@46~ LLrrerritrrrrrerrerrrrrrrrr et it bl *159159*

)~

n.

1 PLASM DS CODI NG FOR P185" PROTEI N SEQUE ANTS
AND THERAPEUTI C USES THEREOF The presﬁmmmﬁ M@
refers to plasm d vectors contai ning S
coding for truncated and chineric fornms ofi5g59185C
protein, and use thereof in DNA vaccinati on agai nst
Her - 2/ neu (ErbB-2)-positive Lunors that expr ess
pl85110 protein. Plasm ds according to the invention
are capable of eliciting a protective inmune response

PLASMIDS as€ODINGt iPOR/_ 853" T PROTEINYt SEQUENCE
unor s.

|nduct|on agal nst pl185, oroteln expr essi ng

A NDHTH) . HEREQFi cal
conposi tions containing such plasmds and use thereof
in preventive or therapeutlc treatnment of pl 85C

osi tj,ve tunors, Back nd of the [pvention ..
Kleopngﬁ ipreseat | mvspt liL'f"”Fe fO tRIasmibrYRstOTE e FPRtajning DNA

BRI SR AR g B e
tHéfEUf AR Qﬁ&lﬁ‘ﬂﬁdrgﬁgﬁngt-rﬁ@-ﬂnm' rbB- @Eg@&iﬁ% t1'{1&‘?\ors that

host i Mmune system can recogni.ze these or ma
Ot pL83"Prdt Bl PRadnBidR AREBrdifdko tHE Ghvertidl 8 cdfi®le of
host from tunor onset and devel opnent. To be a tardet
dicitingta protectise immune tréspoapy which A\basest on apéived@ and/or T
at hogenet | c role in a certain stage of neoplastic
lgmhoﬁyte bladyetiewr t aBﬁ@SbyplflﬁmneprQWn@mpecﬁemgmemame The
to. clonal variants which no nore

YpRted HEheF Totemsoto iR RaEFIti “empplionsseplaining such

I .ecoQ ed b bot h bodi e d T,,.,.u
PobERE L, “5'5' BoRE IS HANEGE S oitralE bPane hinas
SVORIRS: [ n recent years. Anmong them pl85C, the
%ﬁt ein prgduct of Her-2/neu (ErbB2) oncogene, is a

Background of the invention

Neoplastic cells often differ from normal cells in that they express_
several protciné abnormally. Due to this anomalous expression, some proteins
can act as Tumor Associate Antigens (TAA). This is because the host immune '
system can recognize these abnormalities and elicit an immune response that
might protect the host from tumor onset and development. To be a target of
antitumoral immunotherapy, a TAA must:

* have a pathogenetic role m a certain stage of neoplastic growth;

¢ be detectable by immune system even when the tumor gives rise to

clonal variants which no more express major histocompatibility
complex (HLA) glicoproteins;

» be recognized by both antibodies and T lymphocytes.

Several TAA have been discerred in human carcinomas-in recent years.
Among them, p185™”, the protein product of Her-2/neu (ErbB2) oncogene, is a
particularly suited target for immunétherapy (Lollini and Forni, 2003, Trends
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inferset  Witly gethersiEsh

<. ®particularly suited target for inmmunotherapy (Lol lini

and Forni, 2003, Trends 111211211 1011 LELED TLHETI
FEEErE rerer e 1l *000002* 2 I mmmunol . 24:-62) .
pl85ct’ is a nmenbrane receptor of class | receptor
tyrosin kinase famly, which al so enconpasses the
epi dermal growth factor receptor (EG- R or ErbB-1)
and other related receptors ((ErbB-3, ErbB-4) which
play a key role in cell prolsferation and
djfferentiation (Hynes and Stem 1994, BBA 1198:
gwyunoy13%" 62) ®d8pt ois privembrane aeceptors abelass dexdceptos tyrosin

three donmins:. i h extracel lul.ar domain (EC donain),
HBSE, AU nEhich e, RHF MRePS LIS Mg Erope Toctor receptor

(EIPRGOPIET 8 o SETTAS PR e ety «
Ak xold i EQE) zml;]ﬁ%r fofi %ﬂu&’ilffegé}:ggti?% E?l'y%gsl(j glg% :ﬁgqrﬂg 1994, BBA

beéen described to be conpose
(11881165)) I/ CRI," 111/L2, and |V/CR2) for approximately
630 amno acids in all. It has been further shown

t hat plE‘““ reueptoei prooes ean’ ib@i Sukkdivided "Atd QAAreedbmBins: the
allows it to interact with other ErbB receptors,
gxtrasqlintar domain (R0 demain)ythe wransmembtane @oalaid ETMtdodihin), and
i gnal _even_ if this protein binds no |igands directly
?laj?oug{apmop!asmmogpmm ufl€ 4damaipke)Reqeptly,2/ theu EC  domain

B B S 2 S St
rhi B G190 08 e b Shdodh .,

O EREXHL/R2 S ATV TR ifsr %g%@g&%%?%g%ﬂloya&@slﬁeaﬁ g&has been

gene anplification. He . oncogene |
butharxshowasthat p 18538 qurbteBDhas 9 fri i@ FoRfoymatier, GVRiH B Slows it to

and such an overexgr ession is related to a nore rapid .
( steeptors,edimérize, 188D, indicdee maasdikfion of
703. . Am)n%at&?e di fferent strategies which have. been
Broofiziatgn siggal \exer ik dhis goteén bindsong digandseflirectlyi (@ho et al,
i gkty an i nmmune response to '
g@@f"ﬁ’%’%—“?&s?#@ve tunors. Even though p185'1 "
gg?;gilé‘r&?ﬁleé‘ (E%80) Ql%dg%ﬁg’ is 'iSVol%e&’ "ot Gldtmy I1c3:r|?)clesss<’:s of
embryonic organogenesis and epithelial growth, while in adults it is expressed
only at faint levels (Press et al., 1990, Oncogene 5: 953). In humans,
overexpression of this oncogene is mainly caused by gene amplification.
Her-2/neu (ErbB2) oncogene is ovérexpressed in about 30% of mammary
carcinomas, and such an overexpression is related to a more rapid tumor
progression (Slamon et al., 1989, Science 244: 707). Among the different
strategies which have been proposed, DNA vaccination seems to be an effective
method to elicit an immune response to Her-2/neu-positive tumors. Even
though p185™" protein is a “self” antigen, i.e. a protein which is normally
present in the body, patients with p185™“-positive mammary carcinomas often

exhibit an immune response, both celiular and humoral (Signoretti et al., 2000,

J. Natl. Cancer Inst. 23: 1918; Disis et al., 1994, Cancer Res. 54: 16; Peoples et



«-5 present in the body, patients with pl85 -positive

manmmary carci nonas often exhibit an i mune response,
both cel lular and hunoral (Signoretti et al., 2000,
Natl. Cancer Inst. 23: 1918; Disis et al., 1994,
Cancer Res. 54: 16; Peoples et 3 al., 1995, Proc.
Nat|. Acad. Sci. USA 92: 432). One of the -objective's
of antitunoral immunotherapi,es directed towards
pl85neu protein is to increaSe the response intensity
ts w a pre- eX|st|nga|nnune response, or to

I(j)’én %t e e LARC; @G‘@s p¥hs &¥SAn IR arideht One nof/\ﬁbhnnobjucaves of
SRQnse i s undet ect abl.e The f l{f p185"
s‘ﬁaﬁwal mung@ﬁapwg ifcgisd tOWasdy BIYaprpiein isde dnorease the
I t t at Th
A f FE O G s
fgbﬁeﬁ-ﬁteua?i H&nﬁﬁ‘@l respabéeqatgdaﬁgné R vl ﬁﬂ% Yes onRNABJ&:lﬁtngble

-vaccination in el an | nmune

Thefactrthatip] SEATRbIEIS & & HRMredmtipes ehfamﬁﬁémk 38bé&ne must be
Her - 2/ neu- positive tunors. These studi es have prove

aMttomeMen animmdnbtobahntestdte of preneopl.astic
| esions is an accessible goal. In particular, in :
‘exper Theifventorseaf thatingtartvpstentrappliceticte vedre phe: firstofsing and

h .
ﬁ?‘g@atane%Foef’ﬁ'é?cwdDﬂg{ﬁsésfaegt@%ﬁé'efngw'g/ngn@%%%stgg%gmnon
co | ngnﬁ% hiff et%e Tgtg“‘!‘]gfgr ggrg?"ﬁ?nha%\ém d“WPMIg:ﬂFg‘Z/“W'
pafnabL Quﬁ%rseH]e sk St&ids 'EQ& %J Fxcfh' ¥§r§v ﬁeﬁ;:alﬁl pfgatment of

conpared to pllasmd cod

prenieoplastic 14l & ecc@esngf Bl iTh R |
(sec?%t ed antigen) n(Am CSI gtg@al %)Zaoﬁg%ﬁ Gen@xﬁﬂtﬁients_?xmed

FOprevRuting the dewtlopm2AO6f sﬁonthmthamﬁﬁEy ténh3r3) that arise in
Simlar data have been reported by Chen et al.
F&Mmm@eﬂmé@ rag gler-2088) encogend €F WB/mguTi mitmand BALB-

1,5?@2 m*a@ lgf‘%%af’%‘}%;;‘ii’%ﬂc &E\s/g@gl;np aitCIP ol?levl\ﬂptb:;aton@éDNA "B\pratein
: ?L)é{} M cﬁ)lnfalé ﬁFeyW? dr]gjo 41351[)2 g{?or%r gffe%\(m protection
&ﬂﬁﬁﬁ'@d R%Sthe‘iglasgﬁé@odug &L Il?ll'ér%gspl%v“e e&ﬁ? ein for pltasmld

pl asm ds codi hg for ful Ieng prot

omiing For itsnBCad@dlainuemlyt (3edreied ﬁﬁg%n?‘%knﬁ@?@?ﬁﬁ 2000, Gene
5zr05|ne ki nase act|V|ty, ar e I cCaCl ous 1 n

avent70Ry Rolvermnset, 2000, ubrdrsnifnal.| 169: FB;I3BDIeSlmllar data have
tt)ere%nrsegl)ggctl bnghen et al., (1998, Cancer Res 58: 1965). Furthermore, it has
been shown that efficacy of vaccination with DNA plasmids is strongly
increased if it is followed by a vefy short electric pulse when plasmids are
inoculated intramuscularly (Quaglino et al., 2004, Cancer Res. 64: 2858). Other
authors have shown that plasmids coding for full-length p185™ protein, if
necessary mutated such that it does not possess tyrosine kinase activity, are
efficacious in preventing the onset of tumors following the transplant of
p185™“-positive cancer cells (Wei-Zen et al., 1999, Int. J. Cancer 81: 748). The

same plasmids have proven as much effective even when, deprived of the leader

signal responsible for protein processing in the endoplasmic reticulum, they



«. 2 pl185"C-positive cancer cells (Wi-Zen et al., 1999,

Int. J. Cancer 81: 748). The sane plasm ds have
proven as much effective even when, deprived of the

| eader signal responsible for protein processing in
the endoplasmc reticulum they . a 4 bring about the
cytoplasmc | ocalization of pl85C antigen. Wen

pl asm ds coding for pl85n" protein which |ocalizes in
nenbrane t hanks to the presence of a | eader signa

e rotec IOr]S % nds upon a e| mune response
&/Iﬁﬁ“&hﬁl ut ithe cxiep daF watiop qfhp1§%n; anfigen. When plasmids

SRS BER L™ bR RSB AR i "Bk Wmcpresence

BT rd 868 Sl LT respone

RRIIEH Pdlies ORI dréiboBies 20n, the @BAtrar; a TR : talyg]tgéxed Odimmune

In addition, a conbined vacci nati or by using
bexpbngs s obstsve ithvaccimadees AbyoehtairaBdehdétsEighal, \Mith{énce
this | eader signal has been deleted, is nore effect|ve .
ph85"5t progeini logaligpsiinsthe taytaplagm mﬂttlna.r(s&’ecﬂedmelis rathefkhan on
2001, J. Immunol. 167: 3367). This denonstrates that
thear plasma membrane) (Rilarceteals, 2001 h& thmsesmatuhisk: 320ahdn addition,

SeRsPLIBEL Y TR ot A oA Y, WENE Ipt plasayids wiba, leader signal
gﬁ‘&‘ GfibseRHS w't__x%]n thff? %ﬁgle}/%f ‘Hap taf %%ex\?' ,\éetf%tfzg,g mpm%r?] ggfectxve in

codi ng for

Bf‘&t‘&fhgefaéélﬁﬁchﬁﬁ’@r gﬁiwtﬁnh)ieél{bcm QYEN | @&)lt N$ fmmunol. 167:

devel opnent of  spofit aneous -posSitiv

8367). Thisedemdtistratts 3hatitheferie atsyﬁergtiwméffeaeo%ase&f h¥morf#and
in diameter by involving a range of effector inmmune

ssldtlenrespomszsiistbe prdvemtiopesf prBS"T-pasitives careidgnas (Reilly et
Qtlbodles nacro ha es, neutrophils, natural killer
14001 E@“?"é £N-ganma, and performs), which

oo il [ﬁﬁeblﬁi?g wif codipfor 154 nari Mol et T™
[ t d
P Bl v
e 0 SR R A o 2
M2 -ih edistheted bR4fivélaig Panige 6DRIfector immune system mechanisms

(T helper and T killer cells, antibodies, macrophages, neutrophils,'naturz'il killer_

'cells Fc receptors, IFN-gamma, and perforins), which coordmatcly contribute to

tumor rejection (Curcio et al., 2003, J. Clm Invest. 111: 1161).

Description of the invention

Several plasmids coding for the full-length TM domain and decreasing
portions of EC domain of rat pl85™" protein have been constructed. The
truncated plasmids, obtained by deleting the NH,-terminal 240 base pairs (bp),
or multiples of this length, ‘were used in cxperinicnts aimed at preventing
growth of transplantable rat p185"" protein-overexpressing tumor cells (TUBO
cells). Furthermore, a series of plasmids coding for chimeric p185™" protein

forms were created by adding NH,-terminal portions of human ErbB2 cDNA to



"the invention can be inserted into any p

»or multiples of this length, were used in experinents

aimed at preventing growh of transplantable rat
pl85neu protein-overexpressing tunor cells (TUBO
cells). Furthernore, a series of plasmds coding for
chinmeric pl85 protein forms were created by adding
NH2-term nal portions of human ErbB2 cDNA to 5
sequences coding for the tru&;at ed forns of rat
protein to reconstitute the ol e protein.sequence.
Protection ,ac(lgi eved -fol | owi ng vaccination with plasmd -
SEaeRses gpdipg dor th truncated farmmotrsti protein daseconstitute the whole
g?{)tréklﬁ due to anti body production, while protection
hEAYY%si ng pl asmids coding for the truncated

< g Tisiftn, ackiBeeq RIRANB VadeMRlioR Yy pPisgid Sotsha: fos the

Fanilen t: [:D1Vi e | ENL . .
P Rermh ROUNGEM Smeing ¥ mdilly Y EARIA Boluction, while
‘pesteotioe attaiied by usingdylasmiedsTcodidg DL ¢l @r‘uﬂ@gt'eatf%ptps of rat
weree§el ected. In a first aspect, the invention refers
pé8pI apmowin domoaiassergatad oeith ng sigheficu camtibaty Hrolid&idh in
protein fragment, which sequence is selected fromthe -
JrFa¢ehsi sting of SEQ ID NO 1-5; or a sequence

codin pl85° protein, which sequence

for.a .chinheric
i s se&@éﬁ%&a?‘ﬁ cﬂ%r{gﬁéesé‘lltél?fg the fis v exgerimesmsOplasmids capable
. G (reference sequences for genes coding. for
I%rrgiﬁlag%légr of p%%gqangs %P&“@Fnsreél’%&‘ifep R e Pnlibodineand T
Eaﬂﬂghdgy}gln%gm&;i\g&elggeclt\@d;?% and X03362,

| respectively). DNA sequencés coding for the truncated

and cln awlirse aipUctIBth@finpéiﬁ%}géfcrspfooﬁﬁgxﬂicﬁc&ﬂ{t%iin\%%18cro§iing'

asm
sequeape orf ap188%" proteimnfiragmentp ahi¢le sdqiehye issdlettBN $rom the
Besi des the above codin sequences, plasm ds can
BrpuP eRNSiStG: PHREQ épeﬂghtl'sﬁ or @osequehce cadingr foptd ohimeric
| nparticul ar. pronoters, preferably the CW pronoter,
H}%:Sat e‘%foltfdg’t va §$ueRGeis sgk;&pqgigfrg@qmgrgg@gp consisting of SEQ
L P Lpl tiatl nd stop sequences; a neu
RO LR cBbhehDt SelichPis RRlnshen BodiBgiter Ahmne 3o rat piss

HORSIRY G EepoRftbd | RGERe BANR it PR IRbh NO. B111730 and X03362,

réspectively).

DNA sequences coding for the truncated and chimeric forms of p185™*
protein according to the invention can be inserted into any plasmid vectors
suitable for use in mammals, particularly in humans. Besides the above coding
sequences, plasmids can includ_e funciional elements to cbntfol transcrip:tio-n.,' in
particular promoters, preferably the CMV promoter, located upstream of ‘the
coding sequence, transcription initiation and stop sequences; a selection marker,

preferably the ampicilline or kanamycine resistance genes; CpG motifs; a

~ polyadenilation site; and in case enhancers or transcription activators. The

clements for controlling transcription must be suitable for use of vectors in

mammals, particularly in humans.

In another aspect, the invention concerns a pharmaceutical composition



«+ ® pol yadenil ation site; and in case enhancers or

transcription activators. The elenents for

controlling transcription nmust be suitable for use of
vectors in mmmuals, particularly in humans. In

anot her aspect, the invention concerns a

pharmaceutical conpositiony. ~ r. . 6 containing a
DNA pl asm d defined as above6 together with
pharmaceutically acceptabl e"vehicles and excipients.
Alternativ , the -conpositions can contain

SomMALIng éssg% Piﬂémdii q?g?‘éd dsrabeventogstherwith phadhagutically

ornms of pl 85e

pRE YAl R 2R, YRRl e Soaons can

f f r ral .adm ni stratjon, .. _
OB EP afin A0fRs BF BB G bk iR AR ldscEidioe dhr bot the
puatfedbhyd u fENAs V£ Ciy {pgnkw0 ingi pl es and .
net hods for %lﬁl%le%g:ci o or g@ kn vf/ﬁtét?%‘ t ég g eyical
tompébsitions in a suitablé forgie Serpap@sterad administralibi, by
Int. Med. 253: 402. Pl B?‘%?%aﬁé“’c%%?%g"%yaf‘me
form pfsBudnjectablec avkutioandre preferally §d ot DNA vaccination.
reventively ‘and therapeutically vaccinate against ° .
g‘IB%‘BéﬁSp?é@i metheds ey DNZ Maccinatiorh@eknowi td those skilledsn the

has varj ety of advantages which aneliorate its
%r?’f?"gia%rﬁ epg%/beﬁ{, & '&&'&‘oap% 4 dnt.tMed.t253d8Red f orns,

; .Th I bj ] bt ai
vace ISR Bl Tos, PR Tof B lds" s vt aghichimeric

Trngo ployeR ARy afd ekt il VacBlhald TR« RTRS Rhttive (Her-
HhenoBebB-2-Rsithiey tens6hstifas eovariedy 6t hmn@{gé Wk %gﬁ%ﬂiﬂe its
forms of inmmune response, i.e.” an antibody-nedrate

affieaayo Forplashidspodingtfer thedtinatoatdfforms, tBise Bd¥antages are:
possiSiIity t o produce vacci nes which conbine multiple

epi t dpelhe Rawibidtya teledtitainda i vavoinegerding tonlpyfobi definity TAA

cDNA fra nts each ,oéher, whi ch code for different
t r unc atREFUPLY AgaIng{ Jyhigh dbdssdesired tosdeyedon aalimmnurEheesponse;

{r unca' S VISR B FIE EandT G aiieRuteathenamenal
SpecigsTIY &XRGiVOinduction of some selected forms of immune response,
i.e. an antibody-mediated form or a T lymphocyte-mediated form.

3) The ppssibility to produce vaccines which combine multiple epitopes
having a defined immunogenicity by binding ¢cDNA ffagments each
other which code for different truncated forms, not necessarily
sequentially.

The use of chimeric plasmids generated by a combination of truncated

forms of p185™ from a different animal species allows to:

a) Vaccinate with plasmids coding for protein determinants of the sarme
species to be immunized, e.g. humans, which is able to elicit a specific
high-affinity response;

b) Combine plasmids coding for antigenic determinants of the same

_species to be immunized with cDNA sequences coding for antigenic



» " +«-®3) Vaccinate with plasnids coding for protein

determ nants of the sane species to be inmmunized,

e.g. humans, which is able to elicit a specific
high-affinity response; b) Conbine plasm ds coding for
antigenic determ nants of the sane species to be

i mmuni zed with cDNA sequences coding for antigenic 7
deternminants from ot her specigs, the antigenic

determ nants showing a substantial simlarity but
differing, in that those fromother species elicit a

mor e i nt SeEMRAR Fomcatherspscies,rthe antigenio detegnirasats showing a
t ol erance tate. .These all nei c, determ nants, which

are recoéHP%%‘%‘aZss"BQF‘E‘YYaEPS/&% eWothat these fronneithas species
determn facilitating the inductipn of a por

i nt ense %géﬁgn@é}eaiﬁl}fnéﬁt"o RIURE TYSPOB3% ég“sc?ve@ﬁ%l%e&e tolerance
pl asm ds ¢gedi i [ C. ry.nant s_of t.he, sane .
Cpoct s i T AloRelcAiik e R s egoshined &5 parcially
det er m narbgendhs, @ j ' 4 pdi i

can give ri%ee to he%?ﬂ?ﬁ?ﬁéﬁzgﬂg%@gﬁpggﬁfxgc@&@lﬁﬁg of a
wi t h hi glveore aftehsei response hdcyiskiae wleseand i nduce nore

i nt ense i nmune responses having a higher affinity; d)

Have aCl &ombine phasniids coidinge foradutigdmie edetdrirdmamy off tHe same
those from . b) andcgi\.I Properly fornul ated DNA

pl asni ds SBRES &Ry A htequencsat whitharky ¢weduhgi determinants of
preventive tg%‘l]rther.a eutic tr,eﬁ,t nent of humans or

ani mal s ARPOHT SROUPS Wi §Pme iagivighplsysam| gipe rrésep i@ heteroclytic
"' posi [ . or_.patients.carryi

p18sheu foerrant BT in® ifiEhisRt et 1 Bl angpoutes and
et ast as aRlucEhR¥E HtbRe i AR MYvi tynor

i's not evident yet; seéon g??es‘ib\%é;[% _K‘é’ 3‘%&%‘&{1@‘.‘“ ’

i ts ind)t Have at agemeashizh PhAMRRRIRShIaged BINPR) with those from
tertiary, if a tunor relapse or netastatic process Is
~observedd) andwk s treatable with plasnids or |
con‘pozﬁiti ons _of the invention are. primarily those of

epi t hdltPR§Tofargiuiated BINA plasmidsyaqsarding & the ioventicanare used in
and nmar,y adenocar ci nomas; squanous head and neck
c%rfg?ﬂgvﬁag’ tX%rﬁBe %eahnentn(?fshuma%s or animals which show a high risk

of developing p185"“-positive carcinomas, or patients carrying p185™-positive

primary tumors, their relapses or metastases. Prevention can be primary, when
the tumor is not evident yet; secondary, when the tumor is in its initial stages as a
preneoplastic lesion; or tertiary, if a tumor relapse or metastatic process is
observed. |

Tumors treatable with plasmids or compositions of the invention are.
primarily those of epithelial origin, particularly pulmonary, ovarian, and
mammary adenocarcinomas; squamous head and neck carcinomas, and more
generally p185™ protein-expressing tumors.

Detailed description of the invention

Construction of plasmids coding for truncated forms of rat pl185™

protein

The plasmid backbone pCMV3.1 (obtained in our laboratory starting
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A

«<-* generally pl85"" protein-expressing tunors. Detailed

description of the invention Construction of plasmds

coding for truncated forms of rat pl85"el protein The

pl asm d backbone pCW3.1 (obtained in our |aboratory

starting 8 frompcDNA3.1 fromInvitrogen, MIan,

Italy) was used to produce the DNA plasm ds coding

for the full-length T™ donain and decreasing portions

of EC domain of rat pl85"° 8protein pCW3. 1 cont ai ns

the rat Her-2/neu..5 UTR nucleotide sequence (which

ifeor psRAINA 3 4 deomnviteagen; Midamtleady) wasi ubeshtteproduce the DNA
retion signal DNA fragment of.

PSS Gadig gt therl-enath M domatlyathgoeratsiog portions of EC

_ ?@auﬁ ot 3 tag 8'118 Zog’lf\f%e ! g‘%ﬁ\@ E%lwggzwgbngglgqu 5" UTR

o8 B (ORI 0 V59, SO o T
8dqueneBdnddL P! THEOSELEEE6H 'sl;é%ta( @Nﬂ%ﬁ'%h@@tt be ?at#I;I)BS““ protem '

having a term nal EcoRl e as an tisense

olasgobtainled iy érzyniatid eiipligicatioh fofCBNIA lilsm%ndwdpGﬁNJmTM
with Hindl Il and EcoRl restriction enzynes,

degtor f (Amicif ebgripn200@ys Gelnen&der. nto @M&(dvepb a@tmad 2000,
ich ha been d| ested wth the sane enzynes, t hus
\ggt’ RrHrAag %n’r’éua_ te@l‘@%d[]emlmer asewetrnsdldlf@mnteotxde

e Tong °d’fﬂg|aaﬁ;w%h RRElraNe GoEarGeaste [2hheving o
ct
BN RCEPOR L BREGSTh AnlioaE OledeBfRdsr Bfiing pigation

I t
s%ds%ﬁ‘ﬁaﬂ;ﬁﬁwsz%ﬂ%vwwg?n AR by, o, amplie

fraiyivizni was cloneBGRtTPCIAVDO pAabinkid vakicH had (Uekd dlgésted with the
pCW3. . 1- neuL-rEC3-TM (-230 am no acids) (Fig. 3),

BATV/SNZYIRES; Lth\dEtharmmg -FEIMV 3ahineuL aSubiseque fily, sear)m different

Voacas ading ferthe %létsi%g@@%ogébﬁ%mgﬁ and 31)711) ltma@h ™
EC7-TM. (- 550 Fig: -
BRI A8 P BT oty g Beeh taseged Tn fetkes mtagmymsneuL

Z&taﬁhﬂ:&s&@ With YR nd xB&1 FAide EnZymes. h%nnc%wll %T smids
so obtained were designated pCMV3.1-neuL-rEC1-TM (-70 amino acids)
(Fig. 1), pCMV3.1-neuL-rEC2-TM (-150 amino acids) (Fig. 2), pCMV3.1-
neuL-rEC3-TM (-230 amino acids) (Fig. 3), pPCMV3.1-neuL-rEC4-TM (-3IQ
amino acids) (Fig. 4), pCMV3.1-ncuL-rEC5-TM (-390 amino acids) (Fig. 5),
pCMV3.1-neuL-rEC6-TM (-470 am.ino acids)' (Fig. 6), and pCMV3.‘1-néuL-
rEC7-TM (-550 amino acids) (Fig. 7). The fragment coded for by the first of
these plasmids is 70 amino acids shorter, including the secretion signal amino
acid sequence. All other fragments are progressively shorter by 80 amino
acids. _

These fragments have been produced by enzymatic amplification of
DNA using seven different sense oligonucleotides all having a terminal EcoRI

restriction site (oligonucleotides #3-#9), and an antisense oligonucleotide



-+ acid sequence. Al other fragnents are progressively
shorter by 80 amno acids. These fragnents have been
produced by enzymatic anplification of DNA using
seven different sense oligonucleotides all having a
termnal EcoRI restriction site (oligonucleotides
#3-#9), and an antisense oligonucl eotide 9
(ol i gonucl eoti de' #10) capabls of recognizing a site
call ed "pcDNA3. 1BGH ReversePrim ng Site" (830-850
gé} at the 3' end of FCNNS.l multiple cloning site

. Aeligomugieatisher ) ccapablepaiRrecognizima Taiteveal tedr “goDINAB. KBGH

t al._20Q0, e Jher. 7. 703; Rgvero et .al., 2000,
Reverbe REming 657te s (SH1-850.30 (alothe B0l auwohpQH ikt multiple

SI6875% 508 A h DS EheTRE PR REMY S B i . ¢
L2500 GeVR Ten . A%, WIVErP EMYE. J0tF 7ol M 31355 was

as vacclnatron w - neu

REEENFO1IoMiRE S0 aticOTdigédeiohUivith | ERSRIN dHd aPsh1Vestriction
domai ns protects 100% of "BALB/c m ce from devel opi ng
enzymes, iannhlifRatiby prodwis sieteoclonéd THIBECMM3S]-nelL Phgsmid.

ot her hand, vaccination wth pCWa3. 1-neuL-rECl1-1TM
pCW3Vacqinationr E@RhTN\YCMWS. b-@enB-IECHIM - pEG:idMas well as
pl asm ds which _code for the first three truncated

Vasstaatign witgpEMV i nenlrEf M plasmil Btishpodss fyrcthe full-
i ce, -neul-r EC5- T ' ich codes f

T3ty ER AR v claraing ronests B0 € Budilbf micecifem divetoping
e - M ) T EC7-TM. .

i 1A by Wy RO 6] ke b bintion

With YOMY 31 RhEEL IrBEYCEM) CpCIIVS, $5Hu@rECIIE M ST SeMV3. 1-

obt ai ned denonstrate that cellular response acti vated

hyul HEC31BM plasnpdotwdiich icode ot @le ffirstthreB Qgencated forms of
| ocalization is cytoplasmc, is sufficient in :
ah85 T Unmtein protacsm 70-B0% 106 BALB/c niee @EMM3. 1-neul-rEC5-TM
g&tsig‘\{a\_ti on of ~cellular_and hunoral responses allows

|

Wilich Gades fer thag fifthe trungstagformpprotecss S0%of BALB/c

I e L Y

8L 0009 Al LR i M o
pEdtbctidir. "Pi-rdsEftd -obMined demonstrate that cellular response activated
by the p185™" protein truncated fofms whose localization is cytoplasmic, is
sufficient in antitumoral preventidn. However, concomitént- activation of
cellular and humoral responses alljoWs_ obtaining a more effective therapy
(Rielly et al., 2001, Cancer Res. 6:1: 880). To attain antibody prbduction,
vaccination must be carried out withiplasmid coding for the full-length EC and
TM domains of p185™" protein. Vaiccination with pCMV3.1-neuL-rEC4-TM
plasmid which codes for the fourth truncated p185™" form lacking amino acids

1-310 is still able to confer a full protection, but antibody response is 10-fold

lower compared to that of pCMV3.11—neuL-rEC-TM plasmid (Table 1).
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* plasm d which codes for the fourth truncated pl85"C

formlacking amno acids 1-3 10 is still able to
confer a full protection, but antibody response is
10-fold |ower conpared to that of pCWS3. 1-neuL-rEC TM
plasmd (Table 1). 10 Table 1 Plasm ds NO m ce
Protection Antibodies pCW3.1-neuL 5 0%
pCW3. | -neuL-rEC-TM 5 100% +f+ pCW3. 1- neuL-r EC1-TM 5
80% - pCMW3. 1- neul- r EC2- TM 51%504 -
pCW3, 1-neuL-rEC3-TM 5 70% - pCWS3. 1- neuL-r EC4-TM 5
100% abﬁtM/S. 1- neuk-r EC5-TM 5. 50%
pCW3. 1- neuL-rEC6-TM 5. 0% - pCW3. 1-neuL-rEC7-TM 5 0%
Eopstruetion—-of—chinmeric human-rat l")l asm ds capabl e of
codi ng Pdasmideven di f f INTmticef usi oﬂrémtﬁm of p] 85Antibodies
IR TI-7) The majrity O €ER{l,0pes presented
Fb" I ocatjed on thjegfl rst sub 6’ma| n (I/L1) of
rﬁ/(élg“é ﬁ‘PG KC-FMr ef oreS chi neri d%ﬁ;m gs codi #e+
MV nemmcqf. man EsbBZ pr ot eggegvhi ch are  _
o iy ;Mjst art ng from gl}—%‘eend (the
MSF%%?M M EC d nmai n) havéd¥een construct ed
PEMV3chroeuk-rEQ3TM ¢ i mline responge¥%agai nst these
MY3EEnedl ) SET 40 pl asgi ds, des;ﬁﬁ;éed HURT (Hu_{_ran

rane wer e created b di ng the -
ﬁglnﬁg‘mo humand Er bB2 cDNB0Y0 sequenc'es -
\mmwscbdmL.frECa;mmtruncgt ed forns gef rat pl85's

ive truncated plasm ds coding for
X-n n andg decr easi r?t/sfraqments of - EC

o P b R B i S S o TS i b coing o
Sevencdifrer ity IINS of JB8TRL 81 OLPALRES 7Y PCR and

di gest'éd at"theit were oned t hese
The majority of epitopes prqsented by HLA are located on the first

subdomain (I/L1) of p185™" protein. Therefore, chimeric plasmids coding for

| sequences of human ErbB2 protein v»}hich are increasingly longer starting from

NHj-end (the outermost portion of EC domain) have been constructed to
induce a specific immune response against these epitopes. These new
plasmids, desngnated HuRT (Human Rat Transmembrane) were created by
addmg the lacking portions of human ErbB2 cDNA to sequences which code
for the truncated forms of rat p185"°‘;’ protein. |

The first five truncated plasmfds coding for full-length TM domain and
decfeasmg fragments of EC domain of rat p185"™* protem were digested with |
HindlIl and EcoRI restriction enzymes The five dlfferent human cDNA
fragments obtained by PCR and digested at their ends were cloned within these
five truncated plasmids, so that reéding frame was maintained. The cDNA
fragments coding for portions of !human p185™ protein to be inserted,
including the 5° UTR region and secjrction signal to pass through endoplasmic

reticulum, were produced by amplification using pcDNA3.1erbB2 plasmid as a
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» five truncated plasm ds, so that reading franme was

mai nt ai ned. The cDNA fragnments coding for portions of
human pl185n," protein to be inserted, including the

5" UTR region. and secretion signal to pass through
endopl asmc reticulum were produced by anplification
using pcDNA3.lerbB2 plasmd as a 11 tenplate. Six

ol i gonucl eoti des were used-as prinmers. The sense

ol i gonucl eotide is the samdlfor all six primers and
corresponds to T7 priner (oligonucleotide #1), while
templatey Sixaoliganuinotides yoneiusedotsi prenenseThe damewiRdnadleotide
that they_ recognized human ErbB2 oncogene cDNA 1n

IS8 sagienier \allasis primersang ¢qrensponds ta Bé prayere(edigoandeotide
d an.. EcoRl _restr.iction.site at, their 3' ends
| l(1 ’iﬁgﬂﬁéﬁﬁo@Y%eaé’t‘#e‘isf- gligepuclqetides, Werg designad: api that they

' ' i H opdl ] .ECORI r.estriction ..
AReiaBF Hhird Ll Shibgens SHRUR I8 ieatinabiadiancopsiions
rheS ROL s s - 1= - . e my
SLNE°SeNE00. RSl PP i ptcheto” s
@G¥Rudiestidds-AM-# 1 S iFeohask Bﬁﬁﬁcatﬁ’&ﬂ{hﬁ \Rdestith 965 Sfnarn
with the sane restriction enzynes. In this way five
arelvEcpRhgwstdictinavenzyars, o amptificd P edts HBEL ifkrted into
whi ch code for chineric proteins of 689 amno acids -

¢arrasparding plasanids pGM s 1 9E CUKT MG pOBIW3 HReBC HaNpC M. 1-

' Rl re iction site used tojoin human and rat
50 TR G FECH R MR - ChE5 M nohich. had been

e PO
j ‘ i ) ' C.
ARSI il JPABRAN RS LRI LU SHBE for, chimeri

Aroteiens RS anib Afidd B 1eRIB52 aRTiAb 8ERs JrhiEVG RI-PRY
wer e constructed iln V\/(?i %ﬁcl oni ng sistoes cl)t hgtrm}tﬁaér?&%ng

- BRI Ecoll| r¢stristionesite needato! joio Runtagsind £itiDNAsSIThe proteins

present in the position 1450 in human ErbB2 gene
odgticloe by prawrchimeyigsplasmidsi dififeyfromi eaphaothgnttiyetriceeasin
ol i gonucl eot i de :

sequenc de up Qf.,a sense [
W&ﬁ?@%ﬁ’ chupen dglf‘%la) Profgin apndy dleresasiog pertigas el st p48s™"

' ﬁrS{ i-rg_onucl eotide # 17), so that one of the two

restlr'! ction sites for Pmel enzynme was deleted and the

gﬁi;?}g?b&ﬁh Sthﬁeéhiﬁfyrichml;ﬂhs ac%gir{\éh%r e ikt 'a88 seventh
truncated forms of rat p185™" protein, two new plasmids were constructed in
which cloning sites other than EcoRI could be used, as an EcoRI restriction
site is present in the position 1450 in human ErbB2 gene sequence. pCMV3.1
was modified by using a synth;etic sequence made up of a sense

oligonucleotide (oligonucleotide #16) and an antisense oligonucleotide

(oligonucleotide #17), so that one of the two restriction sites for Pmel enzyme

‘was deleted and the restriction sites t;’or HindIIl and Nhel restriction enzymes,

located on its multiple cloning site, v?ere inverted. The new plasmid backbone
so obtained was designated pCMV3.1H/N. Fragments for the sixth and
seventh truncated forms of rat p185™ protein were produced by amplification

using pPCMV-EC-TM plasmid (Amici et al., 2000, Gene Ther., 7: 703; Rovero



®)

+» | ocated on its multiple cloning site, were inverted.

The new plasm d backbone so obtained was desi gnat ed
pCW3. 1H/ N. Fragnents for the sixth and seventh
truncated forns of rat p 185 eu protein were produced
by amplification using pCW-EC TM plasm d (Amci et
al ., 2000, Gene Ther., 7: 703; Rovero 1 Y . . | 12
et al., 2000, J. Imunol., 165: 5133) as a tenplate
and two different sense olié%nucleotides wi th a Nhel
restriction site at their ends '(oligonucleotides #

- 18 alndR00019) Imandobnli6Sefitd3)ods ademplatotandawd dffferent sense

Fol I owi ng enzymatic digestion with restriction enzymes
NHigonyaleotides with peVhelprestrictioni site pt e codsioligahumbentides

i nt: . I id, th . obtaini hi

PP R et AL " 7S T o,
T e S
AR PRVt ol LA SBHER s

abtainingthat few T POMVIEIH/NSIEC6IM Cafd | gfmd,% dekC7-
(ol i gonucl eot i dez)# 1), and-lt.vvo pri m%rs 32%%2 o) C7-TM

tphasmidseThe eDdY fzageh ntseoding Bb¢p 6iti ofbl ioff HananPEE8 "M Odtein
and had a Nnel restriction;site at their ends S
(o1 ibgoninserded | ties gemparatendthe2 Khimexic apOM¥3sEH/N-HuRT6  and

ol | u ' . Fol lowing purification and di gestion
\Hdt}%%i- WH"% NPlapmidss t Wexet | Qhtaingdz piye samplification  using

: i fhed.f nts were inserted jnto corresponding .
%@sﬁ%g et PRI E AR el T s v pense Alimgpicleotide

(BEmIS R MR g Briterd SEidAddLS A BT ecomnized human
RONA. dtHsNtdHIR Ko salshsP&AY/ haliHh WAMRTE L @ Msfle X\BE}Feérs ends

obt ai ned, which code for proteins of 689 am.no aci

(Pliganmpldotides #20 nad #2il jsasantiskrseloligovatlesadgs. bel ong to

the Nhel restriction site used to join human and .rat

DNAs'. Folfoing prrifigationt anshdigestiort withhHindIIl avd Mbel restriction
fc”g?ysn@ne,sq jhf,: ﬁ&%e@éﬁ%@nts IC)vls;'éirse r{inglert(eiczii i%'to %Lfre\s,\ggn%ri]ngc g?aesimids
(pCMV3.1H/N-rEC6-TM; pCMV3.?1H/N-rEC7-TM), which had previously
digested with the same restriction cﬁzymes. In this way the two new chimeric

pCMV3.1H/N-HuRT6 and pCMV3.1H/N-HuRT7 plasmids were obtained,

'whichlcode for proteins of 689 amino acids in length, 2 amino acids of which

(Val-Ser) belong to the Nhel rcstricti;on site used to join human aﬁd rat DNAs.

These manipulations led to the following plasmids:

e pCMV3.1-HuRT1 plasmid;(Fig. 8), which codes for 70 amino acids
of EC domain of human p1?85“°u protein, 2 amino acids belonging to
'EcoRI site and 618 amino écids of rat p185™" protein

e pCMV3.1-HuRT2 plasmid (Fig. 9), which codes for 150 amino
acids of human p185°® protein EC domain and 538 amino acids of
rat p185™" protein '

 pCMV3.1-HuRT3 plasmid (Fig. 10), which codes for 230 amino acids



» of EC domain of human pl85"C0 protein, 2 am no acids
bel onging to EcoRl site and 618 am no acids of rat p
185neu protein pCW3. 1-HURT2 plasmd (Fig. 9), which
codes for 150 amino acids of human pl85neu protein EC
domai n and 538 amino acids of rat pl85"CO protein
pCW3. 1- HURT3 plasm d (Fig. 10), which codes for 230
amino acids 13 of EC domain of human pl185n"' protein
and 458 ami no acids of rat. b3185' X' protein
pCW3. 1- HURT4 plasm d (Fig. 11), which codes for 310
~am no SEiBfs @m@@ocﬁd)mam pi8NUrpratepd 8hd 58 paminei acidsnof rat
378 am ng of rat pl85Deu protein pCW3. 1- HURT5
pl asmi d P ?%ﬂ , Which codes for 390 amino acids

aci ds® d%@“’?%&%’?‘”a"%?i&aé Bl eh?th‘%éﬁf%aﬂd‘%mmo

D o 0 e M5 A AHLAR 3 i

aci ds @frgteplgglﬂ@i\s@"pr otein pCM/S 1H N- HURT7 plasm d
(Fig. 14), which codes for 550 am no acids of EC

domai pCMVBBlHH}i)BHSnglasm’n@t(ﬂﬂlgl 22y Whithasddw ﬁﬁ'ﬁo ‘amino
of rat plSSnegEErotel n. The i1 ndirect evi.dence of :

menbr an@cids idomain of tminedn pE85°C" ploteinranda298 amino acids
proteins code% fQr . these plasmds has been
obt ai ne8 Pl rPiTQ €Hy mice with the seven new

 asnj CW3. 1H N-HURT6-7) . .

EI)'he ser§ W% ﬁm%‘al%@g }lg)vé"@ﬁéequébr 4)70 amino
ti bod d 18

Spolt e?nhﬁga??ﬁﬂe(??gﬁéﬁﬁ ognmur%g n p%/acm ?cga a{;@t%ﬁ amino acids

pl asm dsfmqﬂlgg"#'@fotfenp seven different chineric
proteins are protected froma |ethal inoculation of

TUBO «epCMVEBdHIN-HuURAT plasmld (Fig. 14), which codes for 550 amino
acids of EC domain of human p185" protein and 138 amino acids
| of rat p185™" protein.

The indirect evidence of a‘membrane expression of the chimeric
human-rat protciﬁs coded for by .these plasmids has been obtained by
immunizing' mice with the seven ‘ncw plasmids (pCMV3.1-HuRT1-5 and
pCMV3.1H/N-HuRT6-7). The sera:from all vaccinated mice have specific
antibodies against the chimeric hu@an and rat p185™ protein. Furthermore,
animals vaccinated with plasmids coding for the seven different chimeric
proteins are protected from a lethal iinoculation of TUBO cells and/or human

p185"™* protein-overexpressing tumor cells (D2F2-E2 cells).



++ neu pl85 protein-overexpressing tunor cells (D2F2-E2
cells). 13a The present invention also provides any
one of the enbodi nents di scl osed bel ow and i ndi cated
with the nunbers 1 to 10. 1. A plasm d vector for DNA
transfer, which plasmd contajyys a sequence sel ected
fromSEQIDN. 1, 2, 3, 4, 5 coding for a fragnent of

es e 'i a ro¥i : f i |
Rese RSy RS E L LS R0 Baow e

nA&Bated RAtR LR Mumbers Mii&g@i d vector according to claim
1, further containing a transcription pronoter. 3.

| asmixd i iR Qi aj d :
o oo ep i eAGE BrRG kindief yhich pHAGHE Bofdps'a sequence
aefeetetl fiom! SEQ!ID R51,12,3, WisCadiry forial filkded s 3™ Brotein
mammal s, particularly in humans. 5. Phar maceut cal ’
eorpeequanon setectel fromg SEQIRSNG 6, 78t 9f 18¢cAdy d2n@disg for a
clainmg 1-3 together with pharmaceutically acceptable
\FoRmENep13d psateipi ents. 6. Conposition according to

ai which is suitable for parenteral | L

dmi EFE”EF‘AF VEftor pcceiding tq claim 'acfeeilas Rentainipg 4 tanscription
?PSm‘:)gHrm of an injectable solution. 8. Conposition :
ccording to claim5 in the formof a DNA vaccine. 9

@se oPlabmid 26ciordadBdiY 1 ettt NAhEeinCsA Pordotdr iPthe cMV
the preparation of a herapeutic agent t e used In
tpremgteeventi on or treatnent of subjects at risk of

devel gpi ng, p185"" positive;tunors, or patients :

&ar ryP VERiQry agqgrding to qlaimssl-2sedhioh is s@Eblosiori ve in
tunor relapses.,10.. Use according to claim9 for the
&%B’AIFL&P ieyfarly BRDARS | no. | EXAMPLES Exanpl e 1:

S o HlgERu ol MeMpbpiioks Wieib ¥, PanBid Vhe oo to

claims 1-3 together with pharmaceutically acceptable vehicles and excipients.

6. Composition according to claim 5 which is suitable for parenteral
administration.

7. Com;i)osition' according to claim '6 in the form of an injectable solution.

8. Composition according to claij_m 5 in the form of a DNA vacciné..

9 Use of a plasmid vector accor}ding to claims 1-4 for the preparétion ofa-

therapeutic agent to be used in the prevention or treatment of subjects at risk
L

of developing p185™“-positive tumors, or patients carrying primary tumors,

metastases or p185™“-positive tumor relapses.

10.  Use according to claim 9 for thé preparation of a DNA vaccine.

EXAMPLES :
Example 1: Construction of bCMV3.1-HuRT5 Plasmid
| pCMV3.1-rEC5-TM plasmid, ;vhich codes for the fifth truncated form
of rat pl185™" protein, was digested with HindIIl and EcoRI restriction

enzymes (BioLabs, Beverly, MA) to delete the 5° UTR region and neul

sequence.



»+ of rat pl 85"0 protein, was digested with Hndlll and

EcoRl restriction enzynmes (BioLabs, Beverly, MA) to
delete the 5 UTR region and neuL sequence. 14 The
4794 bp DNA band corresponding to pCWw3. 1-r EC5- TM
plasm d | acking the 5 UTR regi on and neuL sequence
was separated by agarose gel electrophoresis and
eluted using a Q aquick gel extraction.kit (Q agen,
Italy). The cDNA for the 5 H4yTR regi on, | eader

sequence, and seﬁuence coding for the missing part of
humanThe 294 bprdNabanhcorreapondingRORCMV3.1-rEC5-TM plasmid

3. | Er | asm d s used as a tenplate, T7
E‘?‘i% ﬂzeoﬁpgﬁl}@e%ewa m’#l') SGRAENER B@s éspéramﬂwbye agarose gel
h an

?lees??'ﬁpké?ﬁ'e%ﬁt By b ik il ﬁzsmitv%htd@mg@ lay).

718 L25A, 58,08 5 U R, 9L R ol BH 0 o

fissin Fi gz O gdde! I
gfrapl)/oyed J olrtl o&pngﬂ?ﬁg(%ﬁ?e ti o?ﬂ'a§ htg%g&ih?d\erbzd PCR,

POONAS | BrbBZ phdmid vaprused @ aab@platdyT? ﬂﬁ&r 1 leotid
met hods, resuspended in 50l Hzoﬁ@andygl tggst ed@v\}lgonuc eotide

Bl havas used aSE@oSEnseeehgmmtcilmndenza;mea piibgr ®RNAan EcoRI
fra ment codi ng for the rel evant rtion of hunan
§i

‘% aite 138 11 Hognd feligeruieptiter - was pbed ab dinvantésense

(] t T4 DNA |
L i e Sl
AT P e
F SHBWirigJﬂle Pd_l'ﬂ?eé‘dt%eﬁlesé?nﬂl?ﬁ@r} m%‘ars lﬁl{’f?éé’ grﬁf%&lpltated

alcaline lysis to detect t ones co tarnin

by stardard peiddds, lrekbsgthded asm;d H{B,MG égk&{?ﬁ almﬁh&h?pand

anal yzed by the Sanger sequencing netho usi ng an
rgstoictien eenzymes al Thee cDNA ofragreents eqdizige €6r the relevant

plle Bi osystenm) .to verify that insertion. of
Ig] érw and theckirpaniged @CME'ﬁblBZE@éﬁlél\dl plasmid were

%ﬁf@%m 5P R action Phe bt He et KBlatiaPsabaveniy, oo,
al t ertOipittod SAHUE vasHHEn sk o Qian%!ror%?'ﬂﬁk §WIE. coli
bacteria which had been made competent by the calcium chlorlde tcchmque

The clones so obtained were | analyzed by alcaline lysis to detect the
clones containing the chimeric pCMV;3.1-HuRT5 plasmid.

pCMV3.1-HuRT5 was then anialyzed by the Sanger sequencing method
using an ABI PRISM 310 Genetic EAnalyzer automated sequencer (Applied
Biosystem) to verify that insertion : of human sequence portlon coding for
ErbB2 gene into plasmid coding for the fifth truncated form of rat p185""
protein had taken place correctly andiw1thout altering the reading frame.

List of oligonucleotides:

§1 T7 primer (SEQ ID No: 1#)

#2 neu leader antisense EcoRI (SEQ ID No: 14)

#3 rECD1l sense EcoRI (SEQ ID No: 15)



-+ #1 T7 primer (SEQ ID No: 13) #2 neu | eader antisense

EcoRI (SEQ ID No: 14) #3 rECD1l sense EcoRl (SEQ ED
No: 15) 15 #4 rECD2 sense EcoRl (SEQ ID No: 16) #5

r ECD3 sense EcoRI (SEQ ID No: 17) #6 rECD4 sense
EcoRI (SEQ ID No: 18) #7 rECD5 sense EcoRl (SEQ ID
No: 19) #8 rECD6 sense EcoRlI (SEQ ID No: 20) #9

r ECD7 sense EcoRl (SEQ I D No;  21) #10 pcDNA3. 1/ BGH
Reverse primng site (SEQ | JNo: 22) #11 Hs-Mc
sense EcoRl nut (SEQ ID No: 23) #12 H s-Myc antisense
EcoRI #4 SE€PA pengs EQURI (#BE IPON®I BB2 antisense ECOR
(SEQ | D No: 25) #14 150 erbB2 antisense EcoRl (SEQ ID
No: 2%) *EGA% somte EFpf2 (8FR i18ek¥rse lBCOR) (SE(ZQS;D 227 gg)o
#16 3 B2 antisense Ec6Rl ' (SEQ I D No:

er bsz’l"gﬁ?%‘;s)“eﬁg‘é“EES‘r-ﬁ? (SEOIPD'N018h9)  #18

i - 1D_No: 30). #19 Hi ndl I | - Nhel
: Intn |OI Isde-lln s EE]%SI%%?{LSDEK%&E%%P Igg?f r se nls 2 Hhel (SEQ
| D Nogs 32dpe#2dndEEDTRISQESE 1Ehel. §SEQ | D No: 33) #22

470 erbB2 antisense Hhel (SEQ ID No: 34) #23 550

er bB santémeastseHbedr1( $5£3 1P NQ: 285) Exanple 2: in
Vivo Testing Aninmals BALB/c strain female mce. about

7- we el 00PePNASF '/ BGE eREvROse @iriningX pire NEEY SO WY1 DRY S
cane from Charles River -Laboratories (Calco, MI an,
I'tal YW1 HiieMec tdeage HFedRbaut biE@dIR aseptdical |y and
accor§¥2n§kJLgy£ryitgég;ii EcoRI (SEQ ID No: 24)

#13 70 erbB2 antisense EcohI (SEQ ID No: 25)

#14 150 erbB2 antisense EcoRI (SEQ ID No: 26)

#15 230 erbB2 antisense EcoRI (SEQ ID No: 27)

" #16 310 erbB2 antisense EcORT (SEQ.ID No: 28)

#17 390 erbB2 antisense Ec&RI (SEQ ID No: 29)

#18 HindIII-NheI sense (SEé ID No: 30)

#19 HindIII-Nhel antisense:(SEQ ID No: 31)

$20 rECD6 sense Hhel (SEQ iD No: 32)

$21 rECD7 sense Hhel (SEQ ID No: 33)

$#22 470 erbB2 antisense HhéI (SEQ ID No: 34)

#23 550 erbB2 antisense HheI (SEQ ID No: 35)

Example 2: in Vivo Testing

Animals

BALB/c strain female mice? about 7-week old were used for all
experiments. Animals came from Cﬁarles River Laboratories (Calco, Milan,
Italy), where they had been bred ;aseptically and according to the rulés
established by European Community.;

Intramuscular Administration Followed by in Vivo Electroporation

To avoid pain and undesired contractions of tibial muscles, each mouse



«» established by European Community. Intranuscul ar

Adm ni stration Followed by in Vivo El ectroporation To

avoi d pain and undesired contractions of tibial

nmuscl es, each nouse 16 was anaesthetized by

i ntraperitoneal injection of 3000 Avertin, a solution

consisting of 0.58 g tribronoethanol (Sigma-Aldrich)

and 310 | Tert-Anyl alcoholyAdrich) in 39.5 m

dei oni zed H2O. Ti bial nuscles of anaesthetized mce
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tdiulated lin @achianascla Tlo DNAidoatdining0foldfén Wds( plepkired just
Bi oChem ka, Buchs, Switzerland), and endotoxin-free
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tonhadiiod SMI3DamM (Fluk, %ﬁ;@rﬁ%ﬂk&,aﬁalﬁhg,sﬁgﬁ&%%nd), and

laterally in the leg. Gene inmmunization _
endmgoxinpivea tistiblavaiswater (Nuokdrd RiezeWakberg Pebmagd Cdkparhtion)
and 7 days before inoculating tunor cells. |
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3 mm apart in a quadrangular arrangement laterally in the leg. Gene
immunization by electroporation wa§ performed twice in each animal 21 and 7
days before inoculating tumor cells. |

Inoculation of Tumor Cells

Left 'sidles of mice were 'inbculatcd with 0.2 ml of a suspension
containing 2 x 10° TUBO cells.

In vivo Tumor Growth Evaluation

Tumor growth was evaluated ;by palpation weekly, and tumor size was
measured along two perpendicular diiameters with a gauge. Neoplastic masses
of a size larger than 1 millimeter wiere considered as tumors. Tumor growth
was monitored for 100 days fromé tumor inoculation or until tumor size

exceeded 10 millimeters in diameter, time at which animals were sacrificed.

The results obtained demonstrate that chimeric pCMV3.1-HuRTS plasmid is



> was nonitored for 100 days from tunor inocul ation or

until tunor size exceeded:10 mllineters in dianeter,
time at which animals were sacrificed. The results
obt ai ned denonstrate that chinmeric pCWwWa3. 1- HURT5
plasmid is 17 able to protect 100% of vacci nated
BALB/c mce froma lethal inoculation of TUBO cells
(Table 2). Table 2 Plasm ds . N nmice Protection

SurV| val (days) pCwa3.1- neu]L 5 0% + 35 '

CWS3. 1- neulL-r EC:TM 5 100% +100° pCW3. 1- HURT5 5
10iGoko-protest 180% ofivaesinated BALB/oIBEdramta eoisyl inoculation of
m@ ﬁ f@erﬁ of Vaccinated Animals The day

é( f¥€i9docul ation of tunor cells, blood was
dra ani mal s vaccinated wth chineric
pCN\kI\/ngf’%[%?TS plasm d. Sera were analyzed to assess
t he presence of rat anti-pl 85C9 antibodies. Sera were

Tncubatgd for 45 nnutes—at—4Cc-wth—eetts—

T _ouere E\'ﬂ’b r at 0183‘ miceer  PEMtpetiom t h Servival (days)

pGMN3ohneﬁLI ed the vvashlmg buf fer, gehi ch consi st;s3ef
i ne BS) cont g 0. 2% bovi ne
erum Z#Eu fg@ Si g M I an, €aI"B!y) and 0. 1900
Uﬁrhﬂ“ﬁTﬁNal\B Sigme§ Mlan, [108R4), sanpl 8400
vvere i ncubated for 20 mnutes at 4C W Th an antT-nouse
muromlesion of AmGCpd 8§ LidatibddpRreboty , inngehe of Wdcbinated

glashl ng buffer, and analyzed by a FACScan
45 uor i met er (Becton Di cki nson | munocytonetry

t f
giyfme@n%a&%ﬁe it et @@bpi?qﬁpéc¢lm adswasiltwn from
f |
e T e ——
dhalpled! tORSHdsE Mt iﬁﬁ:@éhéehgf frhy‘%'hﬁ;?ﬂyﬁ aﬂtmogln Y. 1488 were
er ySi

obt ai ned t hrough cytof | uori net

iponbated fat A6rminfutesant 4°( W8N EeltNbyEredpRSsing B0) 1™ After
sera coul d be derived. The:data obtained Show that
WRg l%cwhatae@omﬁuonapsllwmhbu wabkhiplg beffet,s wificlandonsiséd of

;ﬁlosphate buffcr saline (PBS) contammg 0.2% bovine serum albumm (BSA,

Slgma Mxlan Italy) and 0.1% sodlum azide (NaN;, Sigma, Milan, Italy),
samples were incubated for 20 ;m_mutes .at 4°C with an anti-mouse
immunoglobulin FITC-conjugated aﬂtibody, washed with washing buffer, and
analyzed by a FACScan cytoﬂuorimeﬁter (Becton Dickinson Immunocytometry
Systems, Mountain View, Californizil, USA). Simultaneously, the same cells
were incubated with decreasing concientrations of monoclonal anti-c-ErbB2/c-
neu antibody (Ab4, Oncogene), so thejlt a relationship between the fluorescence
intensities obtained through cytoﬂu%orimeter analysis and concentration of
anti-pI185™* antibodies in animal sera could be derived. The data obtained
show that all vaccinated animals ?cxhibit high levels of anti-rat p185"
antibodies, and therefore chimeric prV3.1-HuRT5 plasmid is effective in
inducing rejection of transplantable §185"°“-positive tumors and in eliciting a

specific antibody response.
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~»+ antibodi es, and therefore chinmeric pCW3. 1- HURT5

plasmd is effective in inducing rejection of
transpl antabl e p185"" positive tunors and in eliciting
a specific antibody response. 18 CLAIMS 1. A plasmd
vector for DNA transfer, the plasm d containing a
sequence of SEQID N 10 C(r)h%i ng for a chineric p

185"el protein. 2. The plasni®d vector according to
él aim 1, further containing a transcription pronoter.

L plasm d vector according to claim2, wherein
said pronoter is the CW pronoter. 4. The plasmd
vect o8 MeGRIFB&or Br BNAMrAnSfer IR Pladmidl téiﬁin% a sequence
suitabl'e for wuse in manmals. 5. The plasm d vecto
GRSEQADY. 119 &ddHhEfbr aWhemRtiR p IS "eppsidini S @ hunan.

6. A pharmaceutical conposition containing a plasmd
2ect Olfheacplaﬁﬂii@gvE@tora@ﬁéc@ftﬁn%f t6! @idim 11! ofutHe?9RbARMIning a
wi th pharmaceutically acceptabl e vehicles and
teasrsicpipeivhispromotéhe conposition according to claimé6
which is suitable for parenteral admnistration. 8.
3The cldrpsasrhidovecamrcancdidigg to® clalimi 21 whdreint daéd peomotef isthe CMV
i njectable solution. 9. The conposition according to
promiotar5 in the formof a DNA vaccine. 10 Use of a

pl asm d vector according to any one of clains 1 to 5
4.or tThe plasepdivactooacairdingtithalzipelitorcclagan? Iwhich isssuitable for
in the prevention or treatnent of subjects at risk of
usevislmpinmalp185" e- posi tive tunors, or patients

carrying primry tunors, netastases or p 185
5.- poshhe péasmidoreetor apwosdingl to Theinusk whewgidi thg nmmmal is a
hcI aim 10. for the preparati on of a DNA vacci ne.

uman.

6. A pharmaceutical composition containing a plasmid vector according to
!

any one of claims 1 to 3 together with pharmaceutically acceptable vehicles and

excipients. :

7. The composition according to claim 6 which is suitable for parenteral

administration.

8. The composition according to élaim 7 in the form bf an injectable solution.

9. The composition according tb claim 6 in the form of a DNA vaccine.

10 Use of a plasmid vector accfording to any one of claims 1 to 5 for the

preparation of a therapeutic agent? for use in the prevention or treatment of

subjects at risk of developing pléS“e”-positive tumors, or patients carrying

primary tumors, metastases or p183"e"-positive tumor relapses.

11.  The use according to claim 10 for the preparation of a DNA vaccine.



