TITLE OF THE INVENTION

SYNTHETIC GENE ENCODING

HUMAN EPIDERMAL GROWTH

FACTOR 21NEU ANTIGEN AND USES

THEREOF FIELD OF TI-IE INVENTION
TITLE OF THH ivegpresent invention relates generally
SYNTHETIC ¢teNthetherspyuof:sancen M or@wTH FACTOR 2/NBU ANTIGEN
- AND USES Tigpyeeifically, the present invention relates

to synthetic polynueleotides encoding the
FIELD OF THR{{NFAR ®timor associated polypeptide

éb?d@%’al GOV RSl 2Bt e bgeseer More specifically, the
present Inventiqg i %‘iﬁ°d€1§f§ﬁ‘§{3é&flﬁ’i’—1ﬁ R GpheWhgre: associated polypeptide
epidermal gro factor @rneu anf {Je(r]eg Sdeial ated 8230;6 ﬁﬁ?ﬁ‘&% d)olynucleoudes are

codon-optimize; or xpression m a human celll}_xllar envxronmenf! "lihe rpresent invention also relates to

synthetic ponnugeotu}( Penco%g!roart]ml rgat%d form o ney, antxgenr herein designated

hHER2ECD opt\,l \Lrl‘grelm gl eotl eI;eax%(c:" gnl I;] ent('i or exprcssxon in a human cellular

environment, TEQ L@Js%nt@n@{ ﬁ“ﬂ@ H:ﬁtg Q) ¥Q!'Agi§rg ygt@?and hosts comprising said’
synthetic polym@ig&@g I %S%@MM%@! ﬁblgwtugﬂ@ctor and plasmid constructs carrying
hHER2.opt and H E&Z«/ﬂﬁﬂc&tﬂug@ﬂa&&&ﬁlﬂ Qﬁ@@iﬁ@t@:@mmmv and treating
cancer. hHER2ECDTMopt, wherein the

polynucleotides-are codon-optimized for
BACKGROUNRRPFESSIIRNTICY human cellular

éﬁmrﬁfﬁ\éh{acﬁfrﬁé memqwm Bopriated antigen encoded by the
HER2 et provfpfes GSEATN 16 PEROMTBIAT et gpidenmal sowth acor
reepor i ) SRS COMpTISITY Sefsythiaiec fomerst
neuroglioblastoma é?hlh et ai gc i ucrfes Zléh IS ?‘I%Q)I)ﬁa Ira]teéfé Bed and characterized from

human cells (Co sse S ct al Klm7 ef al., Sczenceé29 974-76 (1985)).

EEQM' es enov ﬁ

neu 1§ further classy xc s a mem er of the gjruly of receptor tyrosine

kinases, which cgg{@g H)Grtécg% gybz[t] grtxczp atein ¢e; IQTQ\!:AQQI x).gercnnatwn The HER
receptors conm&h@!; Hx%& y@tﬁaﬁ: Q%\@ﬂg m% %%%H&l%!mds as dimers.
Specifically, huGdd m@@ﬁﬁh@ﬂ%&@&e{gr@&(@rﬂ&l RGN Qf tﬂ@@tﬂglmﬂy (HERI, HER3
and HER4) (Klaﬁﬁf%ﬁdMRﬂw&@F Fl-ll?)l\ﬁng hHER? dimerization and
tyrosine auto-php NN @NnE:ﬁlhdﬁcr mhgﬁﬂ&l‘ﬁhh’f@e&@&h& s generated and
recruitment of sgot GASIMOIIBIRN SO asS0€ i8fi@the cascades, which ultimately
resultin the ectpyptigerrencoded bYethe. HERRMeU

Wgﬁie}@ @iﬁ@f(tm S8R el ethsci pbgmz)xcoded 185 kD protein are
normally detectee\]ﬁ?eﬁ ﬁ%"ﬁhﬁq“é]r‘ﬁﬁéf’f‘%f tﬁé‘fé ,ériﬁlildég ﬁa‘)&'\m and breast, and tissues of
e seseointestog A ToiTHSr P B GPfait bt 053002 (1990 Higher
levels of HERZ/neu e ressmrt; éré élso tc(i)e%_eétc %e ﬂﬁsﬁ’?‘i Q%fﬁé Wgédunnc embryonic

development (Press at 3l

ori maﬁy )isolated from a rat
neuroglioblastoma (Shin et al., Nature
290: 261-264 (1981)) and. later cloned
and characterized from human cells
(Coussens et al., Science 230: 1132-39




ofHER2/nee correlates with a

poorprognosis and a higher relapse rate

for cancer patients (Slarnon et at.,

Science 244: 707-712 (1989)).

Amplification of human HERZ2 leads to

e%iﬁﬁkfé%ﬂaﬂ?t‘w“ﬁ*hé?&éﬁﬁ%nfyaf&ﬁ%r%%%ﬁ foractive specific
mnnunothcrap}b 'Pdrﬁcf e1r¢ é‘ﬁi%%lneu %ﬁ Ié 83ﬁ11fn06 EI fvere)t%refﬁd or amplified in various

malignancies, such as carcmomas ova uterus co on, and prostate, and adenocarcinomas
aggreseive %@ cells

of the lung (rev; g m 1SS and eever ncel eseazc 43-371 (1997)). Overexpression

of HER2/neu c

rre? Q:s w% Ega]n 9 High: ?’@ngrate for cancer patients (Slamon et al.,
Science 244: 7 - § no-xlx- t}%un!lg EE%%(Q{(@ Mgced MAP kinase activity
and cell prolifeLQMg la&ft!drglags Q%%é!@gvé 'gemgf §nla§ LQIS (Ben-Levy etal. EmboJ
13(14): 3302-1@&[%;)9@9{(@%&%& l&ﬁ%ﬂ MQ] 9&@1&1 in tumors is in direct contrast with
the low levels @SSQQIAeawithuiesmal adult tissues.

%dtﬂﬂ[ﬁﬁﬂx}b,y man ym@&nﬁ@rnpﬁtt(}@ RtGgnancies associated with
HER2/neu ove@iffeftngpiiommmadignanciesagsddiatedn. Anti-hHER? cytotoxic
T lymphocytes\if{Th) H{EBRiriced W@%m@ggi@ﬁaﬁg@cn& (loannides et al. Cell
ol 110D HFRINE PSP O Agafibet 116 22 00 6547-51 (1995).
Several HLA- ﬂszcxﬁﬁﬁ%ffﬁz wﬁiﬁsﬁp@w ertidepeciﬁc T cells can be
generated in uwr(ﬁplﬁa ztl: & [( )ﬁg&g%é ng&[: :tIeCcffzncer Res 54(13):3387-90 ‘
(1994); Lust%;ﬁ;a aly Huril Inzfnunole&%/é(ﬁal.n C%@% rxgn atient

T e above mch s demo 1t at antl. une e cctor mechanisms are

activated in c:ﬂ(ccr a.t1ents an i{h%tt th€ po entla cnctrtn ?en anc1 ch immune reactivity. An

effective vaccme% Igé]fxg(t’lkg ﬂeEgng %%—Iﬁ&ﬁgn 1P J %t“ﬁxtmce this immunity to a
leve] that is prﬁgggaxgﬁ! &J@Av?gd@ 490rr@ @4?0153&0@1 99 5))

: %éé@ Ealhﬂ%eiﬁataloﬁsgm{atﬁdak&kﬁm as a target for the
development oﬂﬁﬁﬁldﬂ&h adebeandefined AndrEr2 monoclonal antibodies have
been mvesmﬂatﬁﬂpﬂia@iﬁ pﬁ@tﬁlﬁcaﬁcﬁe“& ©enbi@dy approach demonstrating various
levels of succegj@Pr@fateichinevitron Fisket GhE@ncet (REY-

S 893 (FIQ Ty oshire or etk i CHRTEr: bave been reported
it ot 1. (R @QBA1 S SFBFE00 * (TOTA Higjaptsiy eeit HER e by
administering ﬁﬁ\greslgﬂrj fﬁctrﬁfmﬁﬁbgllgﬂ?y t?gm R2/neu cDNA functionally
linked to the hE@ gf-lﬁ éu% &? ér ff\ﬁcanrs,]et al. (¥ ?nZ(O:)Oﬁ/O%IOétS disclose a method of

vaccination wi 1{ dendrific, ceE nﬁéﬂﬁl ¢ adenoviral rs ex ressmg a non-signaling HER2/neu
mune e

‘gene. Cheever and Dbs disclose methods r Irm'numzx mans agamst HER2/neu-associated cancers

with HER2 pe;[p de es (. %ry§ent §oa§§46 ?3%; %g%ona Y, %@E&ncu peptide-based vaccines have
been studied trp %n%gtﬁe@pod legh LQBE ghx% &Q&t@nyzﬁl Cancer Res. 71:343-71 (1997)).

bﬁ]@ @JJE&BE@FLQ@&J&&QQ&L&Q@ &W@mes have been hindered by
difficulties assggﬁﬁtwg—ybtﬁzﬂg @I@»@R&%M&QQ&M@X@Q&Q@ successfully
transformed hﬂﬂ@gmummsp@ﬁﬁeﬁ&wﬂ @LiMAUEGE nucleotide sequences

both enhance this immunity to a level

that is protective and/or preventive and

overcome self-tolerance. Based on the

above recitation, HER2/neu has been

pursued as a target for the development



SUMMARY OF THE INVENTION In
accordance with a first aspect of the
encoding rﬂt@a&%ﬁkﬂﬁé&ﬂg@abm&r Rol pefﬂiy!ilg@gsi@ble to develop a
readily ren%mﬂ&ﬁmlﬁﬁﬁeﬂm @6Ul@zes hHER2- encoding
nucleotide E@IRPHASIRGE SBGLENCEe@ésnocteBtide@sed host cell, said
source alldhiatie e oete s achel Ararrd-ER R/ mee) is efficacious and not
hindered bppgitisieraas-set forth in SEQ ID NO:2, the
SUMM AR?XP%@FR%%@C acid . molecule being
codon-optimized for high level
in accordaﬁb‘épﬁﬁSSiQEk)ijc&fhl'ldmaéhﬂﬁzuntm, there is provided a
synthetic nAGGOGIANEEUM/EH#isBe e eRtkas protidfidiianat encodes a
human HEREESEMdNVERtON itseraDi s providetiese nuckic acid
molecule bgiag tefoTentmrasirid)thevs ercleitonielnuman cell
molecule as defined above. In
In accordagge i 4 4776 Tt & HRiPES AR Ui BfERa's povided a
vector comaaReh i HIE AtDTS HERS € BFSURted a

host cell com rjfsingthe vector as

In accordangce with a third aspe ci the present invention, t.ﬁ’r]e is provided a host
. a

cell comprisu% meevec%r a(g\ée meQa%&l%.ordance wi

fourth aspect of the present invention,

In accordapt@ﬁ@\ 5309&95@;@9@1‘@@ %%E&hﬁt&tw g’l@é@s%@@ied a
synthetic nolacy lﬁ)lg&m@mﬁa& a@@ﬂ&&emﬂcﬁfﬁdes that encodes a
variant hurktd Clerolides ihate neodes isasMariaattiy to the amino acid
sequence KISRTANNAERZ{Ineyy polypepiidethatdiageatons over
the entire Ife@iStFGOYDIteALtityetd thé Bemimdnracidmber of amino acid
alterationsg@q'geqwet@ﬁ)gmrmwg:g’—WhYQ}ﬁ\ yﬁa X, is the total
number of ﬁﬁmaa@wg@ N&%%fﬁw aﬁa valﬂ%?fé)tﬂgﬁgnerein almy non-
eger Py e S FIFEPBHG HF B SECEHE R brectng such
product frowﬁ% Iygﬁﬁeﬂlt’h?§eﬁ¥8nfﬁ &f)?ﬁ%eifﬁ}ﬁeﬂﬁ ?ﬁ%é-f)pglf\ized for high

level expression in a human ce . .
vel expresSioi G A8 Slterations, and is calculated

In accordarpc¥ ytvmﬁeaﬁ%greggelc of he= reXs<aa‘nf ir(\?gﬁgr),’trigre\_,i\éair _\tﬂded a
synthetic n&!e@aﬁ?ﬁ%xggé}l} [ i 85 %@éﬁl%@n@:@gﬁeﬁ%at encodes a
human HEFQ%?.E&‘}Q;)MQ’!% s@ﬂ%%@é 8 YV@IMQhQBQﬁ%Q) nucleic acid

molecule HAHIREEINARY-QGN nibRIBYRKRERIE L Bfkace!
and Y is rounded to the nearest integer

In accorda{BE @t @sBU BéPacting steh peadudtefsGmovided a vector
comprising)e nywhieredmeheseduéiticeref nucleotides

is codon-optimized for high level

expression in a human cell. In

accordance with a fifth aspect of the

present invention, thére is provided a

synthetic nucleic acid molecule

comprising a sequence of nucleotides



optimized for high level expression in a

human cell. In accordance with a ninth
In accorda&%mcg @ﬁe&h@aﬁﬂ%ﬁﬁm Hh\!&m&l@ﬂnokh@é’@ iiﬁ)rovided a
host cell cfWONiIGQM RcprOGEsSHRTALEXPressing a

human HER2/neu protein in a
in accordango@]rrpbiﬂmtamgto(jeﬂpreg@xnmgimgﬁ(a? provided a
synthetic qmm@laevgm@m@@mpfgmwﬁ@ﬁdes that encodes a
variant hurmﬁé‘%‘féEgemfl Wm@ﬁ@gtégﬁ@fw i%ntity to the amino
acid seque§EﬁféB!f8 H(I)\Q 1éé/|/r1 Cﬁﬁﬁy '(Bﬂd&‘fl‘l‘tﬁﬂﬁr@‘fﬁé“'d alterations
over e e R G RS i ATy oo
amino acid alterations, and is gfalcu!at j& the for EP%% Y in which X,

exrﬁzbres ofsa { g

is the total nurhber o ammo acids in a va ue of 0.90,

wherein an)nn(% nr(&g) Q§ (ﬁl@t WQ an% ¥es roung%petge r% rgst integer prior to
subtractmgnsrﬁl$§%wfymlO%em%g J%@Egélé%ge@des is codon-

optimized BFRGESS IF- LXArRSSINGAHNUMan
HER2ECDTM protein in a recombinant

In accordaht@ SkiCElpthGerps Sige star)irivetiio te g ptovided a
process fou@ptOsreEMpPEISHEG2he musieie acicboithet cel,
comprisingfifthirgSioercta rieer eosuitabie host el bf anist aspect into
a suitable t(@j;) (@[lj|z[m;iﬁg:tth)énh@St\@éqymezronditions which allow
expression hiitiis Whtdrr'dltow expression of

said human HER2ECDTM proteln In
i acoorsepie A BASHE it A SIS UEERE bPiHET°

process for ex@ressu a hum rotem in a o binant host cell,

comprlsmg m?%uclﬂg}/ ae \gtzltgrr};brrﬁgnes{‘r\eg e Quc?etc acl fz%he fifth aspect into

a suitable N@t teqra%) '{BQEIU? mgtI% I%én: %n%%r conditions which allow

expressmn%@g%mugmlmgﬁgDQM9‘&&% aCId mOIeCU|e
the nucleic acid molecule comprising a

In accordaSRYUEI IR0 Riclentidasthatl £RE0LSiBrovided a
vector con'bditrﬂimyl’rlPERZdﬂlﬁuptﬁfﬁtﬁiﬂla&%ﬁdwﬁh, iR nucleic acid
molecule cBERGIND N0 Advarmamd-HRBEGEMER2/Neu
protein as gyt (steaiin SES SIS INMSEERIEPN@pltbif@ set forth in
SEQ ID Nj&doasersmeeine. In accordance with a

twelfth aspect of the present invention,
In accordaprR Rl fBFO FRARP ERY ”éFd‘\‘é‘h‘BK’?WB% Vegkiperoed an

adenowrus vacc ne vector co risin an ad |r e e with a deletion in the E1
ST ESHIRPREITY AR SRERVIEITgEnomE
region, and an Hsert the 1 regjo Hher the insert com ngfs an expression

cassette compnsmg a a co on op lmlzed polynuc%o?de encoding a human HER2

protein or J&%gr% Mma% %{EQBW pYXQﬁr%U‘(bSQ%rBQ«%%F Eperably
linked to thggm,gggg&or expression cassette
comprising: (a) a codon-optimized

polynucleotide encoding a human HER2
protein or encoding &human
HER2ECDTM protein; and (b) a
promoter operably linked to the



human HER2ECDTM protein, and a
promoter operably linked to the

in accordaqgélwm(“tl‘u%;%spgbt%f%@%QQQ‘[ Vn@(r:ntgr( there is provided an

adenovnru§m£§§§n§t99g%ﬁ9%E@t@@&t is an Ad 5 vector.
polynucleotide encoding a human HER2

in acoordapdfﬁtﬁiﬁ eireehunan dHER2ECHdMn, there is provided an
adenoviruprte icedhd atiproniotercoperalbby inkedtor or an Ad 24
vector.  to the polynucleotide; and wherein the

second vector is added when a
In accord o B TSP A AT e Paiess provided a
12cene o G RO AIAET thiHFST VR egpofrr coset sorion.
the express%rb%ass é%portnonﬁ m snrgv(ehat%od% éﬁ%&(ﬁlygfcleotlde

encoding a umang prq ein or a uman

nd (b
promoter o;tl?atpyn%?ed fo t”g\éq%tulc eotige Here IS pr VI a
use of a vector comprlsmg a synthetlc

In accordaggéd@tn MH&&%@Q&%'@&%@QQ smé%lﬁﬁlérllge is provided a
use of a fm@e&w@lﬁia %&%WQH&Q@%BEWB@ Ghedicament for
treating a S@GuenceiRf mucieatidesiihatoncodesnane first vector
comprises RLtpAGFPitEZER 2iBUITat el ag setferthERR protein or a
human HEREECP T IN@n220t plurkeswdd ERAECDFIvblynucieotide;
the seconyyesteripprgsisset fertthorirBEQoND NE)IE 4nading a human
HER2 protﬂiﬁ;é)rrﬁ a%%efl\éwbmé efer,omoter operably linked to
the pdy”“@?@%ﬁtm BB MRS Hebetad esetemines
amount of {5 fRET° BILYIEEed 48 EbHfSbsitions and

In accordance wh'\%dssevg(r?te%“ I:E\sggcte orf]tmea ;E]rgseenltl]nm)lt{t)r] It%ere is provided a

use of a vgctgr Slp ergththc cc? o] re?r’]%'ze nuye!:c acid molecule, the
nucleic aci H@l@ﬂ; gn%@&ué’r\(@' d§e§t§§9&5@£§gdes a human
HER2/neu WHBNYEIEERAUS ALBHREAGINAMASIER2ECDTM protein as
set forth inlBEIUE! m1br%&&mdcgwiﬁﬁcﬁﬁ@ﬁ%@venﬁng or treating
HER2-assdDpecifically, disclosed

arepolynucleotides encoding human

HERZoprotenmorsigets amgedtedsformaitof enhance immunity
to the protdffy prpapisiERSeprOteimveh R COMprise s associated
with numerH PSR AR BNTARI eI APERS B PSPAFPRECers. Speciically,
disclosed a{f@?ﬂ%ﬁ%t“ﬁf fﬁcgd‘@wwaém}win or a truncated form of
e C HRERGEC TR, WhErer 2 o

of the HER g&e é remaft rh ERZECDTM) whérein said polynucleotides are

codon- optlmlze Ieve exp sFlon h a?ur]\an cell. Disclosed
codon- optlmlzegl | eve

expression in a human cell. Disclosed 3b
further are adenoviral and plasmid-based
vectors comprising thve synthetic
polynucleotides and discloses use of
said vectors in immunogenic



in FIGURE 1, which shows a DNA
molecule (SEQ ID NO:1) that encodes a
protein (b ID NO:2),

further are adenowral gfd plas ase ector comp m%the synthetic
polynucle&gg gl(g% Iosl‘e!g % a| vectors m lm unogemc compositions and

vaccines @Q@%\QQHHA%%Qr grnenlg HE Ey ociated cancer. The
polynucle E¥RIRSSIAN A NUBRBEEN- LN 4 type HER2 in eliciting a
cellular ang@GERNER QL IRispsefertedpeharycleotide
a|SOi@@ﬂi&iféSyﬁtHﬁﬁblﬁ&ﬂm@muﬁlhﬂﬁ'l@olynucleotides)
comprisingpr@sineelimasetiastivityh {AAARRBF 6@ Lgrowth factor 2
antigen (hKFBRANHERR) &l o fideistEUR Neesvthalt tesynthetic
nudleic ac| (P eyl CEHIRS-PPILTEet] S stetsy stekRen in @ human cell
ernatas SHRERAP ctech =S DISEIG SEg B dRTonAll oces
(s AR MO A
HER2ECDTM as get forth in EQ ID NA %P‘Ieé. Sn(epﬁy@@gggu&e:c acid
BERoECE

molecules are codon T_p| lve exgess:on ,8; human cell. The nucleic
acid mole@}élmg'clos ran ecte .iIn o a ostd:ell of choice wherein

the recomﬁﬁgwt(ﬁggﬁcgll ;@m@g’gk@a%@k §u ég;t 8 ?eve or%]an expressed
functional Rl ERY ke DA WRIERIL R AR BN A otein (sEQ 1D NO:14).

modeets (SEQ J)QheMcngg ngn%m@encodes
mRNA tha%R%E@BIM@EQE&% @EQrJzDeINJQHmLAt)S disclosed
in FIGURETIhenipT eekreoha uoleie: @etdomols euleniSdes a hHER2
protein (S!@U@@ﬁ;@ﬁﬁmi@gﬂ;domh@qde\v@ule is codon-optimized for
high-level expigresdignineackiufiramacetle Diseloseel polynucleotide
also contaig] 4 AR YRICIS I TATTE VErsRAS Vi (\A2257GCC, K753A).
Nucleotide 38Rt AP POSTBRIR MBigith prokerrotpemplated.

and eukaryotic, which contain the nucleic

acid molecules disclosed throughout this

specification. Disclosed further is a

process for expressing a codon-

optimized human HERZ2 protein in a

recombinant host cell, comprising: (a)

introducing a vector comprising a

synthetic polynucleotide encoding a

human HERZ2 protein into a suitable host

cell, wherein the synthetic polynucleotide

is codon-optimized for optimal

expression in a human cell; and, (b)

culturing the host cell under conditions

which allow expression of said human

HER2 protein. Disclosed also is a

process for expressgag a codon-

optimized human HER2ECDTM protein

in a recombinant host cell, comprisinag:



expression in a human cell; and (b) a
promoter operably linked to the

polynucleotids..4 DisclRsed.fEher IS Rue whicn
encodes RGHAA QL RLOte N ARBRAPMAL L0 R breterred
embodimcRAEGEHQY i FRAKAE AAABMaL SMLfesiNge (sea D
NO:9) thaféQINREHERZRZASSOC IR ©BRICAYO: 14). The preferred nucleic
acid moled®M [PsiSIREn(iE} tntrocktingrdstion thehuman cell.

mapireadalfirst weotoraooriprisSinged)idnant host cells,
both prokao@@@mgﬁgmﬁze@crp@mm@el@ﬁz@eaid molecules disclosed
throughoudiEBEfiffg e human HER?2 protein or a

U R LB TR ST GteI: a4
human H ?(S’F%Té”raé &T&Eﬁy *iﬁ*‘i‘ifé'blcf’a“t‘ﬁ 9: (a) infroducing a vector

comprising a ytheucl d/ &Ieotfb encndm 2 hurrg:m HER2 protein into a
suitable h st C \/Hwe c po ynuc!e de is codon-optimized for optimal

rein the's
expressmrp K%‘m‘]{% Egllrgﬁ(é (b?m{a%g‘ihg &m& Egdg%%émons which
allow expr@ggw Q@A@MRQM@E&EQ&E}& the mammal a
Se%@é&%@%@! a QQEEHQEbSHQQesQnQa codon- optimized human

HER2ECDEAERRTIPLIRIESHPOMNICIRAHAR: (a) introducing a vector
comprisinﬂh@l@lﬁﬁlﬂ@o&nhﬂléﬂﬂ&f&r{clﬁﬁz rmmeiamnzcaw protein into a
suitable hdauananeER2EEBT ddyproteia jsamdnip@nized for
optimal exp]pgqm@@m@ﬁepab{rydlimk@dn[@ tipenost cell under conditions
which allopesiyrieiel el euTsHEEERPERMOLRS ot the

_ spétfeativticahd TRt ap|seae eramtrece
compnsm%ﬁ%mrgeifﬁgel f&? mwﬂ@ a-gmmahetfméffa\prﬁﬁr@-a synthetic

nucleic acudm lecyle, 1he synthetic nucleic acnd molecui compriging a sequence of
nucleotides thjt eg:x%d F] ] anérl e? a row facthrZ asr[:tgleé;(hHERZ)
protein as seqp &quﬁg ﬁor a%uman F&{ bﬁ%l’ rotein as set forth in
oo 1o NS DIRNG oML b m@g&%&@ optimized for
high level @%&Bﬁ.ﬁghﬂ}m& the foll OWIﬂg
defiRitions aoéicabpmmmér@mmmlb&m and an

express:ort@’d%tt'erbﬁﬁmqm'éxﬁ@ﬁaﬁs&@satiﬁ&ﬂﬁBd:ti@rr%mg
synthetic pSif@i@htid BNAGinaneh tioerRubieH bhEthNAiERZECDTM
protein, wipelyMmerasachindg sdihespramaterformetmal
expressiorarneilmti@ti:glna(;@mp[@mv{gthpeﬁwppked to the polynucleotide.

polymerase to initiate and drive

transcriptional activity. The complex can

be modified by activating sequences

termed "enhancers"” or inhibiting

sequences termed "silencers'. The term

"cassette" refers to a nucleotide or gene

sequence that is to be expressed from a

vector, for example, the nucleotide or

gene sequence encoding the HER2

protein or the HER2ECDTM protein. In



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

an%t&%£e§@§§$g% m%tnggl § ;; %{J&\ %ttg\)rl:\al from cancer or
treating a &QWQs{Qe%% ﬁﬁ@@é Mtée/ dg BN{A&mg.
mtroduc;nJ{m%&ﬁwQ@mr@@dBIm g%j )IQEQj@-Qﬂﬁtzed
polynucledGRBISA HHROSHERS SHRIn TR AIGER2ECDTM protein;
and ii) a pNASIOUSBPP @F0 forCioysdaghidinglowing a predetermined
amount of ptaspdek; ¥its ifinelurding tBctemowipLrsiond vector
comprisin%@ef@@@ﬁa’g@g%@lmg@i.ngahtﬁr@e HER2 protein or
a human HEHFCHSErgem EPAH G ATomAS" gRsREifked o the
polynuclectigference to adenovirat vectors,

descrlbetsh sald t%denoylrgl vect%s that s, the
le} Hcat n {ne appenae: ai
are replica Bnud efetiive ?E' el

t e” inc l e plur; ce unless tﬁe context

singular form ! t T gh
clearly dlctates orkoen//‘;{us vector, yplca y ave a

de Estﬁgd%dl}bﬂ&y%@ﬁﬁg &Atgﬁgﬁ arp%QJ(QaQ tlaims, the

following d@fﬂﬂoPJQf@J@@Xa@ﬁé@;@y deleted or

INaeiivated md g enss [eYiRByn T ite on a DNA strand to
which the RIGSIgRatINLIHRY Thi-hrkR 2eptn refesstoplex with
RNA polyngrpil@simliekeconstreretsclisclesedifienemapnplex can be
modified bz@;ﬂqpiﬁs#ppgqh@ RURIdEIENA or inhibiting sequences termed
‘silencers’immediate-early (IE) promoter with intron

A, EHAIEREEHeCHEBIT-DPTIRY SpaRTasce that s t
be expressHiérchz gﬂéorﬁmﬂ% peramﬁide or gene sequence encoding
the HER2 F{?)?I‘h%ﬁ‘é Fﬁ@?ﬁ%’&“@é 3d'e?1 Fé?r&ﬁaéﬁﬁe comprises

gene sequ]ence |nserted into a yector n som em o |ments rovides
tlona
regulatory sequ nces or expre sm Q:

embodlme%s nmegtlde g‘r 9\%@ §e régulatory sequences
for its exprgg%m%lﬂgr gr%b n@nQQ@g&%UBg‘nd \zome regulatory

sequenc:ee.l MJ‘LEE%@&&; QEML %ﬂér@fﬁ!}ﬁd@ cﬁf\glae%m'(gry
sequencesCEINSIEMEL, HUSEIQSREHRERI Bro G QENBIISHBGbing the
nucleotideﬂ'ﬁ@erhaU;Bd&Bﬂc@%%dﬁhﬂé&diﬁi&ﬁﬁ@ﬂyuéhﬁ)provides a
transcriptidp f@MNGIeT spftbnéntroneby-atrssneatedihich can be provided
by the vectgOhyre. DPEIATIZt GTitdvLITFAIRIeHER2nepeirtien termination
sequencesemseiﬁg et eeccelhasaptarsgibosome binding
seauencesyAABTHASHENESHOTHTRIFS EPTHe AR concest to a
cassete s eh Tt FO T HUTHHTo S deieianane e
cassette, t:F dfgg d@lhe??éeﬁ%)ﬁd gﬁﬁ“tf‘%\“ﬁ% 8ﬁ§€caﬁs§|of the restriction sites

atthe 5'a s, t e cassette can be easily msa’t removed or replaced with
ation sequences, and a’ minimal
another casset
C backbone (see EXAMPLE 2). The
deS|gnat|on "p V IJ-hHER2.wt" refers to a
construct as described above, except the
construct comprises a wild-type

full-length human HER2 gene instead of

gbe or ge e sequencé In other



length human HER-2 sequence (see
EXAMPLE 11). The term "effective

amgunt means sYLicIeNt YRGHREG which oA
fragments@%%&&@e@ﬂt@gqgwg@gw% c‘?‘@glﬂ%e‘;h@ere are
various tyP&3@E3ERs BMEeds LFidheiPelRRLER, 286hovirus),

bacteriopftbiat ar b¥¥mitNe response results. One
skilled in the art recognizes that this
level may vary. 6 The term "treatment”
refers to both therapeutic treatment and
prophylactic or preventative measures.
Those in need of treatment include those
already with the disorder as well as
those prone to have the disorder or those
in which the disorder is to be prevented.
A "disorder" is any condition that would
benefit from treatment with the methods
or the vaccines and immunogenic
compositions described herein. This term
includes chronic and acute disorders or
diseases including those pathological
conditions which predispose the mammal
to the disorder in question. The methods
and the vaccines of the present invention
are intended for the treatment of
disorders or conditions associated with
aberrant HER2/neu-associated
expression or signaling, including, but in
no way limited to, breast, colorectal,
gastric, ovarian, and lung cancer. A
"conservative amino acid substitution”
refers to the replacement of one amino
acid residue by another, chemically
similar, amino acid residue. Examples of
such conservative substitutions are:
substitution of one hydrophobic residue
(isoleucine, leucine, valise, or
niethionine) for another; substitution of
one polar residue for another polar
residue of the same charge (e.g.,
arginine for lysine; ghkutamic acid for
aspartic acid). "hlIER2.wt" and
""HER2.opt" ref r to a human epidermal



IFN-y-secreting anti-human HER2 T cells

was determined by ELISPOT on

eplenocytes from groups of mice

(indicated in the first colunm) using pools

or single peptides. Data displayed are

repﬁe@eﬁttmﬁ@fj’zswa radincle p@:nd@n)bctors, describes said
adenoviral vec@x%memprl\ﬁme«s ﬁmgxm%@@ragecmm typically have a
deleted or inactipee i mals egieyf f&?ﬁ)ﬂﬁ’@#ﬂﬁﬁ#@ %'@ﬁi@sctivated E3 gene region.

(SECHATB tOfHI SPIARE CYtEs St arpsts: disclosed bexin
comprising thcafntﬁjg%‘é %ﬁ&y\(}a)l Pfggotaé/ﬁg fﬁrﬁh‘é’d I}H-length codorf—op‘timized
human HER2 %ﬁxee b§B1§ éﬁ %Tlﬁné-ﬂﬁaeé goly eB/II(a:tgn f}«f érgrgcnptlonal termination
sequences, andt %ﬁ%@gﬁﬁiﬁ?ﬁf&ﬁéﬁgﬁ <10

'\T he desienation R2. opt’ re?e}/stg Sanasmid construct, disclosed
herein, comprisin}fl ggbl?r[msm &\ﬁg Eggg%—e;rg%%rmggre W;& %Qon A, a truncated codon-
optimized humm};&gﬁm%énmgng%&@mmdmgam_cggd@m ofthe HER2
gene, bovine grg%q ﬁl@ﬁé@%@&&ﬂ!&m QULQQL&Q%I G rmination sequences, and a
minimal pUC RERICES ByRNLr GONSsidered positive values

mddarﬁalmiﬁat@mm.hmeco&m bb@EIEWed above, except the
construct comp@fcG DO QDG H Tree Hrse ene thingd i Nsdlon-optimized human
HER2 gene. WasS measured by ICS. Data displayed

e @mgépﬂgtmwmfﬂs to a construct as described above,
I L
a sequencfe of r@%?&é%&ag&v t}f HE:NF_ Vtm_{g&ﬁiﬂmalm of the HER2 protein,
instead of a co {ini ﬁggjl

(@'Uae X 6af“cift‘is ‘A S-h 7.éf,{’l’a“Mcf:2{[§\4d;h?IrER2ECDTM.opt" and
(ﬁ‘f@f—fﬁ. lies |ng'L1E rthan 9% were e
MRKAdS-hHER2.wt” fefer to three constructs, disc se%aem which comprise an AdS adenoviral
genome deletc(g (9 Q1§ %[ ng?o%:lstl}{x%le !&%.opmconstmct, the E1 region is
replaced by a cpaglllguu%géd %ﬁ%&%’ﬂ&ﬁrﬁ'}%&?&ﬂpg gﬁﬁ%gapey orientation under the
control of a huﬂhgn%?( 39199409&49 M&Q«ﬁiﬁ!@%@oﬂﬂ@ﬁé@&“&%@m hormone
polyadenylatiorl ASHRWAKRd "[@ﬂpt "isen! t is essentially as described above,
except the E1 r%ﬂiﬂb&rﬁﬂ' &fﬁﬁs it&ﬂlhﬁi msm@ﬁpﬁfﬁ&mmmd version of the human
HER?2 gene, saﬁ@idc{@ﬂflﬂkl&a@f c&h{ﬁshﬂﬁt@ﬁnﬁ& Rxaepm{@iﬂqncode the extracellular
and the transmEl G RES SHOWRThedr VitrO@XpIeSEih construct is
essentially as dgsPtdER 2. follo ﬁgrmfe éﬂiﬁqnﬁe@myplmed with a wild—typs full-
length buman IifegprreribPyoHieKidney HEK-293 cells

it (B FHOUSE Iy B C o T gy ion s inwodued o
produce the adﬁ};gc ée)xz%srg §1§ éO&%%l%% t&aézB %ﬁ;f éeé?f{xée éﬁu%_t)sr One skilled in the art

y i is level - i
recosnizes MYRg Charnél fluorescence from which the

signal generated by the empty pV 1JnsA
plasmid has been subtracted. For C2C7
cells, data are normalized on the
efficiency ofpEGFP RNA transfection.
FIGURE 4 shows the immune response
to human HER in BALE/c mice. Panel



immunized at 6 and 9 weeks of age,
either with pVIJ-hHER1wt DNA
(50pg/dose, injected in the 8 quadriceps
muscle), followed by electrical
stimulation or with Ad5-hHER2_wt. At 12

weeks of age, the number of IFN-y
eatment iefeﬁs to both thcraénﬁutxc treatment and prophylactic or

-secr in an
preventative measpres. Those I !in e those lreazgy fmth the disorder as well as
t};e mi e i‘h y
those prone to have the disorder or tho e I v the dlsor er 1S [ be prevente

p %Q(erer is n& (2 nd&t@r!@xg \U&x?d p Jt’ Hg) %reatment with the methods or the
vaccines and m&%&ﬁl@o@p@@h@dgtﬁﬁlﬁx@g a;germ includes chronic and acute
disorders or d1selm%ﬁgw¥@x9cf gQQVﬁEﬁ!MQHﬂ&%Q the mammal to the
disorder in questﬁﬁ.( Q@ﬂﬁ&ﬂ)ﬁl{[&d tMaeLUiees Alig p%&arﬁ%&%da@ﬁtended for the
treatment of disolftr Gl s hsEleéx;a@ﬂ]ﬂﬁJnAﬂmQWSxpression or
signaling, includﬁh_&dﬂld @i@@{id@e@'@,@'tﬂ@ﬂ@@r@\f&l&aﬁdc, ovarian, and lung cancer.

@@d@q@pﬁm@d swym’()@gme replacement of one amino acid
residue by anothe{rkﬂh{:ﬁiﬁ%@@,'ﬁmwg @E}@ f@nm@c_'ga)m@h;artscrvaﬁve substitutions
are: substitution @§ ﬁ‘tfé(fé’gh‘é“tfﬁiﬁ‘ffé‘féﬂ‘ﬁﬂ Fﬁ‘%’tﬁ valine, or methionine) for another;
substitution of orFFEIR QW{gﬁo@é?daﬁfﬁwlﬁ theaixﬁ ﬂﬁ@ﬁﬁf , arginine for lysine;
gluamic 20id opariedtidicellular and transmembrane

ER~ wt and Ihﬁ]e ﬁE 3 toa xtman eplr_l;rmal Lﬁ'th factor 2 antigen and a.

human codon- optx xzed e erma growth iao’torpi an 1gen respec ve

w‘:%]?l" ﬁeg’ H’g re er to a%uncated human epidermal
growth factor 2 aQQ&Q%%umﬁeﬁmgcﬁ lrl"o%n%gmdcmal growth factor 2 antigen,
respectively. Thé@&§m{%‘m§%@ﬁ@ m@mfwthﬁd%ﬁ%iCDTM opt,” comprise
the extracellular EQLRINLENE: iSREONG.POlYNURIGRLIde

CoOBMpPrishgiawite-{ype Mivcleatides a hunan being.
Beguencesssvihichc have-not been eodon
@p{qmm@s(hbil ER2ECHT Vvt SE®! k[Donoclonal antibady,
respectively.  NQ: 10). FIGURE 7 shows an analysis of
thebelmediateregporisedrdaradsis
rhesus monkeys immunized with a
PRIEE DESCRIPrTr{Obf %Ef%’?‘% ﬁasmlds ex re55|

URE 1 shows the nucl; eo 01170 wg ynucleotide
oo s ) B o Tﬁ?ﬁ% Al

S buman 2 profein LE 1. Panel B shows the

deduced amino acnc?seque ce 0§m %QP”%'”@&%"
Pﬁﬁ%eg&;@sﬁh&h}%}}t %@ogg%ﬂn%ﬁim QH eglqopes in the human

HER?2 protein by Eiﬂﬁdﬁéﬁ@ln@%&ﬁﬁ&%@@ éﬁéﬂidm@“aﬁéﬁi}&me immunized with
Ad5-hHER2 Werz;rah]a@/z'saﬁlﬁc alﬁu.&ﬂ)aﬁhwe{ Q@@ﬁcimm@w Zl@rdnity. The number of
IFN-y -secreting withacmixtureiofthrea:Ads areetars splenocytes from groups of
mice (indicated HGD(szieS&Img Lﬂﬁemlidrstypﬁzﬁﬁ@q U@ﬂ@i@l@f&d are representative of

each of the three antigens. Cell-mediated

immune response directed against the

highly homologous' (98.2% sequence

similarity) rhesus monkey HER2 protein



expressed in minor tissue at all time
points of its development, as abnormal
hHER2 expression may be present at
tumor initiation and not be detectable late
into minor progression or vice-versa. To
several indepffhlfgt @?fdﬁngyﬂm@fiecﬁ}wemfe cwlesof spot forming colonies
(SFC)/106 tot@ B SRS ﬁ\mqu?mdﬁsppgﬁized in the absence of peptides
- (typically lessﬁiaéllg ﬁJiC P%ﬁ“fﬁﬂ'ﬁ‘l‘fﬁf@ﬁ FPAaT I P RRs to more than three times the
background ﬂlﬁaf(%rfg IlIhOOIrl.téQf eeﬂa.ﬁéiaetlS Vﬁté%izﬁnggc peptides were considered positive values
and are mdicaF@cilgf%eDEﬁe}]\?ngr% L([?PDI%“ \C}I-I‘ &8%1’ 'éﬁildecreting IFN-y was measured by ICS.

Data displayed are representative of deveral independent experiments. Values are ex; ressed as
IOOOX[(EN—yUW%%ISQJ;Ir%%/(SQB& aeg Igbgﬁg o{;ﬁ;%S*‘)]. Values higlfcr than 1 % were
considered po%yggxﬁﬂéﬂécn%ﬁ aggaslgclslllégc%srpn?o"nax'pgs§ed by the pool or by the single
peptide used M@m@ i%cﬁgﬁommﬂﬁﬁ&g@@'&iﬁm of amino acid residue of '
the human HERD}R@QdONS Of the synthetic DNA
maleat @Swallie zdﬁﬁﬂ gﬁ%go§g @ﬁ@f&ﬂ&ﬁh&hﬁufﬁcﬁon in (A) human
embryonic kid@@ dm&m&f@ﬁl’(eﬂnb@é m&lﬂ@ﬁﬁt&dmﬁi"pmssed as the geometric
mean of the cherml fiywlaicive ﬁqnpﬁ@cﬂelif 6@%b@dimﬁfﬁﬁ)ﬂ.ﬁ>VUnsA plasmid has
been subtractedy Wmﬂc@eﬂm'ﬁheogymtqeﬁ@ #1ioteGUi@8GFP DNA transfection.
rﬁgys%li %éﬁhfmwerﬁeve‘@pmeﬁﬂ?gfn BALB/c mice. Panel (A)
shows that codpp W—% @d%@efﬁ@%y W%WMCS compared to wild
;};i:rif j‘zf'l i%ﬁeg?j F@Ig;-h E Iﬁzaé?)bym ctroin‘ecte?mffsmg ;W B
wecks after thc| g;tqg'tejcg (91 E) 9 i) jlzcay)?ltfémgid gﬁ% gf oy ' in the quadriceps muscle). Two
s y secrefing T cells in mouse splenocytes was
determined via 'ﬁlg—mfgg'?%gya uts?(gfpg%glegs\y éh%o(léla E.I-ﬂ including a CD8+ epi
e . : , g epitope),
hNeu301 (aa 1!39%@%&51% 9&% %1 t¥e _arx}gj;ggl I?j(aang@'fg, (nfcluding a CD4+
epitope). ResulMIHAR |I){05m@ %ﬂﬂﬂ%@k@eamﬁllﬁg HL%&SQ}@X}I amount tested, are
shown. A.veraga &lealaseéjc asuid Wﬁmg%kgmwld level determined in the absence of
peptides (typica(l]@léﬁﬂ@ﬁm ey 1dehis I;EIMB@’H@ m@ﬁ@\@gﬁeﬁpresécd as the number of
SFC/106 total sp@lyrusctestigleswiich r-mwhenitact ygnificanty improved 1561
and IgG2a hum'HrFtrrgdus@e@dm@o@\veﬁ@mat@d‘ﬂn\ﬂ'mles were collected at week 6 (the
day before the ﬁﬁ@mmgwammg@mmagomatege last injection) from
groups of 4 mica A HEfATAE] UiHEREE (Y EXBRISSIORGf DNA. AnttHER
antibody titers %ﬁ%ﬂ%éﬂr TS RN IRt e isipried PITHRESA using the dimeric
extra-cellular dwﬁagih{ﬁi W%Eﬁ?tﬁxﬂ% d\ﬁﬁ@jugatcd goat anti-mouse IgG1 or

IgG2a was used to detecf bound mouse antibodies.
enhas een regorted Coussens
g@j)_onsc elicited in mice by

% ysgowsacom on of —specific Tsc

immunization W%¥p 1J-H. I%Qg%?glgg \ﬂﬁé éo;g 1C§U31 ALB/c fransgenic mice
overexpressing Jaﬁ%%ﬁ!&te% gslﬁgl‘l:,?e_e?[‘%géim Zt_al-,, éngg'r?ggt; 3): 203-9 (1992)) were
immufxizcd at6 ;Q%&i@&%@; c&@é{%l !JQ/IJ-IJ -%Q&l%ﬁy@%%e'gujemd in the4

DNA molecules encoding the full-length

human HER?2 protein, or a truncated

human HER2 protein, HER2ECDTM,

comprising the extracellular and

transmembrane domains of hHER2. The



rich gene will probably be highly
expressed in this host. Similarly, a
preferred codon for expression of a
ieueine-rich polypeptide in yeast host
ceIIs would be TTA. The implications of
reference phenomena on

quadriceps muscle) follo ed iCBﬁ%\nfmanﬁn or w1th édSa F}e{ERfZ wit. At 12 weeks of age, the

number of IFN y secre ng antl um;
* using the peann mdma?? Da%rzgx }ayee:i'ffr) r&%ggmtwc? Isevera dependent experiments.
Values are expr??sger;i in 9{&?&9 @In many prior failures to

@@ﬂi@/@pmﬁm &XR E%%@l@o@dL%%@J&e a codon-optlmxzcd polynucleotide
(hHER.,ECDTI\@a@g@p@ uS: g%%olﬂs §Hﬁ&@§§f I:Jalxl)(mm protein, said protein
comprising the Ifﬂﬂﬁfﬁr Emﬁgnm@{ gﬂﬂ[ﬁ bAGs &ﬂ@ﬁ&mm Panel B shows a second
polynucleotide t?@r@f@“ &dék%ﬂ%amaaysmmm@ﬁﬂﬁ&dt%e HER?2 protein, the
second polynucprrt@gemﬁriqmgheldﬂse bt@d)tgeﬁ@eaﬂﬂ\vﬂﬂe}xhﬁﬁtt been codon
optimized (\HEREHF P chFR 1) for @xpression may not

EfERafebars effitie nthy - ThisipHerromeénon in tesus monkeys
~ immunized wit@&@@:@g&fgnﬁsl éﬁyg?ﬁﬂq@ﬁl@, Q@ﬁ@@n@gﬁléﬁ& CEA and EpCAM, said
plasmids comprﬁl&v:écﬁ é@ﬁeﬂé’éﬁﬁﬁéﬁ ﬂsl%@fﬁtlféi &r high-level expression in human
cells. Thc same émrrjles (\ﬁeéc ?’rll 1mrfu&1éeﬁ gltb?_ gxf)gtﬁ‘;éathé 6acgﬁ§tors expressing the wild-

type sequence of eac e threc antigens. Cellzmediated § mne res onse directed against the hight
BIDVIGE 7 Bhal i oL OrEin W
homologous (98 sequence sxrm fsus monkey
vy ELISPOT evezg %ongx %Cr one?«; ‘?”\% ue rargsy C/106 PBMC, subtracted of the
!illelsl

background valu@?&%@%@ﬂ%g a@MPEQ qﬂ%& WI QH%’& rl}ecanﬂy different (p <
0.05) from back@&ﬂegtn%vlrm% t&v&@;&%&%@xlﬂMmgnw Bges and higher than
the arbitrarily cI@ﬁﬂﬁetﬂﬁtofSS@ﬁd@WMM%J Bloldface.
higldevel-expiassiontit-a RumanGed keddnse dicited in mice by
immunization wigh Weﬁgﬁm@@mb@mmmmlﬁ MAMGREONA fhe frequency of
IFNy-secrefing spichrasls Iyaegfd biidl Rt the dipgley@fire detived from three animals and
we representaivptferative et onsene Ot thie saresrC/106 ol spleen
cells, subtracted ﬁfﬁﬁ@ﬁﬁggéﬁ uaéjﬁéécmgg 1F§ﬁ?b%cfﬁ§pmdes (typically less than 5
SFCN05 swleen iy TR SR PFERSITT BT @ROYEHB S Fervac,as messed
in contro} expcn TEﬁ.:;ﬁ ut antlsfcn;hpeﬁ@ﬁsu%i axﬁ hd%ﬂ éha% 6%@?5’ chosen threshold of

25 SFC/106 spleencelsaren? ted m.boldface
aspect this invention is a truncated

DETAILED DEW @IE[BQHQ%REOH H E R2 EC DTM that

ﬂﬁ&QQQ%@R@M%@Q I Q%Eﬂg)}l l%lnly associated with a mumber of
different types o@.}&mﬁ&é}&@m !:Qa@ onuz{rn égnh Qx%tcggxl Lﬁé%gas The present invention
relates to compodificid catedHdER2: g@ﬂ%&gﬁﬂﬂm&uﬁg protein product expressed by the
RHER2 gene, whitiCiROtitlense guences.that-eneodethena o it development.
Association of al@)@ﬁ&ﬁ%i@égs&ﬂdﬂt]&aﬂ@m@mb @i Quire that the hHER?2 protein be

domains of human HER-9. In

accordance with this invention, the

human HER2 gene’sequence and the

human HER2ECDTM agene seguence

eterml ed by ELI%’]OT analysis from pools of mice

t n was measured by IFN-



are codon-optimized The nucleic acid

molecules of the present invention are

substantially free from other uucleic

acids. Accordingly, the present invention

relates to a synthetic polynucleotide
expressed in tuegmpngnﬁgnap(gwge Ao donferiiietrotid g ER2 expression may be

present at tumoeiﬁié@eﬁ ﬁ'g gt mmmﬁquFE muﬁm?@'ﬁaﬁsmor vice-versa.

' eR&npfey e et HERDBr6 feiifrglfuman HER2 protein or 2
truncat'ed humard-ﬁﬁZ qﬁth@nﬂj) Nx@n 2;’ }EFQ&CB)I"B\I{O exan;ged_ Said truncated HER2
comprises the eét&aﬁ:\lllélaf Féi%t}:ggﬁ?%?n?ﬁmaﬁ ffftB?Pﬁmén. R2 protein. The codons of the

synthetic DNA molecules are so as, to use the codons preferred by the projected host cell, which
an H ol nucl';éo}h

n,
in preferréd embodiments is a human CB.{ %Ihee syﬁtheti%mgccu}e/:s may be used for the development of
plasmid-based ‘%gc%léls%p rgc%mggam QJeII%IVDr%,Qfch%Q%g Q&m\% Emmmoprophylaxis against

Pmm-associatjpgm%ém&wgl@ajxgm aﬂHQﬂﬁE‘d a@%&déglgmmnity. The synthetic
molecules may UQ&L@Q%@EHA&QL QJI:_:LE 3@5 QCQI!%H}rovides polynucleotides which,
when directly 1xlﬁﬁhd<g thob %@Fﬁe anIvJ! EEU!L%Qg tﬂ;nmals such as primates and liumané,
induce the exprEORSEMNatME-aRaacidisubstitutions,

aminB-otermin aktPuREaiOaGence has been reported (Coussens et al.,
Science 230: 1 lmwy;@mina‘ktq}maﬂ@ﬁsglﬁfejgtj'm,sent invention provides
synthetic DNA pelaydd ot %M—w@hubmw,ac{ firecated human HER2
protein, HER2Eﬁa’aﬁ@mnawwalt@n@wnpw@ommm of hRHER2. The
syutheic molecglfesheaT RO T O PROEE T At g horein ¢ Loast one of
the nucleotides &3]? l‘l)éeé gl{cg% gi gﬁﬁ &ﬁycdﬁjﬁ I;ﬁﬁ%léecthyea human cell, thus allowing for high-

level expression'of hHHER2 Oi hHERZFiCDTM ina an h(fsiﬁall. ﬁﬁ ﬁﬁﬁc molecules may be
used as a sourcel ro]? q%rg%&%ﬁgg%%r&!neé@%? Baﬁf S| 1;1_2H;auccr vaccine to provide
~ C

.
effective immurggroolgglgxiéa asga%% assrc]cée rcmomas@iou‘gh ncu?ralizing antibody and

cell-mediated m?f%ﬁ@ e}!&mﬂ%&}’,%%gyz%ﬁcgis m@ @@5@8‘?&5 basis of a DNA
vaceine orndentMENLARN encode MRNA molecules that

@X&E@S&&;J bH&QH&EL@le mm&gbﬁg&sxist in over 60 variant forms.
Because these cﬂfﬂiﬁiﬂicﬁ@m&ﬁsﬁﬁkm dﬂS@(in]&iaﬁnﬂaﬁino acids (as well as transcription
initiation and ted@ﬂ@l@pﬁﬁ@ﬁtn@fcﬁsthﬁfe&pﬁd}ﬂ@;@ﬁom than one codon—a phenomenon
known as codorpf@pj@yka@ﬁ@@@n@eqoqmpz@grﬁqcig,r@ﬁelpp‘edzcdons are not
uniformly prescﬁ@l%a&w{ﬁ@{éﬁ%ﬁ@rﬂg@se ntcatiyvéntiontis appears to exista
variable natural g}eﬁﬁl‘yﬁﬁ‘@?@ﬁw’e{o&ﬁmﬁ%w@ ge%f'éa/lag ﬁ%‘éls As one example,
the amino acid 18f1m%ﬂ;§6%f8@/§né ﬂ%&&?ﬁﬁ:ﬁoﬁﬁﬁlﬁ(&rt@ar A, CTC, CTG, CTT, TTA,
and TTG. Exhahsltj‘ﬁ]a&ﬂyﬁ g ﬁ%&ﬁﬁal@rqﬁ%f@ fﬁ- x(fgg@aifﬁns has revealed
endogenous DN, 6)5‘ Cﬂﬁ mﬁglt éommé)rlﬂ rc]:ontaliés t}tj §('§Gsl<axcirﬁzés e&iging codon, while the DNA
of yeasts and slime mb&las st corrmBnl)?;cHg:s a?“ feuct gpeoifying codon. In view of this
hierarchy, it is ggnocmp g'e%t!/\[]: ﬂ'_lcé:l91§el HL%I%KQ)Q gm!azmemg hgg){ levels of expression of a leucine-

rich polypeptide%?‘g{g§<§}gcgr JAQI@%: }Iﬁm%eng&;o he frequency of codon use. For
particularly preferred polynucleotide of

the present invention comprises a
sequence of nucleotjgles as set forth in
SEQ ID NO:9. The present invention
also relates to a synthetic nucleic acid



useful for the development of a cancer
vaccine. A preferred DNA molecule of
the present invention comprises the
nucleotide sequence disclosed herein as
SEQ ID NO:1 (shown in FIGURE 1),

hich encodes the human HER2 protein

example, it is hk ly that a gene ns wil expressed in £. coli, whereas a CTG
obwuhnlﬂ‘@“ﬁil?ff% SErhit s

rich gene will prob arly a eferrcd codon for expression of a

St

" leucine-rich po ypepge it ycasg)i Is Woull-!il?la Ol[qg ide Se uenc

SﬁL 'imn!;@s §§)@ I;Qef'!}l:ggé }hé’%@ﬁ%ﬂa on recombinant DNA techniques are
manifest, and tﬁgge%egﬂ%bvég'@do t%ammﬁlo%ﬂﬁ§§&ge high expression levels
of exogenous gBHthJH&@Qﬁ@l?U&strQe@MQ '&igP Q‘B—a less “preferred” codon may be
repeatedly pres&ﬂ]fﬂxbfh@a{dmnp{ﬁmaﬁaﬁdl ﬂxaﬂﬂilﬁry for expression may not operate as
efficiently. Thi@prHp@Eim aﬁﬁeﬂftlﬂ’t]@nﬂl%ﬁ&eﬁi WRNERE 64, dsigned to include a
projected host {@ig Sratringent optirni zatian-tesignev¢astc materal for practice of
recombinant D]&ﬁmldsfﬁ‘puﬁhecmgﬂ Ris gnefqtueﬂ €uman HER2 gene that is codon-
optimized for bt oEReT POSTHIOHPBB O TR BBOS PP this iuvention,ithas
been found M EtfCEY T Colitetit Wite Praddivity thigey remove the
constraints on eé%?‘ﬁ 81 gﬁ;ﬁ?ﬁcaoué%% Brﬁtfﬁ 6’§1‘ﬁ‘8ﬁ°3u3 e@other aspect of this invention
is a truncated h Wﬁxﬁ, ngﬁrECDa Cﬁ that is ﬁ P?_ é;ftéwéd&or high-level expression in a

human host ceI 8 ncate R]. é rising nucle 1cLe se uenfes that encode the extracellular
oleculé of fhe'p 8Sent mvention

and tcansmembraue omams [s)

QQ im?cfé Q%tg is myegtk E}qgmanggyze ene Sequence and the human
HER2ECDTM %QLM@Q@J&I\&@$O %chl:&d’e‘@uéees having identical translated
sequences as co(w@zlﬁlg%i@%%)m&é\m&th@%@Q&Se as described by Lathe,
“Synthetic Ohgthﬁlé&ﬂmaﬂs MQBIMGQ@&% B81: Theoretical and Practical
Considerations’ fQ’ rthias8 E@lID (NG, o i h@bﬂlﬂﬁlﬁﬂilﬂ@ reference. 'The
methodology gg@qjuI@MGe oggtnf@ﬁghcmo@ﬁ@ DM QuetaSat are not commonly
associated with @@}d}@ﬂlrgm meﬁnwmawmmnodom for high
expression in g A CRMS! CC3rTe=fo&kiH] irithiesaibtrpitprefemred” codons. The
new gens sequhesg s HREt OIS FIERZ SEGRRFHEAY codon replicaments ez,
“ATTTA” sequ??fa% gvea‘gxéfaﬁ éxbo Wﬁ?& ﬁ)lﬁ?‘ @coomtxon sites, unwanted restriction enzyme

sites, high GC conte t etc.). UndeSirable seguences arg el mmat d by substitution of the existing codons

0do )PI ized for Righ-fever ™~
with different codons codmc7 or the same amino aci elrynthctxc gene sa ﬁ%mi are then tested for
xpressmn Ina numan ce OW&G

improved expressi

e .Qrmere.codon.ar %Ql&%!%gsy%%m gene sequences for human
HER2 and humn M%Wfr%g&d ugﬂggzp§ axlg &%ﬂg{ % @JJ %gnpnsmg codons
optimized for h1EIH @teaetk;lﬁﬁéxt lammch%@ﬁi tgb QOCQ&{QJBUW provides a summary of
our methodologﬁ@%é@{l@d&h@tﬁﬂ(ﬁﬁ@@t&or HERicer vaccines, it is understood by one
skilled in the artﬁl{dﬁlﬁﬁti@@i&eﬁ}t&%ﬂﬁﬁﬁeﬁﬁmﬂepﬁe8@%5 may be achieved by minor
variations in thejfty@iotiotvarehumaniprefarred cedonl H the art will also

is more preferred that at least about

85% of the codon are human-preferred

and even more preférred that at least

about 90% of the codon are



It is known that DNA sequences coding

for a peptide may be altered so as to

code for a peptide that has properties

that are different than those of the

naturally occurring peptide. Methods of
recognize that a&jt@ﬁp{@ﬁﬁh@l@ﬂkﬁm@e{q tencestineluydeddbith levels of hRHER2 or
hHERZECDTVgrererr@t firnitectdb. siteitire ebethn of the codons of the DNA molecules
- are codon—optinﬁm.tagre%'s:ig;jdmmpé@e @fsaﬁ'@}i@éon are substantially free from
other nuclele acifinnerties include but are not limited to

éﬁﬁﬁﬁ%‘f’ﬁ%ﬁ@“&?ﬁﬁﬂ?ﬁi’)ﬁfﬁé‘ﬁ L SAFHTRE Iy ide comprising 2
sequence of nucgotggst rrgfémé ? ?%B?%%prfb};g éo;h é% Lbfﬁlénan HER2 protein set forth

in SEQ ID NO:2 or a blolomcal act ve fraf n or multarit fomf of a hurnan HER2 protein, the

polynucleotide ge: ueégﬁ erppnltilg I’i d%_]nﬁ ié Spﬁ\ilwn in lljl'xsnilanr%:ost Said mutant

forms of the protem 1 Ut are n 0: conserva ve amino acid substltutlons amino-

terminal &uncatB%MA‘)!? témmptlrlnlrgings QH&!E}QL ml&gng ';Qny such blologxcally acuve
fragment and/ormlq QIQQH)%U&{Q% MIQQ p%mrﬁ%éeé &Qm&g@st substantxally
mimics the xm@oﬁ@@aﬁ%ﬁg Jﬁ%ﬁ%@@é@'ﬂ Jén{ﬁﬁdn @Q ID NO:2. The synthetxc
polynucleotides Vﬁﬁi@lz&ﬁnﬂ?}a&k&r &cbmﬁlﬂﬂm@lm iﬁhtﬂ@r%)funéuonal human HER2
protem 50 as to !Lmﬂﬁdl i3 @El&réaﬁe e&fhﬂid@ﬁeﬁﬁ@m;mtxc cancer vaccine.
protein);the MEE epitopey @S @i comprising s
sequence of nucpmymﬁnmmﬁt@(yﬂw@%ﬁzﬁﬁammm (SEQ ID NO:14), the
polynucleotide sgy(ﬁxﬁemq]ﬁ otzﬁfé eéﬂuﬁﬁé}r@fpﬁaﬁf@laerﬁ halﬁad host. A pamcularly
preferred po[ymﬁlg(élac f&&g éfﬁ(é,ﬁnfa’}h?ﬁ(ﬁm%ﬁﬁguﬁlf?ﬁ éucleotxdes as set forth in SEQ

ID NO:9.
human FIER2 protein disclosed herein.
R’Ie resent vennon re tes to a synthetic nucleic acjd mo{ecule (polynucleotxde)

comprising a-se ence o nuqeot{pp % Eenc Iqrz]lt 6%9 nsses aHluman HER2 protein, for
example, the full- r1-1renag1: r;-)lr%%m a8 se?fo?tpm glgzqg Iﬁgg or a truncated HER2ECDTM

protem fot exankﬁl@%i&)%q 9[@&1@6{109 abyménn%%o 14. The synthetic nucleic
acid molecules Jﬂ&sl H@Q@nv@dia&@@o&%ﬁ%@@h@@%ﬂ expression in a human host
cell. hsp70, and LTB. The present invention

 futhetaelatesnte.de coOmMRART MEE S don-optimized
polynucleotides thairi@wﬁsecﬂ'ﬂ @@yﬂﬁﬂe{ﬂ &cdﬂﬂd@i@ta@id poylypeptikdc that has at
least 90% identipripfscpiosciiselosetdSERIS @I@ﬁ{y@tdtpﬁg include up to Nj amino acid
alterations over gb@@ﬁi@éﬂ GWE?H@%ZV@ﬁfﬁFé Wﬁ@mm number of amino acid
alterations, and i&@fﬁjfﬂﬁds‘é&l?ff’fBLNA or RNA. For most

qr oses, DNA vectors are

in which Xz is the tot 92 fl.ay 1o ac sin S 0:2 an Y has a value of 0.90, wherein any

I |n
non-integer pronct 0 Qt!;r;g ? o\{hee(n:eareg 1nte°er PIIOr fo subtractmg such product from

Xa. Likewise, ﬂQ pre%n‘!lg\gehtxon aQiOQemS{a[ l§| on—op xmxze(! nuc cot%b sequences encoding
variants of the HQ%%@%%N ;gﬁlﬁgi(s)sse 0 Sui %8%?&51 ﬁlflClﬂ'

chromosomes, and other forms of
episomal or integrated DNA that can
encode a hHER2 prgtein or a
hHER2ECDTM protein. It is well within
thejiurview of the skilled artisan to



human being, transgenic human fetus, or
tr nsgenic human embryos. As noted
above, an expression vector containing
DNA encoding a hFER2 protein or a
hHER2ECDTM protein may be used for
egggressmn of hHER2 or hHER2ECDTM

present mvention al so clates to reconnb nt v ect?rs aéd recombinant host cells,

both prokaryotlc an ng(i:rgr)or;rcl WQ% confa; st € uc%nc ac molecules didclosed throughout this

" specification. A0 %ﬁ@tfc %ﬁp %ggcggstas!gcxlart]gge@tgr? ancﬁxosts of the present invention are
weful for he URGESS FOLEXRIESSING @ human HER?Z
9&@&&&‘1@ Hﬂ%@ﬂhtﬁmﬁrgg;{M@mes the nucleotide sequence

disclosed hcreuﬂfs@@ Ifblﬂba (@%Q mm@ﬁt)h@@ﬁ &gues the human HER?2 protein shown
in FIGURE 2 aQOEYRASHIGN (BNt roeiaiag :3-48 6 Q4 forth in SEQ ID NO:1 was
codon-optimizeg @Jlt’np)rlt@] Biges8loC 00en: &}Dﬂ T 261 BB GAQiG cation problems, in this
embodiment of e b HhEH EACOCES M A ER 2495 was adopted for the HHER?
sequence betwepp PRgAT I RIBIS BFEMedrrtd & suitalshée preserving the same amino
eid compositiopy, {43518t Tell; and, (b) culturing the .

_hastten arEt Coritrong itk atenipn comprises the nucleotide
sequence dxscloscd E)erex%gﬁﬁ? {?fl\g)g ahﬁ\i[j.rxﬁ SIﬁUﬁE,ﬁZ}rﬁ;ﬁté)ﬁﬁs the human
HER2ECDTM pdr?_t 1n set, f(ﬁth as SER lﬁ g&fﬁvl‘lf\%l% fsf)qtﬁ?ﬁ s%\forth in SEQ ID NO:9

was codon- 0pt1m12e or opt a exp essi u n uman C

Brgo?sirﬁ t% art wq Tealize It?mt i %ng?s% uencczzes may be designed which are
codon- optlmxz&& fﬂﬁn@\{e@g LQIQSSQ)EQHVJ qgn%n@'elp rp gg%%lat one or more codons are altered
to human- prefer%&%@stn%r@cﬁym@neﬁ EDE%%W Qt&éno&&s%ompnsmg the synthetic
HER2 nucleondE@ﬁQm@ U’ﬂamm&tvgﬂ& a@qm@ngd g@lns It is more preferred
that at least abodfﬂﬂ%ﬁhﬂ@l{d@)rﬁaﬂ@ﬁiﬁfpﬁﬂmmﬂgnam preferred that at least about
90% of the codoppisci@ig@sigh-@s set forth in SEQ ID NO: |

iirtoracgiitabieimian thostaeltiandméiy or mutnts of SEQ ID
NO:1, whith enqegif el etie oSt ek 2unter conditidngiady adive fregment
endlor mtant iy i el @ pYCSSIBAFEISAIEIhel g prbsantially mimics the
phmaoologcalﬁm ﬁﬁljﬁfé]iﬁl{?ﬁﬁﬁlfhxé??%?éﬂaéldmted to the hHHER? protein as set
forth in SEQ ID NO 2b such ﬁ(tl}alfcﬁgﬁlge gg éf;tdsfnﬂxlxiugcessanl) limited to: nucleotide

substitutions, dc].ctlons a mons ammo rminal truncatlons an boxy-terminal truncations. The
Tor

mutations of the prescn&nvcnﬁcg enc gfgﬂg #QEE é}lﬁzﬁsm functional hHER?2 protein in a
eukaryotlc cell s<€2§ Rr§%§ f!l;llg'l ganceymcq}@ ev 1ent.

ﬁﬂgﬁeéﬂxdﬁ‘a@o F&E@&R‘&Eﬁp& 9§tcmc11eze|:!1’ DNA molecules that encode the
hHER2 protein oG@Mi@@gT@)OMIK%QHQ!ﬂQu&%OM{@ Q&Bgnce of the synthetic DNA
differs swmﬁcan@@ﬂ%}pm&ﬁbgoaiﬂ%é%ﬁga%s%I JQ!EB 1‘116 :9, but still encodes the
hHER2 protein oSk @1‘1@ EN@IB\‘ nte: %Smtﬁbiﬁ%ﬁl@;&ﬁ@&hh in SEQ ID NO:14.
Such synthetic De’eﬂz;irafﬁ]‘.@,d(d]) bGil ﬁi&g)ﬁklEtm@SieﬁeNeuﬂd @herefore, the present
invention disclosmp@ﬁ@mwmhlﬂﬁ@\mi@xpﬁ@smﬂm@fsrsafi kpressing an

human HER2ECDTM protein. Following

expression ofhHER2 or hLHER2ECDTM

in a host cell, LHER2 or hHER2ECDTM

protein mayv be recovered to protein in



cassette is inserted into a vector. The

vector is preferably an adenoviral vector,

although linear DNA linked to a

promoter, or other vectors, such as

adeno-associated virus or a modified
identical prote\ﬂa@@ml‘i&&if%&in @EE@VU’@LQ{V&M WdERkations in the DNA sequence
that do not sub@EHON 2IFrAY &S0: POkt ﬁ}ﬁbﬂ&feim&/&&tgﬁ protein. For example,
substitution of@hmmxi&aﬂ@deﬁﬂﬂiﬁt]& ai;bai:Sgﬁt{ &f@lﬂf&zﬁhe may not cause a change
in the functionthi@bftreopeetor be a so-called first-

géﬁé}c&fﬂ@ﬁ R e rmeviradovistbor peftldese be altered so as to code fora
peptide that PV iva ryeEtorsharer ehikaetetizesel by peptide. Methods of
altering the Dw?fg;eélﬁldcﬁ %ﬁﬂf&ﬁgrﬂ 516 ézﬁée(i-éﬂtfgﬁesls Examples of altered
propertics ‘“d“dﬁ?i‘tﬁ‘f’é?éli‘%ﬁ?" SIS N AGUIFRITE for » substrate or receptor

forali
e gene reglon In some embodlments the
e rescn nvention also rel]?tes to hHE! r?e adl ECDTMopt fusion

constructs, mcpg( 193 butno Pmlteg tao ls'u 101 c%zx 15 (!Q §v ex ess a poruon of the human HER2
protein linked Q Q%M?&!&rﬂh ?nt:% mquu m gon\n%y h! (ﬁ &%r(]&een fluorescent protein), the
MYC epitope, BQNH@MY M%OMO t:LQ}ﬂ)e mﬁés%d in the cell line of interest and
used to screen M&gﬁrﬁ@m&ﬁﬂyfﬁ@yﬁﬁﬂ @QFM@:@Q.“@LD contemplated are fusion
constructs that @ Qﬁlﬁl@d&:&ﬂ@g@ﬂlﬂnﬂeiﬁs&@f@ Eﬁﬁgx t—ﬁ@i including, but not
limited to: DOFhBpRACIE@MONArUS genome used be deleted

of both the El and E3 regions (AEIAE3).

ThesdenovirmSas: cims bee%hpp”e@rpmat comprise the synthetic
nucleic cid milgqdf-lgsed K Hirves Y TiehPEsRireBS tHreopiral be comprisad of DNA
or RNA. For rrEslt @@ﬁépu%mé\lé '29?55 &téﬂrgfer&ii ﬁE‘Rbresors include plasmids,
oo g oG BT S BV O gy ot fomsof

episomal or int that can e cod a rotein.or a ILECDTM rotein. It is well
é TWIICH Sre th anaen’f‘f‘y][E P
He artlsa to determine an appropriate vector for a articular gene transfer

within thepurview of tlr
stabl e Yy transtormed to e ess an ext

p{@éﬁ}@gmﬁ Qer;to?gggmggc%bwmgurlcy mg:ncodmg a hHER?2 protein may
be used for hwﬁ@@ﬂ{ﬂr&g\g& wﬁhﬁﬁ}(ﬁr@oﬁﬁmmﬂﬁc% gz@c{aﬁonaﬂy an expression
vector contaxm@XﬂB@%&lQﬂ:d §N§t}1@<§1§at@tﬁ@@yﬁm ﬁotem may be used for high- level
expression of hlﬁgllﬂatﬂb’xei @EQFHM&J@MS'[&&'&;J&%&&U may include, but are not
limited to, clon QI MBYEXPKREBCOMPORBSALS IAMBAREHI or viruses. Also, a
variety of bactetwexpegmamrgygqm oS s@e)(@mieh}mrkz or hHHER2ECDTM in
becterial cels gty dneellitine s ToRexI20 3potie rs-aresy be used o cxpress
recombinant bR OWTTRBRE T o6 el ierieis g insect el expression
vestors ey be A ity HE ddehBUivArvector, the

adersvi ﬂﬁ?‘ﬁ‘i 02158’“‘5?% ‘A SR @sﬁfﬁﬁﬁ“ gpnfected with vectors

comprising the pucleic acid molecules resent in ennon RSCO{%) &afnt host cells may be

orm. This invention is alSo diré¢

shuttle plasmid vector which comprises a
plasmid portion and an adecnovims
portion, the adenovirus portion
comprising an adenoviral genome which

or other use.



vaccines for preventing the development
of adenocarcinomas associated with
aberrant HER2 expression and/or for
treatment of existing cancers. The
vectors of the present invention allow for

prokaryotic o%@&%@g ingt%xgégglm%gd ?}H:)“;si.cteria such as E. coli, fungal cells such as yeast,
mammalian c&@ﬂémﬁéﬁ@@ ﬁélli%g]tobpxu%nlcrsrg)ll b?\'!i!lg,%orcine, monkey and rodent origin;
and insect celldhfil&ihglﬁﬁqé(\{lm&@ @LQ:HI]% Lycgl 'V%%QE%%&SJ (c)e lines. Such
recombinant h@%ﬁiﬁ:&ge M%Mahlcﬁﬁgréﬂ to produce hHER2, hHER2ECDTM, or a
biologically ecﬁl&ﬂ&ﬁﬁﬁ{uuy&ga&ﬁ@lﬁmﬁg‘ltbﬂ@tpresem invention, the host cell is human.
As defined hel@'ﬁgaﬂeiﬁrnﬁst Fo this:end; One.as %&ELQE the body of a transgenic
human being, thyecinstant [dnyentigmisadmetnod of

preventing or treating HER2-associated

Cm@f%m@mrg@m iquxgt@jw}t@)&ding a hHER?2 protein or a
WMECDTWW bq wed & ey o e 8 m mm:graM in a recombinant host
c§IL Thereforc%?lﬂméﬂ)écteét&biﬁ!eérﬁﬁ ﬁﬁ = R kL] e}l@fﬁgxm fhman HER?2 protein or a
human HERZEm gi\é %r&tflen’ il’t Plrécgg})ﬁlfﬁ é(ﬁbcelb Wﬁrﬁg@ﬁﬁ mtfz@dng a vector comprising

a codon—optimi[z_]e& Eﬁdcé aa& Ith t en%Iiésélﬁrrén %%ﬁﬂlgﬁfilavECDTM ifxto a sui‘table
human host cell; and, 85 culturing the host cell un whicl aa%wse)gressmn of said human

g T conditio

HER2 protein d$ glglﬂ&ﬁg gEQjEBH’ﬁ:I/Lep%géees ‘h afse n Co.

h\%d QQB%IPJQL?AQ eé%f %%Ent'gr[&cnu ”r-]ov%g %rocess for expressing
a human HER2 @tMQ ge&&@ln%&, EA}E})BS%E g}%?trolﬁwing a vector comprising a
nucleic acid as {3 @ tﬁlsa@sabfﬂﬁ&ha ;ﬂtzﬁ&anerosNQ;:Aﬁé '(’tJ')Qulturing the host cell
under conditiona@ﬁ@raﬂ&f}ﬁﬁchimfm&{Hﬁtmg pd)%ﬁc ribed

M&r@}@d‘#@.@@m A %t@em&yishﬁention provides a process for
expressing a hunel I RIEte T forithectreadniend-o Eomprising: (a) introducing a
vector compdsiwémﬁdﬁaﬁptéﬂth eEE] ﬁ)alﬁy invamiat&lhuiun host cell; and, (b)
culturing the hogcﬁ},%ﬁ.f@atwmrw%qﬁmm E}WECD'IM protein.

the mammal is a human. Further, one of

e e R

hHER2ECDTM Drotein may be recovered tq protejn in active tal protein purification
procedures are ayagngiieoz!nb _gtﬁtalfl)g?og nse. gc %%%umé}é!!.ﬁt%rogn or HER2ECDTM protein
may be purified Qgrgye% @Lla(?cparm eexgrac% y vz%?ucs: rclom inéions of, or individual application of salt
fractionation, ior&ggltgé’@cpl%amgpﬁér,esgég&@i%@hr%mgogr(%wm%dro cylapatite adsorption
chromatography\l@(ﬁg@r)&&'b@- Lﬁl@gtm @r%ﬁt@é‘z@{hvl rl]ngddggne, fgcg;x%larf;nt protein can be
separated from o&ﬁlbﬂdjmﬁ lgffuli’@aﬁ%ﬂ&%tymﬁn%%gggﬁh monoclonal or
polyclonal antibiGeif-AEl @A OV FRNEEIOF CMIISING AR cments of hEERS protein.
Belepnovirad ofye pemenwith adeletion.d ﬁhtm@expression cassette
which comprises sedeprep iy £ m@jﬁﬁ;@ﬁﬂt a[iteiﬁseﬁtﬂi{bm in a human cell. In
one embodiment aaléﬁwfmghaam forteingelidreinh dde-HASEEtd hHER? gene, with
comprises an expression cassette
comprising: (a) a synthetic
codon-optimized pdfynucleotide
encoding a human HEP2 protein or a



herein are used in various prime/boost

combinations with a plasmid-based

polynucleotide vaccine in order to

induce an enhanced immune response.

In this case, the two vectors are
related transcri@ghaal migt@sefQjMOar'o'pEms andiRoOsE to it, such as a promoter, and
termination seg@g:iqsn én sfot @W@m@]@ th 'gvﬁx}t"grp,typ'essgfe contains a truncated HER2
gene, HER2EQIIM G aedied ﬁfgté%?xth?é PREftEPigpe domains of the human HER2
protein. In Pm&f@%{@?ﬁﬁ%@ pgrﬁ)&ufﬁ)edftfmgélov‘lﬁf promoter without the intron A
sequence (CMgkﬁ?ﬁﬁf’éh"? W&eé wéhe iﬁ%ﬁwlﬁ tFﬁtd?Ytﬁ § number of other known
promoters sucléa&a Fﬁ 6ﬁﬂ;{gun%§} lg{ﬁ,éf ogﬁ 5%B?ﬁé Fémi ﬁrf)g)ﬁféfxay beused. A preferred

transcriptional tcrmmator is c tel uc'h o ér known transcriptional
? %e hE B Vi ecrfé “éf@“mrrnl g
on 0 terminator 1S éJamcularly preferred.

tcnmnators maﬁalso e uSBdI combmatl
ref er cyvx Elnge tors, C )t(prrtgé% E]D'I“Mopt expression

In accor S mvethn, the

cassette is 1nscg<%§§ U{’fgc?o &%QQ!QQ p?eéﬁbl? ngmvn‘al vector, although linear DNA
linked to a proQQJY ENQL?QHQ@SQE :QQ(QRD}!Q@QQ@VQL or a modified vaccinia virus,
retroviral or leﬂﬂl}ﬁmbigmlﬂe&ulﬂi.the embodiment
where.a: plasmid NS ialsortiseekndbdSor be 2 so-called first-

generation adefdf@fBErRH Thatthe eetor COMiaiReA ey B ing a non-functional E1
gene rcgion, arﬁ}(x)f]feapjjf @ﬂﬁg{@q@np@@bg Q&i@@ﬂi@yh some embodiments, the expression

" cassette is inseptdmYRTATE@N YO ippgé@@'@éﬁSgcm iggpormally located. In addition, these
vectors optionaﬁrézfgﬁ@d-féﬁéi%dq ﬁe\]éﬁt?.%tﬁ@otp |§§ ﬁsﬁ@:rcd that the adenovirus genome
used be de‘““i/&@ﬁ‘fdhéﬁ‘rﬂ&ﬁ'? pagxgﬁ &ﬁ Foﬁfdf@’ﬁ‘%‘ﬁséﬁaége multiplied in known
cell lines whlclbel)jltrﬁ i; T Fﬂ ﬁ:éﬂnfosu?haé Rﬂl\/ bFBlFﬁ gfél}s or in cell lines derived from

293 or PERC. 6.|c 11 whxch a {: 51en or stabﬂi_‘i;% s rmed to express an extra protein. For
a“lt}l 0! ne g{prcssxbn such as a tetracycline regulatable

examples, Whe cts that havc a contr
promoter system, E::chlgme may exp gg)x%pogcl;ltso nvoqve(gege re(tgulator? system One example
of such a &ell 1§2§P§%§§%§1 A’MQHJQ IQOQVJ liggcegt to such a

’ Pro EUIQIQEMAK‘MHH@ @eQIe&Mﬁh étcp,l @:usmigvirus may beina
shuttle plasmidQk |ﬂub§v£hﬁn immm@el itamslﬁ?ﬂpfm%tor which comprises a
plasmid portioerﬂSHRiiderL; E]ﬁl&St}G @Sﬁﬂbﬁdﬂ(@h c&iﬂﬂfﬁg’ a@kdenoviral genome
which has a dcahd ial &Nﬁo&éﬂl}@m, aM hah:'m] uat{rtai _e}@dSi_o,n cassette comprising
codon-optimiz{N| b2y NERE orSpr-dinyzed PER2EGBIR 8 preferred embodiments, there are
restriction sites(i]ggg@)t}cmmai solierdibe Pheot mﬁédd@yviral vector can easily be
removed. The f@f@r@ﬁ@éyaﬂg rgﬂméﬂnaﬁbv@t’w aﬁs or eukaryotic cells.

_ dOEHGVIrHPIEESE VACEIRE Ao Pfﬁﬁﬁifﬁte is inserted into the

pMRKAdS- HV\9 é%&?ﬁgslgﬁ SV%S egax'ghet a-lsE}\é? 8.6,7?6 which is hereby incorporated by

reference). This Iain rxscs an AdS ade; ovn‘al ted of the l and E3 regions. The
M%KA aro erap

design of the p. 1 was 1mpro\ € ove rxor enovectors y extendmg the 5’ cis-

acting packagin r%xon %ther 1 gépc !m]rc;gx%o@a ce emp Q Fc‘mr% ‘to be important in

o this end, the present invention
relates to a method of protecting a
mammal from cancefscomprising: (a)
introducing into the mammal a first
vector comprising: i) a synthetic



expressed gene product. In general, an

immunologically or prophylactically

effective dose of about I ng to 100 mg,

and preferably about 10 rg to 300 rg

ofaplasmid vaccine vector is

administered directly into muscle tissue.
optimizing virA preffaclitveidoseford ﬁ@mﬁmmmt Advantageously, this enhanced
adenoviral vegle POV i oSriB dpp eoximately ol 06ns 110 1:Rage propagation.

p Sirtitldsaiges cﬁp@f@r{ablg}oaﬁggq_@aﬁng and purifying DNA constructs
enable the Pre%%ﬂ@@iﬁﬁﬁfﬂ@g slgﬂﬂjmh%agA immunogens of this invention.

injection, intradermal introduction, A

irﬁb?é’%%i%%ﬁmﬁ%‘ﬁ TS K A grRifon et the synthetio cDNA

molecules das%rri{)(%d eergino(f. ga%ﬁ%lﬂa i r laaﬁdosr}]i%ﬁ)clﬁ):gswhich are codon-optimized for high-

level expressixlrll na humautccH, are eixprcs ed with greater efﬁcxcncﬁharx t{)f/ Ocrqlrrespondmg wild type
sequence. Ad 1&!;918/?1{ xl)vg s gxgn hclrlc;lmrg;{ &Egyospﬂ iso r[lOll'le?flu%(i genic that kHER2 and is

more efficient HEHYE LY AT SRS cQNIEMBlAted, ILis also

contemplated that booster vaccinations

m%y@%,m&&&mmﬁ?@{@mﬁmle used in immunogenic compositions and
vaccines for pmmw%maﬁ&mgﬁw%i& aberrant HER2 expression
and/or for treatHRAMBUISQUIERE STHB GUtBRERUSOH iIOHR@H allow for vaccine
development afy) @ans <O fzaged P Hiistrat oot \ﬁdjawamg gh expression levels of
exogenous HERR jige chagsmyexﬂgmp]hg_sgomﬁ o this end, one aspect of the instant
invention is a T’féﬁ%‘ﬁ Pf‘é{ﬁlﬂv Wl@r{{é%@ﬂ%?ﬁlw comprising administering to a
mammal z%vz‘icﬁrﬁ Péﬁé?ﬁ?riﬁﬁbﬁ%fﬁyﬁjﬁﬁfﬁ@%ﬁﬁiﬁ é:i61noleculc, the synthetic
codomop g PR S BRS BLN AEA HECFig onoode  bun

HER?2 protei t forth in SE NO:2 HER2ECDTM protei t forth in SEQ ID
S VACCNE Vettors of thig hvention may e ot in SEQ

%gzggdaéég\kﬁth 1 eamseégi%le%g%gd \z{g!)u‘e], t%enx)({ocinc vector may be administered
for the tré;tmelp I;Q;;%LQ&m &%é‘%rJE?erglh %ra ﬁg%gémbodiment of the invention, the
mammal is « WWMEICH iImpact on the recipient's immune

Slyﬁtaer[&xe Uﬂslﬁﬂ Iis tﬁa§ﬁayi£hi§sdﬁ§g@b}eeiﬁr for use in the treatment and
prevention mettRBIMAGEI MR MBCTOESEOr BenABvirus vector or a plasmid vector. Ina
preferred embophys t@ﬁ@g»k@&ﬂy t&@@@pﬁ&b{&rﬁ@}ﬂb@(ﬂ;o&lﬂﬁhmg an adenoviral
genome with 2 gegetippit ivatcliniited toyrsterilansaline a@fovirus El region, wherein
the insert compgies Filexbtyffe rogts a}mxégnA[Wn’meq%o@toptimimd polynucleotide
encdi bt A4 5 SN e R B TR FHSEP arormoer operaty e
o the pobmelipihynostimulant, such as an adjuvant, N
CVAOKINE: BIOATH 6P Stk Capiiet Wity i comvssnen
Ci? e with a deletion in the E region, and an insert in the Et]i éeﬁmn, wherein the insert

. accines or |mmur}99en C COmposi ] .
comprises an expression cassefte comprising: (&) ¥ synthetic, codor- tlmxzecH).onnucleonde encoding a
of the present invention. There ore. this
invention includes the use of such
immunastimulants in conjunction with
the compositions ane methods of the

present invention. An irnmunossimulant,

adenoviral gen



The entire hHHER2_opt coding sequence

was synthesized and assembled by

BIONEXUS (Bionexus Inc. Oakland

CA.) and cloned into the pCR-blunt

vector (Invihogen, The Netherlands). The
tman HER2 JAE A2.0RE eRNAWAS CONSILIGIEG 448Gy tinked to the
polymucleotideOligorwcleotides and assembled by PCR.

Hot rany-rexperirents)desesibedidereiyovius vector is an Ad
svector.  the hHERZ2.0pt nucleotide sequence

Lﬁg@@r@a@r@@r@pﬁ@p‘{tﬂ?ﬁlﬂ@dfﬂ@% &k vector is an Ad6 vector or an Ad24
vector. sequence at its 5'-end, the complete

NUCRGHERS SEGUETEE8S Set FoRt P S Fryrising 2 plasmid portion
and an expressmcrﬁféc ;frionl ﬁl@gmhcasﬁef& %ﬁﬁr.pcmiﬁg(a) a synthetic codon-

optimized polyﬁlcleoﬁdé elr}éogxln ah :7%::§IER2 rotelubs%q:uuf é dmot fhperably linked to the

%%gll‘,’g[% gKlso rgzﬁc\ a(r':g e a(s,:xlnqg eorgsgp a plasmid portion and an
atlon a o(gate

expression caséetfe ort}{)\gt he expressmn cass%tte portion comprising a syn%ietlc codon-optimized

po!vnucleotxdeug&a§kqgugx!3u ﬁ%%ﬂa Eyog tx tﬁc?(b) a promoter operably linked to the
polynucleotieeCOITESPONINg protein and eliminates the

dowmSHiRan &g AakHNGBY @SRt adenovirus vaccines disclosed
herein are usedﬁe&li«ltiﬁgrrﬂ’ﬁlﬁﬂ gﬁmﬁtﬂﬁﬂﬁi{ypﬂfmimblmﬂﬂlynuclebtide vaccine in
order to induce (ah/k@g@gj’ tereteadpditol I@EHCE@@R}@f WaAtdrs are administered in a “prime
and boost” reg@@ng_r)axaInple@*x( 1@@49 ))fofcmts HER@“(‘BE‘H after a predetermined
amount of time{_f@\ﬂ(aat)lalz WS?EPQY a)mt‘znz mtlmﬂ% or other appropriate interval, a
second type of Kﬁtf)ag éjta%% ﬁ’few \ﬁcltﬂ'faw e)aﬁssmn cassettes encoding the
same polynucle%gﬁlvafélafﬂléo%iﬁﬁléﬂlﬁq(@deé: éﬁ@ﬁvnt}ﬁdxgxcnt where a plasmid DNA is

also used, it is preferred that the vecter contam one or mo: rec d by mammalian or
o-expre oncogenic AFERS W

SSe
insect cell§. Tnapr v bé?n Bl? 1d would contam a str?g promoter such as, but not
limited to, the (E:ME5 promoter. The s © 10 CDTM gene, or other gene to

be expressed wm;d pﬁﬁﬁ% sYL\AE -Eggoglu %%thf cx\{al I gsrmd would be the
stz e} Y 06 GQCING, SEIMENGE WAS AMPUIEH PYoires vt et s,
N.Y. Acad. Sci H\GIRWf’r@m@ '@@@)l-j\dnall-rs-ﬁ Be@é@&boﬁ% by reference).

(}&i EldJy a@KIQVLid&da‘byl Rat@&iagiﬂﬂﬁd J—%H{rﬁlpﬁaﬂle may be administered
to a vertebrate IS E OF t@'ﬁlﬁ@iﬁ@;}b}chﬂ il&lm; aﬂtajlyl;t\MSpons& To this end, the
present inventide jOfe @ aﬁh@@f@n@@ir@gﬁaw:trﬂ_r)piﬂawﬂﬁsmgz () introducing
into the mammzclgxgt'ﬁ%tcu Si:ﬂgspgim@psﬂWNeaxfgﬂir(@bd@o@uAcotide encoding a
human HER2 p@cqroq'a Toogn, AE%E@IN‘II?I,TUdFAa ﬂo;@ﬂe@p@a@@ked to the
polynucleotide; @) éloA'r@a eﬂc’cr@@d/&@et 1{@1@@@@“6@ introducing into the
mammal a seoo@-Teo‘?r ]g i @a N’@lﬁéc ce%)aﬁ;itgx gegdﬂgﬁ é étlde encoding a human
HER2 protein or Sa }ﬁrﬁla&er |ne M and i u rﬂmlptee{/ ? %ly lé}\eétcéne polynucleotide.

GTCGACTTTACACTGGCAC

GT CCAGACCGA-3 (SEQID

NO:4) and TaKaRa LA Tag polymerase

(TaKaRa Otsu, Shiga, Japan). The

polynucleotide.



Codon optimized hI3ER2 cDNA A

synthetic human HER2 gene .

(hEER2.0pt, FIGURE 1) was designed to

incorporate human-preferred _ _

(humanized) codons for each amino acid

(hIereinafter aa) residue. During o ‘

. as%oél?ﬁrﬁqylwnttﬁ&cgéﬁ@,Opgﬁuaﬁﬁﬁﬁkﬁ’é&Hﬁﬁhe first vector is a ‘

. plasmid al?d t%éﬁ%nfsc{‘i%ﬁﬂi/ﬂgaéjré?ér& g;htosén W%@ﬁt’féﬁb@mem‘g the first vector is
T Staning. rom positol 5642, due to the

€ 1.

- 1eg refates to a method of treating a .mammal suffering from a
HERZ-usociamﬁggcggm%%@lg:e&tin iﬁg]e g§n(?0 LelenCé; Iﬁ;ﬁ? \I:cgcg)r comprising: i) a
synthetic codoﬁgglxgxgad &%&Mg[ﬁeo e@%i&g A%u_ggncggé:@]rbtgu g §human HER2ECDTM
protein; and 11&@1@9@%@@%}%@@ lepg%%lgo@dg;vg)saﬂowing a predetermined amount of
time to pass; aﬂd@ﬂﬁ&ﬂcf@r izlih ﬁehk&ﬁﬁgsé&QHEQ@&pmmg i) a synthetic codon-
optimized polybewﬁﬁﬂc@ﬂ§ Hfﬂzﬂar&ﬁﬁj—p@@g osﬁlgxén M&%’H\/{ protein; and ii) a
promoter opergtydivieed s oreamient while preserVi ng the

Slam@gdg}gﬂ'l’@@@m@m ofth@re0dafbed above, the first vector is a
plasmid and mm?ﬁymlq@mwagemd|ﬁe@rﬁ@vc embodiment, the first vector is
an adenovirus Hiis MR Y% niaetestitle identity to the

df Oéft ef éﬁgssrriﬁ%d@ﬁcw ifH{zebt introduced into a vaccine
recipient will d?‘?ﬁ thal{xl%}%e étrsnﬁté &f tilﬁﬁrj)rﬁafgs W'@Wémmunogenicify of the
expressed gene product. In general, an immuynologic ro; sy effective dose of about 1 ng

EM%@&%@W SUAL, Sprep prte

to 100 mg, and of a plasmid vaccine vector is administered directly into
muscle tissue. l;l(%ﬂetc%e'goosez%r re(c?cpnli!urfﬁ.tza 2 %eg.l\ylﬁeuﬁégn 1y, 106d~ 1012 particles and
preferably abou(ﬁ)llelgl@ggg%gg&;u%dussxlécgm, mtrﬁnnh?émao}ﬂction, impression
though the skin,um@& m@es mmrx@ltrgxt)rl: l;'.@h L-Llilmgégtoncal, intravenous, or inhalation ‘
delivery are als&yiﬁm&gﬁ MVHTMOQQMMEM %Q(Qte’?\ra@&gamgstrgary be provided.
Parenteral admh@tl@oﬁh@cmﬂﬂ&x@rﬁmmgﬂ@)magu)her means of
administration W@mm|@ﬂ SIQﬁ@Lkl-rr mrﬁﬁn&Mtwaﬁ or subsequent to
parenteral introdﬁa'médlwtgwhf-@ R@(:)pt i(s&edﬁ%‘&w LE

?)c. VEESEANHP S BE ths qupl\yim@aeb@pfessiso IMassociated with any proteins,
adjuvants or oth%fﬂtaglixﬁlizdmeﬁmﬁamgxeﬁr.ﬁexmemm In this case, it is desirable for
the vaccine vectOés )é ?cexggi)aﬁx%qgmg zﬁcvqb‘je_ HHER?W !ahdt limited to, sterile saline
or sterile buffered gaj nia ﬁ]ﬁzﬁﬁféydﬁ?aéaﬁg\ﬁ%@s\ma@ﬁnismr an immunostimulant, such

djuvant, ine, protein, t ier with the vacei ! i iti f'th
as an a ?u\ an : cg% hsné é)rso eﬁlﬁ Br ) Igracralﬁlere \xﬁﬁ%}uﬂécﬁ%eféwxﬁxgnogemc compositions of the
present invention. THereYore, this entlon.mcr(m

e us szg*g n Eimulants in conjunction
with the composipcumrr}xe%m oré{lggrlgentlghgg 1_115%:#{ 1unosti§ula t, as used herein, refers
Cell "fines and

to essentially anymg%%@tmx%g@?s&%ogx%%s?an mmune regponsg (antibody and/or cell-
mediated) to an %&QMQMHMgﬁgIE%(QE%eS a%lrr(l)ugsteryd in the form of DNA or
protein. Any of Wyﬁ&m@tﬁ}ﬁul%g Q@&Qﬂﬁged in conjunction with the vaccines and
immunogcnic cm@:ﬁd@ﬁﬁ)(iﬁ?sfe@f m%&mjgnca%ut not limited to: GM-CSF, IFNe¢,

pVIJ-hHER2-wt encoding the human

HER?2 expression cassette used for

immunization was purified from E. colt

DH12S cells (Invitrogen, Groningen, The



the skin into both quadriceps muscles

(25 g in 501 of physiologic

solution/injection) and eleetrostimulation

(ES) was performed as previously

described (Zucchelli etal. J. Tirol. 74(24):
tetanus toxoid, m598}, 604 é&ﬂ@@)—;l%h&(ﬁn&hﬁhﬁmsﬁ%)kncwn in the art.
Agents which Brﬁi‘efﬂ'yq ©legtrical-shockcensistachef dCucium ion, may also be
- used. These aggpgrimsewitiy OO bh@@i@fec@hjf@@@ti@l@&kﬂp and pharmaceutically
acceptablg carrige e Q@@gﬁphgs‘e'y_bﬁedehq}@mt@ﬂgemmlm immunostimulant or
phamaceuticale(améalvﬁfiqﬁw eséhtﬂa]a@ms ajd 1h5@: §f administration.
describing and \iBII ﬂﬁ?@gO“S%F&OWéféucﬁq mﬁmﬁv ?fm o The pu.rpose of
‘ ) g . tg’i‘i}lqﬁﬂﬁgﬂ?dé Wgﬁﬁrﬁﬁtﬂ?ﬁ gaﬂ!(lfht’be I.lsed m cox?nectxon w1th the present
mvention. No ml%_%f‘fégazb’e gﬁws\mggm(%ﬂw &éﬁgrﬁffté?not entitled to antedate

such disclosure by virtue of priér invention.

ntion. .
gin?&&jﬂ%@ggrlrze? txln(gp e E%(&lg/ilne Lt%n@vith reference to the

accompanying :MQ&@,% JSEOI\T!E\I{HEXI&IOG that the mv%x?h%_x\l/ is not?ulége% to those precise
embodiments, %@ﬂg&yg%%é?&ﬁ%agalg Sy U@ eﬁgted therein By one skilled in the art
‘without depam@@ugggs'osﬁeggﬁq Jﬂ@@%&oﬂ?ﬁ%@cﬂﬂ%&%@Mﬁ claims.

s ﬂgoain@aﬂ;d@ﬁds%,zéﬁr@(ﬁﬂj RKeE invention.

immunospot (ELISPOT) assay (Miyahira

at al. thninunol MetfsodselSI(1):45- 54

(1995)). Multiscreen 96-well MAIP

Human HER? offimigieriopiatess{cat No. MAEPS4510;
Millipore, Bedford, MA) were coated with
(BiOI’lEXUS Inc §-?j: %ﬁﬁ%?hﬁgﬁ ?ﬁ.}teécﬁﬁésfﬁéttﬁgdl vabled by BIONEXUS
ne. anfib 5 i{i@f oc_ﬁi’ mtﬂ Slﬁ %Cﬁ%u_néﬁtﬁr grattrmgg The Netherlands). The

hHER?2.opt cDN% Was cons

sing oligonucleotides and assembled R. For many
experimerits desélfggage]fgr)l,’ tE; h .0 @gser%iid§s%qr&e§é%g c’a.tbgcé\ n optimized Kozak

sequence at its SQQLQFQQCO%%!{JJ%JJ%; 1§e's quetnecg agéét%ggll% TE ID NO:11.

lm&%@@tl@k@ﬁtﬁé IWS%EQCSiW%magsWJEde with Alanine (K753A)
by replacing codBleﬁJ\/\(Q -&&5 (}{Qism%bir@ggeaﬁ)si@mgase activity of the -
corresponding piRiGUDBEechAIth: R‘\Qﬁ%@ﬁ’éﬂﬁﬂg wmz;;ﬂrl%s@&ng oncogenic activity of
human (Messerl G74L £0! b&@ﬁ*ﬁodffﬁ)ﬂ]f&ﬁ]@(ﬂﬁ@l bmfﬂgHERz (Ben Levi et al., supra).
In addition, the @pmw%6W@¢@l®bﬁmﬂ®d tbysiiam@édiﬂ@ of a co-expressed
oncogenic hHERfg- spleen from euthanized ndce in a

sterile manner. Spleen disruption was

carried out by grating the dissected

spleen on a metal grid. Red blood cells

were removed by osmotic lysis by adding

I nil of 0.1X PBS to the cell pellet and

vortexing no more than 15 seconds.

One nl of 2X PBS wgas then added and

the volume was brought to 4 ml with 1X

PBS. Cells were pelleted by



per well was calculated as the average

value of spots derived from duplicates at

two different cell concentrations

subtracted of the average value similarly

derived from spots measured in control

wells containing nop;pylsed

splenocytes. Changes in frequency of
plasmid CondtlafN-y producing cells wore defined as

exceeding a 95% confidence bound

caloulateefrom Hﬁ&mﬁ&ﬁﬁi@g@l&@ﬁg sequence was amplified by PCR
from plasmid e@ﬁt?@ﬂ@BM@f ences-yWth Bofd, Malbe Stitute of Oncology, Milan,
ltaly; Di Fior (3t @55 ejpar @3 Capisid esred Signifig aters iNew forl (5-CCAGTTTA A
ACATTT e AMIPICE 794 ERHFIEARarE 6 G G C GG C CT-34 (SEQ ID NO:3
coding sequemiRIF RO B2 FEIRGRE AT ACACTGGCACGT
CCAGACHERS Dot trirel fitnidrierare-twahers o Stige 1)
B iNG ACT PE it ARSIty (Kome M., bl o

I

196(4): 947-5 (a9 87); %%é{?d}%ﬁig\?ﬁ fiézds d{éSSilﬁ%gégzﬁoélgﬁ%ﬁ)’ was digested with Pmel

L.ami
and Sall restriction enzymes c and Sall sites of mammalian expression plasmid

pV1InsA (see m%&gg | g al. Bm%re]ll B1g, 2777 WELISS- e plasmi -
B e
the human cﬂ&@é‘a@&r@ %m&g§§eaﬁi}%§:l%¢9it£% ng%rg soemgf‘:cc. The human wild type
HER?2 coding dﬁ&@(lumu lt)yop!@m@m;né/\é%@] mgé}i;@rglation signal sequence.
bg&&yﬂ@g@;(@mbiﬂﬂ E@A}aﬂlgﬂ@xgmgéised from plasmid pCR-

hHER2opt andwehme@rbﬁg 39 W@U@lmm&gmery et al., supra)
generating the pifj fhigF8pertrbeddawithout HPLC :

- ; D Hdés herenreeonstiflit@OPCR using TakaRa
0 it oS8 i fAOMSO CTHoSE Septides ceaocacc aTo
oot - hatdid @@%’i’rﬁf(ﬁ%&aw BES6[VETWEIRA CATCAGGATG
was digested wﬂgt%!:( becgz%gndg 7:[tI:r%}tér)lctgi’aua }'%n%sg cmﬂ‘éH—PWth:ptﬂzhe rej'u ltmg e
o pVIJm%ﬁgl%%gew kiﬁps % d)aﬁ%nalaﬂxfdlw élcé; df sponding sites of

, supra) generating the pV 1J-hHER2ECDTM. i
were added 1o Tuily Bissove opt plasmid.

those peptides that wege,still not in

solution after several hours of rocking.
Codon optimizeR@EONSHiUted peptides were combined

so that each peptide was equally

WQWMHMEQCMPJ@QTM% 1) was designed to incorporate
buman-prefereyymeentr ationofeache peptidein hesmiX puing assembly of
the gene, PCR aqpfigeisier exttiatel! toribien|spigfniknE a@hemix position 3642, due to
the high GC confgrael WieliBteE Hiek Stofet-atrBOE T, 2 less stringent

identify the inununodominant T-cell

epitopes of the human HER2 gene in

BALB/c mice (H-2d genetic

backaround), 6-week-old female BALB/c



brefeldin A, fixed, permeabilized and

then stained for intracellular IFN-y, CD3

and CD4 or CD8 markers and analyzed

by flow cytometry. ICS confirmed the

reactivity of peptide hNeu-15, identifying
optimization {{s@svand-gpitope abte sto.activate (GBS 3601 and 3805, which
reduced GC cenistisyhPeptidesiihewrkbeanditNeul6 were

eqﬁafWﬂm%{W@w Fi i SEET n&ﬂ‘al%él?é‘/y nucleotide identity to the
original clone g AP e tHe "CD SN BY SoridMonizomery etal.
supra), placmbxé f.eétﬁﬁ?ﬁ% éﬁnﬁﬁeiﬁeéuwrég ]fégia%gc -3, SEQ ID NO:8) and under the
control of the E Smﬁitarﬁe% é(%/x gmmteplpgslﬁeéﬁfwgmmh hormone (BGH)

e R T ST TS T oo TR (S o

three 9 as-long pepﬁ%&oanmng the
overlapping region between hNeulS and

In vitro emregg}l @Mﬂaﬁnﬂ[ﬁl@&ﬂé 3 p roved the most

reactive, displaying a slightly increased

reﬁ&m%i@@ﬁ&m@af adthJ herlsas d@lm@{ERZ.opt constructs was
assessed by UWMWWM%J% or mouse myoblasts C2C7 cell
lines and detedinp@r@stiighyrabout hal frofithe f@aetivityidotoxin-free plasmid
DNA pVUI-hHERIsvesofigeteleted HEk v hiNew Sishite used for immunization was
purified from Iﬁm/izéﬁﬁ ﬁgeﬂs] @tvt%n@g‘xaopﬁﬁq @a@a{ands) by Qiagen endo-free plasmid
Giga Kit Qg fiHet SCMBY* epitopes co-exist in this | |

Al SBYHENEE TN IS BTN 878 gl omine twnstected (Gibeo

BRL Invm'oge&I Gr moeneah%ﬁ!eeth?relands m{% O_fg?lE ;gltlﬂrlé mause myoblasts C2C7 cells

were transfected w1th D Bjosciepces Clontech, PaloAlto,

(S nt

CA) and pVIJ’ ra%lq }%4_ epl pe ySIS 0
s gﬁ% &§§t1on%pég%.p2€§o J/Féhls sy ogéld' létp tQIdon optimized sequence
dramatically 1%3!“%@?&@ I{B&s{&%m@eg Qtﬁé Q/esquQM:el &éUREs 3A and 3B). 1

Finally, a low reactivitywas detected for

hNeu4l and hNcu42:peptides, whose low

response was predominantly CD4+.
Mice immunizfEdAMPLE 8 Intracellular C opine

Staining Intracellular IFH-y production
: WS ?ﬁégfglljrleéﬁnabéé{caliﬁgctﬁ{B@\indly provided by G. Formi,
University o SR FE & S tAR AT EP OO EH! " Biffef§Foopience with European
union and mst%txiﬁéwg éeé r{n@érngﬂw gxf.(é \&e{ﬂmll;réﬁsiiﬁ?ziqsmth ketamine (Imalgene

500; Merial Itai1 Mllar%( Ejyha]t 10 nw/k<7 of kﬁt]iéwel gt Sz’medx 1azx%f(%(lor BIO 98; S. Lazzaro,
24

Bologna, Ital t5” when eessa
am g/m ofs?nréjf ? (fmcc‘fpeptldes and

Brefeldln A as protein transport inhibitor
(Cytof Dytoperm Plus™ with OelgiPlug™
Kit BD Pharmingen; San Diego, CA).
Staphylococcus Enterotoxin B (SEB) at
10 pa/ml 25 (cat. No. 54881, SIGIVLA,




(Pierce; Cat.n. 31123) at a concentration
of 2 g/ml in 50mM Nal-ICO3 (pH 9.6).
Excess of antibody was removed and
non-specific binding blocked by
incubating for 60min at 37C in PBBST5

W%&:@x@o ﬁgrm(;r ﬂNg \%Qc 9591%% e):ted ma :!O pl volume in mice
quadriceps at 6WQ§J‘IIIMBI\§L&Q§I‘Q%E‘LIQ g g‘ﬁe% (ﬁgJ\l?o WQ %roc Natl. Acad. Sci.
U.S.4.96(11): @d@@d@)) S@LU B@;IU@@’ g@eﬂdﬂ&{ggd%prgt were injected without incising
the skin into bolﬂ@dﬁ&t@ﬁiuséﬂs BSTpg QB@%h@@@s@&t@b@%ﬂon) and
electrostimulatikB D] G ek (£39isiy 62009 LAY a. . viror. 7424): 11593
607 (2000); RiZgB aCetfsa( kindlyeproviaed Bsd oo rains with 1000 bipolar
pulses (130V, 7¥agyrd@ns/sdeizmarm Institute of Science,

Réh}g\?@ﬁ Wlasq‘aeq% ard e faPBBs @il volumes. Sera were collected
at 7 whs (1wk befarg FEting e i el fudiBrr-Yetwekrrdh e st immunization).

extracellular domain of HER2 and the Fe

portion of human 1§~ Pfafes were washed

e TN Eﬂg}%ﬁgnal dilution of sera (hum 1:4,000

Houwse [ Bt Prese00) in PBBSTI buffer (BSA 1%,

MQ@B&QCQQ %@eé@(&g@ }“1%%'? @tglczgpegy ce nI;ngr were detected using a
standard enzy, m@lté& uﬁl’xﬁoé@@ﬁ%ﬁ@@ ngﬁral'éﬁﬁ J ﬁz‘%zunol Methods 181(1): 45-
54 (1995)). MulACKkGEOUNA.WRSRES-WeLErGAHHBE: QW fillipore, Bedford, Ma)
were coated witMitIFR B B.SHd 2t SEGERAAN ya&mubqul(g%tﬂ—&u cat No.
18181D, Pharmiggati -SmtDleeClﬂg @ﬁtﬁﬁtégg m%@@ﬂj@lgm&diom plates were
washed with PBEP{QTTHTgeniEB7 202 anad583880diWas 2 hrs at 37°C to block
non-specific bingifyyted 1:40,000 in PBBSTS and

ﬁﬁléﬁﬁf&fé/aezbguﬁq- bate‘PﬁYﬁﬁThFéPﬁ?F fretn egthanized mice in a sterile
mzlllnner Spleen §Wér}_w%\ﬁré1fd\%§ﬁi I%iﬁ§§5d\f?§?’é°“ a meta] grid. Red blood
cells were removad by o motw stﬁ fﬂdérﬁ P6?]1Mﬁ§ gilﬁﬁeilépﬂibt@nd vortexing no more

than 15 seconds. e ml dde e volume was roucht to 4 ml with 1X PBS.
tQ ase S

Cells were pelle gation abﬂ t room tem and the pellet was

resuspended in 1 dmmd(llgﬁ 949 supplemente W& %4@% calf serum, 2 mM L-

glutamine, SOUE@;QQ QM anautomaied b ﬁé M GANR pEs, 50 v o-
mercaptoethanol( Lﬂﬂﬁ'&t@@é@ MHJ& |§l§§ﬁn§ ! 1§Qm atic.

*ﬂﬁl&i}%lﬂ; &Ehl aﬂdiem gh@orﬁ %&ﬁ%ﬁﬂﬁ{z@i mice were incubated for
15 hrs in the pre:@XPYESS Qb ASIATALIBIN A B2 DML 5 105 celisiwelr
Concanavalin A @geh \Sam@@,oﬁh‘@ inbag k@ﬁﬁllﬂiﬁdfﬁl@iﬂalat 5 pg/ml. After extensive
washing with P%mwdewtnqh@s}g@mmeo%m@n 18112D, PharMingen;
San Diego, CA) ypgpddstiBtraieted 26 An - HEER 2 S@rtimvashed with PBST prior
to the addition ofijaiar s BattaiatedCad tHe feeTprdfEmte San Diego, CA). After

limiting dilution of serum producing an

absorbance at Ieast 3-fold greater than

the absorbance of autologous

pre-immune serum at the same dilution.



more efficient in eliciting a cellular and
humoral immune response than the
wild-type sequence. EXAMPLE | |
Adenovims Vectors MRKAd5-hHER2wt
: A Swat-Salt DNA fragment from

incubation for pMJ}h'?AEB—%cQQQ@ @M%LR%QH@%J&!E\R@PBST and developed by
incubating witl{OMNApNBSIC @Hﬁdldﬂ-%}@@ﬂf@ﬁ%@ﬂ}g%phat& substrate (cat. No.
34042, Pierce, Bit@SrOfLinE SWUHEB}%H&%%&MRME ke plates in water
stopped the reaé@et@h@ﬁo ald ,(Ejf@@hd@{ Mﬂﬁ%d AekSikiuded as background and positive
control for e2ciG4rilQ 188 O2- O (49D YpuFheiresSultingualysis (AID ELR02 coupled
with AID ELISBA @il (il RECRE FMIBR2 contained a

rﬁa?ﬁ%ﬁex@wf\{}oﬁm Hibter g Wguﬂq@s per total number of cells plated

per well was ca&%ﬁ%aé gﬁfﬁ"‘fﬁ’ fhlée ﬁqu:fExRxsil@Mﬁt two different cell
concentrations %ublffacted Oaﬂﬁ S/vﬁ%?é V?&? W‘h@ Wﬁpots measured in control wells
containing non-pulsed s;ai:ax;o%c:iﬁs Fhan&es in fI:aqtl 8 ﬁ/ of: i H éFrﬁl%ﬁgIH were defined as

exceeding a 95 A) co om measuremenb s of co; atrols t]%lfferences with a p value

<0.05 were congz er Was recombine

the a enowral backbone plasmid pAdS

HVO to generate the,prergdenoviral

plasmid pAdS-hHER2w t.
Identification OMRKAMHERQ!E‘GSBTM@I ﬁl@%ﬁ&d

pCR-hHER20pt was digested with

EcoRhdFtied t}telgﬂl{iﬂ@@ﬂ_@ﬁpb@slﬁﬁ@ﬁpms 11 amino acids, were
designed to sparghpriffdarrd Ele rredrintEth eEeo Riidhihi@cluded seven peptides
designed to ove Wkl M@lgﬁiﬁﬂ‘é’ﬁfﬁ%ﬂqﬁ S(S’eéDublm CA). All peptides
were shown to bE> &ﬁ)lpgf lgE{PW@d @272%86011%{&?1@1%&0:1 Peptides were
reconstituted at ?;I rEi in Dl\éSgr TS(I),% f)é%tfdf)vh? éif%?'(é ﬁ)gl@)llately dxssolve were rocked at
37°C to aid dLSSO tlon cess é) ?ﬂé{jﬁlﬁﬁvohime(ﬁ ds Mﬁg were added to fully dxssolve

those peptides that wcrenlle not utlon after sevey I hours of ro kb conitxtuted peptides were
combined so tha e as equapy repr@qré% 1% !T.lll%(e § al concentration of each

peptide in the mg I\Qa@éngged%g 1%%E%§Q\Jgt%quogd and stored at 80°C.
@aU&&? tﬂ%f@&%l&% Q“Et@ of the human HER?2 gene in BALB/c
mice (H-2d gene[ﬁ%mmw&@dmwléﬁghﬁcyw%gﬁumzcd by injecting 109 vp
of AdS-hHER2 iW&I’@acg{@Wﬂsiﬂs] arge.q Hﬁcﬁlmm;ﬁ%tmed after 3 weeks. A second
group of mice Wﬁﬁﬂﬂ@l}eﬂf@mﬂj@ @frl&ﬂnﬂhf K aHORe 2REbL. Three weeks after the
second injection,pllg Pifreqch w eadsitim chieride g’m@ji@&’ai@ting T cells in mouse
splenocytes was W%eéwmagmmﬁwqagw@@ajt (Pt BAISPOT) assay.
GEIT 289 8P F909- PP 098)prd/iraloping by 11
~ residues, and spa &%éﬁ W@rﬁv MWned into eleven pools
indicated with al;alabeetl% Il(%tﬁriafﬁ)a 6 éﬁoifsﬁ?é\l Iﬁt% ﬁm}aaéh of these pools was tested for
confirmed by restriction analysis. HEK
293 cells were infected with
MRKAd5-hHER?2. Wt OI’ MRKAdS-
hHER2ECDTM.opt using various



EXAMPLE 13 Immunization of rhesus
macaques with human HER2 in
combination with human CEA and
EpCAM antigens To assess the
efficiency of immunization of rhesus
its ability to strgga%a&lil esslegl Qeeﬁ%er r?li!lattoz-wxlat Dnc;[ [I;I/IeLFN ELISPO
statistically sigbulfllgpn -*ly'l E;nggtigrl]i!%;éeﬁi H%Egg V\I:?i.t'h 5. : o-y com ar;zezu:d:
" the absence of%%mp Iﬂ)al Ag)tx 1elit}iv01 ( ua??:mfumor aﬁﬁ%%@%gim ppeptides fm:‘n ;0:11

peptide respansible

A,Band M w@{ @u@dcﬁto%ug %%J&Qxﬂjggylﬁ a_C%nA =%II and MJ scored positive.
Single peptide?fg)g tgestz%mgjg%%llg&@rel mme'&{QiI %)re ei\rl\zligi 1tyafo trigger IFN-
v release. Ovcmﬂbﬁg E@t@ffs m@:ﬁm }RN—@S yﬁﬁ%'ﬁgh and comparable reactivity. A
much lower reﬁ%ﬂf@&smgtﬂ@; I&Eha&ﬁgl W@%%QMZ Another peptide,
BNeu-301, wa@hhtimastasmor.antiggns Ep-CAM, CEA,

, ahdoM R/ Beund rmynizaion S es subset responsible for IFN-
¥ production, Iiffes Fe:wf@}eﬁﬁ@ds gbtheiliomedioal staining (ICS). Mouse
splenocytes wep Hpppatb et genehi Clorities i( BRREge of the secretion in.hibit&
brefeldin 4, fxggiperrabiliopad R @R 6)c- TGSy, CD3 and CD4 or CDS markers
anfit analyzed b¥ﬂfﬁ]ﬁﬁ?§_§tl 6(?1? %m@éhmcﬁéﬁa é’gf:gtﬁeﬁdmli identifying it as an
epitope able to aéi{ll\éaiﬁ%}Se rﬁ)]lé Blsp%dé ﬁN?JégﬁnaH\gélé Vel efeddiggreactive in ELISPOT

analysis, Suggeisinygt ate thy (l:JDI%F ac?%to eh I(axéirlies coanﬁgﬁﬁ gttltﬁgaa residues common to the two

. rﬂ@éh{% I?nQ tgr?gg lrgga%eerssegitr}cl‘cl,ewggte ?hree 9,aa-long peptides spanning the
overlapping reg@ﬁi@@ﬁ%«}%?ﬂkﬁ%ﬁ éN ﬁ\iﬁ%ly?&gxlg%;ee rr%st eactive, displaying a
slightly incrcasdmn‘w&ng@eﬂy Y/ lmal BJ;QQJ;J%EL%}@B-W%% ﬁcu- 16. Interestingly
about half of thﬂ;aai,v‘%y \65 &p aeQeteLZvith 11@1.1 @H,%&c@ﬁngquz@_w{ﬁodedapping but distir;ct
CD8 epitopes y@l@atkostimubation. Animals were ~

iffecte durdes anesthesiawithe iNaOb1 and typed it as 2 cDg+
CI"itOP& Aﬂal}'S'gefﬂﬁi@@Wtw@mﬁlﬂygmmmﬂiﬁfu&sﬁ the results obtained by ICS.
Finaly,  low ety sy etoTecliniti 6 2mig plasmits DMA foFesponse was
predominantly Ghgimals weighing 2-5 kilos. For
eleetrostimulation, 2 trains of 100 square
bipolar pulses (1 SE6'84ER), were

Mﬁ%ﬁ%ﬁ_ﬁg every other second for a total
treatment time of 3 sec. The pulse length

I\A\l@éuaam%e&“&tk%%%’ggs@epaléclégn to BD Pharmingen standard
protocol. Brieﬂ}trﬁqb@BQYCaQQex@EBQHMQQS Qrg Jrgg Hgiu%rxln he p;scnce of 6 p.g/n:xl
of single or pool mgtmﬁnéwﬂﬁm& %Hﬂ&ﬁsmgg@mr (Cytofix/Cytoperm Plus™ with
GolgiPhug™ Kingspestivelyt bhe, Same:. MORKEYSWELE B (SEB) at 10 g/l

then vaccinated at weeks 21 , and 31

with a mixture of three Adenovirus 5

(AEI-AE3, "first generation”, P2 level)

expressing the wt sequence of human

HER2. human CEA or human EpCAM,

peptides.



WHAT IS CLAIMED IS: 1. A synthetic

nucleic acid molecule comprising a

sequence of nucleotides that encodes a

human HER2/neu protein as set forth in

SEQ ID NO:2, the synthetic nucleic acid
(cat. No. S4ssrroheeulen: beingicedonsoptimize difar: kighcytes as positive and
background cofgsplabexpression in a human cell. 2. The

sytitheticrpeicldie atidsmblatelecGPEIAINT s used to reduce non-
specific mum"f@?@fﬁ: Tﬁéi §é(§&éﬁéﬁé B?Pmmﬁégiego CA). The specific
signal was obte&lﬁ?ﬁﬁlﬁ?€§%@o§é alaiiéﬁlé émbxfxﬁﬁa%éidﬁ%?égl’ -anti-mouse CD8a (cat.
No. 553066, ngié?fa?’ﬂ%}?ﬁéggfgamnﬁ@ai Dégo &fi.) ’Jc"ltc cells were then washed, fixed,

permeabilized, and stained for mtrtzhel ar JEN-y u con fu ate mAb cat. No.554411,BD
'C nuc Cc aCI
Pharmingen San ig j)} cyte was ca cula.ted as ﬁl -*, CD3% and CD4+
oo

or CD8+)/(CD 1 an(riQI t+or C Oéenc QJy at(Peraggg I&)'(n;% hocytes were collected by
simultaneously g g% Q)[; 8;?&: @Lﬁ@ g\d gi lﬁyﬁmmgtlgﬂ %gg 'Vgere acquired within 24 hrs

of staining usu@g (EQ@[@Q‘%L@J QMEQF ﬁ&%l@)%%@ @%cht Dickinson, San Jose,
. CA). nucleotides that encodes a variant

human HER2/neu polypeptide that has at

least 90% identity texthei@mino acid

sequence of SEQ ID NO:2, which may
&!ﬁb-odﬂmmidempgto Na amino acid alterations

over the entire length of SEQ ID NO:2,
iRt T A U o - BHSA ples Ol

T™M e '3 i W a man c-specific
GD::SS L.I()Iat n. é Eat a%o&jcgzx a@?j éﬁ?ﬁﬁi’l %Q% ?}%@O tl nf?g E‘ccfss of aiib;dy was
~ removed and no spe c m mgl'L ockc gy cul atm or Qjm?n at {]/"’C in PBBSTS buffer (BSA 5%.
Tween 0.05%). A cr wasl €] tarQ ) j} chnﬂs Vgas aggeg‘m satu(t)atmg condition and incubated
at RT for 2hrs éﬁ! § Iané é JPZ'N@)% 67@‘@ gQXG)b%ﬂM%Iy provided by Dr. Y.
Yarder_l, WeanEnQnngteWBﬁé’xﬁé&éng nt% aligtﬁggﬁ p{@%ﬁng the dimeric fusion
between the erzchﬁ@a@&GLiXoi Slﬂmm@@c@rttmfmﬁﬁl{%tﬂates were washed and serial
dilution of serd (HROESO@ROFAGEUDEERSTINGIS UL PEOEHIED.05%) were incubated
overnight at 4°fr OB m¥Xing shereindthegegue me@-pfere caried out with PBBSTL.
Secondary antippdCl@atidesis @@d@fg%ﬁfpﬁ@g@i@@hﬁ%en ,557272 and 553389)
was diluted 14@9@@@&% aiderire et B trparmeat). @ 2 faker. After washing, plates
-were developedslym@ﬁ@ ﬁU’d‘é‘Rﬁ‘ Qé‘)&)ﬁl}ﬁé}@ eﬁféﬁte (Sigma; cat.n. A106) in
dlethanolammec SIﬁTp ITgi 5}/ aréaﬁ,éél,gfx ﬁ;ﬁiﬂ Q?lﬁa%zg s Multiskan Bichromatic,
Helsinki, lean ) an the resulfs were ex essed as For each sample, the
background 1<mal d te ted wxottgtiems a ugne%n E;sﬁ%t i?om ’
rekeronnd S SESIR as set forth in SEG I RG 14, the
' synthetic nucleic acid molecule being

codon-optimized for high level

expression in a human cell. 7. The

synthetic nucleic acidsmolecule of claim 6

wherein the sequence of nucleotides

comprises the sequence ofnucleetides



into a suitable host cell; and, (b) culturing
the host cell under conditions which
allow expression of said human HER2
protein. 12. A process for expressing a
human HER2ECDTM protein in a

ant host cell, comprising: (a)

rec In
En?}gl ugz serum titers weg, Ig:;cl:c(\slated ?’SI thls nrecifﬁ)gg limiting dilution of serum

. I In ect .
producing an a:[?l%éllléi El:tqgélgé§8¥ %:rfatflr{'l aé ﬂ!l}:]%%zr gné ucﬁ auﬁ)iagmxg pre-immune serum at
host cell; and, (b) culturing the host call
under conditions whighallew expression
of said human HER2ECDTMprotein - 32
Increased immuiagenifiR@rwEatRraccording to claim 3 or
claim 8 wherein the vector is an
Ackemaviralvector SOMP ﬁ@jﬁgbﬁﬂc wild type and codon optimized
RHER? expressigifentoenviraP gerrormeivithi-a idebetiolriinithe 17-hHER2.wt or
pV1F 'hHERszéaaéIﬁi&Q% fldopyd Péaﬁé?ﬂ(’iesaﬁﬁ in SRR SinMice were subjected to
Fhl'ee injections megé%fé ABIFGEE| Wﬁﬁf%l@ﬂé}ﬁl{:ﬁéﬁ%& splenocytes were
i e o COMBHS 86 A EpreSSibmesis Bttt e
1 i\ © ay fo ~2@ restricted T-
cell epitope hNeISQ.EQE)J L§ﬁiﬂg a sed. Mﬁl@égﬁiﬁﬁgéélﬁ ‘Xr_i\,—%pe sequence elicited a
barely detectabla%urr]é'sjgn?e,og reeac ﬁg%mﬁqg C%I,l ucrn 'acnwas Esent. In contrast, the
optimized HERZRIRLRY QLS ah%lm%ﬁcgﬁe%%%ﬁiMD& peptide, yielding up to 286
IFNy spot formirQ EQLQ#?@,QQQ ml)%@&f? m%@@&t%ﬁfoﬁgm lower CD4+ activity waé
also detected. N&l%ﬁas&xﬁa &@QJMMQQQJJQ Ql-tl';LngT—mgimunized mice (data not
shown). vector according to claim 3 or claim 8
wherein sﬁﬁ@dﬂ@@@ftd@z&yﬂ‘m&dg Ma@ﬁﬂ. BBtein as substrate
(FIGURE 4B). Ryaigfgi2-wehifchr GoMprise Scarpl @il J-hiHER?. opt-immunized mice
“and the geometrigpspeitiiy Al ANTERPTASS G CETTBYER or 1G22, In contrast, the
pV1rJ -hHER%.wt {’Rﬁ‘ﬁ’?ﬁﬁ[ﬁﬁ@ smdanemﬁa@ptm%dver geometric mean titer of
et BB OOE"SREBE A Hifritam BIIERD:DNA of izR2 s
n ep 1Ig101f1é Ia ﬁ:eoLllf aé aﬁdﬂi;ﬁgﬂ 1ﬂ@ﬁ?§@ﬁwhe wild-type sequence.
protein; and (b) a, rorprggtltlar operably
linked to the polynueleotide. 15. An
Adenovirus Vet AJENOVIrUS Vaccine vector comprising an
adenoviral gcnomc with a deletion in the
I\/EIU&BQLKQEB ;&Fﬂdx&lﬁlzllm%@x! ﬁamgt E(ln( %I%ERZ containing the
human HER2 cDWhe{eiaﬁbrﬂﬁﬁhiﬁSﬁsﬂ)ﬁQQH@E iISesan. plasmid polyMRKAE1 (Bett et
2L, Proc Natl 4ca@ SVSSSIOIP ERSS@UL0D MPHSING pil@) @MRKAE hHER2
contained a humag@diOreoytifiize d-pohnueieotiche: HER2 cDNA, followed by the
encoding a human HER2 protein or
‘encoding a human HER2ECDTM
protein; and (b) a promoter operably
linked to the polnueleotide. 16. An

" the same diluti



-; SEQUENCE LISTING <110> Merck &

Co., Inc. Monac_, Paolo Gallo, Pasquale

Nuzzo, Maurizio <120> SYNPGETIC

GENE ENCODING HUMAN

EPILERMAL GROSNTH FACTOR
bovine growth Ry EL Jo PTG E WW%ME‘R@WWWmﬁB&d with the
adenoviral backbqn8 fjasif RO PP ep@ehepidSdesoviral plasmid pAd5-hHER2wt.

W%@%gﬁ?@e&dxgesmd with EcoRL The
resulting 2156 Tf%iwgﬁ%?@b%? Wm%gevgp%ﬁdi shuttle plasmid
e s O SRR ST ST S SR

ﬁ§> pAri ?ICI%% v§e MRI\.Ad5<h§ t< wﬁ;ﬁ éneanzed by Pacl dlgestlon

and transfccted 1 E C oe Isto é atc recamémant adenovirus. The viruses were
grown in large quani es(g multiple rounds of%nglg g urified by caesium chloride gradient

ultra- centnfuga%grgg 91%\ thl %ng%gggtg‘%(g)gg@ 91998)) Viral DNA was extracted by
proteinase K dlg&ﬁgigsgglgm%%gggg %Q&Qgedgytgétg&ﬁ%gsw

agHgaGRC LIACACAHAAMNGABBCIPC: MR AGS-
hHER2ECDTMIGELGGGEGEs ﬁa@ﬁiﬁ%g&gﬂke@.oaﬁ CERAECEIYPonitored by western
blot analysis re&ﬁl&t@ﬁ}ﬁ@ﬁ@a m&ﬁ@t@t’aﬁe M@gg@t@ﬁ@ted protein expressed from the
codon-optimize@ jgl@gigoa-30taadety 86 gagetGacdt wt HER2 sequence
(data not showgcctgcccac caacgccagce ctgagcttee

tgcaggacat ccaagaggtg 240 cagggctacg

tgctgatcge ccacaaéatfetgégecagy
o ftgctccttgca ccgcectgege 300 atcgtgcgceg

mganson OT 1ImInunIZation I“C?Emei}fcgaggac aactacgccc

tgigcg' gtg:y mgn%aé%g'glc uma?QERg gle(l%tgunmune response of
Adenovirus wa@c%%ﬁ?Qg%t%&&gm%%&&%ﬁﬁg&%m stimulation, both
harboring & Ch%ﬁﬂ&%ﬁgkgggggﬁﬂ%g%ms&mm@@m injected into the

quadriceps mus%@ %Q@Qﬁ@&r@ﬁ&@@ﬂg@a@%ﬁgﬁ@g@&mwm rat HER2 (indicated
" as NeuT, see LigaICEAQCH-caaceccaag dB0) Giglgeiase: 6 and 9 weeks of age.

Two weeks aft@ggﬁ@@@&ts QQ@{gg@agdgmact@Et@@e collected and stimulated with
peptides conmxa%}ag@agaan@gagmggms B I@{g;&é@@meﬁs (SFC) were
detected followa@%mg@age@g eo@eﬁgf%aetneu'l‘ mice (FIGURE 5). On
average, the rese@ﬁg é'a@%@é E&ﬁl{@é{aﬂ@uﬁ:@@f ﬁa@gﬁcwﬂmtlon The above data
show that i mmvg&twgg \é)éléltja@ é&l@ Eﬁ%gnaxgéfd:&za}a@lae response in BALB/c and
neuT mice for Yt atacg caccgtgtge 660 geecggeggct

gcgcccgcetg caacgccccc ctgeeccecg

actgctgcca cgagcagtgc 720 gccgecggct

gcaccggccc caagcacagc gactgcctgg

cctgcctgca cttcaaccac 780 agccgcatct

gcaagctgca ctgcccccgc ctggtgacct

ecaacaccga cacct_tcgag 840

agcatgccca accccgaggg ccgctacacc

ttcogacacca agctgcgtaac cgcctacccc 900



gtgtgctacg gcctg9gcat ggagcacctg

cgcsaogtgc gcgecgtgac cagcgcecaac

1080 atccacgagt tcgccggcetg caagaagatc

ttcg9cagcc tggccttcct gcccgagage 1140

ttcgacggcg accccgeccag caacaccgcc

cccctgecagce ccgachanl%tP &C@ggtgttc 1200

gagaccctgg aggagatcac cggctacctg

" Immunization g@rgeamgs(,: rg'aga%gs(\:vcltggl%a% ?{gﬁ gzachgggg&%th]h%gag CEA and EpCAM

gacctgagcg tgttccagaa cctgcaggtg

atccgcggcc gcatcctgca caacggcgec 1320

ta&@gﬁ %@%@m&gghﬂg&% ﬁ!@ques (macaca mulatta) with the

buman tumor ~ARELGERCLY G-LECEGAGE G 6LYGHIGAY ggewdz rhesus monkeys (2

males and 2 feﬁﬂ&&@fﬂ@ﬁ@i@&ﬁﬁ@f;ﬁﬁﬁ{e CREEROBACectors expressing codon

optimized sequgraG aitocacogtgettcyCguacacegigr440
dg)etgggg@@daaﬁgﬁéggemac@mg@ Primate Research Centre

(BPRC, Rijj sw%d@gl&éﬂ@éslg?@&emg@tmémg Soid &k valuate the T cell

responses mdut%}ﬁ&al@@é@fxﬁﬁg%gﬁg@dﬁsxg @@W@e same antigens.

] > vacE] ij@@ﬁpu jectiqns at weeks 0, 2, 4, 6, 8, 10, 12,
14, and 16, foll &[eé&lz&, ggg%&gﬁ@? Animals 8%%%?&??@?@85&631& with 1 ml solution

antigens

ﬁl—f

. . . CCCC
(split over 2 sites with 0.5 m ontaming 6 qﬁlatsmid DNA for animals weighing 2-5 kilos.
ot Y00

3

g*‘tcg ggggs@x%ﬁa_&gqc?t%mg s%t%¥9b%g81%glses (1 sec each), were delivered
every other sec&xg %gaqggtxga%n%nQ%rQa ogtsgtg qgglﬂsgkug‘th was 2 msec/phase with a pulse
frequency and %mmﬁ@ﬁ%@gg% &Lgstgaggxg'gﬂgoggj:respecﬁvdy

a6algaRLHs CLIECACIGE:E R8QGIICCHIGRG mixture of three
Adenovirus 5 (STQEEHAYLGLEXTCCCEAGRIGY @Q@g&gcme of human HER?2, human
CeA or human fg@GEIgOttieggccccgag 1740 gecgaccagt

degtggettgroocceRctacaafBasease uman HER? using the above
immunizafion pmmg{ag@@@eg @EQ@G‘T"@@ @ur@@@a@(}gg@ g;ration of one year.
'.I'hz=j cell~media%m%@ge&tqm Iﬁ‘fg@@@m' Results reported in FIGURE 7
indicate that thegxgzaﬁlgatﬁ?@&)te:glééw @ge 18 gﬁctive in inducing a specific immune
e R AT OB At R A

acccacagct gcgtg%%L%ggcg acaag

1920 ggctgcceccg ccgagcagceg
Comparison of ﬁggs%@ggg—geq’l g;g@s@%@% % &%%9%91%92%&011 with pV1J —HERIZopt and
pvi-nER2ECHEIEGQIQQC 1980 atcctgctgg tggtggtoct

gggcgtggtg ttcggeatce tgatcaageg

CCOeEAgLag2O040 of L+ ARQYALLEHGRtant of 185 retaining the extra-
cellular and the AYIAOBEE dat-GCHCHOTLY) CIGEAFGGAYRAmid DNA expressing the
codon—optimize%gzag@fggtﬁgg@ﬂpﬁg-éﬁg’l@p])@(}f the truncated protein (pV1J-

acccccagceg gCgCC&tOCC Caaccagacc

cagatgcgca tcotgaagga gaccgagctc 2160

cgoaaggtga aggtgctygg cagcggcegec

tteggcacca tgtacaaqgoq catctgoatc 2220




stgggcctog agcccagcga agaggaggcce
cccegceagoc cectggeccee cagcgagggce
3240 gccggcagceg acgtgttcga
cggcgacctg ggcatgggceg ccgccaaggg
cctgcagagc 3300 ctgcccaccce
HER2ECDTMARY RECLERGCEEENIGLAQ £OCIAGAYEYs was performed at week 14.
The truncated RYGACCCEACHYCCECLY 3860 -mediated response higher than that
induced by the=GECAGE e tb €CHATYH gﬂftaaﬁ}giggeﬁé}@ﬁy, as measured by IFN-gamma
ELISPOT anal@ﬁg@@ﬂgﬁa g@@@@@ag@@a@g@gmg tglrad@@blasts did not reveal
differences in Mag@@@gca@gtg@ga@ggs @@tag)g@g@gc
agcccccgeg agggcecccct gececgecgece
3480 cgccccegecg gegecaccct
ggagcgcccc aagaccctaa geccccggcaa
gaacggcgtg 3540 gtgaaggacg tgttcgcctt
cggcggcacc gtggagaacc ccgagtacct
gacccoccag 3600 agcggagctg
ctcctcagcc tcaccctcca cctgctttca
gccctgcttt cgacaacrtg 3660 tactactggg
accaggaccc tcctgagagg ggtgctcctc
ctagcacott caagggcacc 3720
cccaccgcecg agaaccccga gtacctgggce
ctggacgtgc ccgtgtaa 3768 c210> 2
c211> 1255 <212> PRT <213> Homo
sapiens, H5R2 <400a 2 Net Gin Lou Ala
Ala Lou Cie Arg Trp Gly Lou Lou Leu Ala
Leu Leu 151015 Pro Pro Gly Ala Ala
Per Thr Gin Val Cys Thr Gly Thr Asp Net
Lys 20 25 30 Lou Arg;Leu Pro Ala Set
Pro Gin Thr His Lou Asp Met Leu Arg His
3540 45 Len Tyr Gin Gly Cys Gin Val
‘Val Gin Gly Asa Lou Glu Leu Thr Tyr 50
55 60 Lou Pro Thr Asa Ala Per Lou Set
Phe Lou Gin Asp lle Gin Gin Val 65 70
7580 Gin Ply Tyr Val Lou lle Ala His
Ass Gin Val Arg Gin Val Pro Lou 85 90
95 Gin Arg Leu Arg lle Val Arg Gly Thr
Gin Lou Phe Glu Asp Asn Tyr 100 105
110 Ala L_u Ala Val Lou Aso Asn Gly
Asp Pro Leu Asn Asn Thr Thr Pro 115
120 125 Val Thr Gly Ala Set Pro Gly Gly
Lou Arg Glu Lou Gan Lou Arg Scr 130
135- 140 Lou Thr Gin lle Lou Lys Gly



Asn Gin Lou Ala Len Thr Lou lle Asp Thr
Asa Arg Ser Arg Ala Cys iSO 185 190
Ha Pro Cys Sea Pro Mat Cys Lys Gly
Ser Arc Cys It,, Giy G_u Par 195 200
205 Set Gin Asp Cys Gin Sar Lou Thr
wrat1s cL AL Val Cys Ala Gly Gly Cys 210 215
220 9 Ala Asp Cys Lys Gly Pro Lea
‘ Ff.r o Th E;A&Q; gtyei: Qxy%obul§eg>|mp%lmg qu%ence of nucleotides that
encodes a humag 2511230;)%35 a%t@orﬂl%ﬁla) R&,@y%&ﬁl& nucleic acid molecule
being codon—opmyepiﬁﬂhigy&mrgﬁﬁ AﬁanG'MSHLen Ala CyS
Leu 245 250 255 His Phe Asn His Set
Gly llECys@lhuclce gy s @ Afaertiete sequence of
nucleotides comtigs FBEPBE PP THrTYIHASEAAEASP
Thr Phe Gin See Met Pro Asn Pro Gin
Gly AtGeo7sroBEr 385° Ty Tr-Plel iy L
Ala Set Cys Val Thr Ala Cy. Pro Tyr Asn
Tyr LOU360°585 506 “6%¢ %tﬁ“é‘ Asp Val
E)ly PE gyn%Ytls(; x:!:!ile% 5!\31% %o}!cu egxsrisﬁ)nro s!E euyncc of nucleotides that
encodes a vmxmﬁ%&gﬂuﬂ pt§y9é§t§c]ﬂ9t gﬁlé 1& Qo%éjelfg})l %lthe amino acid sequence
of SEQ ID No:2] iy i AS 1 Iiinb R GIREAEG G ¥ Sentirs length of SEQ ID
NO:2, wherein I@lﬂhk_g(&ﬁ)f&&ﬂlﬁf o%&'&aﬁa&@o&&ﬁi iP¥Qulated by the formula
CyscAlacArg Val Cys Tyr Gly Leu Gly Mat
in which X, is iGtplisHsbi aimir -G RIIEBBO L Bn8BBsV@lue of 0.90, wherein any
non-integer prodlgﬁtgf N a.rxv'éjs TPFFFICS@ ée msﬂgwﬂ@%u@mmg such product from
X3a., wherein thelgﬂlfeﬁﬁ o@qg}e@gslg%n—cg%z%ﬂ 1‘% svei_cygeﬁén in a hurman cell.
_ Phe Gly See Lau Ala The Lee Pro Gin
encodes a huma§et Ff!jl;é'nr tﬁ%ﬂ‘ﬁ:“g‘iv %%)Wbcg?SgWeW& ?fHUCIe.Otide's .
molecule bein, c'&clifariR.ﬁer nggﬁ)?aﬁlsescgfglﬁlsgqjgu %Idht p?ﬁlﬂwnc el
LG ER T s EIRVarphs "335560 305

400 "lcéel yyt;!l-lglg mch e!él agla %o%;lu e (I)!‘ecla-!;b ({ W%elny,in-la}érsequence of

nucleotides coml,llri?egﬂ*:[ ye[{lurge g@ﬁlé&l@s&t%ﬁ EQS&QI% ﬁé‘g 415
Asp See Leu Pro Asp Lau Per Val Pre

Gin Are-bemGin: Valle. Alg.#2Q & 420,

430 Gly Arg lle Lee His Asa Ply Ala Tyr

Ser L*@&tTEhﬁohzﬁﬁt@inIv@tWot&ﬂn 435 440

445 Gly lle Set Trp Lou Gly Lou Arg Ser

Peu AFQtP‘iﬂn‘EbHa@ly‘?@e‘F @Wlﬂ.@@ AdgEce of nucleotides that

encodes a variantétnwn HER2ECDTM polypeptide that has at least 90% identity to the amino acid
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Lea Ala Lou lle His His Asn Thr His Lee

Cys Pine Val His Thr Val 465 470 475

430 Pro Trp Asp GI. Lau Phe Arg A. Pro

His Gin Ala Lao Lea His Th. 485 490 495
sequence of SERIE W& ALty Prer G RSP Girm Gys:NadoB hyer the entire
teneth of SEQ R Gy 1610 A CYS iR “BO0 BOF S elierations, and is
caleulated by ”Gfﬁ’@éu C s Ala Arg Gly His Cy. Trp Ply

in which X3 is F;\fit)t m}x/nbé TQE Plpln%%s[féslf)azn(d) él%?a value of 0.90,

wherein any non- mtegé Iproducy of. aind 1s e%:to the $ Eger prior to

erein t e se u ence of nucleotides is codon-optimized

40. A mq VaI L(ﬁn Gin Gly Lou Pro Try
lu Tyr VaI ‘Ate Ala Arg His Cys 545 550

555 500..Le8.RIR.GS HiS.PEeGIM Gy Gin
recombinant hcls:?rzgl,@blﬁbpéiﬁé—) Gly Set Val Thr Cys 565

570 5¢p Phedaly Rea.GinAla ASaRINid of claim 1
into a suitable igy@MAal, Ala Cys Ala His Tyr Lys Asp

580 585’ 580:-RranPre Pheidcysibtal vAla alow
expression of syifgm@iERrrSee Gly Val Lys Pro Asp

Leu 600 605 See Tyr Met Pro lle Trp

_— |_§/s,I PhE PO ASH P Girr GRPARR Dhpecin in 2

recombinant oS G‘TB“%’fS 620 Pro Cys Pro lle Asn
into a suitable hosy ell-l‘(ﬁg‘ HIS uecglgéi]fgtvainwgﬁ Eerﬁc'&g?ﬁld reime

Sp ys 62?n6n§u01§stce§4gercon th S E:)r(?low

expression ofsAlﬁl HE%%M;\%J%Par Pro Lao T r
lie lie Ser 645 650 655 Ala Val Val G|I,

lle Len Lea Val Val Val Leu Ply Val Val
Phe Gly 660 6665 670 lle Le, lie Lys Arg
Arg Gin GIn Lys lle Arg Lys Tyr Thr Met
Arg 675 580 685 Arg her Lau Gin Glu
The Glu Lao Val Glu Pro Lao Thr Pro Set
Ply 690 595 700 Ala Met Pro Asn GIn
Ala GIn Met Arg lle Lea Lys Pla Thr Glu
Lea 705 710 715 720 Arg Lys Val Lys
Val Leu Ply Ser Ply Pia Pine Gly Thr Val
Tyr Lys 725 730 735 -3 Gly Re Trp lle
Pro Asp Gly Gin Asn Val Lys lle Pro Val
Ala lle 740 745 750

subtracting suc pro

for high level eés

32



Ala Val Leu Arg Glu Aso Thr Ser Pro Lys

Ala Pan Lys Glu lle Lau 755 760 755

Asp Gin Ala Tyr Val Met Ala Gly Val Gly

Ser Pro Tyr Val Set Arg 770 775 780

Len Lau Gly lle Cys Lau Thr Ser Thr Val

Gin Uauval Fhrd@ire a3 #8817 §PhFhthe vector is an
adenoviral veclgryopKi@te pregiewp@gp@?gnﬁlé ﬁelEté}é uAgf,padenowrus E1 region,
and an insert mllﬁ%aa{?lglv M&W%gﬁrﬂ?&w'&?@pw@esswn cassette
T 8IS fea A B TR Lo o

e

ot ah"%éﬂ{ %Mgg SR VL o GIDASR Nl

Asa Len Val His Arg Aso Lau A

&35 %M@e&%ﬁﬁa%@' L&M&M@«L&é@tm vector is a plasmid
vaccine vector, 2GEHRERRENA ;h'lllsSuV@l'tloy&ﬂlﬂ Q;HES%&QSQ@ comprising:

850 8b5 %ﬂio@dyﬁhﬂd ﬁiﬁu@lE@id&@lﬂoﬂﬁ@a human HER2
protein or a huASPIHREEABPVGimeThindGin Tyr His Ala Aso

865 870 815 8800GH Gyl s\ abPriolié-

Lys Trp Met Ala Len Gin 5er lle Len Asp

885 B90'BOG ARG HY PHRITRE K& Gjhecrome witha
deletion in the %é?’gﬂ% ﬁwrryﬁ\buﬁ@ rEl-I-W(tl;, th t-lfeH?svéPmpnses an

expression cas 0 m
sgtﬁé ggg 1doon Trfgnlz\ éo i MSE e-rI;(D)dl g a%uman HER2
protein or encodm a hum é{ %@ Pro Ala

15 940 9;%56&'%8 QM@%&J&%B&%&@M
Gln Lys dip Glu Arg Lau Pro Gin Pro

930 93294 uReacleby@n i bilit, ASPiM&d an Ad 5 vector.

Tyr Met lle Net Val Lys Cps Trp Met 945

950 9551960 @cﬁlgpc@;&rg@ I;uhi@ympgis an Ad 6 vector or an
Ad24 vector. Pro Arg Phe Arg Gin Lau Val Bar Gin

Phe 965 970 975 Bar Arg Met Ala Arg

Ksp Prﬁ“@ﬁ?lﬁf‘tj‘ PLE AT GRY Hep cxpression
cassette pomorGﬁ‘ﬁe"@’@ﬁ“@%@@@"ﬂ%‘f’é’i’f‘@l Pro Pin

Per |§a|)0 L % Eloc}&n gtggedpﬁlylﬁfo%de enﬁ(\)dmgg human HER2

protein or a hurlrian HE

) i@x@@ogﬁgg%abl Lhn<e<§ llfLe Sgnucﬁglade
Asp Met Ply Asp Lou Val Aso Ala'G

Gin Tyr Len 1010 1015 1020 Val Pro
Gin Gin Gly Phe Phe Cys Pro Asp Pro
Ala Pro Gly Ala Gly 1025 1030 1035
1040 Gly Met Val His His Arg His Ara
Ser 5er Per Tyr Psg Ser Gly Giy
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1045 1050 1055 Gly Asp3Leu Thr Lau
Gly Lau Gin Pro Set Gin Gin Gin Ala Pro
Arg 1060 1065 1070 Bar Pro Lea Ala
Pro See Glu Gly Ala Gly Ser Asp Val
Phe Asp Gly 1075 1080 1085 Asa Lou
Gly Met Gly Ala Al. Lys Gly Len Gin Ser
Lea Pro Tim His 38960954200 Asp

<110 MerckRrgeSemPro Len Gin Arg Tyr 5er Glu Asp

Monacl, Pao

Gallop F@s

aijlgreVaI Pro Len 11051110 1115

. :;;ﬂ% :ﬁroNPer Gin Tin As%‘eg Tyr Val
“eowt adhla PG Ao ok Gﬁ%ﬁi%zaﬁ&h £ Gin 3.125

1130 1135 Pro Glu Tyr Val Asn Gin Pro

120> TROOREBVal Asa Pro Gin Pro Pro Ser Pro
soe 60/‘*821&40 1145 1150 ?egg Glu Gly Pro Leu

<151> 2003

<160> 14

Pro Ala Ala Arg Pro Ala Gly Ala Thr Lau

<1705 rastsf@iPh-11D9,1%60:1155 Erg Pro Lys Thr

<210> 1
<211> 3768
<212> DNA

Len Per Pro Gly Lys ken Gly Val Val Ilva
Asp Val 1170 1175 1180 Phe Air Phe

<213> ArtifigR GlyAfa Val Glu Asn Pro Gin Tyr Leo

<220>

<223> HERZép-[

<400> 1

atagagctgg
gccagcaccc
acccacctgg
gagctgacct
cagggctacg
atcgtgegeg
gaccccctga
cagctgegea
ctgtgctacc
ctgaccctga t
ggcageedet g
gecggegget
gcegeecggek
agcggcatcet
agcatgceca
tidcaactacc t
gaggtgaccg
gtgtgctacg
atccaggagt t
ttegacggeg
gagaccctgg
gacctgagceg
tacagcctga
ctgggcageg
ccctgggace
gaggacgagt
tggggceceg
gtggaggagt
ctgccetgeco
gcecgaccagt
cccageggeg
ggcgectgeo
ggctgceceg
atcctgetgg

hr Pro Gin 1185 1190 1195 1200 G1-y
C- Iy Ala Ala Pro Gin Pro His Pro Pro Pro

er-procAlacl2eh 121032 Srecsgesce

ag gtgcac cggca cgac 39 gipgc_ﬁcctgcccgc ¢agcccegag
spefsrrdiauc ngt &P caacctg
acctgccc caacgccagc ct gct cC ag a at co gtg
F2dbeq

gcac@a ct gttcga ac aa ﬁ tggccg t_lggacaacggc
at t e tggerg iﬂzﬁ fy fcgagety
cC gac ga cctgaag ggcg cgtgc L géca cecececag
Eé GHIAS PRI Girsbyies] Jaocicact

acaccag ccgeageege gl gceacce cgotgce &t tgcaag
éé@ iaéoaﬁ,c SE E@ sfo-Val Pigotaias
C, crcac, tg cgagcagtge

%Zai %&%ﬁ%ﬁcéﬁé&éﬁa& Cttcaacoac
gc i;g CcCg tggqtgagct. a caccga caccttcogag
& %mg&t%ﬁ CM&%I Eg &Ee ectgcccc
qga acoct tgt cacaaccag
c&;ﬁ%g&ig%m E!liﬂié gi@i; tgegeecge
gcc cagcgccaac
6@5% éﬁgﬁ&ﬁﬁéééﬁ@iﬁ@C@@i t gccegagage
age c gcgagcaget gcaggtgtte
-GUSEID GEE Par 43 R 200455005 2osisees
tgttccagaa cctgcaggty atcegeggee geatcctgea caacggegee
ccctgoaggg cctgggeate agetggotgg goctgogeoay cctgegegag
gcctggeect gatccaccac aacacccace tgtgeottegt gcacaccgtg
agctgttecg caacceccac caggcecctge tgcacaccge caaccgocco
gegtgggcga gggcoctggee tgoccaccagce tgtgcgeceg cggeccactge
gcecccaceca gtgegtgaac tgcagocagt toctgegegyg ccaggagtge
gecgegtget gecagggectg coccecgogagt acgtgaacge ccgeeactge
acccegagtyg ccagccccayg aacggcageg tgacctgett cggeoccegag
gcgtggeetg cgcccactac aaggacccec ccttetgegt ggecegetge
tgaagccega cctgagetac atgcecatcot ggaagttecc cgacgaggag
agccectgece catcaactge acccacaget gegtggacct ggacgacaag

ccgageageyg cgecagceceoe ctgaccagea toatcagege cgtgghbggge
tggtggtget gggegtggtyg tteoggeatce tgatcaageg ccgccageag

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
300
860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



<211> 33 <212> DNA <213> Artificial

Sequence <220> <223> PCE primer

<400> 4 gccgtcaact ttacactggc

ecgtccagac sea 33 <210>5 Qll.> 19

212> PAT <213> Artificial Sequence
aagatccgea ty Bpgageecctyg
zszz;;%;%%@ﬁéﬁ%%%%@@““Qaaag.ﬁ:zzs;gztz
cecgacggeg a aa gccattgecg Fg@gé aacaccagc

cccaaggeca] 333 ﬁ%ﬁ errAreESe fycagccce
tacgtgagcce t g ctgcc accagcaceg tgcag t gacccagctg
atgcectacg ciE it@)gcgé £4> 499 2 Fggcagecag
gacctgctga actgg gcat gca at cc aagggcatga gctacc gacgtgege
ctggtgcaccR&Fcat @3y &liiz) acgtgaag
atcaccgact tcg cctggc cC ctgc catc a%éag@ﬁa cacgccegac
ggcggeaaggL@28es ﬁcf:ég nga Stecace
caccagagcg_acyg tgg ctac cgtgtg ctgat ttcggcgcc
aagccctacg B q; £ |1: I gcgagege

;:fmﬁ 25@°52§§:§;i§;§:5?§%ﬁ"§§g§§3§§?
c é 2& gcee g
et ;“g;ﬁig: e P
9gcatggig; ¥ a ﬁéﬁ for @22335?3 cggggg
Sccogoagcs POPIE: Bt s cahy s 15 AR S R Sse
e R BT s PSP RN P SerpEE

aaccagcccg acgt C ccagceccee ageceeegeg agggeccoct goecgocgec
cgoeccegecg icg:gse ggagcgecce aagacccotga gocccggcaa gaacggogtg
gtgaaggacg tgttcgectt cggeggegee gtggagaace ccgagtacct gacccececag
ggeggagetg ctoctcagee teacccteca cctgettteoa geocctgottt cgacaacctyg
tactactggg accaggacce tceotgagagg ggtgctecte ctageacctt caagggcace
ccecaccgeey agaaccccga’ gtacctggge ctggacgtge cegtgtaa

<210> 2

<21l> 1255

<212> PRT

<213> Homo sapiens, HER2

<400> 2
Met Glu Leu Ala Ala Leu Cys Arg Trp Gly Leu Leu Leu Ala Leu Leu
1 5 10 is5
Pro Pro Gly Ala Ala Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys
20 25 20 .
Leu Arg-Zeu Pro Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His.
35 40 . 45
Leu Tyr Gln Gly Cys Gln Val Val Gln Gly Asn Leu Glu Leu Thr Tyr
50 55 60
Leu Pro Thr Asn Ala Ser Leu Ser Phe Leu Gln Asp Ile Gln Glu Val
&5 70 75 80
Gln Gly Tyr Val Leu Ile Ala His Asn Gln Vval Arg Gln Val Pro Leu
85 90 85
Gln Arg Leu Arg Ile Val Arg Gly Thr Gln Leu Dhe Glu Asp Asn Tyr
. 100 105 . 110
aAla Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro
115 120 125
Val Thr Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser
: 130 135 140
Leu Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg Asn Pro Gln
145 150 155 160
Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys Asn
165 170 ) 175
2sn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg Ala Cys
180 185 190
His Pro Cys Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser
i 195 200 205
Ser Glu Asp Cys Gln Ser Leu Thr Arg Thr Val Cys Ala Gly Gly Cys
210 215 220

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3768



<210> B <211>9 <212, DNA <213>
Artificial Sequence c¢220> <223> Kozak
Sequence <400> 8 gccgccacc 9 <210>
9 <211> 2028 <212> DNA <213>
Artificial Sequence <220> <223>

Ala Arg Cys E';EQ%E&DIIMQP&M%‘&QQ?S %}@tgngafggt&g Cys
22 ma o1y GGYGECTHIY,CCAL000C £1BCI9CIAT, . o). 722
His Phe Asn (;11 tgetggrclgcg}csgglcqé@ X—@l(s) Cgcg oggacLeu Val

me e 2en AHOIGI0GAG COGCAETYAC AlJARCIGT
275 %cctggccgc c%glccccgagylzoo a@ccacctgg

Tyr Thr Phe Tyr Asn

290 acat(gctgegggﬁcacctqtac casg%cteql

Ser Thr Asp Val s Thr L& His Asn Gln

305 tg bg@a ggfgcaacctgcisso qagctaacctzzo
Glu Val Thr A 2 GId Gl r Gln Arg-Cys, Glu Cys Ser Lys
acctgeccac caa gccagc ctgag citce” 335

[ e el el e
355t ctgatcgc ccaeaacca fgc
e s TR géccét’geélaé“?g?cﬁh&clte“ccc Cfsafcct Cgey *F
| gge MaBes é&&?cﬁéc?@ﬁ%“g%@gj’é"c%acféc@%ﬁ PR TS
clu The Lew (B EEYtEt Gy acadtggc 350 " gatéttaiga=e
Asp Ser Leu é@ﬁc@d@&af@rcﬁﬁcﬁfg%ﬁ ésg d@b 8&&(:116 Arg
s ars 1 Ceyehgeetycliegaigtty 420  cagctgeged "
o 156 °F Gectgactyepatectyasy otudeytye °= v
e 2a Leu fgatEcdic g cdacceTtad 80 Cgtectaee 2]
Pro Trp Asp GHOECACCAtTL gy dgdyatatetice s ™=
aa asn Arg Fro@igdacatr ceatitgece 540 cyliccttyéls
ein Lew Oy fgdeacball CEPCHYCEYETgcetgeedee ¢ cvs
val 2en v eetgeagece:catgtge iy 600 sggeaaecyet
Arg Val Teu gm@g%egargag{;ﬁgc@ag gagtge{;agaﬂis (5:1613

- 545

Leu Pro Cys g%gg?emq@ammg%%@@“’g{?@g@cg%FYs
Phe Gly Pro gggg@cg@tgl@a&agge@cgyg@gg@ag@g Lys Asp
Pro ¥ro Phe a@tg@tg@@az@géageagetgm?ﬂﬂdc&@g@@ggctﬁu

ser Tyr Met g@an@ggg@&scaag@agag;@uga@tg@otggms Gln
ggo &ys pro thgearetteaaeca@ Vﬁ&sagegg@azt&t Lys
Gly Cys Pro @Qgeg(&goagcxgaceﬁcge&mggtgacﬁe I sex
Ala val val a@aaeagsg& eamitcgageS%)y agcatgeccay
e teu 11e adcccuagqe. cegeiacace Hegysgaea e ars
ars 1eu 1ea GGtGEYIgac cgELtgCece:900. tatanctance:,
ala wet pro [0RACACCHA-CHOCYGAYELILACECY oru rew
aes s va1 IQIOCOGERLgcacaargad 960, gagatgaccy:
ccgaggacgg caccca@?:gc tgcgagaagt*”
gcagcaagcc ctgcgcccgc 1020 gtgtgctacg
gcctggccat ggagcacctg cgcgaggtge
agcaccatgac cagcaccaac 1080



tacagcctga ccctgcaggg cctgggcatc
aactgcctgg gcctgcgcag cctgecgegag 1380.
ctgggcagcg gcctggcecct gatccaccac
aacacccacc tgtgcttcgt gcacaccgtg 1440
ccctgggacc agctgttccg caacccccac

ciy 1le TrrcHgEECetgCIgERcHeCOt tadéegetdel 1300
_Ala Val %g;gﬂegaxcgsagpgegtggg@gaﬁggﬁe%gﬁe Ile Leu
- Asp Glu Alatgmmcapcgltgtgcg@c@g ég:e;:(ga"mgg@alggomg
Leu Leu clytglggoCceayrgCeecaecta gtsgggtg@ga@r Gln Leu

785 790 800

Met Pro Wrtguagecagtam@tgcgqul@@aggaget)germzﬂhg
Leu Gly Sergiggzaggegtegoggcgtg@«t g@apggggtgg Lys Gly
Met Ser mo&ecgzga@gtaaogigaaagm@@g@@amg@ul&(}1a
Arg Asn Valotgcmtggacsaﬁ@a{:gag{g ©€ageCECCaG: 2sp Phe
cly tew 2120R6GECAYOGGACCIYELE @ggeﬁcegazgslilé,&sp
350 a1y wye0eegaceAgt,geelggecly £4Cecactate teu Ay
aro nrg rneB@ggHcecce cetictgeblogecsgeag.1800v-a
o c1u neddioCagcggce tganfficcga cctgagotall rro aia
aeg o1e raIOCECAlCt ggddotices coacgadiing 41860:x
Pro ?ig Cysglgggg&;ggéiég‘g‘pgtgqgg !@tégagl’g@ys Trp Met
72 aeo se-AGECROET OCatggcect Edcaacaag. 19205
Ser Arg Metglggtﬁg(%gggrgqggggag@gaqg\g@@gg%% i;g Glu
Asp Leu Glycggalﬁgagg @rgcatpagcgg @ﬁtqgetggxgﬁig-%&omu
Leu Glu iz;@;tscp(:&gpcwg «‘Engigmtfggzggg&g@gﬁssm Tyr Leu
va1 %ii‘i;mtgqa%?a&c igarctda 2028, <2102 1D, .. oy
Sty Met Val %92&3 igglzg Q é’ér %1%? Artifigiak?:?

qe -6 <% 1055

Gly Asp” Leu|_1Thr Leu ro Ser u Glu Glu Ala Pro Arg

Ser Pro Leu Ala ProES(;IrD;r lu (;Ji%'tzlk.ogﬂég}p S>e1;|' ng tv‘&g%gpg{é\ta%ly
2asp Leu égzsgg%g%tgltg gggq ctccteccta

Gln Ser Let Pro Thr His
1090 ~ CCCtCt gcc @%C gsa cc6 a caccc

Asp Pro Ser Pro Le{l Gln Ar Glu As ro Val Pro Leu

Pro Ser Gl Th 3 aac Cg (l:azgagamaft aagCt ¢ 3 éizo
ro er u g S a. a exr pale] n
tcééfgc% agfcccg oﬁo acccacct

1 % 1 P P
Pro Glu Tyxr vaé(IAsétEélgpcca(‘?t C ProgG 8 ézéoc 1:1:20 =) ro
Arg Glu Gly tx Pro Ala Ala (,9 f’ Ala Thr L?u Glu
111ag9tgtgca ggaaaaccty q

2rg Bro M dCEEcEAC Caltgdagt Cgleattee ‘”S Rep Ve
2, etGaidiar ChAbUHOOY 240 CAGOBRAED S
Gly Gly Alatgaééigf@b %&ag&eé&gfgﬁbéaegéer igisAla
Phe Asp Asntégg%tdﬁafrg%gﬁ@@@s@ %Gréﬁﬁi@éﬁﬁ@ Ala
Pro Pro i;g%@éﬁé&fl@tﬂﬁaﬁgé&té&iﬁt}g@?fro Glu Tyr
tggccgtgct agacaatgga: 360 gacccgctga
acaataccac ccctgtcaca agggcctccc
caggaggcct gcgggagctg 420 cagcttcgaa
gcctcacaga gatcttgaaa ggagoagatct



gtgtgctatg gtctgggcat ggagcacttg
cgagaggtga aggcagttac cagtgccaat 1080
atccaggagt ttgctggctg caagaagatc
tttgggagcc tggcatttct gccagagaac 1140
tttgatgggg acccagcctc caacactgcc

Lew c1y Lew GGYGIECAYE, CAgagCagCt ccaagtgttt 1200

1250 gagactctgéreagagatcac aggttaccta

.10, 5  lacatctcag catggccgga cagcctgect 1260

<211 23 gacctcagcg tettccagaa cctgcaagta

<213> artifigf@cggg@ac gaattctgca caatgccgge 1320

220 e oo lactcgctga ccctgcaagg getaggeate
agctggctgg ggctgcgctc actgagggaa 1380

senstetzan clggOEAGiG-gaciggescteatecaccat

<210- ¢ @acacccace tctgcttcgt gcacacggtg 1440

120 om_coctgtgacc agetetttcg gaaccegeac
<213 MEHEAGRTETE tecacactge caaccggeca 1500

<220>

<223> rpcr prgA@gacgagt gtgtgggcga ggggctggec
<400> 4 tgccaccagc tgtgcgeccg acggcactoc 1560
secgtesact GG GECcay GotEcateca gtgtgtcaac
113, tgcagccagt teettcgggg ccaggagtge 1620
Saras axcie120030gaAL gecgagtact gcaggggcte

220 cccagggagt atgtgaatgc caggcactgt 1680
<223> EER2 ppjeCegtgcc accctaagtg tcageccccag

sin a1y asn AAAQCICAG IgaCCIgl tagagcogag 1740,

1 gctgaccagt gtgtggccetg tgcccactat s

Phe Leu Gln

aaggaccctc ccttctgegt ggeccgetge 1800 ¢
.10. « CCCagggggg tgaaacctga cctctectac
<21ll> 19 gtgcccatct ggaagtttcc agatgaggag 1860

<212> PRT

<213> areifiggC@eatgec agctatgccc catcaactgce
<220> acccactcct gtgtggacct ggatgacaag 1920

<223> HER2 peptid
ggctgcceeg ccgageagag agecagecct

<400> 6

Leu Cys Tyz @Lga@gtﬁcaioﬁcte&gﬁsggtggqucz&%& Asn

xen c1n zew Attctgctgg tegtggtett §ggggtggte
tttgggatcc tcatctga 2028 <210> 1I'

<2105 7 <211> 3778 <212> DNA <213> Artificial
23l e Sequence <220> <223> hHERZ2ont +
e A ERRHZERR400> 11 gecgecacca tggagetgge
227 e SGOCECHGEIC COCtggggCC tgctgetgge
cetgetgeee 60 ceeggegeey ceagecteea
ggtgtgcacc ggcaccgata tgaagetgcg
cctgceegee 120 ageccecgaga eccacetgoa
catactgcac cacctatacc aggactacca

43
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ttcaaccaca gcggcatctg cgagetgcac tgcc
ccgoce tggtgaccta caa caccoac 840
accttcgaga gcatgcccaa ccccgagogc
cgctacacct tgtgcgccag ctgtgtgacc 900 7
__gcctgcececct acaactacct gagcaccgac
0%y 1. Qlgogeaget-goaccetggh gtgoticgtyg 960::0
: 06061100699 aggtgactgc cgag9acggc”
.210- 5 acceagcgct ccgagaagtg eageaagccc
212w 1020 °_ccgc00909 tgtgetacgg
213> artificetggeeatef gagcacctge 909/990909
2397 rozax GOGEQIgacc 1080 accgccaaca tccaggagtt
.100. 5 CAcCCgCtgc aagaagatOt tcggcagect
geegeeace  gtccttcctg 1140 ecegagagct tegaeggega °
<210- o (000090_0890 aaeaec9000 ceccgcagee

<211> 2028

212> o _egagcagctg 1200 caggtgttc agaccctgga

r20s ggagatcacc ggctaOctgt acatcagcgc
<223> rEr2@g@e00960 1260 890009cccy

<400> 9 acctgagcgt qttceagaac ctgc -taa

5 ot cakguac 1575 BUbbOGERLE: 2o
Segcrsecer ACAGACIIACEEG %@%&béﬁéﬁéﬁﬁc b
2oy GoIDOETDEH CEIGEEAGEEREE:Csisc Secatoe 360
FaSerconte LGCREHANCCIONGLAUHOTECigEHsy 222222 oo
Ctoncocte ALCALLALA-GLALCEALEE GOLIEEI-I 4TI o2s coo
e e oo 1
iggiagggﬁi ig@gg& g‘: t@ gﬁcccct gcacaaccag 960
iitotiecy SOIINRARLUE000IBOEE HAATEAICto.C23C2C 105
reecionyty SEICCP CH AP Ol e e 1030
ctgggcagcg ctg@%@?gg%m@% g‘i@@]tgcttcgt gcacaccgty iéég
gtggaggagt gcc ct gcagggcc ga ga. gc ccgccactgc 1680

ctgecectgee 5@3@9% cedecect g a0 gg: cggccecgag 1740
gcecgaccagt gg cct cgcccactac aggacccce ce t gt g ccc ctge 1800
cecageggey ééé@

ég 159 %; gag 1860
ggegectgee agccctgccc ca caactgc acccac gcgtq cct ggacgacaag 19820

ggctaceces Ygeetcgagg-e a(gga GBYYYELLYC cgtestosee 1950
atcctgetgg tg gcl gggcgtgglg
- geclactaca aggaccH000 ¢ cttctgcgtg 1800.

< > 10 .

<211> 2028 gcccgctgcc ccageggCgt g669ccegac

357 neoirctgagetasa tgcccatctg gaagttceee 1860
gacgaggagg 9090009608 900009cccc
atcaactgca cccacagctg cgtggacctg 1920
gacgacaagg 900900ccgc Ogagc6égcgce
agccagecc00 tgaccagcat 06tc690gec



c9catggccc gcgaccccca gtgcttegtg

gtgatccaga acgaggacct 999000cgcc

3000 >90000ctgg acagcacctt

Ctacc9eag0 009009gaag 809809aeat

gggcgacctg 3060 9099acgccg

399896acct ggtaccccag cagggcttet
333 memastStgaCCCga 000090ccce 3120
- ca00> 10 9909009909 ga8099t906 0060090060
Sgescacce BIQBIOBINS FOEONOCOBY (990RINIGEL22s2s
et 8 4 00121016, 151611G i oo ot o} = SE e
S fotacany S2ONOBIDIBT IBABIIORE CONINEI00L: 22
ggt%t;g 3 9‘%?;09;?@%?%05 iaetelelE [r s Sﬁi‘égiiég
ggziggc;gi m ccgctctcgg gccg’@gca’cgg@%g giéiggégg
gczggc;g;ggt Qgﬁ?ggéggcaa %ctg a%i;ggg gggggggtgt

gg
getaccaset QRAGHG é:%@

Cgm qgtcaaccac
agtggcatct gtgagctgca ctgcccagcc ctgg cacct aacacaga acgtttgag

tccatgeoca GEC 9@% CAEC tgcctgtece
tacaactacc tttcta ga gatcc tHca cc tctgccccct gcacaaccaa
gaggtgacag @%Qa aF&Qcaagee ctgtgccecga

gtgtgctatg gtctgggc t gagcactt cgagaggtga ggcagttac cagtgccaat
Stccaggast CYAB @tcaegget@gi) gecogagage

sasactotag ﬁéﬁ;@uﬁ gece: cgﬁé’iagc °§’a32§§§a cagoctacct
t o]

%&s%@ﬁ:@éf Shece S Onr

CEEet JOEOCOCaA 0UGCOetEly BB e Sncnort s

aggacgagt tgcgcce act

ey 32?3%&93%@9 @Eﬁ@@ﬁ@ﬁﬁﬁ@@@%zgé

& cac

Ezggggggcg E ﬁéﬁéﬁ&&iﬁa@’ Gﬁﬁggg é&ﬁ@ﬁéﬁdgggmgggg

Cocaseaats 3Lk enEYBCOICIgRAUHAETES T2 Jrodets

Sgctseccos JIUIICRICIC R OCHOLYLH LOUBIBBODEE: 3t el

atmt‘?’cwg CPpPaytactry’ 600" GEEtECcay§

2137 335 9099890090 tectcagect caccetccac

130 mrirlgetiicag.ecetacttte 3660 acaacctct

<290s actactggga ccacgaccct cctgagaggg

223> MERzogtgcteetec tagcaccttc 3720 4

Seonenen 02909CACCE cCaccgecoa ga BOEOLIAY o

cccggcgccg tgccegee

;gg;gggig; géc‘éxictgt%%éég%c %ctgtaQthﬁ&z;ca gftggta:g;?g

caggaggtgce a ggctacgt ctga cgcce cacaaccagy tgc ccaggt cccecetgcag
cgcectgegea q; @:} aametag:a@@é gtgctg

gacaacggeyg accgcctgaa caalaccace cccgt ccg gcgccagccc cggeggectg

cgcgageta 4 m@*%@@ﬁﬁg At aati g Jocagoge
caseroscce gogecaccatvoasd: éﬂgé?cﬁf?i = doceec
acestaracy cEaddader i)i\éiicgééia S Adtihcial-se uénﬁe?t cac
gagcagtscs ;%%Gtgéiﬁéﬁéw@%i& i gectecac
e S AT TATCH %?f““agfa%\fg%qcacaaééﬁ&gtw
czcgece ¢ 41 <210> 14 <211> 675
<212> PHI <213> Artificial Sequence
c220>

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
260
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2028

60

120
180
240
300
360
420
480
540
600
660
720
780
B40
200



<223> HER2ECDTM polypeptide <400>
14 Met Glu Len Ala Ala Leu Cys Psg TX,
Gly Leu Leu Lou AlaLau Lau 1510-15
Pro Pro Gly Ala Ala San Ths Gin Val Cys
) ) Thr Gly Par- Asp Met Lys 20 2?: ?;O glt_ga(}gccctg
gce gcecc J
g;zgiggggg mieéjﬁ %gﬁéj:syﬁ Egt(é%ig g %%gtgggc
agcgccaaca 5@@;@4@ Léigﬁiﬁ lgagaﬁtab Z@g ggg:lg %Ettccgg
zgggggggtczg gc g g gcgcagc
cacacegtac cc%"éﬁﬁ %Ei@ﬁé@ﬂﬁﬁl@éﬁi@ pajidiecsc?
Z;Zgggigzg gggccccgg cgggegag(gﬁtﬁc@ﬁgaﬁﬁﬁgﬁg;gééggé
caggageacs wedshad i@i@g i At iVl ATy R scEc
sccccaas cc?f%g% S8 OGO AT AT 2o
szt hoiat %@é Throia 2@3@3@? A
ggggggﬁ;i gggzé aa- ac?:(gcazcatg cgcc ge‘c gﬁ;ﬁ@t\gggctgggg
. agcccctga aaggal
e Cmon
aacaccagcc Gepaggccag-caa gat gacga g cc acgt et ccggcgtg
ggcagcccet A%ggﬁf: Jﬂﬁ % 4 aac;eng g@tggig
N o Sl
St IELEGE é&itﬁg@ﬁyéﬁiicg c : i i?icgagzgg
cacgcconcs KSHRHY GinIA% 150.156 b%ii‘“‘@éaag ?@Egzgc
gscgageges I&Eﬁ@iﬁiﬁﬁiﬁ?ﬂéﬁﬁi THAVIIe 9§§Za§
S e LS ST 170 06 A T
e E%%Eﬁét@éiéﬂiﬁﬂé@iﬁé%p%ﬁi&ésagiifécgccg
sgoacesscs PAr A AR TYS 01 60 185 S0CHE P %Séié‘ig
2209303 O PET (HROEMEL CYE LIS BRI SEIArg °§§§c§§2§§
stsococtee CYE TR Gy G-SEFs L 95:200. 20553 éﬁi’éi‘ig;g
Shcogcotoy gaagg§@9%&@ﬁﬁ%@gﬁﬁﬁﬁﬁﬁﬁﬂwﬁvgcgﬁ
accceccass Gyp Al Gy B IS 202 TR 220 Al 2ccc e
aagggcacce Atgr Y82l S Gy PIG e ProFTrir &S =22
<210- 12 Cys Sys His Glu Gin Cys 225 230 235

<211> 33

<212- oz 240 Ala Ala Ply C's Thr Gly Pro Lys His

<213> Artlf.)CLal Sequenc

o er Asn Cys Lau Ala Sys Lau 245 250
S223- »cz 258+ His Phe Asn His 5er Gly lle Cys Glu

«s00> 12 Lee His Cy. Pro Al. Lau Val 260 265 270
cergatat e pRFEFUFAST Thr Asp Thr Are GI. Per Net

3332 11 P_o Asa Pro Glu Giy Arg
<212> DNA
<213> Artificial Sequence

-8-

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3778

33



275 280 285 Tyr Thr Phe Ply Ala Per
Cys Val Thr Ala Cys Pro' Tyr Ann Tyr
Len 29D 295 300 Per Thr Asp Val Gly
Per Sys Thr Leu Val Cys Pro Lea His
Aso Gin 305 310 315 320 Gin Val Thr
220s Ala Glu Asp GCv Thr Gin Psg Cys Gill
<223> PCR piyeg Cys Per Lys 325 330 335 Pro Cys
i AIBAIAVALCYS Tyt Ply Leo Ply Mat Glu
T His - U AT B 346 55 350 Val Arg
211> 675 Ala Val Thr Per Ala Asn lle Gin Giu Phe
<z213> arcizifNka Glypys Lys 355 360 355 Lys lle
T ngcpﬂe GIyeE(?geLeu Ala Phe Len Pro Gin
o SersSHaTAln Sly Aso 370 375 380 -9
et Glu reu REEla-SerAss ThrAle-Pr.lea Gln.Pro,

Pio Pro Gly ﬁﬁAé'@eLe‘ﬂrGig Maﬁ?shﬁr 3%5T§1995§-ﬁt Lys

Leu Arg Leu ?ﬁleg&E% éing@LHsQLu L!% Tht.-]:r lgg’llyAJTgygls ’

Leu Tyr éJS.n &?leﬂlx“eagéiﬂ%lﬁl g-lEpAEJ Qeﬂ'qgu%%p ’lék;ﬁ‘yr
Leu 15330 Thr A§Eh§§§ l-zé\u SExr ghé§<gz lcgluli%e{lyélnpgg Val
& o2y e BINASH.LES GinVal GG, 420 425 43,
Gln Arg Leu A@%%rgaygrggﬂf lE‘A; BIQQGUGLXE% I;;/pr ;.Sér?rl‘yr
Ala Leu 2la \Jjgg 'Y!eIQEpLglA g}'/r%gglyrtlb_ Qel'ill }égés& T 34'174-11? Pro
var me aty ANERELITELES Cly Lay AreeSet Lev, |

Leu %‘;g Glu &rgeg IIHISLQQ 9)¥V§Le{e1§!¥e4«:ﬁ§9 45)&_2)&541.1_6P90 Gln :

145 i i

Leu Cys Tyr ne spA%g E?euLugT%lsbyﬂlglgAIslre] Iheeﬁdl%%g

Asn Gln Leu Agayginu% }(e?il IIZL!SAspa';I;lg‘/.an ﬁ:lr:%‘?si7psrg4 la Cys
ro

His Pro Cys &1{7891:0 Met -IC-}[QLASS%}GSIQr IEkggu VS e A(’Z—:v on

Ser Glu I:g; C}Ff)sr%].nHiS%rGLine\ 9AIT:OL%h|;ea1 I§ Al r légiaébr
12 15 e 00, A8 Sea MO PIG CLASHBITCHS T
. Val & cGIIuO éjyﬁ_elgpA%’e Cys IS 500 5%
o EEBT Gin Ted T Ala Kig Gy HIE =

= e ?éﬁyssenl'gg éﬁ/ Bia By PO THE G Eys 515
I S OB 08 VabAsK CYs Sed iR Phie Les
Tyr 3‘1913 Phe G réltﬁe/rdﬁs @ruT}cx’yAéa\féf gm'lty__}*lr?@yfgr Leu
Sos AP VBSPERE BAOTARG VEl BGUFGITGRF e sl
Sl TR R ARE Gl FYCVAEASH Ala AtFHISSEYS
Pro Cys Ala §E4K(31]5%,6 5}55636@\; Eérumpréleyzg |I3.§§ Pposlu
val Arg ala V{%‘.l”fﬁé% Gin é}%gr(jl@ RIS, @i)@ﬁéﬁwwsﬁhf

355
Lys Ile Phe G r Leu Ala Phe Leu Pro Glu Ser Phe As
370 3@>§§ 375 380 P Gly Asp
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Pro
385
Glu
Asp
Gly
Gly
Leu
465
Pro
Ala
Gln
val
Arg
545
Leu
Phe
Pro
Sexr
Pro
625
Gly
2la

Ile

Ala
Thr
Ser
Arg
Ile

450
Ala

Trp
Asn
Leu
Asn
530
val
Pro
Gly
Pro
Tyr
610
Cys
Cys
val

Leu

Ser
Leu
Leu
Ile
435
Ser
Leu
Asp
Arg
Cys
515
Cys
Leu
Cys
Pro
Phe
595
Met
Pro
Pro

Val

Iie
675

565 570 575 Phe Gly Pro His Ala Asp
Gin Cvs Val Ala Cys Ala His Tyr Lys Asp
580 585 590 Pro Pro Phe Cys Val Ala
Arg Cys Pro Ser Gly Val Lys Pro Asp
Lou 595 600 605 Sar Tyr Net Pro lle
TrpLyS.PhRE Pro ASF Gk CILGR AR 1h;
EY.5Gin6 T 615 B20Pr6 CysPrortige =
AsG-Cys Thr His SefCys Vol ﬁégpﬁ,oeﬂe pxg
AspriAspLys 625636 6357640;:Siy Cys-~-
Pro-AlaG e Ghy Ar; Ala>Pef.Pro-LBu F= Kiv
Seriledie 5er645.650 655 Al ek Val 21
@ﬂyeue»rLougL&u ktalﬁ\déad@l\/aH_m GIyPValrhr
walEhe:Gly: 660:865:670 dlle Il_elalHe:s@ﬂés

AAglpArg Gly His Cys Trp Gly Pro Gly Pro Thr Gln Cys

520 525
Ser Gln Phe Leu Arg Gly Glmn Glu Cys Val Glu Glu Cys
535 540, -
Gln Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys
550 558 560
His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr Cys
565 570 : 575
Glu Ala Asp Gln Cys Val Ala Cys Rla His Tyr Lys Asp
580 585 590
Cys Val Ala Arg Cys Pro Ser Gly Val Lys Pro Asp Leu
600 605
Pro Ile Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gln
615 620 g
Ile Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys
630 : . 635 640
Ala Glu Gln Arg Ala Ser Pro Leu Thr Ser Ile Ile Sex
645 650 655-
Gly Ile Leu Leu Val Val Val Leu Gly Val val Phe Gly
660 665 . 670
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