1 PLASMIDS CODING FOR p185™ PROTEIN SEQUENCE VARIANTS AND THERAPEUTIC USES
THEREOF The present invention refers to plasmid vectors containing DNA sequences coding for
truncated and chimeric forms of p185'0 protein, and use thereof in DNA vaccination against Her-2/neu
(ErbB-2)-positive tumors that express p185™ protein. Plasmids according to the invention are capable
of eliciting a protective immune response which is based on antibody and/or T lymphocyte induction
against p185™ protein-expressing tumors. The invention further refers to pharmaceutical compositions
containing such plasmids and use thereof in preventive or therapeutic treatment of ogsne,u_ positive
tumors. Background of the invention  Neoplastic cells Often differ from normal cells in that they
express severd hASMERSNoGARNING: (RORaneh8iis emm‘,ns{onsm@ CHE) act as
Tumor Associate Antlens TAA . This is because the host |mmune system can recognize these
abnormalities SR8l L Haikdiad - it EREODFom tumor onset and
development. To be a target of antltumoral |mmunotherapy a TAA must: have a pathogenetic role in
a certain stage of neoplastic growth; be detectable by immune system even when the tumor gives rise
to clonal variants whithengrese teXpressioiaje¢ feistoronaibidty eamiexcoikAnficoprigins; be
recognized by both antibodies and T lymphocytes.  Several TAA have beén discovered in human

carcinomas in 168BFRSSFEIMEdRE WITRtpd 989 shipesteifoprsuat paBFlEr mﬂtﬁim(,F_a%Q;mncogene,
is a particularly,Syited farget Jor immur %ﬁeg%g%gt'?y'err]'-%gu':?ﬁ{ﬂg 433 pOSI?lVC tumors that

express pl185™* protein. Plasmids according to the invention are capable of

eliciting a protective immune response which is based on antibodyi and/or T
lymphocyte induction against p185"" protein-expressing tutrtors. “The
invention further refers to pharmaceutical compositions containing such
plasmids and use thereof in preventive‘c.)r. therapeutic treatment of p185"-
positive tumors.

Background of the invention

Neoplastic cells often differ from normal cells in that they express

several proteiné abnormally. Due to this anomalous expression, some proteins

can act as Tumor Associate Antigens (TAA). This is because the host immune A
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 in a certain stage of neoplastic growth;

* Dbe 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 discovered in human carcinomaslin recent years.

Among them, p185™, the protein product of Her-2/neu (ErbB2) oncogene, is a

particularly suited target for immunotherapy (Lollini and Forni, 2003, Trends



Immunol. 24:62). p185' is a membrane receptor of class | receptor tyrosin kinase family, which also
encompasses the epidermal growth factor receptor (EGF-R or ErbB-1) and other related receptors
(ErbB-3, ErbB-4) which play a key role in cell proliferation and differentiation (Hynes and Stern, 1994,
Bal 1198: 165). p185' receptor protein can be subdivided into three domains: the extracellular
~domain (EC domain), the transmembrane domain (TM domain), and the intracytoplasrnic domain (IC
domain). Recently, the EC domain crystallographic structure of human and rat p185' protein has been
published. This domain has been described to he cor%posed of four subdomains (I/L1, II/CR1, /L2,
and IV/CR2) for approximately 630 amino acids in all. It has been further shown that p185' protein has
a rigid conformgﬂ&ff’?ﬂﬁi@ﬁélﬁ%)fsmlﬁ?ﬁtéﬁa@t Rl ResBtascehidassdinmesigaonngristce
transduction of iferation. signal even if this protein binds nq Jigands directly (Cho et al., 2003,
Nature 421: 756‘%@4§g§{§gﬁieqdr?gfb§%%ﬁ%%%%e BRIV |°,3¥8tef§§té§ SFERREY onic
organogenesis @GRRItbE By tnavbilginaduts ﬂb&ﬁéﬁ%ﬁ-@?'mfé%ﬁt&%‘{gﬁs éﬁfés etal.,
1990, Oncogene 5: 953). In humans, overexpression of this oncogene is mairly caus y gene
amplification. Hegy2rala e asti Kretiéergting mndvdifirpertistionin(Hpnert 3686S1EMATYIRAYBBICINOMaS,
and such an ov, §pli%%§ion is related to a more rapid tumor progression (Slamon et al., 1989,
Science 244; 7 ? Among the different strategies which have been proposed, DNA vaccination seems
to be"?n effective fqeﬁhF'BJS?Q‘ CHSIEAIdI PP ER "RIROIRE gggag;{gége%p@sm}/%t%orgh Even though
pl185™ protein is a "self' antigen, i.e. a protein which is normally present in the oA\ ,'patlen?s with
p185-positive riEAAeiplan donwrinaE (h)p thartransmemebraap awerainqiivelbtasi ayndgumoral
(Signoretti et ah,l 2000, | Iixligl. Cancer (Ig;;l 23: ]( 18; Disis et al,, 1994, Cancer Res. 54: 16; Peoples et

3 at, 1995, Prot Nalf Y IPRANTIE A dpinaiay) e%?’ﬂ?éf‘ébje%ﬁ(?@é‘jéff artbeunféfeal idomaitotherapies
directed towardg aRERINRINEINCERGIAR ISR INeogn PRIENS I & pre:pxisting
immune response, or to generate an immune response In patients in whom tRIS re%ponse IS
undetectable. Tidsfadentrin 186 Beprotiscistadsaif bntigeipessdils fheiith utalesingnIysithe able to

overcome an i t £ t st ﬁ] mgg inventors of the instant patent application were the first
using and va|i§%%¢‘§fn§ éﬁgﬂﬁ QLARREBHIMALRN GG aminmagifs pradcidimnbeeno
spontaneous rﬂam;_ga@hgwiplﬂﬁmﬁpggm Bmgmqmgglqig‘ r%gﬁ)%%ﬁg}{e Vtvthlrl%(})_lr%ng)tlivessi% :%{t)udles have
proven that prevention and treatment of preneoplastic leSions is an accessible goal. In' particular, in
experiments aithtstiast preiientitigith Exbd etepepeot of dipostianeand mMadudaridsaRs Biat grise in

transgenic mice d;ﬁ#_o tat Her-2/neu oncogene (FVB/neuT mice and BALBneuT mice), it has been
shown that thep;SP

R OBMEnr FXED i8shispRostsinEbingdsanp\ligandsinkiresdapiBie ot ellaiting a more
effective protegm,cmgﬁérq%g';gg)plasmid coding for full-length p185"u protein or plasmid coding for
its EC domain only (secreted antigen) (Amici et al., 2000, Gene Ther. 7: 703; Rovero et at, 2000, J.
Imp:until, 165: 5133) IsindiacdaiEzB2)besnsgposterd binGhieadet &l., 458981 GaraeesdRes op8: 1965).
Furthermore, it has been shown that efficacy of vaccination with DNA plasmids is strongly increased if

it is followed by & V&SPLhOrEaRgRRSSIH St hakahsaevaie Wbl iteadiwltsninisextrdyseduaglino et
al., 2004, CanggfijRes- %‘&8@e19t?ﬁfc§yt'}?r%f‘.a"%@*ao""ﬁntch%eﬁ’z'?sg?id&sg‘idﬁﬁ/f%r fiength p185™
necKi tivity,

protein, if necessary mutated such that it does nof possess tyrosine kinase Y8 8%cacious in
preventing themekpfd;wimrsdﬁlkhﬁ\singrﬁds@ermsﬁlamtagﬂplggagwitgf %@ﬁgegﬁ%ﬂgﬂlyg&%en etal.,
1999, int. | Ca erlgr/l: 748). The same plasmids have proven as much effective even when, deprived
of the leader s?acﬁ%i BERoRSTBIR%brABHR D riC &R AT ehte dnitoplbemhic fSticalumathearg bring
about the cyto ' alizati 85" antiagen. When plasmids, coding for p185" protein which
localizes in megr?bér[grﬁﬁ ?ﬁén@t&%@ p%s%%%%q%%gﬁselggerlssif;#%?ezigretﬁs%o’ﬁﬁ%tééﬁb%SE\S‘QBénds upon
an immune regpogsessibict{Skitesorarihoties, O he-copipryi@ . IXRRRGCYIR TRggialed immune
response is observed if vaccine does not contain a leader signal, and hence p185" protein localizes in
the cytoplasm SFaSEERHBisk iy e mranssdnBINgagpeinatiohsaemy Rilba at akfe26@2,1 Immunol.

167: 3201). In gdditian, ined vaccination obtained hy using both plasmids with a leader signal
and those in which this éa er%i%%laf[ﬂe%uggeﬁe%%?gfeed??s 8’%9%%@639@%’&6% &J&hst tumor

growth (Piecheoekiighap] 2801, pkdreimypol. &@5{,{’83&@?%5!;{)iq'g.e@cmgg@}p%vm@ht%r%%%nergistic
effect between humoral and cellular responses in the prevention of p185-positive carcinomas (Reilly et
al., 2001, CanBErSRRS i 1habotly, patiassmutith mids 1Hepplitmicioodingrfor & CirmndaE M fiamains

(EC-TM plasm)j en efficacious not only in preventing the development of spontaneous
plSSn"-positW%g%%%?n%niég? But 18R ﬂ%%ﬁ'ﬂﬁ@?rrﬁggslé@b‘?r?l MERURh &t by2fRIving a

range of effectorNahmsys®E:. mechants (T hekpenaod Thiles,cpls, @ﬂ“ﬁ?%ﬁ fagerophages,
neutrophils, natural killer cells, Pc receptors, IFN-gamma, and perforins), which toor inatefy contribute

to tumor rejection (Curcio etal., 2003,1 Cita Invest. 111: 1161).



Description of the invention  Several plasmids coding for the full-length TM domain and decreasing
portions of EC domain of rat p185 protein have been constructed. The truncated plasmids, obtained by
deleting the NH2-terminal 240 base pairs (bp), or multiples of this length, were used in experiments
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 NH2-terminal portions of human ErbB2 cDNA to sequences coding for the truncated forms of
rat protein to reconstitute the whole protein sequence. Protection achieved following vaccination
with plasmid coding for the full-length EC and TM domains is mainly due to antibody production, while

protection attaiﬁéd ﬁ?%lr’f’d’ ﬁ?as_Nﬁgs _c‘fﬁﬁﬂg f@li-t!{égt’ﬁu A2atdd3brPaer ot MB?jﬂ@ﬁé’lﬁsi@ﬁot .
associated W't%ﬁ%@m@é’%ﬁmﬂ%ﬁ’?&cﬁ%@t& %@n%gsaéﬁsneu ?(")OQ%}%% g?i’fq fg)rfgt?]h?e&) results of the

in vivo experiments, plasmids capa nducing a strong immune resp and T

lymphocyte-mediggensevaieeasigctid patiénts fiusihasppet-trasting niomuaiersip slasmigds gontaining a
coding sequence for a p185u” protein fragment, which sequence is selected from the group consisting
of SEQ ID NO: 8rBS1gtea8diBHEE KS5HRRS eonDanaRisria phemtiisoespondtidh sedpiectablis. selected

from the grou'pfgg?ésc qgagl??%gem xl\é%g'xlsza(c%%i nee sgrgg%]é:fs %r enga 8%0ding fgtr %usrgsgtiig% .

rat p185' proteins are deposited in Gene Bank with accession

DNA sequenceshtoeing, foedhe: tidraatachandee gk 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 seqliéhdesciiersniifisheainrienidumtenicapplit atiomovesetdteo fitrst] asingcaipdion, in
particular promote romoter, located ugistr.e.am of the coding sequence,

BufleRlEhe MY
transcription intEto ARd Ao SeiteSee2N A s ASEHAT RIL RIS HIRS A5 L UIR REAIGRLGR
kanamycine resisfiRnes @pbfnests NMRssmarkolALRINIRHON ML PR Pl LASE1ENARRSH R ,
transcription activators. The elements for controlling transcription must be suitable for use of vectors in
mammals, partiRQikie ifumeransheseanbies dupecprinveintieattiprecentiemaral pineatmaee Wit a
composition 6 . . . . . . . . '
preneoplastllc lesions is an accessible goal. In particular, in experiments aimed
at preventing the development of sp(;ntaneous mammary tumors that arisevin
transgenic mice due to rat Her-2/neu oncogene (FVB/neuT .m'ice and BALB-
neuT mice), it has been shown that the plasmid coding for rat p185"" protein
EC and TM domains is capable of eliciting a more effective protection
compared to the plasmid coding for full-length p185™" protein or plasmid
coding for its EC domain only (secreted antigen) (Amici et al., 2000, Gene
Ther. 7: 703; Rovero et al., 2000, J. Immunol. 165: 5133). Similar data have
been reported by Chen 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 very 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




containing a DNA plasmid defined as above, together with pharmaceutically acceptable vehicles and
excipients. Alternatively, the compositions can contain admixtures of two or more different plasmids
coding for both the truncated and chimeric forms of p1 85' protein. The pharmaceutical compositions in
a suitable form for parenteral administration, preferably in the form of an injectable solution, are
preferably used for DNA vaccination. Principles and methods for DNA vaccination are known to those
skilled in the art, and are described, e.g., in Liu, 2003; .1 Int. Med. 253: 402. Utilization of plasmids
coding for the p185' truncated and chimeric forms tof)reventively and therapeutically vaccinate against
p185'-positive (Her2/neu-, ErbB-2-positive) tumors has a variety of advantages which ameliorate its

efficacy. For plRSH&LRAYifloreplrsmis derrbiratiomaderidrantaptisane: Whemelasauittiity to

obtain a vaccin lyoferdefini rtj j ich it J sired to develop an immune
response; this \/ggggﬁg] ﬁh)g gglgz cﬁ%ﬁ%@%@@éﬁ%ﬁﬁs&%Eg%%ge}r%%r%gﬁn%%%)t?ﬂ%ee%ﬁ%ﬂ% induction

of some selected forhasdet isignahearesparisepiateativantidguyrdeediie dafoim@hael response
lymphocyte-mediated form. 3) The possibility to produce vaccines which combine multiple epitopes

having a definetiih ﬁﬂéfée?ﬁgﬂ?tgipﬁiﬁﬂi bR sontameatd é&@?%&%ﬂﬂi%@déﬁmmerent
s o SO AT TR,

. . a
combination of tru orms o erent animal species a S10. a

plasmids coding 1e57stoedtettetripainantsotibecsaspRsRes o iadTeiMNEElierhiRed- tAHMaAS, Which is
able to elicit a specific high-affinity response; b) Combine plasmids coding for antigenic determinants

of the same sp nipsaamsohraag (RilpeERa-s@80ndebronuned. tbb Bridehicliv addtéeminants from

other species, the antigenic determinants showing a substantial similgrity but differjng in that those
from other speél]ecsogli%??éyrﬁg?glﬁwngelﬁgeoirrtl%%ér%ier s‘bsén e,%%hu818§%¥§<§n¥Yh§tﬁ et%ﬁiggaﬂgg ate. These

allogeneic detegfingiiss Whigihile fEEORAEAd AsnaRHAbexeaRNeKs, ast ashelresdrigrpinants
facilitating the induction of a more intense response and cytolcine release; : ,
protecting against tumor growth (Piechocki et al., 2001, J Immunol. 167:
3367). This demonstrates that there is a synergiétic effect between humoral and
cellular responses in the prevention of p185"“-positive carcinomas (Reilly et
al., 2001, Cancer Res. 61: 880). |
Vaccination with the plasmid coding for EC and TM domains (EC—TMV
p'lasmid) has prbven efficacious not only in preventing the development of
spontaneous pl185™“-positive carcinomas, but also in treating tumor masses of 2
mm in diameter by involving a rangé of effector immune systerﬁ mechanisms
(T helper and T Kkiller cells, antibodies, macrophages, neﬁtrophils, ‘natural killer
‘<;ells, Fc receptors, IFN-gamma, and perforins), which coordinately contribute to
tumor rejection (Curcio ef al., 2003, J. Clin. 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 experiments aimed at preventing
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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



c) Combine plasmids coding for antigenic determinants of the same species with cDNA sequences
which, by coding determinants of another species, in some individuals can give rise to heteroclytic
determinants which bind with higher affinity to HLA molecules and induce more intense immune
responses having a higher affinity; d) Have a vaccine which combines advantages from a) with those
from b) and c). Properly formulated DNA plasmids according to the invention are used in
preventive or therapeutic treatment of humans or animals which show a high risk of developing
p185'-positive carcinomas, or patients carrying p185'5-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 sEfFRCAcEH pdineotantie lRuertcd fasma st Tetpratedn telmmsastitie st atioopeocess is
observed. ’Egmgﬁ ;r%?te%t%l with plasmids or compositions of the invention are primarily those of
epithelial origin, partlcuﬁa y pulmonary, ovarian, and mammary adenocarcinomas; squamous head
and neck carcinomaspaigonencagBnared\ IlS9iA g RASSiRaeR %ﬁmlmq’&sc%{fg'?&;}ﬁﬁcripﬂon of
the invention Construction of plastnids coding for truncated forms of rat plar protein The plasmid

backbone pCMPE-1eegiixiBEdandiMasemaing itamaiglySduertopomibadylfrodustidirognldMilan, ltaly)

was used to pr %%tipélggf Igsbmids codir]g for, the fu l-Ienpth M domain and decreasing portions

of EC domain § rat p185' protem. pCMV3e REREARE HO8128 AT DIRdiiscater formsondeadequence

(which is transgilgesd%tﬁramiﬂq@sme%%tqd&s%d%&iﬁ?Cﬂiﬁl‘g}ﬁtﬁ@%ﬂf)alﬁ%lﬁ\f;{&‘?géiﬂcﬁgﬁa NA
ep

fragment of rat p185' protein was obtained by enzymatic amplification of D sing t V-EC-TM
vector (Amici eaRyX380$-Gene Ther., 7: 703; Rovero et al., 2000, J. Immunol., 165: 5133) as a

template, T7 primer as a,sense oligpnucleotide (qligonucleotide #1), and an oligonucleotide
(oligonucleotide #2) i(z%i%ﬁge}?é%gr%' chﬂipﬁté?a ST RRE DR B T RS I A shobiy

purification and fligeatigpiMsth Ialin(y{}(ﬁ{gj Eﬁg}%hﬁ%strifg%gggynmhtheﬁwggfd f‘[i%%mefl_t was

cloned into pCMV3.| plasmid which had been digested with the same enzymes, thus obtaining
pCMV3.1-neuBYQ@@@@ML%mB@IQ@IEMMe}WQ@huences coding for the deleted fragments of EC

domain and full-length TM.domain of rat p185™ protein have been inserted in frame into
pCMV3.1-neul vectoﬁnd?gggﬁi}%ﬁ?ﬁgégII%WEPQB’&Ir@@fﬁcﬁbﬁ'@ﬁ%}ﬁfe%ﬁﬁé“h’é&v%‘%&& )

obtained were Mﬁgﬂ@é%ﬁ%%‘ﬁggﬁ"rﬁ&éﬁ%ﬂ&(t?g/ﬁmmge ﬁiﬁée(gég%%ﬁcﬁe(gﬁ%m the

pCMV3.1-neuL-rEC2-TM (-1 mino acids) (Fig. 2), pCMV3.1- heulL-rEC amino acids)
(Fig. 3), pCMVE.Quie cORSETIAG NI (S1Q dMidNCacids) i 4pqueiy TadienlfoES T HiMdrR90 amino
acids) (Fig. S)EH% ¥3.1-neul-reCe-TM (-470 amino acids) (Fig. 6), and pCMV3.1-neuLreC7-TM
(-550 amino adid %Fi&.’ ACBh Y SRYRRE 5 B5 AT Brartseankanpisting »6 SEho acids

shorter, ncludiy e seeeensandl g kSRR Codl bR Pl progissively

shorter by 80 amino acids.  These fragments have been produced by enzyma cation of
DNA using sevgntdifierane: dgrmsétedjorGiaiediaels wiithadngssamdal/HqgB resdriktian site

(ollgonucleotldlgess g#gc-ﬁ%l }%nd an antisense oligonucleotide

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 include functional elements to céntfol transcribfioﬁ; 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
elements for controlling transcription must be suitable for use of vectors in

mammals, particularly in humans.

In another aspect, the invention concerns a pharmaceutical composition



9 (oligonucleotide 10) capable of recognizing a site called "pcDNA3.1/BGH Reverse Priming Site"
(830-850 nt) at the 3' end of pCMV3.1 multiple cloning site. As a DNA template for PCR,
pCMV-EC-TM vector (Amid i A. et al. 2000, Gene Ther. 7: 703; Rovero et al., 2000, J. Immuno!._165:
5133) was used. Following enzymatic digestion with EcoRI and Xbal restriction enzymes, amplification
products were cloned into pCMV3.1-neulL plasmid.  Vaccination with pCMV3.1-neuL-rEC4-TM
plasmid as well as vaccination with pCMV3.1-neuL-rEC-TM plasmid which codes for_the full-!ength EC
and TM domains protects 100% of BALB/c mice frord developing tumors induced gylmomtlatllzogzoer
TUBO cells. On the other hand, vaccination with pCMV3.1-neuL-rEC1-TM, pCMV3. -neuL-r -TM,
and pCMV3.1- SR REREa NS BlasRid, 4 RsraPovs fieeethes withcphedniennstishByss net

protein protect%g&&g%eof&@@ég na'ﬁ:g.' Yﬁhég%\e}?%?vg% Fr) smid which codes for the fifth

tions can
truncated form protects 50% of BALB/c Mice, ne 6-TBH :

PCMV3.1-neulsoB@TaTAdiiasmids ofhisl corlentsretiifSiinendasauenteaingarss fRmSHduce no
protection. The results obtained demonstrate that cellular response activated by the p185' protein

truncated form&WHseed o asbimieris dprmmiefisth §ficienphoteinituhbsal praventiartiddbwever,

ncomitant actjyatian: Hular, ralyespanses glloys. obtaining a more effective therapy
?Igielly etal, Z(ggﬁ%ggh%%ﬁi%g? %%ﬂ%bgg) i 0 gﬁ% nafsler[ﬁ? Gay’ %V%l&ﬁ%l‘lrigﬂ?ga%‘f SHOV R Se carried
out with plasmifbriadisly dar ihfeéablRngdbonnitd MresRine a5ed SorPIEA - Wacklaglgn with
pCMV3.1-neulL-rEC4-TM plasmid which codes for the fourth truncated p1 85' form lacking amino acids

1-310 is still adi&ifs i asetnd mmetheds dos DVt veritioationsporkewizn Gftidsosidtledripdied to that of
PCMV3. I-neulrE G IMRIAREASHEARS Tin 1207981551, TIASIRAS 553. 402
Utilization of plasmids coding for the p185™" truncated and chimeric
forms to preventively and therapeutically vaccinate against p185™-positive (Her-
2/neu-, ErbB-2-positive) tumors has a variety of advantages which ameliorate its
efficacy. For plasmids coding for the truncated forms, these advantages are:

1) The possibility to obtain a .vacécine coding only for definite TAA
portions against which it is desired to develop an immune fesponse;
this vaccihe has a les chance to elicit autoimmune phenomena.

2) The exclusive induction of some selected forms of immune response,
i.e. an antibody-mediated form or a T lymphocyte-mediated form.

'3) The possibility 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 same
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



N mice Protection Antibodies pCMV3.1-neuL pCMV3.1-neuL-rEC-TM pCMV3.1-neuL-rECI-TM
pCMV3.1-neulL-rEC2-TM pCMV3.1-neuL-rEC3-TM pCMV3.1-neuL-rEC4-TM pCMV3.1-neuL-rEC5-TM
pCMV3.1-neulL-rEC6-TM pCMV3.1-neuL-rEC7-TM 555555555 0% 100% 80% 7_5% 70% 100%
50% 0% 0% -1-1-1- Construction of chimeric human-rat plasm ids capable of coding for seven
different fusion forms of p185™ protein (HURT1-7)

7

determinants from other species, the antigenic determinants showing a
substantial similarity but differing in that those from other species
elicit a more intense immune response, thus overcoming the tolerance
state. These allogeneic determinants, which are recognized as partially
exogenous, act as helper determinants facilitating the induction of a
more intense response and cytokine release;

¢) Combine plasmids coding for antigenic determinants of the same

species with ¢cDNA sequences which, by coding determinants of
another species, in some individuals can give rise to heteroclytic
determinants which bind with higher affinity to HLA molecules and
induce more intense immune responses having a higher affinity;

~d) Have a vaccine which combines advantages from a) with those from
b) and c). |

Properly formulated DNA plasmids according to the invention are used in
preventive or therapeutic treatment of humans 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 pl85™*
protein

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



The majority of epitopes presented by HLA are located on the first subdomain (I/L1) of p185™ protein.
Therefore, chimeric plasmids coding for sequences of human ErbB2 protein which are increasingly
longer starting from NH2-end (the outermost portion of EC domain) have been constructed to induce a
specific immune response against these epitopes. These new plasmids, designated HURT (Human
Rat Transmembrane), were created by adding the lacking portions of human ErbB2 cDNA to
sequences which code for the truncated forms of rat p185™ protein.  The first five truncated
plasmids coding for full-length TM domain and decre&sing fragments of EC domain of rat pl85™
protein were digested with Hindlll and EcoRl restriction enzymes. The five different human cDNA
fragments obtainen pePNRGRhdrdimkteiiragteiMilats, Itahe)clorsedsadttin phedect b ériAted

plasmids, so thaj readjng frame was maintained. The cDNA fragments coding for portions of human
p185™ protein %%‘t%féfﬁ‘ﬁl e%?éﬁ?%gfﬁj}?ggﬂﬂé%“@wpég@@w&%%%%ﬁaéﬁﬁd??gm%gh
endoplasmic regisaluin. o¥H BIasToeq: By ANRHLAI9N Uc%ﬂeaﬁﬁ%é\%&jt&%%mm“@%ﬁ o
template. Six oligonucleotides were used as primers. The sense oligonucleotide Is the same for all six
primers and comeslootids tecquqmimdmbiddonsictentideibdg, binletite tinastatégynsadligadeicleotides

were designed so that thgrér%c}? nized human ErbB2 oncogene cDNA in increasingly advanced
positions of the*S8YERHteM M ha

PRUSHPReStEREbI IR Sagesn ehdsi@idonuckieteins
#11-1115). Foligwingyputitigad EQ&QA‘ sji ith, Hindl C egtricti 1zyes,the
amplified fragmentsgvl\)/lgre f%r?sgrgurekd INto c%%ré?&aﬁrﬁ%gﬁ %}i‘aémg&%{%iﬁ%%%%@ﬁ
pCMV3.1-rEC2&dop CARMR:L -enE GB; TROGEC MIERA - TFHGA; THE, (FOBLV Ravidre 5eT M. whighohad been
previously digeéted with the same restriction enzymes. In this way five- new plasmids have been

obtained (pCM¥3 1 HIHESF 1 - E§ MR Dot toteampiatsic It FEMS RS 3058R%R @ Hermmgetigeh, 2 amino
acids of which (Gli-Bhe)halaaautpt C a(ar i 0 join huma rat DNAs. The
proteins coded(fog%y these chimt@ﬂbhﬁragsr%%é@%gp riz)grbrﬁégcm%g%]&eﬂ?ﬁ(rt}cl@agﬁg.p%‘ﬂl%%saof human
p185' protein atwirdbrrbdkioBIpeitions ahrahtis&evlpsoificleotide® FBHBW R CPiTENiaRksMIds
coding for the sixth and seventh truncated forms of rat p185™ protein, two new plasmids were

constructed in AHiciHiEEH0G sttad offigdiik red cfaaluitesiaictien, sazamRso e camplifadite is
present in the qpaSé; 10 | e ence.. V3.1 was modified sing a
synthetic sequence rﬁg%%p%%@gﬁsge 0 igoﬂgg,lepgtglgg lggﬁéﬁgﬁu&c g(c)ltl ee%fz%?ﬁe avﬁ'lztanttl}é%nse

oligonucleotideséntig@nizgiaesidth#d chtaimihgt OBVt Tyl reSitisigueites farRmal geaune was
deleted and the restriction sites for Hindlll and Nhel restriction enzymes, located on its multiple cloning

site, were inveeteRtEhedinadendhsadrlisted Gasmeaiscf Basdrsrjnand faMvagthRMFragments
for the sixth o .of.rat p185 tei ducedb lificatit '
CAv-EC T e R AR DA el B AR 1558 e o muncr.

165: 5133) as adetoplaigesred wildifesrnt sensesligesviiastidas il Nheljestigiongite at their
ends (oligonucleotides #I18 and #19), and antisense oligonucleofide #10.  Following enzymatic

digestion with &SstAbiRiEEh2aRe sdepianairl PRI bmpifiodioh- Bt ueld waménsioneidsiito

pCMV3.111/N mjd, t ﬁﬁb} ining.th N M\ H/N-reC6- d pCMV IN-TEC7-TM
plasmids. The iﬁgﬁxiﬁééﬁen S ?o&%ggﬂfcgerEg’?rl\tl}[ghng‘fs Qﬁﬁn%%%ﬁ@?%%t@ﬁ%@g ﬁ’\%&ﬁéa!ﬁ generate
the chimeric pGMN3(EIC3AINIYRIBO andRCAWR)LUY: HyYRITNTRsMide were eataned By o
amplification using pcDNA3.1lerb132 plasmid as a template, T7 primer as a sense oligonucleotide

(oligonucleotid8MN0 Asiitl i Brspdabiy et southaif sy IV deififetnhiomacidONKigt Sitable
positions and | restricti ite at their ends (oligonugleotides #20 a 21), as antisense
oligonucleotid&m\g;ﬁb%%"ﬁ%%gg&#"ﬁ d‘\ﬁlégﬂo%%é)ﬁ% &ﬁfﬂj}—%?aﬁ&‘iaﬁgg&?ril%ﬁ%ﬁzymes, the

amplified fragriBs-wateI9serieg e s L ERRE AN I IIRSIIgM A MR AHIN-5 TR st of
pCMV3.IH/N-rEC7-TM), which had previously digested with the same restriction enzymes. In this way

the two new cHitG&#i® FENIYS iBH/NaRRT ecadlshonty i el iNihig FiE7sptastossigere abtaioed, which

code for proteins.qf 689 amino acids.in length, 2 amino acids of which (Val-Ser) belong to the Nhel
restriction site ﬁ%legd 18960 %GUmlgl(rfl ‘:%"Faﬁg&fﬁ\%’}“ 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



These manipulations led to the following plasmids: pCMV3.1-HURT1 plasmid (Fig. 8), which codes for
70 amino acids of EC domain of human p18511tu protein, 2 amino acids belonging to EcoRlI site and
618 amino acids of rat p185™ protein 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 13 of EC domain of human p185 protein and 458
amino acids of rat p185'protein pCMV3.1-HuRT4 plasmid (Fig. 11), which codes for 310 amino acids
of EC domain of human p185' protein and 378 amind®acids 5of rat p185" protein pCMV3.1-HURTS
plasmid (Fig. 12), which codes for 390 amino acids of EC domain of human p185" protein and 298
amino acids of (@i gameclpetids#10) capable of recognizing a site called “pcDNA3.1/BGH

Reverse Priming Site” (830-850 nt) at the 3’ end of pCMV3.1 multiple
cloning site. As a DNA template for PCR, pCMV-EC—TM vector (Amici A, et
al. 2000, Gene Ther. 7: 703; Rovero et al., 2000, J. Immunol. 165: 5133) was
used. Following enzymatic digestion with EcoRI and Xbai restriction
enzymes, amplification products were cloned into pPCMV3.1-neuL plasmid.
Vaccination with pCMV3.i-neuL-rEC4-TM plas'm.id as well as
vaccination with pCMV3.1-neuL-rEC-TM plasmid which codes for the full-
length EC and TM domains protects 100% of BALB/c mice from developing
tumors induced by inoculation of TUBO cells. On the other hand, vaccination
bwith pCMV3.1-neuL-rECl-TM, pCMV3.1-neulL-rEC2-TM, and pCMV3.1-
neul-rEC3-TM plasmids which code for the first three truncated forms of
p185™ protein protects 70-80% of BALB/c mice. pCMVS.I-neuL-rECS-TM
plasmid which codes for the fifth truncgted form protects 50% of BALB/c
mice, while pCMV3.1-neul-rEC6-TM and pCMV3.1-neuL-rEC7-TM
plasmids which code for the sixth and seventh truncated forﬁs induce no
protection. The results obtained demonstrate that cellular response activated
by the p185"™" protein truncated forms whose localization is cytoplasmic, is
sufficient in antitumoral prevention. However, concomitant activation of
cellular and humoral responses allows obtaining a more effective therapy
(Rielly ef al., 2001, Cancer Res. 61: 880). To attain antibody prbduction,
vaccination must be carried out with plasmid coding for the full-length EC and
TM domains of p185™" protein. Vaccination 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 pCMV3.1-neuL-rEC-TM plasmid (Table 1).



pCMV3.1H/N-HURT®6 plasmid (Fig. 13), which codes for 470 amino 10acids of EC do_main_ of human_
p185" protein and 218 amino acids of rat p185" protein pCMVS.lll/N-HuRT? plasmld (Fig. 14), which
codes for 550 amino acids of EC domain of human p185' protein and 138 amino acids of rat‘p185'
protein.. 15The indirect evidence of a membrane expression of the chimeric human-rat proteins coded
for by these plasmids has been obtained by immunizing mice with the seven new plasmlds 3
(pCMV3.1-HuURT1-5 and pCMV3.1H/N-HURT®6-7).. The sera from all vaccinated mice have specmc
antibodies against the chimeric human and rat p185i'0protein. Furthermore, 20 animals \{accmatfed
with plasmids coding for the seven different chimeric proteins are protected from a lethal inoculation of
TUBO cells and/or hu'ﬁﬁ‘zi’r\"pl% protein-overexpressing tumor cells (D2F2-E2 cells). EXA_MPLES
Example 1: Construction of pPCMV3.1-HURT5 Plasmid 25pCMV3.1-rEC5-TM plasmid_, WhICh codes for

the fifth truncated-fa laid~ T N mice . Protection 'nodes i
pCMV3.1-peul. 5 0% -
pCMV3.1-neul-rEC-TM 5 100% =+
pCMV3.1-neuL-rEC1-TM 5 80% -
pCMV3.1-neuL-rEC2-TM 5 75% -
pCMV3.1-neuL-rEC3-TM 5 70% -
pCMV3.1-neul-rEC4-TM 5 100% +
pCMV3.1-neul-rEC5-TM 5 50% -
pCMV3.1-neuL-rEC6-TM 5 0% ;

pCMV3.1-neuL-rEC7-TM 5 0% -

Construction of chimeric human-rat plasmids capable of coding for
seven different fusion forms of p185™* protein (HuRTI-7)

The majority of epitopes presented by HLA are located on the first
subdorﬁain (I/L1) of p185™* protein. Therefore, chimeric plasmids coding for

| sequences of human ErbB2 protein which are increasingly longer starting from
NH,-end (the outermost portion of EC domain) have been constructed to
induce a specific immune response against these epitopes. These new
plasmids, desighated HuRT (Human Rat Transmembrane); were created by
adding the Jacking portions of human ErbB2 cDNA to sequences which code
for the truncated forms of rat p185™* protein.

The first five truncated plasmids coding for full-length TM domain and
decreasing fragments of EC domain of rat p185™" protein were digested with
Hindlll and EcoRI restriction enzymes. The five different human cDNA
fragments obtained by PCR and digested at their ends were cloned within these
five truncated plasmids, so that reading frame was maintained. The ¢cDNA
fragments coding for portions of human p185™ protein to be inserted,
including the 5* UTR region-and secretion signal to pass through endoplasmic

reticulum, were produced by amplification using pcDNA3.lerbB2 plasmid as a



enzymes (BioLabs, Beverly, MA) to delete the 5' UTR region and neuL sequence. 14  The 4794 bp
DNA band corresponding to pCMV3.1-rEC5-TM plasmid lacking the 5' UTR region and neuL sequence
was separated by agarose gel electrophoresis and eluted using a Qiaquick gel extraction kit (Qiagen,
Italy).- The cDNA for the 5' UTR region, leader sequence, and sequence coding for the missing part of
human ErbB2 gene was obtained by PCR. pcDNA3.1ErbB2 plasmid was used as a template, T7
primer (oligonucleotide #1) was used as a sense oligonucleotide, and a primer with an EcoRI
restriction site at its 5' end (oligonucleotide #15) wad lused as an antisense oligonucleotide. To perform
the PCR reaction, reagents and a proofreading Taqg polymerase of Finnzymes (CELBIO, Milan, Italy)
were employedetRplrswiSixtiodi fdRcleatiton whe awvedifie gridhorswibepsuifiechtigdnueleptiated by
standard methpds, resus ‘ndegoin 501i1 H20, and digested with Hind]ll and EcoRl restriction
enzymes. The'80 Asﬁgéjn(?gﬁta TP ?’339\98}'&358 # fdnpsineroebisprralectifearized

PCMV3.1-rECH{HM @lﬂ%@kﬂw@reeclmme'i%@%ﬁ&&%&ﬁ@ﬁv&gJéééigcﬁpﬁg%ﬁe {Blekabs, Beverly,

MA).  The ligation product was then used to transform DH5ct strain ol bacteria which had been

made competertbgnizedhicinm @ExbBideotecipeingieDNAT he clonasisglphiainedsiepesiiahezed by
alcaline lysis I%tcéetect the clones containing the chimeric pPCMV3.1-HURTS plasmid.
PCMV3.1-HuRAs {%s dRAvEneey A bPafe dhnferRLqirsttRtiPMetisd atirthein A8 PRISM 310

Genetic Analyzgy; r ( ied: Bio .to verify that insertion of.h n
sequence port?ggl%%%?r%@?gfra éﬁ)%fé? gﬁﬁ%ﬁo’qlﬁ‘gﬁé %%ﬁ%%l%%} ﬁ%‘e fﬁ{ﬁetsrﬁﬂléa%%fgfﬁgﬁat p185™
protein had talesd pErxoR Eareenibtiond enithmiss AltReingripk fieading fiame . wisiteof pligriusiagtides: #1 T7

e (S Q I s ponding plasaads (JOMUS T AECL M. JCMVS 15BC2-TM, PCMV3.1-
rEC3-TM, .pCMVB.l-rEC4~TM, pCMV3.1-1EC5-TM), whicﬁ had been
previously digested with the same restriction enzymes. In this way five ncw
plasmids have been obtained (pCMV3.1-HuRT1-5) which code for chimeric
proteins of 689 amino acids in length, 2 amino acids of which (Glu-Phe) belong
to the EcoRlI restriction site used to join human and rat DNAs. The proteins
coded for by these chimeric plasmids differ from each other by increasing
portions of human pl85™" protein and decreasing portions of rat p185"’e“
protein. |

To obtain the chimeric plasmids coding for the sixth and 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 synthetic 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 for HindIII and Nhel restriction enzymes,

-~ located on its multiple cloning site, were inverted. The new plasmid backbone
s0 obtained was designated pCMV3.1H/N. Fragments for the sixth and
seventh truncated forms of rat p185™ protein were produced by amplification

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



#3 rECD1 sense EcoRlI (5E4 ID No: 15) 15 t4 rECD2 sense EcoRI (SEQ ID No: 16) 45 rECD3 sense
EcoRI (SEQ ID No: 17) 46 rECD4 sense EcoRI (SEQ ID No: 18) 47 rECD5 sense EcoRI (SEQ ID No:
19) 48 rECDG6 sense EcoRlI (SE ID No: 20) 49 rECD7 sense EcoRI (SEQ ID No: 21) 410

pcDNA3.1/BGH Reverse priming site (SEQ ID No: 22) 411 His-Myc sense EcoRI mut (SEQ ID No: 23)

12

et al., 2000, J. Immunol., 165; 5133) as a template and two different sense
oligonucleotides. with a Nhel restriction site at their ends ‘(oligonucleotides
#18 and #19), and antisense oligonucleotide #10.

Following enzymatic digestion with restriction enzymes Nkel and Pmel,
the amplification products Werc cloned into pCMV3.1H/N plasmid, thus
obtaining the new pCMV3.IH/N-rEC6-TM and pCMV3.1H/N-rEC7-TM
plasmids. The cDNA fragments coding for portions of human p185"™" protein
to be inserted to generate the chimeric pCMVB.lH/N-HuRT& aﬁd
pCMV3.1H/N-HuRT7 plasmids. were obtained by amﬁliﬁcétioh using

 pcDNA3.1lerbB2 plasmid as a template, T7 primer as a sense oligonucleotide
(oligonucleotide #1), and two primers designed so that they recognized human
¢cDNA at suitable positions and had a Nhel restriction site at their ends
(oligonucleotides #20 and #21); as antisense oligonucleotides;
| Following purification and digestion with HindIIl and Nhel restriction
enzymes, the amplified fragments were inserted into corresponding plasmids
(PCMV3.1H/N-rEC6-TM; pCMV3.1H/N-rEC7-TM), which had previously
digested with the same restriction enzymes. In this way the two new chimeric
pCMV3.1H/N-HuRT6 and pCMV3.1H/N-HuRT7 plasmids were obtained,
“which code for proteins of 689 amino acids in length, 2 amino acids of which
(Val-S.er) belong to the Nhel restriction site used to join humaﬁ énd 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 p185™" protein, 2 amino acids belonging to
'EcoRlI site and 618 amino acids of rat p185™ protein
¢ 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

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



#12 His-Myc antisense EcoRI (SEQ ID No: 24) #13 70 erbB2 an_tisense EcoRI (SEQ ID Ng: 25) 1121
150 erbB2 antisense EcoRI (SEQ ID No: 26) 415 230 erbB2 ant!sense EcoRI (SEQ ID No: 27) #1
310 erbB2 antisense EcoRI (SEQ ID No: 28) 417 390 erpBZ antisense EcoRI (SEQ ID No: 29) 418
Hindlll-Nhel sense (SEQ ID No: 30) 419 Hindlll-Nhel antisense (SEQ ID No: 31) #20 rECDﬁ slerésEe
Hhel (SEQ ID No: 32) 421 rECD7 sense Hhel (SEQ ID No: 33) #22 470 erbB2 antisense H eI (SEQ
ID No: 34) 423 550 erbB2 antisense Hhel (SEQ ID NG 35) Example 2: in Vivo Testing Animals

Animals came from
BALB/c strain female mic 7-week old were used for all experiments.
Charles River Laboratorlgegﬁ éBml%‘l’aﬁ £\ hapan,pESE"thay aieia rednds8 dmiepticidly eheaaccording

to the rules established tiylgymgg&glgommunlty Intramuscular Administration Followed by in Vivo

Electroporation
¢ pCMV3.1-HuRT4 plasmid (Fig. 11), which codes for 310 amino

| acids of EC domain of human p185™ protein and 378 amino acids
5 ‘ of rat p185™ protein N
e pCMV3.1-HuRTS5 plasmid (Fig. 12), which codes for 390 ‘amino
acids of EC domain of human pl8s™ protem and 298 amino acids
of rat p185ncu protein |
e pCMV3.1H/N-HuRT6 plasmid (Fig. 13), which codes for 470 amino
10 acids of EC domain of human p185™" pfotein Aand 218 amino acids
- of rat p185™ protein '
¢ pCMV3.1H/N-HuRT7 plasmid (Fig. 14), which codes for 550 amino
acids of EC domain of human p185" protein and 138 amino acids
of rat p185™ protein.

ISR Tﬁe indirect evidence of a membrane expression of the chimeric
human-rat proteiﬁs coded for by these plasmids has beAen obtained by
immunizing mice with the seven new plasmids (pCMVB.l-HuRTI-S and
PCMV3.1H/N-HuRT6-7). The sera from all vaccinated mice have specific
antibodies against the chimeric human and rat p185™" protein. Furthermore,

20 animals vaccinated with plasmids coding for the seven different chimeric
proteins are protected from a lethal inoculation of TUBO cells and/or human
p185™" protein-overexpressing tumor cells (D2F2-E2 cells )

EXAMPLES
Example 1: Construction of pCMV3.1-HuRTS5 Plasmid

25 pCMV3.1tEC5-TM plasmid, which codes for the fifth truncated form
of rat pl85™" protein, was digested with HindIII and EcoRI restriction
enzymes (BioLabs, Beverly, MA) to delete the 5° UTR region and neul

sequence.



To avoid pain and undesired contractions of tibial muscles, each mouse 16 was anaesthetized by
intraperitoneal injection of 300p.I Avertin, a solution consisting of 0.58 g tribromoethanol
(Sigma-Aldrich) and 310 RI Ten-Amy! alcohol (Aldrich) in 39.5 ml deionized 1120. Tibial muscles of
anaesthetized mice were shaved, and 20 RI of a solution containing 25 jig DNA were inoculated in
each muscle. The DNA-containing solution was prepared just before use according to Dr. F. Pericle's
instructions (Valentis, Inc., The Woodlands, Texas, USA). This solution contained plasmid DNA at a
concentration of 1.25 mg/ml, poly-L-glutamate sodiukh salt (Sigma-Aldrich, S.r.I., Milan, ltaly) at a
concentration of 6 mg/ml, sodium chloride at a concentration of 150 mM (Fluka, BioChemika, Buchs,
Switzerland), and end®®Aihdepdidtiithteand senr¢ppariding fraCIMM3r] REGTMGdasarition) to a

final volume of,1ml. Aft&lre 0 minutes of Jno ation, two electrical u'Isgs, 375 V/cm2 in intensity

c
and 25 msec in T aRon eacho ganaraie By aﬁ%ﬁtcﬁ?@?&ﬁ&g?ﬁo% aledhyparatoseredo, BTX,
San Diego, CAcletrapheresRraie ¢ ooy titial @%ﬁ%&p@%é@g&w %E?r%'ggk?ﬁﬁg s located 3
n

mm apart in a quadrangular arrangement laterally in the leg. Gene immunizationby electroporation
was performediihiceDN Aafor shinddl BT Rrig glatnyedifore queosk timyltsexprenetisc ddagglfgion of Tumor

Cells Left SE‘%S of ini?e were inocg}aﬁd with&%ﬁl of a suspension ;ontainirﬁé% x 105 TUBO cells.
In vivo Tumor GrowfR'EVaRiafBRt  CrufiiPifo 2s BRllGatdPy SRBRed weekiy GRd tumor size

was measuredgpRewemeB iR WaTaieisa ienase. MeRRRRICTARIAR Rz larger
than 1 millimeter were c.onsidergg as tumors. Tumor growth was mo%itoreg(gr 00 (éia)?f;/)zl?rgm tumor
inoculation or dtl WAsonsixk exceedensd Oohgmathrstidediamdtear, tiraat whith anirBalsRiere

sacrificed. The results obtained demgnstrate that chimeric pCMV3.I-HURTS plasmid is 17 able to
; el

protect 100% SFYAEHPRSHBAL B miadroMIZABRT I GHdcuBoh s UERd asiknpatizense

oligonucleotide. To perform the PCR reaction, reagents and a proofreading
Taq polymerase of Finnzymes (CELBIO, Milan, Itély) Were employea.
Following the PCR reaction, the amplified DNA was purified and precipitated
by standard methods, resuspended in 50ul H,0, and digested with HindIII and
EcoRI restriction enzymes. The ¢DNA fragment coding for the relevant
portion of human ErbB2 and the linearized 'pCMVS.l-rECS-TM plasm‘i‘d were
cloned by ligation reaction using T4 DNA ligase (BioLabs, Beverly, MA).

The ligation product was then used to transform DHS(x strain E. coli
bacteria which had been made‘competent by the calcium chloride‘techniqu‘e.

The clones so obtained were analyzed by alcaline lygis to detéct the
clones containing the chimeric pPCMV3.1-HuRTS5 plasmid.

pCMV3.1-HuRTS5 was then analyzed by the Sanger sequencing method
using an ABI PRISM 310 Genetic Analyzer automated sequencer (Applied
Biosystem) to verify that insertion of human sequence portion coding for
ErbB2 gene into plasmid coding for the fifth truncated form éf rat p185"
protein had taken place correctly and without altering the reading frame.

List of oligonucleotides:

$#1 T7 primer (SEQ ID No: 13)

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

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



Table 2 PlasmidsN miceProtectionSurvival (days) pCMV3.1-neuL 5 0% + 35 pCMV3.1-neuL-rEC-TM
5100% + 100
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#4 rECD2 sense EcoRI ({SEQ ID No: 16)
- #5 rECD3 sense EcoRI (SEQ ID No: 17)
$6 rECD4 sense EcoR; (SEQ ID ﬁo: 18)
#7 rECDS5 sense EcoRI (éEQ ID No: 19)
#8 rECD6 sense EcoRI (SEQ ID No: 20)
#9 rECD7 sense EcoRI (SEQ ID No: 21)
#10 pcDNA3.1/BGH Reverse priming site (SEQ ID No: 22)
#11 His-Myc sense ECORI mut (SEQ ID No: 23)-
#12 His-Myc antisense EcoRI (SEQ ID No: 24)
#13 70 erbB2 antisense EcoRI (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 EcoRI (SEQ ID No: 28)
#17 390 erbB2 antisense EcoRI (SEQ ID No: 29)
#18 HindIII-Nhel sense (SEQ ID No: 30)
#19 HindIII-NheI antisense (SEQ ID No: 31)
#20 rECDS sensé Hhel (SEQ ID No: 32)
$21 rECD7 sense HheI (SEQ ID No: 33)
#22 470 erbB2 antisense Hhel (SEQ ID No: 34)
#23 550 erbB2 antisense Hhel (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 Charles River Laboratories (Calco, Milan,
Italy), where they had been bred aseptically and according to the rules
established by European Community.
Intramuscular Administration Followed by in Vivo Electroporation

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



pCMV3.1-HuRT5 5 100% + 100 Evaluation of Anti-p185' u Antibody Presence in Sera of
Vaccinated Animals  The day preceding the inoculation of tumor cells, blood was drawn from
animals vaccinated with chimeric pPCMV3.1-HuURT5 plasmid. Sera were analyzed to assess the
presence of rat anti-p185' antibodies. Sera were incubated for 45 minutes at 4(_3 with ce_IIs
overexpressing rat )After washing with a solution called the washing buffer, wh_lch consists of
phosphate buffer saline (PBS) containing 0.2% bovine serum albumin (BSA, Slgrr_la, Milan, Italy) and
0.1% sodium azide (NaN3, Sigma, Milan, Italy), sam‘pﬁes were incubated for 20 minutes at 4C with an
anti-mouse immung%%bu in FITC-conjugated antibody, washed with washing buffer, and analyzed by

a FACScan cySftidHietictes Jﬁ’ D SHIRAHu RIS HRRT @%Hém‘sY%{!nfmin?ﬁpCaliflorni?,
i ' ) ' ith.d i ntratjons of mpnoclona
U= St s S TS RO

anti-c-ErbB2/cneu antibody (Ab4, Oncogene), so th ce

intensities obtaihehttirtAriciofiudanteter deilykisd B 00 TibhiI oAb ARG Ratbagies in
animal sera could be derived. The data obtained show that all vaccinated animals exhibit high levels of

anti-rat p185' dﬁffb%d?@é,eaﬂki’ﬂ’?@re% 3ﬁirﬁéri%fp€wgﬁ9ﬁimmbliﬁnﬁﬁi3@f&ﬂ¢e Wwergucing
rejection of tragpplaniehieiR AR ERAALHE. RO BRI LAITHAY dsRaalC AN Dody regPanse-
before use according to Dr. F. Pericle’s instructions (Valentis, Inc., The
Woodlands, Texas, USA). This solution contained plasmid DNA at a
- concentration of 1.25 mg/ml, poly-L-glutamate sodium salt (Sigﬁa-Aldfich,

S.r.l, Milah, Italy) at a concentration of 6 mg/ml, sodium chloride at a
concentraﬁon of 150 mM (Fluka, BioChemiké, Buchs, Switzerlahd), and
endotoxin-free distillated water (Nucleare Free Water, Promega Corporation)
to a final volume of Iml. After about 5 minutes of inoculatiori, two electrical
pulses, 375 V/ecm? in intensity and 25 msec in duration each, generated by an
Electro Square Porator electroporator (T820, BTX, San Diego, CA, USA)
were applied to both tibial muscleé of mice using two steel electfodes located
3 mm apart in a quadrangular arrangement laterally in the leg. Geﬁe
immunization by electroporation was performed twice in each animal 21 and 7
days before inoculating tumor cells.

Inoculation of Tumor Cells

Left 'sides of mice were ‘inoculated 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 diameters with a gauge. Neoplastic masses
of a size larger than 1 millimeter were considered as tumors. Tumor growth
was monitored for 100 days from 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-HuRTS5 plasmid is



18 CLAIMS 1. A plasmid vector for DNA transfer, which plasmid contains a sequence consisting of
SEQ ID N: 10 coding for a chimeric p 185' protein. 2. Plasmid vector according to plawn_ 1, further _
containing a transcription promoter. 3. Plasmid vector according to claim 2, wherein sa!d promoter is
the CMV promoter. 4. Plasmid vector according to claims 1-2 which is suit_able for use in rr_lammals,_
particUIarIy in humans. 5. Pharmaceutical composition containing a plasmid vector_accordlng to claims
1-3 together with pharmaceutically acceptable vehicles and excipients. 6. Composmon_ accc_)rdlng to
claim 5 which is suitable for parenteral administration7 7. Composition according to claim 6 in the form
of an injectable solution. 8. Composition according to claim Sin the form. of a DNA vaccine. 9 Use of a
plasmid vector aksotdiptptectidtigelod Yoctimapsé (BALBI ofiiv ¢ feoapaUtithagenbéalhaaised in the
prevention or trxfﬁtgént (g ?{%’ect at risk of developing p185-positive tumors, or patients carrying
primary tumors . MEat5884 H1}€8 positive tumor relapses.

Table 2
" Plasmids ‘N° mice Protection ~ Survival (days)
pCMV3.1-neul 5 0% . +35
pCMV3.1-neul-rEC-TM 5 100% + 100
pCMV3.1-HuRTS5 - 100% + 100

Evaluation of Anti-p185™" Antibody Presence in Sera of Vaccinatéd
Animals

The day preceding the inoculation of tumor cells, blood was drawn from
animals vaccinated with chimeric pCMV3.1-HuRT5 plasmid. Sera were
analyzed to assess the presence of rat anti-pl185™" antibodies. Sera were
incubated for 45 minutes at 4°C with cells overexpressing rat p185™". After
washing with a solution called the washing buffer, which consists of
phosphate buffer saline (PBS) containing 0.2% bovine .serl‘lm 'albumin (BSA,
‘Sigma, Milén, Italy) and 0.1% sodium azide (NaNs, Sigma, Milan, Italy),
samples were incubated for 20 minutes at 4°C with an anti-mouse
immunoglobulin FITC-conjugated antibody, washed with washing buffer, and
analyzed by a FACScan cytofluorimeter (Becton Dickinson Immunocytometry
Systems, Mountain View, California, USA). Simultaneously, the same cells
were incubated with decreasing concentrations of monoclonal anti-c-ErbB2/c-
neu antibody (Ab4, Oncogene), so that a relationship between the fluorescence
intensities obtained through cytofluorimeter analysis and concentration of
anti-p185™" antibodies in animal sera could be derived. The data obtained
show that all vaccinated animals exhibit high levels of anti-rat pl85"™"
antibodies, and therefore chimeric pCMV3.1-HuRTS5 plasmid is effective in
inducing rejection of transplantable p185"*“-positive tumors and in eliciting a

specific antibody response.



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

1. A plasmid vector for DNA transfer, which plasmid contains a
sequence consisting of SEQ ID N: 10 coding for a chimeric p 185™" protein.
2. Plasmid vector according to claim 1, further containing a transcription
promoter.

3. Plasmid vector according to claim 2, wherein said promoter is the CMV
promoter.

4. Plasmid vector according to claims 1-2 which is suitable for use in
mammals, particularly in humans.

5. Pharmaceutical composition containing a plasmid vector according to

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

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

7. Composition according to claim 6 in the form of an injectable solution.

8. Composition according to claim 5 in the form of a DNA vaccine.

9. Use of a plasmid vector according to claims 1-4 for the preparation of

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

risk of developin 185" -positive tumors, or patients carrying primary
ping p p p gp

Sneu

tumors, metastases or p185™"-positive tumor relapses.

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




