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present invention refers to nodified cytokines for use in the treatnegj, of

cancer. l\/bre parti cuI arly, efers to cytokines derivatiVves
capabl e of “pomng” tumr ves SNMURMBIUARN Scr 7r ccent' n ot oo

anti t umor al W, fy of sone cytokjpes is well known and P§ ﬂ:@g’éw?‘ﬁed Sone
cyt oki nes have aI ready been used therapeutically also in humans (29). For
exanpl e, such cytokines as |nterI eukine-2 (1L-2) and interferon a(lFNa)
have shown pagioODYEIE 0 : : 3 QAP fferent types
of tunors, suc I dney e as atrc carci noma eukem a,
Kaposi sarconm, nelanoma, nmultiple melom, and the |like. OQher 10
cytokines like IFNB, the Tunor Necrosis Factor (TNF) a, TNFB, I1L-1, 4, 6,
12, 15 and the ColldweypSisemtu irtention Frefersr to middifed haptekinksviior aiseeitt dhe
antitunoral activity on sone pes of tunors and therefore are the object
of further dJresdmest of ncag:onnrb&/ ore tpagticwlerlapdbe iinvensionotefeys tkiaysekings
strongly limted by 15 thelr“systemc toxicity. TNF, for exanple, _ was
originally di iveg capable of erammqu;fvessnimm@nhw nmtm&wbs
necrosis of sone rmrs fuz%x g Qr ifs in th( ytotox(ceffe n
different tumoral 1Henh@atipumkora u?ct}‘i“ys&fséﬁ'@énf)")? mESode Vel KRRWR s8R
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strategies arxﬁt&McH’&tﬂ‘N&Yﬁh#@&hWn éx@i% aAtitdRGHS aBEvitP tn Phﬁé’ﬁtﬁ vAt ect s
of this class of biological effect or | e keeping theiT her apeuti c

efficacy. 25 d¢fepertoypes @jﬁﬁﬁﬂx@?ﬂeﬁlcﬁrﬁ }didn@?trﬁétakﬁhc carcinoma, hairy cell

leukemia, Kaposi sarcoma, melanoma, multiple mieloma, and the like. Other
10 cytokines like [FNB, the Tumor Necrosis Factor (TNF) a, TNF§, IL-1, 4, 6,
12, 15 and the Colony Stimulating Factors (CFSs) have shown a certain
antitumoral activity on some types of tumors and therefore are the object of
further studies.
In general, the therapeutic use of cytokines is strongly limited by
15 their systemic toxicity. TNF, for example, was originally discovered for its
capacity of inducing the hemorrhagic necrosis of some tumors (7), and for
its in vitro cytotoxi.c effect on different tumoral lines (2), but it subsequently
proved to have strong pro-inflammatory activity, which can, in case of
'6-vcrproduction conditions, dangerously affect the human body (3). |
20 As the systemic toxicity is a fundamentail problem with the use of
pharmacologically active amounts of cytokines in humans, novel derivatives
and therapeutic strategies are nolw under evaluation, aimed at reducing the
toxic effects of this class of biological effectors while keeping their
therapeutic efficacy.
25 - Some novel approaches are directed to:

a) the development of fusion proteins which can deliver TNF into the

T

*ACTION*



a) the devel opnent of fusion proteins which can deliver TNF into the

CONFI RVATI ON COPY DCS . ACTION WD 01/61017 PCT/ EPO1/ 01543 2 tunor and

i ncrease the | ocal concentration. For exanple, the fusion proteins
consisting of TNF and tunor specific-antibodi es have been produced (4); b)
t he devel opwenu/emi7 TNF nmut ants whi ch maintain the antitun®PCIEPOBOISS: | vity
and have a reduced system c toxicity. Accgrdi ngly, nutants abl e of

sel ectively recogni zing only one receptor4(p55 or p75) have been already

prepared (5); c) the use of anti-TNF anti bodi es,able to reduce, sqire, toxic
effects of TNF wimen@nddagregss dhe dosal concenirahion. oraevafeﬁh%ffgﬁwn

anti bodies 10 have been alread I bed in |iteratur Q) ;1..d use
of TNF derivati veSTHs %°W§T¥’&y°ﬂ§ﬁﬁ|ﬂﬂ’ﬁe“ B rSPES 'P%E"i‘&(@eg &?XJLuggeta} ed
wi t h pol yet hyl ene %} c%I) .The preparation of TNF derivatives capable of
sel ectively targepl cﬁf fit(g)’t unoral sites has been recently reported—'For

exanpl e, a T t3i on (Y Qfeifbondehi N8P TGP mlRRA DR RRIRBRPInOYarditihibdal Do

t
gene of the avy chaino i-transterrin receptor mAb and the TNF

gene (4), sor a f USCApit) rdidChavePh redibed'bydiledite toititpleA cbomiagly) mitants
nonocl onal anti body agai nst the tunor- associated TAG/2 antigen (6), or a
Fv- TNF fusion profggidiof @El-ecﬁ?el?{%cégﬂiz%ﬁ@hhseﬁe geseptbeifps Srorasité)rasteer i ng
a diagnostic or 20 therapeuticC agent, ich conprises: an anti body
conjugated w th abeehalready prepapédyd)li n, an agent capable of conplexing the
conj ugated anti body and a conpound consisting of the diagnostic or

t her apeuti ¢ agent themjseadtadi-BNFh antibodies able to reduce some toxic effects of

TNF without compromising its antitumoral activity. Such antibodies
10 have been already described in literature (30),
d) the use of TNF derivatives with a higher half-life (for example TNF
conjugated with polyethylene glycol).
The preparation of TNF derivatives capable of selectively targeting
the tumoral sites has been recently reported. For example, a fusion protein
15 has been described, obtained by fusing the gene of the heavy chain of an
anti-transferrin receptor mAb and the TNF gene (4), or a fusion protein of
TNF with the “hinge” region of a monoclonal antibody against the tumor-
associated TAG?72 antigen (6), or a Fv-TNF fusion protein (6).
EP 251 494 discloses a system for administering a diagnostic or
20 therapeutic agent, which comprises: an antibody conjugated with avidin or
streptavidin, an agent capable of complexing the conjugated antibody and a
compound consisting of the diagnostic or therapeutic agent conjugated with
biotin, which are administered sequentially and adequately delayed, so as to
allow the localization of the therapeutic or diagnostic agent through the
25  biotin-streptavidin interaction on the target cell recognized by the antibody.
The described therapeutic or diagnostic agents comprise metal chelates, in
particular chelates of radionuclides and low molecular weight antitumoral

agents such as cis-platinum, doxorubicin, etc.



biotin, which are adm ni stered sequentially and adequately del ayed, so as
to allowthe |ocalization of the therapeutic or diagnostic agent through
the 25 biotin-streptavidin interaction on the target cell recognized by the
anti body. The described therapeutic or diagnostic agents conprise netal
chel ates, i wo@#ewcul ar chel ates of radionuclides and | oWPGHERGQIMA? wei ght
antitunoral agents such as cis-platinum _doxorubicin, etc. WO 01/61017
PCT/ EPO1/ 01543 3 EP 496 074 discl oses a method which provi des the

I al dm ni_ | f,.a . biotinyl i body, .avi dj .
St reptavi di nand (b R | OO AIBEOBR dn o o PSR BRAIAS, THDCTRAUeRiEh ough
t ot oxi . Like. rici i cal,l L. d, th ' '
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target mol eculgnCady ggﬂéﬁgplg)ttﬂeﬁidﬂeaa'}ﬂe FHéalpi?i%Sﬂg ife%%ﬂi?éﬁ'%g tadiolanetedy the

adm ni stration of a Secon nj ugat e tonsi e toxic agent

bound to & ayrmpdirfiRIY ndésthOdisbRsed.gand. WO 99/ 13329 di scl oses a met hod
for targeting a nolecule to tunoral angi ogenic vessels, based on the

conj ugation of saiWOMOEHSY79 distlosks gamdthodoforNcBalicimgphiphly téxicumgemts of
nol ecul es have been suggested as possible candidates, but doxorubicin only

is specificaldy esthdar tergetsyo based ofn | thgaadmidistratiohiGRfr ec &storconjugate
cytokines vehicles to induce imuno responses is disclosed. |t has now
surprisingly ¢omprisingritie spetifichiargetemelsculei conjughied ofith edigandrorgn ahtines
can be remarkably i ml)roved and their inmunotherapeutic  properties cap be
enhanced by cliggnd fio]lawed by thegadministratiom of epsecondeconjngateceansising ep13) .
CD13 is a trans-nenbrane_ gl ycoprotei,n of 150 k%a hi ghly

1 the toxic agent bound to an anti-ligand or to the ligand.

WO 99/13329 discloses a method for targeting a molecule to tumoral
angiogenic vessels, based on the conjugation of said molecule with ligands
of NGR receptors. A number of molecules have been suggested as possible
candidates, but doxorubicin only is specifically described. No use of ligands

15 of NGR receptors as cytokines vehicles to induce immuno responses is
disclosed.

It has now surprisingly been found that the therapeutic index of
certain cytokines can be remarkably improved and their immunotherapeutic
properties can be enhanced by coupling with a ligand of aminopeptidase-N

20 receptor (CD13). CD13 is a trans-membrane glycoprotein of 150 kDa highly
conserved in various species. It is expressed on normal cells as well as in
myeloid tumor lines, in the angiogenic endothelium and is some epithelia.
CD13 receptor is usually identified as “NGR” receptor, in that its peptide
ligands share the amino acidic “NGR” motif.

25 According to a first aspect, the invention provides a conjugation
product of a cytokine selected from TNF and IFNy and a ligand of CD13
receptor. Said ligand can be an antibody or a fragment thereof such as Fab,

Fv, single-chain Fv, a peptide or a peptido-mymetic, namely a peptido-like




conserved in various species. It is expressed on normal cells as well as in
nmyel oid tunor lines, in the angi ogenic endotheliumand is sone epithelia.
CD13 receptor is usually identified as "NGR' receptor, in that its peptide
| i gands share the amno acidic "NGR' notif. 25 According to a first aspect,
the inventi W0 @réui7des a conjugation product of a cytoki RCTENOHRSEY from
TNF and IFNy and a |ligand of CD13 recept o%. Said ligand can be an anti body
or a fragment thereof such as Fab, Fv, sifgl-e-chain Fv, a peptide or a
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preferably, the can be coupled directly to the

cytokine or | CNGRCVMSGCAGRGD aNGRacHA, WONGRGAN &fclo@VIINGRY}MBQ! neraci d,
an am no aci d sequence or an organic residue, such as

6- am nocap yl ePelbCINGR s oe,cibireTptiferably, theeptidg (INGRICIUTes peptédekcambe t 0
those skilled in the art and conprise genetic engineering or chemcal 10
synt hesi s t ecboupjeddirettly tpdahe cytoking andndiredthyr thiobygh 8 spacerewhich carebe
cytokine N-termnus thus minimzing any interference in the binding of the
nodi fi ed cyt okisirgle aminpsacidcapamino acidsequense oy ant orgapispreasities suclbes

|l i nked to am no acid residues which are am do- or, carboxylic- bonds
acceptors, naPwmincpapRybIN-hydoxssuceiaimilercThe: aoepling Rrogeduessatne knqye t ed

wi th genetic engjneerjng.techniques. The nodified cytpkine is pyeferably
prepared by u% seaslg%%g\ ’é‘olfltﬁ 23 ﬂ@daP%mPn%BFPi}EFb&ggg@&Hé‘ﬁc‘ér ﬁfﬁ?ﬁlﬁaig t he
23% Lg:t i ﬁzcog)gﬂtﬂgsits?ec%n%gs?rred enbodi nent, there is provided a

The peptide ligand preferably is linked to the cytokine N-terminus
thus minimizing any interference in the binding of the modified cytokine to
its receptor. Alternatively, the peptide can be linked to amino acid residues
which are amido- or carboxylic- bonds acceptors, naturally occurring on the

15 molecule or artificially inserted with genetic engineering techniques. The
modified cytokine is preferably prepared by use of a cDONA comprising & 5°-
contiguous sequence encoding the peptide.

According to a preferred embodiment, there is provided a conjugation
product between TNF and the CNGRC sequence. More preferably, the

20 amino-terminal of TNF is linked to the CNGRC peptide through the spacer
G (glycine).

The resulting product (NGR-TNF), proved to be more active than
TNF on RMA-T lymphoma animal models. Furthermore, animals treated
with NGR-TNF were able to reject further tumorigenic doses of RMA-T or

25 RMA cells. The increase in the antitumoral activity, as compared with
normal TNF, could be observed in immunocompetent animals but not in
immunodeficient animals. This indicates that the increase in the antitumoral

activity of TNF conjugated with “NGR” peptides is due to an enhanced



product between TNF and the CNGRC sequence. More preferably, the 20

am no-termnal of TNF is linked to the CNGRC peptide through the spacer G
(glycine). The resulting product (NGR-TNF), proved to be nore active than
TNF on RVA-T | ynphorma animal. nodels. Furthernore, animals treated wth
NGR- TNF werwoak®11 o rej ect further tunorigenic doses of RUNEFIIGSI5 RVA
cells. The increase in the antitunoral actg’ vity, as conpared with normal
TNF, coul d be observed:in i munoconpetent “ani mals but not in .

I mmunodeficient aninmals. This ipdicates that, the increase.in the

anti tunor al  \BERYRR TepPapsergthen handa AcireRt SxtotRE athYRY, Qlhe conthgats. o an
enhanced WD 01/ 61 / / ' e, . 0 a
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the CD13 recethorG. It has: F%tr:ﬁggg%p%fb ﬂ?é%%i obrserpved t%at’ ante%kgg@y ’

agai nst the @alg pBseRPE@ thad aibod9Sagdifist® tHINEIH13 | :@8epstor CaEPedl kst the

NGR-TNF in vivo, thus suggesting a” nechani sm of receptor targeting by
NGR- TNF. $he GNGROelightidi empets Wwith NER-TIW3 i i givogl thas] sgggesingan be
further inproved by using a nutant form of TNF capabl e of selectively

bi ndi ng to onmecHanisme ofweceptbr rageke by NGRSTNFR and p55TNFR. Said 10 TNF
mut ant can be obtained by site-directed nutagenesis (5; 7). The

phar macoki neti ¢ offhehtherapbuticethdeyt afk theeTNEE (D3 ndigand tdonjugatescan de can
be inmproved b gn%raepari ng 5)0' yet hyl ene glycol derivatives, which allowto
extend the pl t iimpraveéd (Lyf using a outapt dermeef TNEHwapskle. ofi selectively
enbodi nent of the invention is provided by bifunctional 15 g’ﬁﬁ va&jﬂ,\/es in
whi ch the cyttirdingstoreaerefzthavtvn TNE rsoeptors.gRAI NFR and Bodd NIy waid,

anti bodi ﬁ% QIr'N'}"r}J%iltran’E Egg ggr&)%éingg %iyns?tte-ci'l#ergt)gg lmu%]gtén ginss(5? r7)-

The pharmacokineﬁc of the modified cytokines according to the

invention can be improved by preparing polyethylene glycol derivatives,
which allow to extend the plasmatic half-life of the cytokines themselves.

A further embodiment of the invention is provided by bifunctional

15 derivatives in which the cytokines modified with the CD13 ligand are

conjugated with antibodies, or their fragments, against tumoral antigens or

other tumor angiogenic markers, e.g. av integrins, metalloproteases or the

vascular growth factor, or antibodies or fragments thereof directed against

components of the extracellular matrix, such as anti-tenascin antibodies or

20 anti-fibronectin EDB domain. The preparation of a fusion product between

- TNF and the hinge region of a mAb against the tumor-associated TAG72

antigen expressed by gastric and ovarian adenocarcinoma has recently been

reported (6).

A further embodiment of the invention is provided by the tumoral

25 pre-targeting with the biotin/avidin system. According to this approach, a

ternary complex is obtained on the tumoral antigenic site, at different

stages, which is formed by 1) biotinylated mAb, 2) avidin (or streptavidin)

and 3) bivalent cytokine modified with the CD13 ligand and biotin. A



ot her tunor angi ogenic markers, e.g. av integrins, netalloproteases or the
vascul ar growth factor, or antibodies or fragnments thereof directed agai nst
conponents of the extracellular matrix, such as anti-tenascin antibodies or
20 anti-fibronectin EDB domain. The preparation of a fusion product between
TNF and t hewbiong®1? egi on of a mAb agai nst the turmr-assoc?ﬁ'f’gﬂ"”ﬂ@?z

anti gen expressed by gastric and ovarian gdenocarci noma has recently been
reported (6). A further enbodi nent of the invention.is provided by the

L i A B R
St ept avi di nyoragiohM avastingl ot uplauhboShiBpaBl b bdtiBlly hohpelle (O]
biotin. A WO.QH GFAL 'v%%gcglr}ée %%ﬁﬁ:‘?i atOhe t tof fregRRtivePmelkRHld, hh;hhst he

pre-targeting approa(zzln d wth conventional targeting wt

| mmunocon U%é&&wg%@&%&&hé&t tdi%iﬁg??.l,t e, 9,28).0This agpfoaehnptmube homed

at the target to ee active nol ecu thus' reducing the treatnent

toxicity §11fadlabR réultsTHith BRRINYIEd PINHUGHICE Way eapbble of dnducingi t h
biotinylated TNF, which was capable of inducing cytotoxicity in vitro and
decr easi ng t kgtdtogiitycial vigrooarad\décreasiiey theotudiari cells growthiunder coR@bionyNF was
i nactive (14, 26). The pre-targeting approach can also be carried out with
a two- phase [ edscdhmerimal TNFwaa ihactiveqi/#i 26).Fhe prectargeting approagk cabne
time binds the tunoral antigen and the nodified 10 cytokine. The usg of' a
bi speci fic amisobdsy cairiestovd withi Astwerphaser @reesswse yBini esing: ¢ JusPeslic TNF

has recently been described as a neans, for TNF tunoral pre-targeti.ng (31).
Accor di ng t o aatibady rvérich @b dlg aeme Pmmblnidﬁ\t%ﬂfﬁﬂ"i@ﬁf}g%@géherﬂrg—o‘hﬁﬁﬁecuI e

conj ugat ?8 t%y?c?lgige.a %%3 lllsiegag ' %ndbgge&%tci bglﬂYBod)yr %ilfeg?e%ne%ainst a
carcinoembryonic antigen and TNF has récently been described as a means

for TNF tumoral pre-targeting (31).
According to a further embodiment, the invention comprises a TNF
molecule conjugated to both a CD13 ligand and an antibody, or a fragment
15 thereof (directly or indirectly via a biotin-avidin bridge), on different TNF
subunits, where the antibody or its fragments are directed against an antigen
expressed on tumor cells or other components of the tumor stroma, e.g.
tenascin and fibronectiﬁ EDB domain. This results in a further improvement
of the tamor homing properties of the modified cytokine and in the slow
20 release of the latter in the tumor microenvironment through trimer-
monomer-trimer transitions. As shown in previous works, in fact, the
modified subunits of TNF conjugates can .dissociate from the targeting
complexes and reassociate so as to form unmodified trimeric TNF
molecules, which then diffuse in the tumor microenvironment. The release
25 of bioactive TNF has been shown to occﬁr within 24-48 hours after targeting

21).

For use in therapy, the modified cytokines of the invention will be

suitably formulated in pharmaceutical preparations for the oral or parenteral



15 thereof (directly or indirectly via a biotin-avidin bridge), on
different TNF subunits, where the antibody or its fragnents are directed
agai nst an antigen expressed on tunor cells or other conponents of the
tunor stroma, e.g. tenascin and fibronectin EDB domain. This results in a
further inpwowaeMT of the tumor homing properties of thECHERIYI1g43
cytokine and in the slow 20 release of theg latter in the tunor

m croenvi ronment through trimer- nononer-triner transitions. As shown in
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m croenvi ronment. The re ease bi oactive TNF"has been shown to occur
within 24-48 mmsﬁén@fmrthbamgiﬂaﬁen dfZhk - pdreiitettl Sfors! BRfRdtiviehamensl fied -
cyt oki nes of the invention 'w Sui tabl y fornmul at ed in phar maceuti cal
preparati ons dfothet dutiver lgrédicmpiviid ther dissoMed br GlidpenddT iERGtéfilkSddtrier,

adm nistration. Formulations for the parenteral adm nistration are
preferredS aplicdatly cadding sexcipjeatst afuck @el solubilizers, sisetraricitynagents,
liquids for infusions. For the preparation of the parenteral fornms, an
effective anmrnservoﬁvcs;estabﬂnzm, iemaplsidiees torvdispetsingliagentsy @gdoit wild phﬁnded

in a sterile carrier, tional |y addi ng exci pi ents such as sol ubilizers,

i sotonicity aﬁg‘bﬁ@@lentb’r@§ tapded incgsaled witgls oampoulesul sifiers or di spersing
agents, and it w || subsequgnt lq)ffégcl sitribute | n seal ed vials or

anpoul es. The pre L0t & 5 1 fQFM0dlipQsomaesean MATOVR th e t he

Sroree ea S s L 0 At bego s s eﬁﬂgf"’“ on
Fepor t ed What TR g bracps Hdoén ot ndrelte, 1 s RV TR alilys bR Tod o
| munonodul atljngﬂ)gcal activity in vitro. Furthermorc, it has been reported that TNF
bound to lipids has unaffected cytotoxicity in vitro, immunomodulating
effects and reduced toxicity in vivo (12, 13).
The maximum tolerated dose of bolus TNF in humans is 218-410
15 pg/m? (32) about 10-fold lower than the effective dose in animals. Based on
data from murine models it is believed that an at least 10 times higher dose
is necessary to achieve anti-tumor effects in humans (75). In the first
clinical study on hyperthermic isolated-limb perfusion, high response rates
were obtained with the unique dose of 4 mg of TNF in combination with
20 melphalan and interferon y (16). Other works showed that interferon y can
be omitted and that even lower doses of TNF can be sufficient to induce a
therapeutic response (17, 18). As the two cytokines exert synergistic effects
on endothelial cells, their combined, selective taltrgeting thereon is likely to
result in stronger anti-tumor activity thus allowing to overcome the
25 problems of systemic toxicity usually encountered in cancer therapy with
the same cytokines used in combination. Furthermore, it is known that TNF
can decrease the barrier function of the endothelial lining vessels, thus

increasing their permeability to macromolecules. Taking advantage of the



effects and reduced toxicity in vivo (12, 13). The maxi num tol erated dose
of bolus TNF in humans is 218-410 15 g/nR2 (32) about 10-fold | ower than
the effective dose in animals. Based on data frommurine nodels it is
believed that an at least 10 tines higher dose is necessary to achieve
anti-tunor Wa@si®7in humans (15). In the first clinical BYHERPIGI43
hypertherm c isolated-1inb perfusion, highgresponse rates were obtained
wi th the unique dose of 4 ng of TNF in con%i nation with 20 mel phal an and
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probl ens of systemc toxicity usually encountered 1.n cancer therapy with

the same cyt okémpsunds;kifther Fortherapddiv of didghostivphirpodest Fokinsantdathe TNF
can decrease the barrier function of the endothelial |ining vessels, thus

i ncr easi ngS t haiodified MENBI dant Ye tusedaior mvotase uthestuniak uptpkedofiradigdabedledhe WO
01/61017 PCT/EP01/01543 8 lower toxicity of treatnment with the nodified
TNF ol ecul esastilbadies ng o t horinonest i oftumertindgingei r campeundsyse| din

homi ng properties, an alternative appljcation is their use i ncyrease the
perneabi | i ty radieimmunoseintigeaphy on rasdioinamupethetapy of twarors.oplieHRatlEt i ¢

or diagnostic purposes. For instance the 5 nodified TNF can be used to
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coul d al b betieiLPRRTEpr SiF A oGURA 1 ant ¢ umor of fecte are-enhanced-
' Accordingly, the cytokines of the invention can be used in combined,
separated or sequential preparations, also with other diagnostic or

therapeutic substances, in the treatment or in the diagnosis of cancer.

A final aspect of the invention regards the cDNA encoding for the
15 conjugated cytokines herein disclosed, which can be prepared from the
cytokines cDNA by addition of a 5’- or 3’-contiguous DNA sequence
encoding for the CD13 ligand, preferably for the homing peptides described
above. The combined cDNA can be used as such or after insertion in vectors
for gene therapy. The preparation and therapeutic applications of suitable
20 vectors is disclosed in (19), which is hereby incorporated by reference.
DESCRIPTION OF THE FIGURES
Figure 1: Effect of TNF and NGR-TNF on the growth of RMA-T
lymphomas (a and b) gn-d on the animal weight (c and d).
5 Animals/group were treated with a single dose of TNF or NGR-TNF
25 (i.p.), 10 days after tumor implantation. Tumor area values at day 14 as a
function of the dose (b) and the loss of weight after treatment (mean of days
11 and 12) (d), were interpolated from logarithmic curves. The anti-tumor
effects induced by 1 pg or 9 pg of NGR-TNF at day 14 were greater than



Accordingly, the cytokines of the invention can be used in conbined,
separated or sequential preparations, also with other diagnostic or

t herapeutic substances, in the treatnment or in the diagnosis of cancer. A
final aspect of the invention regards the cDNA encoding for the 15

conj ugat ed wotoalsinnes herein di scl osed, which can be preparRCI/EPQ§154Be
cytoki nes cDNA by addition of a 5 - or 3'-contiguous DNA sequence encoding
for the CD13 ligand, preferably for the héhi ng pepti des descri bed above.
The conbi ned cDNA can be used as such or after insertion in vectors for
gene t her apy tha¥ee ingused by icomparable rameymaafc THE(R caliGits and B 0dl2e 20
vectors is disclosed, in (71 Wmch s hereb cor por at ed by refer, nce.
DESCRI PTI ON (esPegH VFIMRéSiFF% Jossyof mroight; 2 %?f BB RRgRS RSy FH Y

Ani mal 1 or oup PP CROuRRS eeffeRolated Rescioet THYF Frd HRIRE gt Sles) |, 3

10 days after tum)r]éf r%J antation. Tunor area values at day 14 as a
function of t99@RAsaRIe ety (he | 0ss of weight after treatment (mean of

Sﬁ??-tumf”dﬁéé? EHEtCqt Eﬁ-‘&p‘fﬁ?egﬂr 7 %%ﬁﬁ#gﬁg‘ﬁ%? am%?g“’
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Sroants of T VERTOELPHGTRE@ICS © 100t UeIy ohiTe The Toss of

wei ght after thesqALCRBUBNG CNGROTWeRé -mixHle witi WER-TNE areTNF and

extrapol ated doses of TNF and NGR-TNF that induce conparable effects. 5

Figure 2: Ef fzhingdterodd t@3ROBANd ishRGbeamingh anduils, t I20days taftert yumof
NGR-TNF (a) and TNF (b). MAb R3-63 or CNGRC were mixed with NGR-TNF or TNF

and adni ni stiedplantatioRMé F 5§ animalségroup)y lana separatd expesimeat (&) TiNHrend
10 NGR-TNF were coadministered with CNGRC -or CARAC (a control

peptide) to animals bearing 11-day old tumors (n = 5). The anti-tumor effect
of 1 pg of NGR-TNF was stronger than that of 9 pg of TNF (P = 0.009, t-
test at day 20) and was significantly inhibited by CNGRC (P = 0.035) and
by mAb R3-63 (P = 0.011). ‘
15 Figure 3: Effect of limited tryptic digestion of NGR-TNF and TNF on
their mass (a) and anti-tumor actlvlty (b).
Trypsin-agarose was prepared by coupling 1 mg of trypsin to 1 ml of
Activated CH Sepharose (Pharmacia-Upjohn), according to the
manufacturer’s instructions. NGR-TNF and TNF (170 pg each in 300 pl of
20 0.15 M sodium chloride, 0.05 M sodium phosphate, pH 7.3) were mixed
with 15 pl of resin suspension (1.:4) or buffer alone and rotated end-over-
end at 37°C for the indicated time. The four products were filtered through a
0.22 pm Spin-X device (Costar, Cambridge, MA) and stored at -20°C until
use. (a) Electrospray mass spectrometry analysis. The molecular mass
25 values and the corresponding products (N-terminal sequences) are indicated
on each peak. The arrows on the sequences indicate the site of cleavage. (b)
Effect of 1 or 3 pg of NGR-TNF and TNF, incubated without (upper panels)
or with (lower panels) trypsin, on the growth of RMA-T tumofs and animal



i nplantation (n = 5 aninmals/group). In a separate experinent (c) TNF and 10
NGR- TNF were coadm ni stered with CNGRC , or CARAC (a control peptide) to
animal s bearing 11-day old tunmors (n = 5). The anti-tunor effect of 1g of
NGR- TNF was stronger than that of 9 g of TNF (P = 0.009, t- test at day 20)
and was si gwidéiwasryl y i nhibited by CNGRC (P = 0.035) and BQM%N:M@%S (P =
0.011). 15 Figure 3. Effect of limted try%tlc di gestion of NGR-TNF and TNF
on their mass (a) and antl-tum)r activity¥(b). Trypsi n agar ose was

prepared by coupling trypsin to 1 n of _Activ Sephar ose

( Phar maci a- UpYVG I@@@g.g& ﬂfggrcalptsﬁ@eatﬁém& &ﬁ@r H-gl %J% 8 WER- TNF
and TNF (170 of 20 O chI 0. 05 M sodi um
phosphat e, awaé'srﬁ &mmmpl@%ﬁiw'aﬁ %@ﬂgpbn (1:4) or

?Sﬂﬁeéré‘h‘d?&ﬂ@r&"? ?ﬂﬁi@ﬂ@&m "Rt 370%81%&0&%&{%%@“6 :

Canbri dge, a%tdoﬁﬁﬁfe%n ;ﬁt/i'éfold@ . V( a) El ectrospray nass

spectronetry an ecu nass al ues and the correspondi ng

products (4\+ter dsﬁﬁg lsﬁaﬁe'?ﬁﬁﬁ) R eC eav]%t&ﬁ?g?dhserﬁz S Akmahh TN (&S On

t he sequences in ate site o ct of 1 or 3 g of

NGR- TNF and  TNGRITNFDBE e W aHE aﬁepe%pmel&ehan&anwrafdlaﬁl\gerprmgl s)
trypsin, ont grovvth of RVA-T tunors ahd aninmal WO 01/61017

PCT/ EP01/ 01548eskRibedSh HianipreanSE of groups treated with 1 and 3 g doses).
Animal s were treated 13 days after tunor inplantation (n =5
ani mal s/ group) . FEffectcoft TNIDan@A(dn-refdlded: NGRHEINF ant the gyowth ofi RMANGR- TNF
before and after denaturation/refolding. 5 SDS-PAGE under non reducin
condi ti ons (Alymphéman{BYNmd eh, bodyGrreipit §E).oBEfech)ofahumant ENF( (D)) @n
denat ur at | on/ ref ol di ngﬂfrocess
refolded NGR-TNF (consisting of >95% trimers with intra-chain disulfides)
(E) on the tumor growth. Animals (15 or 5 mice/group as indicated in each
panel) were treated with one i.p. dose of TNF or NGR-TNF, 10 days after
tumor implantation.
The following examples further illustrate the invention.
15 Example I
Preparation of murine TNF and NGR-TNF
Murine recombinant TNF and Cys—Asn-Gly-Arg-Cys-G_rly-TNF
(NGR-TNF) were produced by cytoplasmic cDNA expression in E.coli. The
cDNA coding for murine Met-TNF1.156 (20) was prepared by reverse
20 transcriptase-polymerase chain reaction (RT-PCR) on mRNA isolated from
lipopolysaccharide-stimulated murine RAW-264.7 monocyte-macrophagé
cells, using .
5'-CTGGATCCTCACAGAGCAATGACTCCAAAG-3' and .
5'-TGCCTCACATATGCTCAGATCATCTTCTC-3', as 3' and 5' primers.
25 The amplified fragment was digested with Nde I and Bam HI (New
England Biolabs, Beverley, MA) and cloned in pET-11b (Novagen,

Madison, WI), previously digested with the same enzymes (pTNF).
The c¢DNA coding for Cys-Asn-Gly-Arg-Cys-Gly-TNF1-156 was



described in Exanple V. Effect of TNF and non-refol ded NGR-TNF on the
gromh of RVA-T | ynphomas (B) and on body weight (C). Effect of human TNF
(D) and 10 refolded NGR-TNF (consisting of >95%trimers with intra-chain
di sulfides) (E) on the tunor growth. Aninmals (15 or 5 mice/group as

i ndi cat ed | W@e1si017panel ) were treated with one i.p. dose BET/ERGL/OEHM3

NGR- TNF, 10 days after tunor inplantatio The foll ow ng exanpl es further
illustrate the invention. 15 Exanple | Pplelparation of murine TNF and

wa?'eTEFOZ‘JLLS%ﬁ%H%”E&h AN PR S B L L ) i

i ne Mety ENR1s
A
L PoRL Y= cehar b LU it THE ARG, . "PRO SR ARG wag! |
S' - TmCTCACAT&i%EEﬁAV%I | gesTgr SEﬁ:-hllﬂég ?qeseﬁgecgabg{'é ’i’fnﬁsusedzt% tEAfsform

anplified frag gested wit and Bam HI (New Engl and Bi ol abs,
Beverl ey, 3A) Bind(DESyElcHRA @ﬁi-md%)gehgvn%gmrew@ihww and NGRITNE! ¥

digested with the sane enzynes (pTNF he ¢ codi ng for

Cys- Asn- G y- Angs Oduédd with iscpropyif-Dehiblabictdsid6,Caédor@iigit die HET11b
anplified by PCR on pTNF, using

5' - GCAGATCAT Alah GE2AieBE Cls TCHORC TRAGHIECANH TaadCNGR-ENF5 weape i reeoveredd t he
above 3' prinmer. The anplified fragment was digested and cloned in pET-11b
as described fioove two-liteed tolturesnsfbyr m bacterial  sonication in 2

ethylenediaminetetracetic acid, 20 mM Tris-HCl, pH 8.0, followed by
10 centrifugation (15000 x g, 20 min, 4°C). Both extracts were mixed with

-

ammonium sulfate (25% of saturation), left for 1 h at 4°C, and further
centrifuged, as above. The ammonium sulfate in the supernatants was then
brought to 65% of saturation, left at 4°C for 24 h and further centrifuged.
Each pellet was dissolved in 200 ml of 1 M ammonium sulfate, 50 mM Tris-
15 HCI, pH 8.0, and purified by hydrophobic interaction chromatography on
Phenyl-Sepharose 6 Fast Flow (Pharmacia-Upjohn) (gradient elution, buffer
A: 50 mM sodium phosphate, pH 8.0, containing 1 M ammonium sulfate;
buffer B: 20% glycerol, 5% methanol, 50 mM sodium phosphate, pH 8.0).
Fractions containing TNF immunoreactive material (by western blotting)
20 were pooled, dialyzed against 2 mM ethylenediaminetetracetic acid, 20 mM
Tris-HCl, pH 8.0 and further purified by ion exchange chromatography on
DEAE-Sepharose Fast Flow (Pharmacia-Upjohn) (gradient elution, buffer
A: 20 mM Tris-HCI, pH 8.0; buffer B: 1 M sodium chloride, 20 mM Tris-
HCI, pH 8.0). Fractions containing TNF-immunoreactivity were pooled and
25 purified by gel filtration chromatography on Sephacryl-S-300 HR
(Pharmacia-Upjohn), pre-equilibrated and eluted with 150 mM sodium
chloride, 50 mM sodium phosphate buffer, pH 7.3 (PBS). Fractions
corresponding to 40000-50000 Mr products were pooled, aliquoted and



5 BL21(DE3) E.coli cells (Novagen). The expression of TNF and NGR-TNF was
I nduced with isopropyl -p-D-thiogal act osi de, according to the pETIIb

manuf acturer's instruction. Soluble TNF and NGR-TNF were recovered from
two-liter cultures by bacterial sonication in 2 nM

et hyl enedi awioategdiraceti c acid, 20 mM Tris-HCl, pH 8.0, faldrepedoisys 10
centrifugation (15000 x g, 20 mn, 4C). h extracts were m xed with
anmoni um sul fate (25% of saturation), left“for 1 h at 4C, and further

centrifuged, as ove. Th njum sul fate in the supernatants.was then
brought to 6§%r53tf§%earaét-§eﬁw solufonsemployed in the @hromatogra HELEPF uged.
Each pellet was dissolvwed.in, 2 m . of M a ni ym syl e, 50 Tris 15
fa . bh 5. 0, Yaits BEPRet Shith peigls, S SadctoRnr RS ateh A FiieamPa HYbn

Phenyl - Sephangses fa1fAstdsRh W 4 'alr{ajﬂhfl (ﬁg-"ﬁ\ﬁ% el ution, buffer
0 p%:ﬂ e, pHTS. m

A: 50 mM sodi'ump ont ai ning ammonium sul fate;' buffer

B: 20% gl ycerol , mr?ﬁbtmmpwg@[hgﬁb@pﬁ(ﬁﬁ?mggfgzﬁbﬁRw-v@as- ehhuFedi ons

cont ai ni ng TNF'i-nmunor eact 1 ve otting) 20 were

pool ed, d§al lﬁg%ieé’ﬁaé;%& mMad¥NREPHRASITAB ppSleti E8RRIt Wa8 Ghéhsurdd withg
Tris-HCL, pH 8.0 and further purified by ion exchange chromatography on
DEAF- Sephar oaecdnigierdibbprdieincdssay k&-(lslmére Rodlcford]i lE)! Eildetoxin cobténtef A
20 MM Tris-HCl, pH 8.0; buffer B: 1 sodium chl oride, 20 mM Tris- HC, pH
8.0). Fracti NGReTNiFaand (INH Nvas iitfnonits/api aid ¥.38curity/pgl eespectivély, asri fi ed
by gel filtration chromat ography on Sephacryl-S- 300 HR (Pharnaci a- Upj ohn),
pre-equil i br measured by the dquantitative0 chivmegtinionLyshulosi 4moebocyiw! Epshitam
phosphate buffer, pH 7.3 .(PBS). Fractions corresponding to 40000-50000 M
products wer éLHdo) test (Bip; gand WO 01/ 61017 PCT/ EP01/ 01543 12 stored

frozen at .-20C. All .sol utjqns enployed in §he chropatographi c st wer e
pr epar edEQ/i th sterpdBimdgo ﬁ%ﬁﬁ?ﬁrﬂﬂ@@mﬂe(saﬁﬂe P 51§ Egﬁﬁ'

PAGE) and western blot analysis were carried out using 12.5 or 15%

polyacrylamide gels, by standard procedures.
A small amount of TNF and NGR-TNF was further purified by
affinity chromatography on soluble p55-TNF receptor (sTNF-R1)-Sepharose
15 as follows: 5 mg of recombinant sTNF-R1 were prepared as described (22)
and coupled to 2 ml of Activated-CH-Sepharose (Pharmacia), according to
the manufacturer's instruction. Two separate columns (one ml each), were
washed eitensively with sterile and endotoxin-free solutions, loaded with
purified TNF or NGR-TNF in PBS and desorbed by gradient elution (1 h,
20 buffer A: PBS; buffer B: 0.5 M sodium chloride, 0.2 M glycine-HCI). The
TNF-antigen containing fractions were neutralized and dialyzed against
sterile physiological solution. Endotoxin-free human serum albumin was
added before dialysis (0.5 mg/ml) to prevent protein adsorption on
membranes. The TNF content in each fraction was measured by ELISA and
25 cytolytic assay.
Non reducing SDS-PAGE of TNF showed a single band of 17-18
kDa, as expected for monomeric TNF (not shown). At variance, non

reducing SDS-PAGE and western blot analysis of NGR-TNF showed



The final yields were 45 ng of TNF and 34.5 ng NGR-TNF. The nol ecul ar

wei ght of purified TNF and NGR- TNF was neasured 5 by el ectrospray mass
spectronetry. The protein content was neasured using a conmercial protein
assay kit (Pierce, Rockford, IL). Endotoxin content of NGRTNF and TNF was
0.75 units/ WQO¥HAT1. 38 units/g, respectively, as measur SFTHEPOURSS
quantitative chronogenic Lynul us Anpebocytf Lysate (LAL) test

(Bi oWhi ttaker). 10 Sodi um dodecyl sul f at e- pol yacryl am de gel el ectrophoresis

SDS- PAGE ] | ' t | 12. 5 or. 15%
ol yacryl ani adtgrent i kel Kid JETE.56 a3 RB3 RY orrormeiing
NGR- TNF f i fid £ £ ni 3 . 5- TNF
roceptor (oTh RSt iftts dhd @rerh) Undel - @RRAAZLARTORR bt 8P 2 B0
ver e prepar ed aad 3e%Dd Bafdé ere apAvenedliffd tike 28"kDRfform, pointing to the '
Acti vat ed- CH Sephar ose (Pharnmacia), according to the manufacturer’'s

instruction. presenepIfNGR-TINFRfolécules Wittehtéochaitedidulfids beidgextEs18el y
with sterile and endotoxin-free solutions, |oaded with purifred TNF or
NGR- TNF i n5PBRDmnbantkacediartedyo gbadi 213t ofthet total aterial 2@hbrdfak ¢he 36 KBS,
buffer B: 0.5 Msodiumchloride, 0.2 Mglycine-HCl). The TNF-antigen

cont ai ni ng f r accounted vior emosiuof dhe remaiming dpeart.y Theseaglectrophoretier patterns
physi ol ogi cal solution. Endotoxin-free human serum al bumn was added

bef ore di al ysis4ggeststhay/ NGR1INBr waena mixtuze nofidsiorgss i madenupnbybthnees.
The TNF content in each fractiaon was neasured by ELI SA and_ 25 cytolytic
assay. Non red@Ruqrgerspsubapits yrithyoprrept inttp-ghainrdisulfides (abeasy 5036) rpd, as

expected for noneri ¢ TNF (not.shown). At ,yariance, non redugin DS- PAGE
and west ern bi“8% FERMRE Qaﬁgm?\fébf QNFB'%W&M‘:’VG‘: 997 Bq ytprchain isi¥sdes.

10 The 36 kDa band still observed by reducing SDS-PAGE suggests that NGR-

TNF contained also an irreversible denatured dimer (about 10% of total).
The molecular mass of TNF and NGR-TNF monomers were
17386.112.0 Da and 17843.7+2.5 Da, respectively, by electrospray mass

spectrometry. These values correspond very well to the mass expected for
15 Met-TNF1-156 (17386.7 Da) and for CNGRCG-TNF1-156 (17844.2 Da).

Example II
In vitro cytotoxic activity of murine TNF and NGR-TNF
The bioactivity of TNF and NGR-TNF was estimated by standard
cytolytic assay based on L-M mouse fibroblasts (ATCC CCL1.2) as
20  described (23). The cytolytic activity of TNF and NGR-TNF on RMA-T
cells was tested in the presence of 30 ng/ml actinomycin D. Each sample -
was analyzed in duplicate, at three différent dilutions. The results are
expressed as mean * SD of two-three independent assays.
The in vitro cytotoxic activity of TNF and NGR-TNF was (1.2+0.14)
25 x 108 units/mg and (1.840.7) x 108 units/mg, respectively, by standard
cytolytic assay with L-M cells. These results indicate that the CNGRCG
moieties in the NGR-TNF molecule does not prevent folding,

oligomerization and binding to TNF receptors.



PCT/ EPO1/ 01543 di fferent ininunoreactive forns of 18, 36 and 50 kDa I|ikely
corresponding to nononers, diners and trinmers. Under reducing conditions
nost of the 50 and 36 kDa bands were converted into the 18 kDa form
pointing to the presence of NGR-TNF nol ecules with interchain disulfide
bri dges. Theydl@éwowDa band accounted to about 2/3 of the tRETAHAPONALSAY | al
whereas the 36 kDa accounted for nost of _{he remaining part. These

el ectrophoretic patterns suggest that NGRETNF was a m xture of triners
made up by three _nononeric subunits wth correct intrﬁ-chai gﬁi%ﬁuéfides
(at |east 509 andn a [peeviensnistidyyweashowesd that RYIA-T eeHs qam; he &illed byrpr e
I nterchain disulfides. 10 The 36 k&rgiband still bsgrved by, reguci ng
SDS- PAGE suggelFsintthepregsace a3 Q Bl srttnomycin X, Whereos i8;the SO8eHE% oF cd
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mouse {1 br obl gk ATERCTNF 111,250,139 I60% unhofng Al o Faada dtick] the

activity of and RVA-T cells was teSted in the presence of 30
ng/m acti nonyRbibxit aefivitics2sP NGRVIESF aindl TREUwete ditfiliae both oat LM smd
different dildtions. The results are expressed as nean SD of two-three
I ndependent aRMASF célt€ in vitro cytotoxic activity of TNF and NGR- TNF was
(1.20.14) 25 x 108 units/nmg and (1.80.7) x 108 units/ng, respectively, by
standard cytolytiExsmpdyIllith L-Mcells. These results indicate that the
CNCRCG noieties in the NGR-TNF nol ecul e does not_prevent folding, .

10 Characterization of the therapeutic and toxic activity of inurine

TNF and NGR-TNF
The Rauscher virus-induced RMA lymphoma of C57BL/6 origin,

were maintained in vitro in RPMI 1640, 5% foetal bovine serum (FBS), 100
U/ml] penicillin, 100 pg/ml sireptomycin, 0.25 pg/ml amphotericin B, 2 mM
15 glutamine and 50 pM 2-mercaptoethanol. RMA-T was derived from the
RMA cell line by transfection with a construct encoding the Thy 1.1 allele
" and cultured as described (14).

B16F1 melanoma cells were cultured in RPMI 1640, 5% FBS, 100
U/ml penicillin, 100 pg/ml streptomycin, 0.25 pg/ml amphotericin B, 2 mM
20 glutamine, 1% MEM non essential amino acid (BioWhittaker Europe,

Verviers, Belgium). |
In vivo studies on animal models were approved by the Ethical
Committee of the San Raffacle H Scientific Institute and performed
according to the prescribed guidelines. = C57BL/6 (Charles River
25 Laboratories, Calco, Italy) (16-18 g) were challenged with 5 x 104 RMA-T
or B16F1 living cells, respectively, s.c. in the left flank. Ten-twelve days
after tumor implantation, mice were treated, i.p., with 250 pl TNF or NGR-

TNF solutions, diluted with endotoxin-free 0.9% sodium chloride.



ol i goneri zation and binding to TNF receptors. WO 01/61017 PCT/ EP01/ 01543 14
In a previous study we showed that RVA-T cells can be killed by TNF in the
presence of 30 ng/m actinonycin D, whereas in the absence of

transcription inhibitors these cells are resistant to TNF, even after
several daywoeisiontubati on. The in vitro cytotoxic activi PGTEPINGRITNF on
RVA-T 5 cells in the presence of acti norryﬁ:i] D was (1.40.8) x 108 units/ny,
as nmeasured using TNF ((1.20.14) x 108 units/ng) as-a standard. Thus, the
cytotoxic activities of NGR-TNF and TNE were simlar both op,L-Mand RMVA-T
cel I's. Exanpl Breliminggy caxperiments; showad othat hthe AttisBEMey cachiydty g¥as; not
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were cul t u§edyiith E4liferd 51Re titiof Bea vlﬁ)spestﬁhﬁiedﬂ%” calchldtihg 20 rggiviiereas
streptomycin, 0.25 g/m anphotericin B, 2 mM 20 glutam ne, 1% MEM non

essential ani agamer volupié odbicstinlated by calealatingervk @px rPerl4dB umheré 0] wndo
studi es on ani mal nodels were approved by the Ethical Committee of the San
Raf f ael e H Scrzmre fthe longitudinak and dateralf radive dndcrgoisdtheg thickndse ofr tmers bed
gui delines. C57BL/6 (Charles River 25 Laboratories, Calco, Italy) (16-18
g) were chal | pntewidingtfiiom thelsddfacdblvfhormal skin. Animals were killed before the

tumor reached 1.0-1.3 cm diameter. Tumor sizes are shown as meantSE (5-
10 10 animals per group as indicated in the figure legends) and compared by t-
test.

The anti-tumor activity and toxicity of NGR-TNF were compared to
those of TNF using the RMA-T lymphoma and the B16F1 melanoma models
in C57BL6 mice. Since the RMA-T model has been previously

15 characterized and used to study the anti-tumor activity of TNF with
different targeting protocols (26) we decided to use this model also in this
study.

Murine TNF administered to animals bearing established s.c. RMA-T
tumors, causes 24 h later a reduction in the tumor mass and haemorragic

20 necrosis in the central part of the tumor, followed by a significant growth
delay for few days (26). A single treatment with TNF does not induce
complete regression of this tumor, even at doses close to the LD50, as living
cells remaining around the necrotic area restart to grow few days after
treatment.

25 In a first set of experiments we investigated the effect of various
doses (i.p.) of TNF or NGR-TNF on animal survival. To avoid excessive
suffering, the animals were killed when the tumor diameter was greater than

1-1.3 cm. The lethality of TNF and NGR-TNF, 3 days after treatment, was



or B16F1 living cells, respectively, s.c. in the left flank. Ten-twelve
days after tunor inplantation, mce were treated, i.p., with 250 | TNF or
NGR- TNF solutions, diluted with endotoxin-free 0.9% - sodiumchloride. WO
01/61017 PCT/EPO1/ 01543 15 Prelimnary experinents showed that the
anti-tunor Q0N was not changed by the addition of hubfeMERMPIAY al bunin
to TNF and NGR-TNF solutions, as a carri\% Each experinent was carried
out with 5 mce per group. The tunor gro ?1 was nonitored daily by

measuring the tunor si 5.wmth caljpers. The tu rea was .esti.mted by
calculating r ISHQﬁDPE,(i\#@Pe i\n”& &ﬂarhgdﬁ‘gjn’éesﬁﬁ%tweegﬁ ﬁ’a}"éﬁa‘"’o %|38hrtgFl%g ri
X r2 x r3 x 4/ 3;: I : l.qngi tudinal and lateral radii,
and r3 is the ﬂ%ﬁrwﬁggssﬁg{%%dﬁéeﬁ%ﬁigﬁgilﬁ.g fromthe surface of nornal
skin. Animals were killed before the tunor reached 1.0-1.3 cmdi aneter.
Tunor sizes are shown as nmeanSE (5 10 10 animals per group as indicated in
the figure | egends) and conpared by t- test. The anti-tunor activity and
toxicity of NGR-TNF were conpared to those of TNF using the RVA-T | ynphoma
and the B16F1 nel anoma nodels in C57BL6 mice. Since the RVA-T nodel has
been previously 15 characterized and used to study the anti-tunor activity
of TNF with different targeting protocols (26) we decided to use this
nodel also in this study. Mirine TNF adm ni stered to ani nals bearing
established s.c. RVA-T tunors, causes 24 h later a reduction in the tunor
mass and haenorragic 20 necrosis in the central part of the tunor,
followed by a significant growh delay for few days (26). A single
treatment with TNF does not induce conplete regression of this tunor, even

at doses close to the LD50, as living cells remaining around the necrotic
area restart to grow few days after
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For instance, 1 or 3 pg of NGR-TNF delayed tumor growth more
efficiently then 27 pg of TNF, indicating that NGR-TNF was at least one
order of magnitude more active. Interestingly, some animals were cured
with doses of NGR-TNF lower than the LD50, whereas no animals at all

5 were cured with TNF. Cured animals rejected further challenges with
tumorigenic doses of either RMA-T or wild-type RMA cells, suggesting that
a single treatment with NGR-TN'F was able to induce protective immunity.
It is noteworthy that increasing the dose of TNF or NGR-TNF above 9-27
ng ma;kedly increased the toxicity and poorly or not the therapeutic
10 activity.

The loss of weight consequent to TNF treatment is a well known sign
of systemic toxicity (26 ). Thus, to further compare the efficacy/toxicity
ratio of TNF and NGR-TNF we monitored the tumor growth and the animal
weight after treatment. The effect of 1 pé of NGR-TNF on the tumor

15 growth was similar or higher than that of 9 pg of TNF (Fig. 1a), while the
loss of weight one-two days after treatment was comparable to that of 1 pg
of TNF (Fig. 1c). When we interpolated the daté with a logarithmic curve in
a dose-response plot we found that the therapeutic effect of 9 pg of TNF at
day 14 can be obtained with as little as 0.6 pg of NGR-TNF (Fig.1b). In

20 contrast, 8.5 pg were necessary to induce a comparable toxic effect (Fig.
1d). Thus, the calculated efficacy/toxicity ratio of NGR-TNF under these
conditions is 14 times greater than that of TNF.

-Similar results were obtained with the B16F1 melanoma model.
Treatment with 1 pg of NGR-TNF at day 11 and day 17, induced an anti-

25 tumor response at day 19 greater than that obtained with 4 pg of TNF and
similar to that obtained with 12 pg of TNF (data not shown). In contrast, the
loss of weight caused by 1 pg of NGR-TNF was markedly lower than that
caused by 4 and 12 pg of TNF. Treatment with 12 pg of NGR-TNF caused
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inhibiting the tumor growth is 10-15 times greater than that of TNF whereas

the toxicity is similar. Moreover, NGR-TNF can induce protective immune
responses more efficiently than TNF.
Example IV
15 Mechanism of action of NGR-TNF
Anti-mouse CD13 mAb R3-63 purified from ascitic fluids by protein-
G Sephardse chromatography (Pharmacia-Upjohn, Uppsala, Sweden), and
dialyzed against 0.9% sodium chloride.
Rabbit polyclonal antiserum was purchased from Primm srl (Milan,
20 Italy) and purified by affinity chromatography on protein-A-Sepharose
(Pharmacia-Upjohn). CNGRC and CARAC peptides Were prepared as
described previously (28).
To provide evidence that the improved activity of NGR-TNF is
dependent on tumor targeting via the NGR moiety we have investigated
25 whether the in vivo activity of NGR-TNF can be partially competed by
CNGRC. To this end we have administered NGR-TNF (1 pg) to RMA-T
tumor bearjng mjce, with or without a molar excess of CNGRC. In parallel,

other animals were treated with TNF (3 or 9 pg), again with or without
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8). To provide evidence that the inproved activity of NGR TNF

e in vivo activity of NGR TNF can be partially conpeted by
s endSinserifhes hden nécentlyerdpoited Tt aniingpeptida¥¢NTCD13) is a

receptor for CNGRC peptides, we then investigated the contribute of this
receptor in the targeting mechanism of NGR-TNF. To this end, we studied
the effect of an anti-CD13 mAb (R3-63) on the anti-tumor activity of NGR-
TNF and TNF. MAb R3-63 significantly inhibited the anti-tumor activity of
NGR-TNF (Fig. 2a) but not that of TNF (Fig. 2b) indicating that CD13 is
indeed critically involved in the anti-tumor activity of NGR-TNF. No
expression of CD13 on RMA-T cell surface was observed by FACS analysis
of cultured cells with-mAb R3-63 (not shown), suggesting that other cells
were recognized by the antibody in vivo. |

Although these data indicate that CD13 is an important receptor for
NGR-TNF, we cannot entirely exclude that binding to other not yet
identified NGR receptors also contribute, albeit to a lower extent, to the
targeting mechanism. |

Preliminary experiments of partial proteolysis showed that the Arg-
Ser bond in the N-terminal segment of TNF (residues 2-3) is very sensitive
to trypsin, whereas the rest of the molecule is much more resistant. Thus, to
provide further evidence that the improved activity of NGR-TNF is related
to its NGR moiety, we tried to cleave out the NGR domain from the N-
terminal region of the mutein by partial digestion with immobilized trypsin.

This treatment converted both NGR-TNF and TNF into a molecule



tunor bearing mce, with or without a nolar excess of CNGRC. In parallel,
other aninmals were treated with TNF (3 or 9 g), again with or wthout WO
01/61017 PCT/EPO1/ 01543 20 CNGRC- As expected, CNGRC decreased
significantly the anti-tunor activity of NGR-TNF (Fig. 2a) but not that of
TNF (Fig. 2byooméiovari ance, a control peptide (CARAQ was WRCIEBROIOIS4cause
significant decrease of NGR- TNF activity (Fig. 2c). These results suggest
t hat CNGRC conpetes for the 5 binding of -TNF to a CNGRC receptor, and

support the hypothesis of a  targeting nmechanismfor_the ipproved activity.
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surface was olppar ¥Rd TN w¥re simillay both before Wn'duifestk iebion) ajudpedHod3
(not shown), suggesting that other cells were recognized by the anti body
in vivo. Al thanigitaltweight dedscoriendayc after irbsimdadyFig.S3tg rightysaried)) isuggestinigor
for NGR-TNF, we cannot entirely exclude that binding to other not yet 20
i denti fi ed NGhatd¢heNGR alependentotatgetingt meclenismtddes mtlabiees thedogidity.t o t he
targeting nechanism Prelimnary experinents of partial proteolysis showed
that the Arg- Ser Esample ¥ he N-terminal segment of TNF (residues 2-3) is
very sensitive to_trypsin, whereas the rest of the nolecule_is much nore
resi st ant10 Thus, tBreparation and characterization of human TNF and NGR-TNF
Human recombinant TNF and NGR-TNF (consisting of human TNF1-
157 fused with the C terminus of CNGRCG) were prepared by recombinant
DNA technology and purified essentially as described for murine TNF and
NGR-TNF, The cDNA coding for human NGR-TNF was prepared by PCR on
15 plasmid pET11b/hTNF containing the hTNF coding sequence (33), using the
following primers:
- NGR-hTNF/1 (sense): 5°’A TAT CAT ATG TGC AAC GGC CGT TGC
GGC GTC AGA TCA TCdT TCT CG 3°.
- NGR-hTNF/2 (antisense): 5° TCA GGA TCC TCA CAG GGC AAT GAT
20 CCCAAA GTAGAC3.
The amplified fragment was digested and cloned in pET-11b (Nde I/BamH
I) and used to transform BL21(DE3) E.coli cells (Novagen). The expression of
NGR-hTNF was induced with isopropyl-B-D-thiogalactoside, according to the
pET11b manufacturer's instruction. Soluble NGR-TNF was recovered from two-
25 liter cultures by bacterial sonication in 2 mM ethylenediaminetetracetic acid, 20
mM Tris-HCI, pH 8.0, followed by centrifugation (15000 x g, 20 min, 4°C).

The extract was mixed with ammonium sulfate (35% of saturation),

left for 1 h at 4°C, and further centrifuged, as above. The ammonium sulfate
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sequence (33),
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(antisense): GGC AAT GAT 207 CCC AAA GTA GAC 3'. The
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used to transform BL coli cells (Novagen). The expression ‘of
8.0 and further purified by ion exchange chromatography on DEAE-

10 Sepharose Fast Flow (Pharmacia-Upjohn) (gradient elution, buffer A: 20
mM Tris-HC], pH 8.0; buffer B: 1 M sodium chloride, 20 mM Tris-HCl, pH
8.0). All solutions employed in the chromatographic steps were prepared
with sterile and endotoxin-free water (Salf, Bergamo, Italy).

At this point about 30 mg of TNF and 32 mg NGR-TNF was recovered

15 from two-liters cultures. Non reducing SDS-PAGE showed bands
corresponding to monomers, dimers and trimers suggesting that also human
NGR-TNF was a mixture of trimers with correct intra-chain disulfides and
trimers with one or more interchain disulfide bridges (Fig. 4A, lane b), as
observed with murine NGR-TNF.

20 Trimers with correct intrachain disulfide bridges were isolated from
this mixture by a four-step denaturation-refolding process as follows:
purified human NGR-TNF was denatured with 7 M urea and gelﬁl'tered
through an HR Sephacryl S-300 column (1025 ml) (Pharmacia) pre-
equilibrated with 7 M urea, 100 mM Tris-HCl, pH 8.0. Fractions

25 corresponding to monomeric TNF were pooled, ultrafiltered through an YM
MWCO 10 kDa membrane (Amicon) and refolded by dialysis against 33
volumes of 2.33 M urea, 100 mM Tris-HCl, pH 8 at 4°C (140 min) followed
by 1.55 M urea, 100 mM Tris-HCl, pH 8 (140 min) and 1 M urea, 100 mM



NGR- hTNF was i nduced with isopropyl-(3-Dthiogal actosi de, according to the
PET1 I b manufacturer's instruction. Soluble NGR TNF was recovered fromtwo
25 liter cultures by bacterial sonication in 2 nM ethyl enedi am netetracetic
acid, 20 mM Tris-HCl, pH 8.0, followed by centrifugation (15000 x g, 20
mn, 4C). Tk exdiveict was nmi xed with ammoni um sul f ate (3598CHERMOLMAL I on),
left for 1 h at 4C, and further centrifuged, as above. The anmoni um sul fate
WO 01/61017 PCT/ EP01/ 01543 22 in the supérnatants was then brought to 65%
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spectrometry. The in vitro cytolytic activities of non-refolded and refolded
NGR-TNF on mouse L-M cells were (6.11 x 107) + 4.9 and (5.09 x 107) +
0.3 units/mg respectively, whereas that of purified human TNF was (5.45 x
15 107) + 3.1 units/mg. These results suggest that the denaturation-refolding
process did not affect the interaciion of human NGR-TNF with the murine
PSS receptor. |
The in vivo anti-tumor activity of 1 pg of human NGR-TNF (non
refolded) was greater than that of 10 pg of TNF (Fig. 4B) whereas the
20 toxicity, as judged by animal weight loss, was significantly lower (Fig. 4C).
| After refolding 0.3 pg of NGR-TNF was sufficient to induce an anti-tumor
effect stronger than that achieved with 10 pg of TNF (Fig. 4D, 4E).
These results indicate that the anti-tumor activity of human NGR-TNF
is greater than that of human TNF.
25 Furthermore, we have observed that refolded human and mouse NGR-
TNF can induce significant anti-tumor effects on RMA-T-bearing mice even
at very low doses (1-10 ng/mouse) with no evidence of toxic effects, while

TNF was unable to induce significant effects at these doses (not shown).
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Genat urai T on© ot ol 0l e prorees G mot affect. he.interaction of humn
NGR- TNF wi t h weee:fUr ArBARS € TACAT ATGTBAC GGG ACAGTCIATDGAS AGCE & of 1g
of human ll\(!)m- (-I;It\alise na?nrll 5'-TC GGA TCC TCA GCA ACG GCC GTT GCA GCC GGA
GCG ACT CCT TTT CCG CTT CCT GAG GC. The cDNA was cloned
cloned in pET-11b (Nde I/BamH I) and used to transform BL21(DE3) E.coli cells
(Novagen). Protein expression was induced with isopropyl-B-D-thiogalactoside,
according to the pET11b manufacturer's instruction. The product was purified
15 from E.coli extracts by immunoaffinity chromatography using an anti-
mouse IFN y mAb (AN18) immobilized on agarose, according to standard
techniques. Reducing and non reducing SDS-PAGE of the final product
showed a single band of 16 kDa. Electrospray mass spectrometry showed a
molecular weight of 16223 + 3.6 Da (expected, 1625.5 Da) corresponding to
20 murine Met-IFNy1-134(C134S)CNGRC (NGR-IFNY).

The capability of NGR-IFNy and NGR-TNF to compete the binding of
an anti-CD13 antibody to tumor associated vessels was investigated by
using an immunohistochemical approach.

Fresh surgical specimens of human renal cell carcinoma were obtained

25 from the Histopathology Department of the San Raffaele H Scientific
Institute. Sections (5-6 pm thick) of Bouin-fixed (4-6 h) paraffin-embedded

specimens were prepared and adsorbed on polylysine-coated slides. CD13

antigen were detected using the avidin-biotin complex method as follows:



refol ded) was greater than that of 10 g of TNF (Fig. 4B) whereas the 20
toxicity, as judged by aninmal weight |oss, was significantly Iower (Fig.
4C). After refolding 0.3 g of NGR TNF was sufficient to i nduce an
anti-tunor effect stronger than that achieved wth 10 g of TNF (Fig. 4D,
4E). These rwouwiissoivndi cate that the anti-tunor activity ofPCHEReN01563R- TNF
Is greater than that of human TNF. 25 Furthernore, we have observed that
ref ol ded human and nmouse NGR- TNF can i nduce significant anti-tunor effects
on RVA-T-bearing mice _even at very |ow doses (1-10 ng/ m)usgl‘)c with no
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expression was i nduced with isopropyl-(3-Dthiogal actoside, according to
the pET1 I'b mapet260 wiesf BBS-BSAUCT hodt robhe tenperaaire)dollpwedf byedhd mAbom
E.coli extracts by immunoaffmty chronatography using an anti- nouse IFNy
mAb (AN18) i mWM15 {amti-CI3); adene or muixed ngith ovasioms dzordpetitor agents (see

10 Table 2) in PBS-BSA (overnight at 4°C). The slides were then washed 3

times (3 min each) with PBS and incubated with PBS-BSA containing 2%

normal horse serum (PBS-BSA-NHS) (Vector Laboratories, Burlingame,
CA) for 5 min. The solution was then replaced with 3 pg/ml biotinylated
horse anti-mouse IgG (H+L) (Vector Laboratories, Burlingame, CA) in
15 PBS-BSA-NHS and further incubated for 1 h at room temperature. The
slides were washed again and incubated for 30 min with Vectastain Elite
Reagent (Vector Laboratories, Burlingame, CA) diluted 1:100 in PBS. A
tablet of 3,3’-diamino-benzidine-tetrahydrocloride (Merck, Darmstadt,
Germany) was then dissolved in 10 ml of deionized water containing 0.03%
20 hydrogen peroxide, filtered through a 0.2 pum membrane and overlaid on
tissue sections for 5-10 min. The slides were washed as above and
counterstained with Harris’ hematoxylin. The tumor associated vessels were
identified by staining: serial sections of the tissue with an anti-CD31 mAb
(mAb JC/70A, anti-human CD31, IgGl, from DAKO, Copenhagen,

25 Denmark).
The results are summarized in Table 2. As shown , the binding of
WM15 to tumor associated vessels was inhibited by an excess of NGR-TNF,
NGR-IFNy and CNGRC, but not by other control reagents lacking the NGR
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Scientific | nsbithuiils sSEELI0 MR (Re MR MRl Slc BRWN1S isteibalty Gveileps

par af fi n- enbe specl Tens were prepare adsor bed on

pol ylysi ne- coaj e thé WIRELS E5iche. 31doaeast/NGRITNECHAS unablidtd bempete the
avidin-biotin conplex nethod as follows: "WD 01/ 61017 PCT/ EPO1/ 01543 25

ti ssue secti onfindiigeof 300N &) esithedialgelty,! enes and graded al cohol seri es,
according to standard procedures. Tissue sections were placed in a vessel
contai ning 1 nmV EONé condludei thatl thie NGR rtoiety iof NGR¥FNyp -andy NGR-INF @nd00
W. The vessel was then refilled with 1 mM EDTA and boiled again 5 for 5
m n. The tiSssuwansadeiashswithr e CEI3 tform orecognized nby baxAdy WM FBn dumozi ni ng
0. 3% hydrogen peroxide for 15 mn, to quench endogenous er oxi dase. The
sanpl es wer e tdseociated vésaelsd Merenverpshesedreisulis badigatevihat tﬁ@@i@m mofif
PBS-BSA (1 h at roomtenperature) foll owed hy the mAb VW[Lg anti - hCD13),
al one or m xedsiunptional; ether whenlinked tadhaN-tegminusorrihy '%)’m?xﬁ" ABSA
(overnight at 4C)., The slides were then washed 3 tines (3 mn each) with
PBS and i ncubdtd th PBS-BSA containing 2% normal horse serum

Sol ut fon was. t hen Vallp oty ST WRILK G PRGeL eE chffer;slitfons B she,

(HrL) (Veqipor hARehéd GF viriouSdbmpdiRiFs Y 10

Competitor Binding of WM15 to tumor
associated vessels
None _ +

NGR-TNF (25 pg/ml) -
NGR-IFNy (50 pg/ml) -
CNGRC (100 pg/ml) -
TNF (25 pg/ml)

Human serum albumin (25 pg/ml)

Synthetic CgA(60-68) (100 pg/ml)

+ + +

* The competitor, in PBS containing 2% BSA, was added in the blocking

step and mixed with the primary antibody.

*mAb WM15 (anti-human CD13, IgG1) was from Pharmingen (San Diego,
15 CA);

the synthetic peptide CgA(60-68) corresponds to the chromogranin A



15 PBS-BSA-NHS and further incubated for 1 h at roomtenperature. The
slides were washed again and incubated for 30 mn wth Vectastain Elite
Reagent (Vector Laboratories, Burlinganme, CA) diluted 1:100 in PBS. A

tabl et of 3,3 -diam no-benzidi ne-tetrahydrocloride (Merck, Darnstadt,

Ger many) waswolbesioth ssol ved in 10 ml of deioni zed wat er coORCHBERINGSH. 03% 20
hydr ogen peroxide, filtered through a O. 2\@ menbr ane and overlaid on

ti ssue sections for 5-10 min. The slides re washed as above and ,
counterstained with rg' s' hemat oxylin. The tunor associ ated vessels were
i dentified by §gﬁ4eﬁflﬁgj %erial sections of the tissue with an anti-CD31 mAb
(mAb JC 70A, anti-%q gﬁl, | gGl, from DAKO, Copenhagen, 25 Dennark).
The results are s% $edlin Table 2. As shown , the binding of WM 5 to

t unor associ at ed b0 N 0y MNRXR S - : | FNy
and CNGRC, but noﬁ@&%?hde@ﬁégmﬁﬁ?g‘ g%tr?t% S |ac§?§50{°h§ﬁ§8§\l &8@%&017
PCT/ EPO1/ 01548uribr afilddies #hd aVidiac@ire-tabgbtihfe NCR binding site on CD 13
sterically overlaps .with the WML5 epitope. In contrast, NGR-TNF was unabl e

to conpetesthe bThéifolowingl ledllapirates th@possibility of¢doaltabrpétinghal t he
NGR noi ety of NGR-I.LFNy and NGR-TNF and 5 can interact with a CD13 form
recogni zed byTiNE) baAbES oartht wombinstiswoof attethor doaeing. antibody\aad the peptide
results indicate that the CNGRC notif is functional either when linked to
the N-term nu€ENGRhe C-ternminus of a cytokine. Table 2. Binding of W/5
to renal cell cancer, sections in the 10 presence of various conpetitors
Conpetitor Bindi nd LiptimNGR-THE cemjugateswas prepaged bysuixing NGR-TNF with

D-biotinyl-6-aminocaproic acid N-hydroxysuccinimide ester (Societa

10 Prodotti Antibiotici S.p.A, Milan, Italy), in 1 M sodium-carbonaté buffer,
pH 6.8 (3 h at room temperature) (21). The reaction was biocked with 1 M
Tris-HCI, pH 7.5.

The conjugate was characterized by mass spectrometry and found to
contain 1 biotin/trimer (on average). C57BL/6 (Charles River Laboratories,

15 Calco, Italy) were then challenged with 5 x 104 RMA-T living cells, s.c. in
the left flank. When the tumor area reached 40 mm?, mice were treated by
sequential injections of biotinylated antibody, avidins and biotin-TNF
according to a "three-day" protocol as described previously (26). We
injected: 40 pg biotin-mAbl19E12 (i.p., step I), 60 ug avidin and 60 pg

20 streptavidin after 18 and 19 h, respectively (i.p., step II), 3 pg of biotin-
NGR-TNF, 24 h later (i.p, step III). Each compound was diluted with a
sterile 0.9 % sodium chloride solution. In control experiment, avidin and
streptavidin were omitted. Each experiment was carried out with' 5 .
mice/group. The tumor growth was monitored daily by measuring the tumor

25 size with calipers. The tumor areas before and 10 days after treatment were
39+4 mm® and 815 mﬁ’, respectively, in the group treated with  mAb
19E12-biotin/avidin/streptavidin/biotin-NGR-TNF (5 animals, mean+SE) .
In the control group (treated with mAb 19E12-biotin /biotin-NGR-TNF



None NGR-TNF (25 gg/m) NGR-IFNy (50 g/m) CNGRC (100 g/m) TNF (25
g/m) Human serum al bumn (25 gg/m) Synthetic CgA(60-68) (100 gg/m) *
The conpetitor, in PBS containing 2% BSA, was added in the bl ocking step
and m xed with the primary anti body. bmAb WML5 (anti-human CD 13, 1gGl) was
from Phar m ngglikfean D ego, 15 CA); the synthetic pepti depCyhedidi63)
corresponds to the chronogranin A WO 01/6%%17 PCT/ EPO1/ 01543 27 fragnent
60-68. Exanple VII Targeted delivery of bBiotinylated NGR-TNF to tunors

h ) nbt ii u_ts%‘é%fziﬁ% ERgE SEed, Deioye %}:3v-l&ﬁé&s;?é%éé%%nifvm%@%%&ﬂgon
o e R O B BB MR e
D bi ot NVl - 6- A6 e . St . 10
Prodott]Ant 1 EUBEIE RRGBOf, B Ay ia Yt Skpu By B S N ORBNRSL & bt rer,
pH 6.8 (3 h at roomtenperature) (21). The reaction was bl ocked with 1 M
Tris-HCI, pH 7.5. The conjugate was characterized by mass spectronetry and

found to contain 1 biotin/trinmer (on average). C57BL/6 (Charles R ver
Laboratori es,




15 Calco, Italy) were then challenged with 5 x 104 RVA-T living cells, s.c.
in the left flank. Wen the tunor area reached 40 mm2, mce were treated by
sequential injections of biotinylated antibody, avidins and biotin-TNF
according to a "three-day" protocol as described previously (26). W

i njected: 4Qme/d@t i n- mMbl 9E12 (i.p., step I), 60 gg avi RQT/EROOBSE®B g 20
streptavidin after 18 and 19 h, respectivehy (i.p., step Il), 3 g of
biotin- NGR-TNF, 24 h later (i.p, step II[). Each compound was diluted with

a sterile 0.9 %sodiumchloride sol UMM experinment, avidin
and streptavidin were omtted. Each. i s carried out with' 5
m ce/ group. The tu Wh S i tare YA SHARD fder tihgpr 25
size with cal ?bers@ﬁ‘géﬁ’u%r%’r eegts)ﬁﬁeggr gngﬁt’g;‘%%&%&aﬁ er freat ment were

394 m? and 8gandiithectSAiPEE hiniisy Prdd) NatE ANa@UBcL LUAA 99791 ¥1:3568-70.
19E12-bi otin/avidin/streptavidin/biotin-NGRTNF (5 animals, nmeanSE) . In

the control gpoup Helsoa dd, et all, Bifecd SELEmbt Rédrosis Fablor orNeiituridd Mithan
01/61017 PCT/ EPO1/ 01543 28 alone) the tunor areas before and 10 days after
treat nent Ser emelfncmactlls.aNatu2d GOMHR25823PpbIBRvel y, indicating that
pre-targeting with tunmor hom ng anti body and avidin has increased the
activity of NER- TNErawey,0X.c1o1 AandCTAEFCaramb4Tunry REFERENCEStor, . other
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33 CLAIMS 1. A CO”A“&%%]’%%&&J[%){ K rtct BetwERa éﬁﬁx‘l&ﬁ’é(éélﬁct%@f?&hmr&@m': or

|FNy and a |igand of eceptor. 5 A conjugation product as

claimed in cl ghdalligaddesihe CB18 réddprei.ne is TNFa or TNF R " 3. A
conj ugation product as clained in clains 1-2, wherein the ligand of the

CD13 recep§or2is sAl emijegaticroprdduet gs elgimedniai clainnd , wheaeini saddicptokine is

active fragnments thereof, peptides or peptido-nynetics. 10 4. A conjugation

product as cl INBaor TNF#.m 3, wherein said ligand is a peptide containing

the NGR notif. 5. A conjugation product as clainmed in claim4, wherein said

peptide i s sdl ect Adcanjugetionpradneh as claimsdiinglam _ 1 :

SS\IG(?Fai %3' ?ﬁ\t/@m ’rg}aénntgg riﬁr%é@ggcing;pcghq;gg’roﬁg c.?cins'ib\sti:nognJokJ %%;djbggiegrgrduct
active fragments thereof, peptides or peptido-mymetics.

10 4. A conjugation product as claimed in claim 3, wherein said ligand is a
peptide containing the NGR motif.

5. A conjugation product as claimed in claim 4, wherein said peptide is
selected from the group consisting of CNGRCVSGCAGRC, NGRAHA,
GNGRG, cycloCVLNGRMEC, linear or cyclic CNGRC.

15 6. A conjugation product as claimed in any one of the preceding claims,
wherein the cytokine is derivatized with polyethylene glycol or an acyl
residue.

7. A conjugation product as claimed in any one of the pfeceding claims,
wherein the cytokine is further conjugated with an antibody, or a fragment

20 thereof, directed to a tumoral antigen, a tumoral angiogenic marker or a
component of the extracellular matrix, or with biotin.

8. A conjugation product according to claim 7, wherein the cytokine is
TNF and is conjugated to both a CD13 ligand and, alternatively, an
antibody, a fragment thereof, or biotin, on different subunits.

25 9. A cDNA encoding for a cytokine selected from TNF and IFN bearing
a 5° or 3’ contiguous sequence encoding a CD13 ligand.

10. A cDNA according to claim 9, wherein said CD13 ligand is a peptidq

according to claim 5.



wherein the cytokine is derivatized wth polyethylene glycol or an acyl
residue. 7. A conjugation product as clainmed in any one of the preceding
clainms, wherein the cytokine is further conjugated with an anti body, or a
fragnent 20 thereof, directed to a tunoral antigen, a tunoral angi ogenic
mar ker or awgegenent of the extracellular matrix, or w tphcREpj1jels438. A
conj ugation product according to claim?7, erein the cytokine is TNF and
is conjugated to both a CD13 |ligand and, alternatively, an antibody, a

fragnment thergof, ,0 I otd N n.di fferent.subunit 25,9, . A encodi ng
for a cytokir1l -ser‘éé’Fgéa’??J?Bﬁ?’?N@eéﬁWF abtﬁggilﬁﬁ °ﬁ§%°f8}al@s(§(?mti guous
sequence enc ng n A C n . ein
ai'd L3 |1 aad Faetibceytie Combleition’ EMRPERER SheeRio Bpffie 81
PCT/EPOL/ O1543njiightich  Aré@GEO! o O cHIBAEA ! N AR1GiGANT 31g)1 Nihdefifer DVAGPT
clains 9-10. 127 Pharnaceutical conpositlion conprising an eftective anmount
of a conj ugghapmabedicklly acceptatleRarridts @hdiexRipiefts, t 0gether with
pharmaceutically acceptable carriers and excipients. 5 13. A .conposition
as cl ai med i n3cl aiAncbanpdsitiomast claimed imrldifi ¢2] ablike fomh Wi & ijectable
suspension or a liquid for infusions. 14. A conposition as clained in

cl ai ns 12- 13,solutiomor suspansion opadiguid for ihfusidie use of a conjugation
product as clained in clajms 1-8 or a cDNA according to clains 9-10, for
the preparatiléh ofA gemiposiion &s claimed dmolaimssl 2-13) inche form of dipapgmes.
cancer. 16. The u of a ¢onjugation product according to claim15 _in
combi nation wixh ihecRses ? CORBIBatigrmredust a5 elgimed inclaimpl-§ 95 g HYNA

conmpounds. . . . . . .
P according to claims 9-10, for the preparation of medicaments or diagnostics

10  for the therapy of cancer.
16. The use of a conjugation product according to claim 15, in
combination with other antitumor agents or diagnostic tumor-imaging

compounds.



