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vectors containing pl85neu 1encodi ng sequ nces ar
use thereof in DNA vaccination against tumuf®® The

p PSSR CODING TN ACA NP THERW PRUTICAL, USES THEREOF
encoding difreren ragnents o aman or rat
oncoprotein pl85neu and are able to induce a 5
hui noral or cell-nedi ated i nmune response agai nst,

tunolhe mrepseshivatioanelgrse® plashiig e&Bré AWnkdinin19185>" -
invention also relates to pharmaceutical conpositions

ercuding deqgensedl shdties tbel shaedf thDNAUvacéPatibAeagainst tumours.
prevention or therapy of pl85I1eu-expressing tunours.

The plasrkigtsoautdrding foethienineehtion dmaiRl sequbhebs encod@godifferent
the nost studied tunour antigens, has raised great
fraginenes tofahutranget daor oncoproeeihhpt 89V agal nsé ABIBCRY induce a
due to its presence on the cell nenbrane of sone of
humheralosir aelivmediated nimannien omsponsel Sagdtsi Suthours expressing
menbrane receptor encoded in the rat by proto-oncogene
ondéogdmes frthe ExbB famibygi ng to the family of dass |
Tyrosi ne Kinase Receptors (RTKs), which also
conplhe dgvendofpilse ratiteGtovpharfareaticae copipwsificis Bontaining
(ErbB-1) and other receptors related thereto (ErbB-3,
sad [plastnidsTaret their seeforibs preweintionlordterapycef p185™ -expressing
proliferation and differentiation (Hynes and" Stern,

D Q-

tupp@ursBBA 1198: 165) and therefore attract a great

bi ol ogi cal and 20 clinical interest. The receptor

consBaekgrgundpofdhodnyentieni ngui shed domai ns: an

extracel lular, transmenmbrane and intracytopl asmnic )

dondh §9tein1 BE8SY i gne qinths weesti studied swmphesxantigensy has raised

of . rechani sns of tl nt.racel | ul'ar signal .
great 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 membrane receptor encoded in the rat by proto-oncogene

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
clinical interest. The receptor consists of three well distinguished domains: an

extracellular, transmembrane and intracytoplasmic 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

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

was first isolated. This activated neu form has a single point mutation that
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transduction and intracellular comuni cation that
regul ate proliferation and differentiation processes
(Boyle 1992 Curr. Op. Oncol. 4:156). Oncogene neu 25
is naned after the chem cally-induced rat

neur ogl i obl astoma fromwhich i2 was first isolated.
This activated neu form has a single poi nt mut ati on

rest\ﬁ‘@tiﬁ%he r@éi&c@ﬁlén@ &E@A” {tgoere %#1 q]fﬁx the s‘e'ﬁlr ueht s@bitution

con equent substitution esi due

of fl‘ﬁe &o@it@&?%‘(ﬂ"‘bf BIGSQ““U&J?CH‘ & g@&ta'i‘mc acid residue

reS| (Bargmann'et al. 1986

(Vgﬁséﬁ@h B\hr}gnaﬁ}?ehwmwca@n@ 649)!S, £ b2 2 has

een |so 5 characterised and it has been
demansd rkedubdial R hébloERA, NE¥HBES e MR be%f:id isolated and

human ErbB2 have a signifi cant honol ogy W th

chéﬁ‘ébb?ﬁ%ﬂsarﬁi ifthas PP depORiate 2 3Ratl bath YaMIBRY/Rh receptor
al . 1986, Nature 319:230). Wile a genetic nmutation

and uniéh E¥bBICHARN Gesighifident Aviflebycwitht EGRR M€ oussens et al.
receptor activation through dinerirzation, in ErbB-2

19895 iScistfte MRAGRN 182 MPHAfan6tol @t adler 1988, Nﬂw]&sss'l@nzm) While a
t he oncogene is observed (Di Marco et al. 1990, Mol.

geheli¢ .mBiaglon 19:thd2Aat; sKha@iey istthel caustDF, coulstitGane efeceptor
Res,- 77:25), even though, in rare cases, activating

acfivatidn nhratiglondirasd zatioar Nl BB ngosmi@ehammm fimyeurs an
been found (Kwong et al., 1998, Ml Carcinog, 23:62;

abedrant expmbsion260the dnbapbn€anobsetwvial (DY M) et hel 990, Mol.
overall effect is simlar: gene 15 anplification and

CelhcBedsd Oi 324% Kimsper ptian 260@) Al dCance ReseXicky), even
of p | 8 5neu nenbrane receptor, wth consequent

though, easerand  cases v&zcdim'nsg point amefthtidns | and r abrsshumdl ngplicing
gromh signals in a |ligand-independent manner. The

mephpgisais Bayeibeen doghdh engnet alat 1998.85hadaCarcinog, 23:62; Xie
extracel | ul ar region_recent orted shows that

et ahi 208Pod eNatli CaBertt &mterﬂ?séﬁZb ge ravsirall ceffeelr irasimoidar: gene
that 20 allows to interact vvlth ot her ErbB receptors,

amplifirationd pRé dnicteasendl g e atrpserigiaon slevahdletenmyigier anrexcess of

@liferation signal transductiorn (Cho HS et al.

plgéog MORArgne IgAepter,) . 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
allows to interact with other ErbB receptors, without directly binding any
ligands, and trigger the proliferation signal transductionn (Cho HS et al. 2003,
Nature 421:756).

Under normal circumstances, human pl85"" 1is involved in
organogenesis and epithelial growth; it is expressed at high levels during
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
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Under normal circunstances, human p 185 Qeu is
i nvol ved in organogenesis and epithelial growth; it
is expressed at high levels during 25 placenta
formati on and fetal devel opnent, whereas it is present
at very low levels in adult tPssues (Press et al.
1990, Oncogene 5:953). Several studies have
oveeesries siba bt fEg 5 PHuliebdh8a S BV E i )f@ﬁ% TRt et 31. 1986, Cancer
associated to the neoplastic process and to the leve

Resf. 50084 )agglasCokien #hal. 3 98D/ QDEXPEGRSE T )0
has been descrigéd in lung (Kern ée(fgal. 19 B,Bv%lgﬁ@e]rgﬂlon etal.

19885 . Scbn&d MM, 76D adehbeheinSinag! and 9894 19‘%?10 :
1), ovary (Sl am)n) et al. 1989, Science 24 :7%%%E4 8f human
maderwy aacimomas §8thmon at FGhl 989TDSEiedice MUBR 07TBHFRLYS et al.
carci nomas (Sl anon et al. 1989, Sci ence 244:707°
1993y Bathedbietogyl 61:2681.993, Pat hobi ol ogy 61: 268). The
fundanmental properties that nake p 185neu an opti nal
tar dée fundampenisiiptoparidsnahavmake:p 85"t andopffdal target for
i nvol vemrent in cell growh and carcinogenesis,
plasmeidefwaceindtinne arar i antiss t ditect direydloeinemPUin ges1Et bfowth and
instability | ose the expression of this antigen also
carcaaegenesis, thereford glemicciariants)that, dudt @ HANBEE kBRI instability,
the plasmatic nmenbrane, which makes it recognizable by
103&n$h%cﬁﬁ¥€§59é0én0fnﬂmmrmltngea‘elalsothmb tlosie fudorigenicity; b) its
expression of the major histoconpatibility system
CXPIESFIonnonp the nplasmatic @embdoane, Tvelmidh mmakesolit rédognizable by
6%% . Studies, carried out on mce transgenic for the
antibodigs g¥eR ain oiNEaeiin eells 5 thet - Rsae the wexmriession of the major

. spont aneoysly devel op p 185neu sitive mammary
his ‘gﬁf’dﬁ%t} Hm« $Y§ieiE-oNeni i dend Iﬁsnm 45 p2085nErerpi3siniinv@ol. 24:
62transplantable tunmour lines, have denonstrated the
ossibility to prevent and cure preneopl astic | esions.

VALY Firric Bk ke ciranakenigt farctie aptated rat oncogene
Hed i (b1t O e T oM<l PRrD LRIt Pasisemamroary tumous)
and?OF A Bn fm&?etls %s%ggsg‘f&&‘ﬁ pa(l)bslit?vé ?rainggija%?:able 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
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.
(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 pl185"“-positive cells inoculum (Wei WZ et al. 1999, Int.
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an in vivo protection nore effective than the plasmd
encoding for the full-length rat pl85neu or for the
extracel lular domain only (secreted antigen) (Amci
A. et al. 2000, Cene Ther., 7: 703; Rovero S. et al.
2000, J. of Inmmunol., 165: 5143). Similar results
have been reported by Chen et al. 25 (1998, I?Cancer Res
: - e S : o tk .
I aei: AEEHNOL S RAMRIPERISIS 8 U 3Bhal regponsibe fo
LT R LSO LM VR i
cytoplasfic loehligMdid ofop PABSUNGHLBOR! 6§ &l EctVe. Th
A 1808, Theo 4 Tt gCa_ni)gr it d}%éw ctive. Lhe
protuceivneinduekbasy defrélenipta §milih sy ﬁ[‘a‘ﬁhlgf MQ@(PB? a_humoral
for the processing through the endoplasmc reticufum
impherel eegpordei mhtidet &ToN e/ enshiRk! eSsioAcat 'ﬂzjl%tS'“@[‘ and by a
of pl85eu antigen, proved equally effective. e
T-prmbhotytermiedibtedd ibmlic-t es60hse! 88 Mifls WaSTf! Yytoplasmic
nmedi ated by a hunoral 5 i mmune response in the case” 0
locad iwataome (BHpneSAl en 20f 20083 ¢, of BthioI2 167: 3201).. However,
T-1 ynphocyt e- medi at ed i nmune-response in the case of
comtinpd ametmationcwithzatbaid § RindasingApeR 5% .0 vRO8predsiod in both
| munol . 1.67: 3201). However, conbined vaccination
theicytoplassmiadd thedmenrtyrapd 86nsu ngrer eRBEAFS| @N Pk@telg_%g against
the cytoplasm and the menbrane was nore effective in
turgeyr geowHy (Rigahoski MPCettalm@00 1gToMamiiee 6ge BRI et
al . 2001, J. |nmmunol. 167: 3367). Thus, the bal ance
bet Wéds, dhef balence i atwcenr adififersrt rirahane sfespoib@hindlBanisms
particularly inportant (Reilly et al., 2001, Cancer
might begpartgaoyrly importansr(R etllyaet dleen00bsrarr@drtRaes. 61: 880).
the vaccination with plasm ds encodi ng fo_r
Morepyshelt | hasabeeinabsarsed eab rthnevabmimatien ofith gilapmids encoding
185neu ? able to eradicate 15 tunour nasses .y\nth 2 mm
fmﬁ’ﬁﬁ%ﬁ?éh an gshtrapngpembimno fdapkins et edB58%ss mble to eradicate
185neu’ through a nunber of different effector
turﬁ%%rh MASSEY VWL Zham dhameters yepamindlcubimeo! aels Toverexpressing
ideh €, cel]s, antibodies, macrophages, neutrophiles,
pl rltml:;rr TORER | % puper of Flff@%@etp@%ﬁgtorgmwhamsm oérthe immune

sys%enr% Pf r}fléhrniern Sa%m'd Mi‘flrér cells, antibodies, macrophages, neutrophiles,
natural killer cells, Fc receptors, gamma interferon and perforins), which
cooperate to tumor rejection (Curcio C. et al. 2003, J. Clin. Invest. 111: 1161).

Description of the invention

Various constructs encoding the human or human/rat chimeric p185
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
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

S0 as to create chimeric plasmids.



10

15

20

25

cooperate to tumor rejection (Curcio C. et al. 2003,
J. din. Invest. 111: 1161). 20 Description of the
invention Various constructs encoding the human or
human/rat chinmeric pl85 proteinh have been inserted in
plasm d vectors and used in i Ui zation experinents
aimed at preventing tunmour progression. For plasmd
consTheigplaomids THaERY! DURAIHE HYERBepd SonAta L fl
contai ning the 25 transmenbrane domai n and portions
experimetisadel hidealindaumated Ovide QhRRIrNdelld CHERXDARing human
been prepared from ErbB2 oncogene sequence, or
pRAHY. Piasthithr enftaininy erbeedted forAGEsE ¥ 8 SPNONBLORPES antitumor
sequences fromthe rat Her-2/neu cDNA" so as to create
reehiiwiy i megisedi 8. kBlerThamd! IQ@P‘_E:QST t Dﬂﬁﬁﬁ&:%ts?!\gﬁﬂc chimeric
have been eval uated in vaccination exXperinmenhts in mce
plasmidd atdedediah mnt ibrdyrrespons e A rRX HoEs hiungar AR Qa%%éﬁ 5ne,
pl85neu Pl asm ds containing truncated fornms of pls
i ndUBas¢daon ghtiresmits ofr éRotiivei Expefamieatsehly Fa!shhgé containing
and_ hel per T |ynphocytes, while chimeric 5 plasmds
pli&dUcsadiuencennbleotty indspons straggi igiuRet fesPBiBE FBoth cellular
rat p | 85neu Based on the results of in vivo
angy pemionehtype haee pleas redscieantBhevenglasmitis 85BRILt of the present
. sequences able to induce a strong inmune response of
IngeRtoRetonihar a sequemnemonabdiype HEYEbeeprsehessiedied from the
These pl.asmi ds, object of the present invention,
STEUAt ePRsisiing rﬁf‘eéeﬂao dW¥ngl-d 4p (Bbmaeu ahdagae185™" reference
selected fromthe 10 group consisting of SEQ I'D N
sequancesh g vaitablat aipi@ene u Baskeraenessios equattsds MEI730 and
vai.l abl e at Gene Bank accession nunbers ML1730 and
X Fesnestiyebt)i vel y) . According to the idnv_entl on, p
SneD encodi ng sequences can be inserted in any '
élzgaz‘rﬁcﬁ?r‘i/l‘é‘gtt@rfg‘%{}g’?%‘l)@, Pd8Shlremeodihg ne@ex&agcrran be inserted
. [ 15 encodi ng sequences, the asm ds can
n E%?ngg S%‘Eﬁcf’?%tﬁ’é-’r @ﬁéﬂf&@t sf%fohumaahsaihilgtiistnationntBeﬁides the

L og-particul ar a prompter placed upstream of the
eneﬁ%lglgi ffgduences, e rTpﬁasmlds can contain functional elements for

transcription control, in particular a promoter placed upstream of the encoding

Qacf‘cination
0

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
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 8, up to a maximum of 30. 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
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
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sequence, preferably the CW pronoter, start and stop
transcription elenents, selection markers, such as
anpicillin or kanam cin resistance genes, CpG notifs,

a polyadenilation site or transcription activators.
Transcription control 20 el engnts shoul d be conpatible

wWth the use of the vector in humans. In a preferred

. _ Cd , . caat ai )
cofREHIdP opss AR bAE GIRGR! R RIALARYS AL A above in

as Ry \Qiftlé S%arm&%gmﬁé&p%&ﬁfwm Zg&%fgg?ize’nts. The

acteri al r Inin crophages to secret I

ph¥fth&deutital €ohpddsi6es, M ﬂﬁmlﬁwstfbppaﬁmteﬁdwcﬁhinistration,
kiTTer cell's, “thus 25 activating a T helper _

préﬂéfﬁfﬂlgq}ittﬁenﬁﬁhﬁb?qnj&ﬁmé‘%élﬁ%ﬁ, Bré-.cotvelentd8ded for DNA
J. Exp. Med., 186: 1623). Therefore, the insertion of

vaéiitatiBh! PsiniciplRk afil thetREEH €5 DN hededBatibe dr8TRHSwn to the
response. Ina further enbodi nent, the invention

skille@Virdeife artPAyad BRe litliosed, for erampie ! IPMiGEARI2D039 J Int Med
one or nore different plasm ds as defined above in

253s30zi ati on with pharmaceutically acceptabl e vehicles
and exci pients. The pharnmaceutical conpositions, in a

f or I adbthad| @nbodinpeits the ileratdon Providdsl ®#rombined preparation
preferably in the formof injectable solution, are

conoivigni frehyt twedpfaferabNAab lasestciom] intore pireiferabiby as least eight
and net hods for DNA vaccination are known to the

diffdent @dasnmidshfor assimudtadeons; sdgalensed orf supaextengdminiktration to a
Liu MA 2003; J Int Med 253: 402. In another

sulgyebbdr petient.t he i nventi on provi des a conbi ned
preparation containing at |east two, preferably at
| eaBlastwids, compespiafsearabprepatratiomst aciogtiing fiddthe invention are
different plasm ds for sinultaneous, sequential or .

use prapacecndtie of sherappuical dreatmeen et subjectraat sisk. of developing
Pl asm ds, conpositions and preparations according to )

plBhe positd dumOuss, wsepatientprevithiprimasy theeurseulictastasis or
treatment of subjects at risk of devel oping )

relgpstneb-pdsi t rpesitiysotwmoursy Bravieation wrnnbemrimayy, when the
tunours, netastasis or

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 from treatment with the plasmids of the
invention are those of epithelial origin, in particular pulmonary, ovary and
mammary adenocarcinomas and, more generally, tumours expressing the
p185™" protein.

Detailed description of the invention

Construction of the plasmid backbone of pCMV3.]

To construct plasmids encoding human p185 ™" fragments and chimeric
plasmids, the pCMV3.1 plasmidic backbone was used. Fragments deriving
from human proto-oncogene ErbB-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
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15 rel apses of pl85Re positive tunours. Prevention can

be primary, when the tunour is not manifest,

secondary, when the tumour is in the initial phases as

a preneoplastic lesion, o tertiary, in the case of

tunour rel apse or nmetastatic Jprocess. Tunours that

can benefit fromtreatnent with the plasm ds of the

. ti . , L n e o o
SO By SRl B8 HRMAlaP LA ) fhe replcaion orgin

anﬁC{ﬁ@%?Iy%VQUZ;ﬁ'&tMﬂ,%E%%{Fé;?fﬁ%gﬁtgalfﬂéﬁ icine resistance and

expressi'ng th pl85ne’ escripti

sxgz]go Itoﬂlﬂ AAUBNEIOR iSRRI THE! Fam1ahet %@kﬁaﬁqi’amk@gyvu)

3. I" To conStruct plasm ds~encodi ng human p

uct | _one S
prédedt JorRRVantaAMd 66MPBIEE t02PiaPhRS SEZ\IAB!IG. PrP'\ﬁgré% lthe size

pl asm di ¢ backbone was used. Fragnen eriving

redWtih 106 FID00BE OAAN eh&ErBBrod ot LIV i R fbviane @eﬁﬂ@nces contribute to

pr ot o- oncogene  Her-2/ neu cDNA have been inserted In

ingrebdBiranéfedrbh leffieicy M Va0, Italia) by removing with
restriction enzynes Dralll (ntl531) e Bsm (nt3189) a

7 Uoagrraetionlof NasmhbpCaavai Rdrp@2 he replication
origin fl;, the replication origin and the early SV40

pr okhinedn EHB BN CoBidigeldl Ofrdif OplAainiid HEVstbBICChas been
and SV40 pol yadenyl ation signal. The resulting

ingsepwtidf irethepnasitiple ChéAME. sile off pSRIV3ISDPR rReMBRIGD8Res HindIII
conpared to native pcDNA3.1. In fact, the size 5

and eXbak. i Dinist pla883@ ibpuseddfamhehe evmstiuction bf Plesaids expressing
sequences contribute to increase transfection
truathiedardB "R’ and/chintams ptasehidsn of plasm d pCA4V3. 1
er bB2 Human ErbB2 cDNA, obtained from plasmd
pSVeobBZuctias begn plazsds edcontdihtngrul tHep| aeglontdd 4XCpG:
site of pCW3.| at restriction sites Hndlll 10 and
PCHbES. 1 HFKR- TMad@p & arsd pEdTBol hEGO-TddsdnapGon of
pl asni ds expressing truncated p 185e and chimeric _
pl abhteasrenmvadt ok dAqeEngs uwoding dhe sintiacytdplesmic domain

sequence 4XC[1)V([3 . .
from plasmid pCMV3.1-erbB2, two plasmids coding for proto-oncogene

ErbB2 extracellular and transmembrane regions were prepared. The procedure
comprised first the restriction analysis to identify the unique sites present in
the nucleotide sequence of ErbB2 cDNA. A unique site recognized by enzyme
AccllIl (nt 2195) about 20 bp downstream of the end of the transmembrane
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 used two synthetic sequences consisting of two sense
(oligonucleotide #1, #3) and antisense (oligonucleotide #2, #4)
oligonucleotides having the restrictions sites AcclIl 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
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pCW3. 1hECD- TM 4CpG and pCW3. JhECD- TM 4noCpG After
renoval of the sequence encoding the intracytoplasmc
domain 15 from plasm d pCW3. 1-erbB2, two pl asni ds
codi ng for proto-oncogene ErbB2 extracellular and
transmenbrane regi ons were prépared. The procedure
conprised first the restriction analysis to identify

bebr Rl CMYS TRERDTEACRG BE Jb S H I ENERGS CoG.
ACCUo'ns&%tir%r%%ar( az%gutpdlaPmPc@s d&yw%?&cfh Phe t Qg%ﬁé%eof 8XCpG:
t he transnenprane O"domal n was | dentd f1 ed. e

PCHVIDIBNAECETBBCYRES ah 8 PR 33 FOMHENEDS RN BRo£56 | |

present as unique festriction site and enzyne X

To T8-AdP Bitthé! adftRiffc SRt @he stipr NV O bonsREcfddPBhew plasmid
ECD-TM the nucl eotide triplet TAA, recognized as

bad kPt B6h@InkoP inth SR stin¥BlatA dCH0 seyiMiRL] €alled pCMV3.1
sequences consSisting of two senSe 25 (ofigonucleotide

H/H14CHS, Mkdt}ﬁﬁtﬂlﬁgﬁﬁ WO SONIYB, #%0 #¢)ko remove one of

ol i gonucl eoti des having the restrictions sites Acclll

thetigo ¥&atictiont s Tof figks enzyinetREE afilThiReft 16 SR BRSPS sites for
there are al so four repeated sequences CpG and noCpG

Hid8HI landtNnel presead oastheagaltiple ctohin@kite HieareandoMeWynthetic
pl asm ds have 8 been naned pCW3. 1hECD- TM 4CpG and

sequerd3. |dunCititlg 40DCopfo Gensd r (dligonuodleotide PF3SMamts antisense
cont ai ni ng the sequence 8XCpG pCWwW3. 1H NhECD TM 8CpG

(olagehyutdiide H6) N EgIRuthe @idesp &n Taiadew pladraid, assaasd fpCMV3.1
i mune stimuli we constructed a new plasmd 5

H/Nadibo sgntimetiaisaquencesi hwen deshi mdeatdd)gediisting of two sense
sequences, called pCW3.1 H N-4CpG For this purpose

(olvgonumdedtidel HICMI3. dhds antisertse mesteveides g obifz ontubtedtive #8, #10),
restriction sites for the enzyne Pnel and invert the

contegningcfowm repeags foor theHOPEH | dAndambCp@l spqesreses am theeunique
multiple cloning site by means of a synthetic

resgdefiien cetesonshalt png Bmelwohyermba {inggpAMVSol | HEN#5CpG and
and antisense 10 (ol igonucl eoti de #6

4neCpGonddieseriiteres DNA tfingmenis magmzm-ﬁ@péh pOiNVARLCD-TM-
4noCpG have been inserted in pCMV3.1 H/N-4CpG and in pCMV3.1
H/N-4noCpG respectively, thus obtaining two new plasmids called
pCMV3.1H/N-hECD-TM-8CpG and pCMV3 . 1H/N-hECD-TM-8n0CpG.

Construction of the plasmid containing the sequence of the second
cystein domain and transmembrane domain of human pl85":
pCMV3.1H/Nh2°cysECD-TM-8CpG

Sneu

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
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 BstEII: in addition to the site in the same position as

that of rat (nt1372), a further BStEII site (nt963) is present in the portion
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H' N, two synthetic sequences have been inserted,
consisting of two sense (oligonucleotide #7, #9) and
anti sense nucl eotides (oligonucleotide #8, #10),
contai ning four repeats for the CpG and noCpG
sequences in the uni que rest A ction sites Xbal and
Prmel , thus obtaining pCW3.1 H N 4CpG and 15 4noCpG

endb@ingarl ther 1O\ rxo et Seﬁ%ﬁé%%ﬂ(gé?ag}ﬁlgcg i ﬁéﬁéla% plasmid

4noCpG have beén inserted 1n pCW.

O3 NDLTMEE pGS i 7Lt A1 Nign
P new pllglélﬁnhgs cal |l ed IB%C%%{ 1PII—|/&III\I- HEC%i&f n?g%%d gng)ﬁl)ﬂ@ fragment

conéiae 161 thehBRdl ) cyE Mr8ip GRGextitlillgt demdh, dH@ Jgansmembrane

plasm d containing the sequence of the secon

dofiaih Sithe dRqRERcABTHG ARITRAS! FNANHATBOMSY/ = | TN s obtained.
pl85neu, pCW3.1 H Nh2 cysECD- TM 8CpG Human p 185neu

Thentthacsiphall for oSk sebpstdch Ghi&8th Be WA pEAERRSreticulum
rich in cysteins, known as 1st and 2nd cystein

was Uinsdrisdiby eagymeatic PNA 2nthiefiShtion @Reretahﬁohgtus_q% sense
sequence containing only one site BstEIl (nt1250) in

olighaueotidtr acedibtih@rofiaiei primee al"‘ﬁd(zcil?dﬁlﬁbleﬁﬁhéoﬂ fe which
region that separates 1st cys from 2nd cys, the cDNA

recogmimrsc ehof TheRB¥ r polinhetase, dprevient oht BHB2éEENIdVO0f the
restriction sites for BstEIl: in addition to the site

pCMV3t Hd/Naneulpipde t chming  sifeat wfd ran (@ntib3®ad . odigonucleotide
further BstElIl site (nt963) is present in the portion
(olggomarvdentide #129 WBtingytheoBstBH aiter acdtd ¢hdr AlfveRi purification,
Digesting plasmd pCw3.1H NnECD-TM 8CpG wi th Hi ndl ||
enzyigatiet gigestignDNA theagmeptified ofdgrhemy witht hest2ivtiozy enzymes
fromthe extracellular domain, the transnenbrane
Higdlkhiand BstEE eaprbsubs@set aidnime, pCAWi3dIHANKIdy4-NM-8CpG
was obtained. 5 Then the signal for rat pl85neu
(FigedpekioheenrehtginedndFegidbpl Bbis plasmid uvasmusedsin vaccination
inserted by enzymatic DNA anplification (PCR reaction)
CXRESITRENE: skhshaven| it epmmparest i withe sMY3 g JdfNhEE€D-TM-8CpG.
rimer T7 (oligonucleotide #11) which_ recognizes the o
Thé?ry:a ) HE DN gy ereaflingtfornthenBigiomiprgtein hdtween 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 cDNAs, respectively, allows to increase the immune response.
Construction of the chimeric plasmid containing the sequence of the
first cystein domain of rat pi85neu and of the second cystein domain and
transmembrane domain of human (nt I-nt 1250): pPCMV3.1H/N-r1°cys-
h2°cysTM-8CpG
Unlike the rat cDNA sequence containing only a BstEII (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),
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pCW3. 1H/ N nul tiple cloning site, and an anti sense
ol i gonucl eoti de 10 (oligonucl eotide #12) having the
BstEIl site at its end. After purification, enzymatic
di gestion of the anplified fragment with restriction
enzymes Hindl Il and BstEll ad® subsequent cloning,
pCW3. 1H Nn2cys-TM 8CpG (Fig. 1) has been obtai ned.
v o ( FhOshel ' ] sused. agti nat i~en
L e e B e e T fia.c] he extracellular

dobdAh EER: %@éﬁ%@ o%ﬁxe-rﬁ%f@ﬂfﬁ?é inHe54TRE iz%os(it%ﬁ‘ both in the rat

encodi ng r the fusion proteln between Cys an

cDIN ANSBRIERH ag%‘é)%)iiz{hd( ?ﬁt Y 1 a2 YONa! (t1'3¢2tﬁbb”9a!?lowed the

sequence and 1st * cys 1-nt 1250) of the ra

coRSPHARGEE 0P aSp1asRId RIbEP 36 @Acod B FESIORSHEddCE BRtWEen TRE 1% cys

entire protel n sequence by the fusion of portions

dehumbAD ™ r o8 It fagd diberiil %Vﬁﬁ%miﬁj% §YM-8CpG with
M Tows to iﬁ%grease the Frmine response. 20 § Py Wi

restABEbA WaziyAesHTiddIEl ahd BMEY Allewed 16 20pRicBitHe DR fragment
sequence of the first cystein domain of rat pl85neu

endddingf foherasepofsi°tysdRbtiofl ORBhlaRgitht (RSHEIBOAHE sequence
domain of human (nt 1-nt 1250): pCW3.IH N-rl cys-

enb@ding THdr8fap Q sondyiskebtdiged ahr i digasess PNV NECD-TM-
only a BstEIl (nt1250) site in 25 the extracellular

40p@ayith tine shme énvyinies. MU padd W 6£plasmidpCNVBaIHIEs 1°cys-
the first and the second region rich in cysteins, the

h2eEAMROpGCe@igf 2) bonsisit ofag ¢ldrticar ofldiBi 4 of ri&lr pE8 e and a
two restriction sites for BstEIl: one in position

poft3di? of 7Y, amefitumre pl 86" SeTheénaew qissthhk WENEV3i1H/Nrl°cys-
position 963 (nt), 10 i.e. in the sequence portion

h22eysdMARCPGr hhe Weemysusédt him extacetwdtion arexpdommems using
The presence of the BstElIl site in the sane position

pOdEVE . IV N HECR: TV BN Gl omai reqrhpatatiye ateroin Shephisimgly, the
eDNA (' 1372nt) allowed the construction of a plasmd

plasinid qoding dovitheachinséron pprtettutndbetsieemicate dshplete pFotection
and human 2nd cys. In fact, digesti n& ]

agpoM/ImeRN- epiesIingsopaaninlS T eéTabky)i dihiepzetession is similar
Hindl Il and BstEll allowed to replace the DNA fragnment

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
trasmembrane domain of human p185 neu

Construction of seven plasmids that encode decreasing fragments of the
extracellular and transmembrane domain of human p185™*
pCMV3.1H/NhECDI1-TM-8CpG (-70 aa), pCMV3.1H/NhECD2-TM-8CpG
(-150 aa), pCMV3.1H/NhECD3-TM-8CpG (-230 aa), pCMV3.1H/NhECD4-
T™™-8CpG  (-310 aa), pCMV3.1H/NhWECD5-TM-8CpG (-390 aa),
pCMV3 1H/NRECD6-TM-8CpG (-470 aa) and pCMV3.1H/NhECD7-TM-
8CpG (-550 aa).

, hnamely:

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



10

20

encoding for rat pl85 neu secretion signal with the
nucl eoti de sequence encoding for rat 1st cys obtai ned
t hrough di gestion of pCW3.1rECD-TM 4CpG with the
same enzymes. The product of plasm d : pCW3.1H N-rlcys
10 h2cysTM 8CpG (Fig. 2) consildts of a portion of 412
as of rat pl85neu and a portion of 274 as of human
! . | ) _
of BEONARNIDHCL, PALUR SARES arP Bl 43 Riogter (deletions of 240
bpy_si ng pCW3. 1H N-hECD- TM 8CpG as conparative terns.
Surprisingly, the plasmd coding for the chineric
r oThESe FAGwedits INAvE BekndoBtaiiidEh e IPKPA &5l tl-gr’ ification,
ggai nsfhtum)urs g(épr@essinng hﬁﬁanbgl 85ne5&£i‘}glg?e .aml%ll t;c
usiBpOtse@kh Odififeredit Nsbide JlfediafledtidiiC 8ty Nhe] restriction  site
p 3. | H N-hECD- TM 8CpG. reover, analysis of the
(olbgsrmcdéotidere MEC#10Rt d ivd t EndOidd PARSNHReld8 oligonucleotide
evidenced a simlar antibody titer towar d]? human™p
oligimeleids WaH able oo r@a%,qﬂge deer SRY NGlfdaspRMNA3.1/BGH
( of 't he extraczetf)l ul ar and 0 trasnenbrane QOnaiEBE of
Reveryenpiididng néte” G839t 83C i PPraxens av e P4 agall &Y R3polylinker of
encode decreasing fragnents of the extracellular and
pCM¥dshefirtheretaenaymatit digestion WEinedstriedi®h ¥nzymes Nhel and
pCW3. 1H NhECDI - TM 8CpG (- 70 aa),
PmpCVethpl Hi ddiiedDpr Jda A SiGEve (bdda0 chajed iélM?CMVllH/N -neu leader,
pCW3. 1H NhECD3- TM 8CpG (-230 aa), p 3. 1H NhECD4 25
previe@lpGitaidied inaprtng Ev/3edidtiNnEiphal T8 3k @ndofRnsia) reticulum
pCW3. 1H NhECD6- TM 8CpG (-470 aa) and
of pnwBS IFY iwh E€DTicTivn S@sG TheSBIN A dyagrilemtf afagnegrl85™" secretion
encoded by the first of these fragnents is 70 as
signalehes ipeniabtapie3 by bpyymatic tBNA Ahiplifiicatiohensingr primer T7
gradual ly 80 as shorter (deletions of 240 bp). These
(oligogyetsntiden bl heasn ssmsei nudlagyideNandnz gnatmntisense nucleotide
anplification using seven different sense
(Ollﬁw}ﬁml%gzhbwlm ﬂ‘ﬂxqﬁrﬁete pleits rangk Ime simplified fragment after

purification and restriction digestions with HindIII and Nhel has been cloned
in 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

truncated forms pCMV3.1H/NhECD1-TM-8CpG (Fig. 3),

pCMV3.1H/NhECD2-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 p185™" (Table).
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).
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|i gonucl eotides 413419) at its end and an
gngssegse ol i gonucl eoti de (oligonucl eotide #20) able
to recognise the site called "pcDNA3. 1/ BCH 'ReverSE
primng site" (830-850 nt) present at the 3' end o
the polylinker of pCW3.1. FulZher to enzymatic
digestion with restriction enzynes Nhel and Pnet,

tt j a en: din_.
Tgﬁp %qtffvﬁﬁ?ﬁgﬁﬁf'eageéj‘%e?oﬁgrgi?b%%@b?%%;ﬁ’fji Eﬁe,nlgf,gsecreted
° . . | 2 P ' sus: sequences
SRS e Al SO ERG  LHR?hen
enoymat e, BRA enaio b R e R0 S BB a2 endoplasmic
enzymati c anmplifi _
ret il gon el eaifod@atdddl 8BaSERSEudUS! GOk Frihoacids at the -
egiﬁltiggﬂse ﬁfﬁ:l ggti de (ol g.onuc?eot | gle g’%‘l? %“?W%ﬁbq
N&l;t terminig, < oeidl exfhén ai@hbidid Jf PEEER! pﬁﬁﬁaﬁ}ﬁ 4h¢ membrane.
urification and restriction digestions w [
Thengfotegito Hasthbeesricy oNak vifon ﬁﬁiﬂd&t&ﬁWﬁné 'ZYf'\Jpﬁ extracelllular
digested with the same enzynes, thus obtainrng ] e
amsCiaBsiniditbrane dosediar of NaARHMOPES SHPHESS g&:r‘%f:tlg Expressed, new
different truncated forms of human p 185neu It
plasmids edding forefvsiin plgeisesRRset epizeld %?y?{o%gs{ﬁgrc Atdhe -NH,
signal to the endoplasmc reticulumof Tat p e
tepnEYs werergaratgdt Mhegd fecumbah 86t H61®ns are recognized by an
pCW3. 1H NhECD1- TM 8CpG (Fig. 3), pCWS3.
APHINIGECDORTAI0BEh gy, Aiherp@YS3 i HNPREERITME Riilyse their
(Fig. 5), pCwW3.|H NhECD4- TM 8CpG (Fig. 6) as well a
expﬁ%ssé;‘lfh@fldIlocqiisaﬁmhdawmcﬁl-hﬂhﬁﬁ%oﬁp& 8CpG, prot ect
100%.of the vaccined mce against a l[ethal inoculum
of tUbuR @M splesmiéssodinghuivrn théSgemt{C.'ﬁabgig)lal  the rat
Plasm d pOW3. 1H NnECD5- TM 8CpG (Fig. 7) prote ts 60%
eHS?Sfaﬁg“ﬁﬁFHﬁP]élm (e lederivantl doplthe mhgls epitope has been created.
CW3. 1H NhECD6- TM 8CpG and pCW3. 1H NnECD7- TM 8CpG
Clg?ﬁﬁn@ h%“%@?? C8istbpuh e oyRtittiesefiante caglngs oF a sense

. [ ft r cells expressing human p
(°1|i§@‘hh‘g‘{lel?ggwgwaﬁé a%ggﬁﬁ belegonypeledtide # 2Xpheeinehtthoth ends

t i fferent ' m ds_are not secreted through the
theeﬁgb% A iﬂFeﬁhgﬁISHﬁ\ inritke abispasitial weamsentisd so that, once

coﬁggtll'}g rif:gea%ed, 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
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
truncated forms are located in the cytoplasm. 3T3 NIH fibroblasts have been
transfected in parallel with plasmid pCMVS.lH/NhECD-TM-SCpG and
analysed with confocal microscopy using c-erbB2/c-neu Ab-3 monoclonal

antibody (Oncogene, Boston, MA) as primary antibody and a
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necessary for glycosilation and for their processing
t hrough the endoplasmc reticulum or conformtional
changes due to deletion of am noacids at the 5 NH2
term nus, could explain the absence of protein
products in the nenbrane. Thet?fore, to further
verify if the various truncated forns of the
FERCramghgdtod ahntiandu HPI?a i i
pl85neu %vere correctf’e{/a&%gﬁes egi,%t%e S?ggdﬁ?ggg@’ooslaﬁlg Diego,

CHOr If wab ciuspobdezt 68 thiianaghe E(?lﬁdrp&?ﬁ:@lg}r%ge%ﬁ 17 membrane.

the -NH2 term nus were generat ed. rreconbi nan

Theotasults abmined ogsingeehdVris FuraYlhsdus W%?Lb;é@?'previously

anti body, therefore It is possible“to anal yse
(pE30dNeSs SHANhBED | o 86pG, on by  confeaes)3 MEEARSECRY>-TM-
First a new plasmd cogi ng for th?secr%ﬂ%n &8% Ttl\g 8CpG,

PENEVB AH/NHEOPBaEM -8 Opg,i cul um ( Frng
the nyc epitope has bé?n creat ed@g‘g%{i%hﬁgg%%gghd 8CpG),

degnonsteate dhat astelpular Sxppdratel & SERUIBHC SO BH Fh I PreFention.

sense 15 (ol igonucl eotide #22) and antisense
Howevgoniiciseanowa #28) comeindraieda! Ac8Psfont BE tmgéellular and
SO

hsite.1 The Nhel site in the 5 position was nutate

wparal teapensecés mecebsaryi fat @dmoké oRRECHVR! theEQEN!

by the enzyne. W thus obtained the .(R‘?@ily ot al,

2 neey Rigs fi1e881@). -Awy alreqdyt dpscriBdd th thiei StV i88pdragraph, the
t he sequences encoding human p 185neu truncated forns

chimpeichpricil omearlad by hplasmid i EVIVS 1RONST T eeyhhetcydTM-8CpG

. PEFI. Then, 3T3 NI H fibroblasts have been transfected

1S pRI/ 4 Peotedh 1001 of thedsacsned ahimafseatdats 881298 duce a strong

uglnv'trogen, .Mlan, Italy). After 48 hours the
humoralresporse ethantiege been anal ysed with confocal
m crgscopy, ,using a FITC-conjugated anti-nyc
monGAVBREIC BIgsTHE8\ehlsitgnenaider farhfise | diffeMehaman-rat chimeric
lggagby). It has been thus denonstrated that all the
PIB8dsmi ds- encoded 25 truncated fornms are located in the

cytgplasm 3T3 NI H fibroblasts have been transfected
7 gg{, gtﬁe e.f:owtpﬁctﬁﬁlhsqﬁr @.lmjdg. eoiitgEdD: ThBOREe aprbteins, we
L e R R
pCRIVAR BN CRAREN W 26 134 pCMV3.1H/NhECD4-TM-8CpG. These
four plasmids protect 100% of the vaccinated mice against a lethal inoculum
of tumour cells expressing human p185"°".  Also  plasmid
pCMV3.1H/NhECD5-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 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
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
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FI TC-conjugat ed anti-nouse secondary anti body
(PharM gen, San Diego, CA). It was thus observed that
human ECD-TM i s expressed in the nenbrane. The
results obtained using the first four plasnds
descri bed previously (pCws. 14y NnECDI - TM 8CpG
pCW3. 17H NnECD2- TM 8CpG, 5 pCWwWa3. 1H NhECD3- TM 8CpG,
(ol 1dckidd WMESDh M RGhsed, IGMRRS KAt Bvé hattisdnse have been

cellular response is sufficient for antitunour

dedigR¥ENd Q"éco%ﬂiﬁ‘eﬁ‘\fﬂf cDNAI inkﬂi’é'mpﬂd'p& GRRItEIHROradE Rifve the
activation of the cellular and hundral "response is

resfe6tess asive fRr AHaIr at etheRclende (HesomicleBtiaes Y#24-#8), After
2001, Cancer Res 61:880). As already described in the

pulfie¥iion Sapdrdigeson wht Ad3uChiion’ tezifle¥ dimdgrcadadNyel, the
plasmd pCW3. 1H N-rl "cys-h2cysTM8CpG is able to

amplifiedctird@Qnnf Haie \treal ieskbravd Nl shanctdreespoh@in® plasmids
I nduce a strong hunoral response in the mce.

(pCRIVERLEYNNEGCDI dEMaBOpG,0 encode pOMYVBVEHANAEESTDEMTM-8CpG,
man-rat chineric pl85neu 15 For the construction of

pCM W3 nildANEBAD 33 TM+8 @iGyrer i ¢ pr ot @OMV 3\ H/SRIBCD4dTM-8CpG
pCW3. 1H NhECD1- TM 8CpG pCW3. 1H. / NnECD2- TM 8CpG,

pCHPOVN I HAWINBETR TMAR (G amrcd pAigdésteld Wi CDheT a8 Gestriction
These four plasmds protect 100% of the vaccinated

enzyimes. dgahns way wetdidhineddiud new mihsmidoable e tede for chimeric
expressi ng human pl85Rel Al so plasm d 20

projemy T 68 NreaCos- WhidiCd G VedSdrp delorg ¢otredirietven sitt Nhel used
protects onl 60% of the vacci nated m ce, because the

forgthe spagduetion éieﬁwdﬁ:l‘i fatrandomipabyDINA aFhe fpresendeaos these two aa
encoded by pCW3. 1H Nh2cysECD- TM 8C pG (275 aa), which

renges bethshpmengind 186 pesidennbetedoctytie, W can
hypot hesi ze that the petpti de sequence of 17 as _
cor Fge sBHusrie prateinpstienfor kwnpogel §5o7° deerdastngpprthons and

of an., 25 effective inmmune response. DNA fragnments
rat em&%di n@W%%Slﬁgtpcﬁﬂ?%eP#Emlﬁoh@l\ﬁ‘d@elfﬁéféfhﬂrgﬁﬁlaédTMf-SCpG

(Figy AQRERveas) 73 A of the fat plEs™ eitboetlvlar domain and 614 aa of
human pl185™". 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-8CpG (Fig. 12) encodes 233
aa of the rat pl185™" extracellular domain and 454 aa of human pl185™"
Plasmid pCMV3.1H/Nr313-hECD4-TM-8CpG (Fig. 13) encodes 313 aa of the

5neu

rat pl8 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
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 pl85™.

Moreover, the animals vaccinated with plasmids encoding the five different



ol i gonucl eoti des having all the sane orientation,
nanmely that of T7 primer 14 (oligonucleotide #11),
have been used, while the five anti sense have been
designed to recognize rat cDNA in the proper positions
and have the restriction sité&Sfor Nhel at their ends
(ol igonucl eoti des #24-#28). After purification and
N L friot . L

chiBERE PO bl oRPLEHakPER, S8 HoRibhs MoplyB b Hhour cells

exﬁ@ﬁiiﬁgﬂﬁfh%ﬂlgmg'asm ds (pCW3. | H NhECD 1- TM 8CpG,
pCW3. | H Nnh -TM 8CpG  pCWwW3. 1H NnECD3- TM 8CpG,
pCW3. 11 [/ NnECD4- TM 8CpG  pCW3. 1H NhECD5- TM 8CpG and
digested with the sane restriction enzynmes. In this
way we obtained five new plasm ds able to code for
chinmeric 10 proteins of 689 aa, of which 2 (Val-Ser)
bel ong to restriction site Nhel used for the
conj uction between rat and human DNA. The presence of
these two as renders both human and rat portions
heteroclytic. The chineric proteins differ for human
pl85Rei 1 decreasing portions and rat pl85ne
i ncreasing portions. Plasmd
pCW3. 1H Nr 73- hECDI - TM 8CpG 15 (Fig. 10) encodes 73
as of the rat pl85nell extracellular domain and 614 as
of human pl85Reu. Pl asm d pCW3. 1H Nr153- hECD2- TM 8CpG
(Fig. 11) encodes 153 as of the rat pl 85neu
extracel lul ar domain and 534 as of human pl85eu
Plasm d pCW3. | H Nr233- hECD3- TM 8CpG (. Fig. 12)
encodes 233 as of the rat pl85nel extracellul ar
domai n and 454 as of human pl85ne. 20 Pl asm d
pCW3. 1H Nr 313- hECD4- TM 8CpG (Fi g. 13) encodes 313 as
of the rat pl85neu extracellular domain and 374 as of
human pl 85neu. Plasmd pCW3. 1H Nr393- hECD5- TM 8CpG
(Fig. 14) encodes 393 as of the rat pl 85neu
extracel lul ar domain and 294 as of human p 185n0A
I ndi rect evidence of the nenbrane expression of
human/rat chineric p 185ne encoded by these 25
pl asm ds has been obtained inmunizing mce wth the
“five new plasm ds and
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with pCW3. 1H N-rl cys-h2cysTM 8CpG as positive

control. The sera of all vaccinated mce contain

speci fic anti bodi es agai nst human pl 85neu Moreover,

the animals vaccinated with plasm ds encoding the five

different 15 chineric prot i ns are al so protected

W:]hg a lethal i no ul um ur cells expressing

Hrep?eitgé"eri@% a S?H’éo‘ﬁ ee';s"gﬁ’tor]erﬂ‘;@}?t?r@)?f’dém§%ts ﬁ%‘&?lﬂsewelow and

{s disclosed bel ow and

h nbodj
|H@'°@g de ! F%“SWSP%L% s 1to 13. 1. A DNA transfer
VECL Or ACON A ﬁhﬂ%ﬁjﬁ%ﬁ%ﬁtﬁﬁfﬂ@g §%Je?xgg g‘lﬁﬁgtﬁ?r a pl85"eU-

fragnent, wherein s sequence I's se

gfrﬁgﬂne%@,n@hélfélﬂgaﬂf SC%EQHC@ it @efﬁ[c)lt\ém@ {‘rr%gnn g‘l? ér Lga cgnsgtmg of SEQ

aI@tNdlrm;q slamg 9\Nﬂocmlﬁza130|1asmd 3. The
pl asm d of cl aim 2, } Ut t Her cont ai ni ng a transcription

p2.onot ArDNAdtranbRer Mededh ééc@fdlﬁgﬂbml.%m wWheyiatR id Qﬁ)lasmld
pronotor is CW. 5. The plasm d of claim2, furt

cant ai Thegladnid G alkink 2, futBeBcortatink astrhfs@ip tRirfiprmotor
5, further containing 8 CpG notifs. 7. Phar rraceutl cal

cbnposThe phesaddtcfi olaing 3a vibdbein ronotee iPCMV,

according to any one of clainms 1-6 in adm xture with

phar neEleeiplasatitiyof daimed;, fbtthey etritaimagandpéxsiqifent s.

8. The conposition according to claim7, which is

Sui t abTke posmpdradimlaimals, fuﬁhexjnmmmﬂtmgt& GpG Motifhe
conp03|t|on of claim8, which is in the form of

inj ect ahﬂréla@éutmaloncommsltmmonbntmmln;ghaarmBNA| ¢ednsfer vector
preparation containing at least two different

ﬁ\cﬁg iag é%CZHWdIW eleamgs 116 6in fadmixitwngl weible oplmrmaceutically

[ separate. therapeutic use. 20 11. A
gﬁ?ﬁ’i’éle BF]é‘ﬁé?Sa‘%I? BXGIPEPHSI ng to claim: 10, which is

'§7 a f’fHe 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,
10. A combined pharmaceutical preparation ccentaining  at least two
different plasmids according to claims 1-6, for simultaneous, sequential ox

separate therapeutic use.

11. A combined preparation according to claim 10, which is in a form
suitable for DNA vaccination.

12.  Use of a plasmid according to claims 1-6 to prepare a pharmaceutical
composition for use in the preventive or therapeutical treatment of subjects at
risk of developing p185™" positive tumours, or of patients having primary
tumours, metastasis or relapses of p185™"-expressing tumours.

13.  The use according to claim 12, for the preparation of a DNA vaccine.
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sui table for DNA vaccination. 12. Use of a plasmd
according to clains 1-6 to prepare a pharnmaceutica
conposition for use in the preventive or therapeutica

- treatnment of subjects at risk of devel opi ng pl85neu
positive tunmours, or of patietfits having primary 25
tunours, netastasis or rel apses of pl85eu-expressing
tunmours. 13. The use according to claim12, for the
preparati on of a DNA vaccine. 15b EXAMPLES Exanple 1
- Construction of plasmd pCW3. 1H N-rl cys-h2cysTM 5
8CpG To construct chineric plasmd

pCWXAMptEScyS h2cysTM 8CpG we started fromplasmd
pCW- ECD- TM whi ch expresses the extracellular and

t r apg AR ane CdaERUBLIGH dfhlaBmi8 PEMAIIEINGY °84s-h2°cysTM-
2000, Cene Ther., 7. 703). pCW-ECD-TM was di gested

8Cw3 h restriction enzynmes Hindlll and 10 Xbal (BioLabs,
everly, MA) to separate the insert fromthe plasmd

backbosensties tahiglerion plisgsislt pOMWIBL THQHZMW%HBIWMC&STM 8CpG
plasmd DNA (1 g/1) 10111 restriction buffer

we(3teB2) f6mgblabmiti FOMV-ECDIUIM, SHich AP rébsey ttﬂé)@xiracellular
final volume The mixture was incubated at 37C for 4

anddrarsnaerdbtdie dogesd | e ratppd85Tt (@omidiokt efl RP00, Gene Ther.,
el ectrophoresis on 1% agarose gel using a nol ecul ar

7: 203 0epGMV REReT Mawhsudifiegest edtiprestrictioas eagyines ! HindIII and
Once confirmed plasm d |inearization, DNA was

Xbpl e(Bimha@sedBWerhjddiM@) 16 18eparvhtenethef idsédts dcbmnmthe plasmid

b a;(%et ate at pH 5.2 and 2 volunmes of cold absolute

ackbone.

Restriction digestion with enzyme HindIII:

plasmid DNA (1 pg/ul) 10 pl
restriction buffer 10X (NEB2) 10 ul
HindIII (10U/pl) 5ul
H,0 75 pl

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
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
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 ul H,O and enzymatically digested with restriction enzyme Xbal.
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et hanol . The sanple was kept on ice for 20 mn., then
centrifugated with a 25 mnicentrifuge at 14.000 rpm
for 12 min. The pellet was washed three tines wth 1
m 70% col d et hanol, dried under vacuumfor 5 mn,
then resuspended in 84 1 H Ol&nd enzymatically
digested with restriction enzyne Xbal. 16 Restriction

di W 91s KRV ; esuspended in H20 (10
g) ggih{lr%lgeﬂs‘?%eg{a‘%Wﬁ%?@&m%a?msz) 10 1 BSA | QOX

( 10D0A Fesushehded YR 3,0 g%@)) 5 ul g41p0 1 The mixture

was i ncubated at 37CTfo urs and t'he digestion

pr oR¥strictRs Wi st p@Xa(q\@Ingd dried 39 Mescri bed above.
DNA was resuspended in 301 H20 10 The two DNA

fr aBSent e0xXqnIesRri)ng to the pl asm’lohlbackbone (pCW
of 4400bp) and to the insert (ECD TM of 2100bp) were

sepXibal etl0Wsml)el ectrophoresis on a 1@4@9& ose gel. The
band corresponding to the insert was renoved and DNA

eluted fromthe gel using a Q aquiigh mel extraction
kit (Qagen Italy) 15 In parallel, the new plasmd

bacKbenmixipedMdad Hhdu¥4iRE) atBTogl Tor thenh A iﬁﬁgﬂﬁﬂtdigestion
corresponding to rat pl85 ECD-TM was digested wt

praduet veanErechrtated andrdrény ysrdesaibeRhbé RS DN 285986 uspended
el. The DNA fragnents corresponding to rat ECD-TM ang

in 3@l Hxeari zed plasmid pCW3. | H N-4CpG were used to
obtain pCWwW3. 1}{/N-rECD-TM 20 4CpG by ligation

r eatl¢ otwo LDJdAI dragneantsi ocorresponding to the plasmid backbone
(PCMV 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).

In parallel, the new plasmid backbone (pPCMV3.1H/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-
4CpG by ligation reaction.

Ligation reaction

DNA insert (rECD-TM) (50 ng/pl) 2 nl
Linearized plasmid DNA (PCMV3.1H/N4CpG) (50 ng/pl) 1 ul
Reaction buffer 10X for T4 DNA ligase 1 ul
T4 DNA ligase (2U/ul) 1l
H,0 Sul

10.ul

The ligation reaction was incubated at 16°C for 4 hours.
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DNA insert (rECD-TM (50 ng/l) 2 gl Linearized
plasm d DNA (pCW3. I H MCpG (50 ng/1) 1 1 Reaction
buffer 10X for T4 DNA ligase 1 1 25 T4 DNA |igase
(2U1) 1 gl H20S5I 10. 1 The ligation reaction was
i ncubated at 16C for 4 hours. 117 The ligation product
was then used to transformthe E. coli bacteri al

st r gihe 1§n Bﬁu@@Wa@rﬂhéh &8ld fo RAMRIP/BNMHBIE coli bacterlal

conpet en Wlt the CaCl2 technique. Transfornation

tegr Rave H é}@rmsd@ebnb,t?&‘eﬁf h@th the CaCl
Str%gfgaﬁo%4gﬁblﬁgﬁ%n&g§odﬁg g | To make the plasm ge a2

tedBiqpenetrate the conpetent cells, these were kept on
ice for 40 mn. and submitted to thermal shock (1.5

M nTraisféekadibl ofttheadteMal strain D3 o: 10 After addi ng
1 mM LB gromh nedium the transfornmed bacterial cells

wer €onmsetbat bactetiaBedls or 1 hourgopt estore their
physi ol ogi cal conditions. The cell suspen5|on was

t hehigsidn pfoied at 6000 rpmfor ¥ gin. and the pellet
was resuspended in 100 | LB. The cells were seeded in

Pet o diakkethec phisaiidi DY /5 @eaetriave tholdodhpeingroelkd thefe were
with agar + anpicillin 100 g/m) and grown at 37C for

kept ongb¢ for AGpmai.l drichswbrhivvesl tdéheagtraMshook ©eb!in. at 42°C and
contai ning plasmd pCW3. 1H N- rECD- TM 4CpG whi ch

thepo? meins oangeeki | | i n-resi stance. The resulting cl ones
were anal ysed by al kaline lysis to select those
conddiari até:hngel melc b grawmth peakuing the transformed bacterial cells
pCW3. 1H N- r ECDTM 4CpG _ o N

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 ul LB.

The cells were seeded in Petri dishes containing selective solid medium
(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 alkaline lysis to select those
containing the recombinant plasmid pCMV3.1H/N -rECD-TM-4CpG.

To obtain chimeric plasmid pCMV3.1H/N-r1°cys-h2°cysTM-8CpG,
plasmid pCMV3.1H/N-tECD-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
DNA fragment corresponding to the second cystein subdomain and

transmembrane domain of the human gene.
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20 To obtain chineric plasmd _

pPCW3. 1H N-rl cys-h2cysTM 8CpG,  plasm d o
PCW3. 1H N-r ECD- TM 4CpG was di gested with restriction
enzymes BstEll and Xbal to renpve the second cystein
domai n together with the tr ab&nenbrane domai n of rat
p 185neu At the sane tinme, plamd pCwW3.1hECD TM 4CpG

vespeiaedhadieREY he same enzymes to isolate the 25
DNA fragnment corresponding to the second cystein

subgiasmiid TAQA (1t nmbrane donai n ofigt,)e human gene.
18bplDi gésti on (\Mptl%ﬂ%);tea |- plasm d DNA (ltll .tg/l) 10 |

Resresteiction BuftéreroX (WEENEB3) 10 | BosyEll (10U/1) 5
15 H0O75 pl 100 1 final volurrne The m xture was

I nc C for 4 hours. Restrictk di gesti on
Wt%b%ggrg%@?/e@zvery of the fragnents toqjk:}e used for
cl oHb®g, |igation reaction and transfgsrgtion of
conpetent cells have been 10. described previously.
The resulting chineric plasmd 100 pl final volume
pCW3. 1H N-rl cys-h2cysTM 8CpG has been sequenced

usi Tige nhigture tvoasinicabARld RRICIE 804 Goned.i ¢ Anal yzer
(Applied Biosystem, to verify the correct insertion

of Resirictiagnadigestiomrwith X¥bali, ngcovertyhef e dysdraems to be used
subdomai n and the transnenbrane donmain of 15 the

forlemingy digatiobx@aptien 2nd transfovmatientof dwrhpedeat cells have been
Bal b/ cAnCr (H 2d) femal e m ce aged about seven weeks
desgribedippevionsld for all experinents. |
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 domain of

the human gene.

Example 2 - in vivo test

Animals

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

The animals, supplied by Charles River Laboratories (Calco, M1, Italy),
are grown in aseptic conditions and in accordance with the Furopean
Community guidelines.

Intramuscular administration followed by in vivo electroporation

To avoid unwanted contractions of the tibial muscle each mouse was
anaesthetized by i.p. inoculum of 300 pl avertine, made of 0.58 g
tribromoethanol (Sigma-Aldrich) and 310 pl Tert-Amyl alcohol (LAldrich)
dissolved in 39.5 ml deionized H,0. All mice have been then shaved in

correspondence of the tibial muscle for the inoculum.
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20 The aninmals, supplied by Charles River Laboratories

(Calco, M, Italy), are grown in aseptic conditions

and in accordance with the European Comunity

gui delines. Intranuscul ar adm ni stration foll owed by

in vivo el ectroporation To avéPd unwanted contractions

of the tibial nuscle each nouse was 25 anaesthetized

by The. anf@ald uhawf B6&h Okvag¥Rfatddein ﬁeeﬁe%so défed of both

tri bronmoet hanol (Sigma-Aldrich) and 310 | Tert - Anyl
antetceibeal tbkelel CWith 40 §3 @i tutich 38nfiMingds ARIBRIA H20

All mce have been then shaved in corréspondence of

t heThe bDNA resaghmin@r miiwre Nocs! piepated JhertBNibeXote use, in
have been vaccinated in correspondence of both

comformiity- twithaltheruinliestiony tdf 40r.! Fof Pedlold | OMalentis, Inc., The
containing 50 g DNA. The DNA-contai ning m Xture was

W qurdipad s dT sstes; tU§ADeThie sokeion Bon®@id Q178 tyg/ 1T ?lésﬁﬁid DNA,
indications of Dr. F. Pericle (Valentis, Inc., The 5
6 mpmall polysL-FlexamatdUSAJiunTbak (SogmalARdEent Rirns Mifmo, Italia),
mg/ M plasm d DNA, 6 ng/nl poly-L-glutamate sodi um
15G ainiM ( Svdjmen Athdoricle, (Blukal . BidChemdka,| Baichs) ,Swit20rlad) and
_sodium chl oride (Fluka, BioChem ka, Buchs,
disBlied z vatend)freandfrodi senddtentivmt @fudlears f Frmw eWinepxi PEomega
(Nucl eare Free Water, Pronega Corporation) to a final
Corpsiratienpto a final vidumfetafil adout 5 min fromthe
i noculum the treated area was subnmitted to
el etfteppbeut Sonin Byorathe inetulom,dhetivented aeta neas submitted to
I mpul ses having an intensity of 375 V/cnR, each
ele¢tzaperiagions bisapnisatipn Etwp edeetoisoimapuseEheaeing abgnagesity of
Paratoy (T820, BTX _San Diego, CA USA). The
37 s ueaTodasting s23 e, usipgl thes elentrorretorafileced Square
by u square_steel el ectrodes placed at 15 3
P Orﬁ¥ﬂrf 2@%2&6231“?& hed 1BiagodeCéacHSfw. Tentransenianeaus oslectric
. b el ectr.oporati.on s carried out twi ce for each
lmpéﬁf’%*’a‘ﬁ been aiplbl%\gg'e‘f‘%ﬁ ef twosanane steel elanirodes ptaced 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 diameters 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
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5 0% - pOW3. 1H N-hECD- 5 100% +++ TM8CpG
“POW3, THAINTECDT= T00%— TWM 8Cp G pCWSTHIN—hECD2=—"5
1009@lasphids cpG poyWBimbeef AECH3- Spraiegtom M 8 @ntibodies
pCMV3.1H/N-8CpG 5 0% -
pCMV3.1H/N-hECD- 5 100% +++
TM-8CpG
pCMV3.1H/N-hECD1- 5 100% -
TM-8CpG
pCMV3.1H/N- hECD2- 5 100% -
TM-8CpG :
pCMV3.1H/N- hECD3- 5 100% +
TM-8CpG
pCMV3.1H/N- hECD4- 5 100% ++
TM-8CpG
pCMV3.1H/N- hECD5- 5 60% -
TM-8CpG
pCMV3.1H/N- hECD6- 5 0% -
TM-8CpG
pCMV3.1H/N- hECD7- 5 0% -
TM-8CpG
pCMV3.1H/N-r1°cys- 5 100% +++
h2°cys.-TM-8CpG
List of oligonucleotides synthesized and wused for plasmid

construction

#1. AccllI-TAA-4CpG-erbB2 sense 71 nt
5’CCGGAAGTAAATAATCGACGTTCAAATAATCGACGTTCAAAT
AATCGACGTTCAAATAATCGACGTTCAAT 3’
#2. Xbal-TAA-4CpG-erbB2 antisense 71 nt
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pCW3. 1H N hECD4- 5 100% ++ TM 8CpG pCWS3. 1H N-
hECD5- 5 60% - TM 8CpG pCW3. 1H N hECD6- 5 0% -

TM 8CpG pCW3. IH N hECD7- 5 0% - TM 8CpG _

pCW3. 1H N-rlcys- 5 100% +++ _h2cys. - TM 8CpG Li st of
ol i gonucl eoti des synt hesi zed 2hd used for pl asm d
construction #1. Accll|-TAA-4CpG erbB2 sense 71 nt 10

S CCHAGATG MOCEREGATEPAATIY G AAGFTOGANATTTGAACG
AATCGACGT TCAAATAATCGACGT TCAAT 3"~ #2.

MTAFSEACT > 21 5
TC@%@%C% j%C%&%CGT CGATTT;TTTGAACG

TCGAT TAJI TR HHEHAEIBBE TsEnde 71#&%
Accl I'l - TAA-4noCpG erbB2 sense 71 nt

CC@MQE@MMM%@XA@%WMT&GAGCTTCAAA
TAATAGAGCTTCAAATAATAGAGCTTCAAT 3' #4.

TAXUBA GHBAMCAG AT ABT AGASEEECANTH 5’
CTAGATTGAAGCTCTATTATTTGAAGCTCTATTATTTGAAGCT

CTAFT AMBIIGPAGCTESCPAETIBRT bhdisen#éb7 1 Witndl 11- Nhel sense
27nt 10 5 CTAGGAAGCTTGITTAACTTGCTAGCT 3

5’CTAGATTGAAGCTCTATTATTTGAAGCTCTATTATTTGAA GCT
CTATTATTTGAAGCTCTATTATTTACTT 3°

#5. HindIII-Nhel sense 27nt

5* CTAGGAAGCTTGTTTAACTTGCTAGCT 3°

#6. HindIII-Nhel antisense 27 nt

5’AGCTAGCTAGCAAGTTAAACAAGCTTC 3’

#7. Xbal-4CpG-neu sense 68 nt

5’CTAGATAATCGACGTTCAAATAATCGACGTTCAAATAATCGA
CGTTCAAATAATCGACGTTCAAGTTT 3°

#8. Pmel-CpG-neu antisense 64 nt

5’AAACTTGAACGTCGATTATTTGAACGTCGATTATTTGAAC GT
CGATTATTTGAACGTCGATTAT 3° |

#9. Xbal-4noCpG-neu sense 68 nt

5’CTAGATAATAGAGCTTCAAATAATAGAGCTTCAAATAATAG
AGCTTCAAATAATAGAGCTTCAAGTTT 3

#10. Pmel-4noCpG-neu antisense 64 nt

5’AAACTTGAAGCTCTATTATTTGAAGCTCTATTATTTGAAGCT
CTATTATTTGAAGCTCTATTAT 3’

#11. T7 primer

5’TAATACGACTCACTATAGGG 3’

#12. BstEIl-neuleader antisense 32 nt

5’GGCCGGTTACCCGCGATTCCGGGGGGCAGGAG 3’



#6. Hi ndll1-Nhel antisense 27 nt

5' AGCTAGCTAGCAAGTTAAACAAGCTTC 3" #7. Xbal -4CpG neu
sense 68 nt 5'
CTAGATAATCGACGTTCAAATAATCGACGTTCAAATAATCGA 15
CGTTCAAATAATCGACGTTCAAGTTT 3' 8. Pnel - CpG neu

anti sense 64 nt

TTATTTGAAC GT
C@TTAT%%%EW@%M -4noCpG neu sense 68
AT T A A L SRR e S T AR A et
gnm%‘%%%prr%ﬁ%ffﬁ&k&fﬁmﬁmﬁww
CTAW@'UG"G@W’PKW@G@@@%@T&E’E@AIESII%QQQGA 3’

5' TAATACGACTCACTATAGSG 3

5 ant iEISNSEGS3 MTM-SerZeCREET 3 4G COCGAT TCCCEEEEECAGCPAG
3' 22 # 13. hECD 1-TM sense-Nnel 3 5 nt

5' COBECIAGCTREGCTA CUIE SO ARTARET & CTAEEATG 3°
hECD2- TM sense- Nhel 35 nt

5' CEREChAGDAQRAGKEHSeCRET SAHECAGCGEA 3" 5 # 15.
hECD3- TM sense- Nhel 3 5 nt

5' COGCCTRAGCTANGCTINGUATGCX T CCTGATRG c 38 cTaC 37
hECD4- TM sense- Nnel 35 nt
5' CECECERGLIATINICAHEENRET¢F GEC( - CCTGC 3'

10 5’CCGGCTAGCTAGCCCGCTCCAGCCAGAGCAGCTCC 3°

#18. hECD6-TM-sense-Nhel 35 nt

>’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
S’CTAGGCATCATCATCATCATCATAATGGTCATACCGGTGAAC
AAAAACTCATCTCAGAAGAGGATCTGG 3°
#23. His-myc-antisense-Nhel 69 nt

S’CTAGCCAGATCCTCTTCTGAGATGAGTTTTTGTTCACCGGTAT
25 GACCATTATGATGATGATGATGATGC 3’

#24. Nhel-73neu antisense 35 nt

5’CCGGCTAGCTAGCGCTGGCATTGGCAGGCACGTAG 3°

#25. Nhel-153neu antisense 35 nt



#17. hECD5- TM- sense-Nhel 35 nt 10

5' CCGGCTAGCTAGCCCGCTCCAGCCAGAGCAGCTCC 3" #18.
hECD6- TM sense- Nhel 35 nt

5' CCGECTAGCTAGCAACACCCACCTCTCGCT' CCGTGC 3" #19.
hECD7- TM sense- Nhel 35 nt
CCGGCTAGCTAGCCCCAGGGAGTATGTGAATGCCA3' 15 #20.

pc DWCGGGTR@@I‘AGGEA‘GH&AZIQZ'P ’
S ey L ASCT TG ETGTGAGACTTCGA 3
Nhe F26e INted d23 3 el argeRage 33 nﬂt S
CCGGCTAGCTAGCCGCGATTCCGEGEGEEEL, 4GGAGGECGAGG  AG 3' 20
#225° G(K%GMA@@’EAG@@@CC@PT@CACCGGGCACAACCA 3
5' CTAGGCATCATCATCATCATCATAATGGT CATACCGGT GAA!

AAAKACT SIECTIARRAGABSARETEon8' #23. His-nyc- antlS
ense-Nhel 69 nt 5'
CTASCAGGCTAGTIABGTCACHTTT CH G GRTAGGRAG 3°
GACCATTATGATGATGATGATGATGC 3' #24. Nnhel - 73neu

ant #28ndel s I3neusdntReRET ASGEAGCGCT GGCATTGGCAGGCACGTAG
3" #25. Nhel-153neu anti sense 35 nt 23

5' CEUCOGCTAGCARBTAATGTBGG ATCAE GGG HRB:CCA 3°
Nhel - 233neu anti sense35 nt

5' CCGECTAGCTAGCGCCCTTGCACCGGEGECACAACCA 3" #27.
Nhel - 313neu anti sense35 nt 5

5' CCGGCTAGCTAGCTCCCACTTCCGTAGAC. AGGTAG 3'  #28.

Nhel - 393neu anti sense 35 nt
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5' CCGGCTAGCTAGCAATGCCGGAGGAGEH TCCCCA 3" 24  CLAIMS 1.
A DNA transfer vector containing a sequence codi ng for
a pl85' - fragment, wherein said sequence is selected
fromthe group consisting of SEQ 5 IDN. 1, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14. 2. The DNA transfer
vector according to claim1l1, whpgh is a plasmd. 3.

transfer vector according to claim?2, further
Mi ng a transcription promotor. 4. The DNA
transfer vector according to claim3, wherein the
pronotor is 10 CW. 5. The DNA transfer vector

. . ' o 4 G _
1ot 75D Sl B etanaranEatech Ssbeies wgaie dpsianp 185"
. -ai_ni . ifs. 15 7. ..
et SRR Bt BB g éemug gRsisging of SEQ
' f.clai lto in
I O B At B Bt oA J Sccept abl e Ve ol es
Il Jti ng, to cl.aim
2?f‘dmﬁ?‘%‘hﬁ’@”fgéﬁ%swé‘c‘?og?a%ﬁﬁfiw%'es%%lg‘ﬁﬁﬁﬁn-»\'cn@beg@ihn;asmld-
| ' { | Ai. : ichis. ..
30 hatBNR Rl YReRie ALk Jo R 4 dlfeR spntaining o
tr@ﬂ?ér'?ﬁﬁ&‘l‘bmlotcﬁr eparation containing at |east two
er ent

diff transfer vectors according to any one of

cl ai [ eptial or .
Hoeparare theranelt et B SHERE o R Misyh the promotor is
Ccmpeparation according to claim 10, which is in a form

sui tabl e for DNA vaccinati on.
5. The DNA transfer vector according to claim 2, further containing 4

CpG motifs.
6. The DNA transfer vector according to claim 5, further containing 8§
CpG motifs.
7. Pharmaceutical composition containing a DNA transfer vector
according to any one of claims | to 6 in admixture with pharmaceutically

acceptable vehicles and excipients.

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

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

10. A combined pharmaceutical preparation containing at least two
different DNA transfer vectors according to any one of claims 1 to 6, for
simultaneous, sequential or separate therapeutic use.

11. The combined preparation according to claim 10, which is in a form
suitable for DNA vaccination.

12. Use of a DNA transfer vector according to any one of claims I to 6 to

prepare a pharmaceutical composition for use in the preventive or



12. Use of a DNA transfer vector according to any one
of clains 1 to 6 to prepare a pharmaceutica
conposition for use in the preventive or 25

t herapeutical treatnent of subjects at risk of

devel opi ng pl185e positive tunours, or of patients
having primary tunours, netastagss or relapses of

e sin urs. 13. The use accor neu
ﬂpel%%)%tff)mf%aimteﬁ Oérsg’g’é?% on of véLfm&eeVeqoBmg pl85
positive tumours, or of patients having primary tumours, metastasis or

relapses of p185™*“-expressing tumours.

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



