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WO 2005/ 012527 PCT/ EP2004/ 008234 TI TLE OF THE

I NVENTI ON SYNTHETI C GENE ENCODI NG HUMAN EPI DERVAL
WOEROFDHSFACTOR 2/ NEU ANTI GEN  AND USES THEREORPGI/EPHDAN08234

OF THE | NVENTI ON The present invention rel ates

generally to the therapy of cancer. Mre specifically,

the present invention relates to synthetic

pol ynucl eoti des encodi ng the human tunor associ at ed

pol ypeptide epidermal growth factor 2/neu antigen,

TITL]?@F W}ﬁg \ed hHERZ. opt, wherein the
nucl eoti1des are codon-optim zed for expression in
SYNTeH NEeENGORING FM AN FEHERMAE (GRrQWEHFA 2NV ANTIGEN

AND BkBoTHER®EES to 10 synthetic pol ynucl eoti des encodi ng
a truncated formof the HER2/ neu antigen, herein

desi gnat ed hHER2ECDTM opt, wherein the pol ynucl eoti des
FIEL]ZaOB_THBJlIWVENJII'Om zed for expr essi on in a hurran cel | uI ar

QIS e IR S TR G
presens jnveiti®h ird atpoto pyniiedtie polydeiotidds |emcorlm\g dhrethiugran gingw associated polypeptide
epiderRx P%%Vg&lsfa&ﬁrﬁ@% ahfigen %%5195651%2%?@}%5 &%%ﬁe&l{ e gg’lg%ugleotides are
codonmpgmnza@ &gp}q@raﬂsw@ m@gmap,cglhgarfe@‘flropmme ¢ pgseahigvention also relates to

synthertlﬁ ﬁa&h&%oﬂiées%ﬁ% a tﬁﬁ&m@ thdHH I duMYEDEL! £Bbin designated

er ma r owt h actor is a transnmenbrane’ t unor
hHER%églangédvqgmq té%piol@we]@até@s Hy cix{ﬁ)g -opfijpfeed fii gxpression in a human cellular
enviroRfmeitOo Tﬁ@ﬁx@@ﬁﬂﬁvc{nﬁbﬁ ﬁlrtﬁéﬂ rélgtes 1©T&oEBindt vetbis@Ad hdsts&omprising said
rowth factor. 20 re

pi. errm
sy R P iy R8P PR oo RO G RRoriel apeb TR g sonstrets carrying
hHER®2opigind & thyir ieoh adceides and phampretticaheunpogtiooiibaste@ntng and treating
canceld Shih et al ., Nature 290: 261-264 (1981)) and |ater
¢l oned and character| zed from human cells (Coussens
et al., Science 230: 1132-39 (1985); King et al.

BACI@ER@@NEC%%HEWE%M}&%@) HER2/ neu is further

classified as a nenber_of the HER fam |y of receptor
tyrosi Felderah glopdh fagipy T 2 favgieqibrang funjos affw%te%mh@%encoded by the

HERzlnBaproa%rtcbgdn@ all® dtalll‘edc‘cQ%rle-l)’ chth 1@@{1@&@&& beme B[Blﬂéﬁnlapgiowth factor
rece ute 1o nuali
R I e e e A

neurogliol‘mxtsrna Gihéicdt bl Qédsdry 29t A6RPOAHER )X and irger lebned odi changerized from

humarwé 4 &%%%ﬁs éﬂ{gf%‘g{eﬁcgf%o g§2 glc er)agl §3ét7§} Hggénc? 2%74 38 91985))
(2000) ﬁERBmeu ovittiepr PlRiEIRRd d¢ arepbesiof tha BERIfamily pOrstaptor tyrosine
kmase§1 l’é&h‘? H%ﬁﬁ&?@ff f&!{r@@de&ers R ‘p‘iﬁlagaté\'in cER glfo%h é}ﬁﬂta?f?éré}ﬁlml& The HER

I ng nmol ecul es are ener at ed and recruitnent
recept@ré e@mbl%q tgreAitpngpeEal gl graveh bybindigg ggwih ﬁftplalé?@nqiﬁﬂs gjmers.

SpeciffchlG) ﬂhﬂnﬁkﬂHEE@ ERAE BoterbllineR withlotH¥BinehYers SChé E@laktfamﬂy 1, HER3

and ket S e P01 %0 Aol it eV irepaedfgtyatin and
tyrosirferatosuhbshbryetich, tdbexireyuiteiotcyldastid qignaliey moladules are generated and
recrult{nentnq' sec\én&j Selélfa‘lijl mofe%unesqé'l nitia t1a%8 gltgr%éelllufaE s1gna|1 gg c?afsca\(/igs Wg ﬁ ultimately

SSUEs,
result inhle z@asamoo iohgast mnpattqnt mensh gdm&lt |améhlanmit1@tpd nary tracts

(Press LS IQJeIFsQZo; 953 QUG the Hﬁ@n&%m?ckggagh)the 4?153%1@8&85 lﬁD protein are

| evel s U expression are a tecte

normafly ﬁ?@éﬁﬂdﬁ a@%‘gepfﬂ@qhal ceﬂq efgadeys dgrups glchlﬁﬁlgﬁléﬂ’ﬁk@ and breast, and tissues of
the gastrointestinal, reproductive and urinary tracts (Press et al., Oncogene 5: 953-962 (1990)). Higher

levels of HER2/neu expression are also detected in the corresponding fetal tissues during embryonic

development (Press et al., supra).
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35 devel opnent (Press et al., supra). WO 2005/012527
PCT/ EP2004/ 008234 Several observations nake the HER2
wapisges2an attractive target for active speci PCT/EP2004/008234

i mmunot herapy. First, the HER2/neu gene is comonly
overexpressed or anplified in various malignancies,

such as carcinomas of the breast, ovary, uterus,

col on, and prostate, and adenocarci nomas of the |ung
(reviewed in Disis and Cheever, Adv. Cancer Research

71 3435&%1]«11 &gsgl%ﬁt)ns mgﬂgﬁlg KRR §1§ﬁg§ 81? at?ractwg l%%éet ?qr actlve specific

correl ates poor prognosi s
immyngthgrapyy r Figsh ME%ENU@W%IS cShmerdn oesrexgressed oswfn@lrf@é HQMOUS

mahgﬁ@x?ae@ 182101{ ﬂsgﬁﬁ:)ﬂomaMé bressplob QR @Jru§1 E’(ﬂ@ﬁ‘ aﬁ!ﬁﬁ%stht@ adg a&e‘ﬂocarcmomas

¢ ki na activit and cel eratio

of o Bt Pt 08 Cheket i Leutr Beparhd s gr . (AHBY. Overexpresion
of HER/es céridgiated weitlya pdor ﬁ*ogncﬁmbﬁd dhighd (didse ra3s3fd2 cabder patients (Slamon etal.,
oS BT B BT LA, o

is7in
and calésmhfemtlem andl edntniorayid thaeggrdssive sshader of himddelils (Bemabiyyet al. Embo J

13(14)B4392-§ 2 (984)). p@%é Iﬁ%&%)?e%lénel@eﬁ]gf Iﬁéﬁ%@v E} nn%(')re ¥ Isqn direct contrast with

associ at ed eu over expression
the lowgeiferssogigisd v bogprd pdidt tissuse HER2 pr ot ei n. Antl hHER2

cytot OXA&‘dltl(;Bail}Y rﬂh‘ﬁ? 6M‘k&%aﬁ%tshff%\é%mﬁghgﬁ@1éta§s‘3m fe® Whth

reast and n.cancer patients ( oann
HE qul overpwﬁ@p %i }mmg_{ygesggfnsesl@g@j;t thq:}é@%? g@te@ft Qﬂtl—hHERz cytotoxic
T 1yrrif)hm1§1teN&TJTL)AﬁadbeSﬁ isolafBA 197 bidedi)and 6GAidn 5@&%&8&%& (oannides et al. Cell

S S0 R ARSRL AP TS BERL SC UGBS omy

Severgldhtlek- éxt2ddaSBQ¢IamdtlﬁfEl@|¥1e§ﬁdeehava been@afir@ran®Rpeptidd-pkerific §-Bffs can be

e BB 0 P A o e 5
(19945 ;195grien e‘meg%émréwml PPN H®-HFeiBYR r at e t hat
ant i - ErjpRBoveMTHdRgs @Jrr{o%ﬁﬁa@érthﬁﬁﬁth EFHBSMIEI% fi@ft&fbﬁ{éﬁm%gsms are

cancer tletS and |g|| he potenti a
a"“"a&g R RS PR e Rha e PP@*&@? ow tof RRnCiag sk ipgne reactivity. An
effectiva@adcine eﬁpﬁ@hﬁg thie ivgmtukearedpbisy I&EHEEﬂﬁ@I}ﬁg%é bl@th %ﬁ‘lagéeﬂﬁid immunity to a
evel that 1Is

t
teve S5 B SERATER bt T tel Sy e
sel f - t dasgdaomabe atiBaseditatinn, HER 240 s b“eechltraied @ma target for the

devel Jf%mﬁﬂoﬁo#i&? HedddE y&qnaéﬁgna?clteg r%} ?Eﬂ& ]monoclonal antibodies have

opnent | mmno reat'men
been 1ﬁ’éﬁsﬁlgj¢?dﬂé fhempieafr |branmlcn'oww@ paghahtitmdy kipoctice derhapsteating various

levelsREQRcdsH écgﬁﬁcﬁde@ tRgr rgasis with
o “a ) s dadg)n%%lg%ri uﬁﬂ 2?/21H o@wﬁfeve

each agé@ gyr oach
of suc gmm b ﬁsaeéggﬂléﬁbasg%éawa?weﬂ%%%@y have been reported.
AmiciGi éls@p@ | Pa%ht N&.-6113732)@sx1bse aXbethsitiof in@lﬂﬁﬁé Mnnu%é’aﬂ‘@t HER2/neu by

B e T -
linkeddo ﬁmlhumm taftwmetghlodmisqmmcmdu dongs dt BIIWOt2004g4lI06S) disclose a method of

vaccmgmlﬂg&n@ﬁ chc%ﬂ{%ﬁhﬁ%ﬂ# a(ragnoﬁual%xahgsﬁ%rgsgﬁ\ég%mmgnalmg HER2/neu

rirsin uman
gene. ﬂhPRYPli @dé)lﬂug/dls‘ﬂmq k@dmtis)fOt hennirnghuophorgeal HER 2/aem-associated cancers

with Pﬂfl@'ﬂéﬁtﬁfes (LI}‘@ rI‘a'te?lt Rb. 5a§46 5§ g ﬁgéa(?l??l TER ef“%“ Sp%pm%%%se% a'accmes have

vacci nati on W th
been SWI@Q&@WSW mrely gt isrigw. agqlpisls endighesverofvs Carear Rasg71:343-71 (1997)).

HER2/ nede &Qre@ﬁﬁi@nt ahd@MRrciaRekidal oF 'rrfanjd b&@in@ﬁ?&v@?&eﬁ Bdered by

m H R2 eu- associ at ed
i G4 s R e e S o 9995 OfsoUpNShes i sccessTlly
transftﬁm&ﬂlﬁqsﬁ@@?}msrﬁkd dihtreforg Hésyite mﬁaﬂﬂtﬁﬁuldmeﬂ‘the@ﬁ}dqgﬁﬁﬁmleoude sequences
vacci nes have
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been studied in rodent nodels (for review, see Disis
and Cheever, Adv. Cancer Res. 71:343-71 (1997)). The
walewsh@seent and comerci al i zati on of nany vacRCTEBR2004/008234

have been hindered by difficulties associated with
obt ai ni ng hi gh expression | evels of exogenous genes in
successfully 35 transfornmed host organi sns. Therefore,
despite the identification of the wild-type nucl eotide
sequences 2 WD 2005/ 012527 PCT/ EP2004/ 008234 encodi ng

encodgg%é% %t&h ﬁ%sgﬁt?‘eﬁrabg\%dlt %lgl\ﬂ%e h fgﬁella/\éfgéf{) ﬁle l?(? deeIQE |a¥eafi1ly renewable

evel op a rea sour

sourcmqf@mam.ﬁw progiethat yitiaes h@iE]HZrezlg@;hqg}-LEpigot@q@mpm@s that are optimized for

expreddéali Ak il dSERHIERA R d Bafce ARviRPlot Kk 38R1dpRknt of a cancer vaccine which
ssjion .in host cell, said source

re e I ntended
lsefﬁ%cﬁ’ "rﬁld’of}é)‘?delr"rﬁlg)yc?ﬁ‘éq IgpifEnt of a cancer vaccine which

is efficacious and not hindered by self-tolerance. 5

NTI ON The present invention relates
Stmﬂﬁgﬁgﬁﬁggﬁﬁgﬁgﬁ§%gﬁg nmet hods to elicit or enhance
i muni tT)he ptesent meention tedites tp canpesitionssg megsdsitolslicit dreenhance immunity

to the E% ar s Oﬁagsed %Wné(l:n? H dﬂ'x ﬁ%ﬁ? gén@tvﬁgc \% EQO&HE@&Wﬁumerous

ovari an canc
adenos’@@mmqsclaﬂu@mg Prist We)yén&ﬁn CRRAPESH tspwﬁqgﬂmliled@@eqtonventwn provides
polynm%ﬁ@éécéh&ﬂtﬂg%ﬁﬁlaﬁﬂﬁﬁg bRgeil) R RuAdERE Q¥ Bhirfan I@ER@proteln which
fruncat ed L$ human HE protei n_which nprises
comprygthe gxtrageliar G‘P ané‘ﬁﬂn‘?fﬁ ﬁ?@ﬁﬁ Phike H&Bﬁ@mﬁen G’fereerw@er

hHERBE&TMI) Oiitdin s(aitﬁfo@nﬁ&fzdtﬂés arf HEBQ,EQ%H%% follf]\lihgli RivEl ei le€hion in a human
e I |

t d
cel. T VT R TRt e ol Rad s Bihes Aot Fopprising the
synthétia pbllymrclqotldm lagkediscdatenoy of @id wodrsph asmimbgéias ethpositiboraad vaccines
for thegﬁg%fﬂmﬂ Rl oI‘ Q@ah?ecﬁf QE lgﬁt{i gss@&zjtté(d]ééﬁéze? o’fﬁeg)%grnﬁagotldes described herein are

0ses use o
more efBeip Shat wodEPa H@R\?a@ dlicitng arelhfleranql h\enqralememm PpoapRigeinst human
HER2t reat ment of HER2-associ ated cancer. The

polynucleotldes descri bed herein are nore effici
that wilPgPESHBEINEEnRon fl3p tglafes iq syAtete leléﬁewlfplérmoé%les (Polynucleotldes>

compﬁ‘sl;tfg(bl’sadlueh&ﬂ'ﬂﬂ ﬁﬁcl&oﬁ&&&ﬁt& endd@ehuitdn opidemial glﬂmfact&hﬁant@en (hereinafter

bHE r%esgg %@Yﬁ%@bﬁ% y?ﬁ%é?‘% at gxége;tl% nﬁ%’l%?ﬁ? }Irncﬁ nn.ges are codon -optimized

for highdepeevpessabn inudiuent ccdle(heztlha’ter @HERZepth UFI‘&rprﬂmtdlexelmdn further relates

to syn?ﬂét?cvﬁ%\lale c%%é%ﬁﬁl% %%&5%{1‘ Iéott]lﬁgsﬁ E(?ﬁj sﬁlr a%%%lQR%R%)mﬁesaﬁagstthat encode
humargER2ERIVE @ s fosthan S8R Npst4, mihoreiat ﬂif wynthficgiucleis\agid molecules are

codon@PRaESE foP BighBev@l &P%?s’ibnqg L hlmﬁs}ieéeﬁ' ad ﬁlﬁfelﬂéﬁ%l%@s disclosed herein
T resent |1 nvention further rel ates synthetic

may b, fiaspied 0 HhaRbIel Ot Plsdoe (STEHE Fesornipras 5108& PWflgsg sgurce for

substaf@| WRHIS 6f BfexprdsbERhétdas HHBRD pei6n (EQ Ne) BERREIFMD TM protein
et . forth in SEQ I D NO 14 wherein the synthetlc
@ﬂﬂlﬁiﬁﬁéﬁ& acid nol ecul es are codon-optim zed for
hi gh- | Siepre@xpinensonfurther rﬁatb&utﬂﬂﬁylﬁhﬁtlb aucl¢ie adidifortdle which encodes
mRN Ale ﬁlétgexgl%lﬁsgsg % ilugnzﬁnﬁh%lg p?i oilgc ge errreed, a t}%s? t Tk f]fft ?C lgrgsent invention
is disclposttin EKFURE i ovhidheshows sDNACROlE@ite (SEQBEtI\HM) tlaaht eh@aled shIBER2 protein

(SEQ %I\EI@)?? ?ﬁeﬁ‘nﬁgf}a%é{f;@%feﬁ &l n%a% o@fh‘a;pf‘e'sé?lt fnvbdoh B ngzptl%lzed for
high-level expression in a human cell. he sequence of this preferred polynucleotide also contains a

mutation abolishing tyrosine kinase activity (AAA2257GCC, K753A). Nucleotide sequences that do not

contain this mutation are also contemplated by this invention.
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The present invention further relates to a synthetic

nucl ei ¢ acid nol ecul e which encodes nRNA that
wezpsesses a human HER2 protein. A preferred aBQEEP2004/008234

this portion of the present invention 30 is disclosed

in FIGURE 1, which shows a DNA nolecule (SEQ ID NO 1)

that encodes a hHER2 protein (SEQ ID NO 2). The

preferred nucleic acid nol ecul e of the present

invention is codon-optimzed for high-Ievel

expr es'i’hé(}ﬂeéeﬁ\: iRvelHoPaudRBhdlly rdiRes S AGWRRGR ndéleit BEig molecule which

cncoa SV hespesbnk et A SR SORES K afpsd o bis porin of e
presentibehfipn isMisclogatin Hmm oengidch shbas a DNAnﬁdilecuwSE@I ID NO:O¥Bthat

oo b 593685 R SR AT Y D PSR Mg e

inventiad ¢ codannapttilngzer édrd ghslevad exgpresying imeihumam u@il ei c aci d
mol ecu %ﬁ’}@e&*}meﬁﬁ&?ﬁ&%l r{e&ﬁﬁ)mgmea?é %ﬁd %c&ﬁﬁﬁ&t host cells,

HER2E rotein. A preferred aspect portion
both prgkaryétis ang P‘é@@’ﬁtlc vArcBrreRtain thestugleis apid gwdpcplgs @F(@mtmwghout this
%mmﬁ&ﬁbﬁh shows a DNA nol ecul e (SEQ I D NO 9) that encodes
hHER2ECDTM protein_ (SEQ.1D NO 14). The preferre
n ucl ei EbRIFSERTBYBEL by THHES thABLSHT 95 oG thuazfﬂd‘?“sOP“mlzed

humanGORIO oreeiniinh 7eesmbigint hosg bell, wﬂinsﬁgﬂﬁ)ﬂﬁﬁmdmﬁmg A vactbromprising a
res lLnve

I T L A
polynupleotidariyaibc opting zel fhawpfiotal expreativrcin adiombmageli; arhe () walhusing the host cell
under &%dﬁ%o ?n%llg% %11%& AR gauﬁ M&éﬁ%ﬁ&t rbt hs

resent 1 nvention further rel ates
t o a piqu:msntfl@wenw@srghai@gwaﬂ REQFEHHOTOPPICngcodqpoptimized human

HER2BCHR Jrlfbig il ﬁ&cﬁﬁtﬁndnﬂh&t $BCQIMBRR 2)RSdduiBh h vector comprising a
nmprisi ( i ntroducin vector, co r % h
T O T E AT "
synthetlél &yrﬁlcl;ééﬁcfe ﬁgioeoﬂlﬁkﬁingzéiﬂ fbx; opﬂhﬁr @pf&séid‘mﬁn s hieddlcand, (b) culturing the
nucl got | S,,codon-ao
nost et i ARG SHhG  raf FEGP T PMpore
host cahbtheruspdeirof tionikivénition § awwitheld ofiplevantieg prrtewEngeancdr comprising
admini%f%%ilgﬁ tp) li'ﬁ?aénnﬁ?&ac@{ng tvgz%t&‘ corh Iffsug §S§ﬁfﬂgtlé ¥ ﬁtabﬁ%ﬁécﬁ% tgle synthetic

rocess ror e a codon-optim
nucleidagitbinolec qqmaﬁmmqpm@ ef Iwclewd&s ﬂﬂéfce@msliemh‘tmwdermal growth

factor § Shtlgen {h@fm} ﬁtbfé% as 6@ forkHh SBAUDI NE:2 Sor U Deinds HERIBCDS] oteln as set
etic ynucl eot i de, enc d|n a.hu

forth nps%@ilgﬁq He wh%fe@ahqsasﬁheﬁwglelce@ polgipig scioRor gtz or 1gh levl
emﬂ%§MQEQthﬁn&m]ynucleotlde i s codon-optinmzed for

t
P o B bt e B R & b e S b afireblnpifhe an
adenoxﬁlfal gaﬁiblde witha del HicRAE RO EVIrggiat, endnan ivsa ithibe Eh sqgemt whdrein the insert
compnées a% elxpnr\éses{c]) Icgsrs]et e%oﬁglgﬁlgé] ﬁﬂ a%(% ?Mﬁﬁgd Myr&%legﬂcﬁaeﬁl!:&l%g a human

HER2 patedi pre hue@n HBRaBGbIMsprnfgmaa@;(bbt mwm@ermpenablw dinked tg the
pdymggg&%ule the synthetic nucleic acid nolecule

conprising a sequence of nucleotides that encodes a
human & Riesernvegioily relptsy ogrvacsingmlasgid copmppiging ¢ plasmid portion and

an exp%ﬁ&r?daﬁbe@& 0¥ 8dn, fhe ekftedsidn Skt PofNGh dompising: @Y Mthetic polynucleotlde
TR A TR e —

is coddnosfifriAe for whiired ekession gha hewaalcelland (b) a promoter operably linked to the

polynucleotide.
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30 expression in a human cell. The present invention
further relates to an adenovirus vacci ne vector
w@owpoizseng an adenoviral genome with a del et PONEP2904/008234
the E1 region, and an insert in the E1 region, wherein
the insert conprises an expression cassette
conprising: (a) a codon-optim zed pol ynucl eoti de
encodi ng a human HER2 protein or a hunman HER2ECDTM
protein; and (b) a pronoter operably linked to the
pol yn Uﬁh&@érlaﬁﬁct o-ﬁﬁi% ﬁﬁésaﬁa%nﬁdﬂ\@@ﬁlbtﬁﬁﬁ &t pi@tect’tiﬁlg atn@sonbal from cancer

d.
ortrea G g S ol PR re B ERPPEEERo Bolaredns te
mammplor ﬁmm:;toommsngrg) a (c&l))n-aptﬂylnftdwﬁynuclﬁmidy enolipg ihd@an HER2 protein

ora hu%{e]ug ?lgRg’gC% gfr'l pggteln;_lﬁﬁ%g Qrﬁ?ﬂ%‘g‘}t& 88%%% Hﬁ%ﬁ {'Egglmﬂ%de, (b) allowing

a predetayniired epbuntofiéde focnassom (peibtreduping &4 ba mapma! fepgend vector
comprﬁﬁF 1)n 2 %g—%?%rg@e%%kl@&ld@ esaoa%ﬁgx hy%%{;gﬂm roﬁéleor 2 human
HER2 Maroteinyrad i) pprofgier aweé@éshlfnkﬁlﬁ?éhﬁwﬁwplgotadenet hod of

protecting a nannal fromcancer or treating a mammal

suffering from -associ at ed .capcer c g

7t r o a5 CRTHAIOY A SBRSIHAT 7] (06 PRpBip g, M sieiee formns °a
“an,” a@@ e igélindg: the Plual ke wikdss the zexdex oleyrudittetos ottlewise.

encodi ..

or ot ei %Qusedggn{%?oﬂﬁﬁ%ggm téi?(')rgaélgr eﬁdﬁw e,gﬁtagg?gg;{%eﬁmtmns and
abbrevptibnsrpplyeot i de; (b) allowing 5 a predetern1ned anmount

of timp,d t@mpé}ﬁ‘&noté}n GerbiE o d IQEJgQﬁﬁUﬁ' blﬂ:g)n 15194 SRS dTB AR tHR RNA
second vect or r|S|nngH a codon-opti m zed

polymeseie pide| Bstareraoteirfe s oH niaaion AemPIFEREh BN AtRotimegtoe g initate and drive

transcrPHBRHN actiieiR2 ELIbMp Rk QirEbd thodafied yiagtivatify REWineds t&RRE adthincers” or
I'inked to %ﬁﬁ-g% nqcleotlde As used throughout the
mhm“@ﬁé%?*?%%? 4“%h' t he appended cl ai ms, the singul ar
forms Tl térm ‘WAsseide’ réferd moka Micketidel d‘ngbnm;eqlteh@ thdt il talbe expressed from a
vector (;['e ne 2(‘51%) A ethe %ﬁaét: de Equegﬁr?egsg q%%c&te%% glg St%ee}gllé}%ﬁ § feic'n or the %ERZECDTM
proteina i geneal] ao;hmttvmomph@s £ gtregoduanre destitadi lmoervsctamﬂnch in some
e ko U%?f}&“’é BEREGLotidé & f2hSsehenBe. In oth
embodﬂxpekﬂfsg ﬂo?%i%s%@%le?(gp S nquen 0 p s&% uak ioclh ; hgg Rse. 1f n other
embodiserninip agcéeo@fiweencmauwm‘ﬂéqs ﬂFedPﬁ%at%Fﬁ SpqeRGeR o gRexpression. In

further‘éﬁﬂpdhﬁﬁsntwtﬁﬁe&hﬁ)tﬁﬁhé&é@ﬁl@ﬁ@uﬁa@rj Riplidnads Qn@ﬂh@ ndcflédtﬁe orléne sequence

prov1d zgqrg{}]g{olfy?pggllée@geg;hw L XI{l}él edvectgﬁleé)ri)&c@?cga a p6?moter ffor transcribing the
nucleotlc[lal"dr kel sﬁ@eﬁ&wﬂ& thé@ﬂiclécﬂfdﬁﬁﬂgens sdqednce pidVidesThieank@@iption termination
sequengg, a][She r%gufa&or% %eqléle):{xcer:sevgkgcgh dcre]x%xJ r%% ﬁ%%t 4dgc?beyo gecp ¥ g}scﬁlglg & TII‘C not limited to,
enhancelygtransaripéont iedmnajton getrualosfe qelen e@eﬁmd |dn1g)rtsmelHEmntrons ribosome
b1nd1n%§egﬁe%lc% Ma CPH'E/?I g -EMHC&r e bz{%setﬂe % Sl él‘?é:onc%)t to a cassette tape;

ene sequence I nserte
each cageedie bps ilg9vaIequeRres a‘haes Ontéq%&ngélmcgssetﬁ theivager will express a different

sequenb& BHcAlsO bHihS REMBIANed 42 theBXIHISSHIE Ghe JAReitdisah B bastl@ irRérted,
ene sequence I'n other enbodinents,- the nucleotide

removeglor geplaced i @Wg@rﬁﬁﬁﬁ?des t he regulatory sequences for
I tS expheasmi ‘Gactod’Refers to some means by which DNA fragments can be introduced into

a host organism or host tissue. There are various types of vectors including plasmid, virus (including

adenovirus), bacteriophages and cosmids.
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further enbodi nents, the vector provides sone

regul at ory sequences and the nucl eotide or gene
w@emsemse7 provi des other regul atory sequencesPCTFBP2004/008234

exanpl e, the vector can provide a pronoter for

transcribing the nucleotide or gene sequence and the

nucl eoti de or gene sequence provides a transcription

term nation 25 sequence. The regul atory sequences

whi ch can be provided by the vector include, but are

nOt LT mpf et irst BRI L hSused [ﬁ@ﬁ%&%'a@&o@ﬂl AR, | & ribes said

uences Sp |1 ce acce tor and donor sequences,
adenqy qlr‘@ﬁ@rs that BE?slf?i?’r’éathBrdﬁ%Pth‘@ £ Bt eenrEaion adgavigis|vygiauy typically have a
deletcldh iitac@tcRIET URRERSion, Eh@p&mgtﬂaee h Bel&bd b iddotil eGP tegion.

to ac efte ta S
S equenc bEe g B) TV ERERARET et AR CpBH iy ficlosed herein,
compyigiog the hwinhh CRRpitesgiate-adily ’(IEB pmmotes etthamos A, BédiRlasgh addon-optimized

humsah E‘-ﬁﬂ&%@hé 'b&%hebé'ox%{hth% Sk d%gx%dgalyggegyﬁtmn angg‘anscngtlonal termination

cassette can easl I'nSert
sequeness] and @dnipimahpdn b@dkb‘vnec{@s EXAMPLEDe term "vect or "

refers 4 éggﬁtﬂf%\ﬁu BB EEDTING ¢ fANTE B hBsGRITo

f?s%ﬁct disclosed
introduced 1nto _a host organi smor host tissue. There

hereiry ﬁ@nvaﬁmgotb%hlt%&é‘d‘éﬂm%@%tw@y (RO PRmaey VfheBHe) atrmgaged codon-
optimided Ghist ABR2 l&@Mpﬂi the dx@edeliilaPRAAGU LS ADENG ASHhidSof the HER2

gene, wég grgévgﬁgo%ééepcgr %gi%%gloé [J géﬁ%g-{{;gsc‘ggtréq?avg%ﬁlatmn sequences, and a
mininvd pUGEckbdasEed BXeAMBRE d). adenovi r aI vectors that are
replic 0 LI » denovi.r
vect or g'hi ngIgl%l T dn 1§: hH%NZ gfe ol o?sﬁg%tag \[;%IS nb é})ove except the
constyeimempeisfs @nvﬂdamt fpﬂédngﬂlélbmyn HER% genedestaat efla mdon-OPtlrmzed human
HER] f@ctivated E3 gene region. The desi gnati on
V1J-hHER2. opt" refers to a plasm d construct,

di scl osEhe deeigration “iY 1&HRBRPECREMeHE raferpar comyruct as described above,
excepk HEREHsBH & cO@pridds 4 WHA-typE GIR%ERA h%&thE R%&l@ ¥id tﬁmcated gene comprising

a Seqlf&gglﬁgﬁgﬂgqtﬁﬁ%ﬁg%g? tglérgﬁtéa[%gl gﬂggﬁn (?omalnos\gf Hle HER?2 protein,
insteatl o) s@iohppiimizad fulld¢ngihtakrian HERS@que nces, an d a m ni mal

puc baﬁbfé% e « ds5irfRo o opt, e“ﬁﬁgg‘%@ HE%E OPt” and

pV1lJ referst cons ruc
“MRI@A@hREEIé%lwt’heﬂeeuo mhreéz:@rmmcs; d\rgthst@dtmmrmmhwnprlse an Ad5 adenoviral
genorhéqg?é#é@&fghee@i nd E(3 'r%)ong r ﬁlrﬁ?é H.h—hll-l g Rgﬂ” ’cAbnsf?‘uct the E1 region is

trunca on- timz e HE
replaced iy p P@c}ongvptuﬁ@e@fwﬂ%& huigag HEBHcgeJ@er inAs Fe Wﬁ% eriepdatign pader the

contrdlﬁ)f 4 ngniﬂ'iﬁa V3R Soter RAMbINEnEM AWR I 0RRE H? REoHRY gtrum hormone
aaen IO‘ ermnpatl o
Polyag %8%% i s WS@M%%&%W&@&SW@GWW above,

excep?ﬂw ETh@lcdﬁﬁ‘ ithgenvedSi gefoniely deptabadHiy. dotion- dipﬁiﬁ'r&:reﬁ ttuficaed version of the human
exce ruc

RZC %ﬂg tSfrilg grémcﬁevdm trg;?lgeg (%fn%%?l}l/g 4 seé[{l%nc )‘r‘];glﬁl%ﬂg%i Hi@% eﬁléo&e the extracellular
and the mn@mb@dne domaidoe!-lepERA meﬂptdn uieen MBK AMERRHGR M w1 cbhe@ruct is

essentgag@i&g H&Exﬁ%g gb&\éle;(céyt_ﬁg%'% \@'féhe AB Sgt%ﬁcﬁné f r%la%gmftﬁ y&/hd—type full-

escr | above, exce con rises
length/humnt}gﬁ&@smu@n@a(@e@@ HERZ gene, said truncated

gene COfRMkdri“Bffectife SRANEH AL £REhIESnJoBiRbn 8 HR™Eced to
the extracel lul ar and transnenbrane donmai ns of the

produ c&qgett%}eﬁe 1s of; thepolypgptyle, sq that efbﬁnr%tﬁlp rgsponseresults. One skilled in the art
recoghiddslthdt ehigieve] hidyrasry HER2 gene.
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20 The designations "MRKAd5- hHER2. opt ,

" MRKAd5- hHER2ECDTM opt " and " MRKAd5- hHER2. wt ' refer to
wao booesi1xsenst ruct s, di scl osed herein, which conpCT/BR2084008234

Ad5 adenoviral genone deleted of the El and E3

regions. In the "MKAd5- hHER2. opt" construct, the El

region is replaced by a codon-optim zed full-length

human HER2 gene in an E1 parallel orientation under

the control of a human CW pronoter w thout intron A

f 0' | owegl Bin GreR@ichi SerBlk QYW lhelraﬁame trzﬁmm Iaycap‘tepwaatlfc on
gnhal . The_ " MRKAdS-

HER2ECDT
preven Gl Gompisaie y T8 BSera HENTRE RAES Lagee Ao S oo piggt vl o
those p@fnettci‘lﬁavéxd’fe dipnRier thase irophietcibd disgrrder isdepraypitedni zed

trunca e‘ ?—@ﬁg Ilsgag% ggndgtlog tlpclltJMd pERERe R GG ﬂgatm?ﬂivqm the methods or the

trunca mprising a sequenc
vaccingsiaod endnumigsmd; lmtposm(mdesctlh@i @xftlm aT:I@SF fetmh ieludegrplironiseand acute

d1sorde:r{;%&§%§£ﬁ hg%gmgﬁ% C;anst ichN@niiER% vﬂﬁ&%ﬂéd?srpose-lfﬂ@mammal to the

uct I's essentjally
disorded drsquebtinad Thpwedodsand gﬁtvaqu@s of the g@fe@ﬁn&qnﬁglh %re Mg}ded for the

treatm&? DB ricSs 5reBhasad aééb&ztie(ﬂwiﬂl Mﬁrrﬁﬂ/c ﬂﬁEﬁZKﬂeh ass3&aﬂed3 egprdidsion or
human HER2 sequence

ignalins e 15, 2 AL THAEA s VBT e S9EE oyon, ond lung cancer.
CONMPOS At ceiRervative Binfnodeid eﬁbsnmtloxp’rrefétscte the neplagrekeen af ene amino acid

r651due|rtgl\éa§|fni$n§ro£}5tqgc;e gz rr?{lgegm ino ﬁd? dﬁJQ altix lels TPHRR (¥1§§r98ﬁ/|§ gubstitutions

nizes t
are: substivution nBgnevhadrppholio 120D (igdlaBae, Wnﬁemgmwr oBdddneYfos another;
SubStltutIO(Ijllyf o}u{)ﬁ ?%r e fdr %o%ﬁe? 8619r R drRraRethts (&. %e%fﬂ_ﬁﬁtfor lysine;

¢ or ventative neasures. 0S€ In
glutamn@@difofawaréa@m@nt |ncI ude those already with the

di sor defy@® Welhd a3IERERGS e B RGunen EAdemileowth $2tcil @ fantigen and a
or those in which the disorder. is to be, prevented. ‘A

humancgdanoprdigrizediepiderma! srowlipqies T HEE RRFY Benefit from
t r eat TEAHERIEODTIMI @t THRE HEKIBR IRCIYIM. 0ptB raferde i trescagd dluman epidermal

growtqi %‘%%@g%ﬁar%%%g%#glhgga g C—Eétprg?jey%rcﬁhg% ﬁ;r thr? fa‘bﬁ£ Montigen,
respeciivelyl. UkthiengntatrdSermp af HBRBJhBER2ECREM: wib Aad WIﬂE(BﬁECDTM opt,” comprise
the extgaﬁ:glﬂﬂ Qﬁé %antsglgtamlgg@knahg of A€ huljaénslgﬁﬁfﬁro{eﬂx questi on.

e vacclnes o resent i nvent| on
are i nThaigoy“thanmalise” reforeig ememempel, mcglélrna @& humgy) being.

condi t QNS LAIRAGH dg@demswa@é%agé@nt
HER2/ neu- associ at e

i ncl udil‘h@ab EﬁYtanPrﬁ “ ,Q%%g{;‘ems}ﬁ)lrn%? glgt[) B ant%f)@ya@p% monoclonal antibody,

respecﬁm)orect al, gastric, ovarian, and lung cancer. 10 A

ST IS R MBI o 3,

chem cal | y Si m I ar am no acid residue. Exanples of

gﬁﬁb utions are: substitution of
BRIEFSH%]% ropho |c r'esi

one i sol euci ne, |eucine, valine,
or net EICMRE] & yhofws theamoleotisie sequenps of p cadon-optimEedRbyyeietide

(hHEI{Zeo%'tq %ﬁ@ IBBI{IO Q?ﬁlﬁﬁ‘ﬁéodgﬂlﬁ{an mcﬂ!'@celﬁf S TEX SAPEE ¢h25@EB shows the

rginine for |lysine l'ut am ¢ aci for
deduc@saﬂmiict fi%d wayegye of fhy hquPEH@R\%APFO inep Qﬁlﬁé g refer to
a hunmapiepree rsl[ﬂ%}s tlﬁaﬁ@éf&ﬂcdsuaﬁ bﬂinnﬂm&ﬁﬁrmgz&m T&Bl(ﬂ epfitopériniie human

codagn- o epi d rmal ro E tor ti.gen . .
HER2 P&%’éa’ E{,\leﬁ[%ﬁ" H%F-‘ff g &g hana ﬁlgepltmmumzed with
Ad5-hHERe fvetemanalytaduforaiad mdhchuxma“rhuman H@Rﬁﬁpemﬁc cellular immunity. The number of
IFN-y -secreting anti-human HER2 T cells was determined by ELISPOT on splenocytes from groups of

mice (indicated in the first column) using pools or single peptides. Data displayed are representative of
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growth factor 2 antigen and a truncated human
codon-optim zed epidernmal growth factor 2 antigen,
wo ewpoctsevel y. The truncated forms of HER2, PCT/EP2004/008234

"hHER2ECDTM wt " and " hHER2ECDTM opt, " conprise 20 the
extracel lular and transnmenbrane domai ns of the human

HER2 protein. The term"nmanmalian® refers to any

nannal, i ncluding a human bei ng. The abbreviation

"Ag" refers to an antigen. The abbreviations "Ab" and

severd] inlopendeft expehfneﬁtﬁl witidshekpredd as e ﬁﬁﬁﬁe@ BedpoefRthiRe EMonies

t ia refe to the .
TN e A R
(typ1chwst 1|9IS@RE6 oty h}ﬂ\‘mncythe Dhusbes tortspedihdenaeredhanahree times the

backg?d%x‘ﬂ? RreQRtdd T g&@oﬁ&h_éﬁ’rﬂﬁ%kégmo tlééfﬁ_clE 1(%%% E% Afred positive values

hat encodes E
and arpgiiqated i pRidface: Feequamy aedbé Bc@lbsedresmnﬁehc\easoﬁeasured by ICS.

Data dlﬁﬁayg&l%@epmaﬂ% of &b&al(l%%ﬂd&t%e%ﬁnen{: I Gﬂﬁgs e ?)g)?éé@ed as

conf R Bt Bl ISP T AR
considertiipasitive antl adicated inboddfadel @iueﬁféabﬂbﬁi@ass%yaﬁf%d& &by the single

e .anal yzed for
peptlde %g# éxg %ss ay Elrﬁ 1ndﬁ:af%ﬁeﬁExR§%§§\5wb€rscr eis e the pPWrﬂfta?flmo acid residue of
ﬂwfmﬁh@HﬁBﬁmemﬂmf |FN-y -secreting anti-human HER2 T

C reIO lu S ] \Q@(?Uﬂﬁts %ﬁ(mzsrlg in S/}f Eg? QEH%EE ?’orh? S¥n et[s?ﬁ%gi(%on in (A) human

embrye%lP K@“ﬁbﬂﬁg 283 cdlks anyl &) pwpss mlaSWQ7 dDstp k@yeapressedas the geometric
mean 6BRE &ﬁfh{é‘l Aldr¥RerRt ferWHm%QQé&Qé?Ee%Zraf %{/ kR %ngé/ )ng%?s%gpéasmld has

evera ﬁ en ent experlnents ues are
U

been syTafiy Yot POFIHIF o8 dlesilicancy pBRGHPIYBA transfection.
total SphERD Gylﬁcﬁs& ,theslttﬁiuﬁlaﬁ‘efsﬁﬂls@tf) hihen RBRKGY @Mnﬂ/c%ﬁééi Bnel (A)

shows a‘i go an S %%%E}?%{/lglﬁe(g ﬁ(@e& @HOVGRIEMI v%faulel: comp%rse%l to wild

type H:EBﬁr Skqoraté regults gromuimenuhfzationt dff fe@ giolupe sach BEmprixaGk@d aldwith
i T SR T ———

S were consi
weeks Pﬁ?flﬂéealﬁ?é énigofion dhecffeguancy ﬁlﬁuweqqutmgﬁ @IMﬂn roous€EBenocytes was

determire@ §lal IFN?Q!a 188 PO Dask N tg‘ﬁ@ﬁhd@?ﬁ@éﬁﬁ?g é gclu&ﬂ%QCP8+ epitope),

re represen ative of sev

e B B O i SRS (6O, b  CD+
ep1topé)2DR¢su&§l ﬁoﬁD‘E'lx IU5 afdD8 k)l bﬁsﬁ@ﬁd&y&@ Cyifal s réplicdsleBeach amount tested, are

her positive and

shown. ga/er% etVé1 \HerB 8:[1 8?%{&% Iﬁ%fglg %@ggr:gﬁ;tgalggeé eetﬁg;mqqq(én the absence of
peptldqg Gybicdly lbsg thand 0 SFAL D@totaﬂ) qﬂénod;&esl)lskd;ulmwérh exp&sSellyas ﬂfe@mmber of

SEC/ ldﬂgﬂa&%ﬁeﬂgcg@ﬁ 13511%1 4B§fsﬁo‘wsf'}{¥c1q§g ﬁH{'ﬁﬂhze rf%ﬁh 'ihglgglg gétsnél%y anroved IgGl

and Ig@Jachyporad r@mcm@md tp oN HhdIERZ prie SerumsampledwviErRBollected at week 6 (the
day beffo% th@ﬁi‘sﬂ%ﬁ%@f’gneﬁ%'b%d)' Ad Wl W?e&g%%dgﬂ hljecﬁor}s from

HEK- 293 cel | s. and (B) nouse
groups @f p pired@puaized With REJrhEER2 vt OBV H-EHER bt phimidGINA. Anti-hHER?

antibody|tieds BIBEFHORA k& ffle'éhdhrngﬂﬁ)f i@ ke ASREEALSILIRA &srh% the dimeric
extra-ceqfrﬁ)ar ¥101%¥|n %Pl%—ﬁif@ &I%EQZ (li}% as target antigen. AP-conjugated goat anti-mouse IgG1 or

IgG2a was used to detect bound mouse antibodies.

FIGURE 5 shows a comparison of p185-specific T-cell response elicited in mice by
immunization with pV1J-HER2 and Ad5-HER2. Wild-type BALB/c mice and BALB/c transgenic mice
overexpressing rat HER2 (indicated as NeuT, see Lucchini et al., Cancer Lett 64(3): 203-9 (1992)) were
immunized at 6 and 9 weeks of age, either with pV1J-hHER2.wt DNA (50pg/dose, injected in the
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been subtracted. For C2C7 cells, data are normalized

on the efficiency of pEG-P DNA transfection. 15 Fl GURE
W@ 2@h0¥s$2t he | mmune response to human HER2 i n BAY/BPI04/008234

m ce. Panel (A) shows that codon-optim zed HER2

yi el ded significantly inproved ELI SPOT val ues conpared

towld type HER2. Shown are results from

i mruni zati on of four groups, each conprising two m ce,

with plasmd pVlJ-hHER2. wt or pV1J- hHER2. opt

quadr(o'éﬁbgﬁlﬁelﬁ)? fétlo@ed bPLiBitAsd SiEhnildtioh BEwAK AdS-hABRS WIVAE 1 Bdeeks of age, the

eks after. the | ecti frequency of
N et - 1 BTG BY BRI s B poots of mice
using detpeptidenindiceted DitiNdi¢plbydd SRGIprasssiayvelst sév@rapiaéfed@mt experiments.

hNe i ncluding a CD8+ epitope),
Valueﬁﬁfg eﬁiéféasqﬂggjﬂ%l i ncludi ng a CD8+ epitope) and

hNeu42 RHIgHRE®SpaigbA, showet thel nwpdpotid Glquencegi at cope)-optimized polynucleotide
(hHElBﬁ?Cl}ﬂ"fI\ﬁ of)tr 99@ %D%I (5(9);193':{ eﬂ&(Hessa ﬁ‘un@&%ﬁm&r 1 otm\ﬁ'I stapi protein

two rep I Cas eac anount teste
compw@ta@@(m%ﬂﬂt}@é %@S@@W@ﬂe&pmmwf tb@HERa@thqvg Ranel B shows a second

polynhkﬂéﬁﬁ@é BbEcddey Bk egedceibr AR rdnBmt HigRRBERGR o?fhe HER2 protein, the

|cally ss . th 0 SFC/ 106 .t
seconf i e bfiog Tk iBy it sxhathoas wiish Aok becpodon
optim2B&d @HGRIBGDTMN SEQIIErN@:W)es Panel (B) shows that

V1J-h I rov
gnd I gg(% ﬁgr i gcrwé '?m‘raél &y 36?1% e c oh‘ﬁé?@gadty%s 8”% cﬁf—?@ﬁ‘g (?klﬁl?us monkeys
immu@'eefdmlgam:;;MQOK/t@ree pleshideetpesiog huvee lantigefis HER2,dZBA and EpCAM, said
plasmﬁ@ E@rﬁﬁls}r{%%uél ik sé é 1.41%%&&&%195&1 &e %)hl@pgvéﬁ%g& %1%2 in human

ter t 'ast 1 njection rom grou
cells. Fhe sameprimals uere tiep Hmﬁwgzdmpggnlmuemf tlgw@djwm eFpressing the wild-
type s@fudiSodofledoNoE thé\ﬂirée ALERS Ceﬁﬂﬁédﬁ%men‘uﬁ@{e%oh& ctut%@te@ %%in@fjthe highly

era each rQu of mce were measure
oo (5 ascan R Al 3 i POk D A 7S BIeamiFi TFN-
Y ELIS{HGE[_RR/e&GﬁB)nt}&B)r bad y@et. ‘aihick g Iaxprékﬁ’cd?a@ ISFagad ?BMID atibtracted of the

ant i - mou ect nd, ..
v B o e i Pt S nbEh PGPy imren o <
0.05) Bom bpbgiofud; asTmeasiiled ine®ptoel sepesivients tvittout antigeaie pbytides, and higher than

the arﬂiﬂ@éh%@én’ tRdshM af(g 5@%%‘627 IHE%M% ﬁgéat%%oldw |d-type

/C mce an transgenic mce over expr essi ng
rat HERESWRA8skartsadompansen It the eedl-mesdintést imimuae response elicited in mice by

1mmu1§§dﬁ6ﬁ35v1th§VU ﬁ‘ff}ﬁ@opt %Q%iﬂ]—ﬁﬁgﬂ@dDmro t VBrhuels PRI ?hecQLrea'&ency of
eifher wt - hHER2, Wt

IFNy-s(egrﬁgggdsBEgn cqllﬁ f\%@?aézgreii Ry Fh@PQTV\BatM@BWM%? qlerlved from three animals and

are reﬂ?@&ﬂtﬁi% Bﬂﬁv&@ﬁﬂ%emﬁﬁﬁp@ﬁmwmmbﬂe exdppdshede SFOM 06 total spleen
on.or Wt

cells, su{)téetg ed 8?%58%&@{%%3 b %{Fﬁﬂ%tFmB‘?ed lrr:ﬁ ygbsegcgg% B?Htllq&f(typlcally less than 5
SFC/18hsplechoetiap Cabhds whivhsirasgnificatyatiffirynt G ¥ SPOfran ahquroﬁnd as measured

in con 51 %@;ﬂ%kjﬁ w‘i’tﬁoﬂpaﬁt? E)Eﬁ?eg Ql?d z{t)gfl)g eq ﬁ% ltl{%da 1§arﬁ hotsen tﬂreshold of

are repre veral
25 SFehk ieﬁ%mﬂg are lwwﬁélsnh?léfae@(pr essed as in FI GURE 1. 5

FIGURE 6, panel A, shows the nucl eotide sequence of a
caodon tim zed pol ynucl eoti de (hHER2ECDTM opt, SEQ
DETAHEE]?\@E§§RJ{PH§?NQ¥I) %%EN\&EN? IgAcat ed human HER2 pr ot ein,
sai d pHG#ei ¢’p1de§1ﬁ£[@fdv&h fe@tot D GhHBR?) &GBhiehBras@Bfted with a number of
range

. ns of the tein. Panel B
aittere S O oo e R PRt e {20 ~BH GO g The present nvention
relateséx¢angositidnslaad mathdds to alisie miiraaw—:tmdmnﬁy tmsth@;froﬁei’mq)rdnﬁ%xpressed by the

hHER.féme%F: ?ﬂgreu{ &%rrarﬁ%ﬁ%?g g%%s’éi%ﬁl ?s a?s%gla% w(i:tgrﬂ) rc 0%18 or Bs %eﬁ/elopment

nucl eo
Associgtinicod aberrant hHER?2 expression w1th a carcmoma does not requlre that the hHER?2 protein be
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10 optim zed (hHERRZECDTM wt, SEQ ID NG 10). FIGURE 7
shows an anal ysis of the cell-nedi ated response

WO pabaoes27 n rhesus nonkeys inmunized with a nPQI/EP®04608234
t hree plasm ds expressing human anti gens HER2, CEA and
EpCAM said plasm ds conprising nucleotide sequences
that are codon-optim zed for high-level expression in
human cells. The sanme animals were then inmunized
with a mxture of three Ad5 vectors expressing the

exprevdell ¢h thiodt t}fs&&daﬁ el HRB pEnO b BodeRelOfmdni s gﬁlfoﬁﬁaldiﬂiERg%ﬂ;&essmn may be
al.e | e} I recte al Ns
prese AL T 1 B QU S DI Lo BB ST R PR eL Yot HE s

nonkey HERR epd, oyrehatic WASA meksuwiesedcdiiyng aFi1-Tenthl HFBRGH HER2 protein or a

e YT 905 LB BE Sy ST AL S i

Compﬁﬁﬁéﬁﬁ%ﬁ@ﬁUMﬁﬂmﬁémﬁb§@h@@e@mmﬁ@gﬁﬂ@é@nmvﬂﬁﬁégﬂwmndﬁwco&msofmc

synth@ech)I@A Q{Mécchleﬁﬂe hééngEJ ioears etise (1R chorQ pRPrefi b9 Me projected host cell, which
measu in control experi nents W t hout

in pregqu‘%p gxrétﬁ(;ldgm glgan Céaﬁd The aﬁ@.eﬂq malgculesanayrhs used for the development of
plasm@d- bsisécf Rictihas of m&ﬁbhnidﬁ ﬁcﬁlbﬂhﬁ \ﬂflc}ﬁﬁoﬁm%ﬁvé?%n%@phtylaxm against

PRSI INEN T IET Ll R R R N .

moledulesumy batsedas an 1tdmup&geﬂtcl'¢bﬁmmn a&hd invention provides polynucleotides which,

when HWIy %%%TM an}{ebra%é‘% U% ugc%fd%{ rBﬁnr%%? %chl Eﬁﬂ%y&é{s a%ﬁ humans,

Zsecreting sple TS "as measur e
inducgyhe gxpapssion afngoded eraikins widhin the errmehr ee anlnals and are
r e p res eﬂ‘]fe@ﬁl'd%?pe%nﬁﬁ I‘I@R@ Inuél&ﬁ'i@@ ?é&d&i&& hz@%@@rf ﬂeﬂ@r&ﬁs(Co%ssens etal.,

ues are ex?resse | een 25

Seiencg, s Ha B a8 (GH% Rirehele ot aty a74ids (9800r HeRseroniimienion provides
synth@i TNK tholtulpeptedigshd fuyiRempe huinah @R 2tpadEin Sor aSneéaddduman HER2

N KT T D ——

synthgiomidle@hlegxfibe praeent isventidiha@uiprisad segesnccofimmpleotitles whateth at least one of

T R e T
level e3prRAYiorRE) hHERCRY FHERMNECHTM fiE2 huxvaNpstemll. I—Hmntbptwdmlmles may be
used ag L QWrb: cff@@l@@ﬁ of hiTBRHED TNI r&mh%n@%%gédqh QQaﬁ%ttJﬁccﬁne to provide

unber of _different typesS of tunors, incl 9
effectiyp EyRpnopEphY P agal, ;asQqted 6%%01@%%%#0?}% raligig antibody and

cell- maﬂleee Rhminiiye Ale@ativelye thd bAshdie noReResShiy RNBeARdhdRER QFSDNA
ici.t or enhance imunity to the protein product

Vmw“@f%? SRS B85F°°he  hHER2 gene, wherein aberrant hHER2

expr esHA ‘Griplets cakaof ﬁm.t ﬁzﬂ;eihietnhcléd‘hﬁe baeLdan @ﬂiﬁt iBbvert68 variant forms.
T TN T TN S ——
initiatiopiEmDtemination) sives AN @i/ can bodedoT b}EmQ@OWHGJ@S 2@#n—a phenomenon
knowr?&%%@ocnsr@&{lnldihcy umrreatsbrﬁ%H@coﬁ'Ele?él}L urldefRR ol %'lt%ac‘tl\% o&otn§ are not

devel opnment, as abnor nal expressi on

uniforpyepressat i thetendagenqup PNAsRfidifferias pRRS cBls. ddeeds tﬂéﬁéff P o exista
varlablerﬁaﬁlrzil lliféﬁfrc}@roﬁ Qﬁ'@fél%h&n R lceVdit &rd¥ Y i §pecfffé t§geb 8f ®NEl, As one example,

synthetic cul es_en a.f th human
the o gt P PPST a FES DGR ABES Bk T CTO, CTT, TTA,
and TT@f Bxtaadivt andieiseif gerdme bEBﬂE@ﬁleﬂbleﬁfOEmM@rgﬂQﬁms hidiletealed
endogenrolfllgl BﬁtA q”EH coFT>2 QST e comrHPn o¥ ¢ n amshhe n(‘g]l)"]é acee-'fﬂ%%?}gilg]co%% g/hlle the DNA

Pansnenbrahe
of yeagte @r@irsﬂ;tnnﬁmﬂdsemsymfmnmnms aﬁ‘rfédeucevs-saeodynhgso@neﬁl wew of this

hleraré"hzl R g\%ﬁ&alﬁ%@h&g&i MASh P dlﬁ&fd%‘é oaXm}n %1gﬂrlajeﬁ%tf Er)g)rpsg{&fl Pf a leucine-

referre nbodi nen
rich pwpe%hyr?@ﬂ eolﬁwéfélmdé@enﬁﬁwoe@ e@é@@nﬂ}mfrqqh@cy of codon use. For

devel opnent of
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pl asm d- based vacci nes or reconbi nant adenovi rus,

whi ch provide effective i munoprophyl axi s agai nst
wOoERRO®SeDCi at ed cancer through neutralizing apCT/BPI94/008234

and cell-mediated i mmunity. The synthetic 10 nol ecul es

may be used as an i mmunogeni ¢ conposition. This

i nvention provides pol ynucl eotides which, when

directly introduced into a vertebrate in vivo,

i ncluding manmal s such as prinmates and humans, induce

examplh dt RXiREIO BHi @gbnetlclemcmd&e&bdpﬁmmlbe%oaw éibl@ss%@ﬁl BRbiBdhereas 2 CTG

rich g?lé ‘6’:“{1)@%’ Eﬂé@a Q@E&%Q@S%‘a m%ﬁs t e E‘Jélar )38 pr %%ghg%)n fgreer)]cpressmn ofa
leucu(eir&a@))];ypéﬁtlﬂgmateasahost céBs mnme>em 974-76 ( 1985) ) The

present Tﬂeq%lgpc%ah?r[g ?Eod\éb ﬂ% eroms pif_‘i\éﬁélé‘neaton%e 1n81|;1t lﬁ&){ teclslmques are

encodi ng t eng uman prote
manifesty gg dheadietvmenen HER2 st exlain mpERRCHTIMes tocncrbuevashlgigeXpressmn levels
of ex&FEﬁ)u@ pasi ) ﬁ@ukaehsﬁmyaﬁqsﬂ)ma w& rargaﬁ\@ﬁs—@ PR ﬁﬁefaiedh o530 may be

synthetic nplecul es of pr esent venti o

repeateélwﬁqug% ingthe weriien geneapd ﬂlﬁ@P@@?li achinegfer @ipFessien Faaq: operate as

efficié@fl@. This pﬁeﬁh@m@tﬂ)ﬁ's@éﬁ:&tﬂﬁﬁt @ﬁtﬁetﬁeg%ﬁesa{fﬂl&r}tﬁge &en lﬁi&uén@d tbSificlude a
us al | ow ng

projeqiafhoig ghs Bt ol %?rgg‘ﬁf‘f‘o | R o RO OB practie o
recondbinavirDXA sdchicigles.. THisporeypstehiatfitis mmoéngion isaghunay HBER2 %Qne that is codon-

optlm%(? ﬂb ﬂ%& \%P&hrcegsu%f in Q'E'Elﬁgn . Ii‘#ziE rege%Q&_ emlpr Qntwg# ?%tgis 11%/vgntlon it has

a cancer vaccl ne
been ﬁomﬁfh@mh@ph 9f Aigingtivegailons tenctvﬁmmheasgm@ pnoﬁ@qmp@mmmve the
constrhiRisOMIRpB&Ioh bRkHogéddds fﬁ@l@l’(ﬁ ¥irfil (ﬂh e&heéehs %&Ht@eﬁ' @dbect of this invention

m’TUnIt Al ternativel tic nolecu

is & pggd B T DA DS RGECR TOR A spbmeptmpec@Ehisbiaveberpression in o

humaiy B&E tdNEsaidtrunktbPHERY g&e dompingl mbleotie $&jubl Bs MRCdnBsYeithlCextracellular
bases, can. exi, st bn oV 60 vari ant forns. 25 Because

and“?ﬁ%@@b@ﬁﬁﬁﬁ?nﬁPs ‘message for only 20 different
am no dnbkasrdams wishlthis ﬂﬂeﬁtioﬂ,l’th‘@liﬂnpahim defid delp@dnk ©mdanédthuman

HEM#'%W éne 9&%1%0% %ﬁ% conv 09 ugleotlki e%ﬁ%g%q@%%rg lj#)e}{tical translated

an one Co
sequepaselapmdaerpd to{fmid-ib'mwslenf@,tbutwrm hlgrmetiye eoddensgomdiescribed by Lathe,

“Synﬂ?étlt: Wl@%&c%&l&msc'D@Jlﬁem&m Alﬁﬁhcf REIH‘F&]CUQIF(%%F% Tgébr%f&% and Practical

endogenous DNA o fering

COHSI@%}O@S”aﬁ M?%Bioé 1%34%8 (Ep85)y afiucgm herelhy ingeraprater &Y saferhyce. ' The

metthdSlo fnﬁll}eéb%ﬁsts Bﬁﬂelﬁ@ﬁﬁgaéoﬂo&q{il @R SwildRyR8Glehlethdt WRER commonly
one, exanp t he anlno acid leucine is
assomgtﬁ(égft }1

Gy SyprERTg pag bRt BN St PRl erdens Eordrigh
expressibfoin Kufkn cdlBASaid apﬁinéﬂ'EGiionEXﬂ&amﬁrécMe hérsialay SushaBiprif@fdBodons. The

new ggn%g %éalfﬁc%ﬁss %R}%speefs;te@r un e(szlg‘e %(rnj Ieﬁg‘%ﬁ Q%:% @55 E’\P/ nﬁgpq?Cﬁlélents (e.g.,
“ATTEA Gdquencésnmadvgseit Eigating Oé a.mimn splwh rdcegititive sipiAunventedeasicsion enzyme
sites, Iﬁé}gGélcbﬂgnt I'QP(! )d%nqgsﬁrablg lesy aré Ql%ﬂggélffsuﬂﬂ[ﬁmon of thﬁ existing codons

| euci ne- Sp eCI cod 0 I ew o
with djfferqng cc@eﬂseqoamg ﬁortﬂ@l spg ainp ﬁalﬂ Thesynihriid sehotsgmetts are {hen tested for

lmpm@%kgmgggg hi gh Ievels of expression of a |eucine 35
rich pglype %8#de b E. coli host will depend to
some exhiReteds dycabs dr"é’&YFe‘ﬁ?f? ugsfl I BershsYhtic geap segppnces for human

HER2 Zﬁ@ﬂrﬁbhmm%’sﬁ%é QO EIhetvaatplisatel bere§ cdrhptRing codons

T T N —
our metlradblmiy for designinglebdoneoppiméred gehek for ke is c:hmatvaccﬁlem it Ahderstood by one

skllledE}n eeagtgﬁarc %@ﬂ?rg\g%g%e]; e?ﬁ g%‘{?xf 1§§r‘§%sgcp?ﬂ>§£erssgorb4f%#nﬁel&?nea¥%e a(;]neved by minor
Vaflatlplwpn ﬂ@a’chechlée foby aueRs Y ajationsindhroseqyshesn Ghme niskdhin the art will also

reconbi nant DNA techni ques are
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5 mani fest, and the phenonenon may serve to explain

many prior failures to achi eve high expression |evels
w@booenmjenous genes in successfully transfor meRICTIBB1004/008234

organi sns-a | ess "preferred® codon may be repeatedly

present in the inserted gene and the host cel

machi nery for expression nay not operate as

efficiently. This phenonenon suggests that synthetic

genes whi ch have been designed to include a projected

1eco gﬂf% that&ldttiofal e %fe&ﬂe&ﬁmoﬁmﬂ&bdjﬁaﬂﬁoﬁ&t fof'ﬁkh {eQE18bf hHER?2 or

E%ﬁ%? genetlc material for practice of 10
FEHATSIBRR e Ar G terei ARl B Pefien BSE £qdoBs ofiths RNA molecules
are cddﬁﬂ-eplﬂimmm | Eheaudleitadid Hiols2ulgeotehetfi@tntiisvefiudie substantially free from
other aﬂmca gd for high-level expression in a hunman cell.

'n feferred enbodi ment of this invention, it has

bee n f o&rmrdlm thelpeesers enveftioalrélatentataisyshaio qbolysucéwmddbamgmsmg a
seque'h&%f%ﬁﬂ?otﬂ@soén%cﬁngsz?ﬂfﬁ?aﬂ%ﬁﬁ%ﬁ% r@y I‘npfé thé Rﬂ'ﬁ&ﬂr I-aiﬁﬂ E'roteln set forth

on expressi on Oor exogenous nin
in SEQAPINO:2 xg53tbirdegicadp é‘ét"e drgmet er mﬁv@rf@mmf a humag HER? protein, the

polynh&lbmﬁéﬁ&ﬂerﬁbl @'&ﬂprﬁﬁfg’%o%@ %ptnﬂl}z'@:fgg&%gﬂloﬂ Hathusn 686 08hid mutant

for evel sion in a 15 human host
formscog |t}}ery}@g&d) IQtpif Ilﬂ’,cgidgdj uHEPQ?Ot ]@H@ﬁ 9 ROASPRAHG 2ol st spppéitutions, amino-
term1m Q‘lm&ﬂﬁcﬁﬂ dahﬁky-&lﬁtﬁﬁdl&nﬁlbaloﬁ% delaitomb,| od hdditionaN@ny such biologically active

HER?,. | d .
fragmen aﬁgfgﬁmu LENG nwvllel ﬁ,]tlc e e1a'r[ehaeprﬁ%é%olg pﬁEeFl& f%%aeél?\gglg% gﬂga%? Sélhgantlally
mlmlctSIﬂee mplogﬂeam“ﬁmﬁbmﬁiweﬂamas waet i thoio SEQrIDENIO 20 The synthetic

polynBOL AU e SRRHENCRE NI LB (58 e RNTLAL S human HER2

sequences as conpare type equiva
protelwsr ps tabe ByofH in the devstopmeni 94 g thempeudie stpropldachy canggrtyecciz

Synt het beerddel E)Salt?lgﬁle'?'ﬁ%é dt ﬂleFfﬁé%Qﬁ %v%ﬂ)‘ﬂciéagpJlfrﬁ@e@ﬁﬂe%@mpmsmg a

kg guence %{etlca
SCQUEES) Pb‘z?oé’@?scﬁ‘fﬁ oding a tyygpated hugjag IHEnggDIMll?‘"GTd@@? IDR§:44), the
polyniidedtidé Sgyerict CamiRiRing cetbnbyptintifrfenspressichie a himbdQ| D@itticularly

oot o B2 TR 08 R0 &l B e s n s
IDN@WPt h highly expressed human genes and replacing t hem

wi th Opltéla:i;ga'sen(f ﬂl@gﬁ}ﬁn af35 rehelt&% a ﬂ{eﬁb?‘ ﬁﬁc? 2 4 %ﬂ&ﬁ@&ﬁe (golynucleotide)

cells codons are
comprifigraieqynnes efmuelerdtldembmls encygps HQB\T Aty fgewws & bereanclEER B protein, for

examglp Rt fulIRGhiRtah PERY Bﬁﬁéﬁ 5 RRAHIRED LONe 5@4 £hc¥d HER2ECDTM
codon replacenents "ATTTA' sequence

proteifi{SRRTPIE e 1EH WAHGLYM s pie foph it E%Né)rﬁ"t iy synthetic nucleic
acid nSdldc@Bs oftDMGBIRONTRESH dré tddon-opiAYe®for Bigh-RSel Rp@EidaGn a human host
cell. content, etc.). Undesirable sequences are eli m nated

by substltutlon of the existing codons wth different
codons Alsdinclgdefiorithintbe sapeofdin meerwdiventiohhee @dot-bptirmiced

polymgc?&ﬁdgsecgﬁﬁﬁstn%bfifﬁueﬁlbee?ﬁhg%tﬁgs ﬁmz& Bcoggg (Iz?rYa%gHER?. polg%egtlde that has at

least 408 gy 0 e AmipRAGdsegies %fé&&?e%%@ 12 %hl%@ﬁfawclumwmmmo acid

alteratiagBer iieRAHREIhh ofSEQIIDINW2, whetdid N tseRghdkidthd number of amino acid
truncat ed genes conprising codons optimzed for high

ahﬂmﬁ@&épdé%ﬁk ted Brithe forAdldan cell's. Wiile the above
procediNae= ¥i 0XH0s a sunnary of our nethodol ogy for

in Whlgﬁil gsnhcp%taf Qipagrhﬁg %c &9%156 D WZ lig(? ?{ihns a arlllgeﬁc;f 0, 90 wherein any

I nes, ers one SK
non-lrttergalt prg(ihwt ¢fa?i€a ané dcip raamnddftp d@@yarm lﬂqgmswu@xqgh%wbproduct from
Xa. LMewSENESpaRNt iRFenAGAIRV@HtcRY1afEs Bon- %ﬁtmﬁ%d Alcle8hd ée&eﬂ&a@ encoding

procedure or by mnor variations in the sequence.
variangsfof §leiHBR2AECDXTVEpelyntepimel ds seilferth IV@QGDENQ) 12527

PCT/ EP2004/ 008234 recogni ze that additional DNA

nol ecul es may be constructed that provide for high

| evel s of hHER2 or
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hHER2ECDTM expression in human cells, wherein only a
portion of the codons of the DNA nolecules are
we@owsnizspt i m zed. The nucl ei ¢ acid nol ecul es OPCT/AR2004/008234
present invention are substantially free from other
nucl eic acids. 5 Accordingly, the present invention
relates to a synthetic pol ynucl eotide conprising a
sequence of nucl eotides encodi ng a human HER2 protei n,
for exanple, the human HER2 protein set forth in SEQ
| D NO ZThequesantbhﬂhﬁ@i dldlrblyte o récoRbMaRIBEBs ad reBdHhA RNt host cells,

nHER2prt t.he .polynucleotid .
o LR oy TR TR UL S By RS LUEL SR gt i
specificahiomarhetsprtheticSAN A mmtmim assfapaterbveotors; frel HobtERPthp pretedt vention are
useful fOf h\a%elo%{entadf%c%fer&awhé ed to: conservative am no

acid substitutions, amno 10 terminal truncations,
car boxyA pesifaeA BNA molseule pidhapreseal invantionscommrisesdhl miclsnide sequence

dlscloéé'&’heﬁdﬁﬂib SE@iDNOCﬁdsﬁ&(Nrﬁﬁ FioeRE 1), 38R @ﬁcoﬁ%@ﬁunﬁgﬁt%z Clﬁotem shown

rotein or protein fragment
in gy 25 Seéf}&;@taaﬁgﬁ'i&ﬁl‘& 2] hfinueleqtide spqvRRATSPIdBI i SEQ ID NO:1 was
codorpoptipgretlif@optinal dxprebdtinRR hﬁlflzﬁltcﬁlm ’Hﬁavﬁﬁ@d@iﬁﬂhﬂcﬁloﬁ%&b‘lé@w in this
es

embomgegt of Ihe %Xrﬂtmv%tn m@ ﬁ¥ L fﬂteg&qlﬁg’qong{?ﬂ%g@f aéloptecli1 %or the hHER2

entlo
sequeﬁwrb@twe@mmsnmrﬁﬂﬂl #ER205, phvh e¢ducsidG@ sorttant béilensredetiting the same amino

acid chB3fosAMe soPERRpPE 52 t herapeutic or prophylactic
cancer vacclne. 15 A preferred pol ynucl eoti de of the

pr esentAl adiienalprefereed DNfompleeide eldhe preseabimpanition ergnpeises the nucleotide
se ueﬁ&%%ﬁ@éﬁ Héfeu{]:ié@E@PID e %%% F‘IQ}URE &&bn Galch gncJ%H&BtﬁE }alman

n NO 14), pol ynucl eot |
HER??E 8@%&’% i 555 ﬁa Dl 4o Jie mwi@ald? %fﬂu@seﬁﬁeé &sthdgm SEQ ID NO:9
was c@dohwﬁﬁnmzh@ﬁir opbﬁmzﬂ akpressioh a1 Huyhan raéIBf erred pol ynucl eoti de

of the 05! %ekr}fl in Y gr? t\glrl rﬁal{%% er?—%q%’%%g%}ég% ?nﬂ? e designed which are

nucl eot1des asse
codonmpéiménad farmighrieved pxpadssion inelhates cdllppravigydihhietnk or moielcedons are altered

to hur@d?l' lﬁiefQiF EoHb IS ﬁt&ﬂ)%ﬁﬁ% ALY ngpﬁq% oist!hQ gocf%ng' < %%Ql%g the synthetic

eot | enco
HERZHWﬂﬁWdFIEF@eI&%?@hﬁpreﬁfeéfrmvee&w¢ bumatnkmefbuﬁ:d GOIdem;g tlihs more preferred

that at6HSBBOIIEER dTHR! RUbhsafk Hifhn-hRFdRd bk R
a at ; unCO o HERZECDTI\S/I ot rélf)n ed ¢ e%gl%pqlo ﬂ}%eged 4t afeast about

90% ofthespeasTRIeIUBARRAEETSS set forth in SEQ ID NO 14. The
synt hetlhe pfestalt Biventiof els&linblade (E)i-ﬂlcfg&:aﬂfl acItihS ﬁ’ﬁérﬁ&@ﬁr mutants of SEQ ID

n codon- op tim
ot o RR RN SRR PR nsiins Aereh Rilosisely acive fogmen
and/onmmzmt wilt éreodoaither afrottiner poesEiugmentweich 2 feagttsgbstantially mimics the

pharmg&qjo%ﬂ: P&B}%é%dé%gt eEl?IIEgg gx%lt ergﬂcglg% %Q{W%E%n@to%heﬁg—%@}gotem as set

forth ip REQ TRA:3+ Any eush polgnudeptiderindludes b is tné nenwisanly dipiied to: nucleotide
subst1t§ﬁ(9'}sl ed'éféﬁo&f acﬁﬁ@n's Qtﬂh‘g‘tgvmlm {r&{bam ahd]@alr%qg %f]&ap?"l}%ﬁ ns. The

Q0 acl al teratlons over he entire
mutatips %e?reswﬁ drvaniipagieqds miRE lﬁalﬁ?thﬁh% Siclcy aé‘#nc‘a‘?ﬁahhﬁERZ protein in a

eukary@ﬁd: €E1130 agotRMgdfiian Sancarﬁﬁccin‘é d6‘ék|1®bﬂﬁﬁ€ ed by t hﬁbf ormul a
s the tol nu 0
A no. LA TPt BB g e Bt e gt cacods e
hHER\pietegi or tanhyHERARGOTM plg&[n Whﬁdiu tlie rmleeé(ﬁieaékﬂle%eloii the synthetic DNA
SO § e |9k, e racti.ng .
A S de—
hHER%\prﬁt@lrcas ietdpnth ntSEQ JPoN0R-co e ﬂlHEBéEICBiDMl Edtindeses &nthémSBQ ID NO:14.
Such sPRRARIDIA are intended to be within the scope of the present invention. Therefore, the present

invention discloses codon redundancy that may result in numerous DNA molecules expressing an
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35 variants of the HER2ECDTM pol ypeptide as set forth
in SEQ ID NGO 14. WO 2005/012527 PCT/ EP2004/ 008234 The
w@e@sems2T nventi on al so rel ates to reconbi nant PUEEPIINE008234
and reconbi nant host cells, both prokaryotic and
eukaryotic, which contain the nucleic acid nol ecul es
di scl osed throughout this specification. The
synt heti ¢ DNA nol ecul es, associ ated vectors, and hosts
of the present invention are wuseful for the
identidg ‘pﬁﬂteﬁrﬁl NERb idfudéd Wilhe &{e s¥GP6 6F ﬂtﬁi% 1nv5nt?ﬁ)nlﬁh'réi‘ﬁ1@tﬁﬁ&ﬂ 1IQNQ‘DNA sequence
sent _invention c ri ses
that o et P L R e SR OF e 57 Sied pfFonexample,
substifwionwhvaline fok Bubfe, kginindorsied) gﬁﬁb@&a%lﬁfefoﬂ bloRmindE not cause a change
|GURE 2 and set forth as SEQ ID
in the gahﬂﬁzgﬂ%%?gégﬁge sequence set forth in SEQ ID NO
1 was Itisdorvopatili4 edubres adingiela reptpleessibenlténad fwusancode for a
peptldé@llra!t ﬁas pI&beﬁiéQ’cth SRR thid (G &k Pﬁe H&tﬁ’@h)ﬁg&unfng nglﬁ a8 %/Iethods of

nbodi ment of the present 1 nvention €SS S
altemtgﬁbff N2 sequspeey egluéﬁb%&se negkpitasdo sity dircpied mpfgemesi Bxamples of alered

propeSRSMENEELN e WO EIRNIBATH thadPesIOMY aftittly 382nz MM ©ha E\ﬁ)gﬂrl?&@& receptor
f 1GC ontent while preserving the sanme am no acid
ora ﬂ‘gosrtr on. See EXAMPLE 5. An additional preferred

DNA nDIThe ptegenofnvertien prsemmrs ) mmemdporndqmrmazEeeeer@eﬁ;sion
consh{]&}%llr?c%d!rn%eoﬁ g%% g% fg Sncco?g's edtégglécgle?p{gsss ﬁ&E n of he hl?man HER2
proteipifpeE GDRiopy warkérs indudifgdut in nasvaR@iteOoNEFPl dGrechfaiorescent protein), the
MYC Bhiedp Hid1denRY L}ﬁ?gﬁchsﬁglol{ EPhct ﬂ%},sﬁs% hx@ss gthél'éell of interest and

codonotlmze or. opti expr
used teyfaeegiorgRodilaiqrnfbidhuaton BERZIproteiaisslesed henemotAﬂr@rcomemlated are fusion

constr&@ﬂth@ﬂh@@c&mﬁfﬂbéteb@o &858 ARAMWMIhERS R to SRASNHERS in@uéﬁg but not
I t{lﬁ) B@ﬂg (Iavel pression in a human cell, provided
imited 10, P SRHP- 48 codons are altered to

human- preferred codons. It is preferred t hat at Ieast

b
wbout S0l NESRRRR SRR SO IR LNl ETR e
nucleig @m«tmopaéefsehad@deddkm@g@ut this spesifivation. Preed @rctoetnObet doaiprised of DNA
or RNA! Fbheask cl@ﬁﬁé‘fmr?éség @CNA b&ﬁ?@a@rg&feﬁgc? %E&%Weg{og%lg}lﬁf € plasmids,

and even nore preférred that a east
modified, wirysgy Bpraloxires. pasteaiaphnge foaympidy yeavtnatifiniad skoamosomesani other forms of

episongil Sﬂnieﬁrﬁieﬂ A ﬁhthJaﬁ) ailcead 4 MIIReL pry@infor QQHERQECQTMB%&&W ¥t is well
e ; I\glil whi ch encode nRNA expressi nhg human

wit mrlrf@mg? pehnediliegaioan, orietsanou Waropyatayeeiey dorarnagisilat gene transfer
or othamed. or nmut ant VVI I | encode either a pr otein or protein

fragne | east. subs m cs..t he

phat s eBREEAn Sy SR HinRE ST b et At ey k2 protin may
be used fie highilewgl dxptessiant OﬂhHrElRtZ éda tecorhfimmnhhisR211p Adt@onalgSans&pression
vectorfc%tilﬁ‘mé Bodak! tjiIJrBz&QDI%ﬁ eﬁ‘%ﬁ @%%E-IE?%E&B% ﬁgtteingr?ayl brc]a%lsedd g high-level

not necessar| Fé
eXPfCSgl%gﬂ:hHEWﬁ@P&“ M ige| reqomyingnt hastdell. | Bwptessiomyastors mmninglade, but are not

limited tb LUIkSiﬁﬁg' RBBrsan6di s Mﬂg VeBibR fpadifidalty G&%E@Bﬁsmﬁ@@r viruses. Also, a
varrety%%at' s of .the prese i nventi on encode :

RIS PTaRsien WRigFsdRYy “Ffifiiﬁe EXPEESE Fecpipippgnt bHER% PHEHERZECDTM in
bacterlelu:léMM adsired. de hiditeh, asaried df@‘uﬂ#;&l&fell exprébsi6RRERITs MaF B4 M8d to express

T S LT S —

vectorg lhr@y behisiteR2 express edcombinartt pevtdit-BRAEGOAM pr ot ei n, wherein
the n u?ljreqﬂés%ﬁqnv%ﬁ%%ﬁk%%lgtgs t‘p Iﬂgst %éﬂgttr Sstforme%ransfected with vectors

comprising the nucleic acid molecules of the present invention. Recombinant host cells may be
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differs significantly fromthe nucl eoti de sequence of

SEQIDNO1 or SEQID NG9, but still encodes the
whkiERA13eDt ei n as set forth in SEQ ID NO 2 or PEEEP2004/008234

hHER2ECDTM protein as set forth in SEQ ID NO 14. Such

synthetic DNAs are intended to be within the scope of

the present invention. Therefore, the present 35

i nvention discloses codon redundancy that may result

i n numerous DNA nol ecul es expressing an WD 2005/ 012527

prokax?c‘ ttP eE?a'%goQ%/ 198§£12%4b1lt ﬂ@ﬂhﬁl&é ko, BERLBIsTen dA‘IES Qolf ﬁﬁﬁlgMQ:@ﬂs such as yeast,

nvention are nutatrons in
mamntafien melqlwerhvé nottlimited & ceiidines efhovimpimordiney maplkey and fodent origin;

and mHéc‘é éé‘i@&ﬂ%m&ﬂé %{n%lt 18 rljrbs%ﬁhzﬂzf anB Qﬁcvﬁ%ﬂ rdeﬁé‘ea@eln) lifdse Blieh
For exanp ubstitution of valine

recomamgmtrhpﬁéelfsaan PWI‘H@d upgler 5%51@ Sefdirions E?rpf@q“ﬁ? ﬁﬁ?’ﬁg BEER2ECDTM, or a
blolog’ilﬁtly @@M@%mﬂfoﬁh aﬁlg@refeﬂed dingbollinidat df@l[bﬁﬂretséry: imfentidie the host cell is human.

As deg e& 1Ee m b%st eflig ésrréoa 1n&661%%d to tl%:luglggglenc lsm(%l?edbo%? oga {ransgemc
humait bedg, hasg@miopetahifess, bhednsgenie hdinhd enlapes. t han t hose of

the naturally occurring peptide. Methods of altering

t he DNA sequences include but are not limted to site

di r ect & notet abpmensi espregicarvptercoptiniig [ BYA gncoging g dHER@ protein or a

hHERbP@ngPperléfn n@a?%e R4 b éﬁ)fe@@ont& hEIRRD gﬁﬂ—IERQEdWFMfﬁ 4 Rlcbnbinant host

an ena% a subsirate or recept or
cell. Thegpiore, anqiherpprecifidde Hyentiny émnr?fﬁ“af%eép%%n@& solurgag HER2 protein or a

huma@%MTﬁﬁﬁotHﬁ'ﬁWﬁ@[ﬁTﬂMi hdsticlIPddmpEISIAS: t(ﬁ)uﬁﬁcilucmg a Vector comprising

RIS WO M GRS T

humaﬁlﬂdst ('HlSamiB(bk etlsiring the hosd cﬁg.nﬁcltcondltlcms wihéoh alllpmem;dsstog of sa1d human
HERZC%ﬂielglco% Sgi? umaﬁ%f]’:ﬁ&%%?l’%\?ér% 6 n), the MC epitope,

SUC i'on construct may be
expr essepreferred ¢mb0d€11dnt pfi this aspectiof thésyimeentieppiovideseipreqgss for expressing

a humgff H%?\E f 2% {ﬁ%drvéo%ﬁ aftt 16t el &o Pﬁﬁﬁg 5 BeroRt @A Vector comprising a
ofed h

erein. A so conte ated_are fusion

nucleig 8¢id £ W&foghﬂlh%ﬁQ I} NOE A § RIS ST 1 nd D SRR host col
underrc&wim Qhich alSHTBD L;réE‘;EEi?r%ﬂ saﬁlhuﬂhmthRbyltotdtmt :C | mt ted to:
s : e ent i nt.ion.fur
Do at ocbbier Sbms] sbet bt GRE ppci ot iYL i 8s a process for
expresmlgtahﬁhm: HERRECRTM pacteid impicemuligst kissell p@eagrising:daghertucing a
vectorwpg% %e);lg,: hf cazgcL arg setH;]r?hS il S\égclb%é 9%3 a gﬁtaﬁ%ﬁgﬁh’? ﬁ&jst QJH and, (b)

culturguggheiroetfcell nestér coﬁylplpnsawhlvledto@vregpnemm éal‘#) prapaan I@ERLZECDTM protein.
nodi fi ed viruses, bacul ovirus, bacteri ophage cosm ds,
yeast artificial chromsones, and other for

epi sondlollewing persespign athiHGR o HRERSBADEM IR aéwsa Cﬂl’l@ﬁ@m or
hHER{QE@bQM‘per@m@n ME%EQEQ&'WF REcMiRin hctivel foin S¥Rbrk] pridfeintputification
e purvi SKI ed aril sa ern]
procediSr B PR PESTBEISTO Y [EPEP R B BARE E SATRAECRpM proten
may Uéﬁ)bﬁﬁedliﬁﬁm ceﬁﬂys&t&s mdmxeass Wwameustoommea pfjionigdividual application of salt

fractiq%]gtg% fogrex?halaﬁa cgropnlélﬁ\)gra)ggyf Size gxcﬁls 'P_I F%m frngltaﬁlil}gh%gxyliﬁgﬁte adsorption

ERZ°1N
chronraegeaphy mmydﬂoplsiblcombtactloﬁd:mqnamg@bh}y In addidonp resgrybipent protein can be

separ%%?@%gg M%%%I%I gc?%lﬁéﬂ%gﬂg gp%n's e 1@&@ c@ﬁﬁ%\%ﬂg wAth monoclonal or

polyclonal antibodies specific for full-length hHER2 proteln or polypeptide fragments of hRHER2 protein.

The nucleic acids of the present invention may be assembled into an expression cassette
which comprises sequences designed to provide for efficient expression of the protein in a human cell. In

one embodiment of the invention, the cassette contains a full-length codon-optimized hHER?2 gene, with
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expression of hHER2ZECDTM i n a reconbi nant host cell
Expression vectors may include, but are not |imted
w0 20050131 ng vectors, nodi fied cloning vect or SPCT/EP2004/008234

specifically designed plasmds or viruses. Also, a 30

vari ety of bacterial expression vectors may be used to

express reconbi nant hHER2 or hHER2ZECDTM i n bacteri al

cells if desired. In addition, a variety of funga

cell expression vectors may be used to express
relater&?}'la?sl%rlgtlona anH tra R%atmnsrco'ﬂlr FsteE (&Q Ig% +ﬂ%éa)gllé§1 ?lél]liegﬁé) lt s‘ucl% as aspromoter and
termineipn b@um@l Ima ss»opd aslsodrrmonﬁhm@mntlpn,dheeqasseﬁmcqnmé@ttruncated HER2
gene, %%HZ? DIV ﬁlse%%deé Ry %ah@ﬁla@m&%%ﬁ&et&nﬁﬁé bf the human HER2

ornmed or transfected wth vectors 35
proteio pPiragerbriinmes B eromote isthl @&Jv@élowu%@ﬂﬁ%@ﬁw the intron A

sequ 250% \4Y A5 gl;_h7o Cﬁ%?%ggmea ing%bg%t \zﬂrkc%glﬁlﬁé/thbc%ny‘ﬁ' a number of other known
. otic or
promBER Pt A& onETEI A P A T CEFoR oBey gpy b vsod A prefoed

-transcﬁipﬁbhaii&nﬁinaiﬁﬂis ithe boting glowtet drsorguermimsoryadtheigh other known transcriptional

termqura??{% may als ]zailn %gvﬁlsreé 'i“l?ecclor% 1nat9dn ok%%/l\? %bﬁ ] [Huéﬁgr i gartlccuﬂr ly preferred.

por Ci ne; and
and in slacatcaz:cﬂnbfswmntblsumen@onbtht hHERZ¢pt i MéFaMEﬁDTMOPt expression
casse@é' ﬂ%ﬁgﬁédl iftoAetSi. l"[‘ﬁ\é"@&%rqseﬁréﬁéﬁgly%ﬁ |ahenk>{/1ﬁ1? §ccto$l"£tlﬂoug[l)1 linear DNA

ant host cells can_be cdltured under Ssuit
hnke@ Orecirereiprs o Bhas veriere SUhHERGSORESEROEE T oF  mogifisd vaceinia virus
retro@a%rqgitﬁﬁ%ﬂ v)é%t&?ﬁawmoeﬁmsa‘dor m In a preferred
0 e pres I nvention,
human. g? VgeiP fhagen ealg?fmv‘cnllfelt 15 ﬁwen?ﬁ{}&t hll:ee‘fefmel? sr‘?o‘ialled first-
generbtineideiesirhIo/ettor | Thee: adedooil verdrs ate mhirhﬁerizedﬂyy ldving a non-functional E1
gene %e:gg)ﬁg%gme erﬁlﬂ%nﬁaete atfggdvua@n Seg? pelélon H{Ts%%e egltog(imeﬁ}g the expression

ryos
cassetixip lirsgsédan thegokition ‘&hrm the mdengviiBNAL smaﬁcnongalhl Ip¢dEeR? In addition, these

vectoiiﬁilgﬂaﬂ ﬂﬁveaa noglI %%W&Q&E%gé%%w I{T@}Sre?&reli %ﬁgthfe Qdenovirus genome

In a reconbinant . = .
used ete,daflbothﬂfeﬁle'fnéﬁé Tegans (MEYAER S pRietadeiovinges can by anftipdgd in known
cell 11'n§s vahlEH 8{%§<§§thf: Qfral 81 %E&Sﬁcﬂ gk H3kuiRe: FEs M@t&in’ﬂceﬂlﬂmés derived from

ei n ant host
293 o BB e Ay PG o oS 55 o, For
examplRs] Wi ﬁilh@&@ﬁdlcf&lﬂlﬁﬂt Bm@ aaﬁ‘ntﬂblléch@ne encedes, shehran ¢t line regulatable
Lo a sul

pom PR Sy e e P e Ry . o s
of suckhd cehi liaé Is@rR exp3esthérpare dhovwmindhertran 15 HER2 protein

or sald ' I

enbodi rreJn}t E{mfE WNIB{H ?l%l @F%ﬁ%rﬁ\ygéﬁg glﬁ qt%?nc??’u enéayallj cina
shuttl plasmigidornp r Thispy wéien ﬁ@lso direeteddna shmfte Péﬂ%‘tde‘feﬁ of Whigh comprises a

plasnﬁ@ﬁ&ﬂpd AR a@é?r%{ur&%bﬁlon Qﬁ’é"&@l@ﬂloﬁ/’irﬁgporﬁ&)) cohﬁhélﬁgj&iﬁkﬁﬂwﬂal genome
conpr {;} nucl.ei c as set forth in

which by el PO P4 BB R b 8t Moy SAERGIon pasfects SoRprisng
codobiptinbibddt@iniah ETBROBE cdll@h—bptnMﬂﬂH’[HBl@Fﬂ]ﬂ’ﬂMnI& p\M‘feerd ealbbdivients, there are

restant}ogfsg?s 1&8%_@18 &gwgw{alll rPuB a;gr o f sonqaatt erllor\ﬁ}'glnvector can easily be
remoadoViihel gsittie fhasoddsy tﬁecrephceixcpmqsdqarygtlacdhl& nuwkHEmE@U};TM

pr ot ei nIn a r})rgferre%cem&ﬂq%ﬁlttof Bl%%ﬁveﬁt%n the %)g:fi[&%loﬁ 'ce@:ge e(lsai)xserted into the

i ntroduc tor co ‘?] el C aCI as set
PMRKéldﬁ-HVQ’ﬁd@EQWDIN@‘Q(SF‘hE@maet%J Qd}ZéZZQ%ﬂmfhlche%her@wmcorporated by

refere\%{g Tﬁ@l} astadl dobh1iddd ot G5 m%vn‘éﬁ%horﬁé@e@étem R SQE3 regions. The

ow expression of sai uman HER2ECDT

desigpp bR PHIRIGSSHET) SPiG Vs IPRe] BT BROMFHEIRSCGs oy extending the 5 cis
acting piekdi{eDENbh AirtBer RS the@| dene 10 lifichibofike elements found to be important in
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hHER2ECDTM protein may be recovered to protein in
active form Several protein purification procedures
wae®@savaet abl e and suitable for use. Reconbi napeT/BPERR008234

protein or HERZECDTM protein may be purified from cel

| ysates and extracts by various conbi nations of, or

i ndi vi dual application of salt fractionation, ion

exchange chromat ography, size exclusion

chronatography, hydr oxyl apatite adsorptlon 30
oot bar anthy i PO e fBCRh: et is cnce
adenqyizal veglphip ﬁ%I@H efof Bntsirteg gepesiclstability pr@\tfleg h@h pyssagseraphgation.

an i mmusigathtd 18dbhigueIr HEb RIS Qﬁkg}% £P
bl & ¥c|onal qptlbgbles spgmflcw?I Ih&%n égAcmmﬁuﬂs
ena % SPEPAAIY oL SR afpRaiTRese Shytthapla Pezmsmﬂeeq &f this invention.
The nucleic acids of the present |nvent|on may be

assenbl int 0, an_expressi on cassette which, conprises .
sequen clgg R eé‘amte@ mpﬁg%‘\?‘?a&%e ¥ &‘8 Preredt @ﬁ?nt’éﬁ E}TZE@% s¥pthetic cDNA
moleayles ti¢serippddiersim(eignSEQ HiNE adISEQ IDINO3Y, whiish a@@&lﬁdﬁ—ﬂlﬁﬁﬁlzed for high-

| -1 engt

level 8% Jgﬁ&o fgtrﬁ:'f]%mzah Qéhﬁ ﬁ%%?rgﬂémﬁ%?a&&&@é%%%%ﬁ% Q?Tespgldmg wild type
sequepeT Adpigual void g2sshowa ﬂlene@dhatt hEBR29pt jstnicgsmmiznogenic that hHER? and is
more bffigiesd il bl HolllellRbr 58 AHERSEHnRRE fe@;%dngﬁ! y linked to

it, such as a pronoter, and termnation sequences. In

a second enbodi ment of the i nvention, the cassette

C ont a| Mtherfdré, Wikoato dblERBed a@&%&nay"ﬂ%mﬂ\ﬂnu%ﬁl? compos1t10ns and

neo des the ex ! L and .t ransnmenbr domai ns

vacei B B o et a1 3R R Ao B B et Hespresion
and/oppomeatamt pEexistieg Wh@m’@alv&tom afthp pesamt @wentioh Bitaw foi K cine
devel%pﬁ*eﬁ%d%éﬂgﬁﬁgg%%ﬁ bi M#atltng ld}fﬁalll't?eh g&itﬁgﬂg aln%(gloql;léhg%ﬁ%epmon levels of
exogeRWB WER 230 iipeesafully %réfvna@i lei)stsqrgamgm Tmthiseod, obeiaspest oHihe instant
1nventﬂ)tnh§£ meHKRb MR Vehtifded? @rezﬂfng RIRO Lo s JHRMteh %aﬂé&ec%ﬁngf\%n% admlmsterm gtoa

eferred transcri ptl onal termnator iIs
ma““‘g‘ﬁ B RRKIA BPHTETPRTRE dryRigptic cofementigrzed oreeic Rﬁéx‘mlecule the synthetic

codontdpﬁm&ed hlﬁlﬂdl@dib&i mole@ildoRREiSiASa FoaMerdb SOMPBROHES that Jﬂa&ies a human

{ t t |
a0 A2 6 s Y T S Pl bl b s
NO:149aHER20pt  or hHER2ECDTMopt expreSS|on 10 cassette is
i nsert frga c&ldgnc@ w‘ftﬁ?ﬁ Q{xei%ho-ﬁta%sc?(lg Cdt a% Q,E(f% n?e[yg% )%/ r8ayq:>e administered

adenoviral vector, fear"
for theﬁfﬁ@ﬁﬁwte@r preyentisnied pangesdn '@rysnangnai hlneesprefeeetbendwdineintdfaklt invention, the
mammél &4Suhn @ Nodi fied vaccinia virus, retroviral or

lentiviral vector may also be used. If the vector

chosenfdhespng geskdlin theart may cheose anyfigpy ef yeqtorafer yspén the treatment and

preven¥ieg indthod Geseritka:- aldr, fHerVSJtor 9 RIeRIVir AR BEYHIERNid vector. In a
ade OVIg vectors ar.e characterized b

Th
preferrﬁgvrflﬁo&lrg eﬁtﬁ? gtiop,he vegior 1s g adenpiral geﬂo(g ﬁomgl%pg an ade¥10v1ra1
genomp méthardaletion ia titbeddedogthuscitieagivn, aad aIEhseglﬁﬂ €hela@io0#us Hiegion, wherein

the 1ns§r?£@1ﬁ§f§ps a‘% ?FI@gsIc'dn cggg&teex L SSI ar} as e%tFt (ch)hz)p*ngﬁc’zg p(ﬁ}qnucleotide

encodipgp hmamﬂ%&:mem orp humddHERZﬂCDTfM @m@em e (b) a promoter operably linked
unhe&ﬂﬁhgeécky have a non-functional or deleted E3 region.
greferred that the adenovirus genone used be

d eI et edhopstyy iryertioa ffhepishierty quagpnoniuy AEINEG tor qmprising an
adenov@{dﬁgbﬁb(rhé WRES d€latibnle thaWH] trdgitdnl 8 2h sk ﬁWﬁe B &dolon! Wﬁ@én the insert
express the viral ab %@ge such as 29§ l's,
Comp“ﬁf'ér%&eépr‘éspll"r‘ Gasseffe cpmprising (@) p yuthetie cqdppgpmiged POilGluzlg@Idé ﬁncodmg 2

PERC. 6 cell which are transiently or stabilely

transforned to express an extra protein. For exanples,

when using constructs that have a controlled gene

expression, such as a tetracycline regul atable

pronoter system the cell |ine nmay express conponents

involved in the regul atory -dfstem One exanpl e
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of such a cell line is T-Rex-293; others are known in
the art. For convenience in manipul ating the
w@d®soviseal vector, the adenovirus may be in aPCRBP2004/008234
shuttle plasmid form This invention is also directed
to a shuttle plasm d vector which conprises a plasmd
portion and an adenovirus portion, the adenovirus
portion conprising an adenoviral genone which has a
del eted E1 and optional E3 deletion, and has an

humala E% p{)ogenix ] es X 3—@%@%&} %rol%m (rﬁin(% b p}?mmoter %perably linked to the

pobnhmﬁﬁaECDTM In preferred enbodi nents, there are
restri CIL n‘:ﬂ%fe%eh %ﬁbg&ﬁ%'o? a@@e ?&%lﬂ}ﬂ/ernﬁlm 1% atdbrgﬁ'lrﬁg vector is an Ad
the plas so that the adenoviral vector can easil
S5vectge 30 renoved. The shuttle plasmd may be repllcated
i N proKabwet e dnfbolimeRidkoRihg Mviektidhihb Sectdrfis # Ad6 vector or an Ad24
preferred enbodi nent of the |nvent|on t he expression
veclologassette is inserted into the pNRKAdS HVO adenovi r us
pI asm dn eSesieer Esl]ibﬁ] thetnvedtion rdl¥fesA2 A 22086 pla\mhida:bnipﬁsmg a plasmid portion

and arbg%ers%/ %%Qa%%ﬁ g)e resrsg %gsg% % &%)rtgyc]:e Bpi I1n 2 @l)ﬁ syl}r__:]iletlc codon-
optlm&ﬂrﬂpﬁﬁiupbgmd@r@sCOdm@ hudves HgR2 @fotetnhen@ (VRE ArtBadtyOpgribly finlked to the
pOWH@ﬁ pgproved over prior adenovectors by extending the
cl's 35 acting packaging region further into the E
gene t Fheientisaraie selapeime ewine plpsaid compesingpplasmaiA portign and an

expreéé@n%%éfe%?t%ﬂh? t@(ﬂféﬁ? 31@%46@@§&§gn &ﬁﬁﬁn@"né ] (Bpa thedic codon-optimized
packagi ng ul ti nhanced v
polynliRrat SaBF R ARG Bee i PRFioys bty Biked to e

polynadpgigt.e of mai ntaining genetrc stabilrty follomnng
m)lgg c Eﬁg rrgei 611% g{})neg? tolf %rrls euﬁ\éernl clg]ng g%e togn‘ér Im t%gnsov%{i&faccmes disclosed
hereincaptiassted uc\tasrousqmmtﬂ/t@oﬂ lkempingjpas with @plam‘udtbh@d polynucleotlde vaceine in
order ﬁ)ﬁﬁ&i%}{ b UhGrced fifelr @%)Blllsgsm 8 ’cas@ Nge %&bt@%@ﬂﬁﬁﬁst%d in a “prime
this 1 nvention. as been determ ned in accordance
and begist’Hegimen. dios gxamplq thvﬁﬁt ‘iYB‘hOftVﬁ%fPT i pmigigisred ethprrafiepppredetermined
amouﬁfQ)lf ﬁﬁl@l f@ﬁex‘éﬁﬁﬁri Redls, rlelﬁ&itlﬂ 2(fonths, sDERbATR, NQath& ?ﬁrdprﬁEQnterval a
ev

9), which are optim zed for el
Seconé Wﬁ? @%‘éﬁC@ﬁlS afmuisiinety ﬂ) f%f‘é‘la‘? M %’5 VECIIR ﬁ?f‘éys?@E?S ‘Fi‘ssﬁli%?aef’%‘?dmg the
same pélfzmﬁlesmure)br E:&}ﬁblndtibﬁ oﬁwmsmnm g twhelrrmoamﬁt wlﬁaeﬂuﬁlmﬁd DNA is
rern_tha

lso il R R R CRRERES B kD SOy B Bppmaion o
insecticallse|In ¢ ptefengd bobdlineit, thd Fasmadeodid nwtah a stmmgrpeomoter such as, but not

limiteg ?os Hl%r&g\ﬁ Rrom%refl"ﬂé nth%t“:%u\lnﬁﬁ !H%k‘i’ ﬁg&ﬁaﬁlgkaﬁéD?ppé/eﬁe 'I)?Xther gene to

|nnunoge |1 C COﬁpOSI vacCccCl nes
be expessedewieuldibr litked Wevel oprmpier. ofn %raenls @hsuch apheamid would be the

mamrﬁ’a?ﬁﬁ’ Eiﬁésﬁgn ?‘l‘a&ﬂd 3 §ifsTa8 B scritfelRdy. SXRESRS S9N DN Wc&fzesf Ml Liu et al. eds.,
cancers, The vectors of

NY. fﬁaés%%t e N ERTP BRSPS Vo & berem s orsiara rEfﬁWB‘fﬁ? and
c 8 mrer %s@ka!teﬁ@bb@?albadeﬁivhrﬁll vj@&bt ﬂgmﬂb inﬂla(iﬂdshlﬁceﬁcm& fay be administered
obpt al NI n ressi.on eve exogenou n
03 VLA P Py 1AL PO R BRUG T SRR TSRS e oo the
preserd freveativpaelbtento atnitthddrs patdtting ayugmhal gron @meer nmlbrtsdlgofa) introducing
into t}%rn‘ﬁ:3 Cr)nehal a@'gst Qréctor c&%{)ﬁﬂ%n l_IEIR%nﬂ?e%ﬁ Q&ioﬁt ?gmf‘z@&]ﬁcﬁ#fnucleotlde encodlng a

mnrs a vatcl ne vec
humam HE]BE pmtwgoraa hyynan HER2ZECDENL Andoiptai Dierpater opeieblyiliskesddp éle

polyn@+oﬁgyl(® allB\k}ﬁg%lf)ngQt@ﬁmﬁed SFRARDT ARE tdPadE Ind s InfbGuchigiiflo the
cul onpri sing a sequence of nucl eotides that
mamip @ geperd wéecmg pprising: i) a synthetic codon-optimized polynucleotide encoding a human

HER?2 protein or 2 human HER2ECDTM,; and ii) a promoter operably linked to the polynucleotide.
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20 HER2 protein as set forth in SEQID NO 2 or a human

HER2ECDTM protein as set forth in SEQID NGO 14. In
waewsndaerre with the nethod descri bed above, tPEI/EP2004/008234

vacci ne vector may be adm nistered for the treatnent

or prevention of cancer in any manmal. In a preferred
enbodi nent of the invention, the mnmmal is a human.
25 Further, one of skill in the art nay choose any

type of vector for use in the treatnent and
Prevent 0B IBidA0eht IPBE Edeﬁl%g of F&ﬁétﬁﬁl@@icﬁbe& aho%vé/ el Rt vedtor is a

an adenovirus vector or pl asm d vect
plasmigh precf the pasendevepioniis ap ACTBYiTe HEF19m R 41faﬂ1atl‘fer?énb«9é1&68¥» thedirst veotor is

an ade%d'\‘/%tﬁgg&%Y lbﬁ(fthe éé%&{&fect@ﬁgﬁ plaSiafdg an Ead enovi ral g enone
del e 1on 1N ovITr
i nser t ThngtRL 1y, S@WB\f?ﬁﬁﬁ%m%teS F%@%EWO‘}%%@% m?rﬂlélalasuffermg from a
HERZ-'aﬁSﬁﬁtted B cbBPisiney (B mémgomocmsmmﬁ adDstpeéted qogiprising: 1)
e R0 T ML tycscons
proteinp piat id)i arproraatel opkrpbla hpkqdrmth@ polypenicatifis (h)iaHReing 2 peedetpignined amount of
time to%%sy %ﬂg?ﬁ&b&@m& TE thle AR a bAYEI ek ®PcdnttiisiA8! i) h §re8S codon-

enovi rusS vaccli ne_vector conprisin

OPtImImmwwl@ﬂhdg enseding ahypand iRy meteisprp umﬂéH%EZE%TMr?I otein; and ii) 2
promoépgpe?arbly1li}§<%ﬂoth@pcn§1ﬁ015&1déegl on, V\herei n the insert
npri ses anepreS|on a r|S|n a .
Syt helh 2ne CBbRPOROT e Rethon o Yrie L dere s it gRavassr s 2
plasmx@@ﬁlﬁlh@@e%EerE’Gﬂ' {sEi?BﬁHﬂé{qBﬁ&%ék Bn i atematieRnbpdinteet, thedirst vector is

teln (b) a pronoter operabl
an adeP‘?Vr‘ﬂ?%Hecfofi aTF%tEe Seﬁ%rfdovr?ﬁc &P lagm% In a preferred P d

enbodi Fendmayht Qﬂ@p{preagqlﬁe]@NA@t trorfseritied R4 fode introduced into a vaccine
remp1e§f%i?l§&é?e(n§%aﬁé§%&{ th §re§§th%g the Pro¥obdrOlised bl d?lttﬂ@ﬁmnunogenlclty of the

nts of the i nvention, .the vector
expressnd gepreprodust: dp g@wraéwnmmnole@%aﬂlb Pt Prpphyiqtieas Pff%lﬁ%éqse of sbout 1 ng

to lOO'iﬁéGaﬁd'Bf@f@Jab@ @b(fu@h@h@ﬁ) 300 p@ of ApRiriie vlcas WedlorGo aamiihiSiertd directly into
asm d Ortl on ressi on casset

musclq wéueemeégegtﬂvsﬁ%eafggrgm@l%m B?Y‘%ﬁﬁ?l?fg’flﬁ‘atefy( o\ Pirtictes and
prefera?oléfﬁbhﬁtt IIOQ'—QO tgariiclept Suvcaettomahigetion) ietideteal émodaitiog, iBpression

though( tg mﬂwé an otB%l Lot el &eagli%ﬂlgsérgp glunsuclpas n n#)gxrltor%gf 1rﬁxtglL/é/r10L1§ g#%ﬂalatlon

nve
dehvextymr@alsoamnnemglapﬂaﬁ fi adsocontemplsied thahbqoktasyrcengsiont linmnb%m gvided.

Parentgrnl ad%?@gtfaﬁﬁﬁ AenGRSREY dnBud @R ulaf, Q@ocﬁ%ﬂoﬁ§&‘ dMr means of

lon conprisring. (a). a synthetic
admlmsty@t@m vaghtadmvmucfp%ﬂ il PERICTB O RIFTRE YA L feHsequent fo

parentggqgﬁﬂzﬁﬂnmf RleQhtbine@R thid 1Hw)enﬁ01{3fs ARPhBante@Reabl y | | nked

pol ynucl eot i de. In s ani)odl nment s. tli]lan coteins
| nvent MBhYSCERE SRR AR ER OF PGt e DR HiRGiated i sy proeins
adjuvatlis ¢ bsEents1Rhich ﬁnp‘ibte)nuﬁdadmplent\t anmontSsy e Thl this@sde, it is desirable for
the vag;:g{]c’agfle?{:grts It%lg]esm a physm?ogp caﬂy accepta)qg seo%tft))g,l s}i&u Gl beuq 'ilbtqﬁmted to, sterile saline
or sterile buffered saline. Alternatively, it may be advantageous to administer an immunostimulant, such
as an adjuvant, cytokine, protein, or other carrier with the vaccines or immunogenic compositions of the
present invention. Therefore, this invention includes the use of such immunostimulants in conjunction
with the compositions and methods of the present invention. An immunostimulant, as used herein, refers
to essentially any substance that enhances or potentiates an immune response (antibody and/or cell-
mediated) to an exogenous antigen. Said immunostimulants can be administered in the form of DNA or
protein. Any of a variety of immunostimulants may be employed in conjunction with the vaccines and

immunogenic compositions of the present inventions, including, but not limited to: GM-CSF, IFNa.,
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order to induce an enhanced i mune response. In this

case, the two vectors are admnistered in a "prine
w@npwshbasst " regi nen. For exanple the first typeCDEP2004/008234

vector is adm nistered, then after a predeterni ned

anmount of tinme, for exanple, 2 weeks, 1 nonth, 2

nmont hs, six nonths, or other appropriate interval, a

20 second type of vector is adm nistered. Preferably

the vectors carry expression cassettes encoding the

tetanu[5> %&%ﬁpﬁ ¥ nB'f‘: qJCFtA- %} Hca H@EM &B%mﬂglllty AL Qjeﬁ %6\91? Rrthe art.

e elTbOdI men Fasm | so used
Agenfs whicl apisé frethe efdlutahmtahewéwﬁ‘cwh ag, bt gt imispdtoplciygrign, may also be
used. PR EtSark g&@wmwﬁméaxo E@&fﬂﬁa’emﬂ fwihtaﬂ ?S&%Ent@ﬁid' pharmlaBeutically

err P cont
aceep@bIeSREr Shorrs Lmﬁeaagt e hBis dqimects Rgicufap Egiggstimulant or
pharnfatéutiedlBracceptubleyifiehatwell ak the@pprbjizRze tiesend ndide3 E£difistration.
tg g n 2 e gilgﬁ&b?&'{t ofd§ rrﬁeentlf&ﬁedzherem grg i m% S §%C ﬂ bg relf?rg%cﬁ?cg ti\}mptﬂr%ose of
describimg Bmtbdlsqimmmmtmdobgps’ aglsnzmnapl tm might Y u.«ng imennection with the present

invengctﬁﬁ g\lfdtlglg%l%éﬂ?in 15351 bé/ ?d'&s:tg&gd aéaéni a.d%rpssg%aygl% gﬂ\;ég%m é%%ot leﬁtjijded to antedate
such disphygerp by wifug of préor fisiertion- i ncor porated by reference). As
st at ed Wes@ﬁe 81808 dnlodihRals OF thé dehit wihdeRrence to the

| asm vaccl n m ni St ere \(erte rate ,
accor%%%& gfamng% itd W&H é‘ni? gﬁ%fﬁ@éﬂ%@%ﬂ% njitad) E?ctgosa grecise
embodiffighis,@nt GRPARDEs ch'zEﬁgeE Elid&n@hﬁhatntﬂ&@n@@e Bff&ﬁ@i’therblﬂ\bg Bhd skilled in the art

Withoétgc%gqt}'glig %(gn %keg?gp:g (r%? SPL qt l?g {h% tineV%}ltkotngds ??]fll'{la %Bthe Ppp%ﬁaeﬁ agltms
vect or Therpiivwsagegamplps lauwm et dp ootdmalbthe opentivhzed
pol ynucl eoti de encoding a human HER2 protein or a
human HER2ZECDTM and ii) a pronoter operably linked to
the polynucleotide; (b) BXAMRLEJ a predetermni ned
anount of tine to pass; and (c) introducing into the
nannal a second vector conprising: i) a synthetic
a4 + SN SGUEC| eot i de encodi ng a human 35
HEQ motan or aiwnm1HH&EIﬁM and ii) a pronoter

0 erab [ ink ol vnucl eoti d 05/ Q12527
o] et B a2 e YRS ettt Gt rat Rty Bronexus
(Bionpmus TrecOaldmddes randrbaedintths pERrbluni vestor (Iedtrogen] BhedN etherlands). The
I Y,
P RS B SRSOH0 ok 1 SURRBILY M 6
experigtaty describesl heesin, dhe RERR2 ohtnusleetisledeaperceaised ogrripd on artimiged Kozak

sequeﬁda%t it@?teﬁﬂtthé &\ﬁﬁﬂ&é &ﬁlef)tﬁ’cfets&ﬁﬂ’encfe%k @ét %ﬁtht@ SEQ@N@@'I of
treati ng feri ng HER2- associ a

cancer 18 éﬁlﬂi‘i‘?’ﬂs fhe &TP@H)dlqgﬂtYFIBﬂ{félﬂFFg7ﬁ3ﬁ‘faé SYOSEIEE FHE Al%pme (K753A)
by repldcinglcodRCA QA \xﬁﬁhr(ﬂl'A STHigmuthfionabrogys Hy&siné kinase act1v1ty of the

corresB?rg]E I og) %1'}1?5& %HWE% s?/_t%%%)l@'%%%e;ﬂ%e egﬁ%delﬁ/g%%lw rFﬁn‘ﬂmg oncogenic activity of

humalpﬁ\(bemaﬁrkeret dp &fod Bel Ebdootied 1951 )t héO POy octatBERZ Ben(Lisyi et al., supra).
|_owi ' N i: e :

In add?ts:o)n, 1;% ?g% uc%ﬁ(he grﬁtK%?gA Eﬁ%nﬁé‘%fm\%te sﬂé%: %%gh{lé%c?gi?}; of aac%gexpressed
oncogewepERZMY: i) a synthetic codon- optinized

pol ynucl eoti de encoding a human HER2 protein or a

human HER2ECDTM protein; and ii) a 10 pronoter

operably linked to the pol ynucl eotide. In one

enbodi ment of the nethod of treatnment described above,

the first vector is a plasmd and the second vector

is an adenovirus vector. In an alternative enbodi nent,

the first vector is
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an adenovi rus vector and the second vector is a
pl asm d. The anount of expressible DNA or transcribed
wWORSHRSRE | ntroduced into a vaccine 15 reci pPENEP2404/008234
depend partially on the strength of the pronoters used
and on the immunogenicity of the expressed gene
product. In general, an inmmunol ogically or
prophylactically effective dose of about 1 ng to 100
ng, and preferably about 10 gg to 300 g of a plasm d
vacci ne vector is admnis jrectly into nuscle
tissue. An effective dosegggﬁﬂ?g% nmbi nant adenovi rus
is approximately 106 - 1012 particles and preferably

101Ipart|cles Subcut aneous i nj ecti on,
PMMBQQH&; AL i ntroduction, inpression 20 though the
skin, and other nodes of adm ni stration such as

i nt r apesy {jOneH. wit Mthe BHRAGHSR2 \Qﬂd typél@ddﬂ{gl s@tﬁhen&ezl/ds\éﬁﬁaliﬁed by PCR
e al so_coni enp] at ed

ar
fom g9 o1 LR RaN e P B Brlon e orons Bt g Oncology, Mian,
Ttaly: @8l Fidaé &tal. Btierr2,23% (3 1)a$78-3% (n%ﬂemu@ priietsANRUSEU(C,CAGTTTA A

AC éﬁbﬁﬂwﬁg oY el Eeé gﬁéﬂfgﬁé gﬁi:g'g% é@gg?_rt "é"&é]%q ID NO:3

codm\g/lsédmem:te isurtdsiged atd hNeu.rpay (8nGer GIG T 1@ adudtli DA GOA G E@ GCACGT
cc NBEnecH 3t @h@ Ich? af 1Q%aksr Al & @faﬁgaa%m&q%gm?&s o Rfiga, Japan).

I nventi on
The ampii§eation atodectyiwhi¢h laegmq;at@?taéu ongmlze%wlﬁam sjarpgite§Kpgak, M., J Mol Biol

196(4@9931'715% (YS¥7§; ﬁ(o‘zWR'Pthbezcuk@‘dsU@Q LDGNEI2S- 48@9&79‘9 w¥Sdigfled with Pmel
this case, desirabl e_for ci ne vectors,

and Spf i %I%ﬁ%ﬁné clogrediabite ZeRYgnd StbSis Pl (P PERaliaD gpyession plasmid
leJﬁéA sV IoN@émériy 61 41.G0INA Qell BoRT12(9)e777883 (1993))01Ths pREmideV1J-hHER?2 thus

sne LS SR LS BB Eh e Bk BHAD SR convor o
the hmdamwmntegalwtus kmmedlatp)-lem‘tymrqsmotmmdt isantrapnak séqeenced The Hulman wild type

HERy 9 sg(ilre]:gge_ﬁk P)%g B& ﬁ’h %Qﬂpé) éb&/{h%ﬁn&re é)%@‘éde’ﬁ%aﬁ&?s?%ﬂf sequence.

ore, ention 1 n

of s uc hplﬂirhﬁ:ﬁﬂgm arQ3p Eﬁol%loiqfllfwgmmﬁ fvas gkaiged fige plasmid pCR-
hHEERRPAR cldn0NBtoARG RS e Q{es Bﬂﬁasﬁﬁ@?‘gﬂl’hs]% MEREIRRY etAD, supra)

i mrunosti nul ant, as used herein
generé%@éhﬂ‘é”ﬂﬁ%%%%’ﬁlgnce that enhances or potentiates

an i Wlﬁlﬂ-ﬂl@lﬂl@@ﬂ@éﬁti Q@BS@HH@@Ent@Qb lamp R b PER) using TaKaRa

o0 SPAEIRNS OIS R TR UK PR R acoata

G A VET(SEQYDMO:I Wi lirawi(S30tG TIGHY Clie AdPITO AT’ CA GATCAGGATG

n] WNCHI h
cc A SR LR CEI e, SERANNNE 3 G TRMRRBEHL "o ruiing fagment
was diggsted ivith thedEcpRY a@W@Bﬁstrmmmanzm ap0yed Bt correspondmg sites of
4 t t
B B e b i
the art. Agents which assist in the cellular uptake
of DNA, such as, but not ExmMm®Eio calciumion, may
al so be wused. These agents are generally referred to
as transfection facilitating reagents and
Codop batifiaeEMHERBIDNA acceptabl e carriers. Those of skill
inthe art will be able to determ ne the particul ar

i mrunostinmul ant or 5 pharnmaceutically acceptable
car ri er Aagnthwtic human HER2 gqp (ISR %06 RIGHBEd hwandsigneskto incorporate

humaﬂﬂﬂ@f&'reﬁt(ﬁlﬂh%@%d d%‘h#ns @&Qlaéhcﬁlhcpa{bﬁi (MERInL RN r@ﬁﬁlﬁ' Dufthgassembly of

orat erence for he pur pose 'of

the geckGR. Pl icatinn cen%%mﬁlg idplgtedrasnt moﬂewp@sst% R Resition$642, due to
the hisA@C dBh@H of AR sHGRAce il tHEABAEE L TOdVebinb tHid R oflErR SE18ds stringent
i'nvention. Nothing herein is to be construed as an
adm ssion that the invention is not entitled to
antedate such disclosure by virtue of prior
i nventi on.
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10 Having described preferred enbodi nents of the
invention with reference to the acconpanying

waele@aiomnys?] it is to be understood that the i nvRCI/EPI004/608234
not limted to those precise enbodinents, and that
various changes and nodifications may be effected
therein by one skilled in the art wthout departing
fromthe scope or spirit of the invention as defined
in the appended clainms. The follow ng exanpl es

L rate t the invention VPLE .
optimpalipistyBh e sipied fhr JBh b fhstinicat efteet baen D) 7 S005, which
reduchHERZ owprtt whie pregprang)ihe sase Mmﬁgsmolnes i zed and

assenbl 'ﬁlq cg%tnﬁ)ggﬁ%yg?Ng%ag l‘fséd tol ma1nt€1n§|3 3 r{d nu%ﬁ 8 ideaigéjntity to the

cloned I'nto unt vec
origingjeqlonsy [Thmpsipn ontmzedzt@NMEme dpmedemwe\m’él E@tm ONattgonery et al.,

supra}J $lB8e Y HGRR ‘_[{%E;Q(Q)tp'tlgﬁ‘%d anfeRs BI @&CEWC@XCB GR 5 E@g{ rké and under the

eriments described herein,
contrg] @g@é hw@awganee%mm@ MY Vaﬁtomﬁ are@owas«the b@que\éthéapnnone (BGH)
termintati6n Sgma@ Mhe colgruciorg hehed FIgIEHR2EM (S WKNMPLIAS), set
forth in SEQID NO 11. In addition, the ATP binding
Lysi ne residue 753 was substituted with Al ani ne
(K753A) by replaci ng codBRAMRAEW th GCA. This
mut ati on abrogates tyrosine kinase activity of the 25
correspondlng proteln and elimnates the downstream
In vitreicwpres 91 plosg siects esul ti ng oncogenic activity of
human (Nbsserle et al. Mol Cell Endocrinol 105(1):
1-10 (1994)) or rat. HER2 (Ben Levi et al., supra). In
addi t i JRe "t e Ripreigien ofdhe BY WritHhR2oe AndaY AiHEkgopt constructs was

assessbdlaﬁfrdn‘dlaﬁtﬁf tt‘dﬁﬁ‘e&ingfhaﬂnhrﬂ@n Sriokiliney IEKA2 S or @XRESS (%]iasts C2C7 cell

0] /012527 P /EP20 4 234
ines B AP BE Durpp e)@aﬁé@wﬁwf?% B REpgET S 3?1%8071%{5 higrplasmid
DNA pER2ZhHER Hwt appediggitie hwgnaﬂmﬁm@@rem aspltd 1ﬁs|ee tbr liytmBGiEhtion was

Y T i
Giga It (QingsndTonchermanhence 237 (4811): 178-82 (1987))

uS in g ﬁ)[alsﬁ{ﬁiﬁ %Vm\mc%l%?&r{ 0 (HEP QH§R£‘0$’ vJ:erér lzll;gégt%-gansfected (Gibco

BRL IBUHP%?Q gz@a@gqpc &hg Netherhaady) ilq-,fé]alf—?.% cells. Slml arly, mouse myoblasts C2C7 cells
were tEusHBdNaLWiEEY B or 10CRiTeeGds EEEACETH BI&CQH&SS @1dhtdeh, PaloAlto,

L N

pr oductl vikh trmhfacﬂmmfﬂﬁi@ﬂ%orm.mtlé showedlthby thnisddah biinized sequence

gl 10 196(4).: 7-,50
aramac B b SR Rt e e v By dCopg 3m)
(1987)), was digested with Prel and Sall restriction
enzymes and cloned into tdig, and Sall sites of
manmal i an expr essi on plasnl pV JnsA (see Mont gonery
et al. DNA Cell Biol 12(9): 777-83 (1993)). The
hhun@b@@ﬁmﬂmpV1J-hHER2 thus generated contained the
full-length wild type human HER2 sequence under the
transcriptional control of
Six-week old inbred female BALB/c mice (H-24; kindly provided by G. Forni,

University of Turin) were kept in standard conditions. Mice were treated in accordance with European

union and institutional guidelines. In particular, mice were fully anesthetized with ketamine (Imalgene
500; Merial Italia, Milano, Italy) at 100 mg/kg of body weight and xylazine (Xilor, BIO 98; S. Lazzaro,
Bologna, Italy) at 5.2 mg/kg when necessary for procedures.
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t he human cyt onegal ovirus i mmedi ate-early pronoter

wWth its intron A sequence. The human wild type 15
wWOoiERR/0casel ng sequence was fol |l owed by the bovi PET/BPI0OA/608234

hor rone pol yadenyl ati on signal sequence.

pV1J- hHER2. opt: A 3793bp EcoRI-Sall fragnent was

exci sed fromplasmd pCR- hHER2opt and cloned into the

corresponding sites of plasnmd pV 1 JnsB (Montgomery

et al., supra) generating the pV1J-hHER2. opt pl asm d.

pV 1J- ﬁH’;ﬁ%g%IM Qf};lasnﬁi %ﬂq@&@&e FlEAQMERted1R S 56 mdldmﬁq mice
PCR usin aKaRa tag)w thpriners ECORV- 5 -C
quadr@@&wr apd é%\meks ef qs&mw@v éﬁ@l@&f%ﬂt@&t a: Preséiaﬂl Ayad. Sci.

U.S.A. 5601 12 b b Sadd9)y. &0ug 6f pCHOT GNEOGHALAT & nﬁ%&'@%@&@iﬁ@m}ﬁut incising
ro
the ki 6o WBREEP ST B P g PR R oM PR a8 el

electrowithiiatioh €E HowRyerdorthedas previesiyrdeatribed(Zandypiiies aladVied/oTHIH): 11598-
607 (2?(%%%}1£zu’6 ef glr g ?ﬁgfl’jﬂ e@lg,pesfé %ﬁlesﬁécrkactgh%%g % 18\61aﬂ19 %&}ﬁh 1000 bipolar
pulses p\3OY; ﬁHERZE@B?mmt pl asm d. 25 EXAI\/PLE 3 Codon

Opt i m zed t] Hé%&%w% oy Btnlﬁ@é dtﬁdrliﬁé??xﬁ sOERGIGREE Sera were collected

HERZ2. op was eS|% i ncor porate
at7 Wlﬁlﬂfﬁlﬁbeé‘?féﬁéﬁ* rr@aummﬁ%mezféasm @B bnwks G wads a%?ﬁ thigas épggunization).
(hereinafter aa) residue. During assenbly of 30 the
gene, PCR anplification istently deleted an 86 bp
sequence starting fron1p§%2§@§ﬁﬁg642, due to the high
GC content of the sequence in this region. To overcone

th. S l ess stringent WO 2005/ 012527
Nmu%ﬁi?% 40u47uu§§34 opti m zati on design was adopted for

t he hHER2 sequence between position 3601 and 3805,
whi ch yed léﬁl@ﬁ’oc%s &Qféhﬁ@fFWﬁxlaﬁ aﬂf%l\liﬁe\éiﬂ&gngnhgr v%f‘é%t&?ed using a

corrp03|t|on Thé codon timzed was nodi f
standajgepzyins; ik edkingoynesRof @6{1$ Diagrah Y livphitagt pln e/ fmmun@ﬁﬂif%lrods 181(1): 45-

54 (1999)pNBultisth@n gsmi@n Mgl il od tpﬁabl&at mrMAquedlmmljaret Bedford, MA)
onery e a

were Rt b b e et e s SRR et g Ao,

181811, [Phbkrifden vl DicgdeCA) ditutedasomiter RBS. offter eerhiphtdincubation, plates were

Washet%é{flthopﬁgla {,ch&é ﬁ Ulﬁ&é g%éé() %@_}?L&lb@teg Wtﬁ%tlﬁ el quSfol; ? firs .ﬁ13 7°C to block

ron si
rmn%p@mﬁsMn@m; was naned pV. 1 J- hHER20pt (see EXANPLE 2).

con St r é%‘hggﬁgrsl \ger?,’ %ﬁtél?ft:@%ﬂ&ﬁéﬁﬁé)ﬁe leed lﬁ%ﬁ{j@uﬁlamzed mice in a sterile

expressi on

manney \Bpleeh fiERption wasearTisd/ oy, bwmg @sfiwﬁf‘@wg plersrop afpefal grid. Red blood
cells w@fiS&ﬁ&v@&j Usrﬁd‘tl@ Nsis@Ptabding 1 ADsfELt PBY tdHEEM ;%H@craﬁ@%rﬁéxmg 10 more

P R i N
Cells wartlered byectntrifingdtdail 6( heefol Oaﬁlmadrooﬁmﬂhqpm-tlkel-ﬂﬁﬂam
R T N TR
glutam{nley 56 § oﬁg:emlln@em ml,rﬁ@exg of TheptaNetcingret mhd8 mM JIEBESSOUM 2-
mercap%é%ﬁglf. e\%aﬂﬁl& 88\ re counted using Tiirks staining.

Splenocytes derived from the spleen of two or more immunized mice were incubated for
15 hrs in the presence of 6 pg/ml of a single or a pool of peptides, at a density of 2.5 - 5 105 cells/well.
Concanavalin A (ConA) was used as positive internal control for each mouse at 5 pg/ml. After extensive
washing with PBST, biotinylated rat anti-mouse IFN-gamma antibody (cat No. 18112D, PharMingen;
San Diego, CA) was added. The plates were incubated at 4°C overnight and then washed with PBST prior
to the addition of streptavidin-alkaline phosphatase (Cat No. 13043E, PharMingen; San Diego, CA). After
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Gga Kit (Q agen, Hilden, Germany). Plasm ds pV
| J-hHER2. wt or pV1J- hHER2. opt were
wo pebexstan ne-transfected (G bco BRL | nvitr OPENEP2004/008234

G oni ngen, The Netherlands) in HEK-293 cells.
Simlarly, nouse nyoblasts C2C7 cells were
transfected with a 1:1 or 10:1 m xture of plasmd
pHygEG-P (BD Bi osci ences C ontech, PaloAlto, 20 CA)
and pV 1 J-hHER2.w or pV 1 J-hHER2.o0pt. In vitro

incubﬁtﬁ i £hk h%orﬂfte nthe Blat Corete eﬁfeh% f@%ﬂ@@w&ﬂ ?BST‘ Ql?d developed by

n optlnlze equence, ramat | ca I oves
mcubetm\@&sq NSt ffEab b tettréquwel-ﬁnbrogverﬁu@ﬂmgrfi(l OQRE@IGI& Sahsarate (cat. No.
34043 @erce%@dfg Iﬁ 295 M GaninTeHvA nhéﬁf‘of S t%(' tﬁé ates in water

st VB LS € il el s

contre1@ntHatti @Aple. Moteware b(ﬂmteﬂeﬁbﬁdputﬁ-a@smﬁ idhagiag amilyists (AID ELRO2 coupled
n t|on gui delines. In
W“h5§5€9§@p£¥%%§%&”egﬁws thetlzed wi th ketam ne
(| mal gefe freg@Gicy Merositive IHN&Y pladHCMgJ spleugeyles pérydtalaumberot cells plated
per w@ﬁ’(’vlﬁgca%lagg(iétq\é@{/&!{ge v@ﬁg of( o@%ile%d(ﬁ)éhl cElghca@sg R different cell

Lazza ogna,
concepitrations mbyacft@_d( ofﬁhw@@gﬁr @éue sumlagl@@gr;@ﬁ%@gyspots measured in control wells

contaff ?HQA%B’%QQ&{ QB8R Aes Fitah es@ﬂ ﬁ‘écfwﬁo@@ 1.y plogsdigteMNAerdRE®ned as
el ect r Qi nj ect%gjln a 5§]ft

MR RN N T o —
<0.0§ Re#zuiisidetdd sihificitoc. Natl. Acad. Sci. U S. A 96(11):

6417-22 (1999)). 50g of pCW_hNeu optim zed or not

were injected without incising the skin into both

~quadri ceps nuscles (25 g EXABIPLEI7 of physi ol ogic

solution/injection) and 5 el ectrostimnulation (ES) was

erfornmed as preV|oust descrlbed (Zucchell| et al. J.

Identficatipn of rammeyleminarg Jacell gpitopein dire bunigy RP profein 5|

supra). Briefly, electrlcal shock conS|sted of 10

trains with 100 po] ar ulse 130V, 75

200s/ phH¥en hunsérag Furﬁ ebr e va@ra@de%mdﬁseavqsm’m]bxﬂ leggnino acids, were

desighldad Eﬂaﬁ@]ib%nﬁfé Hofhah HERD séfRence SElic3e p@h&)espﬂhlbleﬂbceﬁlclu&d séven peptides

. f
demga%zéto % %O%E%Lu%gﬁ ér? Ihwgel sslngﬁe ed bg §¥nP%P§]s q)ila é‘RF A‘l?peptldes
were ERGNIFRL Be 6 90/ paie bly FIRLY. 48l WeRUFedsitwyt HRISLpwifEplian deptides were

recongtﬁ'?{eg %ﬂ 3§%A£Nn3bM§O a’fhogg F%}gﬂ& tfdt gfd] t{o{ %ﬂ%ﬁ%dl%[\fé were rocked at

a stan enzyne

37°C (eaifl $potions ggycegm Y K qidgtongﬂvolumemwsmqﬁ@@fgled to fully dissolve
those #3 {al that‘wbré-sﬁﬂl%t #589Rdn afteMélvérhlslﬁﬁl%%@ ro%ﬁm k&co%ﬂuﬁed peptides were

tration plates (cat. No.
combiged et capBEPLdoTS cudy PR e B abﬁﬁfﬁc?f}t%"n of each
peptidedh tiRHhik waDtkSeladdNo Ve ﬁﬂIgYnElOEabh fit 96 aligadteendRébr&iA? 80°C.

St er 1 L THREIOARE GPm O BpRTGHT 1 SRIEET O e Bimp CEiene n BALB/c

mice (RS gehetié bdekRBSN), ((Ov @RS fEmele BALB/PBS} wardmimoizbheidjecting 109 vp
of Adgn-hIﬂERBJ‘Q thn%gécﬁ’imepfs %usaegj U se%ndqgjgétfog V&BL S&Knmed after 3 weeks. A second

group of mice was similarly injected with saline solution as negative control. Three weeks after the

second injection, the animals were sacrificed and the frequency of IFN-y secreting T cells in mouse

splenocytes was evaluated by interferon-y enzyme-linked immunospot (IFN-y ELISPOT) assay.
Three hundred and eleven peptides, each 15 amino acids long, overlapping by 11

residues, and spanning the entire human HER?2 protein sequence were combined into eleven pools

indicated with alphabetical letters from A to K, from N- to C-terminus. Each of these pools was tested for
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non-speci fic binding. 20 Spl enocytes were obtai ned by
renmovi ng the spleen fromeuthanized mce in a sterile
worewae12525pl een di sruption was carried out by PCHEP2004/008234

the di ssected spleen on a netal grid. Red blood cells
were renoved by osnotic lysis by adding 1 m of 0. IX
PBS to the cell pellet and vortexing no nore than 15
seconds. One nml of 2X PBS was then added and the

vol une was brought to 4 mM with 1X PBS. Cells were

its abilR@ld sﬁhﬁﬁt&FNcﬁsBIeéﬁ tegat 'Fef‘peﬁﬁde]p%gfs) A Bl ®F Iﬁi@—y'ﬁL@SﬁT measured a

t.he pel |l et was resuspended
satst e S %ﬂ%ﬁwmod&%lae by Hb‘ﬁl‘%ﬁ‘?“é’dww Peseilne @%Ggmperaﬂ o control in
the abssidewiipepdiderVl d_idergifyitha i dive@dua b plilcosppayible i kierciafy, ﬁégndes from pool
(5]

. 01, B0b SEL O oL s PTG ¥y s
Single Feptikes fetrathesengsitiBplubprotsyw @s theetestodbr fhe Hblhfyeto &ﬁggeneIlFNef '

Y releas%%v%ﬁap%ﬂ%? e}% {Egylﬁ? e{lel@g g;i ﬁﬁ ly\fd &nl bqgc!tj%?gﬁ grgd 008‘1r araﬁlé refact?wty A

much lejuesirpagtiuity was ezhibigaddiyoyerispping Bepild@ frl\%s—% end hN aved2. . Anog@r peptide,

hNeu-300NGAREY 3hdvwh t&c&r%ﬁ‘é\)r déﬁ%pﬁb%@d as positive internal
control for. e mus After extensive

was hi nBO oo Watwgfqeﬁw él}eé’&)dﬁ r CI% T o8l falset responsible for IFN-
v productrbt, TN Becadting Madys x(/ﬁat:haMterﬁéﬁJb@ZﬁIracHhMr Maﬁlg%r(ICS)SMbuse

s 5398 b5 ATl ] P50 GRS St

brefeldmdili ftiedypenicabitiredpnd thied stained foaimmllﬁhﬁphaﬁﬁé end C4 oNOD8 markers

e ansy ot P SO OES s mEh 38 har N oL b PP fepips s an

epitoperalgrie eativple (Caxsiicells; Reptisle &Newl Swed BNed b vz gqeehly/ et ELISPOT
analysi%s?érkgigﬁggha@ﬂlg CHRV-@hiRe Shdd¥d bel BRPRAE i @e M Janesﬁiugp&hﬁﬁﬁﬂo the two

peptidef-ot r azol i um 5- br ono- 4- chl or o- 3- i ndol yI phosphat e
S u bSt r'ﬂi ﬁex(ttfy?lﬂle tahyeet norﬁﬂa@ﬂs%queﬁbef}ﬁv@ fastelRefdef Dfalongd peptidlRfspanning the

overtapginl et i ficp Ble 08 YL DGR o P S B Pies By dfbgtve, displaying o

slightlyGomeaebreadtivity donfphfed gotherl  aaengpdptidds hiYed 1 amdiﬂ@lﬂg]mo Uritekestingly,
about hgl@ gf 1?9 gel %t VYfg was ﬁ? eée'ieg s(?gl St?ié@%&%ﬁ E ﬂm%:at?nﬁ r?ﬂ %o oveAIa]ﬁ)mg but distinct
CDg8+ @Ltm? C@Qﬁﬁfllle@ll%ltah Seuencel | SPOT 2. 6 Sof twar e,

St r asspRIACS @ﬁerw@srms)o codfifel R AEAGY o%NEl@%'l b bhdGpedibash CDs*

produci n tg spl enocytes per total nunb Og
epltopep Snakygs pf these CO&T emranSebcy IEN-#HdSBOE P%@gneﬂaﬂﬂwsws fgined by ICS.
F 1na11y,dﬁbw\t&dtnflt’y®[76s depdtédot @Seual atd¥MNedi] Hepti@R! wkRk low response was

edo aﬁ‘? §l> gtl ons subtracted of the average val ue
PrecomEyiyy T‘y derived from spots neasured in control wells

10 contai ni ng non-pul sed spl enocytes. Changes in
frequency of IFNYy prod %I IIs wer e defined as
exceedi ng a 95% confi dence oung cal cul ated from
measurenents of controls. Differences with a p val ue
Intracelfald kyﬁgrsgdhgg@m dered significant. EXAMPLE 7 15
entiftrcation i mmunodom nant T-cell epitopes in
t he hunman HER2 protel n Three hundred and twel ve

15- animgcaild Ilﬂ?l?bfo@ﬁ‘&m? e bARRE a&omhglta Bgzmaﬁmﬁgén@&ndard
0._Span segquence
protocolr v | Frateen GiF Bive s Bed et L RRUBH B R e issence of 6 ugimi

of singlel e@ogh@“d)epmﬂeomﬂrmemdm Aspproteinltiahspon ﬁrﬂ:liﬁﬂﬁﬂ(ﬂytdm}’@ytoperm Plus™ with
(}olglPlﬁéﬂ‘]‘tI{~l 5 %Dzleh ng%ge%yg %eéODHRI) @taphc@coccus llintgro{%xmqf&EB) at 10 pg/ml
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were shown to be > 90% pure by HPLC and were used
W t hout HPLC purification. Peptides were 20

wo e@snstsetuted at 35 ng/ml in DVBO. Those pept PAEEP100&008234
did not imedi ately di ssolve were rocked at 37Cto
aid dissolution. If necessary, 1 to 3 additional
vol unme(s) of DMSO were added to fully dissolve those
peptides that were still not in solution after severa
hours of rocking. Reconstituted peptides were

(cat. NS CHI@B ﬁ ieicioW SB%LO%QCMI)QE&)M Ware tsfil @Jltthher s%f%ﬁ@cé;?e@ g?gosﬂwe and

"-m final ‘concentration of each
ba“’kgri’li‘*}ldtcH’étr IQSP\ﬁﬁg’e]é’al culated to be 1 ng/nl. Each m x was
aI [ q uoBﬁdreafadu@ &Tisighca bntBess, ABantTMoh@ens 1'67@1)12'%5 used to reduce non-

i, FRRAREANEN T304 bo LLEPED LA, PUTHA TELE SF0S

signal WasrmhlagneBALB/AP Grantiemovae EDB enPlring exbulby CDA pm:‘cltdrcn;g-aﬂtﬂﬁlousré CD8a (cat.

t I.C S.
o 55 b gy 9 PR PR DIME 0P i AR g e ned
penneabfhzm, erd sigisedsbiniragellylari Iﬁw@smg FIliG-¢pngughtied mAddbait NoFb44$1,.BD
Pharrmﬂgéiegah Yfegh 0@&)’ of }ymgﬂd'c?\% RS K @Jl&ﬂt@é %q 006% f(ﬁﬂﬂy*’ CD3+ and CD4t

e ani mal § were sacrifice

ecC |On
or CD&*P@%M C&“ |¢@D§+Bee*ﬁmbrgaﬁeaeté040§0 pwﬁﬁa@@ows were collected by
simultaBEJuelN @EtHgem OB vt satsedll Bynphbdyddsl AlQRmYes were acqulred within 24 hrs

ot R AP SR ok SR 50 Bk on e

CA). overlapping by 11 residues, and spanning the entire
human HER2 protein sequence were conbined into el even
pools indicated with al phabetical letters fromA to
K, fromN to Ctermi nusEXENORES these pools was
tested for WO 2005/012527 PCT/ EP2004/ 008234 its

o ability to stinulate IFN-y spleen T cells. For peptide

A—EM%EE%ME@HE—HM | FN-y ELI SPOT neasured a

statistically si gni fi cant | FN-y producti on by m ce

I muni ed Wi ntro
Lo A T o oo B IDL o Pl PR P BLAGA plstes (Nunc
MaxisoppéPi R adkildecB pomsi)vese foated bireniglettat leﬂl glﬁpztﬂtldﬁﬁa‘naﬁ HgGIFc—spemﬁc

I .
e 15 A ARl ) U R, S o o

remove@ﬁwbmoei-sy@pﬁq efading blovked hieineubptisg for Gamis atﬂﬂé@ lisPBRSES thuffen(BSA 5%.
Tween 8 @?%fd h#Q Rwagﬁ'fx?é Eup@ma!ahtto‘f Ié& Jeflé Qﬁd&iz i sé{%{a&éﬁiﬁgﬁtlom and incubated

at RT o241 (Q g‘n‘cfdﬁ%( lﬁhém P@E{&)r %293? (1R6)migh? ¢eBawiindly provided by Dr. Y.
Yarden) Waiginh ThititWve 51 Sofdicd) |Rteﬁﬂfostr&P)%Ee! Ri20Y ce@ﬁ Eéc'réiﬁé the dimeric fusion

betweeréﬁll\llg W@ﬁ?}&%d figmN?e:lg ﬂf{ éﬁ%ﬁa\n orté)ﬁl q? gwgan Igo P@g:ﬁ Me;:evﬁyvaashed and serial
dilutiontdfi @2 (febat ‘a4,@0(dtol 100 ¥ ivt PBBSTCEMffer OBS DR+ TWeendl 0598 wReShcubated

. A [ EN-_ 10 duc | FN- reti
e TRETE T ST S e
Secondgry ggjbodmgt@nu-gpjumfigﬁy pelgGamAR- cpmugahmlt(éhhrwrﬂgbn ,§57’1?ng end 553389)
was dlhR&pf 4(51@5’5) ih ?EB@ 5 {ﬂ{ ndu%at&cmaii B #3600 Rt fo eps%akc' gg xﬁa@hmg, plates

I nhi bi’'t or f1xed, perne bl |ze
were degeleped &y incgpation twllth@@madp@phqspimmye Sll@mt%ﬁswn@mamrAmm
diethandTBHIKE! Blate@Rete 2R Y 28 Sutdtatdd %Rﬁaﬁmlﬁ%lstellrgﬁdﬁ@%ﬁ BB matic,
Helsink} ﬁﬁlaﬁtg Afd {h}é lrés tsO\I'erQ ggattésg:g %1 -ﬁmﬁ‘e [A[d 3 ”IL,L,‘; p?r egch samf%\l% the

ctiva
backgrohiNesigal dﬁﬂtd:tehl\ﬁth]tﬁe prefemeguahinyvds eatetabte® | N ELI SPOT 15
anal ysi s, suggesting that the CD8+ epitope should be
conprised in the 11 as residues common to the two
peptides. To identify the target nonaner sequence, we
tested three 9 as-1ong peptides spanning the
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over | appi ng regi on between hNeul 5 and hNeul 6. hNeul5. 3
proved the nost reactive, displaying a slightly

w0 p@sewsed reactivity conpared to the 15 as | oPQI/EP2004/008234
pepti des hNeu- 15 and hNeu- 16. Interestingly, 20
about half of the reactivity was al so detected with
hNeul5. 1, indicating that two overl appi ng but distinct
CD8+ epitopes co-exist in this 11 as sequence. |FNYy
I CS anal ysis also confirnmed the reactivity of hNeu301
and t ypetithHERA Seram Gdstwere pdldulddel as :ﬁ[b&béiﬁﬂo&al Qﬁuﬁnl'gelﬂﬁnon of serum

VR TR o A RN AR

the sangalilaiered f or hNeu4l and hNeu42 pepti des, whose | ow
response was 25 predom nantly CD4+. EXAMPLE 8
Intracellular Cytokine Staining. Intracellular IFNYy
producti on was neasured E%é%@&%d@ to BD Phar nmi ngen
standard 30 protocol. Briefly, 2 x 106 spleen cells

I ] e cultured . 5 hrs in R1I0 nediumin the presence

[Creas or pool of peptides and

Brefeldin A as protein transport inhibitor

tofjx m Pl
brar m (eSS i iR Ph b 8 i obd an ppimies
hHERzgxpre@B)n V&EtoBOB BBV 2O BENO128 2FraRGTIERY 00%/ 00 S REBR 2, wi or

leJ-hf—I@@h '0 1!\!9asnﬁ&L ﬁﬁx’k fo@% @Qhwes&%yd v E)MlQ/IPﬁg g) %QWV\%rsgbjected to

t est e ytes as positive
three infpgtiqng rab@&dw@olr@tw s ofiages plevea Weeks siter Heflast imrgurddatipm gplefocytes were

1solatec§ﬂfkfnf1 edeh nﬁﬂ@d Mantﬂ? the TFNY—J&QM&% 10 HoBA: R Tu&‘ﬁ?retcf?rsor

duce n Cl | nof | uor escent si gna
S LT T NG
cell epidpghisdulfasind hNaidoeds wiell NInAGEANb witDhs BIFRD3G1d-type sequence elicited a

vy G BSR4 RO DR RIS TR (L, 18 o,

optimiz@NHERT besuersk lirglupaelracl Otfhidreniveasddeekporise xeile CD8+ peptide, yielding up to 286
IFNy spgﬁfoﬂﬁiﬂg'cér %@F’c pranle vﬁ%é”) n%gﬂ' (:ff&r the tﬁ%&gﬁﬁtﬁé% %.[Skoer%lyM- activity was

con ugat e

also detprieg: 35,1 ﬁd%qu; BEby SRy ere Fetpgiedin deyiVe J-lnsm.nymmged mice (data not
Shom)calculated as 1000 x [(IFN—y+ CD3+ and CD4+ or

CD3 and CD4 |
50, oo§g%[%)$? {1]19 ﬁiSPFo%W é@%ﬁ?ﬁé ]bzf éﬁ%’g@w %ﬁ}zlgfé procein a5 substrate

(FIGUKE 4R)| mam-ypegﬁklaﬂ@oﬂﬁm@mds dRMePd F AV 19 MBIER 2. opt-lmmumzed mice

s o RO F ST SR M s PR WL 12001

pV1J-higER2. @Mnumﬂ tgvesp ehqvidd et anprdRirodkeln $ 00 fol Smwed geddietric GAn titer of

hHER2- E%%%Mjl'aﬁtﬂzodg5 Tmt {hgs%qgsulg &e(’n%ﬂt%% i %&: c%%ny (% mgz'ed ?@ﬁ? aqf hHER?2 is

ration were
more effiiens ¢ ﬁxjﬁmgmcemqulaad banrahunmunmsnosmlpamhe mwpe shgpence.
Denmar k) were coated overnight at 4C with goat
anti - human 1gG Fc-specific Pierce; Cat.n. 31123) at
a concentration of 2 g/ RFEAMEP NaHCCB (pH 9. 6).
Excess of antibody was renoved and non-specific

Agggxg%%%%%%%b|00ked by incubating for 60mn at 37C in
uf fer (BSA 5%

MRKAdS-hHER2.wt: A Swal-Sall DNA fragment from pV1J_hHER?2 containing the
human HER2 ¢cDNA was cloned in the corresponding sites of the shuttle plasmid polyMRKAE1 (Bett et
al., Proc Natl Acad Sci U S A 91(19): 8802-04 (1994)). The resulting plasmid pMRKAE] hHER2
contained a human CMV promoter driving the expression of the human HER2 cDNA, followed by the
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20 Tween 0.05% . After washing, supernatant of
| gB2-cells was added in saturating condition and
wo pmabmsed at RT for 2hrs (Chen et al. JBi ol EIERP2004/008234

271(13): 7620-9 (1996)). 19gB2 cells (kindly provided
by Dr. Y. Yarden, Wi.zmann Institute of Science,
Rehovot, Israel) are HEK-293 cells secreting the
dinmeric fusion between the extracellular domain of
HER2 and the Fc portion of human Ig. Plates were

bovinagsiwahl hmﬂnspiﬂjfﬁbnylaﬂoh sighabnPladmid @IVH(I{AB’IO]‘]BIERle@QL@can)ined with the

iS00I DEBRI 10 L Bl K0 0 g i
used asMBEAdGh '.u.:-'A Mapt Wesnad peR IR 2opitwanidigasted with EcoRI. The

resultﬁ’@%g_ b lnm %ﬁﬁﬂedaiﬁh 'CQHQMnt()MCORﬂ gﬁgﬁg&gg%% $Altle plasmid

- AP- conj uaate har m ngen, 5572

(See %@1 ‘?ilal VP22, vbiy |15rPePBBSlFS"P81ﬁE9d ib¥ é‘if?faltcébl 2-3 hr at
room t @I&ml A3 SSHMEERO Wt afM f)IﬂRK\ﬁ@SJTlHMQ opt wére ﬁnea‘f@&ﬁoy Pacl digestion

OV TR W RN

growiPindirgs qumﬁﬁﬁ?cs Ibg aﬁhltlpye ratnda of ﬂﬂfﬂifﬁﬁhdﬁlah&ﬁurtffba @@ kaesium chloride gradient

st (BRSO IR ey B e D2 Trb Soges T Lggm X i wpp oxmcted by

protelﬁaSAKOrSgﬁwon em@gemmm Rtagrityands cetimpeéby tebtectidnaokiysiound

si gnal et e
Subt T ad ag B B T R AR o T ucaas
hHERZFEDTH-prtasiagyasiers meldplicityof efecton @ ai-b Exagestioremonitored by western

blot aﬁe&ﬁdl&ﬁé%@ﬁ mlokdfhid HOD- fMd différerte Bbtwe & tHEruRhed Hfb‘té’ﬁge@fbssed from the
d ?or bance at | east 3{@ 8 ater t han tE% at?‘sor ance
codorgUSTAe] FeyERS cwpgﬂ?%fﬁm? EPgipiotein pypEessediiomyhe Wt PER2 sequence
(data botEDXOAMYPLE 10 | ncreased i mmuno enicity of hHER2opt To

exam ne in vivo i mune responses induced by the wild

type and codon optim zed hHER2 expression vectors,

BALB/ c mice were inmuni zéXAMPERbIscul arly with

pVIJ- hHER2. wt or  pVI J- hHER2. opt plasnmi d DNA fol | owed

by ES (as described in EXAMPLE 5). M ce were subjected
Compaigsonof iypwyization wgimeans at 6, 8, and 10 weeks of age.

Two vveeks after the | ast inmunization, splenocytes

were | ed fromeach mp uantlfyth

| FNy-s &ICWQCWHE@%%@E?“F‘LL&‘“’%@%?%G%‘ f-mefhipted ifpgene response of
Adendviragiwamohsred etk that ethldnid DA phsasiaied widhelebtivdl BiidabiicdNboth

.h f h 2d tri - [, . .
oy SR, S0P S A AL s o

quadrigeps muséle oHERRA LBk dhiteyqp BA%&fpmmegnslnmcd ¢vedexpreshiag et IER?2 (indicated

as Nelgle &gechﬁmvu\g S?p%g ?g%cfe? E(?Pé%fgn 4 as{l 992{)%%}131\%% Bé\%ééqat%qu %S of age.
Two sté SeoostiyeEala Wes Steiligedsn splewcre e pre pellscted andsimulated with

peptld@:ﬁffi’catﬂﬁ%%t théjﬁam%'o@érﬁthzﬁﬁ 13 hRope$ 6Ver5/ II:JW sp%pf&mﬁng EHISQQF C) were
FC, nean val ue fic

Cl
detect@ﬁ()h% g St IptigRayithman a@? it REALEYY sod nuf aesBIGTRE 5. On
averagegfit tedonsPees J0ifoldI16Wr Yhabkifat M&ﬂlﬁd&d e nesrmRoiiMmuiRatY. The above data

sB-i mmu shown a from
show &3 RRR R R g By D Eingu e Rl sagho PALBIe and
neuT mwe SurloschrpadtecoR0 ( Fl GURE 4B). The hHER2-specific
antibody titer was detected in all pV
1J- hHER2. opt -i mmuni zed m ce and the geonetric nean
val ue of the Ab titer was 46,000 or 78,000 for 1gd or
| Ra. In contrast, the
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pV1J- hHER2. wt i mmuni zed group showed an approxi mately
100-fold | ower geonetric nean titer of hHER2-specific
wa@eiosioady? Thus, these results denonstrate thaPCT/BER2004/008234
codon optim zed cDNA of hHER2 is nore efficient in
eliciting a cellular and hunoral immune response than
the wild-type sequence. 25 EXAMPLE 11 Adenovirus
Vect ors MRKAdD5- hHER2. wt: A Swal -Sall DNA fragnment from
pV 1 J_hHER2 containing the human HER2 cDNA was
cloned in the correspondi ggasipigsizof the shuttle
pl asm d pol yMRKAEL1 (Bett et 30 al., Proc Natl Acad Sci
USA 91(19):8802-04(1994)). The resulting plasmd

ImmuypiRHAEG rhdsiRRacaques tvith hetlarBHH BRI okabMattinGiee 8fmad [ARA zﬁﬂ EpCAM
. 1 he expreSS| on of the hurran HER2 cDNA foIIovved by t e

poI yadenyl ati on si gnal Pl asmi d pI\/RKAEI hHER2 was
recomnbi T@Qsé% fh@ effi @ﬁncftﬁ%ﬁ]ﬂr }élgag} n *8?1%55%9 fnacafqg%s n(::ygcaca mulatta) with the

pAd5_HVO to generate enow ra
umaﬁm@r AMERD HE] ma@lammm@mwmanu@nawwp of 4 rhesus monkeys (2

malethQRZ héTEﬁQPQEre Mﬁuﬁkﬂ%ﬁﬁﬁnw&@oﬁﬁﬁ%}d Dﬁ!&%ect&% %%r%c f(})}%lcodon

g. Q E}%( urjfied and cloned 1 nt
optimfzpd oy 158 a%‘agwgﬂwgms@p %Mn?%A@ne‘@@@ZEWI et
al ., \Onb@h2208CtudwhiveR geFoled abie B%ﬁﬂﬂ@ﬂrﬁﬁxﬁ% ®earch Centre

efere ~ Pl asm d Ad5- hHER2. wt
GrRC AL R R B P padua paerteripgdsn palyate he T cel
respongaglindycad by the hedan antigenPegdliGt the lrlieSusthbmgb@ﬁHs A the Agthe tiERR.

nbi
r e(r: oe 3\2‘2%% | s??egg]&\é&ﬁﬁéc} ?Eﬂﬁ es\élélérlll V\/_];ee:rctgol%l { Y/%Mg%lb,%ﬁ 6,8, 10, 12,
14, angﬁé fsuﬁwqmbé@leg}wyos@@g]gpgm Aglmn@lp ek ugpcaa;ji umdér anesthesia with 1 ml solution
(split &Kk D Sites Yath 0] sferE) Qhtafnfidl d A Flaﬁﬁld PINA fo'r"Hﬁﬁam%h%;%%r 3 kilos.

9(13): r\:l 89 17 998&)1 ira was extracte
pr ot ei F95ECOH traipiptdBhesivre bibplaepilscs ¥l segach), were delivered
every otharf setdi dorlaytothilamhiideat tiridlofBkaE. Y BieHulse 1383 2 GRb/Sha W% Bh 2 pulse

t ed.. Wt d5 E
ﬁequeﬁﬁf % I gé @jd @ r%&%onﬂﬁ‘?tﬂ“ﬁqnf @Piki) IgiPestivelet i on
(mo.i T}le sdmepnassyisorerathen vaociedednt weels 2@ and 3 bk a mixture of three
BY » 10-fol d differenc
Ademﬁ'[}{ﬂv\%gdnEEI tLLe ??%Jt%c at e{ggﬁrpgﬁ g’leﬁ “eXpr es glgéfvt F?%‘ﬁ‘?ctet‘? human HER2, human
CEA os bympn BeftAM eepgctiveljuence conpar ed to the full length

pr ot ei Mo eeRuRSBEFhdi@ %SEO e W &R &l&g BPﬁlma:h%éMS%lg the above

not. shownzfl E%(*AI\/PL 12 ari son o I'nruni zat
immurpzation protocql bloock sampleg Fexs CPI#FCFCH GREY Fyr weeka fﬁrua-twellrﬁalrﬂtlpEmone year.
The ceﬁ&hédidﬁ@ldhlﬁﬁlﬁﬂrebﬂmwkﬁasrn%ﬁﬁﬂ&ﬂg 10Ky BB oARERO RebuiS ré%ﬁed in FIGURE 7

red wi.th tha soci ated wt

indicafE HE0 B il HRlne LB S FOHEM BT PRI & CANPHEEBecific imnnune
responexggamstsndogenss getiusdsmolopiid of hggaoHERY/aqim d pV1J- HER2

were injected into the quadriceps nuscle of w BALB/c

m ce or BALB/c transgenic mice over-expressing rat

HER2 (indicated as NeuTEX4®®LEudchini et al., Cancer

Lett 64(3): 203-9 (1992)) followed by ES at 6 and 9

weeks. of age. L
Comparison of p185-specific T-cell response elicited in mice by immunization with pV1J-HER2opt and

pVI1J-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-HER2.0pt) or of the truncated protein (pV1J-
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Two weeks after boosting, animals were sacrificed and

spleen cells were collected and stinulated with 25
WEewsiothss7 cont ai ni ng the i munodoni nant pl85 epCT/Bp®S4/008234

Very |l ow spot forming cells (SFC) were detected

followi ng stimulation with human peptides, both in

BALB/ ¢ and neuT mce (FIGURE 5). On average, the

response was 50-fold | ower than that induced by

Ad5- HER2 i nmuni zati on. The above data show t hat

HERiEEBﬂfM%B{B QalLE&rh }eDthLt%ieéﬁEdl oRYd éﬂ 'ahlﬁﬁ%wsﬁ%ﬁ ?Qfofi‘med at week 14.

e response mce
The t @ﬁtqgld@(ptelngﬁiwcm indyced ary a@@iﬁﬁwpgl mgdiated response higher than that

1nduc€<@3_}4 1%5) mgﬁﬁﬂ)ﬁl%@‘brdtaﬁlb@thza@mm afd chhe %d&lﬂ?@cﬁ%é‘ﬁ&ré’& ByYFN-gamma

HER2 1n nbi nati on w th hunean

ELIS%‘RT P’@%Wés (ﬂﬁ%%% é)ss’" V@ SERPISIOP SRRSO q2rﬁmwrrmyoahstaﬁld not reveal

differeiteSinShd B9 aEiashetwdta Rt ao Plabraidé @htawiot dhotwhe 5 human
tunor antigen HER2 in conbination with other tunor
antigens, a group of 4 rhesus nonkeys (2 nales and 2
femal es) were immuni zed with a m xture of plasm d DNA
vectors expressing codon optim zed sequences of hunan
tunor antigens Ep-CAM CEA, and HER2/ neu. | mmuni zation
studies were perforned at the Bionedical Primate
Research Centre (BPRC, Rijswi jk, The Netherl ands).
These i muni zation studi es were designed to eval uate
the T cell 10 responses induced by the human anti gens
agai nst the rhesus honol ogues of the sane anti gens.
Monkeys were vaccinhated intramuscularly with
i njections at weeks 0, 2, 4, 6, 8, 10, 12, 14, and
16, followed by electrostimnulation. Animals were
i njected under anesthesia with 1 ml solution (split
over 2 sites with 0.5 nl/site) containing 6 ng plasmd
DNA for animals weighing 2-5 kilos. For
el ectrostinmulation, 2 trains of 100 square bipol ar
pul ses (1 sec each), were delivered 15 every other
second for a total treatnent tinme of 3 sec. The pul se
l ength was 2 nsec/ phase with a pulse frequency and
anplitude of 100 Hz and 100 mA (constant current
node), respectively. The sane nonkeys were then
vacci nated at weeks 27 and 31 with a m xture of three
Adenovirus 5 (AEl-AE3, "first generation”, P2 |evel)
expressing the wt sequence of human HER2, human CEA
or human EpCAM respectively. 20 To neasure the inmune
response to rhesus honol ogue of human HER2 using the
above i mruni zation protocol, blood sanples were
coll ected every four weeks for a total duration of one
year. The cell-nediated i nmune response was neasured
by IFNy Elispot assay. Results reported in FIGURE 7
i ndicate that the imunization protocol discussed
above was effective in inducing a specific inmune
response agai nst endogenous rhesus honol ogue of human
HER2/ neu.
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25 EXAMPLE 14 Conparison of pl85-specific T-cel
response elicited in mce by imunization with pVv 1
wa20deR2spt and pV 1 J- HER2ZECDTM ont The i nmmunP@HEP9N4/008234

efficiency of a Ctermnal deletion nutant of p 185

retaining the extra- 30 cellular and the transnmenbrane

domai n (HERZECDTM was eval uated. Plasm d DNA

expressing the codon-optinm zed sequence of the ful

l ength (pVIJ-HER2. opt) or of the truncated protein
WHAMS GLAMIEOBS/ 012527 PCT/ EP2004/ 008234 HER2ECDTM opt )

was el ectro-injected at weeks 10 and 12, and anal ysi s

was perfornmed at week 14. The truncated protein

HER2ECOTM i ndlupeihbtia Auddié ciPmdi8oul€ &ntprisig b@écﬁ@no@%ﬁﬂﬁ%‘éﬁdes that

' t 1 ndu b A Jen .p185, .
encodfy O en IEE AN o U BT B O P N ey Phal i Ris griggoteoat
beinglggdonriytigpaeddor high| |SRORpesatnyigaduhp GURE 8). In vitro

expression analysis in C2.7 murine myoblasts did not

reveal 5 differences in the expression between the two

pl asmi ds ( daths swehetis madeiy acw/@oggdspm@@zwwmmhp Sequence of
nucledflded Mipricss: thd¥edhdab2OME10NB At forth th §B/(?hb ®ig:£ nucleic

acid nol ecul e conprising a sequence of nucl eoti des

that encodes a human HER2/ neu protein as set forth in

SEQ | D3NG 2, A véveor symiprivisitiee fidlelceicld malédiomreuie 5

bei ng codon-optim zed for high | evel expression in a

human cell. 2. The synthetic nucleic acid nol ecul e of

cl ai m # wherfehest tdlecomprumatbevasfor oficlailedt i des conpri ses

t he sequence of nucleotides set forth in SEQ ID NO 1.

10 3. A vector conprising the nucleic acid nolecul e of

claim P: 4. ‘psymistic pisleic acidmpalecylerrgmpriting eesqpmcof miklgptives that
encodés a Variah heinah RERDAeptl f)t%iiﬁ %?a't Iiag@ie@ﬁ gb% iGRHR 1 B Ahirfd acid sequence

C ides a encodes a varian

of S R A SRS E N e A0 RGPS p BnliF sgenen of sEQ D
NO:2,iwhereini Ny istthe mirémaminmobe of anise epié alteationd, aEcAIENING B; the formula

whi ch maykncxdg up to Na amino acid alterations over

) the entire ?Enjih of SEQID NO 2, wherein Na is the
in whighXp ihihe iatahreRbes o aapRawrsids et SEQIT B0 isoth ¥ hasmekliesof 0.90, wherein any

non-in€egbiGitb BicesF 30Yantl [Y8is fRahd8dli@thPaedrest@teved pRY do sul .

jceg prie t ot glbayr}urrtﬁer. of. amino acjd gi nl?%EQ F%ﬁﬁ%%ﬁb%ﬁgducwmm
Xa- Wl\*?“ﬁlggheasee%ﬁ“&f‘eo Stcleetiges is &ﬁ@?‘@?‘i‘fn’&?@f‘“ bigh lrypl-eprewsiparin 2 human cell.

product of Xa and Y is rounded to the nearest integer

prior to sugfra tln%_such product from Xa., wherein

the sef§uencé BPORifUlsIcaed Solecule soraprisins 3 sefueaep of gpcleotides that
encoddsiagimbe MER2BEDTRES66IA ak §et forth WBBQ TBNO: 14 theAySHHRBEIEE acid

ucl.ei ¢ aci d. nol l. onpri sing.a sequence of
mdecﬂf]g?Hé%?qda%'gp?rﬂlé?defggﬁglb%‘é‘gg’ﬁ’rﬁﬁlﬁgHl 31—‘%'@%@6% "M protein as
set forth in SEQ ID NO 14, the synthetic nucleic acid

7. The synthetic nucleic acid molecule of claim 6 wherein the sequence of

nucleotides comprises the sequence of nucleotides set forth in SEQ ID NO:9.

8. A vector comprising the nucleic acid molecule of claim 6.
9. A host cell comprising the vector of claim 8.
10. A synthetic nucleic acid molecule comprising a sequence of nucleotides that

encodes a variant human HER2ECDTM polypeptide that has at least 90% identity to the amino acid
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25 nol ecul e bei ng codon-optim zed for high | evel
expression in a human cell. 7. The synthetic nucleic
waeotodomskecul e of claim6 wherein the sequencePOf/EP2004/008234
nucl eoti des conprises the sequence of nucleotides set
forth in SEQID NGO 9. 30 8. A vector conprising the
nucleic acid nolecule of claim6. 9. A host cel
conprising the vector of claim8. 10. A synthetic
nucl ei ¢ acid nol ecul e conprising a sequence of

sequdRbES BB IS0 41 B athich3hayEiREIRaaS 18 NY amimdiikidhteRfonsbhed Thivte length of

olypeptjde that has at |east 90%identity.to the
seQ BENE Db b Sube Rt T ety Geatte DO cfdaneeulated by the
form@d SEQ ID NO 14, which may include up to Na am no
acid alterati over the entire length of SEQ ID NO
14, mhé¥%i%gh8§§g’the maxi mum nunber of am no acid
in whadht*eriaithe tntel numbed of smipalacidd iatSEQ IDNO R, anfl 3rhes k aalNaof0.90 wherein any
-ifitedef Brolinct Bf X Danlt GRodiRed & hdiRafeQliRtbo PHIRRS sillra@ll¥0%h product f
non lgtgé qlgT [ Er11c SEQa?D NO. (14, c?ancf Y ﬁ_as a %a%% o? O.an,g .c product from
Xa., Wiksesitha seguence abcleptides ésycopptoentistized flonkighd ppl gxpragsion in a human cell.
rounded to the nearest integer prior to subtracting
such product from Xa., wherein the sequence of )
nucl eotlldes 4 Brogess & copressing 2aumppHER? /e nrefgi|in a recombinant host cell,
compB¥Rg:€ession in a human cell. 10 15 20 11. A process for

expressi ng a human R2/ neu protein in a reconpinant .
host cel |, r ilg'ifﬁ%?m% ) PR ETEe B é‘i:a(clnﬁf"fr‘l'glm lintoa

suitabtolmaet dellj 4ng, t he nucl ei c aci d of claiml1l into a suitable

Condi 1 0ns Al ch BToNs B Eeelieate Sr e iR A ggrsion of s
humap HERGipmteid.2. A process for expressing a human HER2ECDTM

protein in a reconbi nant host cell, conprising: (a)

i ntroduci ng a vector conprising the nucleic acid of i

cl ai m 62 nt oA Brosgsp foaexwessins e huwapr HERBCIBY prateip j gygcombinant host
cell, dofi@riigst cell under conditions which allow expression

of said hu HER2ECDTM protein. 13. met hod, of = . |

prevent | ngr% tr é&?qdﬁanﬁgwi%gwsg{gé Rugleiceeid of claim 6 into a
suﬁﬁmﬂﬁﬁmkﬂﬁmg, adninistering to a nannal a vaccine vect or

conprising a(b)Syntcgﬁ&rlian tﬁeotgogp befl %%&egncgn%gioﬂsl'l v% i% gllo%&:clax%ression of said

human HER2ECDTM protein.

13. A method of preventing or treating HER2-associated cancer comprising
administering to a mammal a vaccine vector comprising a synthetic codon-optimized nucleic acid
molecule, the nucleic acid molecule comprising a sequence of nucleotides that encodes a human
HER2/neu protein as set forth in SEQ ID NO:2 or a human HER2ECDTM protein as set forth in SEQ ID
NO:14.

14. A method according to claim 13 wherein the mammal is human.

15. A method according to claim 14 wherein the vector is an adenovirus vector or a

plasmid vector.
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25 nol ecul e, the nucleic acid nolecule conprising a

sequence of nucleotides that encodes a human HER2/ neu
w@e@s®iaseas set forth in SEQ ID NO 2 or a hunmaPCT/EP2004/008234

HER2ECDTM protein as set forth in SEQID NO 14. 14. A

met hod according to claim 13 wherein the mammal is

human. 30 15. A nethod according to claim 14 wherein

the vector is an adenovirus vector or a plasmd

vector. WD 2005/012527 PCT/ EP2004/ 008234 16. A net hod

accordijpg tqy ﬁbtﬁbdﬁcl&dm@ecr €lhifh Isheheveethe Wedt igum adenoviral vector

adenoviral . vect or

compwxlg(gngdwylé%{ Egpme wi n&ﬁ (518?1 gl\g/cp?fa ﬂigr?%%ﬂ?]\éi Igea &non anlagig?nsert in the
adenovinsdiltregion, lwherema‘hkamwu comprifels an exprassipn vdsmtte pwnlvrh?elg

I nsert con'pr ses d gmﬁﬁarﬁg{ERz "

(a) a codon ptl m%gdg B ﬁ%ﬁgﬁﬁﬁg&eﬁggﬁg human protein or 2
humarHERR2 BT Mipeotein; aad 5 hunman HER2ECDTM pr ot ei n; and (b)

a_pronot er g@er ahl oﬂldt&l@@@!rasw 1 t@%;ﬁwﬁ&&&hﬂae 10

17. A nmetho accord| ng to claim15 wherein the vector

is a plasm d vaccine vector, which conprises a

pl asm d7por t4 BheNsbcaTingXPEIBRSIShIRraRSS ebdie is a plasmid vaccine vector,

..conprising: .(a) a codon ol ynucl eoti de
whichGUBHER b P RO RER T BT SR e e EcoTm
protein; an (ﬂa)( b) azogmerntitméred pplgmatsotidd énpddin 4 unbandiER?2 protein or a
humarpﬁﬁi(%f tp dﬁll An adenovi rus vacci ne vector
nprising -an adenoviral genonme with a deletion 15 in
t he El regi ¢w, andrapetereperplly lipkedigthepolyaisiestide. wher ei n
the insert conprlses an expression cassette

conpri si_ng: a codon-optim zed pol ynugl eot i
encodi 1§ a WWW@V%?IB? wefer WHPTEWSG’&I F‘%&O‘&r E‘?PBWC with a deletion

in the BEREEDIM A hik@ inthe BN ebg(0n) wikerdii Dxisert cap@isaddnyexpiektitassette

t o the polynucl eotide. 20 19. An adenovirus vector
CoOmpPRIMESr ding to claim 18 which is an Ad 5 vector. 20. An

adenovi rus \®ct ora cadmesptiinigd polymicikondel®codimghhingndERRprotein or
encodglg\é%%}ngn Hgb%'ﬁQd]%(ﬁelﬁSanﬁo vector. 21 A vaccl ne

prasm

conprising a plasnid EJOI‘tI on and an expression
cassette (b) a promoter operably linked to the polynucleotide.

19. An adenovirus vector according to claim 18 which is an Ad 5 vector.

20. An adenovirus vector according to claim 18 which is an Ad 6 vector or an Ad 24
vector. -

21. A vaccine plasmid comprising a plasmid portion and an expression cassette

portion, the expression cassette portion comprising:
(a) a codon-optimized polynucleotide encoding a human HER?2 protein or a

human HER2ECDTM protein; and
(b) a promoter operably linked to the polynucleotide.

22." A method of treating a mammal suffering from HER2-associated cancer

comprising:
(a) introducing into the mammal a first vector comprising:
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portion, the expression cassette portion conprising:
(a) a codon-optim zed pol ynucl eoti de encodi ng a human
WORERZ/omset ein or a human HER2ECDTM pr ot ei n; apdI/EP2004008234
pronoter operably |inked to the polynucl eotide. 22. A
met hod of treating a mammal suffering from
HER2- associ at ed cancer conprising: (a) introducing
into the manmmal a first vector conprising: WO
2005/ 012527 PCT/ EP2004/ 008234 5 10 i) a
codon-optin zed gplynuch&RtdpfmmiRSe8htoRdd¢108 Ind Henan HER2
protein qr a hurmmr)] HERZECDTI\I}qurot g?ﬁh and ii) a
proteify el Rymep FERLELH T prrfsiiedPd o t he pol ynucl eoti de;  (b)
al | ow ng a predetigr m RethnestEwpErabll lihkddRo the pplgms:]eodd]
(c) introducing igt 0. the Eﬁrrmal a secogg vgctor_ d
conpri si ng: a *LEBH2 BT SpSHHTL Hre & haga 20
encodi ng a Hgman itteREcingintttks maromale decome ivedHirRREOMHNS:
protein; and ii) .a pr r i .
pol ynucl eot i de. é)g. Agnmééﬁooa) gglg%g?w%cﬁaﬁ&égﬁng@rﬁ %human HER2
proteimprey lyiman HHR2ECDIM prefeingnd s a pl asnmid and the second
vector is an adengVvir 4$:omidr@peradd linked B hl PelyAscttist. ng
to claim22 wherein thé first vector is an adenovirus
vector and the second vector is a plasmd. 15
23. A method according to claim 22 wherein the first vector is a plasmid and the

second vector is an adenovirus vector.

24, A method according to claim 22 wherein the first vector is an adenovirus vector

and the second vector is a plasmid.

-34 -



