgagcagct gcaggtgttc 1200
gagaccgt gg aggagat cac cgggtacctg tacatcagcg cctggcccga
cagcct geece %g%@mﬂﬁﬁﬂ%F§§§§§IWdkaﬁﬁﬁhﬁnéGﬂ@@@g@@gmumweOf
nucleotii sCgmyges thgcafubite 9L Mcaadd 94 966 h320 I RGagcct ga
' "‘ccctgcaggg cctgggcatc agct ggctgg gcctgcgcagect gcgecgag
, 1380 ctgggcagcg gcctggecct gatccaccac aacacccacc
10 tgt gct$cgt Gorcamgpdsidgthd nuddehgd gakeulagedigd Cg
- 'caaccctcac caggccctge tgcacaccgc caaccgcccc 1500
gaggacgagt gthgg cga gggcctggcc tgccaccagc tgtgcgceccg
‘cggccatt gc Adesteell eogipggios fegyegondfclinda gt gcgt gaac
‘tgcagccagt tcctgcgcgg ccaggagtgc 1620 gt ggaggagt

gccgcegiget gcagggect g ccccgcgagt acgt gaacgc ccgccactgce
1680 ‘tgccgﬁﬁgggﬁéeg%ﬁﬁﬁﬂ@m%@g@@8@Eﬁ§@aé@§§@agﬁgndaMkhsﬂxw
15 encodet g aarwhgihfﬁﬁandhmﬁﬁ Qﬁ%#ﬁf&h&t%@&@é‘aﬁ@ﬁ% ﬂt%ﬂtﬁ %Ctﬁb% &ino acid sequence
_ f SEQAEPEG63C : 1% C ccqgc
_0 cccagc’ggﬁh?ggggggg §°§§€§§%c°§%“%%%%%cé?%¥ﬁ8%5%&?@%8&33@30
NO:2, whpaeg Qgg%fge perguIgyEhect gusoagyeltygtus, wdticainiage by the formula
acccaqqgeg%gqggggacct'ggacgacaag 1920 ggctgcccecg , _
.. ccgagca cgeccagcccc ctgaccagca tcatcagcgc cgtggtggge
| | 1;1_\&!1.1-10% gﬁdg&g%ﬁﬁﬁﬁé’g f.[@x@? gfgq!sgtg tSE@%B@é@égqng hqf@g' @g 0.%8, wherein any
20 non—m;%ﬁ?gmzmg ofjX g agicy R@%ﬁg%cit/@ ﬁgz é:lzearzﬂt inktGbed pibHAG ¥ub%tgtgﬂlg sMQt product from
X - € .aggatccgea agtacacca :
| Q?’“fgcg&%g%éﬁgég?éégéggéﬁﬁge gdﬁﬁﬁﬁ?ggﬁéb@gg€% PEoFign 1n 2 human cell.
acccccagcg gcgccat gcc caaccaggcc cagatgcgca tcctgaagga

Creggcaccy 4 Bl CRERR A ARy GaR 25080 £ SR e mctooides hat

- encodespinmpgHFRIEGRMDEpoGngs 5@ Gatidg SEQ IDINOJEgngamgRas Retagacid

e -SRI O ST
. catctgcctg accagcaccg tgcagctggt gacccégctg 2400

at gccot acq THe EEARHORIIARRGAGE M GURIASARGE IRIIGRESS :
ccag 2460 gctga actggtgcat gcagatcgcc

. ca gacc ,
nuc]eotlgag aalggfeé . ;e@sqﬁeﬁogﬁgﬁegg%ﬁfﬁe@ém D B¢t gcacc
gcgacct ggc cgcccgcaac gtgctggtga agagccccaa ccacgt gaag
' 30 | - 258Q 8 A vector comprising the nucleic actd molecule of claim 6.
9. A host cell comprising the vector of claim 8.

7 10. A synthetic nucleic acid molecule comprising a sequence of nucleotides thét
35 encodes a variant human HER2ECDTM polypeptide that has at least 90% identity to the amino acid |
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at caccgact tcgacctggc ccgcctgctg gacatcgacg a CC%%%@%OO?
ccacgccgac 2640 ggcggcaacg tgcccatcaa gtggatag u

ct ggagagca tcctgcgeccg ccgcttcacc 2700 caccagagcg
acgtgtggag ctacggcgtg accgtgtggg agctgatgac cttcggcgcc
2760 aagccctacg acggcatccc cgcccgcgag atccccgacc

t gct ggacaa gggcgagcgc 2820 ctgccccagc cccccatctg

R —
lenghog SEQQ@(NQ 24 MSI@NQQGMmm gomba gf algab gt akagions, and is

CMQ?Q%Q%QQ gggccccgccagccccctg 3000 gacagcacct
cgcag cct&&ﬂggag gacgacgaca tgggcgacct ggtggacgcc
3060 gdbggate ggt gcccca gcagggcettc ttctgecccg

in WHEICRS &Qﬁ&@mcﬂ&%%mﬁn@é&& in 98039 O£ aﬁ'&?%ﬁ&&@ag&-ofo 90,

| c agca ca g¢ cggc acctgacc 3
Wher&i"%ﬁ{ﬁg g‘&gﬁf 5 g ag@ 8‘% R g@@@%ﬁ% sgegseRiog it cec
subtreat g gaGgeiud iy Xgc wggaaéglﬁ‘egse@%g&egdsf%g%&dt@wﬁ gaf6logtimized
ccgccaaggg cct gcagage ct gcccaccc
.ﬁ” éﬁ@@%@ﬁ%ﬂ g@@@@%%ﬁﬂcgctacagcg aggaccccac cgtgcccctg
3360 cccagcgaga ccgacggcta cgtggccccc ctgacctgca
gcccccaggeccg tg 3420 . aacca a cgecce
ccagcccggc a%‘c%%%ﬂ%@agﬁﬁ a@%ngﬂﬁgﬂF %gglg
recorpljeant best edlf. sogwisimgrct . ggagcgeccc aagaccct ga gccccggcaa

g aacggcgtg 3éﬂo AR 8%%5&&%@%%%33}%&8%%5% togclalm 1

g%%gaacc cC agt acct g
”ﬁoﬁﬁp I cctcca cctgetttca gecctgettt cgacaacctg

- 3660 tactactyyg agmAsgaehesttartRitdddgiiooBaheat.%
o 1%% cGtt ca g,cacc_S?ZO cccaccgccg agaaccccga
- CXPIEY 3 g YR B ccgt gt aa 3768 <210> 2 <211>
1255 <212> PRT <213> Hono sapi ens, HER2 <400> 2 Met

el tiﬁ““ R oS Yorghhreshth e o T el e,

' _recomman@% crHrcogipyising: Asp. ., Met Lys 20 25 30 Leu Arg

;Leu Pro A B
His. 35 4 a;guLelu Ty aygéém?c’?“pg Sitfe B8 BugfBb alifrle ﬁ{“%ﬁ
to aguftable, Thr Tyr 50 55 60 Leu Pro Thr Asn Ala

. Ser Len Se r (Bh e LeltufhgthABRt tdlun@itodifony&hich@ow0 75
o :'W%%n Pt B i s § Mg Lou Arg e Val Arg
- Cay Thr G n Leu Phe G u Asp Ass Tyr 100 105 110
13." A wvector compnsmg a synthetic codon—optmuzed nucleic acid
.miolecule, the micleic acid molecule coniprising a scquence of nucleotides that encodes a
- humax HERZ/neu protein as set-forth in SEQ ID NO 2 or @ human HER2ECDTM protein as
- set forth in SEQ 1D NO:14 for use as a vaccine: ‘

14.  The vector according to claim 13 wherein the mammal is husan,

15.. The vector accordmg to clalm 14 wherem the vector is an adénovirus

vector ora piasmld vector.
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Ala Leu Ala Val Len Asp Asn Ay Asp Po Len AsnAsn Thr

Thr Pro 115 120 125 Val Thr Ay Al a Ser Pro 1&Janagry 2007
LeuArg Qu Leu G n Len Arg Ser 130 135 140 LeuThr du
Ile Leu Lys Ay Gy Val Leu lie Gn Arg Asn Pro G n

145 150 .155 160 Leu Cys Tyr Gn Asp Thr Ile Leu Tip
Lys Asp Ile Phe Hi's Lys Asn 165 170 175 Asn G n Leu

Ala Leu Thr Leu Ile 8p Thr Asn Arg Ser' Arg Ala Cys

180 190 M s Prle veyter Beerding do Nim IGyshekgis thGlvyetGas anudgnoviral

. vect@’&) E %_Xrgdén%l %&1%1?16 %;i]gﬁnoréﬁrthe d&l@'ﬂs %%g%%ndan

insert ggt@e a@ng_gngg‘ﬁ G‘%l?ﬂ , Mhgrpin thginseyompisss AR expression cassette
_ comBﬁEBigEF’20041008234 Ala Arg Cys Lys Ay Pro Leu Pro Thr

Asp Cys Cys n 225 230 235 240, Ala Al a
dy Cys Thr ga%/ Pr"bwl_ RO @Z@l%ﬁ‘% eE‘é’G‘“AIaé‘“@?%HERz
prottig or a RAdianFHRIED T prditie aAdn Hs Ser Ay Ile Cys Qu

Leu Hi s s Pxop Ala L Val 70, Thr Tyr Asn
Thr Asp Thr RRL G PberdeanSimkEl B pum ey o

275 280 285 Tyr Thr Phe Ay Ala Ser Cys Val Thr AI a
Q/ s Pro ﬁyf AR vEMbr ée&&%dm %Oclﬁ%ﬁs%@{%re‘ﬁ%e J/-&rtoéass&)p%%gd

. Ser Cys Thr Leu Val s, Pro Leu H's
Vawgwe%*ﬁrswwb corpaprises/aplaspid pagtign epd prvexprosyile qEssetierompisipe:
Cys Gu Lys @ S@mh&rﬁoﬁ&ﬁz&ﬁ?}ﬂl}%&ﬁmtﬁé enc%ﬁééhlamﬁ{ HER2

profor LT oSl W Sor s Aen 116 Gn U

Phe Ala Ay @y LyaproB&tr @pebFamked iy shed gobynleotidey Ser
Leu Ala Phe Leu Pro Qu Ser Phe Asp Ay Asp 370 375

380 Pro Ala Ser Asn Thr Ala Pro Leu G n Pro Gu Gn
Lea G n 185| - Pyeadenovirus vacciné vector comprising an adenoviral genome with

a deleﬁon inthe EI regmn, and an insert in the El region, wherein the insert compnses an
expression cassette compnsmg o
@) a codon-optimized polynucleotide encodmg a human HER2
‘protein or encodmg a human HER2ECDTM protein; and
{b) a promoter operably linked to the polynucleotide.

' 19. ° An adenovirus vector according to claim 18 Which:is'én Ad 5 vector.
~20.-  Anadenoviras vector according to claim 18 which is an Ad.6 vector '
or an Ad 24 vecior. ' '
21. A vaccine plasmid comprising a plasmid portion and: an expressmn _

"cassette portion, the expression: cassette portion comprising:-

o : (a) 4 codon-optimized polynucieotlde encodmg a haman HER2
: protem ora human HER2ECDTM protein; and

' {b)  apromoteropdrably linked to the polynucieoude
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385 390 395 400 Gu Thr Leu Gu Gu Ile Thr _
Leu Tyr Ile Ser Ala Trp Pro 405 410 415 Asp gg,Januaryzoor
Leu. Pro Asp Leu Ser Val Phe G n Asn Lea G n Val Ile
Arg 420 425 430 Ay Arg lle Lea His Asn Ay Ala Tyr
Ser Leu Thr Leu. G n Gy Leu 435 440 445 dy lle Ser
Trp Leu Ay Leu Arg Ser Leu Arg Qu Leu Ay Ser Ay
450 455 460 Len Ala Leu Ile H's His Asn Thr H s Leu
Cys Phe Val H's Thr Val 465 470 475 480 Pro Trp Asp

G n Leu Bhe Ang of‘§ 'ﬁrs?(z&td"'aﬁd ge@m‘ﬁi @—:cﬂof" lxh € H%Ekéno-ﬁwf &
490 495 P

medt%ﬁféfv taipes laarteygl Spt @1@3@%{1@%@0@%0@% Wheseinthg At
vectéy @mphiyes lallcsd(ﬁa\jcﬁntlﬁzkéd EhlymBictid shebify 4 iimdl HEP@’[ﬁoteﬁlﬁ a

TR TR ORI EAC

secohd vecRir gonpiiseGh cpdﬁyiop&taizedﬂmﬂyn@llc&ot&\tegmd:dldmngan H:ER2 5Aﬁem

kA e e o -

1 yectoyis addsrl whtem a pxpdetpmingd; agnofigtrof Lips pﬁmy aﬁgno

mo'a&ﬁng'iﬁgﬁmvecmrPro Pro Phe Cys Val Ala Arg Cys Pro Ser
@y Val Lys Pro Asp Leu 595 600 605 Ser Tyr Met Pro

Il'e Trp Lys Phe Pro Asp Gn Gn GQy Ala Cys dn 610
615 6202Pro Qysse Béc@rdﬁ@oé&ﬁn@ﬂ&h&ﬂ&fn thé SrstSREtofY¥ & pMéinid and

Lys. 625 630 635 640 Gy Cys Pro Ala
mes%%ﬁdgcﬁof?%ﬁ%g et eﬁpf) Leu Thr Ser Ile Ile Ser 645
650 655, Al a Val Val Ay Ile Leu Leu Val Val Val Leu

Sy o e 0 kel L B

: Ve"t‘B’GBd thAPtj’OE‘éYWYOE&PR@Sﬁ’“% u Thr d u Leu Val GI u Pro Leu
' ThrPro Sergi Gy 690 695 700 '
25. Use of a vector compnsmg a synthietic codon-optimizéd micleic acid

molecuie the nucleic acid moiecuie compnsmg a .sequence of nucleotides that encodes a |
huinan HER?2/neu protein as set forth in SEQ i3] NO 2-or 2 human HER2ECDTM protcm as
" set forth in SEQ 1D NO: 14 in the manufacm of a vaccine for preventing or treating HER2-

associated. cancer
26. A use according.to cla.nn 25 {vhereih the fnamimal is human
27. A use accordmg to clalm 26 wherem the vector is an adenovirus

.vcctor ora plasmid vector.

_ 28. A use according to claim 27 wherein the vector is an adenoviral |

vector comprising an adenoviral genome with a delétion in the adenovirus E1 régionl,“and an

insert in the adenovirus El region, wherein the inseit comprises an expression é__arssette‘

~ comprising: ' | .

' (@) a codon-optimized polynucleoude encoding a human HER?2 protem ora

* human n HERZECDTM protein; and . |
(b) apromoter operably hnked to the polynucleotlde
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Ala Met Pro Asn G n Ala G n Met"Arg Ile Leu Ly, :
Thr Gn Leu 705 710 715 720 Arg Lys Val Lys| a’F" ‘ﬂ%&zow
Ay Ser Ay Ala Phe Gy Thr Val Tyr Lys 725 730.

735 3 19 January 2007 WD 2005/012527 :

PCT/ EP2004/ 008234 Ay Ile Trp Ile Pro Asp Ay G u Asn

Val Lys Ile Pro Val Ala Ile 740 745 750 Al a Val Leu

Arg GQu n Thr Ser Bro Lys
755 760 765 lise aécord%g alm%fwvéﬁs%? lﬂﬁl Veg?@ S/ a\?zzism@] Vccme
vect8n Mhﬁh@oﬁﬁymse&/abla&d phatign aﬁﬂ?@ ciﬁxﬁssmahsetne tompricng: || e

Cys Leu r.. Thr. Va NS4 Thr dn 765
790 795 @oa%"t‘m@gug’ﬁ P‘gﬁ‘“f/’lé %Oﬁ“LgeaJ‘“EéBh%%épffg?m ora,
human IEBZRCPEM photginGind Ar g 805 810 815 Leu Ay Ser Gn
Asp Leu [p { Ll.e a.lys dy 820
635 550 KLt &k ’r°p%%yg%ﬁedg’é%e%ﬁ‘“%°§“ &0 Val H s
Arg Asp Leu Ala Ala 835 840 845 Arg Asn Val Leu Val
Lys Ser Pro Asn His Val Lys Ile Thr Asp Phe 850 855
860 Ay Leu Ala Arg Leu Leu Asp Ile Asp Au Thr Qu
Tyr His Ala Asp 865 870 875 880 dvy dy Lys Val Pro
Ile Lys Trp Met Ala Leu Gu Ser Ile Leu Avg 885 890
895 Arg Arg Phe Thr H's Gn Ser Asp Val Trp Ser Tyr
Gy Vval Thr val 900 905-910 Trp G u Leu Met Thr Phe
Gy Ala Lys Pro Tyr Asp Ay Ile Pro Ala 915 920 925
Arg-Qu lle Pro Asp Leu Leu Qu Lys Ay Gu Arg Leu
Proodn Pro 930 935 940 Pro Ille Cys Thr Ile Asp Val
Tyr Met . 11e Met Val Lys Cys Trp Met 945 950 955 960
Ile Asp Ser Gn CysArgPro Arg PheArg Qu Leu Val Ser
A u Phe 965 970 975 Ser Avg Met Ala Arg Asp Pro an
" 'Arg.Phe Val Val Ile dn Asn Qu
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Pro Ala Ser Pro Leu
995 1000 1005 Leu
Val Asp Ala Gu Qu
Gn Gn dy Phe Phe
Gy 1025 1030 1035
Avg Ser Ser Ser Thr
Leu

980 985 990 Asp Leu Gy
Thr Phe Tyr Arg Ser Leu
Asp Asp Met Gy Asp Leu

'wéqa@,(,;%a 1020 Val Pro
Pro Ala Pro Gy Al a
l\/bt

Asp Ser
I ’@) J&ghary 2007
Tyr Leu

9’0%5)15%0941003234

Arg Ser
Ay Leu

Val . H's H's Arg Hi s
dy

du
Ser
Phe
Al a

<110;:M%QCM§E
Tieeldsp pPasyudier  Val

Pro Ser

g1d-eu

Ay 1045 1050 1055
Gu du du
Pro Leu Ala Pro Ser
Asp dy 1075 1080 1085 .
Lys Ay Leu @ n Ser SEQUENFEQLIBFING S -
ro.per Pro Leu Adn Arg Tyr Ser Qu Asp Pro
1 1120 Pro Ser

@y Asp-Leu Thr
Ala Pro Arg

1060 1065 1070

GQu dy Ala Ay Ser Asp Val

1105 . 1110 1115

Ala Pro Leu Thr

I‘T%ZM%u’-‘ii’liPSS Pro Qu Tyr Val

Cys Ser

Pro dn

Au

Asp Leu Gy Met Ay Ala
1090 1095

Asn G n Pro Asp Val

145 1150 . Arg Qu
déﬁ%ﬁlm @oge;?ﬁ%o Dglgﬁéﬁﬁﬁ HiE Ay Ala Thr Leu
Au 1155 1160 1165 Arg Pro Lys Thr Leu Ser Pro Qy
% Asn Val Val ‘Lys Asp Val 1170 . 1175 1180. Phe
‘13°>AI5RWL§YGP Ay Ala Val Ju Asn Pro-Gu Tyr Leu Thr
<150:P60/43d9)233185 1190 1195. . 1200 Ay Ay Ala Ala Pro -

<151FpoPRog-gis Pro Pro Pro Aia Phe Ser
5 Phe Asp Asn Leu Tyr Tyr Trp Asp Gn Asp Pro Pro
Arg Ay Ala. 1220 1225 1230 Pro Pr.o Ser Thr-

| <170>L)?‘551£§EX'§ &t Wer@uwEhveANiand W Asn Pro .G n. Tyr

.<160> %

1245 4 19 January 2007 WO 20051012527

<211
«<212> DNA

"<213> Artificial Sequence

<220>

<223> HERZopt

<400> 1
atggagctgg
gecageacce
acccaccetgy
gagotgacct
cagggctacy
ategtgegeg
gaccccchtga
cagctgegea
ctgtgetace
- ctgaccetga
ggcagcedct
gecggeggcet
gcogoeggeth
agcggeatet
agcatgocca
‘tacaactacc
gaggtgaceg
gtgtgctacg
atccaggagt
ttecgacggeg
gagaccetgg
gacctgageg
tacagcetga
ctgggcageg
cectgggace
gaggacgagi
tggggceeeyg
giggaggagt
ctgccetgeen
gocgaccagt
‘cocagegacyg
‘ggcgoctgeco
ggctgeecoey
-atectgetgg

ccgoectgtyg
aggtgtgeac
acatgetgey
acctygeccac
tgctgatcge
gceacecaget
acpacaccac
gectgacega
aggacaccat
tegacaccaa
gctggggega
gagecegetyg
gocaccggece

gcgagotgea®
aceccgaggy

tgagcaccga,
ccgaggacgg
gcetgggeat
tecgecegdetg
aceccogcecag
aggagatcac
tgttecagaa

ccotgoaggyg:

gectggoect
agctgttceg
gegtgggega
gcoceaceea
gccgegiget
acccegagty
gcgtggeetg
tgaagccoga
agccektgeec
ccgagcageg

“tggtggtget

cegetgggge
cggeaccgac
ccacctgtac
caacgccage
ccacaaccag
gttegaggac
cceegkgace
gatoctgaay
cctgtggaag
ccycageoge
gagcagegag

caagggeece
.caagcacage

ctgececgec
ccgctacacc
cgtgggcage
cacecagege
ggagcacctyg
caagaagatc
caacaccgee
cggetacctg
cctgcaggtyg
cctgggeate
gatccaccac
caacccecac

gggcetggece

gtgcgtgaac
gcagggecty
cragccecag
cgcccactac
cctgagetac
catcaactge
cgcocagecooo

gggcatggtg

ctgetgetgg
atgaagetge
cagggcigec
ctgagetice
gtgcgecagg
aatctacgcoo
ggegoeagee
ggeggegrge
gacatctteo
gectgccacs
gactgceoaga
ctgcccaceg
gactgccetgy
ckggtgacct
tteggecgoca
tgcacccectgy
tgcgagaagt
cgcgaggtge
ttcggeagece
cccctdeage
tacatcageg
atcegeggoe
agctggetgg
aacacceacc
caggcecctge

tgecaccage

tgoagecagt
coccgegagt
aacggcageg
aaggacccoo
atgececatet
acccacaget
ctgaccagea
tteggeoatee

coctgetgog
gcctgeocego
aggtggtgen
tgcaggacat
tgeceectgea
tggcogtget
ceggeggect

tgatceageg’

acaagaacaa
cctgeageod
geotgacocyg

‘actgetgeea

coctgectgea
acaacaccga
gctgegtgac
tgtgeeccet
geagcaagoc
gcgccgtgac
tggccttect
cecgagoaget
cctggecega
gcatcctgea
gcctgogeayg
tgtgcttcogt

tgcacaccge

tgtgcgeecg
tectgegegg

acgtgaacge

tgacctgett
cctteotgogt
ggaagttcece

gcgtggacct
tcatecagege

tgatcaageg

Phe..

<21°>P§:IédiP2004/ 008234 Leu Ay Leu Asp Val Pro Val

‘ceecggegea
cagceccgag
gggcaacctyg
ccaggaggtg
gcgcetgege
ggacaacgga
gcgcgagetyg
tCaacccecag
ccagoetggeo
catgtgeaayg
caccgtgtge
cgagcagtgoe
ctbcaaccac
caccttegag
cgectgeceo
goacaacead
ctgegcoege
cagcgeceaac

gccogagage

goaggtgtte
cagectgecoe
caacggogec
cctgogogag
geacaccegtg
caaccgocoec
cggccactge
cecaggagtge

‘Cegecactge

cggeeccgag
ggccegctge
cgacgaggag
ggacgacaag
cgtggtggge
ccgocageag

Pro Ala 1205 x210

1235 1240

60

120
180
240
300
360

420

480 -

‘540

600

660

720
780
840
900 .
260
1020
1080
1140
1260

1260
1320

1380
1440
1500
1560
1620
1680
17490
1800 .
1860

1920.
1980
2040




1250 1255 <210> 3 <211> 43 <212> DNA 5213>
Artificial Seéquence <220> <223> PCR prifmer <Jfolgouary 2007

catttaaatg ccgccaccat ggagctggcg gca, 004/008334
Vgg?ggm&ﬁ%gll> 33 <212> DNA <213> Artificial Sedﬁ@ﬁ%%

. Ala

- <220> <223> PCR pri ner
acgtccagac cca 33
Artificial
<400> 5 A n Gy Asn Leu GQu Leu Thr Tyr

22gARPEIREgaTACabert Segecactts o

accoceal 1 a
cgcaaggt gggg
@wﬁi%s@ g

ccc&haycAs pacHakbgh

a
=5 4

tacgtopgyee, gt gcipagy

atg a

gaczggttgg
ctggtgcacc
atcaccgact
ggedgeaagg
caccagageg
aagccctacy
ctgeocecage
atcgacagcg
cgogacecea
gacagcacct
gaggagtacc
ggcatggtge
ctgggeetgg
gecggeageg
ctgcececaccc
cccagcgaga
aaccagcccog
egecocogeoy
gtgaaggacg
ggcggagcetg
tactactggg
cecacogeeyg

- 210> 2
‘<211 1255

-<212> PRT
<213 Howmo

<400> 2

Met Glu Leu Ala Ala

1
Pro Pro
. Leu

: 35
Leu Tyx
' 50
Leu Pxo
65
. Gln Gly

Gln Axg

Lieu
Thr

130
Thx

Val
Leu
145
Leu Cys

-2sn Gln

His Pro

Glf Ala
Arqg ALeu
Gln
Thr
-
Leu
Ala
1i5
Gly 2la

Glu

Leu

Cys

15359

actggtgeat
gcgacctgge
fcggectgge
tgcccatcaa
acgtgtggag
acggecatecce
ccececatotg
agtgececgooc
agcgcttegt
tctaccgeag
‘tggtgcecea
accacogecoa,
ageccagega,
acgtgttega
acgaccccag
ccgacggceta
acgtgcgece
gcgccacect
tgtitcgectt
ctecetcageo
accaggacce
agaacccega’

sapiens,

57 .
Ala
20
Pro Ala

Gly Cys

Asn Ala-
Leu

85
Ile

Val

Arg
100
Val Leu
Ser

Ile Leu

Sequence

Leu Cys
Ser
Ser,
Gln
Ser
70

ile
Val
Asp
Pro

'Lys

£999) Saqeraggeec

52%%22

etgghicBa

Ghrctserty <2tBgcatcg.
F995 gPagcasetq egegagaace

gcagatcge

cgcccgcaac
ccgoctgetyg
gtggatggee
ctacggeogtyg
cgocogegay
caccatecgac
cogetteoge
ggtgatceag
cctactggag
gcagggcttco
cogcagcage
ggaggaggcc
caggcgacctyg
ccecctgeag
cgtggeceooce
ceageceeoe

.ggagecgccce

cageggegeco
tcaccctcoca
tcetgagagg
gtacctggge

.HERZ2

Thr Gln
Pro Glu
Val val
55

Leu Sgr

Ala His

Arg Gly
Asn
120
Gly Gly
135

Gly Gly

150

Gln Asp
165
Ala Leu
180

Ser Pro

185 -

. Sex
210

Glu Asp

Cys éln

Thr
Thr
‘Met

Ser

Ile Leu

Leu Ile
Lys
200
Thr

Cys

Leu
218

Arg Trp .Gly
. Val
25

Thr
Gln
Phe
Asn
Thr
165
Gly 2asp
Leu
Val
Trp
‘Asp
185
Gly

axg

<210> 5 <211> 19 .
<220> <223> HER2 peptide - -

BIIE

aagggcatga
gtgctyggtga
gacatcgacy
ctggagagcea
accgtgtggg
ateceocagace
gtgtacatga
gagctggtga
aacgaggacc
gacgacgaca
ttctgecceg
agcaccogea
cdcegeageo
ggcatgggeg
cgctacageg
ctgacectgea
ageccceegceg
aagacccectga
gtggagaacc
cctgetittea
ggtgctectao

ctggacgtgc

Leu

Cys‘Th:

His Zep

Gly Asn

Leu Gln
.75
Gln Val

Gln Leu

‘Pro Leu
Arg Glu
Leu Ile

155
Lys
170
Thr Asn
Ser Arg

Thr Val

-220

Leu

<400> 4 gccgtcgact ttacactggc
<212> PRT <213>

Pr oThr

talgosagg v Cpga

2220

= ;gzzao
%E‘m 5340
g 2400

JHEPTIHE Ho0sas
E@%zc Elgﬁetggla%%g

tgecag

gcggocgeet
gctacctgga
agagccccaa
agaccgagta
teetgegeeg
agctgatgac
tgctggagas
tocatggtgaa
gegagttcag
taggececge
taggegacck
acceogeece
géggeggegy
ccetggeocce
cegecaaggg
aggacceceac

goooocagees:

agggccocet
gococggcaa
ccgagtacct
gceceoibgettt
ctagcacctt
ccgtgtaa

Leu Lew

Gly Thr
30

Asp Met

Leu Glu
Asp Ile
Arg Gln
Phe Glu
Asn Asn
Leu
140
Gln Arg
Ile
Arg
Cys

Cys

Ala
Asp
Leu
Leu
Gln
Val.
Asp
110
Thr
Len
Asn
His
'Arg
150
-Bly
Gly

gggcagecag
ggacgtgcge
ccacgtgaag
ccacgeogac
ccgeticace
ctteggegeo

‘gggcgagegce

gtgctggatg
cocgcatggac

‘cagcoceecctg

ggtggacgcee
cggegeegge
cgaccitgace
cagcgagggc
cctgeagago
cgtgccectg
cgagtacgtg
gocegeegeo
gaacggegtyg
gaccceccag
cgacaacctg
caagggcacc

Leu Leu
15 .
Met

Arg -
Thr
Glu
.Pro
a5 -
Asm
Thr
Arg Ser

Gln

150
Asn .

“ CYS

Sexr

Pro
Lys
‘17%
Ala
Glu

Gly

tgraddhaaléogagcBite beAdkELRy 2100
JpRYgegra 3bcchghaddac padcgagetg 2160

2460
2520
2580
2640
2700
2760
2820

12880

2940
3000
"3060
3120

3180
3240
33000

3360

3420 -

3480

3540

13600
3660
3720

3768

Cys =




| we2bs0@s5:211> 9 <212> DNA <213> Artificial Seé@ﬁﬁﬁﬁmmosm
<210

Ala
225
Ala

© His

Tyr

Ser
305
Glu
Pro
val

Lys

© Pro

385
Glu

Asp
Gly
Gly
Leu
465

Pxro

Ala

Gln

Val

Arg

545
Leu

Phe

Pro

Sexr

Pro
625

CGly

Ala
Ile

Arg

Ala

705

.. Arg

<220> <223>HER2 peptide _5 19 January 2007 -
2005/ 012527 PCT/ EP2004/ 008234 <400> 7 Ay @ 5%5%3007
Pro An Pro Hs Pro Pro Pro Ala Phe Ser Pro 1 5 10 15

<220> <223> Kozak Sequence <400> 8 gccgccacc 9

9 <211> 2028 <212> DNA <213> Artificial Sequence

<220> <223> HERZECDTMopt <400> 9 at ggagct gg

ccgccctgtg ccget ggggce ctgctgctgg ccctgctgcec

ccccggecgec 60 gccagcaccc aggtgtgcac cggcaccgac

B9y 5% degcCye gg dedgBre e cevgays Fre Higce €é‘adﬂ{ﬂg
AGALOFIGEOE ? tglag, £ 900Gt OEE a0gtagt gea ;gg dhcct g
0 ‘gagctgacct” acctgcccge ﬂ@acgcccac ct gagg

Ftl‘gcagg a?@at Segr &g ddet ovL40u Igaggucicas g’rbgﬁleg aIe&g‘mal

S HEEa St 1SR 5

mggﬁﬁegms}tmg,g 860a590¢a1360r AACEHRL BLEaryRCAAL AGE AGen
mmccgt% CC ggcgceagcc ccggcggcct gegcgagctg 420
g

Bagkiry %a{-"'lg’cg ?éﬁ’ég”ﬁ“—'g&?‘éd’ia §ge dgegii Aﬁgﬂl@cagcg B
LAAGECE6AG 4805, GhOLAGE REE 2gURAL QL %993%2
gacat ct t czzgcaagaacaa ccagakggcc 54 acestg

Gve glca egaahdcgmagvcgﬁygbetgﬂza&& Gt&g@ag@nCAc@ugmgcaag
600.. g cg C a ca
ey S e U R i S
Igémfécgw %&ag@gmgcpzﬁt g&maaccgacs@ctpgsaa@gagﬁa%gcr 72
3@o cé@@gﬁgcc caagcacag?l actgcctg .
A&Et%f ? BEedeur8r Py T 1g ¥e @&e
%‘e%cﬁﬂ?%lﬁtﬂﬁ GRE G a@ﬁa%%%q@ £ALGLE rmyag, B
agcat gcccavaccccgaggqg . ccgcuamcgc ttcggcgcca4g§tgcgtgac

Segd@wgevtésgaﬁﬂtagaa@ﬁa@@aﬁ@a@@acbgaGbgﬂ%%gcag@rg
ahgeagelt &%tsgﬁ@ncafﬁaag%%ic acGaq 280, . ain a1y Leu

435 440 445
Ile Ser Trp Leu Gly Leu Arg Ser. Leu Arg Glu Leun Gly Ser Gly
450 455 . 460 . .
Ala Leu Ile His His Asn Thr His Leu Cys Phe Val His Thr val
470 475 | - .- 480
Trp Asp Gln Leu Phe Arg Asn Pro His Gln Ala Leu Leu His Thr
485 - - S 490 .‘ . © 4950
Asn Arg Pro Glu Asp Glu Cys Val @ly Glu Gly leu Ala Cys His
500 - : . 505 : -~ . .510 :

Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro Thr Gln Cys
‘ ‘515 . o - 2520 ‘ 525 :
hsn Cys Ser Gln FPhe Leu Arg Gly Gln Glu Cys Val Glu Glu Cys

530 . 535 o ' 540 . . .

Val feu Gln Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys.
- 550 : '~ -555 - 560

Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Sexr Val Thr Cys

565 - - S 570 .- o 575 .
Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr Lys Asp
580 = - : . 5857 : 530 . Co-
Pro Phe Cys Val Ala Arg Cys Pro.Ser Gly Val Lys Pro Asp Leu
585 . -600 ) 605 - .
Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu Gly ala Cys Gln
610 615 620 :
Cys Pro Ile Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys
. 630 635 . - 640
Cys Pro Ala Glu Gln Arg Ala Ser Pro Leu Thr Ser Ile Ile Ser
. 645 - -~ . 650 _ : 655.
Val Val Gly Ile Leu Leu Val Val Val Leu CGly Val Val Phe Gly
660 . 665 670 - o
Leu Ile Lys Arg Arg Glno Gln Lys Ile Arg Lys Tyr Thr Met Arg
: 675 s : . - 680 S 6BS . ’
Leu Leu Gln Glu Thr Glu Leu Val Glu Pro Leu Thr Pro Sex Gly
620 . 695 - 700 . . .
Met Pxo Asn Gln Ala Gln Met Arg Ile Leu Lys Glu Thr Glu Leu
S 710 o 715 . 720
Lys Val Lys Val Leu Gly Ser Gly Ala Phe Gly. Thr Val Tyr Lys ... -
' . 725 ‘ 730 . - 735




gaggt gaccg ccgaggacgg cacccagcgc tgcgagaagt gcagcaagcc
ctgcgccecge X020 gtgtgctacg gectgggeat ggagcadi@rlgnuary 2007
WOHBSEQsHC gct gcgt gac cagcgccaac 1080 atc:cagg@.@tl.,m,zoomm8234
. -tcgcecgget g caagaagatc ttcggcagcec tggecttcct gcccgagagce
1140 ttcgacggcg accccgccag caacaccgcc cccctgcagce
ccgagcagct gcaggtgttc 1200 . gagaccctgg aggagat cac
cggctacctg tacatcagcg cctggcccga, cagcctgccc 1260
gacctgagcg tgttccagaa cctgcaggtg atccgcggcc gcatcctgca
Gly Iﬂaa@‘gg PAB26p @Jacag@@isgavaﬁcwfgmggmmagggbatme

e FACh200 0. A0 o gopead e oAcoRt: 1300, dodneades

. Asp dl414@.1a c;g@tg@ga:@e mactsgitr tv%ggsgaagﬁma@yﬁa@gcgéﬁ 9Gg
Wcacaccgc caaccgtiscc 15 aggacgagt gc gg cga
Lea Igeg‘gEEY gtdécclfsgé'eac%ée}f Fhgc Eg‘; d§yc¥atk @eu
wet 30999 p@qggqg;cgg AGLCR-ILACOFGaRT, tcﬁﬁaﬁ&?%& éfftaﬁégcgg
ccaggagt gcaols gt ggaggagtgag;ccgcgt gct 90399@959
Leu @Qrceg:c@a tAsacgatagamgsszc cact Yer Iﬂaonect.hgacmsg@ay

cca g acct &P ¢ ¢cgag |
vee G5CES0TT O A0E 8@%?9@3— ik i D ey At as 0
Arg GGt V€1 gedtvQoLes ggaxgﬁrol 3080 H.w.@cc@g@_ggcgld GAR0LHSC Ple
856t gagct-ac -at gccogsct g aagttccc égac ag 1860
g?s' Igagcg%%@g@cﬁealggggtﬁg%@cél% Bc %eﬁ @@ggg acct_ _'
oly cagaw@%ilgyrw 19QCEGE FEE BGC %@gcgeﬁqgga%c
: gaccagcagdscat cagcgc. cgt-ggisgggc . 1980 atcctwggg o
. Arg MrgQPlyy T ctHJgsggbrgt@gt@sn Nabggpaﬁﬂci‘yga@l}t alznﬁ.SVakle> :

0 <21 8 3> |f| allge e 19
e R TA Feh 07 Pp Shok 5 SFrt By b A500
Arg Gqﬁ231>e HERZ;E@DEM\ILeu@ﬂD ryd Gigt @gﬁg&@ OgkLC @@6 cctJIng o
Begct ggggg ctcct &BBcg ccctcttgecc @éec C 60 :
7o oot At eadrn G ot ddagie: debaatetut TRLLEECt gc
”Ile 1GR0EEL @8a %y L2 g%cﬁ%bggﬁ% JQPEEEQVaPlCQEEt@lhﬁﬁhe *
cagggct geccesxggt ggt gca gggaaawoctg 180 gaact camct Co
Ser Paecﬂﬁcééac@%&&gc%&g@mﬂ%@@?t%@ Vgt agatar ewaffagotg
- agg tgct aa t -
asp 7240 ,ﬁgca Lacg. Loe! e g 6&aapd! ggs.ce@ggeu

By
R}

P
A
T

gcgaq“g)cgac cage

- Leu Qi AgAGYACRABEAIYECRIGUEE g}tag CAspagas aEhg Gan 3@& Leu

' Bccgct ga acaat déac ccct caca ccteeccaggaggect f ..
el R N ot
Gly @gat ¢l §2aa1ig0AgYeEECixd gat Cealsy gﬂﬂq&@csaﬁ §0cly

. ctctgct acaocaggacacgat -ttt gtigghag gacatctt cc.i@cd&agaacaa - -
- ely A@é’a]'g‘%{ gggthm@ly deRaiac ?ﬁafé@aféé‘a&% ? dmoghts
- ser MECLACGTLG6CLOL LLCo,0ATAY 200 800 vH0BALLaACE: - ¢
gctgg@oaga; gagtt ct gaghsgat t gt caga gcctgaegcg .cact g}t’ ct gt o
Asp 160Gly Met Gly Ala Ala Lys Gly Leu Gln Ser Leu Pro Thr His )
1030 = .10895 . 1100 .
- Asp Pro Ser Pyxo Leu Glu Arg Tyr Ser Glu Asp Pro Thr vVal Pro Leun
1108 -1110 : 1135 . 1izo
"Pro Ser Glu Thr Asp Gly Tyr Val Ala Pro Leu Thr Cys Sexr Pro Gln
1125 1130 1135 -
Pro Glu Tyr Vval Asn Gln Pro Asp Val Arg Pro Gln Pro Pro Ser Pro
1140 1145 ' 1180 - . .
Arg Glu Gly Pro Leu Pro Ala Ala Arg Pro Ala Gly Ala Thr Leu Glu
1155 - 1160 : 1165 :

" Arg Pro Lys Thr Leu Ser Pro Gly Lys Asn Gly Val Val Lys Asp Vali.

1170 -~ 1178 1180
Phe Ala Phe Gly Gly Ala Val Glu Asn Pro Glu Tyr Leu Thr Pro Gln
1185 1120 1195 . . 1200
" Gly Gly Ala Ala Pro Gln Pro .His Pro Pro Pro Ala Phe Ser Pro Ala
- . 1205 1210 © 1215
Phe Asp Asn Leu Tyr ’.[‘yr ‘I‘rp Asp Gln Asp Pro Pro Glu Arg Gly 2la
: T12290 : 1225 1230 .
- Pro’ Pro Ser Thy Phe Lys Gly Thr Pro Thr ala Glu Asn Pro Glu Tyr ;
. 12385 . - .. 1240 0 0 o 1245 et

'-'4_-' |




<211~ k80 (ggcaacctgg -agct gacct a. ect gcccace . aacgccagcc

gccggt gget . gt gcccget g caaggggccact gcccactg act cca
tgagcagggt 720 gctgccgget gcacgggecc caagcact! tJaﬁuaryZOO?
. gactgcctgg cctgcctcca cttcaaccac 780 agtggcatct
‘WQrtgBgetgea ctgcccagec ctggtcacct acaacacaga CaRgltd,gitoes,
840 tccatgccca atcccgagggccggtataca ttcggcgcca
gctgtgtgac.tgecctgtccc 900 tacaactacc tttctacgga
- cgtgggat cct gcaccctcg tctgccccct gcacaaccaa 960
gaggcgacag cagaggat gg aacacagcgg tgtgagaagt gcagcaagcc
ctgtgcccga 1020 gtgtgctatg, gtctgggcat ggagcacttg
Leu ‘i’??ab%’g@ﬁ@é’aégﬁ%ﬁag etac cagtgccaat 1080 atccaggagt
&ctggctg caaga 6%&0 tttgggagcc tggcatttct gccggagagce
1140. - tttgatgggg acccagcctc caacactgcc ccgctccagc

" <2l0>cagagcagctccaagtgttt 1200

:gi?gé act ct ggaagagat cacaggt t acct a

<2125l tGlLeagcat ggeecggacagect gcct 1260
gacctcagcgt cft ccagaa cctgcaagta atccggggac gaattctgca

<220>caat ggcgcc 1320 tactcgctga. ccctgcaagggcetgggeatc
<223>55¢} FFERYyggcet gcget cact gagggaal380 ctgggeegtg
<ap0-98ct gg. ccct catccaccat aacacccacc tctgcttcgt

ccagt G€2GACIH 1Gad A Qegbal-893RGEctggeg geo ‘ | 43 R
agct ctttcggaacccgcac. caagcet ct gc

- <210>t¢&cgcact gccaaccggeccal500 gaggacgagt gt gt gggcga
_<212>g§ﬁ@pctggcc t gccaccagc tgtgcgcccg agggcact gc 1560,

<211>

<213>t QYYFt erAggeGeHascca gt gt gt caac tgcagccagt.. tccttcgggg‘ P
ccaggagtgc .1620 gt ggaggaat

__<223>g%g%%gt act gcaggggct ccccagggagt at gt gaat gc: caggeactgt e

" gccgt gcc¥%ccct gagt g t cagecccag aat gget cag:
<400>.4 gacctgttttggaccggag 1740 gctgaccagt gt gtggcctg
gccgt@qmt@cat&cat:aagg:gae@tcicage@tqcatgcgt ggcccgct gc 1800 - 33
<210> cgcagcggtg tgaaacctga : o
<211>cﬁ ctcctacatgcccatct. ggaagt t tcc agat gaggagl860
<212>ggugcatgcc ) SRR
<213>a‘g¢eﬁ¢g@éeSewt—:‘aact gc. acccact cct gt gt ggacct ggat gacaag
<220-1920 ggctgeceecg cctagcagag agccagccct ctgacgtcca =
<223>t;§;@§c}5@§tqgeggtggttggc 1980 attctgctgg tcgtggtctt . .

gggggtggtc tttgggatcc. tcatct ga: 2028 <210> 11 . <211> -
<400>3F778. E <212> DNA <213> Artificial" uence: <220>

-Gln GJ@Q%E II’ﬂHEﬁ?bﬂ‘leu Tl'ﬁom Leu%@og fsn A a Ser Leu Ser

phe Ldcegscacca. tggagctggc cgecetgt gc cget. ggggcc tgct gat ggc -
cctgctgege - 60 cccggcgccg ccagcacceca- ggtgtgeace . o oo
ggcaccgaca tgaagctgeg ‘cctgeccecgee 120 agccccgaga
<210> GECAacct gga cat gct gcge .cacctgt dacc agggctgcca ggtggtgcagjij;

<212> tRpagCt t cct- gcaggacat ¢- 240 -.caggaggt gc--agggct acgt

<213> Jerrghtigd cSemearccagg t gcgccagyt gecect'gcag-300
'<220»COCCtgcgca tcgtgcgegg cacccagetg ttcgaggaca,

<223> ankaCGEGREHe ggCcCcOt gct g 360..-gacaacggcg. accccctgaa
caacaccacc cccgtgaccg gcgccagccc cggcggcect g- 420

<400>

gc_agct cct acc, tc tga gc gcgtgct, L
bew c:Ygat é 9%594%% g%g %Ytg Lf;"ctI ‘ECP gﬁh‘%%@’éag L
Asn Gl(ht @&@gaagg acat cttcca caagaacaac 540. . . .

<210> 7

© <211s 15

<212> PRT

©<213> Artificial Sequence -

' <220>

. 223> HER2 peptide




B '33333@?&'@ §§

cagct ggccc tgaccctgat cgacaccaac cgcagccgcg cctgccacce

ctgcagcccc 600 at gt gcaagg gcagccget g cf ggggeddganuary 2007

wadRageassg actgccagag cctgacccgc 660 aCCgtgtg?&Tmmumummzu
- ccggeggetg cgeccgcet ge, aagggecccc tgecccaccga ctgcetg
720 gagcagtgcg ccgccggctg caccggcccc aagcacagcg
actgcctggc ctgcctgcac 780 ttcaaccaca gcggcatctg
cgagctgcac tgccccgecc tggtgaccta caacaccgac 840
accttcgaga gcat gcccaa ccccgagggc cgctacacct tcggcgccad
<400% cc_900_ 7 19 January 2007 _ WO 2005/ 012527
Sy Qe bR 6aT 08 P Bl g e b A ORact RO Rh JRG Rt oac
gt gggcagct gcaccctggt gtgccccctg 960 cacaaccagg
aggt gaccgc cgaggacggc acccagcgct gcgagaagtg cagcaagccc
<2104 320 tgcgcccgeg tgtgectacgg cctgggcatg gagcacctge

:giggéggggtgcg cgccgtgacc 1080 agcgccaaca tccaggagtt

<213LAcEOackge RRAgaagat ct tcggcagect ggecttcctg 1140
cccgagagct tcgacggcga ccccgccagc aacaccgccc ccctgcagec

<220xgagca 1200 caggtgttcg agaccctgga ggagat cacc
‘22$’38%§E%F “&€at cagcgc ctggcccgac 1260 agcct geccg
' <400:A@Ct gagcgt gttccagaac ctgcaggtga tccgcggecg catcctgcac
gccgﬁﬁﬁ& aacggcgcct acagcctgac cctgcagggc ctgggcatca 9
gctggctggg cctgcgcage 1380 ctgcgcgagce tgggcagcgg
:gig}gg ccctg atccaccaca acacccacct gtgcttcgtg 1440 _
<212:-L@fACCYt gc cctgggat ca getgttccge aacccccacc aggccctget. -
<213xgeaciadcfyelr skhl@éhcenaccgccccyg aggacgagt g cgtgggcgag -
: ggccetggect. gecaccaget gtgegeccge 1560 ggccactgct
<22&ggg@ﬁ&5 £cccacccag .t gcgtgaact gcagccagtt cctgcgcggc.
1620 caggagtgcg tcgaggagtg ccgcgtgctg cagggcect ge
<400$ecgcgagta c tgaacgcc 1680 cgccactgcctgccctgcca

atégc;g g ggﬁct@ ggg % ?c ggé coqeRpgcgce igo g
Eccc%i&% g2y éﬁga@i@@ fossio) sley é%%géa@@%@?@ 130
gagetghted gedtdhct8b 206680 965aceBPL 8§68 gacat coaggaggtyg 240
cagggglac togesmtetg aea:asget;@&tcct aagftv:tttgcecgdsﬂ:@iﬁgcgc 300

= 2%%2@;5%% g%éﬁ%ﬁ c%%ﬁég o

OgigEesace sa0:

ctgtg@e@&cgaggmcbgamge Sﬁgaacg

ctgaccekqy &t acgg& gg:ggegg:gcgg teppaate ctatgtgoaag 600
gecasd g%g@ agcag‘ﬁ@cé %233 9"?2?“222 CaRGeaatan 720 . b
goccg caal ce e
gocses BeCaL T UL LCRL Ot Cacaddatacotaadetiatde
agegge ggm@ei gﬁ@&éﬁ@t@:ge%tgacct acaacaccga caccttegag. 840 .

agcat@ @Rﬁaﬁ G@RSEEGS

etaqa set fa FERSgocce 900

- tacaa g C % gcacaaccag 960

‘gaggt g ctgegoccge 1020
gtgt QE g agQFE ‘fgq:gQE B&ac 1080 . ..
atccagéaﬁig g@ﬂ@sat@mgﬁ@amcatmw@id gg@@ﬂ@ﬁ@ﬂ% gage 1140 - -
ttcga&améa CGE@ etafaac@aa a3ge eF E‘gg Qagoo . -

. t 1260 o -
| 3:22;%@%83 §'ﬂ<§2t Q%j‘%%g a § %3 @@ﬂ%g goc 1320

taca aje J:ig_;%a g@m C 8gay 1380 .
ctgggtgeec tacggeety cgaﬂ:gcieg:a@aemgtagm gg@:gaagc aggeegar ig4o
cectdgqETr ag 5 @@% coctge tgcacaccege caaccgccce 1500

G CeemACTn s 1

gtggaggidt Gegecactge 1680
ctgcctwtggt:g:a@aga@mgmagssﬁggcm ggaga;gctta:ggg:actgag 1740 -
gccgag g gga&c@ﬂ %gsgs‘a&%&ectgc 1800
‘cccagedgeg t© agccc ac atgc cCc cgacgaggag 1860

.ggcgcctgeo agccctgccc catcaactgc acccacagct gcgtggacct ggacgacaag 1520
ggctgccoog ccgageageg cgcocagoece chtgaccagea teoatcagege cgtggtgggc 1980 .
' atcctgctgg tggtggtgct gggcgtggtg ttcggcatcc tgatctga ) . 2028 -

«210> 10

. <211i> 2028 -

<212> DNA :
<213> Artificial Sequence




,gtggaéﬁ %%tﬁc%f Igcas

.. cacgccgacg gcggcaaggt gcccat caag tggat ggecc t ga%ngé:r?tzoo__{

cctgcgececge 2700 cgcettcaccc accagagcgacgtgtgg
t acggcgt gaccgt gt ggga gct gat gacc 2760

WO sggepsgaagecct acgacggeat cccc PCT/EP2004/008234

gcccgcgagat ccccgacct gct ggagaag2820 ggcgagcgcec

t gccceagccr ccccatctgce. accatcgacg tgtacat gat
cat ggt gaag 2880 tgctggatga _
tcgacagcgagtgccgcccc,cgcttccgcg:.:agctggtgag
cgagttcagc2940.: cgcatggccc gcgaccccca gecgcettcegtg
0gtgatccaga acgaggacct ggaccccgcc 3000

<§§39g@§§ﬁﬁﬁgg acagcacctt ctaccgcagc ctgctggagg acgacgacat

gggcgacctg 3066 gtggacgccg aggagtacct ggtgccccag

-'<4ooe gcttct tctgccccgaccccgccccc 3120 ggcgccggceg

atgg %@ GG%@Q CEYLHEG 12 o
caa !

aos i gcms@ gg gisases 12

gaac&%.@gﬁ%@@ cddalcdgs&ideta gtg 240

caggmyhgy tmacwatﬁmcmmgmgggima@@ﬁ Hikesess 300

SLorgeasnesecy Cgcmag Srages dootg %%
geccifeBes Seattaceten e gﬁ@@@@% oscicemects 120
ctotdit HEE CoEE6adBACEI GRS g&i& o o
ctcacactgy teggeacihgegrtcteagecianeaac gmgﬁﬁgﬁ@agmgﬁﬁa@ 0o
Sggt ES@t &g Ez% ggc%egms@et catgg ggg-
3&3%5 G o %&ﬁa@ e R %gg goe 720
agtgdd @@@@&i@ct@@:ﬁ@@%@@&g Ocay @ga 540
tocatgecTa et agep: tactacct@@g:gcta mcgﬁjtxg&a&mgt decago

tacaag FF%acsreeocg gerncctgracactatt ggRcestcaa 960
siimn e e R e, Q@g@@:ﬁ:

atccag§afC §e6gcbgaaq
tttgaBdg®y -ac@ddpect? G&&bactéﬁ& cogtt t2agDMAgaR gzt Atdaa tgital 1200

gagacyg gg ?933229995223@3tﬁd@ RErg €abgocchgac gararatg 1250

gacctEs tccagaa cct caagt ag g tgca.caa gqﬂ§9c4%§ .
cact gl LACRlE CE0 St o Bt ey
CCCtQUﬂﬁqH)@§¢¥HEZ5Q§ gagﬁ#@§ﬁ@@0dﬂiﬁ@8@ﬁgb tc@éﬁﬁmtga 1500

t gc-1560,_.
ERIbE s sy o e o 1o
gt g

gctgaceagt gtgtggectg tgeccactat aaggaccecte cebtetgegt ggccogetge 1800

cccagedgtyg -tgaaacctga coteotectac atgeccatct. ggaagtttec agatgaggag 1860 - -

ggcgeatgee agectigece catcaactge -acccactect gtgtggacct ggatgacaag 1920
ggctgeeceg cogagoagag. agocagcect ctgacgteca. teatctetge -ggtggttgge 1980

attctgctgg‘tcgtggtct; gggggtggtc1tttgggatcc,tcatccga SR 20280

<210>-13>

<21l> 3778

<212> DNA " : S
<213 Artlflclal Sequence S

<220> :
<223> hHERzopt + Kozak

<400> -11 :
gcegecacea tggagetgge cgecctgtge cgotggggee tgetgotgge cckgotgeco 60
ccecggegeeg ccagcacoca ggtgbgcace ggcaccgaca tgesagectgeog cctgecegee 120
agcecccgaga cccacctgga catgetgege cacctgtace agggetgeca ggtgghbgeag 180
ggeaacctgg agectgaccta cotgoccace aacgeccagee tgagettect gcaggacate 240
caggaggtgce agggctacgt gctgatcgee cacaaccagy tgogocaggt gcccctgecag 300
cgectgegea togtgcgogg cacccagety ttogaggaca actacgcect ggcegtgeotg 360
gacaacggeg accccctgaa caacaccace cccgtgaccg gogeocagoce cggoggectg 420
cgcgagetge agetgegeag cetgacegag atcctgaagg goggegtget gatccagege 480
aacccccage tgtgetacca ggacaccato ctgtggaagg acatcttcecca-.caagaacaac 540

-cagetggece tgacccotgat cgacaccaac cgeagocgeg cotgocaccoe ctgcagcocce 600

atgtgecaagg goagcegetyg ctggggcegag agcagegagg actgcocagayg cctgaccege 660

-accgtgtgeg coggeggetg cogecegetge aagggoocece tgcccaccga ctgctgccac 720

gagcagtgeg ccgoecggetg caccggcocce aagcacagceg actgoctage ctgeooctgeoac 780
ttecaaccaca geggeoatotg cgagetgeac tgeccecgece tggtgaccta caacaccgac B840
accttcgaga gcatgcccaa ccccgaggge cgetacacct toggogecag ctgcgtgaqc 800

c 1140. . -

tgaatgc.caggcactgt 16805 .
ftgcegtgee accctgagtg ‘tcagoecceag -aatggeteagitgacetgttt s tggaccggag 1740 ¢




<212> PRT <213> Artificial
HER2ECDTM pelypeptide
w({,gyﬂamgz;}\rg ‘Trp Gy.Len Len Len Ala Leu Leu
" 15 Pro Pro Ay Ala Ala Ser Thr @ n Val
Thr Asp Net Lys 20 25 30 Leu ArgLeu Pro Ala Ser Pro
Qu Thr H's Leu Asp Met LeuArg Hs 35 - .40. 45 . Len
Tyr Gn Ay Cys Gn Val Val Gn Gly. Asn Len Qu Leu

Thr Tyr 50 55 60 , . Leu Pro Thr Asn Ala Sere Leu
gcctmcaeaqqaeew% aPEcB PV FECTHOM %%’C - 93220
Ségnc ggﬁéb 1080

'ggggﬁaeic§ﬁg 5 ng%g§@§;§§g q;c geéEhbc£§|114o

dbggﬁgfgiﬂdgéﬁgh tiae

sequence <220> <223>

Cys Thr Ay

ccogddidc futgébggogapcd&ngcéygc aﬁ@@cqgﬁﬁc1QRFtB$QECEGGQQQC&9Q%H 1200

Caggwcmaﬂ\sﬁt&ga gs%e Rs%Fa?ﬁ?SCQ?thggﬂ °339 4250

agcc g cag cg ca 320
g

aacggc cc aca g & ad U3so
, ctgcgzéi %; égg gcc%@ é%:caci g&bc%hﬁtéﬁ%ﬁéb @ 1440
caca gbys-tehya aygdkﬁttbeenldaecéiqacnw gmseﬁqetogeaqeccgcqgm§00

aaccqcs@cgeemeagtee 9% tgggt%cggﬁgg? gcgg% E%&J 1560
g

ggce %ggg 1620
cagg a gc
g £58 AGHcatiga Ad’.c@g oy gactl§ot 485740

cgece
.ggccddﬁgegEbddascéeﬂe yetgﬁectéh(scwe¢Cﬂa¢

<400> 14 Met G U Leu AI'R Janyary 2007
1pGr/ER01/008234

1680

3800

- gtggt

geceduyy
gacgagda
‘gacg

-egoo
gageeectgar-
accgagatge

atctggatce.

aacaccagee
ggcageccet
acccagctga
ggcagccagg

gacgtgcgeo:
" cacgtgaaga.

cacgcogacyg
~cgctteacce
ttcggcgoca
ggcgagegeco

tgetggatga: _
gogacegoca

cgeatggece

agegcoceigyg:

- gtggacgeeg

ggegeeggeg:

gacctgagece
. agcgagggcy
ctgcagagec
gtgecactygc
.gagtacgtga
cocogecgece
‘aacggcgitgg
acccceccagg
gacaacctgt
aagggeacce

«210>
<21i>
<212
<213>

12
33
DNA

<220
<223

 <400> 12

ccagatatcg aattctagag ccgccaccat gga.

<210> 13-
<2113 4l

o <212> DNA

' %ﬁg

cccoeagegg

gcaaggtgaa

ccgacggcga
ccaaggccaa

‘acgtgagceeg
‘tgcectacyg .

acctgeotgaa

tggtgcaecy

tcaccgactt
geggcaaggt

accagagoga
agceccotacga

tgoeocageo:
tcgacagega

acagcacctt

aggagtacct

gcatggtgca

‘tgggectgga

ceggoagega
tgeccaceca
ccagcgagac
accagcccga
goceccgcocgyg
tgaaggacgt
gocggagctgce
actactggga
ccaccgecyga

PCR ﬁrimer.

gaggcd aeeeeyat 9

L
dchold aga&ﬁgiaﬁSgtmcéw 2REgNGC:

aaccaggeccs

ER

gPrﬁbgﬁbata&epgﬁgcaagygc
‘tgcaggagac.
agatgcgeat
toggoacegt.
ccategeegt

cgecatgeoc.

ggtgetggge:
-atecccecgtgyg:

ctggacgagg.

gaacgtgaag

caaggagatc.
cctgoctgage
ctgectgetyg
ctggtgeatyg.

cgaccktggec
eggectggec
geccateaay
cgtgtggage

‘cggcatecoo

ccecatetgo

-gtgoogeoec
gegebtegtg:

ctacecgcago

ggtgecceag:

gcaccgccac
gcocagogag
cgtgttcgac
cgacoccage
cgacggcetac
cgtgcgecceoe
cgccaccchtyg
gttecgeette
tcctcagect
ccaggacccet
gaaccecegay

Art1f1c1al Sequence

<213, Axtlflclal Sequence

ger ‘ctgagest

agcggegect

atckgcctga

gaccacgtge:
.agggcatgag
-fgctggigaa.
‘acatcgacga
‘tggagagcat
cegtgtggga

cagatcgeea
geccgeaacy

cgectgetgg:

taggatggeec
tacggcgtga

geccgegaga
;aceatcgacg:
-cgettecgegy
Aacgaggacct

gtgatccaga
ctgctggagg
cagggctict

cgcoagcagca
-gaggaggecc

ggegacctgg
ccecetgeage
gtggcccecc

cagoceoeea

gagogoooca
ggcggcgecey
cacccteocac
cctgagaggy
taccitgggcc

C@%PCSE‘F‘:%QQ

cccQﬁygégg

cctacgtgat
ccagcaccgt
gegagaaccq

teceocgacct
tgtacatgat
agetggtgag

acgacgacat
tectgeoeccoga

gcaccegeay”

ceocgragecc
gcatgggcge
gctacagega
tgaccitgeag
goocoegega
agaccctgag

tggagaacce ¢
ctgettteag

gtgctectece

tggacgtgece

b

cgagetggtg

gcagctggty
cggcegecty

ctacctggag -
gagocceaac:,
gaccgagtac
cetgegoege

gctgatgace
gctggagaag

catggtgaag

cgagttcagc

gggoooogoc .

gggcgaccty
cecegooece
cggeggegge
‘cetggeecec

cgecaaggge.

ggaccoceaca
ccecccagecc
gggcccecty
ceccggeaag
gagtacctyg
cectgettte
tagcacctte
cgtgtaaa

cctgaaggayg
gtacaagggce:
getgegegayg,
ggecggegtyg.

71860,

1920

1980,

2040 . . -
2100 (o
2160 . - o
2220

2280 .
2240, .

2400

2460 .

2580

2640

2700

2820

2880 -

2940

3060
3120

3180

3240

3300 - :
3360 . . .o
3420 ... . o
3480 . ..
3540
3600 .-
3660
3720

"3778

33 .




¥ ‘-{\i:-t g

- Leu Plg X‘h:?r&nqya EEP Is;ljl{ Sg rl’hglf'eu Gln Asp_ Ile_ Gln Glu Val

Ala Ala G s Thr Ay Pro Lys H's Ser AspQI
Ala Oys Leﬁ 2qz/15 250 25% Hs Phe Asn His Ser aPP%Wzoo'f
S QQu Leu Hs Cys Pro Ala Lein Val 260 265 270 Thr. ..
100225 Asp Thr Phe G u Ser Met Pro Asn PrOp@rj.E[:@)d&/008234
Arg 275 280 285 Tyr Thr Phe Ay Ala Ser Cys Val Thr
Ala Cys Pro Tyr Asn Tyr Leu 290 295 300 Ser Thr Asp
Val Ay Ser Cys Thr Leu Val Cys Pro Leu His Asn A n
305 310 315 320 Gu Val Thr Ala Gu Asp Ay Thr An
Arg Cys GQu- Lys Cys Ser Lys 325 330 335 Pro Cys Ala
<220Arg Val Cys Tyr Ay Leu Gy Met GQu His-Leu Arg Gu
<2233 B8R PEM8E0 Val Arg Ala Val Thr Ser Ala Asn Ile Gn
<a00:G14 Phe Ala Gy Cys Lys 355 360 365 Lys Ile Phe Ay

| getgtSehet LtEHtiﬂgatEr%glaQ%cé%raoagdéa o Bhe Asp dy Asp ...

370 375 380 -9 9 January 2007 WO 2005/012527

‘21°>Pg'£ EP2004/ 008234 Pro Ala Ser Asn Thr Ala Pro Leu G n

2P du Gn Leu Gn Val Phe '.. 385 390 395 400 °

<213-Chte {Faéidiede@dhcad U 11e Thr Ay Tyr Leu Tyr Ile Ser
Al alTr pl Pr OE%SCMO 415 Asp Ser Leu Pro Asp Leu Ser. -

<220 Leu Gn Val Ile Arg 420 425 430 Gy
<223~ %mg%fgﬁlwegtﬁgﬁ dy Ala Tyr Ser Leu Thr Leu G@n-
<400>C14y Leu 435 440 .. 445 Ay Ile Ser Trp Leu Gy Leu Arg

Met GOprLencALaARE C-Eleu Lt 28yT:Sec1 8ty B0 1455146 8ey iRk Na
s..Phe Vat 1%l s:-Thr - -

Pro P{ki? b1 %Hh négﬂr Wiﬁ% ﬁhlﬁwppﬂet Ay Asn L
Leu ARy Qb SroGhin l%le@ ﬂ.?-ﬁil Gh:@u.t‘hlz':“ ﬁlsTliL(eu% ﬁQQ LLeuArﬁ’*'ué Asn

‘Ar gsP Ju Asp G.u4Gys Val- Ay
glnrsqglé’ @CESG%&OV@ Ng’}/-_éi}n@b' AbR IA:ugGEh ek 'Bhnﬁjls—rTl p

Leu

65 . Sl .. BO U
Gln Gly Tyr Val Leu Ile Ala His Asn Gln Val Arg‘ Gin Val Pro Leu
.85 : 20 . L S85: N

Gln Arg Leu Arg Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr
w0 - 108 ‘a1 o

Ala Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thy Thr Pro
115 : L 120 : o125 : SO

Val Thx Gly Ald Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg:-Bex

130 S+ 135 . 140 s o

" Leu Thr Glu Ile Leu Lys Gly Gly Val Leu Tle Gln Arg Asn Pro Glam®
145 ‘150 . . 155 160

Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys Asn

: 165 ° 170 17s

Asn Glan Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Aryg Ala Cys-
i80 i 185 150

'His Pro Cys Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser

185 " 200 205

' Ser Glu Asp Cys Gln Ser Leu Thr Arg Thr Val Cys ala Gly Gly Cys

210 215 220
Ala Arg Cys Lys Gly Pro Leu Pro Thr Asp Cys Cys His Glu Gln Cys
225 ' . 230 . 235 240
Ala Ala Gly Cys Thr Gly Pro Lys His Ser Asp Cys Leu Ala Cys Leu
: 245 250 255
His Phe Asn Hiz Ser Gly Ile Cys Glu Leu His Cys Pro Ala Leu Val
’ " 2690 ’ 265 o 270
Thr Tyr Asn Thr Asp Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg
2758 2BO ' " 285

- Tyr Thr Phe Gly Ala Ser Cys Val Thr Ala Cys Pro Tyr Asu Tyr Leu

290 ' 295 300

‘Ser Thr Asp Val Gly Ser Cys Thr Leu Val Cys Pro Leu His Asn Gln

305 310 315 : 320

- Glu Val Thr Ala Glu Asp Gly Thr Glm Arg Cys Gilw Lys Cvs Ser Lys

325 _ 330 ' 335
Pro Cys Ala Arg Val Cys Tyr Gly Leu Gly Met Glu His-Leu Arg Glu
‘ 340 345 350 '

- Val Arg Ala Val Thr Ser Ala Asn Ile Gln Glu Phe Ala Gly Cys Lys

: - 355 360 365 . _
Lys Ile Phe Gly Ser Leu Ala Phe Leu Pro Glu Sexr Phe Asp Gly Asp =




515 520 525 Val Asn Cys Ser A n Phe Leu Arg Gy

Andu CQys al Gu Gu Qys , .. ; 536 535 , .19 dgngary 2007
woNugsAaes2zieu Gn Gy Len Pro Arg Gu Tyr Val . APCTALPRO04/00823.

Arg H's Cys 545 550 560 Leu Pro Cys His Pro du Cys

Gn Pro Adn Asn dySer Val Thr Cys 565 570:. 575 Phe

Gy Pro Qu Ala Asp A n Cys Val Ala Cys Ala H s Tyr

Lys Asp 5810 585 590- Pro Pro Phe Cys Val Ala Arg Cys

e GI S Pro Leu 5 00 5 Tyr
§§‘; A@Etseﬁr%ﬂfl Lrf%s e ﬁ?% rﬁs%; 8?}%}% ,A{Ia?eﬁos
Glu Tﬁﬂ-@;.eﬁ]-@llﬁz}lg IJl%r @h@&ﬁtyPﬁar ke ﬂ&nIW$eThmd-|lmp&fo C,ys
Val Asp Lé&@5Asp Asp és 6230635 640 GI O#85Pro Al a

r

Asp SEF ol FENPGR Ia“-“SéF GHhrasgepey |Gén| éé?— B85 650

Gly A@Vg’S.[].e 4 val Aal G%yAll ' %Hr'-:?éﬁ Vak L\éﬁ' ad lGl{feﬁn{auG y
alzs¥al Phe Gy 66 . ldae Leu
© Gly Ild Ber Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly
450 455 . 460
Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe Val His Thr Val
465 ‘ 470 475 : 480-
Pro Trp Asp Gln Leu Phe Arg Asn Pro His Gln Ala Leu Leu His Thr
485 _ 490 495
Ala Asn Arg Pro Glu Asp Glu Cys Val Gly Glu Gly Leu-Ala. Cys: His
500 505 510
Gla Leu Cys .Ala Arg Gly His Cys Trp Gly Pro Gly Pro Thr Gln Cys
: 515 co .- .. 8520 - I L S
“Val Asn Cys Ser Gln Phe Leu Arg Gly Glh Glu Cys Val Glu Glu Cys
530 o B35 v L SRR - '3 SR A AR RO S CIPU
Arg Val Leu Gln Gly Lew Pro Arg Glu Tyr Val Asn Ala Arg His Cys
545 ‘ . wor. - 550 : s - - <111
Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr Cys
565, ST F - £ R SRR -3 A S
Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His: Tyr Lys Asp
Pro Pro Phe Cys Val BAla Arg Cys Pro Ser Gly Val Lys Prd Asp Leu
595 N - 1 -605 - — :
Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gln
610 oo 615 o TeRO e T e
Pro Cys Pro Ile Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys
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Gly Cys Pro Ala Glu Gln Arg Ala Ser Pro Leu Thr Ser Ile Ile Ser
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Ala Val Val Gly Ile Leu Leu Val. Val Val Leu Gly Val Val Phe Gly
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