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WD 2005/ 012527 PCT/ EP2004/ 008234 Tl TLE OF THE

I NVENTI ON SYNTHETI C GENE ENCODI NG HUMAN EPI DERVAL
WOEROHDHSEFACTOR 2/ NEU ANTI GEN  AND USES THEREOFPGI/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

ol ypeptide epidernmal growth factor 2/ neu antigen,

TITURORTHRE ISYEYRKINd hHER2. opt, wherein the
SYNPAEYUGERE ENdRDIRCHUMRNEPIBRRMAIZGRONEYH PXRTORSNAN hRTIGEN

human_cel | ul ar environment. The present invention
AND&IISﬁ? TRFBEQS to 10 synthetic pol ynucl eoti des encodi ng
a truncated formof the HER2/ neu antigen, herein
esi | ECDTM opt, wherein the pol ynucl eoti des
FIEL r@%@ggﬁ-gggﬁzed for expression in a human cellul ar
envi r onfiendreseiftievepti@selates gamemity fodie thempyl‘xﬁrcanoet. dexs speoifically, the
preseﬁﬁﬁ?%g{)rp%mes\(oeéé&%& O@ﬂg 5190%5? S e%gm tﬁé ﬂgna‘?ﬁ}ugor associated polypeptide

'S ent1 on
epldeptmi\gm@h fa&tspe oo adieny bereip designates hHERq‘l dptcwhesein thetpglynucleotides are

codof:-BhtinfizdiFor &‘ﬁﬁ&gorpiﬁta haRsh deBubd @l frodhSRt. ’fhe\f)%&it ARSnt®AIso relates to

phar maceut i cal nposi tions for pr eventing, and
synth@%%ﬁlmle%le%%e%?g = BHORERODND BFFERE PR, BRicin designated
hHElEXECﬂEIIMBbt Fhaih Ehefpa@hﬁﬂeoﬁdésireacoﬁdirﬁdﬁﬁﬂiﬁmrfMpﬁemrm a human cellular

Bk E I I IR T T —
synthanipdynucitotidae B idembied algprppevtides hdeanbral 28 tar endpihaprid constructs carrying
f . :

hHEIiZ’i(KEt Ll%datfa the?rlqlgéo 1n§{dé{g@$ ﬁgﬁ%&%ﬁgzﬁ é:gl{ﬂ osrtgg%fogg{égﬁlawﬂgc‘ and treating
cance(fShl h et aI , Nature 290: 261-264 (1981)) and | ater

cl oned and characterized from human cells (Coussens

et al Science 230: 1132-39 (1985); King et al.,
BACKGRAND OB FHERWENTIPNo85) ) . HER2/ neu is furt her

cl assi f ElﬁﬂierfmSI oW ﬁm:&ﬁ 20 a trdnemétliRadeatihbnasbiated @ﬁfgeﬁ) Encoded by the
S _of ou l..f ec

HER%/ﬁ allltpsr%tge P?o‘ﬁelbeaéleo éal%l FlilchZ? v\?\lPSh isa aqeam 2 oé Iﬂg: ep}edglim ﬁrowth factor
receptth éanHIFRT célbsurfgcrapteptoss. dba HERB gtre e origindltydsatatertfroror radl
neuro%ﬁ!)ﬂlasgﬁr%‘ggﬁhg alb ﬂi}efﬁo%‘i’ %E Elf9§9)? &la llnje d afdPcharacterized from

I ers peci human orns het erodi ners

humapjceli (Gpyragns ﬁ‘v’sﬁﬁb@fﬂ@l%?”t hB265€R R & 1 inget GHM’ZC%W”BYM 1985)).
HERA)  (MERDR&S is Blrthad clasdd deaneeibeREShe MER ?a%nl?z%f receptor tyrosine

Fol | hHER2 di jrerj zati on an
kmasgﬁj t’“g éﬁ%ﬁﬁd’f 31“5’& s Gaidritinasiin ed gF‘B’Yt %ﬁf?fa%%ﬂen The HER
recep&irgdvatribng tmhﬁtahh@&m&ﬁﬂ c@Egt@Wﬁtb@(ﬂmﬁ]h@ grévah Ifa«ttdr Hgaﬁds af dimers.
Specg%?%lﬁ/gl?ulman Cascaxgnsqp Gy i'lm o wlt Poth enrlrrtl | te%%fthe %&Z{ fgmxl#J LP?éRl HER3

i nat e resu
and FERA) (dlepronetel. Ade ferser ﬁ@dﬁ t %6h19 2e00p)e IPlollcgwog\bHER&dmetlmen and

tyrosinB hudtb- gh&ghorylamwddcﬁmg kiges Oy cgesgaﬁﬁé glgﬁahﬁg olEuEER DM ed and

transcript and the encoded oteIn are

recrujygentaf fegordetiesalinganqlesuleeiisinitize. tIWaCFlaalar gienaligg Ghscidgs.ivdiich ultimately
resulttih 82 WESvatib 16 el Mbipdriast 16 kéiNgravd, Pé Bashitiagad t i ssues of

th t | d

(Pr eoe EPlponsSigiaion ot Be 288 et Su pguaid M8 eghiais5 %o protein re
normhlb'\/chteeted)in adiR2pithelin] esljs o€ esioontisaues, iadlsdinglibe ddh adl trenst, el tissues of
the g%%ihﬁ?t&%ﬁ gepih%ﬁ&{%‘e ala lgrln%l%‘ﬁ%&s ?ﬁ%@és 061 CBRENLIMY £ 932062 (1990)). Higher

levels of HERZ/neu expression are also detected in the correspondmg fetal tissues during embryonic

development (Press et al., supra).
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WO 2005/ 012527 PCT/ EP2004/ 008234 Several observations

make the HER2 antigen an attractive target for active
woepesiize7 | munot herapy. First, the HER2/ neu gengpr®4/008234

commonly overexpressed or anplified in various

mal i gnanci es, such as carcinomas of the breast, ovary,

uterus, colon, and prostate, and adenocarci nonas of

the lung (reviewed in Disis and Cheever, Adv. Cancer

Research 71: 343-371 (1997)). Overexpression 5 of

HER2/ n esbvelar sHRb@btRas Wéltehh@HBR)Dﬁntigélomécﬁvﬁﬂaﬁgeﬂfohioghﬁs’peciﬁc

g ERRE 5 BeptRA) bR e PEREH Bl o
mallgﬂER?.esJ sae&da qmneniawfdh@brmpomm aseusaoiony artcg/prom@ agdddenocarcinomas
of thfglﬁﬁéa{/év%v@d I‘Pﬁisisaagﬁi Cﬁ%%rr ‘h}ﬂ,u b%rcteit ﬁes@cb@h ?ﬂ gﬁ%gﬁ' (‘1@97)) Overexpression

I or O tunor ce Ben- Levy

of HER§Yney porrdgepwifhya 1e0999r4:¥t}0518 k2 kil ffé%?ﬁ? @éesﬁobwn?eév@}en@KSIamon etal,

ScientlER: APSERVESRoNN ArpiBESioh 6f Kuthal HEROeAIO Y dnBSicedWIAR kinase activity
| evel s assom a ed with egr mal adul t

and Ci]éprﬂlifgfaflf”bﬁ&? PRSP toe pretsssT P Riereof aipar gl Srﬁéelrf%et al. EmboJ
13(147&13|0gn agevey. Assiogh apession lbtel o HER staervaliamendrs BSsdiest contrast with
ad I ng respo ainst the HER2 protein.
thelo,&ﬂtevelsh g]:{u“flﬁltng%ég &?I fésuﬁ%hocyt es (CTL) have been
i sol at edd¢1h®1d1bn!@a$ tangergpaidantsrsi igring dreoremalgmricéastassociated with

unel a (8 CYto OXlC
HERﬁ/h&ﬂﬂgfgqlgrtéssa?l h§$e ha@%‘n Ag@gg&%ém g%éét(tﬂe) HEl%éEér ?eﬁa (%%%@ERZ Vtot

T lyrr(pilg(gzgs)SXCTL)g@y@pegp 1spﬂg)‘&d ,&Qm breastpad Sﬁr@f‘ é@cPﬂ-}E tsdé?f’f"i“ﬂ@set al. Cell
ImmioNS mwzsmf(lg@sﬂ Padpiks @ﬁmpra@mp@wf&w?ﬁm (Iw) 6311-30€1995)).

e b e o B IS L) sty con

genetatk® D)o (Riskieyalt CenvercResal(1): Iﬂhﬂ?l(l?ﬁ?l);ﬁﬁishlﬁaé@) CaizﬂéBR};BS4(13) 3387-90

(19943%1? stgé)t% IhleHa ;991\7/1%1050# ?9(2?2?9 % ? rate that

I'nmune e snms are activated
i n cancEe qban fandings deneprbiraighthitghti- Eﬂﬁ’eZ pomenst dffgetoyaerhrisms are

activiifd 8 @B@%aﬂ&n@ﬁﬁlt}ughﬂ%ﬂi AR JoRAG bilekVor eﬁ‘ﬁ‘ancﬁ%fs&ﬁtlﬁlﬂlﬁne reactivity. An
vaccCl ne eXp|O|t|n e | nmune re%gonse to

effeciF O A BB e MR SePIRRTT 7 HpRE/geymyg bphgahanpe{gis ipgunity to a

level a0 @fb&dcﬂea bt pfev@rneazﬁﬂtoweo@wsélfwaraﬁ@ne
Based bo e recitati

sel f-t t
HER2/ net?® ‘i @8 g‘g{)\@ {ﬁcgfglga Sg%ete Pgﬁue@ﬁ%é target for the
develdgueit ofimeninologicalimetmehts gf m@igninceat ApinHi$FERAmonoclonal antibodies have

been gu%éugﬁé‘c{‘%' ?e%éépa%'}%f bréﬁ%ﬁne@a Qv?tﬁlegc!rﬁ%lntﬂgdﬁg gﬂt’)rgécﬁ%ieﬁgh\éﬁz\}\t}n various

een-1 nves er api es cancer

levelpefshecgsst(fob diggussipip seraltaided efemivey al(upgl Vakld(E01)-evel s
of suc Cﬁ@cﬁtl&fa , NS Qrk%ﬁg) -ba$e §actiel %&eﬂ%‘ﬁ@k@/ﬁ% have been reported

6 5 Ad itiona
Senihe B%l%‘éal°v%é%7p3ﬁ‘é%dlfciﬂ$§%f‘ie% o AL BBt HER 2/ by
admlﬁlﬁﬁmfgta@@xpres%[ﬂn&bct&{coﬂ1bnsn(gUh§ﬁlllFTaigﬂﬂﬂunNﬁ HER2ki2d cBHA)functionally

hnkeg'EFél lﬁ%%m%y omz:el dvhlifug{ng]lfnn du Cl\ét?{%% n?gg) %ono%@gi@ﬁ disclose a method of

vaccigaiop with ideglritib eelfsuhddifleé hyg adenbnmmhwctdwpneainm-signaling HER2/meu
genef é&%@érgﬂtﬁb dlécio%gh £ S@rngfgﬁgg 8%%% g%g@r‘lt A¥REMSu- assomated cancers

dl sCl ose

onot er r res
with ﬁERﬁB@U@?S (Uvsa&ﬁewéiq éﬁ4 38h Addifimpily, @F&rrue@p??@é¢-base‘avac<:1nes have
been BRYdiaER RGN 1BbdeVsQ i PéEen X DRSS Cheeve NS | (e IR@Q 71 343 71 (1997)).

HER2/ ne 3(@ %ene r.'gg‘eever and Disjs disclos Qh Jered b

for | SORGER: %a“PiE e r2ernes 874t ?P mnderecd by
difficoBiBCBERiatadi vhfh dHERAngie g éxgessidnlesls dPata@atoudlgenes in successfully
transégneg%ﬁgtsor ag&egdgféeéﬁgr%l cleX 1tegERgénﬂﬁ<gaé1§1? 8% éhQ% IQ %?)fe! gnucleotlde sequences

review, see Disis and Cheever, Adv. Cancer Res.

71:343-71 (1997)). The devel opmant and
commerci ali zation of many vacci nes have been hi ndered

2
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difficulties associated with obtaining high expression

| evel s of exogenous genes in successfully 35
worensimmed host organi snms. Therefore, despitect/ae2004/008234

identification of the wild-type nucl eoti de sequences 2

WO 2005/ 012527 PCT/ EP2004/ 008234 encodi ng hHER2

protein descri bed above, it would be highly desirable

to develop a readily renewabl e source of human HER2

protein that utilizes hHER2-encodi ng nucl eoti de

encodm@ AHERG télﬁ Adscitde® AR ifvaRdbd l(iighly Qéﬁsﬂﬁlﬁ& ol déﬁelbma tchdily renewable

sourc%cg ende E;‘ %%]te(l: tl}lg:télﬂﬁ %Egg réﬁcZ)dWﬁ In&ﬁ'«‘eotﬁgg segfl?qc%sa{%z?t 8T optimized for
expresaiod 1rnt<hé intdndeteliosicbeysaid @bired ablo@irgrfoethe SevBOpMARYE Fanddrigaccine which
ntion relates to
lseﬂkéyg andt on@ggﬂé§%g?ﬁkﬁﬂM$o elicit or enhance immunity
to the protein products expressed by the human HER2

SUMMERS oMPHEINVENRRSPCI ated wi th numerous
adenocar ci nomas, 1.ncluding breast and ovarlan cancers

Speci f i[bgPTegent ykntign plains to Gompapitiprsngd pethpdde elig or enhance immunity
to the pfblteym}bk‘téhlgbﬁtdxﬂleééed?ﬂctﬁdhﬁi@ﬁglREzmgehERaucmﬁs)&s@cboﬁh,tedwlt}mumerous
al e l
sdenog Gy BT P R A P AeREND A A G TR Rion rovide
polynidisRAdesrentoding hiviner BER2 protein, omma@uﬁml of kmmnéiERhaotdm which
compﬂ%gé YO UGLEARhAGS ﬁgngn&%a{é d]%BiPEbiztﬁéjHﬁﬁﬁ . nv%&l%l\ﬁsher

pression 1 n e presen ntion

hHERﬂE@DﬁMa heoitt @@wo@@eﬂwmﬁsare endan-ppiimipsdfoniglelgvel exarension in 2 human

cell. 'ﬂﬁ'ﬂ?ésér?t '1rﬂzgnt§dﬁ?urt}§)’ﬂ5ﬂ§$s|aﬁeﬂ%@ir&‘l REEHIBQHiBBRRIA d8¥ebrs comprising the
| oses .use of said vectors in.1pnuno

synihes RSN SR EIoh B B 1t M Gk FOrBRs i Al voceines
for the p’r&&hﬁ@fﬁndlbf' trédatht aBH]ER:Z @E(&ﬁh’caﬂﬁﬁﬁf TﬁEhﬁlynucleondes described herein are

l. C i de scrl i ent
more %ﬁg?&ﬁa‘t {j elﬁ: mg Ia ce u?ar an(? Eum rr{D une re%mnse against human

g a ce
HERZhunor al |nnune response agai nst human HER2 The

presen tTh% E%FJH nQ8hifh & xreﬁ{eg{o Qtlcsﬁ(l@lteﬁ %.Elh CnolMdfle€ {p%lynucleoudes)

acid nole pol ynucl eot

ri si
comprmﬁeqq@@n@fofﬁu@méwtbvésnmﬁ%nhunaﬂ@a@ nE hefg?t@fé’r%ﬁgen (hereinafter

hHERGY &‘@Ettfoifﬂ@&t (% 175) IQ@Q' WRAeik Bx%rsﬁitﬁb'i\fb h8dleid foidvnbiBe)lese &@bn-optimized
forth in SEQ etic nucleic

S S
for byl FgresaOR B T &%HE% BT S ﬂiewreaﬂ“ fgitjon further relates
to synfhsd Iﬁﬁh‘elicﬂafdldl miolecutes (mrynﬁcﬂ!éoltldc{sh esraprisip heéqubtdERPm@jo)ides that encode

humar;r ﬁgﬁlﬁfj as set Y ?‘{}]1 ?E%fﬂ?l E\JICFE{ wth el%ttﬁe dsgnt§181csrl¥1r]lexc %Eld (%nolecules are

nucrerc acid huc ‘eot |
codongwptjuénad &r dlfghfiml @fptessdelsn 12 hanalecmﬂo dbe nmmldmmwﬁmlosed herein

may b@ﬁal%?éctefi @b Qh&s@ ceﬁ%@cﬂo&e%@ere&%e Y@a&ﬁﬁhaﬂlt B&?ce?l%dq&ts laGource for

nucleic acrd nolecules are timzed
substapfiq) fevele 9Ban cxRysred &m@wnalﬁl%mm?m 31 D ) ﬁulélﬁlé%ECDTM protein
(SEQQ@N@ | ecul es disclosed herein 25 may be transfected

into a_host ceJl of wher ei n, t he reco
host ¢ éh e Biss it praon SR et G Rt uflEiE S0 maGatle Which encodes
mRN A thatexpredss & Hurhan IER 2opretkinh We@fdﬁsmcmf(ﬂSE@rhﬁl dMEhereent invention

is dlsolposgﬂ%%% r\?%’ gﬂ Srl]lOW %lc%gl ;@Eg} IB% tﬁ:ﬁ%ﬁéodes a thER2 protein

i nvention heti c nuclelc ac
(SEQ I%N@cl)l é”hv\me@he@mbct@gld mﬂimnletqﬁ the peespnt b ewdion &s dederapptimized for

hzgh—lé'\lgl:@(pfgsﬁ&ﬁnrﬁ hufaPél ehé ?e%uc%%@@ﬁhls f‘efetnlgh §olpﬁfcfeb9cﬂa zﬂgo contains a
present | nvention di SC osed 1n FIGJ

mutatwa RSB RS IS AR W@%ﬁéﬁ%&@mlwlﬁ%ﬂ% é‘?ﬂ&‘&‘?fé%that do not
contaif! -2t ¢ Zéotontemplated by this invention.
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(SEQ ID NGO 2). The preferred nucleic acid nol ecul e of
the present invention is codon-optim zed for

woigBolseel expression in a human cell. The sepoememo008234
this preferred pol ynucl eoti de al so contains a
mut ati on abol i shing tyrosine kinase activity
(AAA2257CCC, K753A). Nucl eoti de sequences that do not
contain this nmutation are also contenplated by this
invention. 3 WD 2005/012527 PCT/ EP2004/ 008234 The

presentrpt HueRt lh@éﬂtléggidtﬁoﬁﬂﬁl rbl¥te$ @) a%&l&ﬁetfc@méleﬁ ﬁﬂﬂ Aflecale which
nucl ei ¢ aci d nol cu e

cneo B B4 S A TP S DY U, A R B 1 tis porionof e
presen@ﬁﬁ@xﬁion @f didchvs&l ip BIGTURIB 6 Af wlhb't&shoWﬁ £ PdiAt méleantenSEQDINO:9) that

| G h
et Sy B 5 L1 05 LS i e
inventidd iS\€0dod-dptimiFdicfordrigf-level exbressioh i achvawi delhol ecul e of the
presentry Rﬂe&\ﬂ?ﬂ@% 186 415 1%{3%9 By r@&trﬂ &6 cbRMand f&&nﬂ)lﬁé&ﬁ host cells,

expressioh In a human ce present jnvention
both presbEro BRSSO P oS e RUcs S Hshlpsen Gspughont this
Spamﬁﬁﬁ&ﬁ bot h prokaryotlc and eukaryotlc whi ch contain
the nugleic acid no scl osed .t hroughout this._. .
Spect 1 PR B FESB e G TEH VRO B s gtimized
humaﬁ HER?2 pioefeiasa réoﬁfnbﬁxqﬂmesselh gomaprsogofa) mpbduringedectdcomprising a

syntheélg %nucﬁ?@dé’ egxcci ng\,]at ﬂu?n&ﬁ %p(pélﬂ g{t](} 2 Jﬁ?ﬁ%le ﬁc?s't J:e'll Whereln the synthetic

ave conpris
polyanPmlnens cedopepijmized o optd@l emeseipmgl ahupmawregi; HERQD mﬂ@tr@g ghe host cell

under c s &Hﬂcﬁ glweexlaﬁéxorpcﬁ'lsgld ST BERD fBRmnSYynt heti c

ol ynucl eot | I'S codon-optimzed for opti.mal
ex pres Jibg prepent ng%ﬁlsct@mes toaarﬂoceeso’g)r @(@Fels%]ilg ehbodp?.' gptlmlzed human

HER2BEOSITM fotein iH B @RbmB@AE hbdt 0415 coryirihg o) 1(ﬁmbclix)éﬁig GS'Scttﬁlﬂ:oﬁnbnsmg a

IO, S T R e T
synthdtid rpalsmucl&u&dﬁaac&ﬁﬁmmlmrzm for optingl acpresmanimaduman hfdls tind (b) culturing the
host cecl?llulld?er H;?lons T% all()\g)eé%rgsts{gg gflgalicﬂg BEDY feﬁl' n g
nucl e encoal uman
p r ot e| mnoﬁpmsaeogmﬂ thig friventieg 4 2 wethed of\mﬁgprgmg of }q@atmg cancer comprlslng
admuﬁs\fé?fngrgc{ 4 faRRh L igAlebEfconprisiag? E‘yn@féﬁé ﬁﬂc?e%ﬁacfcﬂholecule the synthetic

expression in a hyman ¢ cul t
nucleie Reid lss¥ie GUPFRPR G BTFRSCeaiaL reae b wR i Fp g roveh
factorQ®f anfi @dnGh HERE prdriiRadebivh EHSH(EIDINOQH oit Sigimaa STERCECDITM protein as set

forth @%ﬁ@%ﬁ%{%&hﬁ ﬁ‘glﬁ’agc ur??eé i rde nrj.]cﬁectule 19co%on % rfﬁﬁ‘&&ﬂ%r high level

expressiomdn mBumyancklbr conprising a synthetlc nuclelc acid
mol ecul The }elé]e%t ﬁl%Hﬂlaﬁ tfdrﬁ:x T 1@1&@% E)' a a@&l‘o@nﬂ‘?f’a&%lv%ctor comprising an
conpr|5|n8 nce of nucleotides that encodes a
adenolvisstegAnaays va&rer@letlgn Vi1 rogien.ond gn it iy éhs ! Hegipm yvherein the insert
compﬁ&@ Le l‘(:%ré@ﬁor?@a%seft@é&n&bn‘sﬁ QQ doBbNGtignized bo@nﬁmﬁm&e encoding a human

rotein as se

i n SE
HER i WA RO L gt (o oG B ke to the
pobmgaaﬁmeopt|n1zed for high level 25 30 expression in a

human E@\? Ipfeseglt {ng lioR GRS rell A {/a{%gmé @Q‘nﬂg pq‘lsﬁltgea%lﬂtsgﬂd portion and

an ade I ne vec or conp
an expression cassette portion, the expression cassette portlon comprlslng (a) a synthetic polynucleotide

encoding a human HER2 protein or a human HER2ECDTM protein, wherein the synthetic polynucleotide
is codon-optimized for optimal expression in a human cell; and (b) a promoter operably linked to the

polynucleotide.
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adenoviral genonme with a deletion in the El region,
and an insert in the El region, wherein the insert
WOQOBNilERS an expressi on cassette conprisi ng: Pa@j/ER2004/008234
codon-opti m zed pol ynucl eoti de encodi ng a human HER2
protein or a human HER2ECDTM protein; and (b) a
pronoter operably |linked to the pol ynucl eotide. The
present invention also relates to a vaccine plasmd
conprising a plasmd portion and an expression
casset t Bnqidripeet,of tHa@reRed IR EBioR i LAGBRLIf Prddetihy Hammal from cancer

oGO RS S B RO MRSEL AL o RRERLAD 8.

maminhler festrvetthrecosiprising ti) acofal-yminced pblyderleotide encoding a human HER?2 protein

ora h(f_m A %ﬁﬁ%b%@ot&gr an(al%zh B%Lno%{‘ g[Fe?aso?) 1 eJl {?) the ﬁ‘l’%@leotlde (b) allowing

r-opera
a prewrvﬁ@é Pragyt qfeﬁmmw\ws2@@5@011@2%%#@2@0%0%@4 vector

compﬁglﬁ% h}eetr cRSREFmiedd ﬂol}%ucﬂé&iﬁ@ Eﬁcoﬂlﬁyﬁﬂﬁr{leﬁﬁr}ﬂ%@ ﬁo@ﬁtmﬂuﬁﬁn
i ng rom cancer  or treating a manmal
HERglgftlp |PF&§€“F raammma@%%fﬂg{}é@ﬁwﬁ 8&?0@ s ng: (a)
introducing into the manmmal a first vector
conpri sin codaon-o ucl eot i de teq >
enood ok eSS P Bl B8 B SRS B B e foms
“an,”’pnodtt ”nnchahdhq ilyralereforeocrnindsss thpeonédst gledrlyrdkcea_jestqﬂlmhlse
pol ynuc}\?ﬁ’sﬂe& gﬁeougﬁm g‘él %é?i’ﬂcgtgm &a ef?cﬁ'ﬁtc]%{rﬁg, E’n%%lﬁ)%ﬁ%eﬁnitions and
an f the mamdl a

of time to pass, I ntroduci'ng 1 nto
abbreyistigns@PRIECt or conprising: i) a codon-opti ni zed

p ol ynuctiRémteraniatidhds @ aeudBmtisiRe oR b el B:raﬂﬂ tcﬁwhlch the RNA

rotein,. and i r era
polyiiiisg Bt e mE TR e oi e comlerdul R stlymetie Ratate and drve
transmpecnai acmatty OThe&ﬁﬂlp]Iem cdnlte naﬂﬁ‘eﬂ g detivhiiigBquehdee tedmedftchincers” or

1nh1b1t1nFse uenceste 19 "s1%{1(i5]3 crand “"the" include the plural
nce ant € context clearly dictates

ot her wi B, teras’ cmm” tdfere togholeotidaor sqne stqupreathadis tabrkexpressed from a
Vecto@f? Qﬁﬂe (ﬂllc'q{u@ﬁotl(fet&? géng lséc{%‘ﬁc@ gn&gg&k metﬂmsprét@ﬂ or the HER2ECDTM
reviations erm"pronoter” refers
Proteme &gl 6ﬁasgqtﬁe éOIaPrlsss m&e §9pESE Hwtee\mt%m% “ﬂam in some
emboR A FES 3% Ges Qégﬂﬁt&)ry Jéqaenaésqusfessﬁ@rm@n@ﬁomdy dr g@ﬂd s@quence In other

ner ase t nit e an
embo AR tehe PAAGHA O 2008 SAEYos Provides Hsteutblcy o ra i s ession. Tn
furthdyymboedimeray, iy eseguerids sotherpdoryanuanes ssl'thonucleotide or gene sequence

provihég r&lthgf { ?ﬂ%ox&%?cﬁm%gc%? SR &r %{caﬁqgﬁ }%liaggrcc% 1Irlovid1-h gro'ﬁ%rterpfor transcribing the

e or ene sequenc
nuclepfhcbtor Benetsejubece @ngihe sudeptifig errgere sequentamrovidase trenseriplian termination

sequénfle TR ﬁﬁtohﬁ&qﬂnc&%h%@ﬂbﬁeﬁ%dﬁ%% VBtot ﬁ@luh’g% are not limited to,
protein or t ECDTM protein. "I n genera

enharls S BPHCED BB S0En S BRI S ARG AMOEH AR, trons, bosome
bmdlfiﬁﬁmwhcé&hinﬂ Poly(A) a84ifien %@ucﬁ%oﬂfhfﬂ@ﬁﬁeﬁe 1s RingMk ﬁh&;‘éncept to a cassette tape;

BAETE RN N E T AT
sequegge. gﬂmssdqhmstectpnemsde&e t'red B'egdd, tit msyetgeqmbmaeﬂsy ihgerted,

remol/etd%r %gﬁge%%%khoﬂoth!eghassgw ther enbodi ment S, the vector

provi des sone regulatory sequences and the nucl eoti de

or genelhsdéymeivecor” prfayiogeme pens by migh DAY frggmaaitp sem beitroduced into

a hostREanBYAFBbS tisdub CTHRCEOVarfodtyPesQY L &teorfinRLAHD fsl%mlﬁ OJn'us (1nclud1ng
transcrlblng the, nucl eotide or gene sequence and

adenqyipy) ueteriRPheges grtfes@idyiuence provides a transcrlptlon
term nation
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25 sequence. The regul atory sequences which can be

provi ded by the vector include, but are not limted
woQgos/@rFhancers, transcription term nati on SeqRENELS004/008234

splice acceptor and donor sequences, introns, ribosone

bi ndi ng sequences, and poly(A) addition sequences. The

cassette is simlar in concept to a cassette tape;

each cassette has its own sequence. Thus by

i nterchanging the cassette, the vector will express a

di ffer @l o SAYERGEaiFACCRYUSA iPfefdr&iRe fodbdovEhll v@&oﬁl deSibes said
at the 5° and 3'~ ends, the cassette c%n be eas

adenoyife gpotesithatzee walifgierndedicty e Jibeaeraia RS esors ypilly have o
delete@ asmfdilfied Hhgent edpitn; MAGEErably Rive hdlelerd soiEctiveadE3 pane region.

whioh SE?A 8%&3% n%)%yc ISISE%{W refersdtu %e%sm{}ltc%nsttﬁcPﬁ) §Jl?sed herein,

or gan [ ere are
compnitigt the Isimian MW imigepatasarlyd[E) wrameger (Withdhterdi g full-length co don—optlmlzed

N el e

sequenpen endiz ingvimal pRIE haglehgng (seq BXAMBRER)-t 0 adenovi r al

Vect or g Q%ﬁﬁ&e?WﬁhﬂERM opt@kefdie &t folé?snh@ ednstafc€ disclosed
replication-defective

eratjon ovlr
neciny Gptrsk G5 dpmah £yt hipesdsie-aty BELGroBP e A (08 e apeated codon-
optlm&@i‘l@mﬁa@g—lm geﬁ@d)nﬁih@i&lg fh2lektyacklanle aad Gelsebmibkany domains of the HER2

gene, &nﬁ%%@ gB‘meHF ggrgveed E)?lgad%n ;iltlog%n(g&gﬂs gb@lgﬁaq ﬂ:rm t10 se%ueaces and a

asn1d construct,
minintakp@C backboredsee EXAMRLE De human CW i medi at e- earl y

(1E) p ﬁgﬁé%e%ﬂ - V'1.f‘mf191@2 R 18¥els !1 cdn@tﬂgﬁ B descnbed above, except the

codon-optim uman ene, bovij ne%tg
constibgrcrppiiseee ildpe fdl-lragie h‘}‘P"’é’t geRE s eath wﬁ%ri opiyed human
HERALHA nation sequences, and a mnimal pUC backbone

EXAVPLE 2 ' ' 1J- hHE T t"
SEN e MG e Y e R
excep@thﬂ'ﬂdﬂsﬁﬂhdﬁ GOIﬁﬂiBedwﬂmqty&Mncmmm&lﬁw geye, @tlEﬁumawdgbr@rcomprlslng
a seq%f aléﬁt,\eo?g%s at encode @1% %}Et%gel gr[q' tra}xgg 2 anrlg' d%ﬁx%ng HFHEHER? protein,

e ex race
insteatl pﬁmmﬂemﬂgptameemﬂﬁnaﬁ;l hgman HERHERR. gene, bovi ne growth

hor monepd %Eél%ﬁ > ROMRRICR AR QB:, ’a‘FMRkﬁafl-ﬁHERE’E@m| opt” and
term nation uences, and a . m ni mal backbon%
“MRK AdehHEBMRY Eofoy to threreogudipig:iclogid heppip. ch ¢ B A5 adenoviral
genorhEde®lil Irehe® 1GRANESL Fdpidns.aH tﬁ%ewlb@hﬂbm/@t” eonstRyat, il region is

T RN TR P
controlb€a B@BIngIMVippomdter Withelt HiERa ACHIoived by & bévaresgrowth aormone

polya %19{% 1?nu Ct ?Srh%e‘gﬁ{lélggqtkﬁigﬁégpggﬁﬁ?e%s&&ﬁs %&@ﬁﬂaﬁ&' 6l described above,

g% Wl gene, “said
except thafid a¢giah of Greed dScaepmiesib rrglaces byapadanceptistized @@P@@E‘uvsfé@n of the human

HERZ %ﬁ’% sgiﬁ‘ﬁg &t&h&l@%ﬁ@&%ﬁﬂh@ﬁ sciéhct bARSI¥BIHRE 8d€encode the extracellular

rotein, instg
and ﬂ@d@@ﬁn@@mnmdg@an% glithe e AT E%%éxa%ﬁaﬁ%w gastruct is
essenfilﬁ 29 G@s%ﬁl&ﬁfabodm tHe HERZindf the AdS genome is replaced with a w11d-type full-
HER2E MRKAdS- hHER2. wt " ref er
hn@%hP?Wf d%ﬂ?ﬁ?ﬁ §88H%§@$gged herein, which conprise
an Ad5 HEeeaovieffaltive genatienaded sffeienbfactihecdaipoaition Eantroduced to
producg“ %eo@eqluat!e ﬁvélp 5 thé\@%qgnc{%%% Pkl @&béﬂé@ tesullsh®nEkilled in the art

recognizes that this level may vary.
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repl aced by a codon-optim zed full-Iength human HER2

gene in an El parallel orientation under the control
wobomomsaan CW pronoter without intron A f ol POwed2d0y/008234

a bovi ne growt h hornone 25 pol yadenyl ati on signal. The

" MRKAd5- hHER2ECDTM opt " construct is essentially as

descri bed above, except the E 1 region of the Ad5

genome is replaced by a codon-optim zed truncated

version of the human HER2 gene, said truncated HER2

gene Campfddi-RehtBer?CRRANE Sotﬁfthefﬁfbgﬁtﬁ%htﬁﬁﬁt dnf @topRy18mid Or

t he extracell ul ar the tran nmbr an in
proveR e R o AB5E O 1ecd Ao IRRABE L o7 Ty SOt & el o
those BoERhad thy distddes tbidie dhib tealisosierpd bet frevellled.r egi on

of the Ad i s

30 | engt hdssiﬁ’gcﬁﬁ ° ﬁg@néggnutgaﬁg&gmﬂbg gefg%ﬁ%éﬁl/ %ﬂw fﬂ%‘g methods or the
vaccitte@ am itnafufhegehic\cemposiions deseribadhbereing This tesmtinoludet¢hrenic and acute
d1sordl‘é1%'5p? §éagn#sq{$ﬁ(§n§ tF(gs[é g&m&lggcatl %ndeoQNPﬁ@h 5R&isRACAY BlaBmal to the

hat an I nmune r.espon ?
disorderwig ghesgon. CHhe xnglquﬁ @ral thfhvap%es&f fhe PFeSE JHFRL08 afeﬂaf@nc{eﬁ o the

treatrleBNVG2 i sHRYrs ¥ AEMditiBns MR odRAREB A 35&%nﬂ€ﬂ_m%ﬁc?&a gﬁﬁesﬂ(’oﬁ or
c.lrea

. ter t ment ey
signs R LA PP o it BV at TV RERR I b o G ancer
n eed ofA tdoﬁm-\rmm antineddimbgting®e” wfare@dye replademettef one amino acid

res1du8 :by ot o%em% s';'rgﬁah HSI? a%l 8&1}% tEQarQ;gé/s%fg&% cghs%%raf#\%r substitutions

revent e
are: subdmtsmmdé ohe hirephygbie tssidie @@Wuﬁlhfaieum@ Ivéllll?e?féﬁqthloﬂlﬁﬁ ier another;

substihtiGR5 Bl %)01\94 Itegldﬁqur ABthBg %ldﬁ@@f th@saﬁﬁ‘éﬁdré’@% .g3Rfbinine for lysine;

I mrunogeni ¢ conposi tions descri bed herein is term
glutamlﬁé¢lé|8§§sn9ﬁlcc§*ﬁli and acute disorders or diseases

i ncl udi-ggrRbegeanaaheRDeirc@ker ﬁﬁﬂﬁjrﬁain@ﬂiﬂeﬁﬂai @bwth factor 2 antigen and a
predi spose the mammal to th di sor der. L0 question.
humaq'ﬁ‘éloﬁﬁ HBige J @%%%Fﬁ%’ég afigen FSPEHEL SNt i nvent i on _
are i nt“ﬁHERﬁECﬁ]DTMtWté andt ‘hEERABOD TME opdli refor Wertgmneated human epidermal
growt&'%ﬁ%f 5 Iar?t? 2n REP &%n%%tgcghﬂ%a'h Qo@oplet{pﬁﬁl%d ep1der1na1 growth factor 2 antigen,

SSOCI a essl| on or

respedtivellyu ahentguncgj:gd forms @fd{E]jgy“hHWT%wt”mné 5]@[1119R2ECDTM opt,” comprise
the ex@rgéeﬂﬁﬁpélﬁltran&?c%bﬁ‘dne dofMAY df %ﬂ: hughasl HiERD Qrcﬁ@ﬁl cer. 10 A
‘conservative amng acid substitutiaqn’ rs gthe
r epl ac EeiRrmomageliayrefers frany mampaal, d’EFéu‘%‘ig %H‘Hiaﬂ poe.
chemi cafye¥bistmitoarAganfertoas bttigeesi due. Exanpl es of
2 ﬁ g h h;:/ gﬂ% h%%}l%t}/olxe%i&g’f?tgd I‘rfu&% g%eé toaarnean 1bo%? %Bd ; Ilﬁglllq%[bnglfantlbody,

resped@ivelyet hi oni ne) for anot her subst [ t ution of one pol ar

residu eFtIe%Ebr@\ﬂ%opg‘P 0] Bdrs -85 c&gﬁregémé ﬁ%né@f‘ﬁ%eﬁ@ arge

(e.g., argrnine yS| ne; ut am ¢ acid
aspartic acid). 15 "hHER2. " and "hHER2. opt refer to

BRIER DHSCRIPADINASE MBE IOMNGS actor 2 antigen and a human
codon-optim zed epidernmal, growth f r 2 .anti
respectilGEIRE 1 8 HWE‘I’Q?E@B?MWWE’&%O P&W&ﬁﬁ@fl ggl?'hudeonde
(hHEREB@cr SE®@ IDNO: Diga tredddd hmim EPR2protel. SegEKMLﬂE&ﬂc tRanel B shows the
e nd atr ted c zed
deducgg) [ala&o ? s%qugw ﬁ%‘ @18 hyrtian ngroteﬁggﬁQ L9\ pec)t ively. The
t r unc at BGURGr nhow$ thHE@lﬁcﬁw@ZE@Dﬂdpwﬂant%@ﬂ epitopes in the human
HER% &B‘E{Sﬁfb&%}%@p 1épd 1nt%35mﬁdr §t§1n%% (A8 afatsts2 BT IBA Rlce dRunized with

omal ns of the hurmn ER2 pr o}el n.
Ad5-hHER2 were analyzed for the induction of human HER2-specific 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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The term "manmal i an” refers to any mammal, including a
human being. The abbreviation "Ag" refers to an
wa@nbisgers27 The abbrevi ati ons "Ab" and "mAb" ref PCT/ER208W008234

anti body and a nonocl onal anti body, respectively. 25

The abbreviation "ORF" refers to the open reading

frame of a gene. BRI EF DESCRI PTI ON OF THE DRAW NGS

FI GURE 1 shows the nucl eoti de sequence of a

codon-optim zed pol ynucl eotide (hHER2.opt, SEQ ID
severdl@dbperidbat exefiawale SViiusrare ddfedsed Eﬂhehlﬁnbeﬁéﬁp@féd’pﬁhﬁcolomes

(SFCfﬁ(ﬁﬁﬂtal ngfég?_?é%étsur oa{.:tg El)of:i ?A%Eaéﬁgr & | ngx)esa elﬁq'%b e% s %Dsence of peptides
(typicatelepsctban 1|0fSF€é1t0i6 dmalcsplemqmtm)o dombera ndrrefbanding tempre dpedhree times the

backér(ghnh Iﬁ%aﬁmﬁ] conﬁgi?xﬁa{rf?én vﬂeii{t aﬁr%e%? (B-Eptﬁﬁg were é:o?rs];dered positive values

I ntracel | ar stal ana ySI S.

and aiemweziew b%fiﬁaﬁ: FA&SJS@Q?HE PreCRA aT'ﬁ%lbi?CIP%ﬁg ¥Ney was measured by ICS.
Data #igyisieh hﬁé@eﬁi’ésexh&tm Rf dekrar 1§M6ﬂdfehtcéx§&irﬂeﬁis aNahbIRe bdpYessed as

NN TN ST R T = T

considpraiijpsitiod andSnditatd if boldtaceatSeghendes élibembassatbyoth)é Rowhor by the single

s 35000005, 9 3495, 50 3BV BRSO g i e
the htg@néiw irefdapendent experinents. Val ues are expressed

as the mgRers sﬁf)st'lﬂan VilPs é%p%m&%ﬂﬁm followiitg hzhOBction in (A) human
total splen %?\ét es, subtra t he background val ues

embrypaicdiidiey, BFK 373 crlls 2a Spousomy dlastsi(#Ed- Deteyis exaiepsyd psilie geometric
mean bbb cHBnSHbende Gloa] wisipd @8 ﬁgﬂdl B&kratddBbR BRI etpty pV 1JnsA plasmid has

v SBLTEEAFEAS, PR AR S S8 Mr B U,

pe pt | degGUREet shomsthel gurachepaportst toehuwah HER25n BAUBarmgice. Panel (A)

showg]_t'ﬂ F@J‘n C r 1 e? %E%E %ﬁ?ded g\égﬂ?raglgg %r?éggveg%F@T %E compared to wild
type BERD | dpwd a@rr@suk%qur@ g@mraftaiﬁv@ﬁﬁurms, pehj canpepisirgisiotmice, with

plasmgi(iﬁ\@lrﬂmswt fyg{rf H%Hj_@/eo E@[@/ﬁ&‘@ gle@t%lnjé&&gfég{el GRreps muscle). Two

CD4
weeks affer, b a3 igigefiont ﬁ%\ﬁe%ewwé HaN- pesieting & cell 1‘b6‘§?%e|591§n°&ﬁf65 was
deterrhinél Giatredly EDISPOTdEAE sindSeftidd GRSu 1S3QeNFRBIS aﬁldamgtafm)8+ epitope),

wveoftfi o, Boac i BEnRinRgicDs Refnsl S RE R It oty S

epitope]. Resilisdrac?.d xl6samiuiex WP spldidcytésewtily tvmrepiﬁﬁ&omm apionnt tested, are

|
shovﬁ? Ozﬁé?% ﬁalﬁ%ﬁrg&?‘% agﬁglta}tegr}])y |S]¥1 tr? ??é@l&eﬁo%?}l&g?& ngﬁeygl%mgd in the absence of
peptideitymatly dess than HheFQ/H)° toipl splenery 5Bl Rgpults @@wxwis@asdh@number of
SFC/ @8 RétRSpekbcoRs. L IBeI1YB inet pVIBARERD. obii
'cr egc r;:ges P oe Q\AESJ'EB‘FVE ht p A eneﬁﬁ{i\;@%‘gﬁﬁcanﬂy improved IgG1
and I%#ﬁ e’ifwg%?eﬁmagwdw P EHERANE e aies e ool atweek 6 (s
day be:feﬂeltls:, ﬁr@tamﬁluﬁuzamn,qfrﬂmletcz @tt weektn grvelvideled ABLCHe Dbt 1@E&H6H) from

e L N e
antlboslh titess in Hetpoclediseme fbcpn Eavh g@dp piERRe yier| e shrei lgfrEIfISAamng the dimeric
extra—&éfﬂfapﬂcﬁgalﬂflh‘s?@l% ﬁ?r e | M&%%Il%&% gﬁ é%nj %tic? i-mouse IgG1 or

hown are re nizat i fou up )
IgG2agpsseddprgeteed erpdimpyseAnteediaii t h - pl asmi d pVl J- hHER2. wt
or pV1FHGURRS sBits A pRPhEes 6f RIseEdcHicN-@utr&PotsB eid@d in mice by
immun li'a%%% IW% ?’1%&5 el)xd AJ%"ﬁERZ 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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weeks after the last injection, the frequency of IFNvy

secreting T cells in nouse spl enocytes was 20
waoedsomisned via | FN-y ELI SPOT assay usi ng pept PAEEP2004/008234

hNeul 5.3 (aa 63-71, including a CD8+ epitope),

hNeu30l (aa 1202-1214, including a CD8+ epitope) and

hNeu42 (aa 165-179, including a CD4+ epitope).

Results from2.5 x 105 and 5 x 105spl enocytes, with

two replicas of each anpbunt tested, are shown.

quadné%}ﬂ?fnﬁ&f‘e Maldéra b‘()@fe&n@ﬁ kigh1 At R Gr Rjth AIBHHARR WAJAL Ieweeks of age, the
ackg’r ound | eve

determned in.t
g B RS e R AP eSS S EP G ST G0 | Bigs from pools f mice
using tﬁ@f)%ﬁ@éé)ﬁicﬁ@)ed Betaulisphystererepregnt sed sesrd independdné expefiments.

FC/ | | enocytes. Panel (B) shows that
Val“esgﬂﬁ ?T‘PFﬁSﬁ:@ %ﬁ&g}‘ﬁ@r ts a significantly inproved |gG

and | gmmmaml Ag éwe s eudentide sestlence owoﬁompmzzwpolynucleoude

(hHEl%%F I]j’\ﬁb @%Tﬁ[}% 4n@&fe§g trifcatd® ﬁifm:ﬁl Iﬁ]@l@_eproféﬁly sald protem

ni zation, pre-bleed) and_we
compr(sm@w@a@glhdma@é trpnsgembgspe domainsiof B E%detel& %Pﬁg a‘?owzf a second

polyndaeglﬁildéa%ﬁ@éﬁﬂoa&dhé’ﬁxtrﬁbeﬂMarland tridERhbie G6mginé of the HER2 protein, the
opt

second ml){nﬁgecﬁlgﬁp r§g1|ganIEI\IA e eg\g#O&& g'sggu%g?e% nVE’thtiloh e }wttbgén codon
optimiFRIAEHERIECYTNE vt FEQIED NQ:10he di neric 30 ext r a- cel | ul ar

domai n F’g._t' I%E_E%VJS HER%[lﬁg%} th%%elt {%@%Ed ﬁgﬁ&ngﬁﬂdu%d in rhesus monkeys

AP- con goat ant’ - nou %135 a was used
1mmumzeddemaamxmmmanmdwl@mcpwmgégmaﬂm R2hbid agd EpCAM, said

plasmlﬁg Mmﬁig Bu@dotiBd &autP&Ghd: bie c&idﬁ%fhm[z%& RR B@ﬁ I@Jel &dpﬁe@ﬁon in human

I muni zation W th
ecls. (g W;ﬂp@abﬂmﬂ e R VEAR B Pé&eﬁéﬁ? R gprossng the wild-
type sEMEACE Kpéa6§§ﬂ tHchfe@Tanti'éE@ Ctil-adiiert atmas riporke dzexted against the highly

homolléé%g i 1 ;:tgbe%a? sn@cf% ¥ esl\l;{gltélhlg(%g ?1%322 é)roq éin Wﬁ£ r}xga%gx)e% by\ﬁﬁ\?
vy ELISP¢ievbiyRAitinor &dAedr5 Ogheose ¢Xprwpeécas 8HC/ 1ﬁ PR Cgsupimrcted of the
backg?o&lcf u]ég g%errm CE/ ﬁgglg)?écg %?ﬁ%ﬁd&u Q’qulescxgﬂlg'h H‘E‘%‘é{uﬁ):anﬂy different (p <

rrcal sti [ation or wt
0.05) Mﬁbtﬂ@ﬁgndA@s mmsuerlnwg@q:(@ e@zfen@g@s withqut aqﬂgﬁxggpepélfiesb p}q_}ygher than

the arbléé‘%i gog&g}nggnkl% Jg%g@gcﬂg{s ic’:}gl\/f(‘?aie iﬁ@%iﬁécgﬂn%eﬂfda% ELI SPOT

usl . .
| n dl C aﬁg@URlﬁ)glsg)wfl aSCﬁ{na'Sl;éean gf-the ?eéld-gcé]éaéeﬁl[ s%frugeeresqonse elicited in mice by
1mmu§@éﬁ%ﬁ hith pNUEREPRIBME arDpva ﬂ-hHERmCDTMa)bu e&las efexpthe Sisqubncy of

IFNY'?FE]]@ tl%%p&ealé Resg aﬁlélﬁaé'éreé;# Rngng&n cﬁ\ H}la?gga% detrggd from three animals and
are rejredeytatinel of sdviedBind{pahieROEZE GG {V; alu@E@a PIDreYRdgy SFGAHPO total spleen

cells, su%ﬁ'gcqgisof ‘aletbtaﬁ%%%&? Gt alucs :HFt@ﬁ'nk@a% EQbLhof §§Hrt1‘€1e§9(b% c‘ﬁllﬁless than 5

ul ar an t ransnenpr ane
SEC/ 1@? splbﬁa} cplmz\fgip@tvéjlqh argygraficapthsdiforent4p € 8 0ghom background as measured

in conPrQ &B&ﬁﬁ&%tvhﬂﬁuttaﬂﬁéenﬁ:%gﬂﬁﬁ gﬁ(ﬂ%&z B?gg{rglfag:ﬂ?]elﬂﬂ?fﬁaerﬂﬁ gléogeg;] tgreshold of

rane domal
25 SFEGP@PRR@@BQ%%“%?%EPQPH §owi | d-t ype" nucl eoti de
sequences, which have not been codon 10 optim zed

g&gi PSEEF gﬁr . FIGURE 7 shows an
DETA&EEE%% }MI C nme f(% response induced in

rhesus Hamhey@ermammhz"@qﬂor\& (hIRERR)ris somumaealypgssacipgegavith a number of
differént g&%ﬁ oq‘cturf:r‘(gp f &?ﬂﬁr%qyrélmnﬁp LA ondHE1RR carbiabmay) dfhe present invention

ds _conpri Sing nucleo i de se

reatey fapmnesEionERITRSINCS 1A HEHOT RaTKF BHOFEYEY s;&?ifeé%@r) i fpressed by the
hHElﬁl«g@ﬁé" wh&@i‘n'aﬁenaﬁﬂﬁi%p@ﬁﬁldiﬁb SssovRit@l wiktehe tamdinomhazedts development.

Assocwtx'oa OP abtcnrr'c)l(r}t HﬁER? expresglgr? wit g ca‘é&%n‘?{ JoeS B rre%%lsrcle B timclg faER2 protein be
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15 type sequence of each of the three antigens.
Cel | -nedi at ed i nmune response directed agai nst the
wahigloy2s2honol ogous (98. 2% sequence sim | arit ypcT/Res0%008234
nonkey HER2 protein was neasured by | FN y ELI SPOT
every nmonth for one year. Values are expressed as
SFC/ 1 06 PBMC, subtracted of the background val ues
deternmined in the absence of peptides. Val ues which
are significantly different (p < 0.05) from
expreRR@Tils GirAdidsue aﬁallf't&@éspﬂir&ﬁoﬂ i deeitpmeht, SxpadrinaEHER 2dxpiessidn may be

t ti hi h 20 t.he
prese oo LB CRPGutor or OB eedrritT e e
i ndi catTedhis mda gintecBNARh(BIREES 8r1csﬂnogv_s ﬁ;il lcngtphlrm@difﬁlb? protein or a
trunca.'ieta%ul%glll i—IEﬁE ﬁfo@:rlr? gefé%g ﬁﬁéﬁgmlﬁmﬂﬂ'fﬁ' &€ Ero'vfaecfn €81 Phcated HERD

I nmuni zati o

comprpmthe FHERS DTV f@a@ﬁmemlaﬁ@é@meﬁ ek the Brmand IER2pyoighie fhe podons of the
synthé’u% M\T&ﬁﬁfeﬁhés&% &Ql'gﬁ&lrbo G€loluSe M8 coRASHERHDYy tﬁébt@fé@-&i host cell, which

| ayed re de ed from ani S
in prefeee? akaaiee Brasagly e Swwﬁeﬁéﬂg%:ﬁ s BRBET B v e e B¥clopment of
plasmMedabiSvaddites et(ﬁbcﬁﬁlﬁﬁmlt zﬁﬁncﬁlﬁﬁé kﬂhﬁ:htpﬁdvaie effpdtive imAbnopedphgaxis against

HERZ-aSSSO&?gétcgr?cep tieuo%lghe eugcl ! oaHﬂfo'dg g?dé cseil r?eﬁ;a?edg}nmggé n]&ng@?nthetm

molecsip menbaekd @) an 1Mmlumn1wwm1wsmpe Bhigimivéntiomprolvigdes polynucleotides which,
when gl'réctl fq%ﬁuc@@ info 'Qvegégrage ;ﬁmcb AKG e YR hmASubE AR atdhumans,
cont experinents wthout antigenic peptidés, and
inducghe expregpian OE matfied BoteRpEThIdhs 1Ymehosen t hreshol d of
25 SFCTHEG/1a Ry RemEEHER? Rlicotiddlegithethak BeddQbribktad € ouskens et al.,

| PTI THE uman epi der nal .
s T O NI e i
syntheid N mofecul el ehéaelirgrtbe il iagthdiumbnHBRS proteis lov el irmgrated human HER2
rlan I
protcnrlfrl-gE’S:}?r]]EiC TNV 9 I’lSlI%qﬁé %}Jtrgicellaf[apan%%ag%aﬁﬁgagln g&gﬁgs ofﬂ?—%Ré The
synthatio nwlldcules ofghe Iepﬂqmm@nilonmmpw atseqltehee o meledtidesy wereiatat least one of
the nuEXPERS REDelYa1:Rg so NHERS tﬂ@&@ons%&?&d%y%@ﬁﬁﬁ@%ﬂ {EMng for high-

expression 1S associ at ed car.ci nona

fevel QR ORHBHERS SEOIERAIIN o7 DRt et | R Betic molecules may be

used a@é@&@&asdf@lHEM bhhRERZHCH T teﬁiQ Sichdlaybe qsﬂdﬁﬁia tdnadr vﬁchﬁhe to provide
rot i.n.be 9 5/ 27 .PCT/ ql/ooq

CffeCtlélﬁ mg@‘g@p HM?WIIDS é'lssgt;la (e parpinomas ne ?‘a Z{ng antibody and

cell-madiuied opmerity, Aisrmaivelys the byntidiRRopresasayi h@mser@} thpebasis of a DNA

Vacci&r?g&pgw%v&lﬂ{gr initiation and not be detectable late
unor progression or vice-versa. To this end,

synt hetA SripiiA codsneé fueroseble suslengidabased dan Peipige AVas frgiant forms.

BecaubtEiREseRb&InS | bf&vﬁ@ tHe metsiagé‘ﬁﬁb E§| 8¢ 20 iFRRnER RIRYAI Well as transcrlptlon
referred to herein as CDTM

re provided. Said
mmattopaﬁfktseeaat}qehzomesar%wwé%b&t et T DBar e g phenomenon
known #s2jagsEeimaney dBératddsns@bt dob@lehlynmidedsiot?, aperditivie Bodohiigre not

oG98B SN IR 0 P o i
variabteatabural\ierathy or fiprpleher fedetarbadomen spscifis typehofinglis. ¢ dne example,
the amg &’1‘8@%1& %ofegfﬁla(f%p;l n?gfggbﬂecouéﬁqn&% (%(If‘leA CTC, CTG, CTT, TTA,

opnen sed vacci nes reco |nan
and T"é@e E@lwstwg anawsaf gpogyicedondrenesaeipy for minmeAiEABiBIs ge YRl
endogBthAk DNA ofHER)r @6 @&hﬁ&&ﬁc&meme TG RUahe-gRuitiRd dodbi) gvhne the DNA

oS S e S T L e Syt Rt 6 10,
hleraraﬂill, # isl gew@sily leteved st tle Ekeghibdbodruf obteiningdéxd levelsoli pxprmklem of a leucine-
rich pgl %n%e %’ annEt cc%dlﬁjo%%gﬂlcaﬁée%d% Sbitle e?t%ﬁt%%@hcf fﬁe Xén\é bf codlg)]rause For

as primates an
the expressi on of encoded proteins within the ani nmal .
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The wi | d-type human HER2 nucl eoti de sequence has been
reported (Coussens et al., Science 230: 1132-39

wO 2@8mB)252Ki ng et al., Science 229: 974-76 (198B(}/EPId0008234
present invention provides 15 synthetic DNA nol ecul es
encoding the full-length human HER2 protein, or a
truncated human HER2 protein, HERZECDTM conpri sing
the extracel lular and transmenbrane domai ns of hHER2.
The synthetic nolecules of the present invention

exam;ﬁ@ DR 188y BatSSIHERGSn PTARYEINS Y41l BSSooryBeiQkdd iRE. éo@raﬁhereas a CTG
of the nucl eotides has bee

rich e¢nivevil gesbFdY b ghdy Pgeseri i iR fiostn E%‘Hﬂ?/f 3 Irgf e g o F?@ Expression of a

IeucmE-@IE:h polgeptidead 9basm@|@rces§wandbéTMER2 or hHER2 ECDTMin a
uman

used a g'{ }glleil?,tﬁ.:o'éls 3 co‘g%S at mee%tlz G erI e eco lréél%lﬁD%%’]tcchﬁuques are
manifem)andb the mBMrnbmvnanayarmwe to erxabmr nmxylpgomﬂjwsde achgtfvfa él(g_h| eygpression levels
of exo{ggqgg gﬁ%@ﬂ’rm{éc ﬁgx?s'fd}ﬁlte%m&'ﬁﬁgamocd 1@§s@9re?e@1re&> d &@Gﬁﬁ’ray be

neutr ng ant i cel | -nmedi at ed
repeatediyrprepenyin thg m@ﬁﬁ‘hﬁn@ andthe hrréceélymch@ﬁrwéorrrespré%stﬂné%aymayoperate as

efficidAfy. Uf’lﬁﬂp@ﬁorﬁéh%n Q@g%bés 14t sPnthING gentA Ghich ‘ﬁa@%e&ﬂ&@i@ﬂéd td $nclude a
vacci ne, e nucl eat.i

on of. faqur
projecradiont cclinieerved imsgueeean ptnridim Sgpen seish: BaEHI  racticeof
recombheSONAD dsﬁ]i}ﬁqq@ﬁ OVhud e)nb bpecro$ thirgavehtion ioahym@OHER? fane ¢t is codon-

optlrn{zgr? ﬁ;{ Hl -leVﬁl)e %rsess\{\cl)% ina ﬁ%rgénac%ﬁzg d Cﬁgfergéh enlll%h{gl ﬁ{ éﬁ@ ﬂl@gntlon it has
been flomrdgthit hlmusomfealt@mdmcadqm ervofiog the sammmma;eq@@@onay remove the

consﬁ%%g%ﬂ@%%@%ron BPE oﬁ%ﬁ@ﬁﬁEWmt@fﬂ@hﬁﬁﬁl c¥11§J nagtet %9&)1: of this invention

ternative CO ons _are not uni f resent. In
is a trensaled Bnend et hHIEREECPRY. thetie §°d8¥‘ op}gpngi foy highs E@é{el expression in a
humaﬁ H&s[ @ellaﬁﬂﬂﬂfn@at&pﬂm 8dne Bomprsirigahtieotids bedudtlcedth@rensdaio yhe extracellular

eference or ain codons in specific types
andtrﬁ)‘fsmé ll'age domaaing,of L‘@’%ﬂﬁﬁ * 30 the anmino acid leucine is

speci fiig dccbi}daﬁjﬁyfvlmfthls mneﬂﬁm tholdome HERG gaok segue@detgnd @leQyuman

HERZ?&?TI\ETene e uence v%rredco;[\)- ﬁ‘ed Egntag)ﬂﬁéléo\fiﬁe ?eﬁ@én}ée%' }ﬁvﬁ% %ﬁﬁ@f@anslated

nc es for mecr anli sns as revea
sequenesdl @@@n@wsd mlcbrypfequmlents,rhyswﬂle aiermstivg codemesaghas desraibed by Lathe,

“Syntﬁ'g't_g‘ dl{%&%icfé@ﬁ&a%&ﬁe@ b'e&lﬂe@ﬁ’rqg %mlfﬁh)\rl:l@ SEcﬁl‘é‘n@M’ta PheaY&R8taid Practical

Consifesptiqnpe /d¥eleq. it 453 éda S1VE5) rr%l\rh éweegy tfﬁP@mani by sfepRpe. The
methddblo,lﬁ geﬁh@rﬁﬁ?1 é’dn'sfﬁts beldeeirade tddaks ih iR vhldklﬂbd daqmdceaflat are not commonly

aSSOC]Fl ee ng I&)\ngxbreeﬁ?ﬁeﬁgf vel a%rg%%s %&(g SI o{ﬁe%vrflﬁ oai!52 mgl cagcfns ?or high
expreSsivifen Buchartello rSatdh@nmale:qdmm @xe reﬁ:rrcxhd bereinse “huﬁmn pi¢feri@” codons. The
new %%60%6%%ge§% ghefjl3 qgéelt:rp 8 9&%@e§§%§s@g&ﬁ%§%’a@ratédtbg cadn rgﬁ!w)éments (e.g.,
“ATTE¥Np rsgglg]@@s, |1n¢d1r_erte@t@rqatlowfé¢tgy&§plgpe@p@m‘mn@ﬁe@ ép]\@an\;ﬁq rgstriction enzyme

sites, Hl LR B oYteREethh, Q{hﬁcbésfaﬁférs&ﬁl%ﬁés b8 eﬁﬂfiin&eéﬂ@ﬁiubstﬁxtmn'o@fﬂe)émstmg codons
referred codon_ for expressi euci ne

with QAR pAAPIEP TS IPHE B GRICETh § DOGHBET eoT At thn tsted for
improve@éxdpfeddiéons of codon preference phenonena on

Lﬁgggbn; Hleﬁpé)DglA%e&r@gg flb l\"/g ;Séfeli%iggedsr%gregte Fs;;n%hehc Fene s&{}r@noe; for human
HERZzaldihemen HERPE@XPlasgilting ih ﬁ\]{ldblgth ofd tem@@mnpg compiésing qedons
optlmleé&‘ ?o?%i?gﬁqlf%e]yexg%mflg Bﬁjﬁzgl J%ﬁsc' tWﬁ'ie&ﬂf'éb%mé @cédﬁé%rowdes a summary of

r epeat resent. in the
our merhg@lmcforgceﬁemawdwreptn@éqd a@érsrfornﬁ%wr %@eyvqcapes it is understood by one

skllle@ ﬁﬂﬁ@%ﬂh@t"kuﬂiﬁﬁ‘ vzﬂﬁine @?iﬁ&c?toe m@f;i:aset& b pr&skionbt génesTrhzlyGae achieved by minor
henonenon suggest s at.syntneti c gen
varaBS OB GAE T B e GHRIES yofoabyin Wt "E0r 08 e willaso

preferred codons provi de an optimal form of foreign
genetic material for practice of
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10 reconbi nant DNA techni ques. Thus, one aspect of

this invention is a human HER2 gene that is codon-
wopidswised for high-1evel expression in a hunapctTepbioos/008234

In a preferred enbodi nent of this invention, it has

been found that the use of alternative codons encodi ng

the sane protein sequence nmay renove the constraints

on expression of exogenous hHER2 protein in human

cells. Another aspect of this invention is a

recogﬁfzmﬁtaati@ﬁom R Jﬁlﬁ%’&n&%@be bé‘lﬁm%rdvf&tfoﬂ 1SgtOleebybf hHER2 or
timzed far hgﬁh Ie

ssion.in
Erg BTN irerst e ALY A SRR BD e A molecules
are ccﬁleﬂ-uptﬂﬂle& tThahudéic adiemblaailaxf tha pesksdntiinaentioamct substantially free from
ther | $'C rane domai ns of human HER2. | n accordance
OERIYA° 9% i nvention, the human HER2 gene sequence and
t he hundggordidERR E@Dfrwrg awention tliesde 2 wanthetie pelyecleetide qomprising a

sequeﬁg’el MGt quoét?goﬂﬁl?ﬁﬁ ?IE‘T@\f)kd't‘&n 'fgxefﬂﬁﬁqﬁ@l thd ﬁlﬁa{hﬁlfﬁ;}@q}mtem set forth

uences as conpared to w | -ty eqU|vaIent

in SEQ) Ing QiP5 e hipdogically ardiyp fra@%@é%{%ut%ré&w & dumgn HERA grof% the

polynu&cﬁfd@ 8dquéncbld H@'c@&ink d}ﬁlﬂﬁfd@b‘&&xﬁ%ﬁb\l&ﬁﬂ afhﬁlﬁﬁﬁ 1Yt rBaid mutant
and Cth

form s A AP e, ] e S e (o] B TSt 3B asid sypiafions, amino-
termiha trigatdng, dattogy-panabladinkations fldetons, er Adiitens. ndbshsudio biotpgically active

fragn%e 5@1 ﬁlxtaﬁt%ﬁ 'eﬁcioﬁe ? %x . éjgrmeinfo\f otk m‘r%g% Tt \'«Vﬂ‘icﬁ g’t%ast sulastantlally

pe seqguence re no assocl at e

mimigd thmmhnnlglhloglcé)ppqpe@@eelf thmwvg@ﬁté@ ag Pl fqrélpn SERAR NPi@mihe synthetic

polyn\%lg{hdgsoéf'tﬁ%lres@ﬁqﬁ%ﬁtlcfn%ccme HRNL¥PIEHS (R ekptedd W tional human HER2
opti mal codons are referre %m herei n as

proteinigp AsiR-bp BEefid it @E develogaat of gtherapgitin aypr HOHRIEH YBCoE-
then i n& prRE:RA pblofuclodesifiRdrsaq uteanka igepdymtestide)tomprising a

cod Jace ts
e
polymuitlb@ile seqooven t@oprisengtcpdans Dpinmeﬂdzfynmpre@meg a hhmghhc@: A particularly
prefeﬁgc{}};so?}@g%lftﬁﬁitg ID%) the g‘l;%ge%}:fn(z&%ln? c g K &@(ﬂ.\eﬁ‘(feeof %lxélgﬂltlﬁ@st £t forth in SEQ

e eX|st ferent
IDN@@dons coding for the sanme amino acid. The synthetic

gene s eﬁ{é%?ész%nt fi’x{v%nﬁd?ieaﬁo tr&z%&sqg a Eﬁﬁhetlb ARy 880 molecule (polynucleotide)

expr essi on. escrlb above r
COmpYiging p FAPECE 9frﬁ“ﬁ]§?"|1dés ¥ lﬁ% cig b?xpf?aﬁ?amﬁ“?rééggmmm for
examblé neaa e ECRRYh HBRS\Prdtéin gs Seﬂfof'thl lirl SE@H]}JND Aodla truncated HER2ECDTM

o 53551 BB AOTRY T SRR A0 RS Wb et

acid qnolerm@d of the pregant Gieentian suewndomyoptifizedfor hmh{IW@U@PGQS}OIf i human host
cejl. d€si gning codon-optin zed genes for use in cancer

vaccines, it is understood by one skilled in the art
that sifse ieludesewiiethesqope aidhe Besenteyestiarae esdor-ondmH

polytﬂﬁle&ﬁi@@&n%ﬂm & s@ﬁ&c@@fﬁ@ci@?ﬁﬂ@s het endle \baktid HBRS poRypépfige that has at

N R S e
alterafGI/ @BZ@@M@U@@BMOﬁ%W@@a wheatin A di the pagimumNamber of amino acid
constructed that provide for high
dwnwgvkﬁgl%?mﬂﬁéﬁ%yﬂlfq ECDTM expressi on i n hunan
cel s, MnereinXehlby a portion of the codons of the DNA
in wHIE XG4t Sotal HRb&QH &AM REiHd 1 Z8Q. ID V@2 /uad [Yehag a&@lud of 0.90, wherein any

non R DI G 5 P TGO e SHSGREB AL g il produc rom

Xa. Pikesied)theipregent trivention @lsat@dentpdatas ceduntdptimized nucleotide sequences encoding

weriael iy R RER oo R e Don S ERMRIC. 1 R human

HER2 protein set forth
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in SEQID NO 2, or a biologically active fragnent or
mut ant form of a human HER2 protein, the
w@abosnumskeot i de sequence conpri si ng codons opt POT/EREH04/008234
for expression in a human host. Said nutant forns of
the hHER2 protein include, but are not limted to:
conservative am no acid substitutions, am no 10
term nal truncations, carboxy-term nal truncations,
del etions, or additions. Any such biologically active
fr ag menThegnekentrinventi@ndsowtlhtbs to neotidinemttvBeors ancpﬂ‘e&inﬂilﬁhnﬂlﬁost cells,

both Arﬁ%&%% ?ﬁ&ﬁ'& rcg Q%@%m ehg%g%le@ Egﬁt aEtﬁlél élyc osgc}]trl% élghout this

spec1§@e{t101p o'}"hqﬂsynmetg@ym @o}q@ul@, aswyp@atgi)/\mpﬂqa gl hosts of the present invention are

useﬁJIPﬁ’Jrﬂfé%@re@@ﬁdeﬁ?&fa%nc%ﬁ%ccﬂﬁ@sem i nvention encode mRNA
nmol ecul es 't hat eXIEr ess a functional human HER2

pr ot ei n**SEfeeedNppolseds of ths pesepianvraiien iR thsfnugleotide sequence
dlscldsEtEIIiea@ﬁ b $EQ D]) N DERYAES FIGURRNY GhicH 36588 he Finah HER2 protein shown

o G0 85 ROASEIONGS L ADERESSEN LGN DD Ko v

codompwwdzngorapgtlmh@cateesﬂomu remanHER2 DM dICGR z&nphﬁ_(:ﬁiﬁQpi'dBlems, in this
embohﬁent]o%)the &%nt 1 Qie?@&ﬁr%@nt%ﬁ%&gt?o%h&%%? \rzvlﬁss ald?}gte%for the hHER2

codons o |mze expressi o
sequeges efwagn Apgitjon %Pbﬂ@rﬁ%%%l “fbmhymmdeféﬁ Fefgend Whildyeressrvitsegthe same amino

ac1ddoﬁ1‘ﬁ@§1ﬁdn0@e@mll§,@$ a sequence of nucleotides as set
forth i The present invention also

rel at es™t ﬁgw&@lm'}gﬁd&)% kP aldipepritsniiymeon comprises the nucleotide
seque@mhgcmsed lepdin akeJEQ IDNPIMI (Siohg iR FERIREELE wafch Batol&akd K@sn

el FSREEP ST NP SRR B E R o s oo

was cp@qytc@hm@g fog @ptitha rexpression BEl@niaDcM@ 2, or a truncated

HER2 EC[B}M of QlElH t11?1!h@ art (ng reﬁ?%@ &%ﬁ%ﬁ%{%@l Ma ﬁg He%[k%gd which are

as set forth 1 n SEQ esyn IC nu
codoragytigned| @M%V%ﬁxnrw@mpméé@ﬁlﬁn Pabl Bsov deshharame o more codons are altered

to hulﬁﬁﬂlﬁgfeﬁéﬁ ¢d€(b1¥se 0t i prefele@ihad 201684t aBPR®S SF @B céd&n@coﬂ%@xﬁg the synthetic

HER% &?’f? t?f'n(?'l:lded WItPIhthe scope of
ESEH SFW@W ® BEENCIBUEHOLPE Mymanietemerd spaoRst é‘dﬁ P grefered
that aCleaspabiosi 85¢6 of thegpdemae: limanpelfent kilbsch hidte [REEOERMLA at least about

0 i H e t| de that has at |[|east 90%
QOAﬁenct%%nﬁ a%?%{r% geﬁlrﬁo aci d sequence of SEQ I D NO 2,

whi ch iy preseit ientiop alsoinNadeabialegically detiva fingnats @msitants of SEQ ID
NO:10¥86h dnBSaeSRR A %xﬁr@égﬁ% Budn FREGQ érp[emg gfl}{' whg Bﬁ%o%lcgﬁy écg)ve fragment

t he maxj mum nunber of am no_ ac erati
and/o; mutant vl p%ogqjelgxlgr & pratein9F pagtein fragment which at (qug:\sybstqnﬁally mimics the

phanﬂ%bl@éica)@op&tléshﬂtﬁe(hmz e finc‘ﬁfdu@"’ﬂuﬂﬂbt Kt tol the ﬁﬁ@j Potein as set
foth RSRQRCS2r AR st @alfc?exacflealﬁﬂuc% i B Asepetl Higd to: mcleotide

substitugiamseddetiond, edtionsrantio-teisal ptuicatdrisngd saibdxyperatiaCtrudfchifoil. The

mutat?éﬂs oﬁﬁ%ﬁ@eﬁﬁnv ép&l Jﬁ ed%?lﬁ%\hi Hx%f%%lesqgatal > osg g%‘r}c{?&%gﬁﬁﬁﬁz protein in a

fimze e sequences
GUkafm&lP PﬁlrﬁosaséﬁbetqﬁéfUHEl@E@mmMey@mqnde as set forth in

SEQ | DT‘NQ m\;eﬁtlon]aa’so\f@atgsotggfrrgﬂeagggdoﬁ nngg&)gﬁ/Aqgﬁgc%fés Ilﬁ?encode the

resen nvention also r ates to r nbl nant vect or
HERE e R MRS PR, Sherci hepusleoiirsgaienes of i synthetc DNA
differssignaficpnttyl fom WMeinadletidotcqidhcd SESBUE) KOO AGED INN®G0 W@ §till encodes the

ord) A5G AEASHIROU L1 S SERSLLLER S0 0 o seo oo,

Such syfithetieeDI8Aeare fittenided/te vt iwithindlrescope of the present invention. Therefore, the present
invention discloses codon redundancy that may result in numerous DNA molecules expressing an
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useful for the devel opnent of a cancer vaccine. 5 A
preferred DNA nol ecul e of the present invention
woenpnimes the nucl eoti de sequence discl osed her/grPro®sos234

SEQID NGO 1 (shown in FIGURE 1), which encodes the

human HER2 protein showmn in FIGURE 2 and set forth as

SEQ ID NG 2. The nucl eoti de sequence set forth in SEQ

ID NO1 was codon-optim zed for optinal expression in
human cells. To avoid PCR anplification problens, in

identi&dD| p@tenﬁ‘ nAestinBredyd vﬂifhlri thescppeesteliié inlvention hie Giitatidnd iR St DNA sequence

strl Liaon desi
et o gt B L e T R SR B SO P A R, For cxample
substittdibic &if vahnhjﬁoeléudﬁié arginfrefier lydivie] er agpagapireviorgjutathine g@yreot cause a change
1nﬂm%nw€8mh fﬁ%ﬁ?ﬁﬁ ﬁhglon See EXAMPLE 5. An additiona

ecule of the present invention
conpr i Jtis kndven thaiENFoseiqerncesseding frs @ pentisle mex bejalfeeadesp gs fggode fora

pept1d§§9t hz{s) pNgeﬁleg SR & edt ke s£48Y the MRSl &Blﬁﬁﬁi%%phﬂ@ Methods of

rotein set forth as
ateringye TGS M oH 81 PSR Lt S Ba Y ESReS pgmples of alered
propeivhﬁ§ incladokt aRtnbtinied t6 eHangpld thakhffiedpsfas shaymeifor dwubarate or receptor
2 15 s. One of skill in the art will realize that other
ﬁﬁ sequences may be designed which are
codon- G presengthvéntion hlsqytelakos MH@%W%@ hBRRPECRT Maptefhsion
conshﬁ@cg mchg{ r%fvﬂugl%i ;hfad to%‘s@on@onﬁ%&@ whd ﬂﬁes@éﬁoﬁibﬁ 6f @b HER2

erre codons. IS pre erred at at_ | east

proteip folad t@apions merkers.cesising b@b#ﬁ‘lo vy figpitehie @RPCieep flgorepqepgprotein), the
MYC %bh@dp@ Q@S”ﬂ %n@?{ﬂ UERGEsh Mdiod RBstRICERS e dxpréBd inGRe @I1@ine of interest and

wsed 3 60TF GRS B G RS A B R (yg Pap Pt ar fsion

constractsl thavea cdmﬂhe:te[d neénhnice thetihaimatesgoasesd habaUER Bieudifig, but not
1mnmg %ﬁﬁ n-preferred. The present invention
ISo et ologically active fragnments or mutants
of SEQID NO' 1 whi ch encode nRNA expressi ng human

HER2 p %?ie@&t joR Hﬁi!ﬂelbrkalgéeg’g)' rERbha Ry tifak @cgﬁﬂ?ﬁé the synthetic

and/ or encode either a;lgroteln or
nuclei jagig ﬁ@#ﬁculmmlaqlpsgé thogghopt thisisRcHieeiion %ES?rYfi?fOé%m%@ °251pﬂsed of DNA

or RN &R RS c%in%@hrp@ie@ ANA 'v&}‘EorQire %nlaJﬂE'R%lcﬂ[ @@k include plasmids,
gcludlﬁg ted to t FVﬁﬁal otein asna %grmnns ¢
m°d1 ViTHSep @g@“’l“b F\T(‘?r? %&ﬁf"%‘ﬁ‘é‘ﬁ yﬁ?? &SP aET At a ©
episothaltor inSegrendd DIk emsanichaodé 2 NHERZploin arudHERREGRTM protein. It is well
withir% tﬂg FS)IIFII'IV{CXUVt Al %kl Qcﬁji %h i engﬁilg b %}%?(ﬁ)alﬁt? glted?&'fﬁrear ﬂ%’tg:ﬁiar gene transfer

ons an car boxy- ern1na I ons.
or othmitsat i ons of the present invention encode nmRNA

ol ecul ﬁ?e@%on@é@tﬁﬁ&ﬁtaﬁm{g%%ﬂ Giﬁﬁ{lzeh IR R e2bMhEL RHER? Brotein may
eukaryotic cell so_as to be ul in cancer v5f0|n

be usefitigpleusl expragionpf IR B ﬁf?caﬁb’gﬁlgaosrt &fllt/efdiitiogally, an expression
vectoﬁdbﬂiahﬂ{g BdEO6HBRTARR DNA &ﬁﬁﬁll@@h[ﬂlﬂkﬂTmm piohﬁﬁ m@;ﬂbmded for high-level
el n or .the
o o IR 54 AT 9L 11 o
limites kg lohing aexdry, nfodifivdl tloeinguekes speddficalbisspod pd:afsm@EQI Yifises. Also, a
Vanetlﬁ\lgr li)a«l:‘feﬁgl aegﬁ‘é%es olr? V%L% Ema e 1E§3 to%&%@%@%mh@%%ﬁECDTM in
bactenil oellsiifdesiseds &t addigionts Viapiets ! N@} efgressicgw@pﬁogyrwmpge@ to express
reconddA%t HER D d?hﬁﬁﬂ@@(?]ﬁ’ﬁ\/[ Berunbdl BUR. Fiiéhed GORGetPh hdd6t cell expression

present Invention. Therefore, the resent 35 invention
VCWO@P§EW6§§§t%8@5ﬁSW@Hﬂ%ﬁ%ﬁ@?mPH%Fmﬁﬁ IFesul't in nunerous
DNA nolBripkesmt @xpitien si1lates tolBosWel1R 08hlobh@bR Transfected with vectors

compgs(;'r-lrg/ tllzig %19099% :909(? r%glg'cules of the present invention. Recombinant host cells may be
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5 identical protein. Also included within the scope of
this invention are nutations in the DNA sequence that
waoeomsmi2saubstantially alter the ultinmate physieal/EP2004/008234

properties of the expressed protein. For exanple,
substitution of valine for |eucine, arginine for

| ysine, or asparagi ne for glutam ne nay not cause a

change in the functionality of the polypeptide. It is

known that DNA sequences coding for a peptide nmay be

prokagyotie bﬁfﬂlkﬁl@otaﬁ 1nbmd1ﬁgﬁﬂ nbOlimided t@) e:ﬁdtérdl&uﬂf@tE B#ig fungal cells such as yeast,

marm R Bt by P e o T ok PRle gy oy g pgent o
and i3béA cells guedridngsbut mt liodted touRrospkilaeat silkwaringldrived csll tiges. Such

recon%iﬂaﬁpﬁggﬁbﬁyéaﬁgg Qlﬁﬁﬂ‘e% m@%@ﬁfgilbf%%m?{%tuﬂlg b r&gxce ﬁﬁﬁﬁ? fh.‘{-fEﬁECDTM ora

are not limt ange
biologjallygqueraleptforing in yprefgred erahodingnt qfé]@%r;@sg@t inyegtiong the host cell is human.
As déﬁhaﬁ&éem, R tdhenBi 8ENS ndt AL BndAldR @ hb® @l BIhd Bddy of a transgenic
hHER2opt and hHE ECDTMopt fysi on const ructs,

humap Reipg, b ﬂsée’BElPu‘Wé’t etns: oF flr‘é’dgetnl? BaR GROE®hst r uct s whi ch

express a portion of the hunman HER2 protein linked to

\C/;Iral og’%senr?te?il U%Vree%ngegcﬁlijegs1orngfte§t:élrtn on{ell%nl;]ng ﬂ%@cog}ng a%l—l‘ﬁ% protein or a
hHEREE‘CDTM]ptotém maArhe usedcthr efxpmssmn d bHERZ QchHE&%ECBbTM 1n a recombinant host
cell. PRIEORS gth%lnas%&?oﬁﬁ's nvlex%tﬁﬁ 130.; prb&.tsseffne Erze% a ﬁlﬁﬁq HEk2 protein or a

SCreen OI' nodul at ors human rotein

humag HERPESBEMrspieindn 2 M%ble%bféﬁiﬂﬂa%wrlalﬂé (Puigresitoinga vector comprising
a cod&p&ﬁﬁmwatnacltnb adid &faﬁen@&i’é§ hﬁm@tfmkz & heRReHER2ECBTMITHY A8uitable

huma ﬂé 67%8)) 5ﬁalrlﬂg- hcﬁji Iégg?r@ gdlp put n &Hoxly {ﬁ?&r}:ﬁgpn o? said human

HER:r}&batnes sdx@hummeMmtwf s that con'pr i se the
synthet) ¢ . AC| I I . di .0sed .thr .
b A B bR RSP0 S5 B A HRr cpein
a hunBNNERG poateiRig/ reaobinspiitosicerromyripieg: (r) sdroduddigre Yestor eqreprising a

nuclefdfa€idRE ?eft %%QSE(T YRl mvoeapguﬁgb?e Ilnﬂﬁ;dln%gﬁ cal; §§&n(lg%ultur1 the host cell
nodi vi ruses, bacul ovirus, bacteriophagé, cosm §

f
underfe%f&iwnam#l.alé%?xpéqwe%b%%ﬂé@ma%ﬁé%?w@ﬁn forms of
epi somedno@fer prdteaed @ﬁlﬁﬂm@ﬂf\)ﬂtﬁaﬁspea Bf BRGREEtich g a process for

rotein rotein | s well . wthi.n .
expref P BRRGPCDRG TSR R IE oy iaahioph S apri H Gfiroducing o
vectonqupoifing atwrlsieaidas séidortiainSEQ IDAND Arintg e metable hmmhrelost @ill; and, (b)
cultur%ggﬁer holétsc%ll ugciser C ng \ﬁlzg%:lﬁﬁév egﬁx[ﬁﬁgﬁ%?pr 'y Lg%u{r}:lq{rr}%%/ZECbDéFM protein.

used for h| gh | evel expression of hHER2 in a

r econbimanyinb @gressith bfh}fﬁ@ dr rhﬂﬁﬁhwmmn 8 XbM BSE hHERz or
vect or contarl ni ng codon-opti.m zed DNA encodj ng

hHEH%ﬁEﬁff%ﬂ?}nﬁ?Qyﬂ@rWOﬁeégﬂ tB@I'OLngIéHl agtiye fﬁt{nb rﬁelvgglegrotem purification
proceaxwaeéwanibmefnd iR E&DEY Rezombinat GHERD gmelm@s{EEEdDTM protein

may l:te gerl%d?ﬁ I%cée lj%sgf %?rgd exﬁ%cas IVéll&Oll&CgﬁElﬁgtlo\l}% 8? o 1§d1vﬁ|ual application of salt
fractigpia, fancathaygedbsngiogthply, ageredhision chmmartsgsphyAhﬁquylaapaﬁe adsorption

. f 1 t .
B T T
separgied] fragn pthergelylprapteingbyielpk 4ndmmuaoaﬁaﬁwplym@ﬁnaﬁa Féfh monoclonal or

polyclofhllan®reRlce S52E@B fof SALRAgh RANRDSrolFL6r oBp %Qﬁ ents of hHER2 protein.
recorrbl ant hHE ER2ECDIM i n

Fur t her’; he au‘i}%ii’ PCE%P(%HP PSS gtvention |ma¥§2 s%%‘g‘?lB‘ﬁm“\Pé‘&E‘HF%smn cassette
whichn@yhplies lges;adlcbsade@gmdes provide ﬁmaffmamt expll‘eﬁsﬁcﬁﬂ df therprotéis &C4 human cell. In

one em§ﬁ1me t op tﬁe gn%%ntthe Qe é 8 glﬁw{eg%ﬁéo:d%{x%ggrgﬁﬁ hHER2 gene, with

ornmed or rans
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35 conprising the nucleic acid nol ecules of the

present invention. Reconbinant host cells may be 14 WO
w@0eas/00k2527 PCT/ EP2004/ 008234 prokaryoti c or PCT/EP2004/008234

eukaryotic, including but not limted to, bacteria

such as E. coli, fungal cells such as yeast,

mamal i an cells including, but not limted to, cel

Il i nes of bovine, porcine, nonkey and rodent origin;

and insect cells including but not limted to

relateﬂr%ﬁ@mohﬁ aRDGarR i8R R %ﬁhéﬁ@&uoﬁ)gﬂaﬁv 1}4kSd toFt §kbh as a promoter, and

reco nant host cells can tured under Suitable
termiatipg Fadrenses- o3 preerf b opiiREol thepiptienpihy cassytie gorfains a'truncated HER?

gene, BIFRLEEGDIM, kithich Ghdodey tRddxtraeIfilar dnd h@ndﬂ{eﬁfbﬁihé @6lmains of the human HER2

ot Dl PSSRl ] NG O B Bt Shlo e non
sequehedt (EMIGlalthoughribdse dellal ih dstartodll tecognizetient by aghimber of other known
prom?terg c%%g 5 (s"trq'?g lﬂ%ﬂno Irb{h%lé of Stﬁé}%%lt&g)’éﬁc g%gporﬁo%rlfﬁay t8used. A preferred
transoetppm@lsisrrmnatmes:the boumﬁrawhhngnwr@mef@ﬁ ialtfepugh piETFgRown transcriptional
termifftd2 ﬁl'a\ﬁ ald beahsecﬂ- OFhQ e RS W @WEGH tEFBYnaRe 1sl*i}°aﬁﬂ>ufaﬁfl preferred.

expr essi on or hHER2ZECDIM i n a recongl nan
host ceIPIaCCOWéTl@rt@S nyEEtoRdhe HiLERA Pt JhHHR2ZE Pﬁb’{é’ﬁf §xgppssion

cassettSis thsEadGR6 & Védﬂfr TKPVRDS ispeefeatly Abnleitvia] weot, althbu@h ligear DNA
uman HER2E T otel in, a recor{bd nant

linke @ﬁﬁf?rgc? ?fgor Si’ 81@ & ?,]dgno -a§ %Cé% oerr(l:l(S) or a 1:1[10<§1ﬁec{E vaccmla virus,
retromliﬁﬂlermmeil mcztcardnayutsb beusedci d t hat encodes h u man HER2
o r h u n—q;f‘ bl (E(EPJSMI lsiih 9 &OVQEHJS 1ﬁlg lp?ef é—EH %Pth@ Qsdior®e lalse-called first-

turing the er conditions
generaﬁnn@ﬁer@mr@we@@@p laess |adml0ﬁfa1 g%vms e ﬂﬁrﬁctemsedmmﬂezwﬁg apei-fynctional El

gene Qémﬁ aind phesray ARSIy REI 1 Qleib refoR! Bfs6thE Blbodiments, the expression

o A el
vectofs@BAEHILNBAVe aA6S-funciidnkl ordeleted ES regipn. (td) prbf&ﬁ&d)tﬂuﬂlhe‘lgiemwrus genome

Ok |
N I e
cell lioes| vhichi axgretstibe IS E1 gae] suclum@@B cdlsratiPERGHscellhioe s call sy derived from
293 o?i‘ﬁlfﬁ@ %%Eﬁ)\g}hl@ %@aﬁsléﬂﬁmta{ﬂﬁ% s rRbdio e%ﬁreﬁrhﬁte;aﬁ rotein. For

I ment hi s aspect of I'S_Invention
examplr:&s wh@e‘ssm orsess Srat ksive a eonyplalacAgcxRTRTitha fichERe tipspline regulatable

promPECYRER, thlcedl 11 GRAFBAN@D borRRéntLigldIvedGRHR idBilal@y sys@in. One example
vecior c ri.sing a nucleic acid as set

I ntrogucln
of sughercel) %PWS §%%5Xr2[%31\1t‘3“°‘§5 FRtY™R 18 megﬁbl e human host cell;
a nd, ( mor c@ivbiittck pmirilidag the @ddnbvituh destorctha sdehorins may beina

ressi.on o n : :
shuttlﬁp g%%ldﬁ'omb}éfhﬁo{% Sl onnls also 31{6&2%&51’ g)oémﬁ E"Eﬁ%gggy\dvhlch comprises a
plasniidHERAGECIDT o advnawtme sortlgle |the adgridFHRSS nortion [¢HERISIEIMdenoviral genome

whlc}Pﬁagta%lell@teﬁrEY altFoptieER X8 HALtidnOanR MR £ ﬂ?seft&l EPlesdi6h el comprising
Sever a pro el n pur|f|Cat|0n E ocedures are avai

l e
codommmigh BB IER? ot bR e HEREER RS T Py cpodiments, there are

restné'tﬁﬁag%@-gﬁ&lﬂg @k @deﬁoﬁﬁypdi?ﬁfow Hefpla8ahid o @t felatienoyisay&Sor can easily be
var,i di v d ual

t
NGRS T
chr omat Icngrpaqmdsr;ed esbadiment of ths inyantivhy therapogsiapdagsette is inserted into the
pMR.Eng %Wl g«pnowr&s 1a%1‘ijﬁ5 P4 ErR Al G\ﬁb %%%@&r ?91'313{ g}@fgby incorporated by

rop hO eraction c ronato ra Y
referme@oﬂfbts plasmidgewpisenarchdd 431@10‘75@;&91?%%6619 efod @ifhs A @pd B3 regions. The

desigh 6t ﬂhé’blﬁmrdg-t}ﬁymasmd H%@m@fové&f‘ov‘ew Q@é‘nﬁﬁd@toﬁ-a\’by‘%@l{eﬁ@fﬁg the 5° cis-
made W t h nonocl onal ‘F?IJE ycl onal

actingpaskaginedegigz, fuptharinte e 511 1§° WO%?T&F@?@HWS ?Wﬁg fbsdppprpyt in
fragnents of hHER2 protein.
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The nucleic acids of the present invention may be
assenbl ed into an expression cassette which conprises
woeegsenses designed to provide for efficient erOT/@BRI0YM08234
of the protein in a human cell. In 35 one enbodi nent
of the invention, the cassette contains a full-length
codon-opti m zed hHER2 gene, with 15 WO 2005/ 012527
PCT/ EP2004/ 008234 rel ated transcriptional and
transl ations control sequences operatively linked to
. 1.1, . r n
optinligg FHE T80 LA Sl B8 b SRR SREANBIER: nlsahanced
adenqstinnl vertanis sanablené meistrinipreenetigsivbilitHEROETDR PoEIes Rropagation.
encodesghifrEXihRee df ‘rﬂo?e'éul@ﬂﬂolb mpﬁ@\ 81@1 ﬁ@lﬁfﬁhg'lBNﬁfconstructs
rre

t he human HER2 protein. odi nent s,
enablg #@mpéﬁaﬁ%oft%eadewméébw Hesgni S by G tavention

intron A 5 sequence (CW), although those skilled in

I(Eg\/\ﬁ? rt Iéw I gi&eggnglbgﬁ m acco&&anfer églrt]h Ihe R.lr:?uent 1rﬁve1}§1%f1 tha{ Ellg synthetlc cDNA
moleatl¢selesceitibdeireyedd (ez. §EQED piQ)hmdeﬁEQﬂQ/Nﬁé) U;decdl areopodon—optmuzed for high-

B e RO dsPEnding wild

level B&p?\%\?lﬁﬁ %da Ihl%flgag r&tglg : #ﬁ%%%x?%?& wftlF%rgAtngetfﬁ)&e Z Fﬂa ftho'cd sPénding wild type
sequanee additiopeli iavas sltoemrhewattb%téﬂﬁﬁ%o fissporp anigarogeniorfhat hHER2 and is
moreCéﬁmi%'nﬂﬁteh&Hn@ﬁoﬂ@éﬂuﬁg‘ﬂdth@ﬁﬁiaﬂﬁﬁlﬂfne rpeRed i cul arly

preferred. I'n accordance with this invention, the

hHER2opt or hHER2ECDTMbpt expression 10 cassette is

i nsert eTherdfbre, the Ve2Birdescribbdaboecingy bd wepindmemadgeyic @pmpositions and
vacc1B?s§?&Rr%ven 11%%,’(%3 {1 vgl’ropn\}entt hf‘) éﬁgnocétjﬁféﬁl%as Qgﬂgﬁeglwgégag%%agl ﬁ]aRZ expression
and/or ifer satonentaf mdstingicanters a dhd yectrsif thepresent énvertionrallpw gyr vaccine
develoﬁrﬂ&ﬂt Vid @84 C}ﬁﬁtx eﬂnﬁﬁh&%ﬂﬁ@lﬁes With (W't‘é?nﬁ{?ﬁl?ﬁ’ Expression levels of

sen IS an adenovi pre erred

exogenout GERD I syoasesinlly| txaeﬁovmeii §?SI orgélﬁ@maif P G %\’ée‘ﬁ’é\??l’reé"i of the instant

1nven\ﬁ%ﬁ {sQrmetiJAQE BreastRing wi tfeahng\/ﬁERﬁﬁs‘éocﬁdt@i Ghar &ﬁﬁpifsing @dmidjstering to a
aV|g$ .a non-funct) ona

a0 B8 090 NS 2 A i S5 SgElpeEyt tesnte
codoﬁ@pﬁﬁm@é&l@diei’d&&ﬁﬂ&noléchke canprisigsi soques@ss atdletides thai seqotdesch human
ti 0 ' .

e S0 Sl RO R L ot s
N01dpt|onally have a non-functional or deleted E3 region.

It is pfneafc@d'r&e@xge Mﬁ@fhe %ﬁlo@g&@ﬁl}éﬁ rab@ze%@%@ine Ve nﬁ? be administered

del eted of bot he El  and E3 re i ons AElAE%}
for the dsRBIG I §@§enélaﬁ offensein o el oo R RERfrred CEPp 1111?1?{@5 the invention, the
mamial i€ B hexgyr ess the viral EI _gene, such as 293 ceIIs or

PERC. 6 gel l s, deri ved f.rom

pERc. o Faie st itDhig Bl SRS i g oLty g ol o Heatment and
prevdntiamsithodwderibed ekpfeebly, ta vesdrisanpdertogires. veFior Or@mm@@ctor Ina
prefe\lqmg le%% rHeglt 81%@ %1%‘11‘1?151? tl%e%{:tg{}@c ?c%g&?ﬂéf \Ejeg gt gchf;ﬂﬁﬁﬁ an adenoviral
genope Mﬂ)taéplewlsm @mad@m@r@éﬂl regiory enchqaynseeschrr e gdeapyipis d mgggon, wherein
the ilsBY QAnY;ﬁ"ges' a e&ﬁ@ssfoﬁgbgséﬁe‘élf) %ﬁs\l@t &‘Yh sYANRLiE SR oftimEd polynucleotlde

such a cell line is T- hers . are
encogipg 2 hurgsn HERARAREE & Ffﬁalh%Frﬁ%ﬁﬂ R an (RA Bl operably linked
to thygdfrRElectidse adenovirus nay be in a 25 shuttle plasmd

Llo;;nm dlilt}e%g%t%i{ %{/:;%ﬁ!ltg)ﬁ ﬁlérfcher rrelsageé go agl%%gr}oglr&s v&gcmc'e%h%l' gomrP dlsmg an
adenanrahgbamnv withig dgletidni o the Efl h@l@d@d@mmsgg ingbe El tsigion, wherein the insert
comiiR S B T RSN e BT R e SR o R SESdBencoding o

expressi on cassette conprising codon-optim zed human

HER2 or codon-optim zed hHER2ZECDTM | n preferred

enbodi nents, there are restriction sites flanking the

adenoviral portion of the plasmd so that the

adenoviral vector can easilly be
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30 renoved. The shuttle plasmd may be replicated in
prokaryotic cells or eukaryotic cells. In a preferred
wenisadiment of the invention, the expressi on CRSHEPL84/008234
is inserted into the pMKAd5-HVO adenovirus plasmd
(See Emni et al., WD 02/22080, which is hereby
i ncorporated by reference). This plasm d conprises an
Ad5 adenoviral genone del eted of the El and E3
regions. The design of the pMRKAd5-HVO plasni d was
over
R B S e S praiicd o he
polynygdagtide. o i ncorporate el enents found to be i mportant in
16 WO @Qﬁe%@ﬂbﬁg&{;&%@x@%&&%@% iRhitioN] @k BdenWVifulvector is an Ad
packagi ng, resulting in enhanced virus anplification.
S vectfyant ageousl y, this enhanced adenoviral vector is
capabl gn etherpadfertedicfibodimgen ef the€instntibi,|the wectbols lanwidf gector or an Ad24
hi gh passage propagati on. Standard techni ques of
veelfrpl ecul ar bi ol ogy for preparing and purifying DNA
const r U iretheesrphit,dhet ineentiorershtea ta oyrceifie plagnid comprising a plasmid portion

and ar?%?ﬂzgs\f&ﬂ' dasEtte oﬁ‘tliHﬁt ﬁ'lL: %&s@%ﬁbﬂ%ﬁe ?Mo% ﬁr%th@tflc codon-

I nventio s _been ermned in acco aﬁni
optimizpd }rplmeleﬁrdé%wémg ﬁ\h@ﬁw BER? pratein; pud ), %PIH@PFEORPENSY inked o the
polynmoggéjl es descrl bed herein (e.g. SEQ I DNO 1 and SEQ

I D NOZ[)n re.codon- og for. h% %/ dan
expr es SH‘VFWOBE‘ RFRAFS Q. f FaC ‘5?835’5? PR ?‘?mé R an

expres3foh icads@r@yrtiohahe éxpresdar crammmﬂmm@omphdng y9 e syshaisendm-optimized

Addi.ti onal.l t
POIYH‘#S?O&E‘? emngr%ch%%% %ur%anmﬁﬁﬁg g{e th (?gi I{agly“;‘hrrllked to the
polynuateogifié.ci ti ng bot h cel | ul ar and hum)r al i mTune

respon 3§ SomeloBhRAE of hiR8nWEEIOMS r&686inhd? 88naRAMS adBBYs disclosed
be use INn I Mmunogeni Cc COprOSl tl ons ang?sﬁ%aCC| n

hereinreyses i WEOUHETaE0RT epRRIRRALIORY Wi Rl BT gnuefeSideaceine in

order BSBAGE a4 Ghatied hnrddR éspatse. HuAs exspRsisib GBctors ﬁlté/admlrﬁsm’red in a “prime
treat nent of exi Fc,?tdéefn#%&canc rs. The vecto

and b?ﬂs% Jegipen. FoL Ry vecé%x pe %dgmilgtergcé,\s/ﬂé Tl aﬁer ngredeteammed
amoumtOftiwe dblaéxnmplb; Dweeksy; 1@hdnih, A atonthg, stk Iﬁcﬁnthsud)rtqtl@s amerlate interval, a

secong Blg b \If gx?m‘ras %de %’?é %ﬂhgr Y %L:&org’f: rﬁ%&%ﬂ%ﬁssé@%mdoﬁmg the

cess ranst or ne or gani
same mimuabptedmor etfmhlwélon n@oampcleqtﬁvse rh‘l thgigmpedimeniahitsck rigsmid DNA is

also upé'def‘{ %%éfE}QedQﬁat e SR OnthlEREe &58Q6 b@%@r&@%ﬁked by mammahan or
npr.i si n%a m ni sterin a vaccCl ne vecC

insectgheprth 8 PigTisd SyReHRATE i %ﬂ{q&mn?é‘ua SHSBE BOBOIE piph a5 but not
11m1teHTtH ﬁﬁlﬂNfV piditeéry Thdwhthétic ALOHERPbiE, HEHZE(EIDTMI gena ot ether gene to

v xRS R P08, SR N6 B BUEL P TR Yl
mamriNBaR expressiofn plawonid MERR BECDFENibed O Shiveraes ab &t DN Vobrinas, NoHAY et al. eds.,
NY. J\é%d N {V‘&é 1731865 @9%? Citirf 1E‘h% {pB&%d%??&Eﬂeﬁ’c%&j

vaccl ne m nistefed for o
t 1 eat meRstaged abp@mﬂdm’flr@ifve@aw@é?mq wd aplpsidhregine may b& ‘administered

toa v&[e@fa?erars Skt @f@s@@lé‘fﬁ&ﬁpeﬁﬁc &Eﬁnelt@ iﬁ@ﬁﬁe' a8 ﬁknmﬁﬁb&espmm{) tHiSend, the
human. 25 Furth er one of skil in the a

preserg ISR Arliot eGP pEBD P B Gt P R (HPocing
into tWrﬁétﬁﬁatl la@ifst Rt @omplestet 1) beghthele eddenaptintized préynneledtdic eh@ding a

huma; F{ggg P ééll’l r y u\éﬁc PB?D?II}{IE !n?lﬁ 916 g){éigo%r%%)%raﬁlg l1fi‘ked to the
Polynmiemuder(b)ﬂllpmng\a@chdmmmdwmosmtmé tigep topides and Gehllntroducmg lnto the

mammal a second vector comprising: i) a synthetic codon-optimized polynucleotide encoding a human
HER2 protein or 2 human HER2ECDTM; and ii) a promoter operably linked to the polynucleotide.
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genonme with a deletion in the adenovirus E1 region,

and an insert in the adenovirus E1 region, wherein
wobesiommseyt conprises an expressi on cassette PCT/EP2004/008234

conprising: (a) a synthetic codon-optim zed

pol ynucl eoti de 30 encodi ng a human HER2 protein or a

human HER2ECDTM protein; and (b) a pronoter operably

linked to the polynucleotide. The instant invention

further relates to an adenovirus vacci ne vector

C onpr i Slnﬁﬁe 8iibodRE&H OVthé Rkth6E@ HIGFBedtioh Hes@n&@'a%\}eoﬂﬂe Kif¥t vector is a

platsnfl‘i1 %ncF tﬁ% d Vgc(‘)tﬂ%? g% %gnéfnﬁr%g:\(%plégg{ag%lt%%t@g gtfng diment, t[ne hrst vector is
an adequvirng @cmgand(tm seeondyadtbras & plagmidon- opt i m zed

pol ynu CJBlaz A} I%%]g E%zn% rq ﬁlrgleﬁ_liéllﬂ‘? W% I%lQQOEg oc}%r%g{%ﬁ a mammal suffering from a

PCT/ EP2
HERHEROEESTddnger ooraprisinga(@dlinfrbJucimg ptrt@ thetmemngp @ ﬁa*»bVeytdr corimthing: 1) a
synthteﬁl ctoiagn o@f?llui’éalf)%iyﬁﬁgléoqge eﬂc@dlﬁg zpﬁﬂaﬁrﬁ]ﬁ@ ﬁ&pig df yﬁﬁﬁlancﬁERZECDTM

S aspect of I nvent 1 on, t he adenovirus vector is
proteg, angqi) a@rcw&r@pera@y [inked thige pﬁvw’&%@d(bé ASHRERTedetesmined amount of

time fol'iﬁssl' Magoey lh@craumh@ ﬁltd&ﬁ@ mefmaBa REonAdEctMeBhPHisif: |} byt codon-

o b e R L D A2 s s

promemmpemlydmkﬁﬂsw;to@npmmlﬂmn t he expression cassette

portio n ?Exéf)osdlnﬂ(glt 81(’[%«2 m@thﬁé’ gt&ﬁtﬁé&&&&gﬁ?& ab%% 'tﬂg Cﬁrgtcbector 1sa

polynuc €0 e enco uman
plasmgid prrdchoseeendopetpsh alyadenwm@ivqc@rt hen ﬁberpfélvy ﬁmmm@ntdbe first vector is

an add¥Rirhd Vet érfarih@éec?&drv@rltﬁil@§pl§§mé VaCC' ne plasmd
conprising a plasmd portion and expressi on

casset t EIpEIOPRGH gty g%traaﬁfﬂés%%lgétt%bep@lr?%?ﬂ into a vaccine
recipi@@0Wall idspend parlidl)y o tisssiehgh bthefonbteBRbddEnd 66l the immunogenicity of the

I | ept i di HER2
cxprgs bazait 2 eSREP o Rim o ReRa & Prr ey Bl fler oot sbout 1 ng
to 100 fg) amdporfeatdyrifodi 1Pargte 300 1g b aplasmidevicéinayecton s administered directly into
muscfe%ﬁgﬁb kﬂ%ﬁgcti@g §5Na \fér T %ﬁgﬁla@&%vﬂﬁ&z; gﬁﬁgnaté]ﬁ 168 AR %articles and

i N vari ous prime/ boost mbi nat 1
prefepshlyshow 10 4s ¢ Lpastigien cslub(tb'ﬁnéféls VH@QPTH @ﬁaﬁemélrlé‘é?duﬁf@n impression

thoughfiﬁé&ﬁx 2 Rh ﬁﬁ@é%%f hdHHiI@atiof SWANRS ﬁ‘ltraﬂeﬁt&nbdl SinfeARfous td?@nhalatmn
ctors are admnpis rlrre and boo

dehv‘?r@é @qeﬁa.zsﬂ coregpplated, nIf_ﬂS @lsp ﬁ(@ltqnm?:g?f ttl'sl}ﬁg St Vgsiopiigns Ingty%e provided.
Parermmaﬂmﬁﬁﬁﬁt@ﬁl sd'cfﬂ einadviefdus ’o’intﬁ?&l’nﬁﬁﬁilz&f sibdveleoud BDothEr idans of

adml% R% WCH& ?c? jiyan rsucg F?l% 1n\{vel%1l§ku{1 112‘ Prgfem cdnlcurregB}é Bt}ﬁ or sulb(s]equent to

ria
parenteyg) sltmﬁuqtlen blthe vasciaeliof thlls stvertmd is doeflemsdgboust he vectors
carry Qi t&é%? fOGRY 0e S ted with t
pol ynuc ot| & or ¢ |nat i'on o& glIaﬁnucﬁ eo%?o ot n any proteins,

adJuVPIﬁé Oty ag%n’thlqhﬂ@p@t an e é@@mqyt'smmqng Sysfgins gn U%Se(‘dlse jttis desirable for
the valc@m@ vekRS o i Mys&i@@mé’l@%&}btaﬁ@@&l@h&h §Udk af) but'Het Bmited to, sterile saline

or ste &ungérg{i ?aélrag %tlﬁghly m%y%%%f%rs Pass el%%l‘ﬁ?lj]%rlﬂlugostlmulant such

as an adjoomg cjabhm)lpﬂiteus we bthasarribtiyitinihe vadeines dréfiminaggethib eorijd¥itions of the

preseﬁ)t i1l ‘;TD %1 Thtal{%ﬁ)res Yl 19%&1&2@&%@& é@%ﬁ%o%ﬁ%ﬁﬁé@%@ﬂt\g if} co&‘ljunction

sse
with thg cmltlanmé mtheds of Are recearrtwlvent@ﬁl dudhmangstinglntdasmsed kprein, refers

to essgﬁlahp §ny 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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manmal i an expression plasmd VIJns as described (J.
Shiver et. al. in DNA Vaccines, M Liu et al. eds.,
wol00s/ofgsad. Sci., N Y., 772:198-208 (1996), whPCIVEP®04/008234

herein incorporated by reference). As stated above, an
adenoviral vector vaccine and a plasm d vacci ne may be
admnistered to a vertebrate as part of a single
therapeutic regime to induce an i mune response. To

this end, the 30 present invention relates to a nethod

tetam@ftoﬂé[(pHﬁQt BNGY L@AnambAM @nsaaaﬁﬁﬁanogtﬁﬂmaﬂtﬂra FelldkAdwn in the art.

Agen% agq?s:tl gngth? 7e|illﬁl(21§ ‘E%‘ﬁrér’?gg%e 8’%’8% %St Y Ct to calcium ion, may also be
used. pniesemgeﬂteﬁb geterain G:dffd'rddgo & transfe@ion IﬁEREatmg oetagénfs amd pharmaceutically

accepFaﬁma R%EC%)-(I;P/%klﬂzlgl %‘; will bfg Qlew?g fe&en% ?1% al%bpaxlclufar %é%&n%&imulant or

nuc term
phamangmmlly@hcemahb cmie:peasz@n - apmg»pnamtmm imede pFadministeation.

mamal gy ﬁlﬂ)‘ﬁ@:ﬂfény ﬁ&{tﬁﬁe&g{‘gﬁ{ dré in@&poﬂai)ed By Y DE EdrGhe purpose of
codon- opt|n1zed pol ynucleotlde encodi ng” a_human 35

descripmpangdistlesing rafthodologishnd ma@@mm@ﬁae ‘Fﬁe§ ingpoppesHef with the present
invenfiHi I"I‘ﬂ’d@llniﬁlg hérélk @do b&cdnbieucp @t 3 udalieoh kifdethe & eM@n is not entitled to antedate
h%§$5/ 2527 P /EP20q4/008234 In one enbodi ment of the
suc OGP Ot B D™ 8s cri bed above, the first vector
is a piadmddscaibet jroferralmtodimesis bbthe inyertivn adidneleienteso the
accon}{p%ﬁygigédra\grﬂxﬁé B 1940tb% LAg réttyo% tl%gh}% ?ﬁd@ﬁ%us dJE %mfxtjec{ &)tthcysg g;eglse
i's’an a or an

. OVi'T Us vec : he 'second vect .
embogimsgiyi agd thhearionseharges pydvraetificaorss mray fe Pff¢0éqdahfé§n bb ogg skilled in the art

WlthoH?&Rgé}gné)frorh E@%&dp@ Qr iR knvertfoh@s aaﬁlea o ajge@ed claims.
associ at ed cancer conpr|3|ng |ntro uci ng

into t hererRiipvane eapplesillussare Bt de a?ﬁw {hrgventiong
synt heti c codon-opti m zed pol ynucl eoti de encodi ng a
human HER2 protein or a h ECDTM protein; and
ii) a pronoter operably Iﬁgggﬁbggzthe pol ynucl eot i de;
(b) allow ng a predeterm ned anount of tine to pass;
HumBHEE Lot QG sQQelat © the manmmal a second vector

C rrsing. 1) a syntnetic codon- optim zed

pol ynucl eoti de encodi ng a human HER2 protein or a

human HEREGPRNERD @{at%'o@ing ?eﬂgenbé WasksynthEhiZel @AP4s8dmbled by BIONEXUS
operably Ilnked t

EonfSiEhy L pleed Lo, Ene pol ynuel pot de ARSeTan e dsipeands). The

hHER2twpt EIDN A tway &ﬁisﬁ[ctdd&‘usmg opgoasmaﬁdaradd hhemidetioneCR. eEdr@ﬂiany

expet] r?]eg?s de%cglg 0 e&etl% i;he\ilgféi{g opt %ngﬁcgtg(ile?slej tu%{ﬁlcgag%edvc%nggb{l ﬁ%tlmlzed’ Kozak
sequeg@C0itelS vand} the cangplede plcketdedequbhe 2amb torth inSEQIPMNEEE1 bl e
DNA or 1}, LaR&&, g@kg iR FOPIGRT siblifficd MAGAAIR (K7534)

15 recipient mn y on t e strength
by renlmgpfpé%@éfxsmms%ﬁ a s @Htaftl%’eabr%ﬁ‘ﬁﬁ‘dﬁj%ﬁr? Kinasp aglfivitypé the
corre@&ﬂﬁ@gsp?@l@mglﬁ@ @hrﬁﬁﬂ@ﬁl«tﬁé dodn@tr&ﬁf?n@img Abnté m%ltﬁgloﬁ@gkﬂic activity of

humag Qﬁgqr%%ﬁ:h% (}\%ﬁ g,‘? é %{;Lajg%b 831%{)%5 gb@t R%{]Qe Lev1 et al., supra).

In additi@s the Ghnuagdbﬁment\md 6AMmutaRt ed mnanm\&tee:heesigxdlm@mﬂvryy ofiut c0-expressed
N c%h% LBsue. An effective dose for reconbi nant
E%Ei]'nowrus is approxi mately 106 - 1012 particles and
preferably about 107-101 | particles. Subcutaneous
i njection, intradermal introduction, inpression 20
t hough the skin, and other nodes of adm nistration
such as intraperitoneal, intravenous, or inhalation
delivery are also contenplated. It is also
contenpl ated that booster vaccinations may be
provi ded. Parenteral adm nistration, such as
i ntravenous, intranmuscul ar, subcutaneous or other
means of
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adm nistration with adjuvants such as interleukin 12
protein, concurrently with or subsequent to
w@asspiseal i ntroduction of the vacci ne of thi BCT/EP2004/008234
invention is al so advantageous. 25 The vacci ne vectors
of this invention may be naked, i.e., unassociated
Wi th any proteins, adjuvants or other agents which
i npact on the recipient's i mune system In this case,
it is desirable for the vaccine vectors to be in a
physi ol ogi cal | y accept abl pxa®ipggio-on, such as, but not
limted to, sterile saline or sterile buffered
saline. Alternatively, it my be advantageous to
PlasnadlComstradter an i nmmunosti nul ant, such as an adj uvant,
cytokine, protein, or other carrier with the vaccines
or i nmunogeni ¢ conpositions of the 30 present
i nvent i HAL-hBERP erfto The huntan IRk typarroiling begense tasampliied by PCR
from glfasniﬁ EETR'E' VBHIBS gl{ ﬁﬂﬂ( ﬁt‘%ﬁed By E e A ﬁihf?)?ean%gﬂiﬂlté gﬁ)ncg}r(])gy, Milan,

It ons an t he resen I nvent i

Italy; ﬂtﬁm@ﬂ Aeipeae37 @81 sed- &%é}%%ﬁ}) uSlF%P’é‘P%fS hNgp.forl (S-CCAGTTTAA
A C £93enhl AAlITYG @y G0 @ace TidatA 6 WTRARE PG (POTeBt {SEQED NO:3

i B RN L0 Ik ek ey TR e bR s ca

CCradgm aicstar -G‘C{SEQ ID INO:4)oandTek 2RANA Tiiq pobyrodrase TaKaRy Oodu, Shiga, Japan).
The amgﬁhcahxl% Produ nc%s#o%ra"i‘ergztaﬁ é@‘}{lz%ﬁéaggwlo%?agt sl.th (Kozak M., J Mol Biol

vacci ne
196(“0&4@6@ (1980 Koek, MndVupleissiaids Renlii)i A&A48 (W@V))Ld’i’aﬁ digesien with Pmel

and SRS }e/s fricfidd &xgyrﬁég anédbfeafmto hﬁlﬁoR‘J‘ %n&lgllzs@tgs%%ﬁgaman expressmn plasmid
EP2004/008234 tetanus toxoid

F
BV A rec ATt ol EINA LRI A 2- S 90301 [Oshlanid L DHIER? thus
generﬁtla@ cchtdined tlﬁgﬁm&gmlmhypﬁﬁhiéfn&ﬁ HER2 Eé&ﬁerﬁ:@ hhd& the tidfcAp®nal control of
not i mted i on

a
the g BipeBGae TG ST & R AR P B I tpen wild e
HERZGdingaagiesetvwas foloaved by thabovige gmxag dpmsnapelyadenylation signal sequence.

Pﬂa{ hnacge\HtJ h%&?%ﬁt %gﬁ%{;@lo o] %a%ﬁecht waQéEe(?%%lﬁ giagljmd pCR-

hHERZepiand sloner intarie correpoprhing sitatefipldsmid nWiJ toery et al., supra)

generf@le th&p Vﬁmlop?astrrh@ appropriate time and node of
adn1n|strat|on oubllcatlons nentlone

i ncor pd? ClJ s O A Z#Qﬁbplﬁ}e}gn%pvﬁ% B{IGS{) PERusmg TaKaRa
taq) V@S EHirehy E’b@R&'EIdr @i- scd 8% AT ARG A0A OJi €T AGA GEC € @CSACCATG

o n SN0 18 B R LB L R A oo AT

CC @dmM €A O€ A Bt CtCh@ - B NBEARLIDAVD:L3)) fromr p&ThI-hHERZ opto The resulting fragment

was @%@t@&j?hﬁ the Mdsﬂlﬂ@ 0%109 %nzgfn'éé éﬁ? cf?)fnecpﬁl{ njée cg)nﬁ%pondlng sites of

Vi n escr i erred e

plasmid pY HesB Gestgomsty skiab-Hupref ganeridns tb%PY HehHEReEE R Ahgnt plpsmid.

drawings, it is to be understood that the invention is

not limted to those precj odi nents, and that

various changes and nDdlfﬁgg%“) S may be ef f ect ed

therein by one skilled in the art wthout departing
Comjronwlp spirit of the invention as defined

| aims. The foll ow ng exanpl es

illustrate, but do not limt the invention. 15 EXAMPLE
1 Hurman 's'&'éﬁ?e eﬂﬁrham o geggemﬁs@%@ REGURE *ﬂﬁwgsrafeglg@ed to incorporate

hHER2. o sequencte was synthesi zed

humaa@geéwmdémlwlzsi)m@@@r ef@uaam%ssd (heyeinate pa) éwaiumD)m%rﬁasembly of

the g&le AT arhilffRattoARoMisnBY BAéted/ I6WD séduBivdetsta@BRFomlgition 3642, due to

the hll,c:rll? t(}%ecgllt%r?t%ﬂhe s&lugnce in this region. To overcome this problem, a less stringent
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20 hHER2. opt cDNA was constructed using

ol i gonucl eoti des and assenbl ed by PCR For nmany
wez@sniment s descri bed herein, the hHER2. opt npct/Eetioseos234

sequence used carried an optim zed Kozak sequence at

its 5 -end, the conplete nucl eotide sequence as set

forth in SEQID NO 11. In addition, the ATP bi ndi ng

Lysi ne residue 753 was substituted with Al ani ne

(K753A) by replacing codon AAA with GCA. This

optimiPdEiéH de§iBn RS RBFEE for ttﬁérm%eciﬁbﬁb@%@m%éﬁ% oéitiol 3601 dnbB 8@ which
correspondi {l protein and el 1 m nates the downstream

reduceq @ﬁﬁ?’itﬁ’é s %Wte%er‘ﬁ’i”ﬁjth? SA17 22 CHEP BB geni ¢ activity of
human (T¥esséunl o@tlmtze(abDNNb\}as tetlilfiedErodaeditain 8B.9%MmeIkYtide identity to the

.. 1-10 at L
ol 0 R AP R Bkl .,
supra), phecing wefrent & Kozak ogtmnizueﬁ spqaarce (G HICCACG-358PpRIDN;8) and under the

/ 7
conﬁ%@#f}ﬁ%ﬁ%@é}%gwlr&i@bd@lﬁgg @aﬂgéxngétgr l%sst%l? ?Jogms? glgowth hormone (BGH)
terminagion pigiRp . Tite: comsiacaTapm R IHER 208! fiee ESAMY-Bs®quence

was anplified by PCR from plasm d pLTR-2/erb-B2
(kindly provided by P. DE%’*E’#P?J European Institute of
Oncol ogy, Mlan, 5 Italy; gre et al. Science 237
(4811): 178-82 (1987)) wusing primers hNeu.forl (5 -C C
I vith B chssion bf Aabnid AT HAAAT GCOGOCACCAT GGAGCT GGCGECCT - 3
uence i s underlined)
andhNeu. rev2(5 - GCCGTCGACTTTACACTGECACGT CC A GAC

CCA "ﬁw ik §§Qeiﬂ?es§lg1 & thé‘w 1JTlﬁiﬁaathaﬁd ol R 88Btructs was

(TaKaRa O Shi ga, Japan) [ification

assesisl GU AR Ienhp e eFHEdRpBh s&ﬂ@goraﬁhs?ﬁyl K/ 2%f qrmaat mystlagts C27 cell
lines Sida¥etectFigthRmbKAERE exp¥essiod b flowBe@bmdit. 1pdrddiled Bhdotdbfin-free plasmid

DNAQYEE AR RE By e B ER bR OE oo oo adpPRalon vos

punﬁahﬂ‘g!rmEScc&lle{hZISwnﬂxﬂnvnttagem IR\ ha ANt thSeldrlds )iyt @iggenfendo-free plasmid

. | n plasmd pVIJnsA (see Montgonery
Glga Eﬁ@% C“Dﬁ}-{g%e{}?&%h@ 12(9): 777-83 (1993)). The
pl asm Plppwids FVHERHERR WS or i BRIt were Epdfecianpipgtransfected (Gibeo
BRI frittdoghi Bnih i, |’Iqixe W@l@rlﬁﬁmﬂ HE'E&% %@ﬁuﬁﬁﬁlﬁrlyu AfbAEe ﬁﬂ]t%lasts C2C7 cells

transcripti onal nt.r ol t one Iov
were fripsaatab 8T o | rpRE ! oA pREEH TR0 grtech, PaloAlto
CA)&EB@VIDIJHHERW&MMHEmbERZ codi ng sequence vvas

follo t he. bovi r h I e I en tion.
i anal eRheBgeet8hor F R ch D EaR A ke BB olliflzed sequence
draméticaifynieptovesis IEBixpeesidrcomppbarhawipeRenteHEFRAODES Hnghd 3B).
cloned into the corresponding sites of plasm d pVvlJnsB
(Mont gonery et al ., _supra%/XJi enerating the
pV1J- hHER2. opt plasmid. p HBPR2ECDTM opt: A 2168bp
fragment was anplified by PCR using TaKaRa 20 taq)
. with prinmers EcoRV-for (5 -C C AG
Mice JpASBAART CT AGAGCCGOCACCATG  GA- 3
(SEQ DNG 12))andSal | -rev(5'-GCTGTCGAC T TTATC A G

ATZC G G.A

(SEQ | DNOETSY P Tei PAL Rl 0 Ky Brividiey oo
Univdrsigygri@ntin) weaskegt lg@'@tl@dd guntlitionsh é/hE‘tWW troatetl @apqordance with European
union aiﬁ ﬁrfsﬁtﬁé&ﬁpglﬁ({&l}f{ge $n GREbubk SRS D By LRG1HE RSN SHRXRAMMS (Imalgene

500; Menal 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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plasm d pVlIJnsB (Montgonery et al., supra) generating
t he pV1J- hHER2ZECDTM opt plasm d. 25 EXAMPLE 3 Codon
wopbiswimed hHER2 cDNA A synthetic human HER2 gPOEEP2004/008234

(hHER2. opt, FIGURE 1) was designed to incorporate

human- preferred (humani zed) codons for each am no acid
(hereinafter aa) residue. During assenbly of 30 the

gene, PCR anplification consistently deleted an 86 bp
sequence starting from position 3642, due to the high

GC co ntf@fﬂ% m?bfrogtrzhl% STRRYBRATNA ReleRlctirdifigliodlin 250 Vﬁ{nﬁ@ HBmice
this I ess stringent_ 21 2005/ 01
fOédNCft{.)Ficad Sci.

quadyogr o o) BDESlsoL SEL AP PEPTSOHIEELrG R TR Aa
U.S. At b&F1 hHER2-23 €1p9e)) C 60 peif pEM’V_ﬁN&i dpitigtized ©OAotaveek iB861BJ without incising

NI e T
electrostinmutagipm (R w@9parfocheiosipbaionse Adsctihed (Gucchedli etaul.i §iVfral 74(24): 11598-
607 @{/@1 ﬁlzza_tg %t § O%@o B‘ﬁ%ﬁ? %E%&JPF%& Wi Ktel Iof)ﬂ?ﬁjau'xsmn@l FOB@ bipolar

t goner 5 supra), placing in
pulsewléw 75%%%@@8/@1%8% zed sequence (5' - GOCGOCACC-3', SEQ

ID NO &) inpBSbrd RERIcak3€ outGOmide q{xadﬁifceﬂs hﬁSmM%Blmes Sera were collected

RO N G T Y A L R ——

construct vvas named pV1J- hHERZ2opt (see EXAMPLE 2).
EXAMPLE 4 10 In vitro expﬁﬁgﬂ gﬁ6of pl asm d
constructs. The in vitro éxpréession of the pV I
J-hHER2. vt and pV1J. hHER2. opt constructs was assessed

Mous@g(ﬁ EgﬁﬂfSP@:ItAs\éai ransfecti ng human enbryoni c ki dney
- or nouse myobl asts C2C7 cell lines and
detecti ng human HER2 expression by flow cytonetry.
Super caith@d splefdd@betBrido TEN-yih @asaitigen-$HIAfiP Mbdneh R detabted using a

eSS D DR B0 SN GASER S G5 E B 100

54 (1995hv i |M1ﬂﬁygean 9&=velh MG filtrafibreplNed (a@r NadAIPSB§10QVakgpere, Bedford, MA)

were &grage(a Wi %% %1?? mﬁ&ﬁl@ﬂg&ﬁtbﬁoﬁv f%ﬂ/%@ odg| 41&?]!1 ’clo%ﬁﬁr@ﬂy)cat No.

131810, ﬁ’baremt@m Sae Diggar(sAh)ediutsd st@@e B8s- A@RLOWGH%M rn@g@ﬁon plates were
Washﬁ V@iﬂ‘{ I;%ef;'( 0.005% TN%EK'E@B@;‘ Qﬁ)lnduﬁat%”tlgﬁﬁo £84ili® for 2 hrs at 37°C to block

nouse myobl asts C2C7 cel wer e
non*??%ﬁ?s‘ﬁ%%ed with a 1:1 or 10:1 mxture of plasmd

p Hy JEGFR1dnBEtBivascotita sy Qn@ﬁh@&ﬂi\s spah ﬁéﬂnteﬁl;ham?eﬁ nfZé¥) in a sterile
mannfy, SEPL LT Bl R0 D e Aepied Bnah S i ey e booe
cells wad omnavpd bymoetc beibe adiing Ionkef@t IXCRBS tp thanqeH pulés alvHBREXIng no more

than @%@EO%EA% £ gﬁgg%%l W tl%eﬁg%dg? zzlacf@gﬁ&&gl ¢ {Ed IS?HEEi% o3AnAREh 1X PBS.

Cells mtmuetccbbvmeetrmeﬁnat ﬂﬁ%)eplp fprd§ mig phygerp tqmrwpé &g pb@ﬁt was
resuspefidd in 1 ml R10 medium (RPMI 1640 supplemented with 10% fetal calf serum, 2 mM L-

glutamine, 50 U of penicillin per ml, 50 pg of streptomycin per ml, 10 mM HEPES, 50 pM 2-

mercaptoethanol). Viable cells were 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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Uni versity of Turin) were kept in standard conditions.

Mce were treated in accordance with European union
wanahsjonme7 t uti onal guidelines. In particular, PUTEPYBY/08234

fully anesthetized with ketam ne (I nmal gene 500;

Merial Italia, Mlano, Italy) at 100 ng/ kg of body

wei ght and xylazine (Xilor, BIO98; S. Lazzaro, 30

Bol ogna, Italy) at 5.2 ng/kg when necessary for

procedures. 22 WO 2005/ 012527 PCT/ EP2004/008234 Fifty

1ncubB‘ﬂ1cﬁlffBJgI REBt 19bm Pndsitee Maﬂé@ﬁf@re %kt@ﬁ%‘i\feﬁl WdsB&H wich PB’S’laananeveloped by

ol.
e A S U550y S DA T o
34042\Rierce, Rodktbrd, T) for 5 1d. 15.nfin fcﬁﬁéﬂeldpmeﬁtﬂof _épcﬁs? Rirk2Q Me)plat&QQ water

stoprc{ thQ %wg N%]}I 6%&1& @o&c%?avglé Rﬁfo dt%laﬁ Welt (giucFeg av%acp%ralgld gand positive

cep S musc
contr(pl,fo@@@q sa@plepﬁy)@ Voroepiusted by mmggm-iaw}s@dnmwl)g ankysis (AID ELRO2 coupled

with &imlrspéirlzméo@wa&ns&a%%)ergw@&nﬁ%f ormed as previously
descri bed (Zucche[li. et -al Virol 74(24% 11598-

607 ( Zoﬁg)ﬂeqﬁnz}zgﬁpgmye IgN-y pr%thﬁllngfplergpytgqr peyt otal number of cells plated
per well @64 daloaRted abhie kvegpp hiss edpeit délrﬁle& fr3iAs Mﬁafebatl‘@@ Qifferent cell

130V, 75mA,. 200s
concef it B oaH B Co PA-Ca B B TR AR Lgpsue ol wels
contammgmuls@esphnmtee Ghotdeg it fesduenay offIFNkysprédualag loelfsarese deﬂned as

exceefh#n% 395 %%Uﬁffﬁeﬁc%tbloﬁr]ﬁﬁ c&ﬁglgtteg %ﬁ@%%aﬂ%é@r@mﬁ%m&w &ﬁ_wnh ap value

<00%\YFTSP@FIdP§§abﬁmﬁWQse spl enocytes secreting IFN-y in an
anti gen-specific manner were detected using a
standard enzyme-|inked i munospot (ELI SPOT) assay
"(Myahira et al. annauno}FXWﬁE ds 181(1): 45 15 54
(1995)). I\/UItlscreen 96-wel | MAIP filtration plates

1 et +at et r-rouse | FN-y
anti body ((IgGI cl one R4-6A2, cat No. 18181D,

Phar mi %g,hmﬁﬂga 41 898ve ﬁ?rmﬁié R Ige%u&ése{]\)e%ﬁ:\}xnﬁg%y Fl@éé?ﬁlo acids, were

overnlg I ncubat 1 on, tes wer

designed tQIUAIT wRiA MARnRES}2 s&mfn@en Cipgtpeptidgs, twhioRlatso irsllidedhseven peptides
desigde@to veltome ﬁ{solaglﬁtytp@oﬂlﬁn%c&ere Qﬁﬁiéiﬂ&pﬁ}f dyap&Y (RbIRY CA: ?OAII peptides

were SR AN D e Y HPHC SRETT oo LG SOE B on. Peptides e
recongditged s B5 eng/milds DMVSQY. i Thdsequaptiday ther dEd h(ﬁt@rnﬁbﬁatéllyﬂ&;&mrﬁdere rocked at

o A I i d
37°C %}B&lcﬁ@%{g{ﬂﬁ%@l Ig%tcgssgg,r llataa acFﬁ? g&naho?urpe(é { ;2 ; ?61‘8 ' ?cﬁ:g\{o Rllly dissolve
those papliflesiledt wete stithdotvmsdhaion n@errwemb heurs ¢ftrackir5 Reewstitdisd peptides were
comb1g}?sorﬁlat Qich%%i)tﬁg%a aﬁ}hl‘é%eég@§ %gﬁ?ﬁlnxt hi.e Yithi %PFC M\gﬁlgn of each

br ought wer e pel

peptide ghihe wwﬁtqakswafﬁ@ t%bzdon&/ﬁhﬁﬁ@%mlwwmuated RebFPreGrB0° .
and t hﬁ‘oﬁ@nh@hhé’ﬁﬁﬁnuﬁ@dohﬁﬁdﬂﬁﬁ@ﬂﬂ 8fttoped ok th8hubdOHARS | géﬁ@m BALB/c

. epent e 0% fetal calf serum
e (oA A0 SRR PR b RSl el cer 2
of AdShHERL onjiciquadieps mbscled 0A Hédoh&EleE&wIﬁﬁas@Mf&med after 3 weeks. A second
wer e _caount.e
eroup S RERB0 Sl Mttt b B B AR PR T e e e
seconq ifggciinm, the ﬂ@mahﬂwm sagtficed @é thvefr%mmn obBENexisefoting 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 HER2 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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15 hrs in the presence of 6 g/m of a single or a poo

of peptides, at a density of 2.5 - 5 105 cells/well.
w@@osonmanaval in A (ConA) was used as positi verCnEeI®&h08234

control for each nouse at 5 g/m . After extensive

washi ng with PBST, biotinylated rat anti-nouse

| FN- ganma anti body (cat No. 18112D, Phar M ngen; San

D ego, CA) was added. The plates were incubated at 4C

overni ght and then washed with PBST prior to the

its abafgiot sitlﬁlﬁla&fIFNIyrsﬁléérﬁF bdlis NF&H pepdide PBoIP AOB RRENAEEN-{ EBISPNT. measured a

statisiggs B9GP EBom P o0S SnmpTdth A itk 2 cprmpaged to control in

the alsseenof pepide. elfclidentifihibe pldavides! peptide respdreitdd foethy asivithgaptides from pool
A, BWdM @eﬁv@%m@%ﬁﬁbm Ambe whiEARPIAd Gy VB i an@ MRored Blitive.

nitrob
Single e@ptléz&ﬂrqnmhp@ Positiyrsulpaoks| veprothen tesiefiofos theik ehilithi 4e wigger IFN-

yrele§§éb@v@@pﬁm@%%’crde%ﬁ{euilgﬁg&glﬂeﬂéeéxﬁﬁltem n@rcgmp;lrﬁl)le feQtivity. A

mn for devel opnent, of spots nsj
muchpweraeactivity, s exhibied by averteping pRbAG - 1&%‘%}-42 Another peptide,
hNaﬁnMGﬂﬁ&%dﬂwwﬁﬁQ&ng.ﬁnhmeﬁ@@e i ncl uded as background

and positive 5 co 0t S .wer e .

ount ool s ad (s AR R TR Chr 18 Sutd G ponsivte for -
v prodicROR Iy péceecﬂmg Ricels vAdrEclatac SR by nﬁra&ifutawataiaing (ICS). Mouse
splen%&g%pquugrba Q?GVHEQM le pe ﬁesffﬂreﬁ%ﬁﬁx eg;res %'o}‘ h]¥ §ec¥({%iNﬁ }’néubltor

ucl ng sp enocyt er total nu
brefelday Ayfsedl, mmeablaz@@néthé@ staiged faeintgcsHelgfd Fan GE3 énd 5969%@8 markers

and aﬁiﬁffieﬁ %? bW @PloRLRY. I1EBLEiRAbd {}M@eagﬁ\fltfy%f Séﬁld&lﬁh éu-lS identifying it as an

rations. su tracteg g average va
epitoRs 39 3 Pyl &Sy calls PERHCE BHEY! 5&3 N werr eaba%lefﬁmcﬂwem [FSLISPOT
analydif), sGgHabtinglhab the ITDI3+ Rpikcpe houpl eromyiies in 1h g @Sidubs common to the two
requency of |IFNy producing cells were defined as
?ceedlng a 95% confidence bound cal cul ated from
measur ehededifpthe Coget nolamer ©ifehes; o tesied thireetd a-lpngeeplides spanning the
overl@ggﬁqg%\meﬁw&ﬁ Hﬁ%lﬁg B 9@' lﬁN&ﬁ‘@g proWhEstZeal:éve displaying a

I cation of | nmunodom nant T-ce I t opes
slightfyHacrpaspihisaqtizitp cqmmated iththy e axlongprptiday hhfﬁ‘al mh}@wm Interestingly,

aboutharraning @eaatwltgi vRERIkd EHRstted INAMNSPIBL 1IN chaRYtinkkhA Bk OOy RGBSy but distinct
to span the entire human HER2 sequence.

esi

CD&%ﬁ@Q@”ﬁ%ﬁf% R 13Uﬁ?éﬂwﬁF§o i ncl uded seven pepti des

desi gnemNtoIOS\aesl gy atsol cosfirmsth ItHeIréetyStl\Eify(blﬁ heems01 W&h@ped it as a CD8*
epitops% %ngglt';ls ogtgesg)é é P‘tedl?)gs( @;?Ha[b&lgﬁéT \(;\%nrﬁém(gdetge resﬁ slggﬁél{elllég by ICS.
FinallsiPa lowpeactifitycwasidetectedophiNeid s apdiNeu2Dpaptidesnahdse Lome@smnse was
predopmnd¥@y Bbgin DMBO. Those peptides that did not

I mmedi ately di ssolve were rocked at 37C to aid

di ssolution. If necessary, 1 to 3 additional vol une(s)

of DVSO were added to ful EYANirssa® ve those peptides

that were still not in solution after several hours of

rocki ng. Reconstituted peptides were conbined so that
Intracethdér Geqitinedi®ainiags equal |y represented in the m x. The

final concentration of each peptide in the mx was

calculated to be 1 ng/m. Each m x was aliquoted and

st or ed Iatracgthar IBK-yPeoduetiontas yepsyeed japperdieecio ChRharmingen standard

proto&'l Cﬁhéﬂye Pkl @@%ﬁee{?telfs %rmm@d k@?@hﬁ %{11%1 d Iﬁecﬁﬁiﬂr B e pialenbe of 6 pg/ml
enetic gr ound 6- week-ol d femal e BALB ?

ofsinglocEDIR PP ﬁ‘i‘dz%rafebl)’/“ Aﬁf ReRIHERY l%bltoafcmw%ﬁﬁmn Plus™ with
GolgiPTugP*hEit, B Ehdr@RRsn; SMEDIegs CA)\ SRplfdtotdls BetkiodRinBEBER) at 10 pg/ml
performed after 3 weeks. A second group of mce was
simlarly injected with saline solution as negative
control. Three weeks after the

peptlé
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second injection, the animals were sacrificed and the
frequency of IFN-y secreting T cells in nouse 30
wepbsnosgt es was eval uated by interferon-y PCT/EP2004/008234

enzyme- | i nked i mmunospot (I FN-y ELI SPOT) assay. Three
hundred and el even peptides, each 15 am no acids | ong,
over |l apping by 11 residues, and spanning the entire
human HER2 protein sequence were conbined into el even
pools indicated with al phabetical letters fromA to

(cat. I\!‘S S£§8(1’ @IHMA @aﬁ;‘f L&ﬁsm\/ﬁ}lﬁtd S0 wefe tbRASAHRROL éﬁenﬁ@ﬁes as positive and
test ed 2005/ 012527 PCT/ EP2004/ 008234 i'ts

baCkg‘éfWP‘iqulVO]t E?SBQCFY‘FEM ate IFN-y spleen T cells. For peptide
pool s /kefcﬁe agindbrf duHﬁbeYanEédnﬁB@Bnﬁﬁ&ﬁbH@ldl&iCDﬁ was used to reduce non-

o AR SRR B QML Bl P o i

s1gna1tv#ae obhiseheith APCpetpriode. Clle, Pitentt-mpyse O and ﬁclﬂPdma+m0use CD8a (cat.
No. 5?3%8% 5@%5@ %ﬁ@%&%ﬁ IB?) lﬁh% ﬁlgﬁ tlﬁlgéot @A pﬁ[@c‘eﬁ‘@éeﬂc@ tHef \Wwashed, fixed,

wer e - po ol's, anpbn %
permemilz,qd ajd stainash for Atrgcelilar IFI‘thFHF& FIEE@P@%M‘P (rat- Ng.554411,BD

Phanrﬁhgétg |§§n E%g& ltcgkqs warﬁgﬂokﬁ@ﬁm PR dalcMBted HOTIDO chl(xglgrye tb®hand CD4+
S se
or TS GO Bl T bR s cotoe by

simuliah€@s1f paling GRRAB & BV Atsra@d Sl Vilyinghocftes. NAIL fanipbagmvere acquired within 24 hrs
TSI T T A —

CA). al so shown to contain a T-cell epitope. To confirm
these data and identify the CD4+ or CD8+ T cell subset
responsi ble for IFN 10 y production, |IFNy secreting
T-cells were characteriz PLE®fracel | ul ar stai ni ng
(1CS). Muse splenocytes were incubated with single
peptl des fé)r 12 hrs in the presence of the secretion
din A, fixed, perneabilized and then
stained for intracellular IFNy, CD3 and CD4 or CD8

mar ker f afe?tnvrI atn%‘goc#yxﬁrggc{n%eré %;h\é’ne%)ﬁgqg@c;[ &X}ttal #@dlgg r‘éﬂlﬁﬂ%‘fjates (Nunc

the re
MaxlmmTMdpmsklm@eDamiaéc)mrmaW a*teerllgtmswgemhgoam@pthp@en IgG Fc-spemﬁc

(Plerc@@ﬂ b3 1@1264 ahel\lﬁidl:&tr\i‘ﬁfn&)f Q%@&ﬂxlhﬁ/ 500 NaH© 31 (pH Bl6l). SB(3Ess b antibody was
anal ysi s, gestlngthat the CD8+ epitope shoul d

remoed s Roscieabe RWGOEISRRET BEPERPEECORION H0 Ll KA TS Daller (BSA 5%
Tweeﬁ) @I@S %}j Effter msﬂlﬁée Atpefn)tahtioe IR @8BS witQdaduah sA@atig waditiveand incubated

o KL oA ggwiéh BARE 1B PR R inghenypideg by . ¥

Yardem[ Wﬁdlaﬁrhlastﬂ‘ﬂs bf Sodamcd, iRekgvot]ilssqel)ayd HIEK-A93 sdlls gdutdtipg the dimeric fusion

between ace H{K?e% %}{ n%E%{%Rﬂ&eelgc ;fo?t%otéx?:)g g%rlgah ? bﬁgzg we%a washed and serial
dllutlhacbffser@(frmhé 40805t 1-AR60)) InABBATS bulfke (A ¥4, Wvean 0.05%) Svere incubated

ovem%ﬂ 15¢ Lpre ighhfcAdetaebrd 112Y ad DABKBUBH! ARRIO el Whiridl Skt IGIPBBSTI.
pitopes co-exist in this_11 as se uence. ﬁg%é d
Seconexs aatfry Gog' o4l SeuEIAH PRISE 2 AR PRSP RIS §nd 553389)
was deixed 1 ¥,eeh 1h1PBBSTﬁar(aDBGhbate(D2—B bps. roo%ﬂﬁhlyssmﬁa ke hager washing, plates
e RS SR Y S B b ORI e 5N 0
diethaelmitee Hlafes weteNendbY aauutomN@cUEJZISpepetdm[égbswwm@éulhm Bichromatic,

Helsifl§ FROAS Pand@ résaltPwere exprebaddtas W Chdlat,  EMNWELE Bor each sample, the
Intracel | ul ar Cyt oki ne Stai ni ng.
background signal detected with the pre-immune serum was subtracted.

Antib
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Intracellular I FN-y producti on was neasured accordi ng
to BD Pharm ngen standard 30 protocol. Briefly, 2 x
waeesmpiseen cells were cultured for 15 hrs in RIDEP2004/008234

mediumin the presence of 6 gg/m of single or poo

of peptides and Brefeldin A as protein transport

i nhibitor (Cytofix/Cytoperm PlusTMwith ol gi PlugTM

Kit; BD Pharm ngen; San Di ego, CA). Staphyl ococcus

Enterotoxin B (SEB) at 10 gg/m 25 WO 2005/ 012527

PCT/ EPA&B-’-M—IEP&%&zﬂm(tﬂat wensloalci@4884s, theSleGivacal Baiitmtg dilotidnsef serum
produ%%%al} absor zglﬁ%atvi%agtah?d?)%gager%a&l a]'B&r ; eéee%%ﬁ?ég/o usafﬁ% en?mune serum at
ﬂwsmgedmnwng of surface antigens, Ab anti-nobuse CD16/CD32

was used to reduce non- specific i munofl uorescent

signal (cat No. 553142, BD PharM ngen, San Di ego, CA).

The specific 5 signal waSXMELEDY wi t h APC- ant i - mouse
CD3e, PE-anti-nmouse CD4 and Per CP-anti-nouse CD3a
cat. No.. 553 553653 and 553036, BD Phar m ngen;

HERGICERAS- |1s were then washed, fixed,

perneabi | i zed, and stained for i ntracel | ul ar | FN-y
gﬁi’;\??ﬂ rF"][la-éE% @ggfnwtlﬁu%s&%&% ind g???h‘e}a%ldﬁppe and codon optimized
hHER@ akmessiah sebtars de@ﬁc sice mewxymmz trarawaulemwh BYU -hHER2.wt or

pV1J -%Ki éﬂtg&gnﬁmg@ﬁlbw@& b§-B8 tas lesciBiaan BKIAXIPIH 5)| ®88d were subjected to

hocyt es mere coIIec e
three @Jeﬁ%ﬂnﬁ afrfe 1780 @’Q?I?Sr‘?ﬁ agon Lppdueckn ARt gﬁtdx’ﬂ’l‘&zim‘m splenocytes were
isolatddyfFERNQCY in8Gse. Ab |quﬁﬂf93ﬂleﬂ?Nﬁa&E@etﬁl@®HERedpmﬁdﬂ]D8 P4elhprscursor

f, st Cal f.l
freque%@rqs ﬁ?}é’g{eg E%%F\Rg?lg%(]g@}gﬁnn 1 7a\‘1 r%}éegéf’]ﬁlgég n%{iffor %@%A d restricted T-
cell efXPMRNIdE 1 913 2fd iUl D wdyusTd. tkrannunantmnfdth thoHER? Mgld-tﬂ@rsequence elicited a
balrelyf q%{ectgﬁg b?)%%ﬁs )&fsg ah &gct @mﬂ %@ﬂh@%ept.‘{derv@ats Egse&r l?ﬁ {Rlrast, the

Maxi sorp Roski |
OptlmMHﬁRkyeqmelI@wﬂédoé‘?ﬂé pmhagwsl reéponéetw% D Joa%Ptlde Vielding up to 256

IFNy %@E fori IBdNs (Gfe, 'ﬁiéa§9ﬁ1§é) fspe&ﬁc F&Riteyt68sd pRbper.. AIdwlez 8D4dtactivity was

concentration  of
lso i TP A PEO T AHE T BB TR A, igaéﬁ e mice (data
gmwﬁlndlngbbL?ckengx ggpubatlng for 6gn1n at 37C in
PBBSTS5 _buf f er 9 0
super n étenglrﬁ ‘ﬁhg 54 IS8, VIS fe3L teswg %%EQIS% @ng tﬁg %5 P%Pés%ﬁbstrate

-Cce sat
(FIGUREHB)t TonhEBR2-specifilb attéhgdy tter B dﬁtwtedzhlraél p(V@FréHEBil OBtrlmmunlzed mice

and ti;&&ﬁdﬁtr%éﬁlzvaléz ét‘\ %‘g)ﬁb P %Qs £, ((01)%9'7?’9 000 HhoBe16eIdB. In contrast, the

provi Y. Yarden, VE|znann Institute
PVIIBHEER P moreunizod BB Ehowed P anproxipaclER)-fblowgy gegmetric mean titr of

hHER2 ?Ec@ﬁd eﬁlgbctcﬂe 'Iﬂhé’%@ée“resﬁl@dl@r[bnstﬁ%ttmm cdobién optlmlzed cDNA of hHER?2 is
racel | y @qaln f HER2 and the ﬁ q@$ ?R@ fequence.
more piHgH 1t wltmgatcs nlgepd MR AR FoRepseARaT 1 YHTPBR G
sera (from1l:4,000 to 1:25,600) in PBBSTI buffer (BSA
1% Tween 0.05% were in@%A {?h i3] overni ght at 4C.

Pre-i mmune sera were use ground. Washes were
carried out with PBBSTI. Secondary antibody (goat

Ad fviRyse 194@ or | g&a’ AP- conj ugat ed
‘e%%gen 557272 and 553389) was diluted 1:40, 000
in PBBST5 and incubated 2-3 hr at roomtenp. on a

shaker .Mk h@s-hWBRNWRIA walasaersangndﬁﬁeinqmd HBJER2 containing the

humarc %&gﬁﬁaﬁk&WaSﬁ ﬁlﬁgﬁ;‘aqoﬁgsgl 12({1] hat eeshﬁt% fa%rgltd p\%lgMRKAEl (Bett et

al., Piloe ddt] ByadaSei BistH il el SEI2HBAL 996»d é‘he (emamg IﬂasenttpMRKAEl hHER2
contalj}l/gcl }1 fauma%%l\%’ %Mn%@tdhgmg the expression of the human HER2 cDNA, followed by the

Increa
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30 Hel sinki,Finland) and the results were expressed as
A = A405nm - A620nm For each sanple, the background
wekgnal2sdet ected with the pre-i mune serum WasPCT/EP2004/008234

subtracted. 26 WD 2005/ 012527 PCT/ EP2004/ 008234

Anti-hHER2 serumtiters were calculated as the

reciprocal limting dilution of serum producing an

absorbance at |east 3-fold greater than the absorbance

of autol ogous pre-immune serumat the sanme dil ution.
bov1ne5gr%NBhEoan>olyﬁ&Hhﬁla§©¢1g'nmﬁH§mﬁ@mRKAE1)/ hifERD MEREomhbid@l with the

e

BALB/ ¢ I\tﬁRKAdSAhH PilaamrdatﬁksbhiiE&Edpyww diggested with EcoR1. The
resultlg%// %]ég%?%%%ﬁ y C ﬁeg y&&c’l%ﬁ&ﬁ%@ %’cﬂh%? Eﬂg‘%\?m %lgjlj gﬁé&@cg: lasmid

(See Bpgnip0alt, AY @82/ Qiﬂgéc‘t’ltlﬁih@ h%PbYGncosEOIiﬁ?f’dbylfo%@s of age.
TWO V\'e@’lfa%mﬂfs&)ﬁ% Hherb #8knd pmaﬁﬁmpm ot F)Je%’lﬁt@éﬁz@& by Pacl digestion

i sol ated from eac 0 uantlf
and e BT BV R FERDE 8 AP T LR OO BB et Ip viruses were
grownf ih @EEEIHEh R RS @ﬁﬁh&lﬁiﬂle&dmbg/oﬂah@hﬁd:aasmﬂ }'E)Nﬁed Wmasmat:hlonnde gradient

son SRR RS Sl GRS 02 TR TR VIEFDAA s exracted by
proteindst K digvetidsERE geviohndt intpgrity swes|craficreedelyi restitiasign analysisr eI y
d et ect q-tﬁtézééfé%ﬁs 468 BORARA wiRMRK RASHLITMRS Yot Wi MTRKWRS: CD4+

epti de was absent. In contrast, the 15 optim zed H {32
hHERGEGDENERP! M SaU BRI By f BIoRACERP- ir)e SPRIREIOnTRPTYipREC by Westemn

blot a&%i‘é r@s}%%'%&(l: H6re thint) 10L10M difRerén@e Bfi®eenltid\Wunsaed prﬁt@fnr&(pl@ssed from the
nean v

ecific for the
COdO%ﬁF‘szﬁééeq“?{wF G B sF G VOW&SXP%FS%%%&@c‘t’te%ER%\%eq“eme
(data @ piidwd@- specific IFN y SFC were detected in the pV 1
J-nsB-i muni zed m ce (data not shown). Sera fromthe
same mce were tested by ELISA using the 1gB2 protein
as substrate 20 (FlI GURE #BAMBIHRIhHER2- specific
antibody titer was detected in all pV I
J- hHER2 opt-l rmunl zed mce and the geonetric nean
Compgrigop of g align B was 46,000 or 78,000 for 1gd or
I&Ra. In contrast the leJ hHER2. wt i nmmuni zed group

h d fold
Cicer o fiberer gy & dhicaghy AL AL e e of
Aden@lem®ivad d‘o&tpereﬂ Imh thahef tﬂmnhﬁfDNmassmxziedi witbhléctaéal ktkiERa@iongboth
harborlrigﬁmCﬁf\/f Hﬁk? n)E res%‘ﬂf !:as%:ehtsg W@gﬁ(ﬁ’lﬁ) agtn Vqu q{]ﬁ&rw&élnjected into the

ne respon e se uence
quadrisppsiviRisele mﬂwwmh% mwrﬂe\émtganmma@cmﬂwmsmg\rat HER? (indicated

as Neﬁ’\@ée ﬁﬁbl%}g% fa.Aement 64f(§)0m3p)/§|1§9j)j'ﬁﬁ?gw&ﬂﬁt@ Aiengd 9 bl@eks of age.

DNA was cl oned res q d
Two %qekst Hisr bonsting. ém)ﬁ]p]égvme&a%@c ien(cg § Yergfo %@ gpn stlmulated with
peptidek eshtaNahd thdGaedurdadbmiditp 985(chAJpeB 8y Qe §dDR)hing Tells (SFC) were

detecteg t?'olljlowmg%tn%l ﬁt?orﬂ vgittﬂtlt/l%an pephlaesETB%h in BALB/c and neuT mice (FIGURE 5). On
average, the response was 50-fold lower than that induced by Ad5-HER2 immunization. The above data
show that immunizing mice with plasmid pV1J-HER2 induced a comparable response in BALB/c and

neuT mice for each protocol.
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contai ned a human CW pronoter driving the expression
of the human HER2 cDNA, followed by the 27 WO
w@0as/00%k2527 PCT/ EP2004/ 008234 bovi ne gr owt h hpCcTvERB04/008234

pol yadenyl ati on signal. Plasm d pMRKAEL1 hHER2 was

reconbined with the adenoviral backbone plasmd

pAd5 HVO to generate the pre-adenoviral plasmd

pAd5- hHER2wt .  MRKAdS5- hHER2ECDTM opt: Pl asmi d

pCR- hHER2opt was digested with EcoRI. The resulting

2156 bp insert was purif ExAMPIE @ oned into the EcoRl

of the pol yMRK- Ad5 shuttle plasmd 5 (See Em ni et

al ., WD 02/22080, which is hereby incorporated by
Immutiedteneftdedus nabayses with lnacs HERERR contbizatidn with human CEA and EpCAM
RI\/RKAdS hHER2. opt were lineari zed by Pacl digestion
andtransfected Tnto PerCo ceils 1o generate AdbS- hHERZ
reconbi nant adenovirus. The viruses were grown in

| ar ge %%Egebsttheee?ﬁaé’nch ﬁﬁrﬂln@zaﬁ&iﬁf@ﬁesﬁg mé‘bﬁ@leb {rhdeatd milatta) with the

and purjfied by caesiumc
b SO RGTEIGH RERE GECTB Pa e ey Fiagi of gy monkeys (2
males d 3 female8DPerd inrni228 )J&)lﬂ’l a‘wiiumafe oDbAsmid DNX Vet eqbrdsgzng’l_@)don

. t el nase est | O
Op“m@ff)‘ﬁ?eq?%%f “Sguf?aé‘ PP | errll ] ah: Qﬁ&@ :IJ%,E:A #@E%X cel I s were
i nfect dmmmmhlowMSwhﬂﬁézﬁorm@d afrthaVBikimgdical Primate Research Centre
(BPR? %ﬁ%&%ﬂ%@n ¥R QUS4 dh kb \%rE Mes@ggled Rf LahdtOhe T cell

ressi'on nonitored by western
resporesmmw& by o bemenERe g baTheal emeloger pPEe PR antigens.

bet WeeM&:ﬁeystwmélﬁae&hﬁrmswlﬁwle&ﬁﬁducfnﬁ @trwaeheo 2,4,6,8,10,12,
uence conpare full

t
14, s o Qi OBy eSO PHEH o Fere S qeteonga Pk o sotuton
(split onak 2 SifesWrith. 0. EﬂNﬂEﬂ.cEnfhﬁur@cﬂmgplasmgi DOYA fonmimalz ateigbimg 2-5 kilos.
regime riig)r elf:c%rget1 mul:gtlog NE¥aihdbf '16(%{]%51@ ggﬁﬁ g&lge's '(péég%hﬁ% delivered

cell - response novirus
every othprend fov a thtak trﬁatme@f tirpé @fs}ﬁeel Thamulse bogthateed HWPq/EhaSG with a pulse

freque%L:% Qﬁdrdrrﬁ)ﬁtudg' bt 156 e tah @000 IQRt(&)nE‘t%t Q%én@ Qlo@e) %‘e

ressiron cassettes. Fift | asm

wer e i njhestemenkeys ‘qui%th%ﬁﬁéﬂli“?t%ﬁé” eRiffd IaB‘? of WW? a B%RE‘EF of three
AdendVi€5 EAE 1BALBF Grst deABBEAN O 180cDRxH¥RIng EptQSGIeNG of Aliman HER2, human

ted NeuT, see Lucchini et al., Cancer
CEAE‘E}“{M EPg &aﬁ‘-'ﬁ%f’%veiylggz)) follonwed by ES at 6 and 9

weeks dffo rageure thewomweakspoastti@rhedns beholngpe of hiiman SER@wséng the above
1mmu§1%gt{onlprc§t§cgl %H)g?l] g’%@e% Ve nghf?’ct%@lg?&Jr Iv&%@lzsqgr AP duration of one year.

es contai ni
The celhmadiatdd tmrnlamreSporm@Wasetp}mS@m@by Il%ﬁ}dsnogwsgp dtesylgrpopigd in FIGURE 7
indicftEthhtShd §Ex9mz%n%rot&%ﬁ gdusddd bdvk Qb Bekciid il datih @8 spatitib immune
uman peptides, both in BALBcan%% uT m ce (FI GURE
respoBsp agaiyt el@@é@ﬂé@@%&lﬁ@@é@%&ﬁ%@%@ X% d | ower than
that induced by Ad5- HER2 i nmuni zatl on. The above data
show t hat i mmuni zing m C%&% smd pV1J- HER2

antigens

i nduced a conparabl e res ALB/ ¢ and neuT mce
for each protocol. 30 28 WO 2005/ 012527

Comparison of p185-specific T-cell response elicited in mice by immunization with pV1J-HER2opt and
pV1J-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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EXAMPLE 13 PCT/ EP2004/ 008234 | nmuni zati on of rhesus
macaques with human HER2 in conbination with human CEA
wanahsBpBAM antigens To assess the efficiency BET/EP2004/008234

i mruni zati on of rhesus macaques (nacaca nulatta) wth

the 5 human tunor antigen HER2 in conbination with
ot her tunor antigens, a group of 4 rhesus nonkeys (2
mal es and 2 fenmal es) were inmunized with a m xture of
pl asm d DNA vectors expressing codon optim zed

HER2BEHHRIHESwag blebtIRciet B R0 HE NS, b aa]s wakperfaamed at week 14.

HER2/ neu, Lon studies r rformed at. th
e
inducedibg teeftilhiength ptlks)protdingseh dsifiD4rtiand CD8h rezttindy eas meesuged by IFN-gamma
ELISPg)%SI %ns?%g*‘tl@Uﬁﬁ %k URL G o Qgre;;io(ﬁ%uﬂ sisifl C28ARMIR &R obRUN 68 ot reveal

yi?'g man anti'gens agal nst the rhesus. ho | ogues of
differenére instherexpaessipey betweenbmikie plaswiss Maiagetshagnkd

intramuscularly with injections at weeks 0, 2, 4, 6,

8, 10, 12, 14, and 16, followed by

el ectrostinulation. Animals were injected under

anesthesia with 1 nml solution (split over 2 sites

with 0.5 m/site) containing 6 ng plasm d DNA for

ani mals weighing 2-5 kilos. For electrostinulation, 2

trains of 100 square bipolar pulses (1 sec each), were

delivered 15 every other second for a total treatnent
time of 3 sec. The pulse length 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 (AE1l-AE3, "first

generation", P2 level) expressing the wt sequence of

human HER2, human CEA or human EpCAM respectively.

20 To measure the i mune response to rhesus honol ogue

of human HER2 using the above inmunization protocol,

bl ood sanples were collected every four weeks for a

total duration of one year. The cell-nediated inmune

response was neasured by I FNy Elispot assay. Results
reported in FIGURE 7 indicate that the i munization

prot ocol discussed above was effective in inducing a

specific i mune response agai nst endogenous rhesus

honol ogue of human HER2/ neu. 25 EXAMPLE 14 Conpari son
of pl185-specific T-cell response elicited in mce by

I mmuni zation with pVlJ- HER2opt and pV1J- HER2ECDTM opt

The i nmuni zation efficiency of a Cterm nal deletion

mut ant of p 185 retaining the extra- 30 cellular and

the transnmenbrane domai n (HERZECDTM) was eval uat ed.

Pl asm d DNA expressing the codon-optim zed sequence of

the full length (pVIJ-HER2. opt) or of the truncated

protein (pVliJ 29 WO 2005/012527 PCT/ EP2004/ 008234
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HER2ECDTM opt) was el ectro-injected at weeks 10 and
12, and analysis was perforned at week 14. The
worensmaised protein HERZECDTM i nduced an anti - ppdB8%5P2004/008234
cel |l -nedi ated response higher than that induced by
the full length pl185 protein, both as CD4+ and CD8+
reactivity, as neasured by |IFN-gamma ELI SPOT anal ysi s
(FIGURE 8). In vitro expression analysis in C2.7
muri ne nyobl asts did not reveal 5 differences in the
WHASNP CEAIMED IBet ween the two plasm ds (data not shown).
30 WD 2005/ 012527 PCT/ EP2004/ 008234 WHAT | S CLAI MED
I'S: 1. A synthetic nucleic acid nolecule conprising a
sequende of /uthetn tuglsie acidapolecalsconpasing eaegncHpiipelaetides that
encodBd PlEhdd IR BRE pfoddid I& sbtrfoém 960 X812, the8yreRt Bedidi€acid molecule
nucl el ¢c acid nol ecul e bei ng codop-optim zed for
being fipdpR-apEpEred & b}abéf‘svrﬂo‘ﬁpqeﬁw& haRarREl 2. The
synthetic nucleic acid nolecule of claiml mherein t he

sequence of ..nucl.e t|d IS uenc

nucl eot™ des Tglgts r\‘ﬂb ?f Huc @Eg%?lﬁ“ﬁi‘c?fl"%m i 0 %ﬁrem tﬁe tore of
nuclegtalapeangpiring thesequencd of inuclentides satohbxsle inl SEQID N0 m 1. 4. A

host cell conprising the vector of claim3. 5. A

synthetic nucleic acid nolecule conpr|3|ng a sequence

of nucl3eot i dekectos sempriingilcguelgic goid apalegnle ohtlaEh

HER2/ neu pol ypeptide that has at | east 90% i dentity to

the am no acjd sequence. o 2, which may

i ncl udé" up t%g?ﬁécegﬁPﬂBmé‘tg tBe %ﬁcgé Pgil?“ﬂ?r?’s over the

entire length of SEQ 1D NO2, wherein Na is the

maxi mu | nu nb£ syn fe’uc? rliplc JoIG ag 21d nd&?a&lu o%%nlls?%%ea@e%cé Sf nuclﬁotides that

cal cul ated by™t

encod¥ga vmantl‘herrlamHERZ/n@m[@éypepﬁdeahﬂt has atlshst 80% idegH® t¢ the RDINR acid sequence

of SEerﬁ Nb baghiéh A HQudfupQo RO ammb QEidlaleraitys oved IR Atk Hﬁn@&&iﬁf SEQID

f X dyY d t
NO2 Ry RS N e de ﬁaf'nﬁiﬁeﬁ TG G BT S S e formuta
t he seqqeﬂxe @aY)ucl eotides is codon- opt|n1zed for
in whlch g(JIg is tﬁv %tal rglgef 3 Arﬁ? o 501dsqn gﬁ'ﬁ?ﬁ I\Rﬁi Iand @ haéa §:¥ﬁg mtdocwherem any

a sequenc
non-nrtc.g?t em)dmod e%Xa adtY is mé@ég tk@ nhcuma mtqgmcmwfptpqcmemh prgduct from

v%ﬁ:fenl‘ t‘ﬂé Eéauén@e SIS cddbn-dphiRizey Rk Bgh 'léifeﬂ%atﬁﬂe%‘lcﬁl iA6 hikman cell.
nol ecul e beli ng codon-optim zed for high | evel
expreSS|on in a human cell. 7. The synthetic nucleic

aci d g ecul £oQhefid ﬁic@c@ci@?ﬁ‘&l&:‘ufé cb&ﬁns?n?g:’éls%a&&c@&f nucleotides that
nucl eoti des conprises the se nucl eoti des set

encodpi e ISEECPEME B 365 AorAP SEDTBINQ dhrghs ST g o acid

moleddléMefiz Qo&ﬁl-détlﬁ%&?tw hgh OfvelGkpries¥idd.in a Bum# st cel |
conprising the vector of claim8. 10. A synthetic

nucl ei ¢ acid nol ecul e conpri sing a sequence of
nucl eoti. d es ThaayntheBb nehdoadbmeleady ofataim K wherpinHERRECDINOT

e BRI Bl B A BTN ik,

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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sequence of SEQ ID NO 14, which may include up to Na
amno acid alterations over the entire length of SEQ

wo Roosi0125274, wherein Na is the nmaxi mum nunber OPCBEPZI04/008234
acid alterations, and is calculated by the formnmula Na
= Xa - (XaY), 5 in which Xa is the total nunber of
amno acids in SEQID NG 14, and Y has a val ue of
0.90, wherein any non-integer product of Xa and Y is

rounded to the nearest integer prior to subtracting

sequerng©f SER Ha DX 14, whieh max inclugp up toi M gokBO gcéchq]“@mgi@nsd:fver the entire length of
SEQ IHEO 8@ RS 15 isARARX:ARA hithBL df {iiho RiidRtckR¥RY, and is calculated by the
expression in a human cell. 10 15 20 11. A process for
formubax pr essi ng a human HER2/ neu protein in a reconbi nant
host cel,lsxgoppy)si ng: (a) introducing a vector

. C rising,the nucleic acid mlinto a sui e .
in wh B R 151 00 BRbeF PP T O O oL TeY [ A of 890, Sherei any
non-irtgacrbduonet Xifrnd i iatduodedes fie @ssésbintegér msiai © shifrasting4ERPproduct from
Xa., v%%%tn%@saq&e%cé%f%ﬁaﬁggﬁgs i 8540 XPEAHE AP n (ER R, HERA R han cell.
proteirn 1'n a reconbl nant host cell, c rrpr|5|1?1g: (a)
i ntroduci ng a vector conprising the nucleic acid of
claim §into a,5U £ARlE 0058 nESh HEBML RGN UEdRSbinant host cell
t he host’ ceﬁﬁangﬁer cgné%]t%sons whi ch a}l%ow e>?par ession o
compfingsai d human HERZECDTM protein. 13. A nmethod of
preventing @f) tr eafddiiandiERéASHRfisAL &d nGaBie @kid of claim 1 into a
. .conmprisin adm nistering to a mammal a vacci ne vector
suitabledicPSigA§ a synthetic codon-optimi zed nucleic acid 25
mol ecul e, thi® nueliirdgd@eildsiel exlet @ndidoprvwisehdlosr expression of said
S nce.of nucleotides that encodes a human HER2/ neu
huma?)ﬁgggf’??%é’% set forth in SEQID NO 2 or a human
HER2ECDTM protein as set forth in SEQID NO 14. 14. A
met hod gccor,di ' i - i
13! Shsd 87 Glrlsih el Shha IR ECHE lySecombinant host
human. go 15@’%\ et hod gccglor ding to claim14 wherei n .
cell, comprisjegst or i s an adenovirus vector or a plasmd

vector. 32 W 20Qafdddadmla/vector comprising the nucleic acid of claim 6 into a

suitable host cell; and,

(b) culturing the host cell under conditions which allow expression 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.

4. 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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PCT/ EP2004/ 008234 16. A nethod according to claim 15
wherein the vector is an adenoviral vector conprising
wano@daerseyi ral genone with a deletion in the apenariawsos23s

El region, and an insert in the adenovirus El region,

wherein the insert conprises an expressi on cassette

conprising: (a) a codon-optim zed pol ynucl eoti de

encodi ng a human HER2 protein or a 5 hunman HER2ECDTM

protein; and (b) a pronoter operably linked to the

poI ynum eot A adethod AccoAlimgad kledh Howhareln fig vegois ai adendyiral vector
compném%n adgncgvli]rgl %eﬁ&lng b &fl 3 déet%%ﬁl?% gdeéﬁ\ﬁgfg g? ééslggcfﬂ Ofd an iMdeH Ghihe
adenoviras E leteg@ncwirmm thee nlfgert q@NAYS 28 CEIERSIAD 661 CQ@HﬂSlng

pol ynucl eot j;de epngcdh-Batirfizd udtbefde picoliial B h@harBHER? protein or a

human HER2E TM protein; an b) a pronoter operably
humean|HEREGDIY! PRI nucl eoti de. 18. An adenovi rus

vacci ne vectypr copimbsi sigradly lmtiaiohemlyngeedide. Wi th a

deletion 15 in the El region, and an insert in the El

region, wherein the insert conprises an expression

c as S et t2  campthicgiangrdifglp ching bwhereip therviestetiis a plasmid vaccine vector,

which Bt &?&%@%&%&ﬁ%ﬁ%@g{%ﬂﬁ a%gﬁggl "o pr ot ¢

o pe r abl y |ifked & @pdpﬁ-@pt'g@qz &ng@@qn&@ ency ngg hutp@.p HER2 protem ora

human3SEREDTHS Iy,geg{ @hd according to cI aim 18 which is an Ad
5 vector. 5 adenovi rus pr.acco rd| L0 claim

Ve
18 whi ch |s%&n ABPEMQIEE PREF2 B’rh F\ tﬂ&heﬂ? idSact or |

21. A vaccine plasmd conprising a plasm d portion and

an exp I Io?‘{l %eais)\%?utstvgccmg%gét& 21 }1411%0 %’%ﬁé&%ﬁm mde with a deletion

casset risin n- opt |
in the Ebiegnnl,cahéam ingkart mmwl mgjo \Mhmﬁ HERR Opmtl%ﬂs An @fpffiﬁsmn cassette
Comprglﬁrﬁmn HER2ECDTM protei n; and (b) a pronoter operably
ked to the polynucleotide. 22.' A nethod of .
treating a fRmmap cedeppeipigl robEHe RS caodpe g‘t"é‘ﬁfl HER? protein or

encodlﬁéﬂﬁﬁﬁanqu@)m pro@fﬁﬁ ahdit roducing into the mammal a
pIC-rr/S }Ep\zl 8 82? E}@ g g 3 promote opera%lyvionke&) t%%e po ySn%Zleotlde

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 HER2 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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5 10 i) a codon-optim zed pol ynucl eoti de encodi ng a

human HER2 protein or a human HER2ECDTM protei n; and
wodosaimonot er operably linked to the pol ynuchevErzi®i/008234
(b) allow ng a predeterm ned anmount of tinme to pass;

and (c) introducing into the mammal a second vector
conprising: i) a codon-optim zed pol ynucl eoti de

encodi ng a human HER2 protein or a hunan HER2ZECDTM

protein; and ii) a pronoter operably linked to the

pol ynucl eoti de. 23. Aansiohedtiazedpadymglediilechaiding22uman HER2
.wher.ei ' torqds a plasmd and the second

prowl%l/\%cathgl?ﬂ}l%Eggzgﬁﬁgﬁg{n\?ector. 24. A met hod according
to claim22 wherd)n thgrofiofes ppayehdy linkeil & thepddwnigotidels

vector andghe RGARL: ¥EEERkhinkd aol BFh&o pis3; At
(©) introducing into the mammal a second vector comprising:
1) a codon-optimized polynucleotide encoding a human HER2
protein or a human HER2ECDTM protein; and
i) a promoter operably linked to the polynucleotide.

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.
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