1 p185"™'-ENCODING DNA AND THERAPEUTICAL USES THEREOF The present invention
relates to plasmid vectors containing p185' - encoding sequences and the use thereof in DNA
vaccination against tumours. The plasmids according to the invention contain sequences encoding
different fragments of human or rat oncoprotein p185' and are able to induce a 5 humoral or
cell-mediated immune response against tumours expressing oncogenes of the ErbB family.  The
invention also relates to pharmaceutical compositions containin id Ids and their use for the
prevention or e 1 . &%@ %%’Sé“ungc Protein pi 85"u,
one of the most studied tumour antigens, has raised geat interest as target for immune therapy against
cancer, due to its presence on the cell membrane of some of the most common human carcinomas.
p185" is a membranphregepienengoeieton Hetutad hy pRIgredCcogeiesl ddresidinghand Belonging to
the family of Class | Tyrosine Kinase Receptors (RTKs), which also comprises the Epidermal Growth
Factor Receptoc EGEzREEIDB:AY and Brharseeteprt e B tversin (HsBaga b Bus) oNtfese

receptors are, jnvolved in cell proliferation and differentiation (Hynes and Stern, 1994 BBA 1198:165)
and therefore@ﬁéﬁ?m&ﬁf}@é{& %ﬁbeﬁ%?ﬁﬁ%b% ifoRiaLE. ?@88&%?%64‘@&1@1 e well

distinguished domains af exiEaca!War i aps e TRE 31%@"'mr%ﬁ}ﬁt%‘ﬂé‘sgﬂfed%“ﬁmge&i‘?" Is

involved in the complex network of mechanisms of intraCellular signal transduction and intracellular

communifatidiuthatdegotatecfiraliteliatioh angdmifferaentiptascpragessas (Bayerd 992pEestinOp. Oncol.

4:156). Oncogene neu 25is named after the chemically-induced rat neuroglioblastoma from which it

was first isolaﬁé@.%ﬁ@&&fﬁaﬁaﬁ@ﬁ@ﬁ&has a single point mutation that results in the replacement

of "A" with "T" and "i‘ he consequen subsltitutiop of the Valine.residue at position 664 of p185' with a
B e 5iFk e osn

glutamic acid residuée Vat68y %rd)a( grgma{ﬁ% & aﬁhiggé?%l i :’%‘A@}?OSI KEd ﬁ?&%% neu
homologous, EkBrhRaRiPesN ineiatesk 306 Ehasaciersrm ardit 19emonsiialed ipat both rat

I-IER2/neu receptor and human ErbB2 have a significant homology with EGFR (Coussens et al. 1985,
Sciente 230:1l32o¥iesnamoto et al. 1986, Nature 3191230). While a genetic mutation in the rat
sequence is the cause of constitutive receptor activation through dimerization, in ErbB-2 positive
human thours an BREEEFIHEL A5 EREIY BRI oncogene is observed (Di Marco et al. 1990, Mol.
Cell. Biol. 10: 3247; reeloly tg%n,eQO&Q %?v ancer 77'2@1 even thouzli, in rare cases,
activating point mutz}lb'é]ons ar@ a no’rmanp ictll%g ﬂnﬁecﬁﬁﬁlgﬁ% have%lée%nfté%%%s(%v%nr& I(Sa?gl., 1998,
Mol Carcinogg2if 2itéiesetaal 1a2@00fck NathGaneesriisy, S2tk?)c e pv@nalkefachis sipaitar: gene
15amplification and increase in the trascription level determine an excess of

on the cell membrane of some of the most common human carcinomas.

p185" is a membrane receptor encoded in the rat by proto-oncogene

15 Her-2/neu and belonging to the family of Class I Tyrosine Kinase Receptors
(RTKs), which also comprises the Epidermal Growth Factor Receptor EGF-R
(ErbB-1) and other receptors related thereto (ErbB-3, ErbB-4). These
receptors are involved in cell proliferation and differentiation (Hynes and
Stern, 1994 BBA 1198:165) and therefore attract a great biological and

20 clinical interest. The receptor consists of three well distinguished domains: an
extracellular, transmembrane and Iintracytoplasmic domain. pl85™" is
involved in the complex network of mechanisms of intracellular signal
transduction and intracellular communication that regulate proliferation and
differentiation processes (Boyle 1992 Curr. Op. Oncol. 4:156). Oncogene neu

25  is named after the chemically-induced rat neuroglioblastoma from which it

was first isolated. This activated neu form has a single point mutation that




p185n" membrane receptor, with consequent increase of active dimers intracellularly transducing
growth signals in a ligand-independent manner. The crystal structure of human and rat p185"
extracellular region recently reported shows that this protein is characterised by a rigid conformation
that 20 allows to interact with other ErbB receptors, without directly binding any ligands, and trigger the
proliferation signal transduction (Cho 1-IS et al. 2003, Nature 421:756). Under normal circumstances,
human p 185'is involved in  omanogenesis and epithelial growth; it is expressed at high levels

during 25placanta formation andkietal deyelaprierrwhgteas ihis esasent aivarydgwirvels in adult
tissues (Press et al. 1990, Oncogene 5:953). Several studies have demostrated that human p185"

overexpressgiahdsvasisnciatédito sheasdinasicpteds 2 witheal alstonisnicidatiiidssion. The
overexpression %%8185"" has been described in #ggélfﬁer et al. 1986, Cancer Res. 50:5184), colon
(Cohen et &Y 2l684G oM Eremanngdt) ddvaRPbs G 471989, Science 244:707) adenocareinomas

and in a high number of human mammary cargi S 4 o 3289, Seieneg 2444707; Jardines
et al. 1993, Path F&oé&% %gﬁl 'fnheeufu%0 arﬁég‘g}ﬁro%egt%s ﬂ?zflltgrgna e pl 85an optimal target for

plasmigl vagginaliQn &€ Al its disech damlusmenttimesll gipnbyandLamitRyeiresisctpeoefore clone
variants that, due to tumour genetic instability, lose the expression of this antigen also lose their

tumorigenieity; hjuitarl Eeiebsion 05 el fleanh dvunabegyr andhwiiehEntkeustert s§rizable by
O et T e S PeP Sl B8, T g easRp i systerm (Lol
genetic mutation in the rat sequence is the cause of constitutive receptor
activation through dimerization, in ErbB-2 positive human tumours an
10 aberrant expression of the oncogene is observed (Di Marco et al. 1990, Mol.
Cell. Biol. 10: 3247; Klapper et al, 2000, Adv Cancer Res, 77:25), even
though, in rare cases, activating point mutations and abnormal splicing
mechanisms have been found (Kwong et al., 1998, Mol Carcinog, 23:62; Xie
et al., 2000, J Natl Cancer Inst, 92:412). The overall effect is similar: gene
15  amplification and increase in the trascription level determine an excess of
p185™* membrane receptor, with consequent increase of active dimers
intracellularly transducing growth signals in a ligand-independent manner.
The crystal structure of human and rat p185™" extracellular region recently
reported shows that this protein is characterised by a rigid conformation that
20 allows to interact with other ErbB receptors, without directly binding any
ligands, and trigger the proliferation signal transduction (Cho HS et al. 2003,
Nature 421:756).
Under normal circumstances, human pl85™ is involved in
organogenesis and epithelial growth; it is expressed at high levels during
25  placenta formation and fetal development, whereas it is present at very low
levels in adult tissues (Press et al. 1990, Oncogene 5:953).
Several studies have demostrated that human p185™" overexpression is

associated to the neoplastic process and to the level of tumor aggression. The




62). Studies carried out on mice transgenic for the activated rat oncogene 15 11er-2/_nen (WhIICh N
spontaneously develop p185" positive mammary tumours_) fa_nd on murine models using p185 posmve
transplantable tumour lines, have demonstrated the possibility to pre\{ent gnd cure pre.neoplastlc
lesions. As regards in particular the prevention of mammary tumours in mice transgenic for rat
activated Her-2/neu, we have demonstrated that the ptasmid coding for _20 the extracell_ular and
transmembrane domains of rat p185" is able to induce an in vivo protection more effective than the

i ' ll-lengthsrat : racellular.domain on ted antigen)
(Amic . o1& 3000, Cane T 7 700 ROuero & O B0 3 0N RARCRAl 68, CES85 it
results have Besn Fepirsdd, hy Bhe(Tehah o1s(19988 Ganaeh Rase8O65) MR AP have

rosie-kinadd Ko it SHAUNE i HHe0EHIIg TS sadofum e fallomieg (5 FABGFpOTIve
cells inocu'“%%{%e\x/vwzcez}rah(l)?ngz% P@tfamon et al. 1989, Science 244:707; Jardines et al.
5 1993, Pathobiology 61:268).

The fundamental properties that make pl185™" an optimal target for
plasmid vaccination are: a) its direct involvement in cell growth and
carcinogenesis, therefore clone variants that, due to tumour genetic instability,
lose the expression of this antigen also lose their tumorigenicity; b) its

10 expression on the plasmatic membrane, which makes it recognizable by
antibodies even in tumour cells that lose the expression of the major
histocompatibility system (Lollini P. and Forni G. 2003, Trends Immunol. 24:
62).

Studies carried out on mice transgenic for the activated rat oncogene

15 Her-2/neu (which spontaneously develop p185™* positive mammary tumours)
and on murine models using p185™" positive transplantable tumour lines, have
demonstrated the possibility to prevent and cure preneoplastic lesions. As
regards in particular the prevention of mammary tumours in mice transgenic
for rat activated Her-2/neu, we have demonstrated that the plasmid coding for

20 the extracellular and transmembrane domains of rat p185™" is able to induce
an in vivo protection more effective than the plasmid encoding for the
full-length rat p185™* or for the extracellular domain only (secreted antigen)
(Amici A. et al. 2000, Gene Ther., 7: 703; Rovero S. et al. 2000, J. of
Immunol., 165: 5133). Similar results have been reported by Chen et al.

25 (1998, Cancer Res 58:1965). Other authors have demonstrated that plasmids
encoding for pl85™" - either unvaried or mutated so as to eliminate its
tyrosine-kinase activity - are effective in preventing the onset of tumours

following to pl85°*“-positive cells inoculum (Wei WZ et al. 1999, Int.




4 J. Cancer 81: 748). Moreover, plasmids devoid of the signal responsible for the processing through
the endoplasmic reticulum (leader), which determines cytoplasmic localization of p185™ antigen,
proved equally effective. The protection induced by different plasmids was mainly mediated by a
humoral immune response in the case of membrane expression of pl 850", and by a
T-lymphocyte-mediated immune-response in the case of cytoplasmic localization (Piton SA et al. 2001,
J. of Immunol. 167: 3201). However, combined vacdnation with plasmids inducing p18511"
overexpression in both the cytoplasm and the membrane was more effective in protecting against 10
tumour grovkH-@ieehddki T8 )etMdhr200L, hlaamidoldeesid3abthe sigimisr¢hpopaibiceietween

different immune response mechahisms ‘;‘8 t be particularly important (Rejlly et al., 2001, Cancer
Res, 61: 880)° IGEERAASG LTS éHeoB%g] S thelvalE A sAdRTth Efﬁé‘iﬁid’@@ﬁ%ﬁ&ﬁg for

extracellula f rane: i tat 5 is able to.eradicate r masses with 2 mm
diameter, u%ﬁ?&éﬁ?g%&%@g@g@ rgésingggtlﬁg Q,Illfh?)gﬁeé%da %%%nggér éﬁ%}lght effector
mechanismgrotébe dmrune sy sendi(Tehalpelansg HkilercallindntibodiesMmacrephagesineutrophiles,
natural killer cells, 17c receptors, gamma interferon and perforMs), which cooperate to tumor rejection
(Curcio’C. dBERPDDICIP @RS, invidst. crsa : af1BgnDwesdptivprofsies infepli8h™", Wadidus constructs
encoding thia ?umagn oéré?uman/rft({:himeric p18?5/%B1rotein have}?gren inserted in plasmid vectors and

used in immuniZa00n ¢ 'Bélﬁﬁgé?i% aiHBERR BRARIRS rutRoulsrogitisioRt F&YpiRdpsiiEonstruction,
fragments Gl Buman BGE Broteingonigning .25 ikansmempranedaman and partions of the
extracellular domain of décreasing length have been prepared from Erb1B2 oncogene seguence, or
portions therenftfiaed beenineplacerdviti nnmbio godssaguartss forerthe ratdies-2nByEDNA so as
to create chimeric plasmids. S  The plasmids thereby obtained have been evaluated in vaccination

experiment$if ﬁﬁé@ﬁﬁ%ﬁl&’é‘a Wi?h%@ﬁ?ft?el@éﬁeﬁ?@%ﬁre@ﬁﬁf@iﬁgrﬁ@r@p@%@lﬁ@s&gi@i@%ontaining
truncajgd f%ﬂ%%%;)%]tn%%gﬂl dlgc ggkzi\w%%rl_refﬁlylty Tgﬁ?ﬁ&%ﬂ%@ helper T lymphocytes,

while chimeric uced an antibody respohse and ratip 85neu.

Based on the results of, inviva, sipeEMRRsedhe alaspids qaﬁmmpmﬁqy%%m?ﬁ to induce a
strong immune response of both cellular and hurnoral type have been Selected. These plasmids,
object of thempgbdeheimastitivhrrtontamvaseiikeddertoling®a (il 86 4nisagient gleced)rom the 10
group consisting of SEQ ID N, 1-14 éhuman and rat p185' reference sequences are available at Gene

Bank acce Hibets NS PPeD QREERESBR dhsetaceipytion withopiimyniithenaodinmn, p185™

encoding s ' ' lasmid vectors suit £Qr. human administration.

Besides thﬁ%%gr?%%gg @gqéggﬁg%?g t eﬁ%léa%r%igé) %aar?ncgo%fg# R?lr?éc ionaf %%%t%r?élﬁ?ﬁﬁscription

contral5in pantimarassenekniased upstieer afbe %@&Q@Mfﬁ%ﬁ%‘?ﬁeo’é’@éﬁ?@é’smg CMV

promoter, start and stop transcription elements, selection markers, such as ampicillin or kanamicin

resistance garies, GBrAvaiTs? apeherefildiibrrsive effeatmerptidmactivatofstiranseription control

20 elements_should e%omgatibl xﬁig%e use of the yector in humans. In a preferred embodiment,
ventBi cBitai ast?

the piasmidS 6T the | B pCHGRESrRASID h 988 DS USRI Hehaximum of
80. The Cpgmetfs IMTAAIGHCARGTESAA Of bagiarial:grigin indu acrophages to secret [L-12,
which in turn%nduce IFN gamma secrgﬁ%ﬁ by’ na Sra <i||é$%a%%%%u§%ggcﬁ/% f%l%’a %H(%%per
lymphocyteemepiéatad tespomnser¢{otidd. Setcab 199, dl. BRP3 Med:1ik88x#6a3): Mherefrg, the

insertion of CpG motifs in plasmid sequences enhances the immune response.
20 Description of the invention

Various constructs encoding the human or human/rat chimeric pl8&5
protein have been inserted in plasmid vectors and used in immunization
experiments aimed at preventing tumour progression. For plasmid
construction, fragments of the human pl85™" protein containing the

25 transmembrane domain and portions of the extracellular domain of decreasing
length have been prepared from ErbB2 oncogene sequence, or portions thereof
have been replaced with homologous sequences from the rat Her-2/neu ¢cDNA

so as to create chimeric plasmids.




In a further embodiment, the invention provides a pharmaceutical 6 composition containing one or
more different plasmids as defined above in association with pharmaceutically accgp.table_ vehicles and
excipients. The pharmaceutical compositions, in a form suitable for parenteral adnjlnlstratlor!, .
preferably in the form of injectable solution, are convenpiently used for DNA 5 vaccination. Pr|n0|ples_
and methods for DNA vaccination are known to the skilled in the art and are diclosed, for ex_ample, in
Liu MA 2003; I Int Mcd 253: 402. In another embodiment, the invention provides a combined
preparation containifBtaflégstitnothsrsierasiainesstiioue, here premdraing aiteast gt a0different

ids for sjmul tial or separate.administration to a subject or patient. Pl‘asmids,
Compositions ST LA ot AGoAT NG e T dLAFe (L n A aRHGe e B ca

preparations accoré)lng (0]

treatment of syfistts atatakiel denelanig RLARAROS AP WP STPaHIARE WU RHAR JHmOUTS,

metastasis or 15 relapses of p185'-positive tumours. Prevention can be primary, /nen t e tumour IS
not manifest, B@etivdtrymadietethebtuniolieis nthetinltat pliademph ecpieseoplasticdeninmi@ tertiary,
in the ca%e of mouiﬁrg_;ﬁpse or metastatic process. Tumours that can benefit from treatment with the

plasmids-of tHE4Ae 3?84@6‘5@811’8&%@%?%‘Fi‘bqrﬁgﬁ%&fr@@ﬁhhﬁmﬁfbﬁa@/mim%%ﬂg 20 m?mm?ry
d ' tupdours_expressing the p185' protein. Detaile description 0
the mvention Conotteon ol e Hramat Pt p oF SRS o Rin YR Hsesite Brcbcing
human p185 peig Sfétysemisnand Aklimeyiendi BESMoRR e REMYE e lRsmidi hagkbang.yas used.

Fragments deriving from human proto-oncogene ErbB-2 cDNA and from rat proto-oncogene Her-2/neu

cDNA have bt IHgaeesd IpCMVS. beemvisedgetedviBingseltplegmids, object of the present

invention, contain a sequence encoding a p185™" fragment selected from the
10 group consisting of SEQ ID N. 1-14 (human and rat p185™" reference
sequences are available at Gene Bank accession numbers MI11730 and
X03362, respectively).
According to the invention, p185™" encoding sequences can be inserted
in any plasmid vectors suitable for human administration. Besides the
15 encoding sequences, the plasmids can contain functional elements for
transcription control, in particular a promoter placed upstream of the encoding
sequence, preferably the CMV promoter, start and stop transcription elements,
selection markers, such as ampicillin or kanamicin resistance genes, CpG
motifs, a polyadenilation site or transcription activators. Transcription control
20  elements should be compatible with the use of the vector in humans. In a
preferred embodiment, the plasmids of the invention contain at least 4 CpG
motifs, preferably at least §, up to a maximum of 80. The CpG motifs
(ATAATCGACGTTCAA) of bacterial origin induce macrophages to secret
IL-12, which in turn induce IFN gamma secretion by natural killer cells, thus
25 activating a T helper lymphocyte-mediated response (Chu R.S. et al. 1997,
J. Exp. Med., 186: 1623). Therefore, the insertion of CpG motifs in plasmid
sequences enhances the immune response.

In a further embodiment, the invention provides a pharmaceutical




by removing with restriction enzymes Drain (nt1531) e Bsml (nt3189) a 7 fragment of 1658 bp
containing the replication origin fl, the replication origin and the early SV40 promoter, the gene
encoding for neomicine resistance and SV40 polyadenylation signal. The resulting modified plasmid
(pCMV3.1) present some advantages compared to native pcDNA3.1. In fact, the size 5 reduction to
3900 bp and the removal of irrelevant sequences contribute to increase transfection efficacy in vivo.
Construction of plasmid pCMY3.1erbB2  Human ErbB2 cDNA, qhtained from plasmid pSVerbB2,
has been inSERMPHINR AANEHRIBHAAY StdWip ISR Hiasm Brﬁgi%ﬁl}ﬁfglﬁgfﬁgn Xbal. This

plasmid is used for the construction of' pl ids 2 .'i]@ t{;gﬂﬁ%%d RP5:0eHiand chimeric
plasmids. a%%ﬁ?ttrll?c ic\))\ﬁptglf a?ég}*nrrlx S e&)@%\? in% é%erﬁstséfguence AXCpG: pC?MVg.llhECD-TMACpG

and pCMV3gihEGR-AMANeeRp Aligsismevafaiheseablents: eagedistihalintdsytaptasmic domain
15 from plasmid pCMV3.1-erbB2, two plasmids coding for proto-oncogene ErbB2 extracellular and

transmembrarefesgibnénvibee foreparédnirkteblosetiuteoteraptised Tratent yaseiétion I%ysis to
identify the unique sites present jn the nucleptide se of ErbB2.cDNA. A unigue sife recognized
by enzyme A(é&ﬂi%&l?&g%}%&ﬁkﬁoaﬂﬁ d%%%%%%iﬂ?gﬁﬁéﬁeﬁa%ﬂﬁzg?&%ﬁ]g&%"r‘%‘nioz Bomain was
identified. . opjasmic ' dus e cihpresent@rdnique
restriction si%éag%g g%z@%&b%%?e%?ﬁ%%@%% %'%%n g%’ti?ep%xl\%%he ErbB2 ECD-TM the
nucleotide triglet T¢2\, recognized as translation stop signal, we used two synthetic sequences

consisting of two sense 25 (oligonucleothie 41, 43) and antisense (oligonucleotide 42, 44)
oligonucleotides havirgetercemieadin aite shadaIVERHPR IO 58I R HIBDIR ¢H S RYFHEC

el e Ces e Ao 50 [ ERe AL RIS AR SO ARPR Bre kR o Tedspeighineoave
10 different plasmids for simultaneous, sequential or separate administration to a
subject or patient.

Plasmids, compositions and preparations according to the invention are
used in preventive or therapeutical treatment of subjects at risk of developing
p185™ -positive tumours, or patients with primary tumours, metastasis or

15 relapses of p185™"-positive tumours. Prevention can be primary, when the
tumour is not manifest, secondary, when the tumour is in the initial phases as
a preneoplastic lesion, o tertiary, in the case of tumour relapse or metastatic
process. Tumours that can benefit froma treatment with the plasmids of the
invention are those of epithelial origin, in particular pulmonary, ovary and

20 mammary adenocarcinomas and, more generally, tumours expressing the
p185™" protein.

Detailed description of the invention

Construction of the plasmid backbone of pCMV3.1

To construct plasmids encoding human p185 ™ fragments and chimeric

25  plasmids, the pCMV3.1 plasmidic backbone was used. Fragments deriving
from human proto-oncogene EibB-2 cDNA and from rat proto-oncogene
Her-2/neu ¢cDNA have been inserted in pCMV3.1 (Invitrogen, Milano, Italia)

by removing with restriction enzymes Dralll (nt1531) e Bsml (nt3189) a




been named pCMV3.1hECD-TM-4CpG and pCMV3.1hECD-TM-4noCpG. Construction of the
plasm ids containing the sequence 8X2pG: pCM173.1H/NhECD-TM-86'pG and
pCIVIT3..1H/NhECD-TM-8noCpG To add further aspecifie immune stimuli we constructed a new
plasmicl $ backbone containing 4 immune-stimulating CpC sequences, called pCMV3.1 11/N-4CpG.
For this purpose we modified pCMV3,1 so as to remadve one of the two restriction sites for the enzyme
Find and invert the restriction sites for Hindlll and Nncl present on the multiple cloning site by means

of a synthetidemesticef d6ididungast aivinge e teitjenticle siisind) afe aanbieatien erigin

(oli leoticle 46) oli leotides. In thj | id,. d pCMV3.1 HMI, t theti
sequences b BiefFRECHALL E5HBIHH D uB6 ConBs B 800N 7 A6y SHRER Skhse

nucleotides (Shepnysigaitis Ok aRtaImng RULIERRATS (A1 f1eChEAnd nefendeeqyences in
the unique restriction sites Xbal and Pmel, thus obtaining pCMV3.1 H/N-4Cp(.1 and 15 4noCpG.
Thereafter, DiYés#regmoends dulkziRtddds 4Ciptd aretl hEC DatiMd nedIpISARe beefhinsatiedsizpCMV3.1
li/N-4CpG and in pPCMV3.1 TI/N-4noCpG respectively, thus obtaining two new plasmids called

pCMV3. JH/NSCERNstINE Birdasd e semeyal-AE dreiavieshdeasnces GoRstHBRIGT the
e he second cystein domain and transmembrane domain of human

plasmid containing the se (t':fb%fl

p185: pCll/i?Lc}rg%iﬁ%\?hnﬁcec%/é -?I%%@p&v%man pl85domain is characterised by two regions
rich in cysteins, knqw,a8:.A3i ANGrpicyaieinSuprdomaip 2 St cys and 2" cys), Unlike the rat cCDNA
sequence containing only one site BstEIl (nt1250) in the 25 extracellular domain, located in the

nucleotide region tHatsepalatbB Is-dyd oot oysd tHecarD NAasagide piEVafrigle xtras diiedar domain of
ErbB2 has two restriction_sites for BstEIl: jn addition to the site in the same position as that of rat

(nt1372), a fURPSHESIERHREEBS) A PHngstin HehfoMdn ¢ &hdsding e miesyEldhd
t [l j i i i VAR -TM- ith Hindlll and BstEIl, a DNA
agmen e A A I B o B M R RR L o g

sequence 80pRmnddd e Masthichp CMM3AENyyasdabtained. 5 Then the signal for rat p185neu
secretion through the endoplasmic reticulum was inserted by enzymatic DNA amplification (PCR

reaction) using a s€neeséligsimnrcledtide Porgisting ofahéprimer TTioligermeleotide #XCpwhich
recognizes the I 7 rase, present gt the beginnj f the pCMV3.1H/N multiple cloning site,
and an antisggi%%wﬁgég%dggﬁﬁ %ﬁﬁfrﬁ@%d?%ﬁ%%g ’ﬂ‘fé‘% tEll site at its end. After
purification, enzymatig digestion pitheamalified fragmentiyihest P&%ﬁﬁ {Bel{;gnd BstEll
and subsequent cloning, pCMVB.l?L-l/N1h2%9ys-TM-80pGl( igt.ﬁ?f?tﬁlgs bee &%%ﬁ@%%ﬁl) This
plasmid dvas frsedl inlusdihaticividipérierishis, tevavel isecibpacedivith £ M¥8td-oncogene

H/NhECD-TM-8CpG. 15 Thereafter, a chimeric cDNA encoding for the fusio%rotein between 2nd
cys and tranSthERb AR e 1BYBEmeDTuAN6 P AlimaRScRirMEedarid ey peedire 1 250) of

T B L L oo s omen
the nucleotide sequence of ErbB2 cDNA. A unique site recognized by enzyme
AccIll (nt 2195) about 20 bp downstream of the end of the transmembrane
20  domain was identified.
The cytoplasmic domain was removed using the enzyme Acclll present as
unique restriction site and enzyme Xbal. To re-insert at the 3’end of the DNA of
the ErbB2 ECD-TM the nucleotide triplet TAA, recognized as translation stop
signal, we wused two synthetic sequences consisting of two sense
25 (oligonucleotide #1, #3) and antisense (oligonucleotide #2, #4)
oligonucleotides having the restrictions sites AccIIl and Xbal at their ends. In

these synthetic sequences there are also four repeated sequences CpG and

noCpG. The latter is used as negative control. These two new plasmids have




20 Construction of the chimeric plasmzid containing the sequence of the first cystein domain of rat
p185neu and of the second cystein domain and transmembrane domain of human (nt i-nt 1250):
pCMV3.1H/N-rrcysh2cysTM-8CpG Unlike the rat cDNA sequence containing only a BstEll

(nt1250) site in the extracellular domain located in the nucleotide region that separates the first and the
second region rich in cysteins, the cDNA sequence of the extracellular domain of' Erb2 has two
restriction sites for BstEIl: one in position 1372 (nt), as in the rat sequence, and the other in position

963 (nt), 10haerimanecdarfudhés. poRoR-diodfgFortiensivé ol IR Extiddemar86main, The

presence of the BsiEIl sjte in the same position hath in the rat, cDNA domain (1250 nd.in the
uman SONA (170 AT coltar BT ASHATRR 1 o B Kb b i

ct between
rat Is” cys ang-uman 2ng, ey oI fach AieesHing O3 A NRES TI-8GPE,th restriction
enzymes Hindlll and BstEIl allowed to replace the DNA fragment encoding for rat p185' secretion
signal with the nuclEetidk! Jagthencs ssuddding fonnat dahnys ehiaioastihoedha digestitasmfid
pCMV3.1rECD-TM4CpG with the same enzymes. The product of plasmid pCMV3.1H/N-rflys- 10
h2cysTM-8Chrekimg e 0 eBAlIEg of ApsHs B aias ¢al regnencssd wepefier M ¥74 aa of
human p18 is new plasmid, pCM-V3.11-1/Nrl.cysh23 -8CpG has been used in vaccination
experiments%é?ﬁ%%&%\%ﬁ%ﬁ-ﬁg@ﬁﬁ W%é% é%ego%ga ;l{ti\\g/gtéf)ma.ss%l?rﬁﬁlgi\‘r%’l?/,%g Basmid
coding for theyeRMEAGRIGIRIA KRS IMENIEe IO PRIGCRIBCURHAIFNSHILBAWR QX RILSSINg
human p185' (Table). This protection is similar to that induced by pCMV3.1H/N-hECD-TM-8CpG.
Moreover, ahdiydi$loitt e\serhpesasice oratvinateltiwlthdbothipgasitidsyhas envddeheay atbatidar antibody
titer towards human p185'. Plasmids able to encode decreasing fgr’gaaments of the extracellular

and 20 trasmiSAHSAGTe EOREIRTIBENMhatLesshss  (ClRunalariidst nPdsrarfssiiECencode

decreasing f a rans I omal h pl85! ely:
DO TR B L Bt L 78 e R A TR B e (B eV
PCMV3.11-INMECB3eT M-BEpE: (230 P GMNM3HddN L4 d 2% IMSGRG df3&PAabnse
pCMV3.1H/NhECD5-TM-8CpG (-390 aa), pCMV3.1H/NhECD6-TM-8CpG (-470 aa) and

pCMV3.1H/NRESDRCIrSEpE {-55D 44y ThESragmanckeides (ylinenficicotithe s fragMents is 70

aa (deletion 11 of 360 bp) shorter. All the others are gradually 80 as. shorter (deletions,of 240 bp).
These fragmenteHAE bl JERSREd ﬁ&’; %Aéﬂ%rﬁgﬂi% ﬁ%ﬁ?ﬁeﬂ% U8 diféabfit sense

oligonuleotla it Nl esiicion, v PIRTCISGHES AL HONY 5 pnd and an gpisense

oligonucleotide (oligonucleotide 420) able to recognise the site called "pcDNA3.1/BGH Reverse
priming!§ite"4880i850 Mihprestiat, atihes3' ércofetis phDRe TH pCYES. dnBuriaCIp» ENzymatic
digestion with restriction enzymes Nhet and Pmel, am§lification roducts have been cloned in

pCMV3.11-I/AAER e abRYe 10578 vibseR Shian s hd¥RNY t éfefibn 8imhalto HeMNdoplasmic
reticulum of 185 (A restriction sites, The, DNA fragment of rat p185™ secretion, signal has been
obtained by g@lrr% EI}%) A%ﬁ?&fﬁ%ﬁ%ﬁ u%s,lllrlllé pr?rrrbﬁa%(arlnﬂ?ﬁ)lig{%oﬁclgg??dea ffggsse%bﬁ cleotide

and an antispasevigcleptida painonueledite 424 e VisiaatitsendvbeRuplfied fragment after

15 purification and restriction digestions with Hindi], and Nhel has been cloned in plasmid
pCMV3.1EI/N, digestedinitiitie spnibaepgmmes] thostobtaitgngthes p@Mie: 1871 1hkeneecladier.
Membrgge expression of the different truncated forms of human p185™ is expected in view of the

presente of (&Lt retfféilhal fBithe SrEEHISLTICAMicutRTiFat 285, ARBBlasRilSencoding the
pCMV3. 1H/Nh2°eysECD-TM-8CpG

5 neu

Human pl8 extracellular domain is characterised by two regions
rich in cysteins, known as 1** and 2™ cystein sub-domain (1% cys and 2™ cys).
Unlike the rat cDNA sequence containing only one site BStEII (nt1250) in the

25 extracellular domain, located in the nucleotide region that separates 1% cys
from 2™ cys, the ¢cDNA sequence of the extracellular domain of ErbB2 has

two restriction sites for BstEIL: in addition to the site in the same position as

that of rat (nt1372), a further BstEII site (rit963) is present in the portion




20 truncated forms pCMV3.1H/NhECD1-TM-8CpG (Fig. 3), pPCMV3.11-I/NhECD2-TM-8CpG (Fig. 4),
pCMV3.11-1/NhECD3-TM-8CpG (Fig. 5), pPCMV3.1FI/NhECD4-TM-8CpG (Fig. 6) as well as the
control plasrnid pCMV3.1H/NhECD-TM-8CpG, protect 100% of the vaccined mice against a lethal
inoculum of tumour cells expressing human p185™ (/5able). 25 Plasmid
pCMV3.1H/NhECD5-TM-8CpG (Fig. 7) protects 60% of the animals (Table), while plasmids
pCMV3.1H/NNnECD6-TM-8CpG and pGMV3.11-1/N. h ECD7-TM-8CpG._(Fig. 8, 9), do not have
protective eﬁ’éﬁ?ﬁ%ns%ﬁ lethal ?Pff)aﬂ%mt $ (L CLI BxpfoRemG h 0 (H%B’F@ﬁd 12 The

protein produetyeiasaegiiseiierses AR sAGRT Aottt usiiie adopiasmic

retuculum. The absence of consensus sequences necessary for glycosilation and eir processing

through the enekiplagmid réiteQiuineyy Eanfotinatiamal etlanigesiduenta detetionnihaenibeacids at the - 5
NI-12 terminus, could explain the absence of protein products in the membrane. Therefore, to further

verify if the VxRS trihe atedueRats SFMe ardatespilasmnis tpRVNEsbIERe dormadhieitrinan p185
correctly expressed, new plasmids cading for fusion proteins characterized by epitope myc at the -NH2
terminu% We%rg %%?%ﬂe?a%é%r} he(ger% 3%%%%?%%%3% %@0@63}5&58%9@?1% afr#i}- onoclonal
antibody, theyeforesitifepassible- {analySK el S BRSO %@@k@%ﬁﬁ%%ﬁ?ﬁf&%@cmscow
First a new plasmid coding for the secretion signal to the rat endoplasmic reticulum (neu leader) and
for the myc epigope dastiéencorsated g Ctohitig hps ineen Tarriedi guhusisgtadsyftheficsagigience
consisting of a sense (oligonucleotide #22) and antisense (oligonucleotide 423) having at both ends

the Nhel sitESGH@RATe1 <h& inlthe BNSbsHiok Haw#Rutarsassdthat, dhee bsgimipgigatedtiewas not
recognizedegbmgngm. Wi i %OQE%iﬂ‘l %thst%CMV?a.1H/Nneutleader-mgfe itope. With this
ot i Bhme TR ey 451

. " a f ottﬁge ..
plasmid, the sequences encoding human p185"u trunchted e i restriction
20 sitd)NhebaindRpoThery BNV dittebBsts avatbesn fransiactoose,visigwith:piasmids using

lipofeetamine 2000 (Invitrogen, Milan, Italy). After 48
enzymatic digestion of the amplified fragment with restriction enzymes
HindIIl and BstEIl and subsequent cloning, pCMV3.1H/Nh2°cys-TM-8CpG
(Fig. 1) has been obtained. (Fig. 1). This plasmid was used in vaccination
experiments, to have it compared with pCMV3.1 H/NhECD-TM-8CpG.

15  Thereafter, a chimeric cDNA encoding for the fusion protein between 2™ cys
and transmembrane domain (nt 1372-nt 2204) of the human sequence and 1%
cys (nt 1-nt 1250) of the rat sequence has been prepared. The reconstitution of
the entire protein sequence by the fusion of portions deriving from rat and
human cDNAsS, respectively, allows to increase the immune response.

20 Construction of the chimeric plasmid containing the sequence of the
Jirst cystein domain of rat pl85neu and of the second cystein domain and
transmembrane domain of human (nt I-nt 1250): pCMV3.1H/N-rl °cys-
h2°cysTM-8CpG

Unlike the rat cDNA sequence containing only a BstEII (at1250) site in

25  the extracellular domain located in the nucleotide region that separates the

first and the second region rich in cysteins, the ¢cDNA sequence of the

extracellular domain of Erb2 has two restriction sites for BstEIl: one in

position 1372 (nt), as in the rat sequence, and the other in position 963 (nt),




hours the transfected cells have been analysed with confocal microscopy, using a FITC-conjugated
anti-myc monoclonal antibody (Sigma-Aldrich Srl, Milan, Italy). It has been thus demonstrated that all
the pasmids-encoded 95 truncated forms are located in the cytoplasm. 3T3 NIH fibroblasts have been
transfected in parallel with plasmid pCMV3.1H/NhECD-TM-8Cpe and analysed with confocal
microscopy using c-erbB2/c-neu Ab-3 monoclonal arh@oody (Oncogene, Boston, MA) as primary
antibody and a 13 FITC-conjugated anti-mouse secondary antlbody (PharMigen, San Diego, CA). It
was thus obsarvén thet heqnancEQRTivrs engadisgedon theembmisien @ THee resitesobiated using the
first four plasmlds de rlbed previ ﬁém%M AH, NhE D1-TM-8C

6,0CMV3.1 IRREED L heNPISETES etARS, ﬁ@%@%‘ﬁ%ﬁﬁ%é&fﬁw -8CpG),
demonstratectbaN A c&lyﬂlﬁhre@?% i%)ls ?1 ﬁl%eqhgorlﬂ%%p%ﬁ &V%ﬁ'?ﬂngoﬁ‘i%@%dt ig,.lcnown that

contemporaneous activation e cellular and humoral response is necessary for a more effective

therapy (Rielygiiahc 280 bf GarlaemReaiit: S@Qho%aélaeﬂ@bi&em@dﬂrbélﬁewﬁ\mussbayagraph the
10 chimeric protein encoded by plasmid pCMV3.1I-I/N-r1 'cys-hr cysTM-8CpG is able to protect 100%
of the vatcineadahismas dhd W&b@t@ﬁrﬁﬂué@&sgﬁ@n@GW&w&%@YﬁTﬁé’m witBhimeric

plasmids ablxgets ric ?(g)ndgr;c%rg\ése qu ({ﬁ?t na rhs%lriﬁh erlce%l%%o replace the DNA fragment

encoding for rat pl85™"

secretion signal with the nucleotide sequence
encoding for rat 1st cys obtained through digestion of pCMV3.1rECD-TM-
4CpG with the same enzymes. The product of plasmid pCMV3.1H/N-r1°cys-
10 h2°cysTM-8CpG (Fig. 2) consists of a portion of 412 aa of rat p185neu and a
portion of 274 aa of human p185™", This new plasmid, pCMV3.1H/Nr1°cys-
h2°cysTM-8CpG has been wused in vaccination experiments using
pCMV3.1H/N-hECD-TM-8CpG as comparative term. Surprisingly, the
plasmid coding for the chimeric protein induces in mice a complete protection
15 against tumours expressing human p185™ (Table). This protection is similar
to that induced by pCMV3.1H/N-hECD-TM-8CpG. Moreover, analysis of the
sera of mice vaccinated with both plasmids has evidenced a similar antibody

titer towards human p185™*",

Plasmids able fo encode decreasing fragments of the extracellular and
20 trasmembrane domain of human pl85 neu
Construction of seven plasmids that encode decreasing fragments of the
extracellular and transmembrane domain of human pl185™Y, namely:
pCMV3.1H/NhECDI-TM-8CpG (-70 aa), pCMV3.1H/NhECD2-TM-8CpG
(-150 aa), pCMV3.1H/NhECD3-TM-8CpG (-230 aa), pCMV3.1H/NhECD4-
25 TM-8CpG (310 aa), pCMV3.1H/NhECD5-TM-8CpG (-390  aa),
pCMV3.1H/NhECD6-TM-8CpG (470 aa) and pCMV3.1H/NhECD7-TM-
8CpG (-550 aa).

The fragment encoded by the first of these fragments is 70 aa (deletion




15For the construction of plasmids coding for chimeric proteins, we selected
pCMV3.IH/NhECD1-TM-8CpG, pCMV3.1E-I/NhECD2-TM-8CpG, pCMV3.1H/NhECD3-TM-8CpG and
pCMV3.1FI/NhECD41-TM-8CpG. These four plasmids protect 100% of the vaccinated mice against a
lethal inoculum of tumour cells expressing human p]ﬁ/S Also plasmid 20
pCMV3.1HINhECD5-TM-8CpG has been selected, even if it protects only 60% of the vaccinated
mice, because the encoded protein differs only by 17 aa from that encoded b

pCMV3.1H/RA BRY $me shamess bt athers orkiakasuntr8 G oma &h@ﬁ@\‘/ﬁé@éﬁf@@ﬁ hicé4We can

hypothesize, that the peptide sequence of 17 aa corresponds to an important epitope for the induction
of an 25 effective immune response. DNA fragments encoding for rat p1 85n" portions have been

obtained by DNA erzymaticoareplidisatian, i aspelibyelh esersQiAdragments %quiﬁe&asl%oﬂdes

having all the same orientation, namely that of T7 primer” 14 (oligonucleotide ), have been used,
while the fivesangseesethavifiseent desigredlipreradenrricat cRNA iNthd propeipasitiasiseand have
the restg'ction site for Nhel at their ends (oligonucleotides #24428). After purification and digestion with
restricti

n eh2HSeR ieatidsnd Niat ke SHmibHficadragilertd haRkibuss inskbaerpl aeside
correspondipg ' -IINLIECD1-TM-8CpG,pGCMV3.111/NhE -TM- ,
pCMV3.11-I?§h%@§ggﬁé@§é%@§éﬁ. 3%’1&73‘[&%%’-12%88% poéiL .1WM®G) and
digested witR ¢hersarpeiieaiiction ¢82Yomss) Kithiscuay wembtained fvernaw '\?&%‘1‘1‘}9&9‘6‘? to code for
chimeric 10 proteins of 689 aa, of which 2 (Val-Ser) belong to restriction site Nhel used for the

conjuction bReAYS rht Hudhemiaremymarivedigsstiocevofttheset tivtian reryersdthdiuadn and rat

portions heteroclytic. . The chimeric proteins differ for human p185' decreasing portions and rat
p185' increasthy p&%&é%@%ﬂﬁ%@%?&??%@%ﬂwB@B&Y A3 derdides 73 aa of

the rat1m185i§'r@%f6ﬁ§%l“d@{aﬂ%ﬁ%@ﬁﬁ 4635%81(6@6@@%Hﬁ%"t}?ﬁﬁgﬁhﬁ%i@éq,ret’culu

pCMV3.1HINr153-1IECD2-TM-8CpG (Fig. 11) encodes 153 aa o0 extracelular domain

and 534 aa of hamarfp185h Plasrivt @ChiR¢s. Ty DRIS-hEERHSNT MIaGR G1¢E5e 1 gBgedes 233 aa
of the rat p185,™ extracellulat domain and 454 aa of human p185'. 20 Plasm id

pCMV3.11-Figzalzhas domTahisisd buigenzspaticolde/s ranazl ientoat wiiss peitrexdlllar domain
and 374 aa pf;human.pl18%". P id pPCMV3.11-1/Nr393-hECD5-TM-8CpG (Fig. 14) encodes 393 aa
of the rat p185™oex- r%%%ﬁgf:ar %?)miﬁinsf B4 AP R%ﬂ%anaB 8§qn&ﬁ‘@gF5éFdeﬂES?8ﬂH§: membrane
expression gbhumaNakeimero MR Rsadactby thess plasidshas hesmoblained pmunizing
mice with the five new plasmids and with pCMV3.11-UN-rI'eys-h2ecysINI-8CpG as positive control. The
sera of all vaseifaedonicedoertivspeofigatitmo dieistafaingT humd Nik3 HadMesenvebibe animals
vaccinated with plasmids _encoding the five different
1 plasmid pCMV3.1H/N, digested with the same enzymes, thus obtaining the
pCMV3.1H/N-neu leader. Membrane expression of the different truncated
forms of human p185™" is expected in view of the presence of the secretion
signal to the endoplasmic reticulum of rat p185™", The plasmids encoding the
20 truncated forms pCMV3.1H/NhECD1-TM-8CpG (Fig. 3),
pCMV3.1H/NhRECD2-TM-8CpG (Fig. 4), pCMV3.1H/NhECD3-TM-8CpG
(Fig. 5), pCMV3.1H/NhECD4-TM-8CpG (Fig. 6) as well as the control
plasmid pCMV3.1H/NhECD-TM-8CpG, protect 100% of the vaccined mice
against a lethal inoculum of tumour cells expressing human pl185™* (Table).
25 Plasmid pCMV3.1H/NhECD5-TM-8CpG (Fig. 7) protects 60% of the animals
(Table), while plasmids pCMV3.1H/NhECD6-TM-8CpG and
pCMV3.1H/NhECD7-TM-8CpG (Fig. 8, 9), do not have protective effect

against a lethal inoculum of tumour cells expressing human p185™" (Table).




15 chimeric proteins are also protected with a lethal inoculum of tumour cells expressing human p185™
EXAMPLES Example 1 - Construction of plasmid pCMV3.1H/N-rl'cvs-h2eysTM- 5 8Cp.G To
construct chimeric plasmid pCMV3.11I/N-rl'cys-h2cysTM-8CpG we started from plasmid N
pCMV-ECD-TM, which expresses the extracellular arﬁ transmembrar_le_domaln of rat 9185 (Amici et
al 2000. Gene Ther., 7: 703). pPCMV-ECD-TM was digested with restriction enzymes Hindlll and 10

Xbal (BioLahs, Beverly, MA) to separate the insert from the plasmici backbone. Restriction digestion
with e(nzyme %h%lﬂ?%é&n?&?gﬂﬁs(f%@ﬁfﬂb By rdRerididterirtep Ryt B 1006 SesmRiRI

A ' ' [ d the
10U/R1)5 ttl 0 u h xtyre was incubated at 37C for 4 hogrs an
Eligestion protduct é%r%r%%e%@é gg(%%pﬁ%ﬁle%%uo% g 0 tggzgr%oesr_lec %_e?%usfr%l %erﬁ?gﬁe&ﬁ%?%ﬁ&ght marker
and undigesteecplaanyidias ghriseliationQmee fepnfirsned Riasmid dineaszatiome DN Apas precipitated by
adding 1/10 volume of 3 M sodium acetate at pli 5.2 and 2 volumes of coIo_I abso!ute ethanol. The
sample was kEpeWiee fr cnfarmatiemeheifagatéiewith de2Siminict nimifinge @tid 4080erpm for 12

in. Th I hed three times with 1. ml 70% cold ethanql, dried under vacuum for 5 min,
tmhgn resesuggellﬁ%gg %ﬁ%ﬁ&h@fﬁaﬁ%ﬁrﬁ%ﬁ%ﬁ@c&@ REQGHRrPrOstheto dhsyRanksare-

Therefore, to further verify if the various truncated forms of the extracelllular
and transmembrane domain of human p185™" were correctly expressed, new
plasmids coding for fusion proteins characterized by epitope myc at the -NH,
terminus were generated. These recombinant proteins are recognized by an

10 anti-myc monoclonal antibody, therefore it is possible to analyse their
expression and localisation by confocal microscopy.

First a new plasmid coding for the secretion signal to the rat
endoplasmic reticulum (neu leader) and for the myc epitope has been created.
Cloning has been carried out using a synthetic sequence consisting of a sense

15 (oligonucleotide #22) and antisense (oligonucleotide #23) having at both ends
the Nhel site. The Nhel site in the 5° position was mutated so that, once
correctly ligated, it was not recognized by the enzyme. We thus obtained the
pCMV3.1H/Nneuleader-myc epitope. With this plasmid, the sequences
encoding human p185™" truncated forms have been cloned in the restriction

20 sites Nhel and Pmel. Then, 3T3 NIH fibroblasts have been transfected in vitro
with plasmids using lipofectamine 2000 (Invitrogen, Milan, Italy). After 48
hours the transfected cells have been analysed with confocal microscopy,
using a FITC-conjugated anti-myc monoclonal antibody (Sigma-Aldrich Srl,
Milan, Italy). It has been thus demonstrated that all the pasmids-encoded

25 truncated forms are located in the cytoplasm. 3T3 NIH fibroblasts have been
transfected in parallel with plasmid pCMV3.1H/NhECD-TM-8CpG and
analysed with confocal microscopy using c-erbB2/c-neu Ab-3 monoclonal

antibody (Oncogene, Boston, MA) as primary antibody and a




16 Restriction digestion with enzyme Xbal: DNA resuspended_in 1120 (1_0 kg) Restriction bugfer g(?é
(NEB2) BSA 100X (100mg/m1) Xbal (10U/m1) 5ul 100 pi The m|>.<ture was incubated at

for 4 hours and the digestion product was precipitated and dried as described aboye. DNA was oMy
resuspended in 30 [Il H20. 10The two DNA fragmentieforrespondmg to the plasmld_ backbo(r)}e (p g
of 4400bp) and to the insert (ECD-TM of 2100bp) were separated by electrophoresis on a 1% agaros

gel FITC-conjugated anti-mouse secondary antibody (PharMigen, San Diego,
CA). It was thus observed that human ECD-TM is expressed in the membrane.
The results obtained using the first four plasmids described previously
(pCMV3.1H/NRECD1-TM-8CpG, pCMV3.1H/NhECD2-TM-8CpG,
5 pCMV3.1H/NhECD3-TM-8CpG, pCMV3.1H/NhECD4-TM-8CpG),
demonstrate that a cellular response is sufficient for antitumour prevention.
However, it is known that contemporaneous activation of the cellular and
humoral response is necessary for a more effective therapy (Rielly et al.,
2001, Cancer Res 61:880). As already described in the previous paragraph, the
10 chimeric protein encoded by plasmid pCMVB.lH/N—rl°cys~h2°cysTM—SCpG
is able to protect 100% of the vaccined animals and is able to induce a strong
humoral response in the mice.
Chimeric plasmids able to encode Jor five different man-rat chimeric
pl185™
15 For the construction of plasmids coding for chimeric proteins, we
selected pCMVB.lH/NhECDI-TM-SCpG, pCMV3.II—I/NhECD2—TM-8CpG,
pCMV3.1H/NhECD3-TM-8CpG and pCMV3.1H/NhECD4-TM-8CpG. These
four plasmids protect 100% of the vaccinated mice against a lethal inoculum
of tumour cells expressing human pl85°°".  Also  plasmid
20 pCMV3.1H/NhECDS-TM~SCpG has been selected, even if it protects only
60% of the vaccinated mice, because the encoded protein differs only by 17 aa
from that encoded by pCMV3.1H/Nh2°cysECD-TM-8CpG (275 aa), which
protects 20% of the vaccinated mice. We can hypothesize that the peptide
sequence of 17 aa corresponds to an important epitope for the induction of an
25 effective immune response.
DNA fragments encoding for rat p185™" portions have been obtained by
DNA  enzymatic amplification. To amplify these cDNA fragments six

oligonucleotides having all the same orientation, namely that of T7 primer




The band corresponding to the insert was removed and DNA eluted from the gel using a Qiaquick gel
extraction kit (Qiagen lItaly). 15In parallel, the new plasmid backbone (pCMV3,1H/N-4CpG) wherein
the DNA fragment corresponding to rat p185 ECD-TM, was digested with the same restriction
enzymes and eluted on agarose gel, The DNA Ir gments corresponding to rat ECD-TM and the
linearized plasmid pCM73.1H/N-4Cp0 were used to obtain pCMV3.11-1/N-rECD-TM20 4CpG by
ligation reaction, Ligation reaction DNA insert (rECD-TM) (50 ng/p.1)2 ttl Linearized plasmid DNA

(pCMVS.lHQN&EE’GYWi%/ﬁMh.i‘f‘F@eQ@ﬁBn"ﬁﬁﬁer‘.’i@@f(’&hW4 IR AARESSBEGI Do PAGA ligase
L2 511101 T S U a0 el

product was ﬁ1e usedt rm . coll bacteria e bacterial cells have been

made compeieRtaish theCaei2 tesbniquesbianstrrmabap aibedoareriak airaind) 1- higy Competent
bacterial cells100 ul

purification and digestion with restriction enzimes HindIll and Nhel, the

5 amplified fragments have been inserted in the corresponding plasmids

(pCMV3.IH/NRECD1-TM-8CpG, pCMV3 . 1H/NhECD2-TM-8CpG,

pCMV3.1H/NhECD3-TM-8CpG, pCMV 3. 1H/NRECD4-TM-8CpG

pCMV3.1H/NhECDS5-TM-8CpG) and digested with the same restriction

enzymes. In this way we obtained five new plasmids able to code for chimeric

10 proteins of 689 aa, of which 2 (Val-Ser) belong to restriction site Nhel used

for the conjuction between rat and human DNA. The presence of these two aa
renders both human and rat portions heteroclytic.

The chimeric proteins differ for human p185™" decreasing portions and

rat p185™" increasing portions. Plasmid pCMV3.1H/Nr73-hECD1-TM-8CpG

15 (Fig. 10) encodes 73 aa of the rat p185™" extracellular domain and 614 aa of

human p185™". Plasmid pCMV3.1H/Nr153-hECD2-TM-8CpG (Fig. 11)

encodes 153 aa of the rat p185™" extracellular domain and 534 aa of human

p185™*, Plasmid pCMV3.1H/Nr233-hECD3-TM-8Cp G (Fig. 12) encodes 233

aa of the rat p185™" extracellular domain and 454 aa of human pl85™.

20 Plasmid pCMV3.1H/Nr313-hECD4-TM-8CpG (Fig. 13) encodes 313 aa of the

rat pl185™" extracellular domain and 374 aa of human p185"™". Plasmid

pCMV3.1H/Nr393-hECD5-TM-8CpG (Fig. 14) encodes 393 aa of the rat

p185™" extracellular domain and 294 aa of human p185°" Indirect evidence

of the membrane expression of human/rat chimeric p185™" encoded by these

25  plasmids has been obtained immunizing mice with the five new plasmids and

with pCMV3.1H/N-r1°cys-h2°cysTM-8CpG as positive control. The sera of

all vaccinated mice contain specific antibodies against human p185™",

Moreover, the animals vaccinated with plasmids encoding the five different




Ligation product5 ul To make the plasmid DNA penetrate the competent cells, these were kept on
ice for 40 min. and submitted to thermal shock (1.5 min. at 42C and then 2 naM. on ice). 10After
adding 1 ml LB growth medium, the transformed bacterial cells were incubated at 37C for 1 hour to
restore their physiological conditions. The cell suspension was then centrifuged at 6000 rpm for 1 mM,
and the pellet was resuspended in 100 ul LB. Thiscells were seeded in Petri dishes containing
selective solid medium 15 (LB with agar + ampicillin 100 pig/m1) and grown at 37C for 1 night.
Arnpicilin allgs, i oipuibint Cale sRYaRbe Aee NP GMVRA N RGR BYAGRGMOIS confers
ampicillin-resistance. The resulting clones were analysed by alkaline lysis to select those
containing th@{;ﬁ@@mb@anﬁmﬁqmigijﬂeMV&1H/N-rECD-TM-4CpG. 20 To obtain chimeric plasmid
pCMV3.1I-1/N-rl'cys-h2cysTM-8CpG, plasmid pCMV3.1H/N-rECD-TM-4CpG was digested with
restriction enzymeFBeEYIBAd Sbal to remove the second cystein domain together with the
transmembrane domain of rat p185"u. At the same time,.plamid pCMV3.1hECD-TM-4CpG was
digested with the s&m3BR S hes tQEBRIEUAR-9% BRATHE K ~ g ¥ theSddeontd cystein
subdomgin ag@ t@nsmembrane domain of the human gene. 18 Digestion with &LEI 1: plasmid DNA (I
ughtl)10 ul Resfriction buffer 10X (NEB3)10 pi BstEIl (10U/p.1)5 ul 5H2075p1

To construct chimeric plasmid pCMV3.1H/N-r1°cys-h2°cysTM-8CpG

we started from plasmid pCMV-ECD-TM, which expresses the extracellular
and transmembrane domain of rat p185™" (Amici et al 2000, Gene Ther.,
7: 703). pCMV-ECD-TM was digested with restriction enzymes HindIIl and

10 Xbal (BioLabs, Beverly, MA) to separate the insert from the plasmid
backbone.

Restriction digestion with enzymeHindlll:

plasmid DNA (1 pg/ul) 10 ul
restriction buffer 10X (NEB2) 10 pl
15 HindIII (10U/ul) S ul
H,0 75 ul

100 pl final volume
The mixture was incubated at 37°C for 4 hours and the digestion
product controlled by electrophoresis on 1% agarose gel using a molecular
20  weight marker and undigested plasmid as control.
Once confirmed plasmid linearization, DNA was precipitated by adding
1/10 volume of 3 M sodium acetate at pH 5.2 and 2 volumes of cold absolute
ethanol.
The sample was kept on ice for 20 min., then centrifugated with a
25  minicentrifuge at 14.000 rpm for 12 min. The pellet was washed three times
with 1 ml 70% cold ethanol, dried under vacuum for 5 min, then resuspended

in 84 pl H,0 and enzymatically digested with restriction enzyme Xbal.




100 )11 final volume The mixture was incubated at 60C for 4 hours. Restriction digestion with
Xbal, recovery of the fragments to be used for cloning, ligation reaction and transformation of
competent cells have been 10described previously. The resulting chimeric plasmid
PCMV3.1H/N-rlccys-h2'cysTM-8CpG has been sequcfﬁced using the automatic A131 PRISM 310
Genetic Analyzer (Applied Biosystem), to verify the cotrect insertion of the fragment corresponding to
the 2nd cystein subdomain and the transmernbrane domain of 15 the human gene. Example 2 - in vivo
test Animals BAgsIEsHCH dquaymré ﬁﬁéﬁ"&@é@éﬁout seven weeks have been used for all

experllments._ .ZOThLe)I@J wpeasl{?‘g BS%P&I!?%%@Q%?QNH Lab %ngs (Cglco_, MI, Italy), are grown in
aseptic conditions and in accoraance w -Urdpean Co nity guidelines. Intramuscular

administration fO1Towvasthydhviverelestraremasipn To avoid Hgnmanted contractions of the tibial muscle
each mouse was 25 anaesthetized by i.p. inoculum of 300 pi avertine, made of 0.58 g tribromoethanol

(Sigma-Aldrich) and 340 00 Xe(t-00mg/aitphol (Aldrich) dissolvediin 39.5 ml deionized H,G. All mice
have began then s%? in correspondence of the tibial muscle for the inoculum. 19  The animals
have been vaccin rﬂ:%Wé%Bondence of both antero-tibialddscles, with 40 ul of solution
containing 50 ug DNA.  The DNA-containing mixture was B{Fﬁﬁred shortly before use, in conformity
with the indications of Dr. F. Pericle (Valentis, Inc., The Woodlands, Texas, USA). This solution

contains 1.25 mg/MhplasinigdN¢a§ melpi:eely:l-ghamaie Sogim: st (Signasidigh, S-r-1.,

Milano, Italia), 150 mM sodium chloride (Fluka, BioChemika, Buchs, Switzerland) and distilled water
free from enBEERFs(ASURTERIRIREed YVdidriftomdgactibriorhtiva) RiNAfinahyakimepehdeadl.

in 30 pl H,O.

10 The two DNA fragments corresponding to the plasmid backbone
(PCMYV of 4400bp) and to the insert (ECD-TM of 2100bp) were separated by
electrophoresis on a 1% agarose gel.

The band corresponding to the insert was removed and DNA eluted
from the gel using a Qiaquick gel extraction kit (Qiagen Italy).

15 In parallel, the new plasmid backbone (PCMV3.1H/N-4CpG) wherein
the DNA fragment corresponding to rat p185 ECD-TM, was digested with the
same restriction enzymes and eluted on agarose gel.

The DNA fragments corresponding to rat ECD-TM and the linearized

plasmid pCMV3.1H/N-4CpG were used to obtain pCMV3.1H/N-rECD-TM-
20 4CpG by ligation reaction.

Ligation reaction

DNA insert ({ECD-TM) (50 ng/pl) 2 ul

Linearized plasmid DNA (pCMV3.1H/N4CpG) (50 ng/pl) 1l

Reaction buffer 10X for T4 DNA ligase 1 pl

25 T4 DNA ligase 2U/ul) I ul
H,O Sl

10.ud

The ligation reaction was incubated at 16°C for 4 hours.




10After about 5 mm from the inoculum, the treated area was submitted to eleetroporation, by
application of two electric impulses having an intensity of 375 V/cm2, each lasting 25 ms, using the _
electroporator Electro Square Porator (T820, BTX, San Diego, CA, USA). The transcutaneous electric
impulses have been applied by use of two square st 9I electrodes placed at 15 3 mm from_ each other,
beside each paw. Gene immunization by electroporation was carried out twice for each animal 21 a_nd
7 days before inocylum of tumour cells. Inoculutn of tumour cells The mice have been inoculated with

a suspension contgh%éi%ailﬁ@é’%%%‘f’zté@ﬂs.‘1‘1"%§8 dems e thsrda ﬁﬁ’éh%ﬁ??riého%rl |
spontaneou [ ti lar node of a,BALB/c mouse and exp high levels
of human p%%gﬁ\q\%%%ee%’aﬁ%i}ﬁ %{TQ %%%gﬁﬁg%oﬁﬁ %e%% %dr%oclfrra%% tvv‘g? %&aﬁ%a@gﬁ\%{eekly by
palpation ang ¢theidimeensions 25 of tbe tumours were measured along two perpendicular diameters
with a calibre, Neoplastic masses measuring more than 3 mm are considered as tumours. Tumour
growth was followebt fos ivmdsips febtheiraoiarinberkimIdH 26until the tumour had grown to a

diametey higher than 10 mm, then animalg were sacrificed, Table Mice: female BALB/c 5Tumour:
D2F2-E espressi%omﬁﬁ%?ﬁﬂpﬁi%‘erlainceﬁs 100 pl |
Ligation product 5l

To méke the plasmid DNA penetrate the competent cells, these were
kept on ice for 40 min. and submitted to thermal shock (1.5 min. at 42°C and
then 2 min. on ice).

10 After adding 1 m! LB growth medium, the transformed bacterial cells
were incubated at 37°C for 1 hour to restore their physiological conditions.

The cell suspension was then centrifuged at 6000 rpm  for
1 min. and the pellet was resuspended in 100 pl LB.

The cells were seeded in Petri dishes containing selective solid medium

15 (LB with agar + ampicillin 100 pg/ml) and grown at 37°C for 1 night,
Ampicillin allows the growth of cells containing plasmid pCMV3.1H/N-
rECD-TM-4CpG which confers ampicillin-resistance.

The resulting clones were analysed by alkaliné lysis to select those
containing the recombinant plasmid pCMV3.1H/N-rECD-TM-4CpG.

20 To obtain chimeric plasmid pCMV3.1H/N-r1°cys-h2°cysTM-8CpG,
plasmid pCMV3.1H/N-rECD-TM-4CpG  was digested with restriction
enzymes BstEIl and Xbal to remove the second cystein domain together with
the transmembrane domain of rat pl85™“. At the same time, plamid
pCMV3.1hECD-TM-4CpG was digested with the same enzymes to isolate the

25 DNA fragment corresponding to the second cystein subdomain and

transmembrane domain of the human gene.




plasmids Number of mice protection antibodies pCMV3.11l1/N-8CpG 5 0% - pCMV3.1H/N-hECD-
TM-8CpG 5 100% +-F-E pCMV3.1H/N-hECD1- TM-8Cpe 5 100%

18
Digestion with BstEll:
plasmid DNA (1 pg/ul) 10 ul
Restriction buffer 10X (NEB3) 10 wl
BstEIL (10U/ul) 5ul
5 H,0 | 75 ul

100 pd final volume

The mixture was incubated at 60°C for 4 hours.

Restriction digestion with Xbal, recovery of the fragments to be used
for cloning, ligation reaction and transformation of competent cells have been

10 described previously.

The resulting chimeric plasmid pCMV3.1H/N-r1°cys-h2°cys TM-8CpG
has been sequenced using the automatic ABI PRISM 310 Genetic Analyzer
(Applied Biosystem), to verify the correct insertion of the fragment

corresponding to the 2™ cystein subdomain and the transmembrane lomain of

15  the human gene.

Example 2 - in vivo test

Animals
Balb/cAnCr (H-2%) female mice aged about seven weeks have been used
for all experiments.

20 The animals, supplied by Charles River Laboratories (Calco, MI, Italy),
are grown in aseptic conditions and in accordance with the European
Community guidelines.

Intramuscular administration followed by in vivo electroporation
To avoid unwanted contractions of the tibial muscle each mouse was

25  anaesthetized by i.p. inoculum of 300 pl avertine, made of 0.58 g
tribromoethanol (Sigma-Aldrich) and 310 ul Tert-Amyl alcohol (Aldrich)
dissolved in 39.5 ml deionized H,0. All mice have been then shaved in

correspondence of the tibial muscle for the inoculum.




- pPCMV3.11I/N- hECD2- TM-8CpG 5 100% - pCMV3.11-l/N- hECD3- TM-8CpG 5 100% -I--
pCMV3.1H/N- hECD4- TM-8CpG 5 100% -i- pPCMV3.1H/N- hECD5-

10

15

20

25

19

The animals have been vaccinated in correspondence of both
antero-tibial muscles, with 40 pl of solution containing 50 pg DNA.

The DNA-containing mixture was prepared shortly before use, in
conformity with the indications of Dr. F. Pericle (Valentis, Inc., The
Woodlands, Texas, USA). This solution contains 1.25 mg/ml plasmid DNA,
6 mg/ml poly-L-glutamate sodium salt (Sigma-Aldrich, S.r.l., Milano, Italia),
150 mM sodium chloride (Fluka, BioChemika, Buchs, Switzerland) and
distilled water free from endotoxins (Nucleare Free Water, Promega
Corporation) to a final volume of 1 ml.

After about 5 min from the inoculum, the treated area was submitted to
electroporation, by application of two electric impulses having an intensity of
375 V/em?, each lasting 25 ms, using the electroporator Electro Square
Porator (T820, BTX, San Diego, CA, USA). The transcutaneous electric
impulses have been applied by use of two square steel electrodes placed at
3 mm from each other, beside each paw. Gene immunization by
electroporation was carried out twice for each animal 21 and 7 days before
inoculum of tumour cells.

Inoculum of tumour cells

The mice have been inoculated with a suspension containing 2 x 10°
D2F2/E2 cells. These cells derive from a mammary tumour spontaneously
generated in a hyperplastic alveolar node of a BALB/c mouse and express
high levels of human p185.

In vivo evaluation of tumour growth

Tumour growth was evaluated weekly by palpation and the dimensions
of the tumours were measured along two perpendicular diarneters with a
calibre. Neoplastic masses measuring more than 3 mm are considered as

tumours.

Tumour growth was followed for 100 days from tumour inoculum or




TM-840 5 60% pCMV3.1H/N- hECD6- TM-8CpG 5 0% - pCMV3.11-I/N- hECD7- TM-8CpG 5 0% -
pCMV3.11-1114-rlcys-5 h2cys.-TM-8CpG 100%

20

until the tumour had grown to a diameter higher than 10 mm, then animals

were sacrificed.

Table
Mice: female BALB/c
5 Tumour: D2F2-E2 espressing human p185™"
plasmids Number of mice protection antibodies
pCMV3.1H/N-8CpG 5 0% -
pCMV3.1H/N-hECD- 5 100% At
TM-8CpG
pCMV3.1H/N-hECD1- 5 100% -
TM-8CpG
pCMV3.1H/N- hECD2- 5 100% -
TM-8CpG
pCMV3.1H/N- hECD3- 5 100% +
T™M-8CpG
pCMV3.1H/N~ hECDA4- 5 100% -
TM-8CpG
pCMV3.1H/N- hECDS- 5 60% -
TM-8CpG
pCMV3.1H/N- hECD6- 5 0%
TM-8CpG
pCMV3.1H/N- hECD7- 5 0% -
TM-8CpG
pCMV3.1H/N-rl°cys- 5 100% -
h2°cys.-TM-8CpG

List of oligonucleotides synthesized and wused for plasmid
construction
#1. AccllI-TAA-4CpG-erbB2 sense 71 nt
10 5’°CCGGAAGTAAATAATCGACGTTCAAATAATCGACGTTCAAAT
AATCGACGTTCAAATAATCGACGTTCAAT 3’
#2. Xbal-TAA-4CpG-erbB2 antisense 71 nt




List of oligonucleotides synthesized and used for plasmid construction gl. Acclll-TAA-4CpG-erbB2
sense 71 nt 105°CCGGAAGTAAATAATCGACGTTCAAATAATCGACGTTCAAAT
AATCGACGTTCAAATAATCGACGTTCAAT 3' #2. Xbal-TAA-4CpG-erb132 antisense 71 nt 21
5'CTAGATTGAACGTCGATTATTTGAACGTCGATTATTTGAACG
TCGATTATTTGAACGTCGATTATTTACTT 3 #3.%&”I-TAA-4nonG-erbBZ sense 71 nt 5'
CCGGAAGTAAATAATAGAGCTTCAAATAATAGAGCTTCAAAS
TAATAGAGCTTCRAAN AT RS NS STGEAAD 3T AT RENAARUnoAIE AIBEPGh#sEKse 71 nt

' A_GCT
CTATTATTYERAGCIAAPTIATAE LT 5! Hidtthinhel serse 271t 105
CTAGGAAGCTTGET IAAEITSL TGS BB Hindll-Npel antisense 27 nt

5'AGCTAGCTAGCAAGTTAAACAAGCTTC 3 #7. Xbal-4CpG-neu sense 68 nt
5'CTAGATAATCGRCGTTBAAANTRMAACEATCEGIIAARTBARGGAAT AGAGCTTCAAA

CGTT%AWQQ-%%%@%%IE’E%QAA%EXE%AGAGCTTCAAT 3’
#4. Xbal-TAA-4noCpG-erbB2 antisense 71 nt
S’CTAGATTGAAGCTCTATTATTTGAAGCTCTATTATTTGAA GCT
CTATTATTTGAAGCTCTATTATTTACTT 3’
#5. HindIII-Nhel sense 27nt
10 5" CTAGGAAGCTTGTTTAACTTGCTAGCT 3’
#6. HindIII-Nhel antisense 27 nt |
S’AGCTAGCTAGCAAGTTAAACAAGCTTC 3
#7. Xbal-4CpG-neu sense 68 nt
5’CTAGATAATCGACGTTCAAATAATCGACGTTCAAATAATCGA
15 CGTTCAAATAATCGACGTTCAAGTTT 3°
#8. Pmel-CpG-neu antisense 64 nt
5’AAACTTGAACGTCGATTATTTGAACGTCGATTATTTGAAC GT
CGATTATTTGAACGTCGATTAT 3°
#9. Xbal-4noCpG-neu sense 68 nt
20 S’CTAGATAATAGAGCTTCAAATAATAGAGCTTCAAATAATAG
AGCTTCAAATAATAGAGCTTCAAGTTT 3°
#10. Pmel-4noCpG-neu antisense 64 nt
S’AAACTTGAAGCTCTATTATTTGAAGCTCTATTATTTGAAGCT
CTATTATTTGAAGCTCTATTAT 3°
25 #11.T7 primer
5"TAATACGACTCACTATAGGG 3’
#12. BstEIl-neuleader antisense 32 nt

5’GGCCGGTTACCCGCGATTCCGGGGGGCAGGAG 3’




#8. Pmel-CpG-neu antisense 64 nt 5’AAACTTGAACGTCGATTATTTGAACGTCGATTATTTGAAC UT
CGATTATTTGAACGTCGATTAT 3' #9. Xbal-4noCpG-neu sense 68 nt
205'CTAGATAATAGAGCTTCAAATAATAGAGCTTCAAATAATAG
AGCTTCAAATAATAGAGCTTCAAGTTT 3 #10. Pmel-4noCpG-neu antisense 64 nt
5"AAACTTGAAGCTCTATTATTTGAAGCTCTATTATFIGAAGCT CTATTATTTGAAGCTCTATTAT 3'
25#11. T7 primer 5TAATACGACTCACTATAGGG 3' #12. BstEll-neuleader antisense 32 at
5'GGCCGGTTACCER B EENcetetBAGSAG 3' 22 413. hECD1-TM-sense-Nhel 35 nt

S CCGOCTAGCTAGC RO E AT R ABE EEA T 4 AR £ donse-Nnel 36 i
TR ATBALISRIIREETS i TECoL T e e s
5’CCGGCTAGCTAGCGGAGGGGTCTTGATCCAGCGGA 3°
5 #15. hECD3-TM-sense-Nhel 35 nt

5’CCGGCTAGCTAGCCTGCCCACTGACTGCTGCCATG 3°
#16. hECD4-TM-sense-Nhel 35 nt
5’CCGGCTAGCTAGCTGCACCCTCGTCTGCCCCCTGC 3°
#17. hECD5-TM-sense-Nhel 35 nt

10 5’CCGGCTAGCTAGCCCGCTCCAGCCAGAGCAGCTCC 3°
#18. hBCD6-TM-sense-Nhel 35 nt
5’CCGGCTAGCTAGCAACACCCACCTCTGCTTCGTGC 3°
#19. hECD7-TM-sense-Nhel 35 nt
CCGGCTAGCTAGCCCCAGGGAGTATGTGAATGCCA 3’

15 #20. pcDNA3.1/BGH Reverse primer 20 nt
5’TAGAAGGCACAGTCGAGGCT 3’
#21. Nhel-neuleader-antisense 43 nt
5’CCGGCTAGCTAGCCGCGATTCCGGGGGGCAGGAGGGCGAGG

AG 3

20 #22.. His-myc-sense-noNhel 69 nt

5’CTAGGCATCATCATCATCATCATAATGGTCATACCGGTGAAC
AAAAACTCATCTCAGAAGAGGATCTGG 3°

#23. His-myc-antisense-Nhel 69 nt
S’CTAGCCAGATCCTCTTCTGAGATGAGTTITTTGTTCACCGGTAT

25 GACCATTATGATGATGATGATGATGC 3’
#24. Nhel-73neu antisense 35 nt
5’CCGGCTAGCTAGCGCTGGCATTGGCAGGCACGTAG 3°
#25. Nhel-153neu antisense 35 nt




105'CCGGCTAGCTAGCCCGCTCCAGCCAGAGCAGCTCC 3'418. hECD6-TM-sense-Nhel 35 nt
5'CCGGCTAGCTAGCAACACCCACCICTGCTTCGTGC 3'#19. hECD7-TM-sense-Nhel 35 nt
CCGGCTAGCTAGCCCCAGGGAGTATGTGAATGCCA 3'15420. pcDNA3.1/BGH Reverse primer 20
nt 5TAGAAGGCACAGTCGAGGCT 3'421. Nhel-neuleader-antisense 43 nt
5'CCGGCTAGCTAGCCGCGATTCCGGGGGGCAGRAGGGCGAGG A33' 20422.
His-myc-sense-noNhel 69 nt 5'CTAGGCATCATCATCATCATCATAATGGTCATACCGG-TGAAC
AAAAACTCATCTCREAREGATANETPSIE @AGGAT GG GG SENHEIEY nt

5'CTAGCCAGATC C ATGAGTTTITGTTCACCGGTAT 25
GAcCATTATGATC?E‘%&%%%’A%@%’%E%%|-73neu antisense 35 nt
SCCOCCTACCTAINCTRCTATICREARREAGTIAG & an ARl iogpau antisense 35 it 23
5'CCGGCTAGCTAGCCAGGATCTCTGTGAGACTTCGA 3" 426. el- Neu antiscnse35 nt
5'CCGGCTAGCTASUGEBIBIGLACRANEABAACCA 3' 427. Nhel-313neu antisense35 nt
5 5’CCGGCTAGCTAGCTCCCACTTCCGTAGACAGGTAG 37
#28. Nhel-393neu antisense 35 nt

S’CCGGCTAGCTAGCAATGCCGGAGGAGGGGTCCCCA 3°




5'C CGGCTAGC TAGCTCCCAC TTCCGTAGACAGGTAG 3' 428. Nhel-393neu antisense 35 nt
5'CCGGCTAGCTAGCAATGCCGG-AGGAGGGGTCCCCA 3' SLI,P CLAIMS 1. A DNA transfer
vector containing a sequence coding for a p185' fragment, wherein said sequence is selecteg, fram the
group consisting of 5SEQ ID Nos. 2, 10, 11, 12, 13, 14 and wherein said sequence is not SEQ ID No:
2. 2. A DNA transfer vector according to claim 1, whichld a plasmid. 3. The plasm id of claim 2,
further containing a transcription promotor. 4. The plasmid of claim 3, wherein the promotor is CMV,
105.The plastnid of claim 2, further containing 4 CpG motifs. 6. The plasmid of claim 5, further
containing 8 CpBARMI&. 7. Pharmaceutical composition containing the DNA transfer vector according
to claim 1 or claim 2, or the plasmid according to any one of claims 3-6 in admixture with
pharmaceutically acceptable vehicles and 15excipients. 8. The composition according to claim 7,

which is suitahle for pargiaraj admgyistration- containing a sequence coding for a p185™

fragment, wherein said sequence is selected from the group consisting of

5 SEQ ID Nos. 2, 10, 11, 12, 13, 14 and wherein said sequence is not SEQ ID

No: 2.

2. A DNA transfer vector according to claim 1, which is a plasmid.

3. The plasmid of claim 2, further containing a transcription promotor.
4. The plasmid of claim 3, wherein the promotor is CMV.

10 5. The plasmid of claim 2, further containing 4 CpG motifs.
6. The plasmid of claim 5, further containing 8 CpG motifs.
7. Pharmaceutical composition containing the DNA transfer vector
according to claim 1 or claim 2, or the plasmid according to any one of
claims 3-6 in admixture with pharmaceutically acceptable vehicles and

15  excipients.

8. The composition according to claim 7, which is suitable for parenteral
administration.

9. The composition of claim 8§, which is in the form of injectable
solution.

20 10. A combined pharmaceutical preparation containing at least two
different DNA transfer vectors or plasmids selected from the DNA transfer
vectors according to claim 1 and the plasmids according to claims 2-6 for
simultaneous, sequential or separate therapeutic use.

11. A combined preparation according to claim 10, which is in a form

25  suitable for DNA vaccination.

12.  Use of the DNA transfer vector according to claim 1 or the plasmid



9. The composition of claim 8, which is in the form of injectable solution. 2010.A combined
pharmaceutical preparation containing at least two different DNA transfer vectors or plasmii%a §$|q§ted
from the DNA transfer vectors according to claim 1 and the plasmids according to claims 2- for -
simultaneous, sequential or separate therapeutic use.  11. A combined preparation according to
claim 10, which is in a form 25suitable for DNA vaccinaéidn.  12. Use of the DNA transfer vector
according to claim 1 or the plastnid MCGLR 25 according to any one of claims 2-6 to prepare a
pharmaceutical composition for use ir% g.le,preve;%tive or therapeutical treatment of sub&ects at risk of

developing p£858FHB&itH e RMBRE 8F Gt HIHRALHA MG RHR &P ACCIUER SO BY S s es of
p185™-expregaing lmQre 315 VAR 1158 LCRIUIIB LR FRIM AenlREMEATRBIRIRN & #QNGvaccine.

"M positive tumors, or of patients having primary tumors,

developing p185
metastasis or relapses of p185™"-expressing tumors.

5 13. The use according to claim 12, for the preparation of a DNA vaccine.




