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POLYNUCLeOT| DE—+-MVIUNOGENLC . AGENTS Eield of the invention _

The present invention refers to expression vectors codi ng for
fragnents or full Iength erbB proteins (EG : receptors) as

| mmunogeni ¢ ag rticularly her- 5 2/ erbB-2/ neu re

More particul ar E‘Z‘ I nvention refers to the use- ofcfs‘(glf G/01450
expression vectors for the preparation of medi canent s i nducing a
specific i mmune response in the host's cells. 10 Backgr ound
of the invention D'fferent EGF receptors are known, such as
EGFR1, Pf ilinpe ) - : 'vhrtlcularly HER- 2/ neu
has been proposed as target for antltunDr strategi es (WD 90/ 14357).
15 The proto-oncogene HER-2/ neu codes for a 185 KDa

menbr ane receptor protepieldki theSinvehtion A et al. 1984, Nature
312/ 513). The functions of HER-2/neu are presently not well

known hut they seemto be asEhgiRresento inventioncyefegs top@xprepsion,yectors
ki nase activit D Fiog I I
y ( DcFﬁng %ralfraéaggtyb r full le 1en&?ﬂ ecfuce(ymtelﬁs {BGF

10: 2749) . erent
stimulatory and i nhi bi tmqe:suo;rsal sadep&ndunggenxe heagents, partdohlardior her-

t he experi nental ndi tj e proposed 25 for the receptor (Peles,

E. et al. 1992 Celg S#é%i%a’ eu receptorrp o/ ey i s expressed during

pl acentation and Of SRAR0YRTLULKONFY - tio Cndbnt i8R TriEOFs 6! tne u
Acad. Sci. U S. A 84:849 %é?éV|c§% e? an ) se

1985:181) and it is detekt #Aid i mxau&hbzanounastonSa_for the preparat;on of

CONFI RMATI N COPY medicaments inducing a specific immune response in the

host's cells.

10
Different EGF receptors are known, such as EGFR1,
HER-2/neu, HER-3, HER-4.
Particularly HER-2/neu has been proposed as target
for antitumor strategies (WO 90/14357).
15 The proto-oncogene HER-2/neu codes for a 185 KDa

membrane receptor protein (pl85) (Schechter, A. et al.
1984, Nature 312/513).

The functions of HER-2/neu are presently not well

known but they seem to be associated to the increase of
20 tyrosine kinase activity (Di Fiore, P. et al. 1990 Mol.
Cell. Biol. 10:2749). '

Different ligands, which can induce both
stimulatory and inhibitory signals depending on the
ligand and/or the experimental conditions, were proposed

25 for the receptor (Peles, E. et al. 1992 Cell. 69:205).

HER-2/neu is expressed during placentation and
organogenesis (Kokay. Y et al. 1987 Proc. Natl. Acad.
Sci. U.S.A. 84:8498; RKnezevic V. et al. 1994 J. Anat.
1985:181) and it is detectable in small amounts in a
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2. nunber of epithelial/glandular adult tissues (Press. M ____. et
al . 1990 Oncogenes. 5:953). Mut ati ons and/ or overexpression
of pl85 are associated to tunor pathogenesis. The proto-oncogene

i s 5 acti y punctiform nutations (Bargmann, Cyerfipesn
Wei mberg R A %@%@gEWEO,J. 7:2043). In man nutations %gge nog“?ound

and it was found that in the carcinomas of glandular origin (e.qg.
breast, ovary, lung and ki dney adenocar ci nonmas), the transform ng
activity is related 10 to an anplification/ d&verexpression of pl85 with
nor nal struct mmumber of epithelizdégldapfuiaraadult oripseesLBresen M.
associated with u 0, o] .S I N patients with breast
cgrcinona (' Yokot a, J.eétggr.QESQGHﬁgﬁéékggigﬂgégﬁ' 15 Sl anon. D.J. et

al . 1987 Science. 235:1772Mu¥angshga. ahid/or ovemdxralessi®fl. &ANCe¥l85 are

Research. 51:1034, Gustarson. B.A et al . 1992. EuroB. J. Cancer. .
28: 263) . aRScEREeAUEPeSURPEo RATYGASP 1B onhB8L PEAtBEPRERASNE 1S
the receptor overexpregssiiQarddd bpe PRARLIESPA Ohufhitfons 20(BafGRash ANCE: &
In fact, carcinomas overexpressing HER-2/ neu are i nsensitive to

5-fluoruracyl treatneWeifParlj FSAV e1988. EMBO J. 1798304¥)oc InAmamsgutations

Qancer Resear. 32, Zg%kreT%B%\¥%%nd and it was found that in the carcinomas

| of glandular origin (e.g. breast, ovary, lung and kidney
adenocarcinomas), the transforming activity is related

10 to an amplification/overexpression of pl85 with normal
structure.

The amplification of pl85 has been associated with
an unfavourable prognosis 1in patients with breast
carcinoma (Yokota, J. et al. 1986 Lancet. i. 765;

15  Slamon. D.J. et al. 1987 Science. 235:1772; Yonemura. Y.
et al. 1991. Cancer Research. 51:1034, Gustarson. B.A.et
al. 1992. Europ. J. Cancer. 28:263).

Recent studies also suggest a connection between

the receptor overexpression and the phenomenon of drug
20 resistance.

In fact, carcinomas overexpressing HER-2/neu are
insensitive to 5-fluoruracyl treatment (Paikj S.M.et al.
1991 Proc. Am. Assoc. Cancer Resear. 32, 291). This was
confirmed by transfection studies of HER-2/neu in breast

25 carcinoma cell lines becoming resistant to Tamoxifen and
cisplatin (Benz C.C. et al. 1992 Breast Cancer Research
Treat. 24, 84).

The patients at stage I of breast carcinoma, with

good prognosis but with immunochemically detectable HER-~
30 2/neu, relapse after chemiotherapeutic treatment (Alfred
D.C. et al. 1992 J. Clin. Onc. 10, 599 and Gusterson



confirmed by transfection studies of HER-2/neu in breast 25 carcinom

cel |l ++res beeemng—+esistant—to Tanoxifen—and cisplatin (Benz_C C

et al. 1992 Breast Cancer Research Treat. 24, 84). The
patients at stage | of breast carcinoma, with good prognosi s but

wi t h i munochemyeishysogiet ect abl e HER- 30 2/ neu, rel apse af

chem ot herapeutic trgsg ment (Al fred D.C. et al. 1992 Jt’i‘[’ﬁ?%""

10, 599 and Custerson WD 96/ 31601

PCT/ EP96/ 01450 3 B.A et al. 1992
J. din. Onc. 10, 1049). Moreover, ant - HER- 2/ neu 'anti badi es

increase the cisplatB- aff al. 1993nph- n€tiRsi OnCactdR . (¥QAP). Moreover,

cytotoxicity against the ;_ as y MR
YOl out! Y POt g2 ARSAkaBlE A Y SERMRTTCONG e

Biol. 9, 1165). On t het.tmd‘:er negndsisn id!:etod:r UgTNE3i scrpntoxicity ce@¢1m$he§,he

the amount of epidermgl_ growth factor cep tor | |n rea
(Meyers MB. et al. %"ﬁ of? Svary I\%ﬁ cinpmay. | gﬁ' é Ct 32 1931
and the antibodies 1QGancsgakest $aid 4PEphaas m&a&sm.uhe w&@t #S0C Ce11.

ef fect's of drugs (Aboud-Pi rak E. et al. 1988 J. Nat|. Canc. Inst.
80, 1605; Basel ga J. cBiqdl. 21,04363).\An| theaptheynhand, in thgHrumxasistant

Simlarly to antibodi ec.selal sf)lrl:eg:, 'tﬂt%r eaﬂfo%t”@f epidermal growth factor (EGF)
receptor is increased (Meyers M.B. et al. 1986 Proc.
Natl. Acad. Sci. U.S.A. 83, 5521), and the antibodies

10 against said receptors increase the cytotoxic effects of
drugs (Aboud-Pirak E. et al. 1988 J. Natl. Canc. Inst.
80, 1605; Baselga J. et al. 1993 J. Natl. Canc. Ianst.
85, 1327).
Similarly to antibodies also EGF increases the
15 cytotoxic effect of alkylating agents such as cisplatin,
of ionizing rays, of mytomicin, of 5-fluoruracyl and of
adriamycin {Christen R.D. 1990 J. Clin. Inv. 86, 1632;
Kowk T.T. et al. 1889 J. Natl. Canc. Inst. 81, 1020;
Amagase H. et al. 1990 J. Pharm. Dyn. 13, 263; Amagase
20 H. et al. XXX Jpn. J. Canc. Res. 80, 670; Kowk T.T. et
al. 1991 Int. J. Cancer 49, 73).

The small amounts of pl85 expressed in normal
epithelia in comparison to the larger amounts in cancer
tissues induced to believe that the receptor may act as

25 target antigen for passive immunotherapeutic strategies,
(e.g. by administering monoclonal antibodies). It is
known, for instance, that some anti-pl85 monoclonal
antibodies c¢an inhibit the growth of breast carcinoma
cells both in vitro and in nude mice (Marx. J. 1993

30 Science 259:226).

Recently it has been demonstrated that anti-erbB-2



15 cytotoxic effect of alkylating agents such as cisplatin, of
lonizing rays, of nytomcin__of 5-fluoruracyl and of . adrianycin
(Christen R D. 1990 J. G in. Inv. 86, 1632 Kowk T.T. et al. 1989
J.. Natl. Canc. Inst. 1020; Amagase H. et al. 1990 J. Pharm

Dyn. 13, 263; 2 H et al. XXX Jpn. J. Canc. Res. 8 , wk
T.T. et A‘g?%i@?h Int. J. Cancer 49, 73). Th%?’f’“@
amounts of pl185 expressed in nornal epithelia in conparison to the

| grger anmounts in cancer ti ssues induced to believe that the

receptor may act as 25 target antigen for pas4ive i mMmunot herapeutic
strategi es, (e.mondylaxtall namst Brvadigsnoraoc| exedt aat iclyddstakic| efifect on
known, for instance, that so antj-pl185 nocl onal ant i bodi es
inhibit the growth of B?%%%tngﬁrci rregula %188H °§xnﬁh?n v FPBgaﬁdli%self
nude mice (Marx. J. 19PBatsilnatiSM.CRE€a259: 2883, Nature MediciBacenbhy-648).
has beén denonstrated that anti-erbB-2 WD 96/ 31601 .
PCT/ EP96/ 01450 Although active immunizatigmnoc| ojkyategies
anti bodi es can exgrt a Gyef r . ;
down- regulatlon § h&ggéégég) ) ;%? ProPosed %ﬁg?sbgg%u 1ﬂt%§e3ﬂ.,thls
1985, Nature N@dlClne Hyﬁﬁ%héﬁ&ﬁ was pre;udicedA&nmou@m posaibilety that the

[ i zati trat t d, f this.,
o Zat1GF SRR e 50 BByl LS POBEEEnd rap i

the physiologically expressing this antigen.

On the other hand, the inoculation of recombinant
10 vaccinia viruses expressing the extracellular domain of
neu oncogene completely and specifically protected mice
against tumor cells expressing this antigen (Bernards.
R. et al. 1987 Proc. Natl. Acad. Sci. U.S.A. 84:6854).
Since the growth factors and their receptors play a
15 central role as autocrine and paracrine regulatory
circuits not only during tumorigenesis but alsc during
embryonic development, experimental models based on both
these develﬁpmental processes are particularly
significant for the purposes of this invention.
20 Summary of the invention
The present invention refers to the wuse of
substantially pure c¢DNA coding for homologous foreign
HER-2/neu or £for another EGF receptor or for partial
sequences of the said receptors, for the preparation of
25  immunogenic medicaments for use in oncological
immunotherapy.
The invention refers also to expression vectors,
such plasmids, containing one of the above mentioned
CDNA.
30 The invention refers also to the use of said cDNA

for the isolation and selection of B-lymphocytes to be



I nduced i mmunity could be toxic for the epithelia physi ol ogi cal |y
expr esstAg--+-hi-s—antd gen. ——— ——a—t-he—ether.hand the inocul ation of
reconbi nant 10 vacci nia viruses expressing the extracellular domain of
neu oncogene conpletely and specifically protected m ce agai nst
tunmor cells expweeshsisgt hi s antigen (Bernards. R et abcraPssifRoocC.
Nat 1. Acad. Sci. U S. A 84:6854). Since the growh factors and
their receptors play a 15 central role as autocrine and paracrine
regul atory circuits not only during tunngigenesis but al so during
enbryoni c devel opnent, experinental nodel s _based¥on both ... these
devel oprent al pr oces$ ity e thgart PEARYUFHiOR  of  SPERificant MPRPCigRAL
purposes of this invenfiP{bogied® Summary of the invenition

The present invention refers to the use of substantially pure

cDNA codi ng for honol oBnisf fdesdujption of FUERresneu or for another EGF

receptor or for part|a+ ﬁﬁﬂ”eBﬁFS oflihslsald receptors, for the
preparation of ﬁ%uﬁ%genl ' for use in

oncol ogi cal 5 | npagother apf _

expressi on vectors, such plasn1ds cont ai ni n one of t he above

ment i oned cDNA. 30 Swispne(PRtRFRd bn femades BiGY 1P ke uBL Jfere
sai d cDNA for the isol atjiph-33daselsst ';ﬁbn‘éfuNB | YARhOEMLBS Lo PEveeks

WO 96/ 31601 PCT/ EP96/ 01450
: from last boost, mated for one day with males.

The mating was assessed by the presence of

10 sperma%ic cells in vaginal smear (first day of

pregnancy). The data reported refer to body
growth rates during pregnancy. Mice 1-2 are
non immunized animals (control).

15 According to the invention, the in vivo
administration of non infectious c¢DNA sequences coding
for receptor of EGF, particularly of HER-2/neu, induces
an immune response useful in antitumoral therapy.

In fact, such therapy significantly reduces the

20 tumoral masses and inhibits the growth of experimentally
induced syngenic tumors. |

The effectiveness of the in vivo immunization was
also shown using the pregnancy model. The embryonic and
tumoral development share in fact, at 1least in their

25 initial step, some relevant biological features e.g. the
increased expression of erbB-2/neu gene.

In fact, the immune response in pregnant mice
turned out to be selective against the antigen so as to
damage the embryonic development, with negligible or no

30 cytotoxic effects on differentiated adult epithelia.

Said selectivity, according to the observed specific



5 used in t he production of specific nonocl onal

anti bodi es.: Brief description_af Figures Fig 1 pCDneuNT
construct. 5 Fig. 2 Ef fect of pCDneuNT vaccinati on on preanancy.
Swiss (outbred) fenale mce (3 to 6) were I muni zed con
pCDneuNT and afysdeshdtly Veeks fromlast boost, hﬁggta one
day with mal es. The mati ng was assessed by th o

10 spermatic cells in vaginal snmear (first day of

pregnancy). The data reported refer to body grow h rates
during pregnancy. Mce 1-2 are ®on i muni zed ani mal s
(control). Det aytetoxitscef pe¢im, ofs t Awsoiatad onth e production of
Accor di ng to t he nven dri ni stration

of non infectious cDNA® %qu@hégs fﬁﬁdﬁﬁdles £%€§%n}3333tofg3ghEEﬁ, of ~the

particularly of HER 2rgeeptéornduektracellulamn i masnrespnasengsefaﬂ | Bnusual

antitunoral therapy. In fact, such therapy gnlflcantl
reduces the 20 tunBPRESHIRE®s AiRI i i t SANMRIGHBWAR of ERBEPERENL al $34d
I nduced syngeni CstUMDEd1ectivity is }Etlﬁtﬁﬁire%hﬁﬂﬁé& 8 ttF‘.% gbiMIitY of the
i nruni zati on was so shown using the pregnancy node e enbryonic
and t unor al devehbphqmﬁesham@ |n1haeraca1 |vedth | WHIRSTE 251broblasts
initial step, sonme re evan bi o i C tur ncr eas

expr essi on of erbB-ZI# %ﬁﬁ?eécgb the 's Wﬁ#iiagﬁ%sFﬁg ﬁﬂﬁnglFésb%%a% f3pt
pregnant mce tﬂﬁlﬁ@ﬂ ewlilt Qihe HH-eRGI Vcﬁleﬁk@ad;ﬁ‘%fsshhg TUerBBR 250 and U1y

damage the enbryonic devel opnent, with negllglble or no 30 cyt ot oxic
effects on differenftaiRing addistolegicall j$2mples bothi (f @M eSUMaRt ybreast

according to thegaobse 3
PCT/ EP96/ 01450 %0 ixfgl§f§¥iﬁé(huctal car MRS from nodular mammary

adenocarcinoma in neu transgenic mouse.

Since the inhibition of two processes,
tumorigenesis and pregnancy, following immunization is
surprisingly limited to the structures overexpressing

15 erbB-2/neu in developing tissues and not in
differentiated tissues, it follows that. the DNA
vaccination with sequences coding for EGF reéeptors may
be used as a specific and effective antitumor therapy.

The invention has several advantages in comparison

20 with the known immunotherapies. In comparison with the
passive transfer of monoclonal antibodies, the
polynucleotide vaccination has the advantage of inducing
not only the production of antibodies but also the
production and expansion of cytotoxic CD8+MHC class 1 T

25 lymphocytes.

| Even in comparison with the use of peptides with
selected sequences representing epitopes of the protein
against which the immune response has to be raised, the
advantages of the present invention are remarkable: in

30 fact the latter is not limited to selected aplotypes,

since potentially T cell repertoire f£for cryptic and



6 cytotoxic effects, is associated with the production of

anti —pi85—anti+bodi es recogni-zi-hg—eptopes——of._the recept or
extracel lular domain, show ng an unusual resi stance to t he

f or mal dheyde treat ment. Sai d 5 selectivity is further confirmed by
the ability of antibodies to I nt eract Wi th NHL-

fi brobl asts %%ﬂ%}hsforned by the pCDneuNT plasmd, and w #ﬁﬁ%’%ﬁgast
tumor cell line SK-BR3 overexpressing c-erbB-2, and by stai ni ng

hi st ol ogi cal sanmples both from human breast 10 infiltrating ductal
carcinomas and from nodul ar mamary adenbcar ci nona in neu

transgeni ¢ nouse. . subdomir@iniceepithpes <¢ami e | @stiveted byo homologous
processes, t unog | genesi s_and pregnanc ol L owi i Nipg.at i ON |
surprisingly limted t%&getlﬁ"eq st?%c’?q.le?lesgﬂgve%&é?(# es&s"lgng%gfggnuer%’& ﬁ%é;uosnses

in developing tissmwmtaritthsiynGleledtdd in edbH fsuljdctiten thesvasis of

it follows that the DNA vacci nation with sequences coding for
EGF receptors may hlso_é”{i’s@(!’_l&@'aespeci fic and effective antitunor

ther apy. -5 The i meganichv@R has ASYRT gk 2Yep! 28E5pddi &Y I prluced
wi th the known i mmunot herapies. In conparison wth the passive

transfer of nonocltanalthe antomehitadonal t Hamunizatjohynwhlepot itdke antigen
vacci nati on has the advant age of. i nqucin . _..not. onlLy the producti on, of

anti bodi es but al so t [ffReentT r"88u§ﬁ°§r‘f‘%5nd1é'§bta7f§tl’ont_ c?f%%ﬁ‘t?"clﬁf-rM!@"
class 1 T 25 |ynphssnbedtration antilgeas,i N aparesHsrved h t heruse ehe

peptides with sel ect ed sequences representing epitopes of the

protein agai nstPOH¥RIE 1eRE IAMMIMEUNASBE AR hB3Yt dNPUCR,tded dqyptopment
advantages of thgg preggnt ﬂj{B&P”td :1%% reRaRkies | B1rdday fagt EF% first
latter is not limted to sel’ected apl ot'ypes, since potentially T

cell repertoire for criygindzatdon steps. WD 96/ 31601

PCT/ EP96/ 01450 . N4 bhdom t .
epitopes can be activatd® BYPIHAH EGs the lm"?‘{ﬂ"é:ihﬁé'sa%éﬁgr]g"g’ﬁtq‘ j yiral

order to obtain ThvectoRe)S&he administration of naked DNA is remarkably
safer since: 1) DNA is not infective; 2) there is no
15 integration of the antigenic DNA in the host chromosome
{the expression vector remains in episomal form for
about one week). |

The cytotoxic effects induced by the viral

immunization may decrease the number of host cell
20 expressing viral antigens.

Moreover, many viruses negatively regulate the
host's transcriptional factors, which may on one side
decrease the expression of MHC 1 class molecules on the
cell surface and on the other side impair the normal

25 processing of the intracellular proteins also in this
way decreasing the presence of epitopes on MHC
molecules. Further advantages of the invention are
provided by the easy availability and control of the
antigens DNA sequences.

30 According to the invention, the immunogenic agent

may be prepared by known methods. The DNA sequences of



spont aneously selected in each subject on the basis of his own

apl ot ype. 5 Mareaqver, as high affinity antibodies are produced

by the conventional imrunization when the antigen concentration
beconmes limtant, the expression of |ow concentration antigens, as
observed Wi'tgbv t he pol ynucl eoti de i nmuni zati on, may induce the

devel opment 1 0 9g($160%,; gh affinity antibodies already in PCTEPIGHI450, ¢

i mruni zati on steps. In conparison to the immunotherapies

with viral vectors, the adm nistration of naked DNA is remarkably
safer since: 1) DNAis not infective; 2) there i8 no 15 I nt egration of

the antigenic DNA in tperHostr CHER+Z)Q@® are kndwe axnfr es®i obeveptepared by
remains in episomal formfor . about one week) . . Tpe
cytotoxic effects irRRRRPtigpal pethpds, such as|BCR,; racpBRinagt (BNp. £55-
the number of host celiy 205 ofX{PRSSIY PO iM1eaNd U also partial sequences
Mor eover, many viruses negatively regulate the host's transcriptional
factors, which may on @hegenge or chiderdssesthRCEUIRessPERVAALRBIC thal gdde
nol ecul es on the celd, surf . er, side i bL ot |+
25 processi ng o? therelsﬁ‘flrtalcn@'lgg lfg%érilc)c?ﬁ;i g‘égﬁ%g ith;"'lf hlgg&gggié m:/ia}‘s“d}l%rd&lc
decreasing the presantspertifes.c®Edrophsstance MKhe agent nearcheeprepareieby

advant ages of the invention are rovi ded by the easg/ avai | abig) it'z?y
and control of the  linkifg g B§IR s‘ﬁfftje%e%‘?e%r more SeEUARGHsd RIFMAtTET
i nvention, the inmmunogg Cré’xﬁtﬁmv%ion o 1nt)e DNRANZT thy lexPMesEBbA0ES: said

The DNA sequences of 96/ 316
PCT/ EP96/ 01450 DNA in tissues and in microorggnisms forgpR @reparation

HER- 2/ neu are kn and c be epar.e nvgﬂ;i nal J}?
such as PCR, recg&ngi na%xfo%%f ‘et Qge acon%r tslegugﬁﬁg%na y %855?%%‘ éci)éusf'éom
al so partial sequencesplasmids or viruses such as SV40 or cytomegalovirus

{CMV) or Rous sarcoma virus (WO 94/21707 of 29.09.94).

The agent may be administered according to known
methods (Donnelly J.J. et al. 1994. The immunologist

i5 2:1).

The effects of intramuscular injections of DNA were
considered as a new vaccination tool for the treatment
of infectious diseases. In addition to the intramuscular
route, other administration routes of DNA are possible,

20 e.g. the parenteral and mucosal route (Proc. Natl. Acad.
Sci. U.S.A. 1986 83, 9551; WO 90/11092 of 4.10.90). DNA
may also be adsorbed on gold microparticles for the
transcutaneous administration by means of Dbalistic
apparatuses (Johnston, 1992 Nature. 356, 152}).

25 " Moreover, in view of the previous arguments, the
immunization has remarkable advantages in the
preparation of the monoclonal antibodies having in vivo
biological activity. In fact, the DNA vaccination with
said oncogene or related proto-oncogene (neuNT, neu)

3o allows the selection, directly £from the animal which

responded to the treatment, the lymphocyte lines



of genes or chineric structures, providing that the 5 resul ting

expr essi on produei—Hhas—suitabl e lmminogenic properties. For

i nstance, the agent can be prepared by i nking the EGFR DNA to one
or nnre_sequEnces (pronoter and replication origin) allow ng the
expression o DNA in tissues and in mcroorganis

preparation ﬁﬁ?daagp6cess. The <control sequences nag begEE%?%%hg@
from plasmds or viruses such as Sv40 or cytonegal ovirus
(CW) or Rous sarcoma virus (WO 94/21707 of 29.09.94). The
agent may be adm ni stered according to known 9 nmet hods (Donnelly J.J.
et al. 1994. The i mmuisdl=fiest frobb the2:spleen to be used Tipr cthiieckrergration
i ntramuscul ar injections of .DNA wer.e ..consi der ew., ; ;
vaccination tool for TheStr8aripiiftcional an%’fbcfér#éesgt i ggggg?gle‘gsgg.ldl n 2eeine
addition to the intramipsose alised for thouseleotiwt afinhumhai r Eymphooyus ekinds
DNA are possi bl e, 20 e.g. the parenteral and nucosal route (Proc. Natl.
Acad. - Sci. U B peggehezaloddpodnfryorieoprodction of)monggional -
may al so be adsogbed ) C anticl.es ; ,gﬂgﬁﬁg
adm ni stration b§/ rrea%gk%%%eﬁrgl sﬁ):(r:) bhe©a® %ﬁua‘}r%ﬁuss'esol’(?cﬁ#\ag? %fl%% 9 d
Nat ure. 356, 152). wwfth cytodbxbovemplecnlesewtof the pusedoudn passive

argunments, the . immini zation has remar kabl e advant ages in
the pr epar at i YHBIO Y% Adnocl onal anti bodi es having in vivo
bi ol ogi cal activity. gfmiggd ., the DNA vaccination with sai d

oncogene or rel ated proto-oncogene (neuNT, neu) 30 all ows the
sel ection, directly ¥rofkdninghiofaPCRneuUNT expressiQl #att&F- to the

treatnent, thfo Iyrrphocyglel éhienee%zymatic manipulations of the DNA, cloning
and characterisation of the recombinant constructs have
been carried out with strict adherence to the methods
described by Maniatis ("Gene Cloning"). The plasmid pSV2
neuNT which contains the cDNA encoding the entire neuNT
15 oncoprotein (ref. Weinberg) was digested with the
enzymes HindIII, Sal I and EcoRI. Digestion with -EcoRI
generates two  fragments of the originai plasmid
(PSV2neo). The combined digestion with HindIII/Sall
generates the full-length cDNA (about 4600bp). The
20 HindIII/Sall gene segment has then been cloned into the
intermediate vector pSP64, previously digested with the
enzymes HindIII/Sall. The recombinant construct
pSP64neuNT (Amersham) has been cloned and characterised
as described previously. pSP64 neuNT was digested with
25 HindIII/EcoRI generating two fragments: 1) 3000 bp
(pSP64); 2) about 4600 bp (neuNT). Fragment 2 was cloned
in pCDNA3 neo (), previously prepared and digested with
the enzymes HindIII/EcoRI. The final recombinant vector
was utilised for the immunization procedures.
30 1.2 Immunization of mice and rats.

Female outbred Swiss, CD1 and Balb-c and inbred
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9 | sol ated from-the-spleen to bhe_used for the preparation of
sai d nonocl onal antibodies. Simlarly said vaccine may be used for

t he selection of human |ynphocyte |ines from peripheral blood for
the producti onwglesARgpc! onal - 5 antibodies for use as ag CEERe .
optionally conjugated wth cytotoxic nolecules to use

passi ve I mrunot her apy. EXAMPLE 1.1 doning of pCDneuNT
expressi on vector. 10 Al'l the enzymatic mani pul ati ons of the DNA
cl oni ng and characterisation of the recd®inant constructs have

been carried out W th‘VENri%md adrdibedcelp0 thMicaewnEgs anaesthefdsad brdthy a

Ma t "CGe d \/2 h i
SDNA encoi ng the enPPRRsalnfell GHBAART. sorucidif Wt VE, EF SR 2680 01

digested with the ml1/100 genhydpswldngﬂtu 'rlﬁal mjean:mhdirs:)Rhltm gestmsmlm
wi th EcoRl gener at es fragnents ori gi nal plasmd

(PSV2neo). The conbi ﬁ?éalﬂﬁgesftll d‘h”/\/l ‘?ﬁlﬁ?ﬁﬁql}%ﬁl Pl o %a Janctoftidameln
full-1ength cDNg (abQHELAQOQQRb/mIbe The0 aniliald! Wered! imfifii@ edCUBH FRSee

t hen been cloned into I ntermedi ate vector pSP64, previously
di gested with the 1nocubatqus canfiedl |dytS#t biweekdy intevwdlisanThe same

construct immunization schedule was used on Wistar rats.
1.3 In vivo expression of the antigen.
To verify the capability of the pCDneuNT plasmid of
10 expressing the neuNT antigen in vivo, the animals were
sacrificed 48 hours £from the igjections and the
quadriceps femoral muscles were removed in one piece.
The muscular tissue was homogenised in the presence of
protease inhibitors and of non-ionic detergent. The
15 total extracted proteins were then assayed in dot blots
for the presence of - the pl85 antigen using monospecific
rabbit polyclonal anti-neu IgG antibodies (K15) SC-07
{Santa Cruz Biotechnology, USA), following a standard
procedure (both the dot-blotting and every other
20 immunochemical technique reported from here onwards have
been carried out according to the procedures indicated
in: "Antibodies: a 1laboratory manual” 1988 Cold Spring
Harbor Laboratory EAd. Harlow/David Lane).
The results have evidenced that only the proteins
25 derived from the muscles in which pCDneuNT had been
injected, and not those treated with the control
plasmid, were able to bind to anti-pl85 antibodies, from
which one can conclude that the pCDneuNT plasmid is able
to direct the synthesis of the pl85 molecule inside the

30 muscular fibres.



pSP64neuNT (Amersham) has been cloned and characterised as

described previously pSP64 neuNL was—digested with . 25 HindllI|/EcoRl _
generating two fragnents: 1) 3000 bp (pSP64); 2) about 4600 bp
(neuNT). Fragnment 2 was cloned in pCDNA3 neo (), previously
repared and dige wth t he enzynmes HindlI1/EcoRIl. '
Feconbinant veb@yﬁgﬂ%l was utilised for the imrunization 5Ey§§ﬁﬁéﬁy

0 1.2 I nmuni zation of mce and rats. Femal e out bred Swi ss,

1 and Bal b-c and i nbred WD 96/ 31601
CT/ EP96/ 01450 1110 FVBN and Bal b-c
H2D mice were anaesidctmmfitbresictivity in thedmdsk al - Equi t hesi nain
$o|ution at a dose of 0.3 m /100 g body weight. The injections
With an insulin ikWQURLs (1 nl) delivered 100 pl of a DNA solution in
saline (1ng/m). The aij NpSxwWewh itHEHNI 68sl vapdbilitee of responding to

| nocul ations carried out at biweekly intervals. The sane | mruni zati Qn
chedul e was used on e¥cgenoysat #ntigens 1VITipsyj g5eakpY esAFERF NG hdo the
ntigen. To. verif he.capahidity t he, pGpPne sm g, of
expressing the n%uNT %th“l‘%'en %F#S?%, éeé'ani r’f‘g S wgvr'e Mpgggri f?%ed e

48 hours from the inmjsgdminsityaed neberat in thadmouses ftenis Hnawrms direm

pere renoved in one piece._ . The nuscul ar tjssue was h nised i n,the

Fesence of pr otRRis & itRRALPES < BETRAS; sno#r-i & et ;%ﬁt#rﬁ‘e %t}l
otal extracted proteids Wege; NgBAagaay agbg42 6838 )0I1at antibddy pieduction
resence of the pl85 antigen using nonospecific rabbit pol ycl onal

anti-neu 1gG anti bodi asainéts) tise- extracellylgmtdomin BEEPecRAO! ,ongggene
{hecnd 2 Stopgerd v pfRRAREHSE, whBHL B, PSPl LA 180 st ctue ko
been carried out accoiskty thathedlongedis ehetadozpgeuls populations. It was
é therefore necessary to assay the anti-plSS
immunoreactivity of different st:ains following the
immunization with the gene.
15 Outbred Balb-c, CD1 or Swiss or inbred Balb-c H,P
or FVBN mice of eight weeks "were inoculated either with
100 ng control plasmid or with an equal dose of pCDneuNT.
according to the previously described schedule. As
controls, the preimmune sera from the same animals were
20 used.

The production and specificity of the anti-pl85
antibodies was evaluated through the Western blotting
technique, using as antigen source cellular lysates from
3T3 .cells transformed with pSVneuNT (Bernards, R. et

25 al., 1987, Proc. Natl. Acad. Sci. USA 84: 6854-6858).
The results demonstrate that both the homo- and
heterozygotic mice were able to recognise the rat
protein, following the immunization with pCDneuNT.

The formation of antigen antibody complexes was

30 further evidenced through the immunochemical analysis of

murine mammary tumors in transgenic MMTV, neuN mice



in: "Antibodies: a |aboratory manual” 1988 Cold Spring Har bor

Laboratory Ed. Harl ow David lane). _— The _results have evi denced
that only the proteins 25 derived fromthe nuscles in which pCDneuNT had
been i njected, and not those treated with the control pl asm d,
were able to bj nti-pl85 anti bodies, from which o

concl ude t hat %‘é%eum plasmd is able to direct tﬁg’r@%‘“@gi S
of the pl85 nol ecule inside the 30 nmuscul ar fi bres. WO 96/ 31601
PCT/ EP96/ 01450 11 1.4

| munor eactivity in the host. i ) mouse, 12 It is known that

the capability of respgoxdictertised by thegensrpraducténs vafi dshegr gzicleptor

cecording 10 he ® (e 31 By gr e ot oBlhs ) srl Shpa, 500 1O

the literature (Bernards Bectlioak. 4987 mdmparyNaldarcinomas Aedd. miev, Uneun
89: 6854-6858) that antibody production agai nst the extracell ul ar
domai n (ECD) of the drkanpgenic mice K-Sk werst PGﬁP\ﬂFFﬁ §oJde¥ine thrusame

restricted to f}%%t u’r'l%t &q:%dt OahELEN %gogﬁc RORH A LRS- ant i%R%a

t herefore necessar the  anti-
I munoreactivity of dediifvfesr érrbm mtucal mmmuﬁméabvwn'ghezt hveith pCDneuNT or with

22t on IR the A% laemits oRUTLEORIL B oFB" She SRt e

with followed by the addition of goat anti-mouse antibodies

conjugated with peroxidase (1/100 dilution). It has been

10 found that only the pCDneuNT antisera were able to

develop a clear staining on the mem.brane of the tumor

cells.,

ii)_xat:

The immunization with pCDneuNT in mice represents a

15 classical xenogenic immunization given that the

" procedure presents an immunogenic protein of a species

(rat) in a host of a different species (mouse). To

verify if the anti-pl85 immunity could be generated

through immunization of the gene in an entirely

20 syngeneic system, Wistar rats (outbred)} have Dbeen

inoculated with .the pCDneuNT plasmid wusing the same

immunization scheme as employed in the mouse. No anti-

pl85 seropositivity was evidenced in the treated animals

even increasing the guantity inoculated in the muscle up

25 to 0..8 mg. This result is in accordance with that

.reported by Bernards R. et al. Proc. Natl. Acad. Sci.

USA 84: 6854-6858 (1987) and reinforces the concept that

the murine model presents an elevated tolerance (with

respect for example to the human) towards the self

30 antigen (Houghton A.N. J. Exp. Med. 180:1-4 (1994)). It

is still possible in any case that the simultaneous



100 pg control plasmd or with an equal dose of pCDneuNT accordi ng

to t he—previously described schedule—As —controls.  the prei mune .
sera fromthe sane animals were 20 used. The production and
specificity of the anti-pl85 anti bodi es was eval uated t hrough the
Western blotti techni que, using as antigen source cel tes
from 3T?I?g%3ﬂlgmt ransformed w th pSVneuNT (Bernards, *&@g)oi’é@
1987, Proc. Natl. Acad. Sci. USA 84: 6854-6858). The results
denonstrate that both the honb- and het er ozygotic mce were
able to recognise the rat protein, follo#3ng the i munization with
pCDneuNT. inpeulatienioh ﬁheahﬁ¢g@ﬁ andi pbdgreenpraxeudhathe sgme
further evidenced thrgugh em cal, ;an s of

MRMTArY tunors in tragggenkngﬁwggggggg dﬁ% d @éﬁ% @ &ﬁﬂ%¥%ﬁ£ﬂg&6¥a the
PCT/ EP96/ 01450 phenomenon of tolerance towardsl18elf pl8%haracteri sed

by the overproduction of the recqftor , QC T. Guy et al. 1992 PNAS 89:
10578- 582) . 1. %ﬁsp carcinomas of MMIV, neuN

transgenic mce g3-5U) ) WheiDE , A HEdies procedur es
reported above and incubat eo antisera derlved frommce

i muni sed either with pCDrein@n dthati tthe injecddonr of pRisnCEReyNT | is|aplefto
the anti serum 1/ 30)

induce the production of antibodies reactive against the
rat receptor (reactivity against neuNT), it was
reasonable to expect, for simple philogenetic reasons,
10 | that the same mouse antibodies should be able to
recognise both the mouse receptor itself (self antigen)
and the homologous human variant erbB-2. The
immunoreactivity of the circulating anti-p85 antibodies
in the mouse towards the self antigen was evidenced by
15 histochemical means.

In the mouse as in the adult  -rat, the neu proto-
oncogene is physioclogically expressed 1in epithe-~
lial/endocrine tissues such as the 1lung, liver, kidney,
gut and in the basal layer of the epidermis cells

20 {Knerewik V. et al. 1994 J. Anat. 181:1985). In the
experiments, the animals were sacrificed with an
overdose of ether vapours and sections (3-5 u) were
prepared from tissues that constitutively express erbB-
2/neu, such as the kidney, from material prepared with

25 the method by Carnoix, and prepared for the histological
analysis according to a standard procedure. The samples
were then incubated with the anti-pl185 antisera or with
control sera at a 1:60 dilution and successively with
goat anti-mouse antibodies conjugated with alkaline

30 phosphatase (dilution 1/100). The results clearly prove:

a) the reactivity of the circulating pl85 antibodies



foll owed by the addition of goat anti-nouse antibodies conj ugat ed
wi:t h peroxidase (1,100 dilution). It has been 10 __found that only the

pCDneuNT antisera were able to devel op a clear staining on the
menbr ane of the tunor cells. i) rat: The

I muni zati on \Auéﬂf@ﬁg;eul\rr Iin mce represents a 15 cl assi cal xenogeni c
| mruni zati on that the procedure presents an-i I C
protein of a species (rat) in a host of a different species (nouse).
To verify if the anti-pl85 imunity could be generated t hr ough

i muni zation of the gene in an entirely 28 syngenei c system
Wstar rats (outbretwaldewethdekidney cellsoofil ahed samehantimapCmduli} the

| asm d using the sane i ni.zation sch as enplo in the USE,
o ant - 10t 5o Sarenn o FBGOVRALIRE CRECENS: A4MRe Gald diF aRptHIGTes
even increasing the quadiddd §d10eWigedmndnk Bt 6 CELNPtheScontfol CpEDNIE-3.
This Tesult 1is 1in accordance wth that reported by Bernards R
et al. Proc. Natl. AcBee S@entity of ®BYxige: Pd854-FB5Bh¢ 1§a¥pesn@ntigen was
rei nforces the cgnce a - t | I S n at
tolerance (with d p{h%lgs})lggtlfflg(ri e anggétggn?%g%ﬁt}%‘ﬁ) "\Eﬁoﬁ, dg‘g%lﬁé seq*ney
30 antigen (Hought oorfodénake Extrabitd. ihdbatdd (#9O4) immirie mouse Sexrum or

still possible in any case that the sinmultaneogus VWO 96/ 31601 .
PCT/ EP96/ 01450 with the rabbit anti neu K15 SC-07 antibodies previously
5 described.
{1} Apti- 185 _ ith ] .
10 The possibility that the anti-pl8% antibodies

produced by the mice immunised with pCDneuNT could also
be able to recognise the human pl185 homologous variant
erbB-2, has resulted from studies of immunofluorescence
in confocal microscopy using SKBR3 cells derived from a
1S human mammary carcinoma cell 1line, that overexpress
p185erbB-2 (106 yeceptor molecules/cell; Kraus . M.H et
al. 1987 EMBO J. 6: 605-610.
After the preparation of slides of SKBR3 cells,
grown on cover-slip slides, fixed, either with a mixture
20 of cold methanol-acetone (1:1 V/V) (permeabilised célls)
or with 2% paraformaldehyde (non permeabilised cells),
the cellular samples were incubated with anti-p185
antisera at a 1/30 final dilution, and the antigen-
antibody reaction was evidenced using sheep anti-mouse
25 IgG antibodies conjugated with fluorescein (FITC)
{Boehringer) (dilution 1:60). The mounted slides were
examined under a laser confocal microscope (BioRad
MRC8B800K) with a triple Argon laser and a 60x oil
immersion objective.
30 The reactivity of both the non permeabilised cells

that showed a strong f£fluorescence distributed in a



13 i nocul ati on of the vector and of drugs through the sane or
ot her—teutes- could reduce or evea—avaid the = phenormenon of

t'ol erance towards self pl85. 1.5 Antibodies specificity i)
Anti-rat pl85 1gGs as autoanti bodi es. G ven that the injection
of rat pCDneuNTwiooeRdes t O i nduce the production of anti o 1450
reactive against the rat receptor (reactivity against neu ,

it was reasonabl e to expect, for sinple philogenetic reasons, 10
that the sanme nouse antibodies should be able to recogni se

both the nouse receptor itself (self antigen) 15  and t he honol ogous
human  variant  erbBiffuseTheay on theamgssraseiiviay &idencoti rthd apPagma

anti -p85 antibodi es megﬁrgﬂeth§n3D3§ethgwg%gﬁegbff%§%%639£§9e9h§@$prfﬁgnted

evidenced by 15  histochém cal neans nmouse as in

adult rat, the neu pratorell defimpdcdjrorescencehyim othgi patiyucleapr esgédn,
in epit he- l'ial/endocrine tissues such as the_lyng, |iver, kidney,
gut and in the basal FH?éFaﬁ?étﬂ%a%p?%%ri?gliﬁﬂéﬁs%ﬁ§3b°g&gﬁeV§ﬁFk°9?p°§?X of
al. 1994 J. Anas. 181 i3%el ddpuilRion of SXPRMAGHIGHulie APIBIS of
were -sacrificed with an overdose of ether vapours and sections

(3-5 u) were pr Epapedisingn brtbucdthe hatexrargilwliaye| 3ndxpnssgcel hplar

2/ neu, such as the Ki f terJs repared with 25 t he met hod by
CGar noi x, and preparedgpggi?hégﬂ}s Jﬁga%%%' anal ysis according to a
standard procedure. The samhées confirmatient hephabcubttied wurlinehe anti-pi85
anti-pl85 antisera or w control sera at a.l:60 _dilution and.

wth _.
successively with antipgdiesnVer fpabe cat FRACGSIESN HgarBiNaf YRT 1ant of
al kal i ne 30 pHQSphaEﬁéeahéinh'QQsléﬁQQineahSyrﬁéﬂféﬁnCﬁf@iii%gg%ﬁgﬁ? cell

a) the reactivity of the circulating p185 anti bodies 1601
PCT/ EP96/ 01450 lysates of SKBR3, T23.1 (3T3 NIH fibroblasts transfected
with retroviral erbB-2 DNA), and control 3T3 cells. The
results indicated clearly the presence, in the sera of
mice immunised with pCDneuNT, of anti-pl85 antibodies,
15 detected with ~ biotinylated goat anti-mouse IgG
antibodies (Santa Cruz Biotechnology Inc) reacted with
peroxidase (horseradish) conjugated with streptavidin
(1:200).
The fact that the anti-pl85 antibodies could
20 interact with human erbB-2, and recognise the
extracellular domain of the protein even after strong
fixation procedures, suggested the possibility of
analysing, with these antibodies, the overexpression of
erbB-2/neu that can be observed in some human mammary
25 adenocarcinomas.

Thus, 21 samples corresponding to the ductal
infiltrating carcinoma histotype obtained from surgical
reseption and taken from the Pathological Anatomy
Service of the "Ospedale Civile" of Macerata, were

30 examined by histochemistry using the saqg procedures of

fixation, inclusion into paraffin blocks, staining of



14 towards the kidney cells of the sane aninmal and b) the
absence of recognition_qf the same cells by antibodies ~induced
foll owi ng i mmuni zation with the control pCDNA-3. The identity of
muri ne pl85 as the target antigen was 5 then verified by Wstern

blotting usin e ki dne honbgenat e extracts incubate L th

| mune ?muse ge‘&ﬁ#&b‘r‘m y with the rabbit anti neu K15 SC Oﬁgg#*ﬂbﬁ?es
previ ously descri bed. ii) Anti-rat pl85 IgGs cross-react with
human receptor. 10 The possibility that the anti-pl85

ant i bodi es produced by the m ce i muni sedémth pCDneuNT coul d al so

be able to recogni se tthe RigBlepi8otiom®| fiilivwedafiodNthe murinertibdstieshas
resulted from studi es of inmunofl uorescence . i n_confocal m croscog‘}r/.ale

using SKBR3 cel s derived FREmaPLir®l8d,pRfitivdtvardt &3PciSfdRa T2 £

l'ine, that Overexpr%§§e 1mmun19E§5b§Eﬁ]fénﬁégﬁ@rﬁksrﬁﬁéafﬁﬁd only in the 8
nol ecul es/ cel |l ; Kraus H et

After the prepar atlonomtl‘t sdﬂ d&s GESSKBRBaG;eIHasi resultedgrm@rva;ofm erbp-2
slides, fixed, either m xt.u col nmet ha ceton
VIV Cper moab || Sed ) stalnsa i ongerd ety Ay RERR (i fbodick 1n

perneabi | i sed cells), an absolbbelﬁeézhp&ﬁm;ﬁﬁﬁﬁles méRheri ncubated with
anti-pl85- antisera at a 1/30 final d| | ution, and the antigen-
anti body reaction was evi d8RcE&FARE ntP sKEEML¥ntiE nbhe emupgne |a@Gl ~erbB-2/neu

antibodi es conj ugat e‘int%BB;eE' BL2Cedhct( iR other méﬁ’ﬂ@f'é' B‘ier'&he EGFR

(dilution 1:60). The nounte es wer e exam ned under a | aser
confocal m croscope (BiamRdy members, such as for example EGFR-1, the murine

10 antibodies were incubated with cells of the human A431
epidermoid carcinoma line known to express a very high
number of EGFR-1 receptor molecules (2-3x105/ce11) on
their surface. The immunoreactivity of the anti-pl85neu
antibodies with respect to the p170EGFR-1 yas analysed

15 by immunofluorescence with the FACS scann. Controls for.
both the antigen and the antibodies were pfepared using
respectively the lymphoid cells CEM (human cells derived
from a patient with acute lymphoblastic leukaemia, that
do not express EGFR-1) as negative control, and

20 monoclonal antibodies W600 (Dr. P.G. Natali,'Istituto di
ricerca sperimentale Regina Elena, Roma) specific for
the ECD of erbB-2/neu and that do not cross react with
the EGFR-1 antigen, as a positive control. The cells,
after incubation with the second anti-mouse FIT

25 conjugated antibody, were analysed using a Bekton
Dickinson FACS (argon laser light of excitation, 488 nm.
Measure of the emitted 1light at 525 nm). The results
obtained indicate clearly that the anti-pl85
immunoglobulins present in the antisera of the immunised

30 mice behave exactly like the W600 MAb, that is they do

not express reactivity towards p170EGFR-1



MRCB0O0K) with a trlple Argon | aser and a 60x oi | | mer si on

obj ecti~ve— 30— The reactivity—eaf—hoth the.non perneabilised cells
tthat showed a strong fluorescence distributed in a WO 96/ 31601
PCT/ EP96/ 01450 15 di ffuse way on
the extracel | ul ' of the plasma menbrane, and of th

pernmeabi | i sed dﬁgéﬁﬁﬂﬁht pr esent ed a well defined quorescéﬁEg Fﬁothe
perinucl ear region, i ndicated that the anti-pl85 anti bodi es were
conposed of 5 a mxed population of inmmunoglobulins capable of
recogni sing both the extracellular and intraadllular domai n of the
anti gen. Theé sanvitratactivityhalf theepl8Buanbiseranti-pl85

antibodi es were able to recoonlse the hunan varlanp

.o 1
obt ai ned by Western b B3 celd

Ahe .nt|oen

NI H fi brobl asts transgﬁgiggza* W th retrOV|raI erbB- 2 DNA) and control
3T3 cells. The results indicated clearly the presence, in the sera
of . mice imunised mﬁ$hB%QIreiwﬁ'WQﬁee@&¢t$ﬂ8§naﬂ§immdFEétulg plates at

detected with ¢ bio nyIa t i, »A0U ti

(Santa Cruz Blotechno ﬁycP ang %éﬁ m?t%o é%alﬁgkggtaase (ﬁﬁrsg dﬂgh?oo
conjugated with strephgvisif n total 164)204% . ant:l.—p185 a’iﬂexéasa Talaat t:bﬁtrol
antl-p185 anti bodi es could 20 i nteract

recogni se the ERE1SRER | WPLP AGARRn bP FN@I&FBFEPnaEv@ﬁYaﬁ¥erAgﬁ?%w@Pe
fixation procedures, yegkgoeakede1le wé}%gsf&h&}éd’ fPBm the pARReYSIHW: their
with these anti bodi es, the overexpression of rbB-2/ neu that can be

observed in sone hunanunhﬂnaryaSS dede¢zmdoadci nirtds. a haemocytijnater2]l The
SAID! €2 o o000 hubs SHEL s om, R ShRRRECRIT G SN VB
Anatony isotype, were able to 1nh1b1t the growth of SKBR3 cells.
1.7 Biological effects of the immunization.
i) Toxicit f the 1 : :
The non production of circulating anti-DNA
15 antibodies following the administration of the DNA
vaccine was demohstrated using a commercially available
ELISA kit (INOV Diagnostics 1Inc; San Diego, CA) that
uses highly purified calf thymus double helix DNA as
antigen. Variations in the IgM and IgG content were not
20 specifically noted.

Several assays of haematologic and serum
parameters, such as haemochrome, VES leukocyte formula,
proteinaemia etc, have been carried out, all resulting
within the normal range.

25 ii) Histopathological examination of tissues.

The fact that the immunised animals possess
circulating antibodies that can interact with the neu
receptor of their own tissues, leads to the possibility
that pathological phenomena of an autoimmune type could

30 arise through mechanisms mediated by for example the

complement system (Complement Dependent Cytotoxicity,



Service of the "Cspedale G vile" of Macerata, were 30 exam ned by

hi st ochem stry usi ng the_sane.pracedures.of —fixation, inclusion into
pgraffin bl ocks, staining of WO 96/ 31601

PCT/ EP96/ 01450 16 the tissue
sections follo he murine tissues. The anti

positivity of t g’élg{rsgifromfenale mce i nmuni sed with B%Ws\(}vas
observed only in the 8 out of 21 cases that had resulted positive
for erbB-2 5 when stained with commercially avail able antibodies in

an absol utely superinposabl e manner. 18/ n order to verify if the

muri ne anti-erbB-2/ ne@PC) and/gn i bsltealcdtildarcaceldpt H AatiidodyenBependgnt

t he EGFR fam | S, Lor qﬁ%gye = 1.1 h hne
anti bodi es were incubg ggﬂgﬁ%hC:e%ﬁgxggl%ﬂé human AA%%EE%iln& gﬂggé?ﬁniﬁﬁék'
carci noma |ine known NatExpAesd. sSaer WSN @19: 11277-hL28kr (9 ECER- 1

receptor nol ecules (2-3x10[err]/cell) on . hei r. surface. Th .
i mmunoreactivity of the 'anh‘- B%QSﬁeﬁ'" "enfyarﬁ‘ﬁ“%’ocﬁ ngW"tt}?sr’égpe&e t BPMRLS

Pl70EGFR-1 was aBal ySgdve 1BeenbXsacPi¥ReblUoi e iC &RC & wirddsleh @ A Eh &€ ahspours
Control s for both the antigen and the antibodies were prepared using
respectively the | ynpanfidtbel td.sSERE( Hbatn consititytivedy expressfephBa2/neu,

Eé;k?g; mg;h ﬁg;;?ibggggggkgg%?g Bgﬁga%®é%yfiy¥écenta aﬂ¥)tﬁgnya£3§¥fxéland
were fixed using conventional methods, the inclusion in
paraffin blocks, cutting of the sections (3~-5 u) and

10 deparaffination of the same have been carried out using
standard procedures described previously. The samples
treated in such a way were stained with haematoxilin and
eosin.

Repeated histological examinations have constantly

15 excluded the presence, in the immune mouse, o0f even
minimal traces of 1lesions (evidenced for example by
necrotic areas, lymphocyte infiltrations or other) in
the pcDNAneuNT immunised animals. One can therefore
state that the DNA vaccination is deprived of apparent

20 toxicity both at the general and tissue 1level, indeed,
despite the fact that the animal possesses antibodies
against its own receptor, no sign of systemic or organ
specific autoimmune pathology was observed.

To summarise: i) the animals feed and drink

25 normally even one year after the vaccination; ii) they
show an excellent fur quality; no alteration in their
individual or social behaviour is noted; 1iii) several
haematological parameters remain within <the normal
range; iv) the tissues in which neu is expressed do not

30 present any lesion upon histological examination; v) the

vaccination does not produce a detectable increase in



20 nonocl onal anti bodies W00 (Dr. P.G Natali, Istituto di

ri cerca—spert+rental e Regi na El epa—Rora)—specificfor t he ECD of ]
erbB-2/neu and that do not cross react with the EGFR-1 antigen, as a
positive control. The cells, after incubation wth the second
anti - nouse FI con ugated antibody, were analysed

Bekt on Dlw&};‘%g%orl] FAJCS (argon | aser |ight of excitation, L"Z%‘Muso
Measure of the emtted Ilght at 525 nm). The results obt ai ned

i ndi cate clearly t hat t he anti-pl85 i mmunogl obul i ns present

in the antisera of the immunised 30 mce behad® exactly |ike the W00
MAb, that is they do C1rCUlaméngeiptesEN$eiﬂﬁ|andépn(in§r69tphq®{€$r]

WO 96/ 31601 . : -
17 . 1.6 In vitro®a

the grow h of SKBR3 ccﬁb@nhm;yngngmLQQQIBS antisera

SKBR3 «cells were plated in 35 mmculture plates, at t he concentration

of 10[err] cells/plate. 30 8% pipdgmaipoSwiss migR iﬁmqﬁﬁﬁﬂd (e 63f developed

anti-pl85 antisers a”%ﬁ:‘&'iktl%%&nﬁ rrt:.a-&h'&er aWRiBoadEed. i1 dUI@e‘r%%%at%e
day 0. After one e cells were renoved fromthe plate and

their nunber wa:smadst enemenszmaﬁ twitln mabesoand ometéng washeonfdrmed
| mmunogl obulins from Q:gDne ay a ter (gc‘i:“ay mlce,f Og}cesttha%ilogﬁ by the presence of

-sperm cells in the vaginal smears. The body weights of

the pregnants were recorded every two days. Seven out of

10 ten female mice showed a reduced number of offspring per
litter (5 + 2 compared to 13 + 3 in the controls) while
the hysterectomy of the remaining three demonstrated
full fetus reabsorption.

More marked was the effect of said wvaccination on

15 the inbred strains such as Balb/c 329 that all showed a
marked development of anti-pl185 antibodies. 14 out of 19
vaccinated female mice, did not give birth at all, the
others gave birth with a limited number of offsprings
{1-2) compared with the control ones (15 animals: 8 + 3

20 offsprings).

On the contrary, no significant difference in the
fecundation capacity was observed between the groups of
non-treated mice and of mice immunised with the control
plasmid or of fats immunised with pCDneuNT (syngeneic

25 immunization).

iv) Hist thological inati £ 1} ) I 1 of
) .

Seven pl85 serum positive pregnant mice were
sacrificed at day 18 of gestation for the hystological

30 examination of placenta and mammary glands.

Sections (3 - 5 p) of formalin fixed tissues were



| sotype, were able to inhibit the growh of SKBR3 cells. 1.7

Bi ol ogi cal effects of the ilnmunization. 1) Toxicity of the N

t reat ment. : The non producti on of circulating anti-DNA
15 antibodies following the admnistration of the DNA

vacci ne was deW%gd using a commercially avail able ELI SA ki t

(I NOv Di agnhostics ; San Diego, CA) that uses highly m@&sﬂal f
t hymus doubl e hel i x DNA as antigen. Variations in the IgMand |1gG
content were not 20 specifically noted. Sever al assays

of haemat ol ogi c and serum par amet e28, such as haenochrone, VES

| eukocyte formul a, stained otas npeeiviousty hdesciided.calliledspecimehs were

resultin w thin ra i st opat I0|cal
exani nat igon of tlssue§° whd %eméewfﬁe“fg to?ﬁ{é%o EB1 rﬁq& g

animal s possess v) Efféet add Gebuet ithadirgs that can interact with the
neu : receptor of their own tissues, leads to the possibility

t hat pat hol ogi cal phenomen%ln OPTREK atR o AFiFL F%e”@%‘&!“ﬂthwl’e%ﬁ%éff“t of
through mechani sgs megdpa eﬁa@é’ufﬂlo‘??(argya‘intstle e§g)33%8%gplﬁf?ﬁ‘t zsé/éﬁ&@ to

( Conpl enent Dependent tot oxicity,
PCT/ EP96/ 01450 tumors which overexpress thil8 proto-oncogene, tumors
| were induced in outbred mice according to the following
procedure: clones of NIH3T3 fibroblasts transfected with
CMVneuNT and which express substantial levels of the
10 receptor on the cell surface, were inoculated in Swiss
CD1l mice two weeks after the end of the immunization
cycle. The growth of the neoplastic masses at the site
of injection was measured with time through a
calibration method. In the non immunised mice or inmn
‘ 15 those immunised with the control plasmid, the cells grew
progressively for about three weeks (See Table). A
radically different result was obtained when the
transformed fibroblasts  were inoculated in mice
immunised with pCDneuNT in which no development of
20 neoplastic masses was observed at the site of injection.
5 These results demonstrate therefore that the
| immunization with the CMVneuNT plasmid in the form of an
injectable physiological solution of naked DNA is able
to drastically and specifically inhibit the attachment

25 and dissemination of the tumor cells that overexpress

the neu oncogene.

30



CDC) and/or natural killer cells (Antibody Dependent Cel | ul ar
Cyt otoxtetty— ADCC) (Stribling et—adProce— . _Nat| K Acad. Sci. USA 89:

11277-11281 (1992)). In order to verify such a hypothesis, the

ani mal s 5 have been sacrificed with an overdose of ether vapours

and the tissueswigwhbigppnstitutively express erbB-2/ neu, gkﬂwqggy
gut, ovary, placenta and the manmary gl and - were fixed usi 5
conventional nethods, the inclusion in paraffin blocks, cutting of
the sections (3-5 p) and 10 . deparaffination of the same have been
carried out using standard procedures dedr i bed previously. The
sanpl es treated in such a way were stai A8 t h haematoxilin and
eosi n. Repeat ed hi stol ogi cal gyga43 natd qgmpqve constantly 15
excluded the presence, in the immune nouse, O even m ni mal
traces of lesions (evidenced for eXédnple by 2W - necrotic alwas,

| ynphacyte infiltrations or other) in t he pcDNAneuNT i mmuni sed
animals. One can therefore state that the DNA vaccination 1's
deprived of appament A20 t oxi gdyedot h at tlxgogsoeral andsgpsrgie | evel

i ndeed, despite the fact that the ani mal possesses anti bodies
against its own recepBor, no si}P01B0 systeni c 430+8Bgan 5504fkcific

aut oi mune pat hol ogy was observeqn sumari se: 43 the ani mal s
feed and drink 25 normal |y even one year after the vaccination; i)

t hey - show an excel | ept-fe—cprat4445~-G-ateFat+0ha-+ A-thetdmea e

i ndi vidual or social behaviour is noted; iii) several haenmat ol ogi cal
paraneters renain mﬁtﬁpg1P%€1%%+H§§—19m91-44§¥ﬁ§*i9? t Neeks sk SwiRmi cHPL

neu is expressedodo N@tharles River) female mice (12 per group) were

immunized with plasmid DNA encoding both for neuNT (C)

and for irrelevant gene (p24-FIV) (B) as described in

the test. Mice in group A received saline injections.

After two weeks the mice were inoculated with 107 373
15  NIH cells transfected with neuNT.

W, week after ;hallenge. The data refer to mean square

of the tumor (iSD).

nd, tumor not detectable.



30 present any | esion upon histol ogical exam nation; v) the

vacci nati on does not produce—a-detectable increase in_ W0_96/ 31601
PCT/ EP96/ 01450 19 circul ating
anti-DNA I gM and/or 1gG anti bodi es. iii) Effect of the

vacci nation w euNT on pregnancy in m ce. 8396of
femal e Sw ss m‘%&e; I mruni sed (n=16) devel oped 5 circul ating PCIERIs0

anti bodies. 10 seropositive animals were caged with mal es and
mat i ng was confirmed the day after (day 1 of gestation) by the
presence of spermcells in the vaginal sn@&rs. The body weights of

the pregnants were recCbAIME every two days. Seven out of 10 ten female

m ce showed a reduced nunbgr r' pe tt 5 opRg e
to 13 3 in the controls) 5@1é%%éuusﬂ%otﬁgehyéP%?%% %ﬁ%ﬁ(ﬁéqﬁ¢§ réﬁé g?ng %
t hree denonstrated cDNAfdedih@tus°reah$omguMQmmal growth feoternaré&eeptor
was the effect of said_vaccination on t he inbred stralns such as

Bal b/c Herr] that aIKEgﬁoméﬂnﬁt1°nallﬁaﬂkébeﬁe§&rﬁﬁﬂ§ﬁ° fSegHengpEyscapable
antibodies. 14 ogl 0f 539 girectdagC! NEhEd eaPRLEsibAC, JH d BRIQ I WONAI T ldhen
at all, the others gave birth wth a I'rmted nunber of offsprings
(1-2) conpared with thémconstqﬂednmn;qamasgnananx o8B bYBDthEr nefUtes.i ngs) .

On the contrary, no sk, gnlmé%ant dlfference | cun atlo

fe
capacity was observed“bet ssﬁﬂen as c&&ﬁ“??eé?ea e ahﬁh%ﬁeln

m ce inmmunised with thﬁeC@DNKC&odes for rtlnasm 2f e PHB+ 2 et BHUEYGRR@ Wi t h
pCDneuNT (syngeneic 25 I uni zation). I'y) Hi stopathol ogi ca

exani nation of the plaeent%Pahﬂm%ﬂ°genlc agantrAfeflaimed o claims 1 and 2,
Seven pl85 serufgyposi §j¥E eggggt IBkL WBhEod acgi fLeedsad égq kS
gestation for the hystogo%?%a examrnﬂ?cﬁfof facent% and &ﬁnr ry Ve
gl ands. oncogene of the EGF receptor famlly

4. An immunogenic agent as claimed in claim 1, 2 or 3
for the prophylactic or therapeutical treatment of
tumors.

15 5. An immunogenic agent as claimed in claim 4 for the
prophylactic or therapeutical treatment of breést and/or
ovary, lung and kidney adenocarcinomas and. of other
neoplasms expressing the above oncogene.

6. An immunogenic agent as claimed in any one of the

20 above claims, wherein the control sequences derive ifirom
a plasmid or a virus.

7. An immunogenic agent for the production of anti
receptor monoclonal antibodies selected from the animal
immunogenically treated according to claims 1, 2, 3 and 6.

25 8. An immunogenic agent as claimed in claim 7 for the
production of human monoclonal antibodies for use in
immunotherapy as such in association with or conjugated
to cytotoxic medicaments (immunotoxins).

9. An immunogenic agent as claimed in claims 1, 2, 3,

30 4, 5 for enhancing adjuvating therapies in the treatment

of tumors.



Sections (3 - 5 P) of formalin fixed tissues were WO 96/ 31601

PCT/ 20 staj ned_as

previ ously described. Al specinens were found to be devoid of

hyst opat hol ogi cal el enents. v) Effect on nouse tunors. In
order to veri fyyvbggd‘wmnot herapeutic effect of 5 the wvaccination
agai nst  er bB- respect to - tunors which over BREFRSQI4Sp o
pr ot o- oncogene, tunors were induced in outbred mce according to the
fol |l ow ng procedure: clones of NIH3T3 fibroblasts transfected with
CWneuNT and whi ch express substantial |evels oP3the 10 receptor on the
cell surface, were inAbatmagti in Sw ss CD1 mice two weeks after the
end of the inmunization cycle. The growth of the neoplastic nasses at
the site of injection was neasured mnth time through a
calibration nethod. Ip ; B TMMONOGERE ¥ t hose i mMmuni sed
with the control plasmd, the cells grem/ progreSS|ver for about
three weeks (See Table). A radically different result was

obtained when the _ Bd d¥§3¥1def!biﬂ%ﬁﬁﬁ?éﬁldM9r%gentﬂocuéiﬁéﬁhe i e
mce - i mmuni sed with p euNT in which no devel opnent of 20

neopl asti c masses wasindgeinvedant imhunei respénse| égwams the membersTladsdhe

results denonstrate ref th nlza
CWneuNT plasmd in tﬁ%kl‘?oxfnl’ﬁ of G§HW%L ﬁc??ﬁ ecq ﬁﬁys §§§8wca a’%’{)ﬁut i35
of naked DNA is able daisclogeddrastically and speC|f|caIIy inhibit the :

attachnment 25 and di ssem nation of the tunor cells that overexpress
t he neu oncogene. 30



WD 96/ 31601 -‘ PCT/ EP96/ 01450

21 Tumr.acea (onP) 1w
2W 3w 5 A - 15060 380+50 580+70
B 150+60 41065 550+40 C nd
nd nd I nhibition of tunmor growth. 10 week i CD1
.10 (Charle§w°ﬂﬁ%@P5 ferale mce- - (12 per group) mere%gﬂﬁ$ﬁaﬂéﬁ
i mmuni zed with plasm d DNA encodi ng both for neuNT (O and for
irrel evant gene (p24-FIV) (B) as described in the test. Mce in
group A received saline injections. After two weeks the mce were
I nocul ated with 10[err] 3T3 15 NlH cells transfected wi th neuNT. .
W week after challenge. The data refer to nean square of the tunor
(SD). nd, tunor not detectable. WD 96/ 31601
PCT/ EP96/ 01450 172

pCDneuNT
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coding
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FIGURE 1



22 CLAI V5 1. A polynucleotide inmmunogenic agent conprising
a ——cDNA—codi ng for an epi derimal—growt-h—factor_recept or

functionally linked to control sequences capabl e 5 of directing t he
expression of said cDNA when adm ni stered intranuscularly or by
other routes. woosmieds AN i Munogenic agent as clained in clg-Rkrbenisse
wherei n the cDNA codes for the HER-2/erbB-2/ neu oncogene. 3.
An i mmunogeni ¢ agent as clained in clains 1 and 2, 10 wherein the CcDNA
encodes for a proto-oncogene or oncogene of the EGF receptor
famly. 4. An inmmunogenic agent as clainmed in claiml1, 2 or 3

for the prophylactic or therapeutical treatnent of tunors. 15 5.

An i mmunogeni ¢ agent as clained in claim4 for the prophyl actic or

t herapeutical treatnment of breast and/or ovary, lung and ki dney
adenocar ci nomas and of ot her neopl asns expressing the above oncogene.
6. An imunogeni c agent as clainmed in any one of2phe 20 above cl ai ns,
wherein the control sequences derive from a plasmd or a virus.

7. An i munogeni c agent for the production of anti recgpt or

nonoct onal anti bodi es sel egted fromthe aninal i mmunogengcal |y
treated according to cl ay 1, 2, 3 and 6. 25 8. An i mmugdgeni ¢ agent
as claimed in claim?7 for tthe production of human (
anti bodies for use in i munot herapy as such in assogldtion with or

conj ugat ed to cytot®dxic nedi canents (i mmunot oxi ns 9. An
i rmunogeni ¢ agent as claimgd in clains 1, 2, 3, 30 4, for enhanci ng
adj uvating therapies in thg treatnent of tunors.
60 ] 3
o
B 4
=
7]
&
2 504
5 e
a .
m
40
32
—#:~ v
0 7 _ 14 21

GESTATION DAYS

FIGURE 2



