TARGETI NG OF TUMOR VASCULATURE USI NG RADI OLABELLED ANTI BODY L19 AGAI NST

FI BRONECTI N ED-B The present invention relates to targeting of. tunor

vascul ature using radiol abell ed anti body nol ecules. In particular, the
invention relates to use of antibody nol ecules that bind ED B of
fibronectin, and which are of denonstrated wusefulness in tunor targeting.
In different enbodi nents of the present invention, antibody nol ecules are
enployed in different nolecular formats. In certain enbodi nents the

anti body nol ecul es conprise human Igd@. In other enbodinents the antibody
nmol ecul es are m ni -i munogl obul i ns, such as are generated by fusing an scFv
anti body nolecule to the constant CH4 domain of a secretor E i soform

t hat nat urT%‘fézI%ﬁF SR VASTRFETER nES T, RADE S ER Pt RFHPARY - 17%?‘5? Ybrms a
coval ent | y'B4PAkE Sier. Bl ood cl earance rate, in vivo stability and other
advant ageous properties are enployed in different aspects and enbodi nents
of the invention, e.g. in tunor targeting. The different in vivo behavior
of differeffhe an@$©mﬁyhnnﬂéd@merﬁéahEEStmmﬁaﬁﬁﬁbémslQﬁtéémﬁér di fferent

di agnosti c_and/ t her g.Qn Lcal . _needs and

di sease. Deg |Fg ?@ﬁﬂﬁgﬁgiﬁ%ﬁggpo %E ?%I %ﬁﬁ}g%éﬁ #ggggen¥s nonocl ona
antibodieSpémébsalﬁﬁ rKHElMﬂW@mtdbhgtélﬂaMeTxpeE%DDMEdnpmeﬂy mauéﬂdmascal
trials as a, result of thei i Muno en|C|t hawﬁer t_ al 198 2
MIller et &fat P4R3HO-HK d{ LhEPREE F(Pne?r?‘}c/ “%\'163 e PP eg peRitratdd al

1991; 4 Stephensees A . tmkﬁ%)ar@edlh%effm BIFRE rief £ @ﬁbblbliﬁa@@ts eff ect or
functions (5 R echmann et al., 1988§; Junghens et al., 1990). The recent
prospect ofPPsBFaEPHy HUFRE1ofi BBEYPORY 9§eﬁréﬁﬁpﬁ§@éoﬂﬁép%%y libraries

&rlgggﬁfgfﬁg¥fgke§% 019G §ohQUWRBN ety Bbentai99kipbas mEEYLE EWSe SEE 9

antlbody molecules comprise human IgGl. In other embodiments

the antibody molecules are mini-immunoglobulins, such as are
generated by fusing an scFv antibody molecule to the constant
CH4 domain of a secretory IgE isoform that naturally contains
a cysteine in, its COOH terminal which forms a covalently
linked dimer. Blood clearance rate, in vivo stability and
bther advantageous properties are employed in different
aspects and embodiments of the invention, e.g. in tumor
targeting. The different in vivo behavior of different
antibody molecule formats may be exploited for different
diagnostic and/or therapeutic purposes, depending on clinical

needs and diseaze.

Despite their enormous potential as therapeutic agents,
monoclonal antibodies {(mAbs) of non-human corigin have
performed poorly in clinical trials as a result of their
immunogenicity {1 Shawlert et al., 1985; 2 Miller et al.,
1883), poor pharmacokinetic properties (3 Hakimi et al., 19%1;
4 Stephens et al., 1995) and inefficiency in recruiting
effector functions (5 Riechmann et al., 1988; 6 Junghens et
al., 1990). The recent prospect of isolating human antibody
fragments from phage display libraries {7 McCafferty et al,,

1990; 8 Lowman et zl., 19%81; for reviews see 9 Nilsonn et al.,



2000 and 10 Wnter et al., 1994) transcends these problens, revitalizing
studi es and rekindling hopes of using these reagents to treat major

di seases. Indeed, these nolecules should serve as ideal building blocks for
novel diagnostic and 5 therapeutic tools (11 Reichert, 2001; 12 Huts et al.,
1999). Furthernore, these antibodies can be "matured" to reach affinities

in the piconolar range (13 Pini et al., 2998), at |east desirable, if not
necessary, for their clinical use. o Clinical applications of human anti body
fragnents for the selective delivery of diagnostic or therapeutic agents
nonet hel ess require highly specific targets. In the case of tunors, the

nmost  popul aggd@r a urf ac b A nelther
abundant noér (};Q?a%ﬁ%1t SiONeW\?/ngtgLﬁ’ ?gsgéi 5%%% nggtgaﬁ%?%%é gg?%ii on, teh\)eé

nlcroenV|rcmwmwﬂakymumguadudgestwm@rquﬁddil@gdhog@&sO§xmswng\ﬁ?em@dlf|cation
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environ re re L for
ant i body- b%%ae%r}t&ngro t Sp?aa Jg)1 ﬁéﬁeases 8 @%8% n?C’nlef agt% t he
concept thaéhddkﬂeﬂdra@edstmﬂaélnm@ixﬁmng manmnatfos m@seﬂfdrngndaaﬁ0|lﬁQen
t hat can be tar disi ni copsen | ecul that are
abl e to’ef f E8%Y %}%ﬁeFPP P ??i éﬁéﬁﬁ% §§gﬁts?? ?ﬁ '52%% 165%).
m croenvi r opfRiHe e, LEBREESEAtiPFONMSidAEe aRd haberéantthemwdcpol s for
cancer thera (15 Blssel 2001; 14 Neri and Zardi, 1998). 5 Fibronectin is

an ext racel #EdEr tiger ile theMpieorpbentandkat! L3sPink et 2 kxpriddddd Ph a
vari ety of P@Jﬁ'dé&ﬁ%‘k&% and podynedd i3, %Ef erept &N .isehoygs can be

generated by t alternafive splicing of the FN pre-nRNA,~ a process that is
o nodul ated by cytoki nes and extracel lular pH (16 Bal za et al. 1988; 17

compl a8 1ypelTii sEat BB b i e R MPepeat B
(EIT1B), nmayebstentd rellyvery of diagnostic or therapeutic agents
nonetheless require highly specific targets. In the case of
tumors, the most popular targets are cell-surface antigens,
which are usually neither abundant nor stable. Nevertheless,
5 during tumor progression, the microenvironment surrounding
tumor cells undergoes extensive modification that generates a
“tumoral environment” which represents a target for antibody-
based tumor therapy (14 Neri and Zardi, 1998). In fact, the
concept that the altered tumor microenvironment is itself a
0 carcinogen that can be targeted is increasingly gaining
consensus. Molecules that are able to effectively deliver
therapeutic agents to the tumor microenvironment thus
represent promising and important new tools for cancer therapy
{15 Bissel, 2001; 14 WNeri and Zardi, 1998}.

Fibronectin is an extracellular matrix (ECM) component that is
widely expressed in a variety of normal tissues and body
fluids. Different FN isoforms can be generated by the
alternative splicing of the FN pre-mRNA, a process that is

0 modulated by cytokines and extracellular pH (16 Balza et al. ,
1988; 17 Carnemclla et al., 1%82; 18 Borsi et al., 199C; 19
Borsi et al., 1995). The complete type III repeat ED-B, also
known as the extratype III repeat B (EIIIB), may be entirely



3 included or omtted in the FN nol ecule (20 Zardi et al., 1987). ED-Bis
hi ghly conserved in different species, having 100% honol ogy in al
manmal i ans thus far studied (human, rat, nouse, dog) and 96% honol ogy with
a simlar domain in chicken. 5 The FN isoformcontaining ED-B (B-FN) is
undet ect abl e i munohi stochem cally in normal adult tissues, with the
exception of tissues undergoi ng physiolo%ical renmodel ling (e.g.,
endonetrium and ovary) and during wound Realing (17 Carnenolla et al.,
1989; 21 ffrench-Constant, et al., 1989). .0 By contrast, its expression in
tunors and fetal tissues is high (17 Carnenolla et al, 1989) . Furthernore,
it has been denonstrated that B-FN is a marker of angi ogenesis (22

Castel | ani ghcialded $294niandat hattendat heheahleel1® dawmadigtg alt ynor tissues
m grate annngClelbers containing B-FN (23 5 Tarli at al. 1999)., Selective

targeting of93UnorRrByascREably eCorRe 1yeen 1ReStF fHRRNT (3RS % -hBANAND
r econbi nant @@u|Hgﬂggog§cfﬂ(gjg)miﬂﬁgﬂméy ehudl Far éﬁﬁdléﬁxxﬂdﬂaﬁ fegrrthe B-FN

|soforn1(24 Carnenol | a” et al 996; 23 Tarli et al.,-99; 25 Viti et al.
99; 26 Nerimetseal dog)gandz%%)emmlcmeméh a 2ppidar Thasnagint ilboghrimlsn be used

in bot i t Ugygf [ y qggj ytic approaches
entalllgg Pﬂ ﬁgiggggggﬁdgﬁpver %§L geﬁ??cis f%%%% es or toxic
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howed that_scFy(L19 h | d to. a phot osensi t | ecti vel
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cornea nodeke and, e@ﬁb@téttiﬁﬁdaﬁcﬁl@f’aw t AnAeanring rnasedd [Hegt ngmediat es
conpl ete and sel ective occlusion ocu| ar neovascul ature. More

recently, NeREEdwlde &F. 2i20 299) %%g%??@ﬂhf9%ﬁsﬁﬁ% ! iffmitocorPdgat e of
SCFV(L19) wk{hdfieextraesl buhaks dodRim @limors and fetal tissues is

high (17 Carnemolla et al, 1989). Furthermore, it has been
demonstrated that B-FN is a marker of angiogenesis {22
Castellani et al., 19294) and that endothelial cells invading
tumor tissues migrate along ECM fibers containing B-FN (23

5 Tarli et al., 1999).

Selective targeting of tumoral vasculature has been described
using a human recombinant antibody, scFv(L19) (13 Pini et al.,
98), specific for th? B-FN isoform (24 Carnemolla et al.,

10 1996; 23 Tarli et al., -99; 25 Vviti et al., 99; 26 Neri et al.,
97; 27 Demartis et al., 2001). The antibody may be used in
both in vivo diagneostic (immunoscintigraphy) and therapeutic
appreoaches entailing the selective delivery of therapeutic
radionuclides or toxic agents to tumoral vasculature. In

15 addition, Birchler et al. (25 1998} showed that scFv(L19)},
chemically coupled to a photosensitizer, selectivesly
accumulates in the newly formed blood vessels of the
anglogenic rabbit cornea model and, after irradiation with
near infrared light, mediates complete and selective occlusion

30 of ccular neovasculature.

Mcre recently, Nilsson et al. {29 2001} reported that the

immunoconjugate of scFv(L19) with the extracellular domain of



--- 4 tissue factor nediates selective infarction in different types of

muri ne tunor nodels. Furthernore, fusion proteins of scFv(L19) and IL-2 or

| L-12 have shown the enhanced therapeutic efficacy of these two cytokines
(30 Halin et 5 al.,submtted; 31 Carnenolla et al., 2002). See al so

W01/ 62298 for use of. .fusions in treatnent of |esions of pathol ogical

angi ogenesis, including tunors. Finally, 4since L19 reacts equally well with
nouse and hurman ED-B, it can be used for both pre-clinical and clinical
studies, 10 See al so PCT/ GB97/ 01412, PCT/ EP99/03210, PCT/EP01/ 02062 and

PCT/ 1 B01/00382. Different antibody formats have shown di verse behavior in 15

terms of i n}:ﬁ(&éﬁ% SRl hggighear aoe 1%% RAFRLEEPHCE 4 Ny i ent! RLGELI NG
(32 Wi et al., 2005). A mni-inmunogl obulin or small | munoprotein (SIP) is
descri bed i af (B8ine éumglk. moded97) FupithsHre rgr e§eai o nveritdions iof based on

preparation_o aracteri zation, C nd. i [ [ f.the in vivo
bi odi stribu ?%%“gf Lfgghﬁ%aé éﬁt?%géaqﬁ%?%%éﬁgé ?ﬁéd$$§é$%ﬁ¥ formats,
nanel y, scFuheragdudimmedidgbabyl ofi ek« ampl eyeokies (Ahdidlabeldt ng with

radi oi sot opes. 25 Brief cription of the Fig Fi gure shows nodel s
i1lustrating th%ig%lrt&éfiuf)g RN RS 3ot 2PIR) TS e the domai n
structure ofogr fAYBbuBict usd0cFheuprOiLiin segHENERS SNABE G o ternati ve

splicing are indicated in grey. As indicated, the epitope of the
r econbi nant PRIl 19 23 OpBRarT s et VAt KIIATt REMPEPef 1T B, Hinge. D

Schenes of {he LONStT uehs1¥Sedei? FXPY @ hse and human ED-B, it can be
used for both pre-~clinical and clinical studies.
10
See also PCT/GB97/01412, PCT/EP99/03210, PCT/EPQ1/02062 and
PCT/IBG1/00382.

Different antibody formats have shown diverse behavior in

15 texrms of in vivo stability, clearance and performance in tumor
targeting (32 Wu et al., 2000). A mini-immunoglobulin or
small immunoprotein (SIP) is described in (33 Li et al.,
13587y,

20 The present invention is based on preparation of,
characterization of and investigation of the in wvivo
biodistribution of L19 human antibody molecules in different
formats, namely, scFv, mini-immunoglobulin and complete IgGl,

and labelling with radiocisctopes,
Brief Description of the Figures

Figure 1 shows models illustrating the structures of different
proteins. A: Model of the domazin structure of a FN subunit,.

30 The protein sequences undergoing alternative splicing are
indicated in grey. As indicated, the epitope of the
recombinant antibody 119 is localized within the repeat ED-B,



respectively, L19 (scFv) (B); L19-SIP (C); and L19-1gG@/x. Figure 2 shows
grow h curves of SK-MEL-28 tunor in nude mce 5 (triangles) and of F9 tunor
in 129 nouse strain (circles). The volune (MmB) is plotted versus tine
(days). Each data point is the average of six mce + SD. Figure 3 shows the
results of size exclusion chromatography on _o the different L19 formats.
In panels A, B and C are shown size exchusi on chromat ography (Superdex 200)
profiles of the L19 formats scFv, mni-immunogl obulin and |1gQd,
respectively, after radioiodination. Panels D, E and F show size excl usion
chr omat ogr aphy (Superdex 200) profiles of plasna at the indicated tines
after i.v nj eGt t i d :ﬁﬁ% scFv,
nlnl-lnnunggloghl?%H%ﬁ%slg§1?ﬂ$é§%%g ?32? u§%% chariges i'n the curve
profil es ofrdstecSlifedy, L1 | FEFwWer(®) ; dBEEe$EH When drodadilfgIptbagna at
different tines after injection, while 3h after L19(scFv)2 injection a
second peak o of higher nol ecul ar mass was observed. Figure 4 shows results

of biodistrjbution e erlnent |n SK- in e using
different radide ogrﬁggﬁﬁ gyt rﬁﬁrﬁgﬁngeﬁé%@#gq&% ﬁgP§ %h@uégr?bf?ons of
the B O¥ g itik@glest uand &flmr@rrM) iand2 & nméhe: Bwed n( Ricgeeee4B) ®ie t he
indicated tinmes aftef i.v. ection are reported I n gh gure 4C the

tunor-blood”ﬂéWFoémﬁf Hﬁbpﬁp §YaVer prot e FReSdur be BF LR IRRISHRYY are
i ndi cat ed by, dizaaends, o f «1d JniMNiy- gipmmunogl obul i n by squares and of L19

IgGL by triangles. Figure 5 shows results of biodistribution experinents
in F9 tunor-bearing mce using radioiodinated L19(scFv) (squares) 6 and
L19 mini -immunogl obulin (dianonds) . The variations of the %UD/g in the

tunor (A) dHduze Bhehpveoehg Bjeswditst o8 Ehad cared s iginf fcdreme tognaBhafeer . v.
Injectr@n e %ﬁ%%%&ggt L19 formats. In panels A, B and C are shown

size exclusion chromatography (Superdex 200) profiles of the
L19 formats scFv, mini-immunoglobulin and IgGl, respectively,
after radioiodination., Panels D, E and ¥ show size exclusion
chromatography (Superdex 200) profiles of plasma at the

5 indicated times after 1.v. injection of the radioiodinated L19
formats, scFv, mini-immunoglobulin and IgGl, respectively. No
changes in the curve profiles of L19-8IP or L19-IgGl were
detected when loading plasma at different times after
injecticn, while 3h after L19(scFv)2 injection a second peak

0 of higher molecular mass was observed.

Figure 4 shows results of bicdistribution experiments in SK-
MEL-28 tumor-bearing mice using different radioiodinated L1%
antibody molecule formats. The variations of the %ID/g in the

5 tumor (Figure 42) and in the blood {Figure 4B) at the
indicated times after i.v. injection are reported. In Figure
4C the tumor-blood ratios of the %ID/g are plotted. The curves
of .19{sc¥v) are indicated by diamonds, of L1% mini-

immunogleobulin by sguares and of L19 IgGl by triangles.

Figure 5 shows results of biodistribution experiments in ¥9

tumor-bearing mice using radioiodinated L19{scFv) (squares)



5 Figure 6 shows change in U251 tunor area (square mllinetres) over tine
(days) post injection of physiological saline and |- 131-L19-SIP
respectively. The present invention relates to specific binding nenbers that
La bind human ED-B of fibronectin, wherein the specific binding mnenbers are
radi ol abell ed with one or nore isotopes selected fromthe group consisting
of 76Br, 77Br, 1231, 1241, 1311 and 211A6. The invention al so provides

met hods of producing such specific binding nenbers, and their use in

di agnostic and therapeutic 1.5 applications. Specific binding nenbers of
the invention showed favorable properties in aninmal experinents, such as

hi gher do.s%%dd%gb}’ﬁiﬁg—iﬁwﬂ%ﬁc bt@g'ﬂg%ﬂmwdé)e.dﬂ?e”v%%a%ﬁ nfl g {#uror

accurrul ation. ! n one aspe resent Invention provides a specific
bi ndi ng nmer#fé gwhichhbi hasohutfen sE0- Brothéibrarkctlin ard thki ¢hdicobgti ses
the L19 VH{Q ekgn@ngia VL 1%%PLH, optnongiég_the L%%tv domai n, wherein

t he speciflé'bln I'ng Henber TYsed 45 1 i 24 i oglg dl in conprising

said anti body VH domain and antibody VL donmain fused to E52-CH4 and

di meri zed qr, conprises a whole |Ig anti body nol ecul e, and_wherein the
speci fit Bit¥dERgOnERBEF FRRIRIH g@ec’lll EHGF t 4 %h 'Ss%lta&ﬁem%é&g@%ﬂe?}r om the
group consistdrm@ift (88ps) W&t 1433Lr13344r Jd3ddi aindyizkl AkiliaePsed er-ably,
the radi oi sotope is 1231 or 1311, and nost preferably 1311 7 A radiol abel
or radi ol abeli&d Bl Bctiterd@ly i ¥Rl vat t ached to the specific binding nenber
may be |l abelled at e.g. a tyrosine, |ysine or cysteine residue, 5 The 119
VH donmai n and L19 VL donai h sequences are set out in Pini et al. (1998) J.
Bi ol . ChemThE73repezsoinugyeion hssatesegaepeest bt g ridilngy repkerpothated

hereinLPy rﬁﬂh rﬁﬂﬁgntﬁDE%n$f fibronectin, wherein the specific binding
members are radiolabelled with one or more isotopes selected
from the group consisting of "°Br, "Br, 1, '*1, 31 and *Mat.
The invention also provides methods of producing such specific
binding members, and their use in diagnostic and therapeuntic

L5 applications.

Specific binding members of the invention showed favorable
properties in animal experiments, such as higher doses delivered

to tumor compared to red marrew, and high tumor accumulation.

In one aspect, the present invention provides a speéific
binding member which binds human ED-B of fibronectin and which
comprises the L19 VH domain and a VL domain, optionally the
L19 VL domain, wherein the specific binding member comprises a
5 mini-immunoglobulin comprising said antibody VH domain and
antibody VL domain fused to g,,~CH4 and dimerized or comprises

a whole IgGl antibedy molecule, and wherein the specific
binding member is radiolabelled with an isotope selected from

the group consisting of “®Br, "'Br, '?°r, %41, ¥1 and *Mat.

1231 1311f

0 Preferably, the radicisotope is and most

131I .

ox

preferably



et al. as if set out here. .0 Generally, a VH domain is paired with a VL
domain to provide an antibody antigen binding site. In a preferred

enbodi mrent, the L19 VH dormain is paired with the L19 VL dormain, so that an
anti body antigen binding site is fornmed conprising both the L19, VH and VL
domains. In other enbodinents, the L19 VHis .5 paired with a VL domain
other than the L19 VL. Light-chain promscuity is well established in the
art. One or nore CDRs may be taken fromthe L19 VH or VL domain''and
incorporated into a suitable franmework. This is discussed io further bel ow.
L19 VHCDR s 1, 2 and 3 are shown in SEQID NGO 's 1, 2, and 3,
respectively. L19 VL CDR's 1, 2 and 3 aré shown in SEQIDNO 's 4, 5 and
6, respectively. In a preferred enbodi nent, the specific binding nmenber is
L19- 15 SIP, nost preferably 123l-1abelled L19-SIP (herein referred to as
1-123-L19-SIP) or 1311-1labelled L19-SIP (herein referred to as

| - 131- L19- SI P} . ragdelabrl B redéolsbedad\ioldemks avahe TDRched Whitdle the ;o

sequences ar eg§al; FOHt 1 IR1IRIN maRde SN LE AR el &MRkOXE] i D ghdic binding
menbers for E Blban be obﬁgﬁnedeb Eﬁéangggf nethodsgof étqugnéé alteration

or nutation ah¥Fider eErf¥iFei®e vapidM.e domai n amino acid sequence variants
of any of the VH and VL donmi ns whose sequences are specifically disclosed

herein nmay be enployed in accordance with the present invention, as
di scussed® Paf?¢ ddPa¥d dafadht $nfelyld el deraipmeBiedrefpre aftnovhbdindd sequence

alterations (addi tikogy, dalehop, psemSEhLHL bPs 3NGEAL24 LS thehe Of an anino
acid residue), maybe |ess than about 20 alterations, |ess than about 15
al terations, PEESNCRAPUDGUEIIDY AIHITRPTHIRE BRTQias BYt Raferansst to Fini

alterations, & al. 2s0ff betAblierRd+soONs may be nade in one .o or nore
framewor k regi ons and/or one or nore CDR s.

.0 Generally, a VH domain is paired with a VL domain to provide
an antibedy antigen binding site. In a prefexred embodiment,
the L19 VH domain is paired with the L19 VL domain, so that an
antibody antigen binding site is formed comprising both the
L1% VH and VL domains., In other embodiments, the L19% VH is

5 1.3aire_d with a VL domain other than the L19 VL. Light-chain

promiscuity is well established in the art.

One or more CDRs may be taken from the D19 VH ur VL domain’and
incorporated into a suitable framework. This is discussed

10 further below. L19 VH CDRfs 1, 2 and 3 are shown in SEQ ID
NO.’s 1, 2, and 3, respectively. L12 VL CDR‘s 1, 2 and 3 are
shown in SEQ ID NO. ‘s 4, 5 and 6, ‘r:asAple.(-:..-fivrely..

In a preferred embodiment, the specific binding member is 1L19-

5 SIP, most preferably '?°I-labelled L1%-SI? (herein referred to
as I-123-L19-8IP) oxr ***I-labelled L19-SIP (herein referred to
as I-131-L19-SIP).

Variants of the VH and VL domains and CDRs of which the
¢ sequences are set out herein and which can be employed in
specific binding members for ED~B can be obtained by means of

methods of sequence alteration or mutaticn and screening.



A specific binding nenber according to the invention may be one which
conpetes for binding to antigen with a specific binding nmenber which both
bi nds ED-B and conprises an antigen .5 binding site forned of the L19 VH
domain and L19 VL domain. Conpetition between binding nmenbers may be
assayed easily in vitro, for exanple using ELISA and/or by tagging a
specific reporter nolecule to one bindifig nenber which can be detected in
t he presence of other untagged binding nenber(s), to enable o identification
of specific binding nenbers which bind the sane epitope or an overl appi ng
epi tope. Thus, further aspects of the present invention enploy a specific
bi ndi ng nme n b i ch
compet a5 wi B 00 bRt e aC R SR e e B8 B i o
to the pregmmtvmndemalmmlwhnﬁﬁ beqdeEBeB mrérsgﬁcuﬂa@aﬂlyhdlaﬁiomedy of L19,
bi ndi ng aff|n|ty of different specific bin ers beln conpa red O
under appr O5FEafe™ %%n%?t?%ﬁ%PY%dﬁlﬁdaFFPB T%Fzﬁ%?hbng Eéaﬁgﬂ a specific
bi ndi ng nmenheentacaPrds n@i dam e, p@esem:umwemﬂlmt@amagomﬁbm@e odteer ami no
9 acids, e.g. formnpg e%gf tide or E%peptjde such as a fol ded domain,

or to iTpa FEFEhRTHEP SSOOERER PURRTFOIRILS (@R&H4APBY | SP1RT 19N /addi ti on
to ability ¢t@skhpde 864 | Gedior IVREGIEE6nbE AL NGRS dOkcEhguE Ny apfan may
carry a 5 detectable |abel, or may be conjugated to a toxin or enzyme (e.g.
via a peptil@pls bbnrd Bpont & lteratipaa: nbeds ghadi §bodér $50r | esions of
bathol ogi caly 300} ggeneplss haapeebhic: bl afing, RpRek O bhechayentdan my
10 be conjugated to a toxic nol ecule, I nstance a biocidal or cytotoxic
mol ecul e tﬁaﬁlmayabeOSQJe%xéﬂ Qr@ﬂ1ﬂnteﬂlb@¢@ﬁﬂQDS fialy- Ry, maddgotmbdmd n,

e el ARl A2) e LN ISR Yo BV o) or TR cBROLOSTS Factor 2

A specific binding member according to the invention may be
one which competes for binding to antigen with a specific
binding member which both binds ED-B and comprises an antigen-
5 binding site formed of the L19 VH domain and Li9 VL domain.
Competition between binding members may be assayed easily in
vitro, for example using ELISA and/or by tagging a specific
reporter molecule to cne binding member which can be detected
in the presence of other untagged binding member(s), to snable
20 identification of specific binding members which bind the same

epitopre or an overlapping epitope.

Thus, further aspects of the present invention employ a
specific binding member comprising a human antibody antigen-

5 binding site which competes with L19 for binding tc ED-B.

A specific binding member according to the present invention
may bind ED-B with at least the affinity of L19, binding
affinity of different specific binding members being compared

0 under appropriate conditions.

In addition to antibody sequences, a specific binding member

according to the present inventicn may comprise other amino



(preferably truncated tissue factor, e.g. to residues 1-219). L5 See e.g.
W01/ 62298. Specific binding nenbers according to the invention may be used
in a nethod of treatnent or diagnosis of the human or animal body, such as
a nethod of treatnment (which may include '.0 prophylactic treatnent) of a

di sease or disorder in a human patient which conprises admnistering to
said patient an effective anount of a specific binding nenber of the

i nvention. Preferably, a specific binding nenber according to the invention
is adm nistered to the patient by parenteral '.5 adm nistration. Conditions
treatable in accordance with the present invention include tunors,

especially Ld r ; 0 . es] ‘hal ogi.cal i Si s,
including,aé?h%hﬁ%ﬁ%?dﬁﬁ?ﬁﬁgﬁﬁi?Eggfg%eéggﬁﬁgﬁfﬁggggﬁy?hg§e§$e éﬁgﬁ%%nacular
degener at i depaand @ngionagar® Spethéi gobendiengnoehiber Suaceiwedl suited for
radi ol abel | i n W th isot.opes lLected fram.the group consisting of 76Br,
77Br, 10 f%@%aﬁE%EfSE%ifjgﬁﬁkgﬁfﬂP gﬂda t@b%@n lﬁgeaPﬁlgﬁﬁlodiagnosis
and radi ot kpeapyic Ao pediddimidieie raspecthrovidind ca mavhedref producing a

specific 5 binding nenber of the inventjon, conprising,labelling a
speci fit bidsdrRE2 Dyt PLa TRYdPBi SOR DR IS &6t 8d TPESM PReSR p

consi sting @f 476Bla F ARptikAlpohdddr 134deand 211At. To radiol abel the
specific binding menber directly, tyrosine o noieties in the nol ecule may

be targeted. In this particular procedure, the hal ogenide, e.g. Br-, |-,
At- is oxidised.by, QPR ate gxigd & J-e6agentr)(coated tubes),
i odo- Beads, cg?orgﬁgae-TQ%éoézun1saFt %ﬁg%&(ﬂﬂ 0 g—p-to uenesul f onam de)
etc. in thengiesemeeldf a hepeadtiivebphainnoenttegaloti tgeedneantsor ARIY) .

10 be conjugated to a toxic molecule, for instance a biccidal or

cytotoxic molecule that may be selected from interleukin-2
(IL-2), doxorubicin, interleukin-12 (IL-12), Interferon-y {(IFN-

vY), Tumor Necrosis Factor o (TNFo) and tissue factor
(preferably truncated tissue factor, e.g. to residues 1-219).

L5 See e.g. WO01/62298,

Specific binding members according to the invention may be
used in a method of treatment cr diagnosis cf the human or
animal body, such as a methcod of treatment (which may include

0 prophylactic treatment) of a disease or disorder in a human
patient which comprises administering to said patient an
effective amount of a specific binding member of the
invention. Preferably, a specific binding member accerding to
the invention is administered to the patient by parenteral

‘5 administration. Conditiong treatable in accordance with the
present invention include tumors, especially solid tumors, and
other lesgsions of pathological angiogenesis, including,
rheumatoid arthritis, diabetic retinopathy, age-related

macular degeneration, and angiomas.

Specific binding members are well suited for radiolabelling

with isotopes selected from the group consisting of "°Br, "'Br,



Indirect labelling with e.g. bromne, iodine or astatine may be perforned
by pre-labelling a bi-functional halogen carrier, preferably derived from
e.g. benzoic acid derivatives, Bolton o Hunter derivatives, benzene
derivatives etc. The carrier may be transforned into an activated species
to be conjugated to the s- am no group of Lysine residues or the N-term nus
of the API. This indirect nethod al so pgovides a synthetic route to
radi ol abel the peptide conmpounds cheno-sel ectively at the 5 sul fhydryl group
of a cysteine noiety. The cysteine bridged nolecules may first be reduced
by an appropriate reducing agent e.g. stannous(ll)chloride,

Tri s(2-car bexyethyl wgho i e, ( TCEP) enerati free_cystei E-.gr oups

t hat can rea%t wi't’h ?ﬁegﬂﬁalo%éngggr?$é§égiﬁgkfg%%t%%n%% tﬁé%ﬁﬁ?qgéﬁ t he

bi ndi ng maked ntdel otdrectagybr om acet am de derivatives may be enployed. 11 A
met hod of producing a specific binding menber according to the invention
may conpri se expressing nucleic acid encoding the specific binding nenber
prior to |ﬁb$‘é‘& ing-trke speetcti srobidash Ny mmbar of Thusdu@sn@n edfddi€lcst ep,

t he nmethod of 5 producing the specific binding nmenber may optionally

conpri §e BALRIRR RS OF hgSekpressidh fqoalﬁlréﬁe:%ai%%j@%ﬁlc}%q Gacid, i.e.
nucl ei ¢ acifde £OATY 1SRG nd REAHERCH: ENCOAUNG oliBerspecséi &ct & ndio HeMDEr .
Such a nmethod may conprise cu uring ho§% cglls ynder cqnditions for
product i ongPUB sftehsyFddingi @fbi wdirng BL.0 “mérberl, A netdsd “oRtpr oducti on may
conprise a step of isolation and/or purification of the product. The
specific binding nenber may be isolated and/or purified follow ng

expr essi onTér omdmiciteilc theasbdri fhd/ indiegowempet r dhr hobly cel frnsiTiee

i sol ati.on and/or _purificatiaon y_be .pri.qor_to label]i Al t er.nati_vely or
addi ti dnal fn?l?ejf%%s st ectlhfel ¢ ieﬁﬁlﬁr%gm%}énkgeertaﬁgfgsg'i s£o aifqg%ls' paan%lc??llﬁﬁri fied
after | abepkbdgdure, the halogenide, e.g. Br, I, At™ is oxidised by an

appropriate oxidant, e.g. lodogen® (coated tubes), lodo-Beads,
chloramine-T (sodium salt of N-chloro-p-toluenesulfonamide)
ete. in the presence of the active pharmaceutical Ingredient

5 {API).

Indirect labelling with e€.g. bromine, iodine or astatine may be
performed by pre~labelling a bi-functional halogen carrier,
preferably derived from e.g. benzolc acid derivatives, Bolton-

0 Hunter derivatives, benzene derivatives etc. The carrier may be

transformed into an activated species to be conjugated to ths s-
amino group of Lysine residues or the N-terminus of the API.
This indirect method also provides a synthetic route to |
radiolabel the peptide compounds chemo-selectively at the

5 sulfhydryl group of a cysteine moiety. The cysteine bridged
molecules may first be reduced by an appropriate reducing agent
e.g. stannous{II)chloride, Tris{2-carboxyethyl)phosphine (TCEP)
generating free cysteine SH-groups that can react with the

halogen carrlier. As functional groups for the binding maleimide

) and o-brom acetamide derivatives may be employed.



o A nethod of production nmay conprise fornulating the product into a
conposition including at | east one additional conponent, such as a
pharmaceutical ly acceptabl e excipient. Thus, the (labelled) specific

bi ndi ng nmenber may be fornulated into a conposition including at |east one
addi ti onal conponent 5 such as a pharmaceutically acceptabl e excipient.
These and ot her aspects of the inventiohlare described in further detail
bel ow. 12 TERM NOLOGY Specific binding nenber This describes a nenber of a
pair of nol ecul es which have 5 binding specificity for one another. The
menbers of a specific binding pair may be naturally derived or wholly or

partially ayhtfedd G IpkRreddged. ste; FRMAR QL A8mPalra@tord@leeyl es has

an area on its surface, or a cavity, which specCifically binds to and is
t her ef ore EbfplevRiHlary May §ORPY pag t ¢ el ersigwanivgleandepoll #nerPAS sati on of

the ot her ; [ ol the r : d;he pair
have the g§§B§¢?§9%¥§E?ﬁ§??8 @%@%?#?%%ﬁf§t¥hagggh o?ﬁggﬁg 5%%]@5 of types
of speci fi bibihoi ngergainr.s &hesangs gem-eatliivodytepbi dthe matvhad mt
hor none- hornpne receptor, receptpr-Ligand, ..5 enzyne:subsiyate. i.S
appl |05t | oR PRSPl RRCCR Catt SRy Armsdafogy BEC FAEH B mektefooay
nmol ecul e Thasstescsr ES canngnenpogs obelh | fravhenleertingt wvoaledt gard,ly or o

whol |y synthetically produced. The , term al so covers an ol ypept.i de or
Brotel n Comprt ST ARCLGAPREr ARG GFRTRCS ARCPOONY TRaGIRALS ~hi ch
conpri se apiadihgateriididi Nngudamii Retdé@ UL AP riab, csChyrify had, Fd; and
di abodi es. The present invention is concerned with whole |gd antibody 5
nol ecul es &AL PRI IARTCGESBEET RS ORGSRy ©foseig grecific binding

.0 member.

A method of production may comprise a step of isolatlon and/or
purification of the product. The specific binding member may
be isolated and/or purified feollowing expression from nucleic
5 acid, and/or recovery from host cells. The isoclation and/or
purification may be prior to labelling. Alternatively or
additionally, the specific binding member may be isolated

and/or purified after labelling.

0 A method of production may comprise formulating the product
into a composition including at least one additional
component, such as a pharmaceutically acceptable excipilent.
Thus, the (labelled) specific binding member may be formulated
into a composition including at least one additional component

5 such as a pharmaceutically acceptable excipient.

These and other aspects of the invention are described in

further detail below.



di scl osed. Techni ques of reconbi nant DNA technol ogy may be used to produce
froman initial antibody nolecule other antibody O nolecules which retain
the specificity of the original antibody nolecule. Such techni ques may

i nvol ve introducing DNA encoding the immunogl obulin variable region, or the
conplenentarity determning regions (CDRs), of an antibady to 13 the
constant regions, or constant regions pltéds framework regions, of a

di fferent imunogl obulin. See, for instance, EP-A-184187, GB 2188638A or
EP- A- 239400. 5 As anti bodies can be nodified in a nunber of ways, the term
"anti body nol ecul e" shoul d be construed as covering any specific binding
menber or suhstRPSEsPavi ng an antibody antigen-binding domain with the
required specificity. Thus, this termcovers antibody fragnments and
derivatives, including O any pol ypeptide conprising an inmunogl obulin
ant i gen- bi ndi . dogmli 0, ¥hﬁ&bﬁ£ natural or wholly or partially synthetic.
Chi meric n%?@%gfég %%#é%?sing aﬁ~innunoglobulin bi ndi ng domain, or

equi val ent IThfiuséestullzamtahaerenpelry pépti et aref nmolecefiepewhinch uded: C oni ng
and ex%gggggggiof chi meric, I.ySt;;mtlbodles are d%%%rhbegﬁln g€-£v0120694 and

EP- A- 0 Pkt TRET o1 i 'nd o mRt n 2 TRFE ‘des b8 PRE®par t of an anti body

nol ecul e wWhipebifConpindasy tgid g bhi oot wpadif idealibgdbbadshébland:- is O
conpl emantar)£ to ]t_)art or. all of an anti (gn. V\hereﬁgn an igen is large, an
ant | body i EbnT Y Bi T KR o Gar BAPARCTy i BT TERESANCEGERS BAEIPart |

termed an ephkeRBes AafNdd G8ba BnndkBOsEOrmid) MY abeaRt ey dgei by one or nore
anti body variable domains (e.g. a so-called Fd anti body fragnent 5

consi st i ng 38 cAL Yrp Hbireh ¥)Is AiceparabPy henr and GORPBERENAGTY dBred n conpri ses
an antMpOdﬁaE%QBﬁlgpagﬁhﬁ%Hﬂf&ﬂdEpBQQkO@rééﬂQsation of the other member
of the pair of molecules., Thus the members cf the palr have
the property of bhinding specifically to each cther. Examples
of types of sgspecific binding pairs are antigen-antibody,
biotin-avidin, hormone-hormone receptor, receptor-ligand,
5 enzyme-substrate., This applicaticn is concerned with

antigen-antibody type reactions.

Antibody molecule
This describes an immunoglobulin whether natural or partly or
0 wholly synthetically produced. The term also covérs any
polypeptide cor protein comprising an antibody binding domain.
Antibody fragments which comprise an antigen binding domain
are such as Fab, scFv, Fv, dAb, Fd; and diabodies. Thsa
present invention is concerned with whole IgGl antibody
5 melecules and mini-immunoglobulins cemprising e,,~CH4 as

disclesed.

Techniques of recombinant DNA technology may be used to
produce from an initial antibody molecule other antibody

a molecules which retain the specificity of the original
antibody molecule. Such technigues may involve introducing
DNA encoding the immunoglobulin wvariable region, or the

complementarity determining regions (CDRs), of an antibody to



and an anti body heavy chain variable region (VH). Specific o This may be
used to refer to the situation in which one nenber of a specific binding
pair will not show any significant binding to nolecules other than its
specific binding partner(s). The termis also applicable where e.g. an
antigen 14 binding domain is specific for a particular epitope which is
carried by a nunber of antigens, in whidB case the specific binding nmenber
carrying the antigen binding domain will be able to bind to the various
antigens carrying the epitope. 5 Conprise This is generally used in the
sense of include, that is to say permtting the presence of one or nore

features orcopRAREH S redd 30! 3@ oAbl 8nf effyirkOpl e $tahgwbhy Whi ch
speci fic binding menbers of the invention, or nucleic acid encodi ng such

bi ndi ng nmemserions, wf | a2 ghifdissidny Bamipnoatadridance Seiet h frhelps eardn,

i nvention. ﬁyﬁ%ggﬁﬁs?“Cb§“§¥é§é§8iph E@LA_&&@Jd@ee or substantially free of 5
nateriaI\M%r1 IC hey are naturally associated such as ot her

pol ypeptides or nucleic acids with which they are found in their natural

envi ronnment, aor  the_ enviraonnent in_which the are prepared (e.g. cel
cul ture) mﬁghagﬁéﬁofﬁ%ﬁxﬁ%ﬁi(ﬁ1qqglgﬁedr%%o bt e B%Awggéhn5$%g€aﬁ?actised
in vitro omdntipbd9. m&ldRITREY Shanddnuel ebestaniad mmy cbeskongubayed with

di luents or adjuvants_and still for Eéactical pyr poses be isolated - for
exanpl e t h&GFEABaF sPIR T T HTRTY WBe SHPRBIGH 7 g@atPn2BF1P8ther carriers

if used to £RabeALELQGidd IdAEH ikl tHEerddui AcMM4RRRSFAYSLyOr Wid, be m xed
w th pharnmaceutically 5 acceptable carriers or diluents when used in
di agnosi s dihist kerapyovSpedtiibaivndragnathbers feyiFatgrgeosihatwtindei t her
.0 any polypeptide comprising an immunoglobulin antigen-binding

domain, whether natural or wholly or partially synthetic.

Chimeric molecules comprising an immunoglobulin binding

domain, or equivalent, fused to another polypeptide are

therefore included. Cloning and expression of chimeric

5 antibodies are described in EP-2-012069%94 and EP-A-0125023.

Antigen binding domain
This describes the part of an antibody molecule which
comprises the area which specifically binds to and is

0 complementary to part or all of an antigen. Where an antigen
is large, an antibody may only bind tc¢ a particular part of
the antigen, which part 1s termed an epitope. An antigen
binding domain may be provided by one or more antibody
variable domains (e.g. a so-called Fd antibody fragment

5 consisting of a VH domain). Preferably, an antigen binding
domain comprises an antibody light chailn wvariable region (VL)

and an antibody heavy chain variable region (VH).

Specific

0 This may be used to refer to the situation in which one member
of a specific binding pair will not show any significant
binding to'molecules other than its specific binding

partner({s). The term is also applicable where e.g. an antigen



naturally or by systens of heterol ogous eukaryotic cells (e.g. CEO or NSO
(ECACC 85110503) cells, or they may be (for exanple if produced by
expression in a prokaryotic cell) 0 unglycosylated. By "substantially as set
out" it is neant that the relevant CDR or VH or VL domain of the invention
will be either 15 _.identical or highly simlar to the specified regi ons of
whi ch the sequence is set out herein. 1By "highly simlar"” it is
contenplated that from1l to 5, preferably froml1l to 4 such as 1 to 3 or 1
or 2, or 3 or 4, substitutions may be nade in the 5 CDR and/or VH or VL
domain. The structure for carrying a CDR of the invention will generally be

of an anti e i i n q . La tjon thereof
'n ahi oh (he BR oot ated a5 Focati r carrSpondi ot 6 F e THR of
nat ur al | y ceeederd hy ¥Hhusrel VL anttilpedy, van i dbla domei fbeenpodedl by
rearranged. imamunogl obul i s.,The structur t

innunoglo%ﬁpﬁﬁn aﬁg%%$% %%%%ﬁﬁl %ﬁ? 88%5%?%H%¥he3%890#%g§rg%gg ?% (Kabat ,
E. A et alableeguentesd od Protwinisuel ahohbaws ogircalings thet epéstpe 5t h Edi ti on.
US Departnent of Health and Human Services. 1991, and updates thereof, now
avail abl e on the Internet (http://inmuno. bne. nwu. edu or find "Kabat" using
any search isee). o Preferably, a CDR am no acid sequence substantially
as set out hereinis carried as a COR in a human variable domain or a

subst ant i dhisodei BANERREELfUSSFhd I FeVEREDRC Andigidero thet EPRBC st’jliences

substanti aldphia% ;861 t QUL RS GIdE T oRE Yeefoid rdiehiRl 8¢ ephodhamrd s of the
present invention and it"is 5 preferred that each of these is carried as a

CDR3 in a human heavy or light chain variable domain, as the case may be,
or a gsubstantial, portion thereof.

This refers to the state in which specific kinding members of
the invention, or nucleic acid encoding such binding members,
will generally be in accordance with the present invention.
Members and nucleic acid wlll be free or substantially free of

5 material with which they are naturally associated such as
other polypeptides or nucleic acids with which they are found
in their natural environment, or the envircnment in which they
are prepared (e.g. cell culture) when such preparation is by
recombinant DNA technology practised in vitro or in vivo.

0 Members and nuclelc acid may be formulated with diluents or
adjuvants and still for practical purposes be isolated - for
example the members will normally be mixed with gelatin or
other carriers if used to coat microtitre plates for use in
immunoassays, or will be mixed with pharmaceutically

5 acceptable carriers or diluents when used in diagnosis or
therapy. Specific binding members may be glycosylated, either
naturally or by systems of heteroclogous eukaryotic cells (e.g.
CHC cor NS0 (ECACC 85110503) cells, or they may be {(for example
if produced by expression in a prokaryotic cell)

] unglycosylated.

By "substantially as set out™ it is meant that the relevant

CDR or VH or VL domain of the invention will be either



A substantial portion of an imunogl obulin variable domain w il conprise at
| east the three CDR regions, together with their intervening franmework
regions. Preferably, the portion wll also include at |east about 500 of
either or both of the first and fourth framework regions, the 50% being the
C 16 termnal 50%of the first framework region and the N-termnal 50% of
the fourth framework region. Additionall¥esidues at the N-termnal or
C-terminal end of the substantial part of the variable domain rmay be those
not normally associated with 5 naturally occurring variable domain regions.
For exanple, construction of specific binding nmenbers of the present

invention ﬂ@&@cibiélr%QOH@gﬁaglt s AL 4 echnitgdespaBY ri 88 Whdgidhd ke whkroduction
of N- or GC-termnal residues encoded by linkers introduced to facilitate

cl oni ng ort®t haausariepdEaBrbnCYt dppreig - Byr "haahbul 25t dfs ifncl ude the
i ntroduct i ofnQfrdsidRker %hatcofkefnnl ves 'aablp%ec}ggg%@% ffoh he ddventibana o

further protein” sequences I ncluding I nmmunoglo n heavy chai ns, other
vari abl e dbne ns cor 1p|O@$t girnokaBeds hs dibstdssedond may ece detds Ls bbéow. 5 In

an IgCl anébg %P%{n% %ﬁcggg g to the present invention, VL domains

may be “att a¢ ternlna end to antibody |ight chai n const ant
domai ns i ncl udi ng hunan Cx or C1 chains, preferably Cx chains. 0 In
addition tg being | abelled wth 76Br Br, 31,1241 1311 nd/ or 211At,
specific bf%%l% §r§o5fC?ﬁ8y+%%é%fﬁ%hOéaégﬁean%ﬁﬁﬂ?QHY%gi:h a second

det ect abl egefis f4inGt penalf babehtibdey acdall exl abehs @m@ud%ecqueb@@ bel ow and
i ncl ude radi ol abels 5 such as radi ol sot opes of Technetlun1 I ndium Yttrium

Copper, LBtRttaithise Reghich tharpal tht (iharhodhcCOBohclocdere 2 Re,

.0 lecation corresponding to the CDR of naturally occurring VH
and VL antibody variable domains encoded by rearranged
immunoglobulin genes. The structures and locations of
immunoglobulin variable domains may be determined by reference
to (Kabat, E.A. et al, Sequences of Prcteins of Immunological

5 Interest. 5th Edition. US Department of Health and Human
Services. 1991, and updates thereof, now avallable on the
Internet (http://immuno.bme.nwu.edu or find “Kabat” using any

search engine) .

0 Preferably, a CDR amino acld sequence substantially as set out
herein is carried as a CDR in a human variable domain or a
substantial portion thereof. The L1% VH CDR3 and/or L19 VL
CDR3 segquences substantially as set out herein may be used in
preferred embodiments cf the present invention and it is

5 preferred that each of these is carried as a CDR3 in a human
heavy or light chain variable domain, as the case may be, or a

substantial portion thereof.

A substantial portion of an immunoglobulin wvariable domain

) will comprise at least the three CDR regions, together with
their intervening framework regions, Preferably, the portion
will also include at least about 50% of either or both of the

first and fourth framework regions, the 50% being the C-



1111n, 86Y 88Y 177Lu, "Cu and "Cu, which may be attached to antibodies of
the invention using conventional chem stry knowmn in the art of antibody

i mgi ng as described herein. Other radioisotopes that may be used include
203Pb, 67Ga, 68Ga, "Sc, 47sc 110m n, 97Ru, 62Cu 68Cu 86Y 88Y 90Y 121Sn
161Tb 153Sm 166Ho 105Rh, 177Lu, 72Lu and 1'8F. 17 Labels also include
enzyne | abel s such as horseradi sh perd#% dase. Labels further include

chemi cal noieties such as biotin which nay be detected via binding to a
specific cognate detectable noiety, e.g. labelled avidin. 5 An exanple

| abel  ing protocol is as follows: To radiol abel the specific binding nenbers

directly, ddininaystes nef bilidlgrd swlreankasrar edidrs aniedueed-b¥ ramal
appropriate o reducing agent e.g. stannous(ll)chloride, Tris(2

car boxyet IBA% FhosPhi helf FCERERRERatPAGOR r ed Estieinie SASEFABEPST that can
react W thpsSQleResifal od T -Oler@BnahNehhl §f PAId IGtHsAlantREICEIUE €or t hE
pernetal ates obtai ned froman instant generator system are reduced by a
reduci ng ddentvagigdlstdeirroys (MAy) &ifl Ghipde BoT Mmamialdiesenos ietednvihitxil | ary
ligand; e. g, t%%%wp? 5@?&&3{% angd.; N8 ﬁBJnair‘P'?ffdi'o%s%r? roylded,pel ow in the
experlnentﬁ Section) . Tndirect Iabe ng withe.g.” indium yttrium

| ant hani desmeitrugtienhwetinanidid bhediom neybdyres peT ftdrenedelsgnpr e- conj ugat i ng
a chelating |igand referably. derive r t. ne di am_n tetraacetic
aci d (EDTA')H,QT e&itgfj ﬁyﬁ“%%eee? i‘am érg%)lﬁl ﬁl%aglg%t?e::%%cji%e%( A)r,esél;& ohesi

1, 2-di am nendretiuaacet i ef att b Q3EAminal residues encoded by linkers

et hyl enegl ycol -0, 0' -bi s(2-am.nqgethyl )-N, N, N , N -di aceti cid 5 (HBED)
St o st b han e, Sohan i ther geipylalion 248
t et raazacypledodgeaper N Non Nteps tielnaaeethe oo bddd@iA)N, ok 4ifkers

triazacycl ononane-N, N ,N ''-triacetic acid (NOTA), 1,4,8, 11-
to join variable domains of the invention to further protein

sequences including immunoglobulin heavy chains, other
variable domains or protein labels as discussed in more

details below.

In an IgGl antibody molecule according to the present
invention, VL domains may be attached at the C-terminal end tc
antlbody light chailn constant domains including human Cx or CA

chains, preferably Cx chains.

In addition to being labelled with '®Br, "'Br, **1, **'1, B1
and/or *at, specific binding members of the invention may be
iabelled with z second detectable or functional label.
Detectable labels are described below and include radiolabels

5 such as radicisotopes of Technetium, Indium, Yttrium, Copper,
Lutetium or Rhenium, in particular *7e¢, **7c, ®%Re, ¥re,
itn, %y, %8y, 174, %cu and *'cu, which may be attached to
antibodies of the invention using conventional chemistry known
in the art of antibody imaging as described herein. Other

) radioisotopes that may be used include 2%*pb, ®Ga, *®Ga, *¥sc,
Yge, Moqtn, YRy, Scu, %cu, %6y, %y, 0y, g, iy, 183gy, 166y,

195k, ""Lu, ?Lu and °F.



tetraazacycl otetradecane-N, N ,N "' /N '''-tetraacetic acid (TETA),

mer capt oacetyl diglycine (MAA@), nercaptoacetyl triglycine 0 (MAGK3),

mer capt oacetyl glycyl cysteine (MAGC), cysteinyl glycyl cysteine (CGEC) to
either amne or thiol groups of the specific binding nenber. The chel ating
| i gands possess a suiitable coupling group e.g. active esters, naleimdes,

t hi ocarbamates or 18 a-hal ogenat ed acét’ani de noieties. For conjugating
chelating ligands to ami ne groups e.g. s-NH2-groups of |ysine residues
previ ous reduction of the L-19-SIP conmpound is not required. 5 Methods of

| abel i ng a specific binding nenber may conprise conjugating an activated

bi -functi apdle1Bakogenigariderenz5eRt AbBeny sudRdLiRsekepaistl ected fromthe
group consistin of 76Br, 77Br, 1231, 1241 1311 and 211At to a |ysine
resi due oPSNCX&FAFRuS, LabRfd o W topst dPRéudRsFRRIE Gl Rdespesi FrerRhding to

menber . Tﬁﬁo@hh@ﬁieﬁYmQﬁrﬁgiﬁe“c@@hugéy POnd iy "R Q08RecGREE! Bbgh & | YSine
or cysteine residue of the specific binding nenber, or to the h?ternlnus of

t he speci fdedeitaai agnoherbere - Ei tabeléedbarhiii- (i) a cysteine residue and
(i) | ysine residue or the Ntermnus, nmay be labelled with the .5 sane
or a different radioisotope according to the invention. Specific binding
menber s ofAnt keappesehbdlivagt pontasel desiagnédllews be used in net hods of

di agnosis or treatnment in human or animal subjects, preferably human. The
specific binding : D nmenbers are especially suitable for use in nethods of
radi ot her apy raddol aigk DA tagRESiCS £ i Adciordingg hgnbéos tdierecaspectseof the

i nvention provide met hod f treatnent_.conprisin dm nistration of a
shect 11 o ngeige PEdmar aet o At i Tahar Rt BYAR R, BB RSP TR
conprigi ngc3tiehng spest fd g bisndhAgusenbehl oaide pserafs guch a specific

bi ndi ng nenber in the manufacture of a nmedicament for admnistration, for
exanpl e i rFagbREYBBAY bichrdadgea (Fedf c afderating free cysteine SH-groups

that can react with isctopes e.g. Tc or Re, In this particular
procedure, the permetalates obtained from an instant generator
system are reduced by a reducing agent e.g. stannous (Il)chloride

5 in the presence of an auxillary ligand e.g. sodium tartrate and
the API (details are provided below in the experimental

section}.

Indirect labeling with e.g. indium, yttrium, lanthanides or

0 technetium and rhenium may be performed by pre-ccnjugating a
chelating ligand, preferably derived from ethylene diamine
tetraacetic acid (EDTA), diethylene triamine pentaacetic acid
{DTPA), cyclohexyl 1,2~diamine tetraacetic acid (CDTA),
ethyleneglycol-0,0"-bis (2-aminocethyl)-N,N, N’ ,N ' ~diacetic acid

S (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,10-
tetraazacyclododecane-N,N",N" " '-tetraacetic acid (DOTA), 1,4,7-
triazacyclononane-N,N",N" "—-triacetic acid (NOTA), 1,4,8,11-
tetraazacyclotetradecane-N,N",N" " ,N' " '-tetraacetic acid (TETA),
mercaptoacetyl diglycine (MAG,), mercaptoacetyl triglycine

0 (MAG3), mercaptoacetyl glycyl cysteine (MAGC), cysteinyl glycyl
cysteine (CGC) to either amine or thiol groups of the specific
binding member. The chelating ligands possess a suitable

coupling group e.g. active esters, maleimides, thiocarbamates or



or pharmaceutical conposition conprising formulating the a specific binding
menber with a pharnaceutically acceptable excipient. 19 dinica

i ndi cations in which a specific binding nenber of the invention may be used
to provide therapeutic benefit include tunors such as any solid tunor, also
ot her lesions of pathol ogical angiogenesis, including rheumatoid arthritis,
5 diabetic retinopathy, age-related macid ar degenerati on, and angi onas.
Speci fic binding nmenbers according to the invention may be used in a nethod
of treatnent of the human or ani mal body, 10 such as a nethod of treatnent
(which may include prophylactic treatnent) of a disease or disorder in a

huren pat 20l oS CTPE LIS LA LY 119, Lo Sl Lot Aol oot ve

anount of I er i AVé

treatment janadi ebhahany .o Al b gNShiealahie bR A660R4aNGE ghasW th the
present invention are discussed el Sewhere herein. Specific binding nenbers
accor di ng previeesi ageneiiom wdy the LubYdin cSPEOMS nedyineg, rRETikatgi ng and
therapy. Preferred isotopes for SPECT inmaging include 1231 and 1311. A
preferred 20 isotope for PET is 1291 1311 is a preferred isotope for use in
t herapy. Distitcolst bé Uskediin f4 espernti fiisobbpesndfmenres eireyenonbolsei magi ng
and therapy t.he bi.odistribution of .the respective 25 inmunQoconjugates is
identical.g ﬁla?éngna%d%%ﬁ%%%%ﬂ§$ﬁp§$58gl&??%]5gﬁ%¥ﬂhﬁﬁ?3§€ﬁes whi ch are
usi ng 111l ¢edialielied derbybbivestodorsciragedgrs tom ditdergdcnpreedistEstihe
bi odi stributi,gn of,the ;.5 espectivg_90Y-1abel ed therapeutic derivatives
because th b odi stT4 puﬁ*on d co r@’%ﬁondﬁ%&%ﬂﬁﬁ’%ﬁﬁ 589 ¥ 3peted 30
ﬁ/gal thl \Z/E%elgggﬂu@,b@ndl thesepfstseR @RELAGHULE | hd Hedlfidl binG1899) J Nucl
Lo member. The method may comprise conjugating the halogen

carrier to a lysine or cysteine residue of the specific

binding member, oxr to the N terminus of the specific binding

member. Either or both of (i) a cysteine residue and (ii) a

lysine residue or the W terminus, may be labelled with the

5 same or a different radioisotope acceording to the invention.

Specific binding members of the present invention are designed
to be used in methods of diagnosis or treatment in human or
animal subjects, preferably human. The specific binding

10 members are especlally suitable for use in methods of

radiotherapy and radiocdiagnosis.

Accordingly, further aspects of the invention provide methods
of treatment comprising administration of a specific binding

'5 member as provided, pharmaceutical compositions comprising
such a specific binding member, and use of such a specific
binding member in the manufacture of a medicament for
administration, for example in a method of making a medicament
or pharmaceutical composition comprising formulating the

0 specific binding member with a pharmaceutically acceptable

excipient.



20 Accordingly, further aspects of the invention provide nethods of
treatnent conprising admnistration of a specific binding nenber as

provi ded, pharmaceutical conpositions conprising such a specific binding
menber, and use of such a specific 5 binding nenber in the nmanufacture of a
medi canent for admnistration, for exanple in a nethod of making a

medi cament or pharnmaceutical conpositi d8 conprising fornulating the

speci fic binding menber with a pharmaceutically acceptable excipient. 10 In
accordance with the present invention, conpositions provided may be

adm nistered to individuals. Admnistration is preferably in a

"t her apeut icGahk ¥a pf fiRbitdate RRDYAL whitRi $ o RRIiFG cSUl hlehgnhehge Showthanef i t
to a patient. Such benefit 15 may be at |east anelioration of at |east one
synpt om THhEVeREi Al MaEmtnsgdnitAi BEeYrde tdirdarstiélanbenefet chirdwieof

adm ni strati,By vddn depend aB1tBe:RabLY &AM RaKeribysghoWat is being
treated. Prescription of treatnent, e.g. decisions on dosage etc, is within
t he respongiebhbityicfl gergdoglen26ipr atbht¢ludimer shangadbher anelgi tals.doct or s.

[ .d f_..antibod |, K ' ) d A
et o (184158 RR e e eV, Bt e e B e B BT
A

Anti body, kapusesenj ugates and Radi opharnmaceuticals 4: 915- 922. 25
conposition nay be adm ni stered alone or in conmbination with other
treatments, either sinultaneously or sequentially dependent upon the

condi tion kgeberi¢ eatreinSthehReckl bechbradifgdenbersvehtibe Riesant
i nvention, iIncluding those conprising an anti body anti gen-bi ndi ng domai n,
may be adiBRfstRradiatdiod pidt teREETMAThert oo (EaRNRAL 291B2 ARy

10 such as a method of treatment (which may include prophylactic
treatment) of a disease or disorder in a human patient which
comprises administering to saild patient an effective amount of
a specific binding member of the invention. Preferably, the
treatment is radiotherapy. Conditions treatable in accordance

15 with the present invention are discussed elsewhere herein.

Specific binding members according to the invention may be
used in SPECT imaging, PET imaging and therapy. Preferred
isotopes for SPECT imaging include ¥ and *'I. A preferred

124I .

20  isotope for PET is 1337 is a preferred isotope for use in

therapy.

Due to the use of different isotopes of one element for
imaging and therapy the biodistribution of the respective

25 immunoconjugates is identical. This is an advantage compared
with other approaches which are using *In-lazbeled derivatives
for imaging in order to predict the biodistribution cf the
respective *®Y-labeled therapeutic derivatives because the
biodistribution of corresponding In and *°y labeled

30 derivatives could be different; see Carrasquillo J.A. et al.

(1999) J Nucl Med 40: 268-276.



suitable route, usually by injection into the bl oodstream 21 and/ or
directly into the site to be treated, e.g. tunor. Preferably, the specific
bi ndi ng nmenber is parenterally adm nistered. The precise dose will depend
upon a nunber of factors, the route of treatnent, the size and | ocation of
the 5 area to be treated (e.g. tunor), the precise nature of the antibody
(e.g. whole IgGl anti body nolecule, m n26 inmmunogl obulin nolecule), and the
nature of any detectable |abel or other nolecule attached to the anti body
nmol ecule. A typical antibody dose will be in the range 10-50 ng. 10 This is
a dose for a single treatnent of an adult patient, which nmay be

proportio Yol e h f for

ot her anh%%)dy g!rdr-%% s(}lu%%hregp%%%% fd(?dt&nl% Zgﬁ gFlg\@e?p%é&eagdgﬁﬁtgﬁtgs may be
repeat ed a@fdia:releeyt,metrw @@mp&aeeklaydmm@ldxyat@pnrmﬁthlypwﬁ@rwéﬂmdlag t he

di scretion_of, the n eC|f| ers of the present
i nvention WTTW uéﬂ %E% d%? %ﬁu o?ﬁ%% 5 é?ﬁ@@ utica

conposi ti ofuch i vﬁpecdlﬁmybmdpﬁgsl@ezmeﬂ,easlﬂ QB@ eﬁnp@ﬂerﬁ dgedddiction to the
specific blndlng menber . s pharmaceutical_ co sitions according to the
presenf i PYAHYTD MRS FBrgﬁ%em??ﬁ%%ﬁﬁﬁaﬁaﬁéeamﬂ ﬁl??mﬁﬁﬁ e<¥nt t5 invention,
may cormrlwnlmns&caddltdnon fb@ aghhyee iNgredie@fbd 8f rﬁ@l@iﬁ%%%écﬁ@aﬁ\ént
accept abl e exci pi ent, carrier, buffer, stabiliser materi al s wel
known to tPbsehaERigqeadical FREPEFELLGUEPTRELELREl §05RBLA e Hin- t oxi ¢ and

shoul'd not g4 Df £ f 8yi& MinlhbRBe 8f f11GRGY p@ifarhgéeﬁEEEXfl ngtediephe The 0

preci se nature of the carrier or other material wl epend "on the rout e of
admi ni st r ag¥@ipiasii.ch may be oral, or by |nject|on, e.g. intravenous.
10 -

In accordance with the present invention, compositions
provided may be administered to individuals. Administration
is preferably in a "therapeutically effective amount", this
being sufficient to show benefit to a patient. Such benefit

15 may be at least amelioration c¢f at least one symptom. The
actual amount administered, and rate and time-course of
administration, will depend on the nature and severity of what
is being treated. Prescription of treatment, e.g. decisions
on dosage etc, is within the responsibility of general

20 practiticoners and other medical doctors. Appropriate doses of
antibody are well known in the art; see Ledermann J.A. et al.
(1981) Int J. Cancer 47:; 659-664; Bagshawe K.D. et al. {1991}
Antibody, Immunoconjugates and Radicpharmaceuticals 4: 915-
922.

A composition may be administered alone or in combination with
other treatments, elther simultaneously or sequentially

dependent upon the condition to be treated.

30 Specific binding members of the present invention, including
those comprising an antibody antigen-binding domain, may be
administered to a patient in need of treatment via any

suitable route, usually by injection into the bloodstream



22 For intravenous, injection, or injection at the site of affliction, the

active ingredient will be in the formof a parenterally acceptabl e agueous
solution which is pyrogen-free and has suitable pH, isotonicity and
stability. Those of 5 relevant skill in the art are well able to prepare

suitable solutions using, for exanple, isotonic vehicles such as Sodi um
Chloride Injection, Ringer's Injection2llLactated Ringer's Injection.
Preservatives, stabilisers, buffers, antioxidants and/or other additives
may be included, as required. 10 A conposition may be adm nistered al one or
in conbination with other treatnents, either simultaneously or sequentially

dependent 4ppBrt hereondy tidib t&éﬂ%ﬂtée%e@e Qafed,r @algmerbmormy i nclude
the adm nistration of suitable doses of pain L5 relief drugs such as

non- st er oi RESITZAPLY i nEPanfRA G digeing engfoeis §iy iR ropdesaet-dnol , i buprof en
or ketoprof&fi)iQterOR! alBse wl%% BRERN e, MpaRi 'up%rﬁEtd' ﬁﬁmb@eo@resent

invention provides a nethod conprising causing or O | om ng binding of a
speci fic biaudiong, nehbercules f duicdédenher B TieEBR lAs:art@pedofsthm bi ndi ng

Ty ke BlAge ooVl Ng cfa Ol ol Lopig. adil kAl qngf 2 gpeRl fic binding

member’  or*nucl€i ¢S act & encodi spe , it may take
place in varttrmpdﬁ/or(eeganvpih@lé riEgEJJJ AL idedy efnafﬁéinﬁleot tmlng—

toch t ffi h hy. Th
amount of BPREPRGCRHLEDER 5 G oty RBRGGT T B3 B Wy e B ORLEI M hed.

Quant i t at i bveIBYrbetret a:h@pbé@let he raepuat t&fthd atﬂtabwayi genetila. t gst
sanpl e, which may be of di agnostl ¢ interest, which may be of diagnostic

i nterest. tﬁlc?ﬁeaPEé]E?quki’se% wrllakei bBAFRS TR 4% ™Fay be det ermi ned
10

This is a dose for a single treatment of an adult patient,
which may be proportionaily adjusted for children and infants,
and also adjusted for other antibody formats in proportion to
molecular weight. Treatmenits may be repeated at daily, twice-
15 weekly, weekly or monthly intervals, at the discretion cof the

physician.

Specific binding members of the present invention will usually
be administered in the form of a pharmaceutical composition,
20 which may comprise at least one component in addition to the

gspecific binding member.

Thus pharmaceutical compositions according to the present
invention, and for use in accordance with the present

‘5 invention, may comprise, in addition to active ingredient, a
pharmaceutically acceptable excipient, carrier, buffer,
stabiliser or other materials well known to those skilled in
the art. Such materials should be non-toxic and should not
interfere with the efficacy of the active ingredient. The

0 precise nature of the carrier or other material will depend on
the route of administration, which may be oral, or by

injection, e.g. intravenous.



by any appropriate neans. Radi oi mmunoassay (RIA) is one possibility.

Radi oactive | abelled antigen is mxed with wunlabelled antigen (the test
sanple) and allowed to bind to 5 the anti body. Bound antigen is physically
separated from unbound antigen and the anmount of radioactive antigen bound
to the antibody determ ned. The nore antigen there is in the test sanple

the |l ess radioactive antigen will bind2to the antibody. A conpetitive

bi ndi ng assay may al so be used with 1o non-radi oactive antigen, using
antigen or an analogue linked to a reporter nolecule. The reporter nol ecule
may be a fluorochrone, phosphor or |laser dye with spectrally isolated

absor pt i ORQr 4 ﬁ@ké@éx@&h&h%ﬁg&&bﬁ“% LS ARE o f liar egheogps | ncl ude

fl uorescein, odam ne ycoerythrln 5 and Texas Re Sui t abl e chronpgeni c
dyes |ncludélldtaﬂmnoﬁéhzwduW@ l@ghedleepoﬁﬂér§a del gde fFatmondlacul ar

col 1 of dal pacticles, 97 Aartayl ahs It eli Al auctan, ates, beads phat are

coloured, na netic’ or ranagnetlc oglcal y or active
agents thamdcaasdsubtéHQE(yﬂﬂ ndpmennbytpamsf:ﬂ@ﬂeduable Tspogaab® to be

vi sual | y observe ctro caII det ect t erw se reco . These
mol ecul es ﬁgﬁVBB eﬁ%ﬁﬁ% qi ?EFyg%fféggf?o iYs PEREF eVt qu? change
col ours orscgausend ehangestdm e&laﬁnputal,c@bowrﬁpﬁrvtemmefsomexaapla;dﬂ{ﬁey may
be nDIecuIarIy excitabl e, such that electronic _transitions between energy

states reStlETiAS chRT &t s HiRIEESEt FR) e Caklbr fACoAS e6r ReRF.E| Bns. They nay

i ncl ude Cft%?‘e%%hoﬁnt'ﬁi@s"eﬂ:lr%%%ﬂe@ CQRRYNEE 4 O Wich{F fRir-asensel §xi dl:ptd n/avidin
or D biotin/streptavidin and al kal'i ne phosphatase det ecti on systens may be

enpl oyed. a24/oThetkeynalsi Gemer spgdopyinpidedudls asaubsasd-reporter
conjugates may be used to derive quantifiable absolute or

A composition may be administered alone or in combination with
other treatments, either simultaneously or sequentially
dependent upon the condition to be treated. Other treatments
may include the administration of suitable doses of pain

L5 relief drugs such as non-steroidal anti-inflammatory drugs
(e.g. aspirin, paracetamol, ibuprofen or ketoprofen) or

opiates such as morphine, or anti-emetics.

The present invention provides a method comprising causing or
10 allowing binding of a specific binding member as provided
herein to ED-B. As noted, such binding may take place in
vivo, e.g. following administration of a specific binding
member, or nucleic acid encoding a specific binding member, or
it may take place in vitro, for example in ELISA, Western
5 blotting, immunccytochemistry, immuno-precipitation or

affinity chromatography.

The amount of binding of specific binding member to ED-B may
be determined. Quantitation may be related to the amount of
0 the antigen in a test sample, which may be of diagnostic

interest, which may be of diagnostic interest.



rel ative data of the relevant antibody binding in sanples (normal and
test). 5 The present invention further extends to a specific binding nenber
whi ch conpetes for binding to ED-B with any specific binding menber which
both binds the antigen and conprises a V donmain including a CDR with am no
acid substantially as set 10 out herein, preferably a VH domain conprising
VH CDR3 of SEQ ID NO. 3. Conpetition B& ween binding nenbers nmay be assayed
easily in vitro, for exanple by tagging a specific reporter nolecule to one
bi ndi ng nenber which can be detected in the presence of other untagged

bi ndi ng nmenber(s), to enable 15 identification of specific binding nenbers

whi ch bi negnkhecsgaf®ev: €04 0P Lft:dBAQYET bAPPI NGhHAR hAReLeCanpethiion may be
determ ned for exanple using the ELI SA as described in Carnenolla et al.

(24 1996) PY26"As2BPEERE 2O VE Tt hBAYL S¥HIRFSRNg (BFALi £ cOBF ndi ng menber s
accor di ng pto@,s&Ja@lwyentﬂa@&hwl%ﬁﬁéb%ﬁ@&parr?ﬁsje@lg 18NGodLRAY,: Mycl ei ¢ acid,

and may optionally 7nvolve culturing host cel under conditions for
productlomnéﬁbﬁhée@p@@tig%nbﬁﬂdaﬁgStHEHMEke Specisfliiowieidndbnginénbers and

encodi g | el.¢. I C or use in

t he prg;seq:;ll'uc'3 §h§é§§ag <§%%¥§-.§e§ éﬁﬁéﬂ (;ii %Fgaggﬁ%gf?%%£ e.g. from
their natmm@buadvanbh@emtandlthﬁubmbantlaflgaqnuashawe hambgeneousnd aram or,
in the ca of _pucl Ci free subst a tlaII free,of ,nucleic acid or
genes ori%i SPEéE %%a%a%ﬁFqﬁﬂ?dsquéﬁcﬁoﬂ%c SSFﬁpéBtFHet th the
required dognckh@pie26he M@é@lr@daeahdtﬂﬁ@chr@@ﬁﬁfﬁﬂlmglt eihhecpresent invention

may conprise DNA or RNA and may be wholly or partially synthetic.
ReferenceQPGlQOHﬁcle%t?%@P%ﬁﬁﬂh¥ﬁ0€18§l§%ta%ﬁﬁ?’W@Wé@ﬁ o" be’used with

L non-radioactive antigen, using antigen or an analogue linked
to a reporter molecule. The reporter molecule may be a
fluorochrome, phosphor or laser dye with spectrally isolated
absorption or emission characteristics. Suitable
fluorochromes include fluorescein, rhodamine, phycoerythrin

5 and Texas Red. Suitable chromogenic dyes include

diaminocbenzidine.

Other reporters include macromolecular celloidal particles or
particulate material such as latex beads that are coloured,

0 magnetic or paramagnetic, and biologically or chemically
active agents that can directly or indirectly cause detectable
signals to be visually observed, electronically detected or
otherwise recorded. These molecules may be enzymes which
catalyse reactions that develop or change colours or cause

5 changez in electrical properties, for example. They may be
molecularly excitable, such that electronic transitions
between energy states result in characteristic spectral
absorptions or emissions. They may include chemical entities
used in conjunction with biosensors. Biotin/avidin or

J biotin/streptavidin and alkaline phosphatase detection systems

may be employed.



enconpasses a DNA nolecule with the specified sequence, and 5 enconpasses a
RNA nol ecule with the specified sequence in which Uis substituted for T,
unl ess context requires otherw se, Systens for cloning and expression of a
pol ypeptide in a _0 variety of different host cells are well known. Suitable
host cells include bacteria, mammualian cells, yeast and bacul ovirus
systens. Mammualian cell lines availabl&4in the art for expression of a

het er ol ogous pol ypeptide include Chinese hanster ovary cells, HelLa cells,
baby hanster kidney cells, .5 NSO nouse nel anoma cells and many others. A
common, preferred bacterial host is E. coli. The expression of antibodies

and antib ; ts.| ol L 1s well

ot abl i shai AERare o e B e oo B b ke hun, A

Bi o/ Technaloagyg9te54ha 65 (22 )to Beplessiwmbifistidar pboeotuteetts in culture
is also avai,l.able to_ tho skill.ed in the, . ar as _an option for production
of a specﬁfﬂ@gbyﬁdé?ﬁfrﬁﬁa) © %ﬁ%?vanra?E%Qﬁ1ylqﬁﬁégﬁg,lPoFaQQQW%Ie Ref, ME.
(1993) Curfmor@einied tedijpotech. 4: 573-576; Trill J.J. et al. (1995) Curr
Opinion Biotech 6: 553-560. Suitable vectors can be chosen or constructed,
contaithing appropriate regulatory sequences, including pronoter o

sequences,tHee L Bah O L SRAUSNGE Su RBkY ISRV B I1QN =S QQURNEes. hifaaNcer
sequences, marker genes and other sequences as _appropriate. Vectors may be

pl asni ds, mgmogr whch ' gomrptesorforphageind, taflgpréihi any. sPFeelfin t her
cdi 1 on, - "eRRo R A G e B BRI, B SPPE ! et “any
known t echitirgiiesiantugind ccdR fwdrithmani pol atidsudfstamidkéily asi skt f or
exawphg i%u r%g%ggéi%grégegggﬁfﬂé:vﬁcggmain comprising VH CDR3 of SEQ
ID NO, 3, Competition between binding members may be assayed
easily in vitro, for example by tagging a specific reporter
molecule to one binding member which can be detected in the
presence of other untagged binding member{s), to enable
15 identification of specific binding members which bind the same
epitope or an cverlapping epitope. Competition may be
determined for example using the ELISA as described in

Carnemolla et al. (24 1996).

20 As stated above, methods of producing specific binding members
accerding to the invention may comprise expressing encoding
nucleic acid, and may optionally involve culturing host cells
under conditions for production of the specific binding
member. Specific binding members and encoding nucleic acid

25 molecules and vectors according to or for use in the present
invention may be provided isolated and/or purified, e.g. from
their natural environment, in substantially pure or
homogeneous form, or, in the case of nucleic acid, free or
substantially free of nucleic acid or genes origin other than

30 the seguence encoding a polypeptide with the required

function.



5 ctonstructs, nutagenesis, sequencing, introduction of DNA into cells and
gene expression, and analysis of proteins, are described in detail in
Current Protocols in Ml ecular Biology, Second Edition, Ausubel et al.
eds., John Wley & Sons, 1992. The disclosures of Sanbrook et al. and
Ausubel et al. are 10 incorporated herein by reference. A nethod of
produci ng a specific binding nmenber according to the invention may further
conprise introducing encoding nucleic2acid into a host cell. The

i ntroduction may enploy L5 any avail abl e techni que. For eukaryotic cells,
suitable techniques may include cal cium phosphate transfection, DEAE-
Dextran, electroporation, |iposone-nediated transfection and transduction

using 1 et ROULLUS AL PLNRK WoblPaify Oro VAR WiBen®! inbOhcl Bo6fdy Cel IS,
bacul ovi rus. For bacterial cells, 0 sQitable techni ques may 1 ricl ude cal ci um
chl ori de comanssoriiét icon RN eotlr bporiat i vdrelayd otr aastéellvnsysimgic.

bact eri ophage. The .intro (8] be foll b ausing or allowing 5
expressioge ?%%%??m¥éhﬁnﬁﬁaé%gggﬁgaé?%ﬁe?ﬁﬁ @%&%%Fi§8%h§%¥e%%lls under
condi ti onsntorpexpsessilnk ablehelgeneih Itheor@eediddimeatuetde, il ei c aci d

of the invention is in graée i nto, the genone.&e.g. chronmosone) of the
11) uSHof

d
host Cel | SRC3MPHTERT &t i eﬁﬁiﬁr%h%ﬁéﬁmb?pﬁﬁ& eRFeRefuehces which

pronote rgaesRi matd it viRe geRONE, yitACCRLEaREervithrest andard
techni ques. 27  Further aspects and enbodi nents of the present invention

will be appaFehteto those skilled in the art in the light of the present
di scl osure including the foll ow ng experinental exenplification. Methods
for synthesis and | abelling of the 5 specific binding nenbers of the present
i nvent i onSapeemdrecr tllaning podt prpeelsiirnt vd fobbéwbaptésanpt es. These

exanphes %E?ié@?“@f different host cells are well known. Suitable host
cells include bacteria, mammalian cells, yeast and baculovirus
gystems. Mammalian cell lines available in the art for
expression of a heterologous polypeptide include Chinese
hamster ovary cells, Hela cells, baby hamstér kidney cells,
5 NS0 mouse melanoma cells and many others. A common, preferred

bacterial hest 1s E. coli,

The expression of antibodies and antibody fragments in
prokaryotic cells such as E. coli is well established in the

0 art. For a review; see for example Pliuckthun, A.
Bio/Technology 9: 545-551 (1991). Expression in eukaryotic
cells in culture is alsoc available to those skilled in the art
as an option for production of a specific binding member, see
for recent reviews, for example Ref, M.E. (1993) Curr. Opinien

5 Biotech. 4: 573-576; Trill J.J. et al. (19953} Curr. Opinion
Biotech 6: 553-560,

Suitable vectors can be chesen or constructed, containing
appropriate regulatory sequences, including promoter

0 sequences, terminator sequences, polyadenylation sequences,
enhancer sequences, marker genes and other seguences as
appropriate. Vectors may be plasmids, viral e.g. 'phage, or

phagemid, as appropriate. For further details see, for



by way of illustration and not by way of limtation.All docunents nentioned
anywhere in this specification and incorporated by reference. 10

EXPERI MENTAL EXEMPLI FI CATI ON OF ASPECTS AND EMBODI MENTS OF THE PRESENT

| NVENTI ON 1. Preparation and characterisation of specific binding nenbers
according to the present invention 15 The foll ow ng exanpl es use
radi ol abel | ed peptide conpounds L19- SEP. 1.1 Synthesis of [-131-L19-SIP
(Chl oram ne-T Met hod) 200 pg L19-SIP in 230pl PBS (0.2 MPBS, pH 7.4) were
placed in ?0 a reaction vial, mxed with 185 MBg [1311] Nal, and reacted
with 30 pL of a freshly prepared solution of Chloramne-T (2 ng/nmL) in 0.2
M PBS (pHe%ample/Wmmﬂedulﬂr1Cﬂamlpb Ok Ralsatattdron Mahualla23205edil0icm/ mL in

PBS 0.2 M 7.4 el e 9-SI P s. purified el - chr omat ogr aphy
using a NE\I?’RQ "*3;5 ( Arsish ﬁ#%EFBJéJng V%E%’S%F BP@%F‘%R@%W% 5 m of
0.5 % boviaay ﬁlecﬁmm@é&um 9 aRBSprRagi@chersc alanybah gt 145 It %

Radi ochem cal purity: 88.3 @6(SDS-BAGE) W Specific activity; 31.7

MBq/ nnol . NUPARLR G @RSt i KA% yeXaRE Loy WD pDe iRAderg OSCTPEPS D042 ED733 28 1.2

Synt heﬁlsc%stxééés}%t% r(ésQ@OQ%B%H&]RM %%Qxe;aula%goﬁ E’f'zﬁmﬁ%%l PBS
(0.2 M PBS, éEH 7. and were m xed and placed in a

reacti on e S(ﬁ@ﬁkﬁﬁﬂﬁ Q%Hﬂﬂﬁ@lopheﬁné ek )51 sTied @WﬁtaneSma@r%haken gently,

over a per 0; rQgm a 95 S
purified ﬁﬁggéﬁ‘g %r%ﬁrna{bo@%lép%% %?%Sg %ﬁéf%coé%l %?gngg%%} B"%%g\é\%nt:
PBS), pre<dekoniedidiidn b AdsuifelOes &0 bovdne sSerhmmWiley & Sons, 1992.

The disclosures of Sambroock et al. and Ausubel et al, ars

10 incorporated herein by reference.

A method of producing a specific binding member according to
the invention may further comprise introducing encoding
nucleic acid into a host cell. The introduction may employ

L5 any available technique. For eukaryotic cells, suitable
techniques may include calcium phosphate transfection, DEAE-
Dextran, electroporation, liposome-mediated transfection and
transduction using retrovirus or other wvirus, e.g. vaccinia
or, for insect cells, baculovirus. For bacterial cells,

0 suitable techniques may include calcium chloride
transformation, electroporation and transfection using

bacteriophage.

The introduction may be followed by causing or allowing
5 expression from the nucleic acid, e.g. by culturing host cells

under conditicons for expression cf the gene.

In one embodiment, the nucleic acid of the invention is
integrated into the genome (e.g. chromosome) of the host cell.
d Integration may be promoted by inclusion of sequences which
" promote recombination with the genome, in accerdance with

standard techniques.



albumin in PBS. Lo Radi ochem cal yield:93.2 0. Radiochem cal purity: 91.1 %
(SDS- PAGE). Specific activity: 46.6 MBg/ nnol. Inmunoreactivity: 78 % L5
1.3 Synthesis of 1-123-L19-SIP (i odogen nethod) 200 pg L19-SIP in 230 pl PBS
(0.2 MPBS, pH 7.4) and 200 MBg [1231]Nal were m xed and placed in a
reaction vial (iodogen tube, Pierce Inc.). The m xture was shaken gently,
over a o period of 30 mn at roomtenperature. 1231-| abeled L19-SIP was
purified by gel -chromat ography using a NAP-5 col um (Amersham  El uent:

PBS), pre-blocked with 5 mM of 0.5 % bovine serum albumn in PBS. 5

Radi ochem cal yield: 81.6 % . Radiochem cal purity: 89.6 % (SDS-PAGE).

Specific a n : [-e ﬁél b Yen 84 nt hesi s
of |-124- L%Hé}épy s%%@rl\{gﬂét E@!é?d%%wg AS B Ren “’4?‘;’%5153“( g’lZXM PBS,
pH 7. 4) anUeSa?pmnt[ L@Bt}mlae wkibled xied thedapt atedthe higleactii ghevi al

(i odogen tub Pi The . m haken_ gent | ver a 5 period
of 30 mn %feg%%tm ﬁéjlsﬁf:urlnc lﬂjln atgl g\éﬁlﬁﬁg vé %-ﬁa;il ed by

gel - chronaémgﬁranmamung a M&@d&dwﬁyﬁ%mm 1EbyeDhing RRS)the

pre-bl gcked wi 0.5 % bovi ne serum %I bum n |in PBS.

10
Radi ocReni E%?C’sﬁﬂ ngﬂl%g%lerﬁ’%@dﬁ o Hfe iR LSRG V8Bt BB, TSDEOBRGEYL LY
Specific agtivitdnbted2i8 MBE/ MDlowinkMBUARIRACE | YhiYe S8alBles are shown

by way of illiustration and not by way of limitation.All
documents mentioned anywhere in this specification and
incorporated by reference.

10
EXPERIMENTAL EXEMPLIFITCATION OF ASPECIS AND EMBODIMENTS OF THE
PRESENT INVENTION

1. Preparation and characterisation of specific binding

members according to the present invention

15 The following examples use radiolabelled peptide compounds
L13-5IP.

1.1 Synthesis of I-131-L19-8IFP (Chloramine-T Method)

200 pg Li9-SIF in 230nl PBS (0.2 M PBS, pH 7.4) were placed in
20 a reaction vial, mixed with 185 MBg [*'IlNal, and reacted with
30 uL of a freshly prepared solution of Chloramine-T (2 mg/mL)
in 0.2 M PBS (pH 7.4). After 1 min, 50 pL of a scluticon of
Naz8;05 (10 mg/mL in PBS 0.2 M, pH 7.4). 'S'I-labeled L19-8ip
was purified by gel-chromatography using a NAP-5 column
15 (Amersham, Eluent: PBS), pre-blocked with 5 ml of 0.5 % bovine

serum albumin in PBS.

Radiochemical yield: 45.7 %.
Radiochemical purity: 88.3 % (SDS-PAGE).
{0 Specific activity: 31.7 MBg/nmol.

Immunoreactivity: 76 %



15 1.5 Synthesis of (3-(4-hydroxy-3-(131l]i odo-phenyl)- propionate) -L19-SIP
500 pg (3-(4-hydroxy-phenyl)-N(sul fonato-succinimdyl) propionate) was
dissolved in 1 nL of DMSO. Ten mcroliters of Chloramne-T (5 ng/m in PBS)
were mxed with 74 MBg [1311]Nal, 20 neutralized with 15 pL of PBS (0.2 M
pH 7. 4). Onevaneeseissiker of the PCT/EP2004/009733

(3-(4- hydroxy-phenyl)-N-(sul fonato-succzthi mdyl) propionate) solution is
added to the Chloram ne-T/[131I]Nal solution and the m xture is allowed to
react for 1 mn. The reaction is stopped by the addition of 40 pL of a
solution of 25 Na2S205 (10 ng/mL in PBS 0.2 M pH 7.4), followed by the

i medi ate addition of 200 pg L19-SIP in 230 pl borate buffer (0.2 MPBS, pH
8.5). (3-(4-hydroxy-3-[1-3 nate)-L19-SI P was 30
purified biYelSwhtwsdisoglaphy 3 Uskhd o uRetEAder sham  Fl uent:

PBS), pre-blocked with 5 mM of 0.5 % bovine serum albumin in PBS. 30

Radi ochem i y X i .ochem c I by % PACE)

Specific a%(ﬁ vlly(% %%?ISPZ%IWI&S m‘rgénbjroggc%]?s\/i ?éﬂ 6%399‘ )((%)S%?% %&Bq

cal cul ati ohi$'dfNaAL- 184:¢ 194 8® Basled>orrdsd ot ser i adtdrendarial n (feadeyerbear i ng
m ce apsorbed dgses of the,1-131 |abeled L19-SI | d_he. cal cul ated. by the
10 M fo%?ba i SRLSEr Sl RS ¢ %aea ﬁﬁélﬁwé% B’%Ff vk, 9%“?%%' oAt s of

| -131- L19- @ P dd duneh @l obt asbamat kit urear itHa-1abeted The o+ &5F dence
times were calculated as the areas under the cuyrve _of hi- and

NG ex porBIATHIET (e SIS ATBGPATHIY (HoHE & JAES S STy (NACF AR ¢ he
bi ol ogi cal zanshiphyssen] pko-Babkxbdf @10k thencompounds Eonsi-gald ngetilie nouse

organs as both the radi ati on source and
albumin in PBS.

LO

Radiochemical yield:93.2 %.

Radiochemical purity: 91.1 % (SDS~-PAGE).
Specific activity: 46.6 MBg/nmol.
Immunoreactivity: 78 %

L5
1.3 Synthesis of I-123-L1%9-SIP (icdogen method)

200 pg Li9-SIP in 230 pl PBS (0.2 M PBS, pH 7.4) and 200 MBg
['*I1Nal were mixed and placed in a reaction vial ({(iodogen
tube, Pierce Inc.}. The mixture was shaken gently, over a
10 period of 30 min at room temperature. **I-labeled L19-SIP was
purified by gel-chromatography using a NAP-5 column (Amersham,
Eluent: PBS), pre-blocked with 5 ml of 0.5 % bovine serum

albumin in PBS.

15 Radiochemical vield: g8l.6 %. .
Radiochemical purity: 89.6 % ({SDS~PAGE).
Specific activity: 61.2 MBg/nmol.

c\@

Immunoreactivity: 84



the radi ation target absorbed organ doses as self-to-self doses (no

radi ation cross fire) could be estimated for 1-131 !0 L19-SIP using S-val ues
fromthe MRDOSE 3.1 software. Mouse organ doses (mGy/ MBqg): Liver 50

Ki dneys 160 5 Spleen 50 Lung 220 Ovaries 180-410 (dependi ng on ovul ation
cycle status and ED- B expression) Uterus 600 (depending on ovul atiron cycle
status and 0 ED-B expression) Testis 53 Blood 130 31 Red Marrow 50
(cal cul ati on based on the bl ood dose) Tunor 940 (calculated for a 100 ny
tunor) Using the calculated residence tines in the MRDOSE 3.1 5 program
human absor bed doses can be estimated for the 1-131- L19-SIP. Human organ
doses (MG} MBQ), .05 8nales 191 46F; 02 o 911BadgEnORnody easts 7. 33502 Gal
bl adder 1. OE-01 Stomach

9.45E-02 ULl wall 2.11E-01 Heart Wall 6.22E-02 Kldné s 1.86E-01 leer
7. 46E-02 200 pg L1S-SIP in 230 pl PBS (0.2 M PBS, pH 7.4) and 50 MB

(*¥TI]¥al were mixed and placed in a reaction vial (iodogen
tube, Pierce Inc.). The mixture was shaken gently, over a
5 period of 30 min at room temperature. *!I-labeled L19-SIP was
purified by gel-chromatography using a NAP-5 column (Amersham,
Eluent: PBS), pre-blocked with 5 ml of 0.5 % bovine serum

albumin in PBS.

10 Radiochemical yileld:84.5 %,

Radiochemical purity: 89.6 % (SDS-PAGE).
Specific activity: 22.8 MBg/nmol.
Immunoreactivity: 86 %

15 1.5 Synthesis of (3=-(4-hydroxy-3~[1*I]iodo-phenyl}-

propionate)-L18-SIF

500 pg (3-(4-hydroxy-phenyl)-N-(sulfonato-succinimidyl)
propionate) was dissolved in 1 mL of DMSO. Ten microliters of
Chloramine-T (5 mg/ml in PBS) were mixed with 74 MBg [*™I]NaI,

20 neutralized with 15 pL of PBS (0.2 M, pH 7.4). One microliter
of the (3-(4-hydroxy-phenyl)-N-{sulfonato-succinimidyl)
propionate) solution is added to the Chloramine-T/[“*'I]NaI
solution and the mixture is allowed to react for 1 min. The
reaction is stopped by the addition of 40 pL of a solution of

25 Naz820s (10 mg/mL in PBS 0.2 M, pH 7.4), followed by the
immediate addition of 200 pg L19~8IP in 230 pl borate buffer
(0.2 M PBS, pH 8.5).

(3~(4whydroxy—3~[1“1]iodo~phenyl)~propionate)~Ll9—SIP was
30 purified by gel-chromatography using a NAP-5 column (Amersham,
Eluent: PBS), pre-blocked with 5 ml of 0.5 % bovine serum

albumin in PBS.



Lungs 7.04E-02 Muscle 8.71E-02 Ovaries 8.07E-01 Pancreas 1.15E-01 Red
Marrow 9. 11E-02 Bone Surface 9.74E-02 Skin 7.20E-02 Spleen 7.11E-02
Testes 2.38E-01 Thynus 8.55E-02 Thyroid 8.54E-02 Urin Bl adder Wal
7.19E-01 Uerus 4.72E-01 Total Body 8.78E-02 EFF DOSE EQUIV 3. 60E-01 EFF
DOSE 3.21E-01 It was concluded that the Red Marrow and the reproductive
organs (ovaries/ uterus and testes) wouwdd be the dose limting organs.
Nevert hel ess, the therapeutic w ndow based on the dosinetric calculations

| ooked favorable and promising. A Tunor dose to Red Marrow dose ratio of 18
was found. Thus, | 32 131-L19-SIP displayed a remarkabl e 18-fold higher
dose delivered to the tunor than to the red marrow. 1.7 Tunor treatnent
study after single i.v. injection of I- 5 131-L19-SIP into tunor bearing
nude m ce Hadid3thkeh9e Sl Pyiwbklidij 6ctied once intraveneously into U251

| i obl ast d t 27 . Th
§gv;gti32€§%Péﬁgggr§£ eggyﬁﬁghcgngﬂbgy mﬁbgrespe ?lvelyg)ln agdition, a

control gragseidghicaacodlstyinj ect edtancepy/ oD, physi ol ogi cal saline) was
i nvestigated. Duri the days afteg Jnjection, the tunor size (given in mm

2) was’ def@?%?ﬁ%ﬁaﬁgFﬁb ¥

1.6 MIRD calculations of I-131-L19-3IF

Based on biodistribution data in tumor-bearing mice absorbed
doses of the I-131 labeled L19-SIP could ke calculated by the
10 MIRD formalism. Biokinetic modeling was performed with the %
ID data of I-131-L19-STIP in human glioblastoma (U251} bearing
mice. The residence times were calculated as the areas under
the curve of bi- and mono-exponential functicons integrated
from zero to infinity including the biological and physical

L5 half-1life of the compcund.

Considering the mouse organs as both the radiation source and
the radiation target absorbed organ doses as self-to-self
doses (no radiation cross fire) could be estimated for I-131-

0 L19-STIP using S~values from the MIRDOSE 3.1 software.

Mouse organ doses (mGy/ MBqg):

Liver 50
Kidneys 160
'5 Spleen 50
Lung 220
Ovaries 180-410 (depending on ovulation cycle status

and ED-B expression)

Uterus 600 (depending on ovulation cycle status and
0 ED-B expression)

Testis 55

Blood 130



caliper. The growth of U251 tunors in nude nonitored after single 5

i ntravenous injection of physiological saline and |-131-L19- SIP,
respectively, is shown in Figure 6. A single injection of the I-131-L19-SIP
with 74 MBq per animal showed a pronounced effect on the growth of
U251-tunors resulting in a stasis for 18 days. The sanme was true for the

| ow dose group (37 MBg) except a sligh@B3itunor growth which was started
during the last 5 days for the | ow dose group. In contrast, tunors of the
control group grew continuously during the whole observation period. The
results of this investigation show excellent potential of 1-131-L19-SIP for
the treat gept MQLI@Q' hd Tuors, ) L, 8,1 MRging of FLf 173 51358 Eo;fé)ter single
i.v. injectron 1nto tunor bearing nude mce The “substance of 'the invention
was i nj ectfegoicnt r aveneousldg i(ralauilosed oforakod09ma5tivBgr] nto F9
(teratocarci noma) bearing 33 nude mce (body wei ght about 25 Q).

Gamma- canera imaging was carried out at various tinmes after adm nistration
of the sulshaneRe &aByuldwdBIresdidehtgr aphys afn IthE23TRDOSEl P.1n F9

(teratocarci noma) bearing nude mice 4 hours after injection anf 4 hours
after 9 nj SCCFEAT PRBAR (oS @OESSCF%%IW@'e%ﬁﬁﬂaﬁﬁgh.Oﬁtt ehbursafter

i njection,begirgdes the strong wuptake in the tunor only a slight background
in the rest of :0 the body (not bound to a particular organ but derived from
the blood pool) could be detected. Wiereas the signal in the tunor

naintaine%mmggeopaﬁggﬁgggg ?kggahBh@:the rest of the body disappeared over

time. Thus, at 24 hours post I'njection only the tunor could be detected. .5
Adrenals 9.46E-02
Brain 1.64E-02
Breasts 7.33E-02
Gall bladder 1.C00E-01
LLI wWall 4,47E-01L
Small Intestine 1.10E-01
Stomach 9.45E-02
ULI Wall 2.11E-01
Heart Wall 6.22E-02
Kidneys 1.86E~01
Liver 7.46E-02
Lungs 7.04E-02
Muscle 8.71E-02
Ovaries 8,07E-01
Pancreas 1.15E-01
Red Marrow 9.11E-02
Bone Surface 9.74R-02
Skin 7.20E-02
Spleen 7.11E-02
Testes 2.38E-01
Thymus 8.55E~02
Thyroid 8.54E-02
Urin Bladdexr Wall 7.1%E~-01
Uterus 4 72E-01
Total Body §.78E~-02
EFF DOSE EQUIV 3.60E-01
EFF DOSE 3.21E-01

) It was concluded that the Red Marrow and the reproductive
organs {ovaries/ uterus and testes) would be the dose limiting
organs. Nevertheless, the therapeutic window based on the
dosimetric calculations locked favorable and promising. A

Tumor dose to Red Marrow dose ratio of 18 was found. Thus, I-



The results of this investigation shows the excellent potential of

| -123-L19-SIP for the imaging of solid tunors. 2. Further Exanples and
Experiments 0 MATERI ALS AND METHODS. Preparation and expression of scFv,
smal | imunoprotein (SIP) and 1g&Z constructs scFv 5 The scFv(L19) (Figure
1A) is an affinity matured (Kd=5.4x10- 11M anti body fragnent specifically
directed against the ED-B domain of fPbronectin (13 Pini et al., 1998). The
scFv(D .3) (7 McCafferty et al.; 26 Neri et al., 1997), a nouse-anti-hen
egg white | ysozyne scFv, was used as a control. These scFvs were expressed
in E. Coli strain HB2151 (Maxi m Bi otech, San Francisco CA) according to
Pini et ah31(8491997)disA aydnia- renanegdlebulBi-iclo hogserugdsd he L19 snal |

i mmunoprotein (L19-SIP) gene (Figure 1C) the DNA sequence coding for the
scFv(L19) SGasVeLsI§F ieE ymes W%Pa%% iR IREZEEPEBn (PCR) using Pwo DNA 5
Pol ynmer ase (Roche), according to manufacturer's recommendations, with
primers BG-618 (gtgtgcactcggaggtgcagctgttggagtctggg - SEQ ID NO._8) and BCG
619 (gcct dedgaltngarttantamant geueycet b s NadRQiL B- NépjoFtior oif aimi ng Apall
and BspEl ;restrbction st as,, L3e¢tLyelyqe 10 Lhe anplification product was
i nserted &pﬁ#ﬁ%ﬁm?—egﬁvmw——m ; ich provides the scFv gene
with a secretion signal, required for secretion of proteins in the

extracel | GFaR1lneli-UMP Wi pUTeeSER oeet omtwayesbrarhagdirEony2ehe previously

descri bed = - e s 199 : i suting e human
const ant JB%@ foérgaqﬁ{}% v(la?ét%hlllt ehu%mm]d%érgra@ﬁ%? Wta‘ EEEEU%Q% gﬁEysée)c'r eT{h %ry

i sof orm | gEv&2t {gat2CHhise B35 eBat 33t MBgtaral .74 ¥896) re€pctsvelre. domai n t hat
al | ows

addition, a control group of animals (injected once with
0 physiological saline) was lnvestigated. During the days after
injection, the tumor size (given in mm?) was determined using a

caliper.

The growth of U251 tumors in nude monitored after single
5 intravenous injection of physiological saline and I-131-L19-

SIP, respectively, 1s shown in Figure 6.

A single injection of the I-131-~L19-SIP with 74 MBqg per animal
showed a pronounced effect on the growth of U251-tumors

) resulting in a stasis for 18 days. The same was true for the
low dose group (37 MBg) except a slight tumor growth which was
started during the last 5 days for the low dose group. In
contrast, tumcrs of the control group grew continuously during

the whole observation period.

The results of this investigation show excellent potential of

I-131-1,19-8IP for the treatment of solid tumcrs.

1.8 Imaging of I-123-L19-SIP after single i,v. injection into

tumor bearing nude mice

The substance of the invention was injected intraveneously in

a dose of about 9.25 MBg into FS (teratocarcincma) bearing



dimerization in the IgE nol ecule and the e52 isoformcontains a cysteine at
t he carboxyterm nal end, which stabilizes the IgE 20 di ner through an

i nter-chain disul phide bond. In the final SIP nolecule the ScFv(L19) was
connected to the e52-CH4 domain by a short GGSG |inker. The SIP gene was
then excised fromthe plasmd pUT-eSIP-L19 with HindlIl and EcoRl
restriction enzymes and cloned into tB8 manmal i an expression vector pcDNA3
?5 (I nvitrogen, G oningen, The Netherlands), which contains the

Cyt onegal ovirus (CW) pronoter, in order to obtain the construct
pcDNA3-L19- SI P. The DNA sequence coding for scFv(D1.3) was anplified using
the 10 pri.ners:BC : C C gc C Ca,.= NO. 10)
and BC 73?'1'1?% @%?%gg%%d g%ﬁ%&c?ggggc??g )t' %%EITE% I%%gl%%ta g???ﬁg%dd#nserted
Apall / BspEkrichet heulp Ul eSiR onec tomes ThEt &1 . Bng5isSrRtdgenecfathe hen exci sed
fromthe pU‘IB—gSI P-D1.3 with HndllIl and EcoRl restriction enzynes and

cl oned i nt°y 5 BRA3: in order to obtain the construct pcDNA3-D1. 3-SIP. 5
These constructs were used to transfect SP2/0 nurine nyeloma cells (ATCC,

Anmerican Type_Cul ture, Coll ection, Rockville, L A) usi ng FUGENE 6
Transfect i%’nﬁ?@ﬁ@%n?%%ﬂ%@)p&lyf ol S\Rﬁ%é”L{%"egfédef‘oy | for adherent cells,
optim zed By rhbBecaPO A UNRS i RGAASHE CHDPRS! W@ sgagwari nnPAEM suppl ement ed
10 with 10% FCS and sel ected using 750 pg/m of Ceneticin_ (418,

Cal bi oche®RdSaf TPeld, 2R IPgECtivs, pkepar B UormsretlePrgaleathe variabl e
regi on Ofd%B@c%ég.h@@“ﬂlu£§$§@%k%r(Eﬁ?ééﬁ?on}gﬂﬁﬁﬂﬁ% wWhthsitspgecretion

peptide sequence, was excised with Hi ndl and Xhol fromthe previously
descri bed uptekpUle St dndimserted shighte hredngandvést she reshtal ning the

conpl gf e '%‘ﬂga.ﬁoéi% f@é‘ét%%chf‘g%"% BagLDORNE o rgthe pLRC TR DaRt s1 Gl gene was
t hen exci se ro he” pUC-17g
blood peol) could be detected. Whereas the signal in the tumor
maintained, the background signal in the rest of the body
disappeared over time. Thus, at 24 hours post injection only

the tumor could be detected.

The results of this investigation shows the excellent

potential of I-123-1L19-8IP for the imaging of sclid tumors.

2. Further Examples and Experiments

MATERIALS AND METHODS .

Preparation and expression of scFv, small immunoprotein (SIP)
and IgGl constructs scFv

5 The gcPFv(L19) (Figure 1A) is an affinity matured (Kd=5.4x10
‘HM) antibody fragment specifically directed against the ED-B
domain of fibronectin {13 Pinli et al., 1998). The scEv(D1.3)
{7 McCafferty et al.; 26 Nerid et al., 1997), a mouse-anti-hen
egg white lysozyme scFv, was used as a control. These scFvs

) were expressed in E. Coli strain HB2151 (Maxim Biotech, San

Francisco CA) according to Pini et al. (34 1997).



o L19-VH with Hindlil and EcoRl and cloned into pcDNA3, to obtain the
construct pcDNA3-L19-1gd . For the preparation of the conplete L19 |ight
chain, L19-VL was anplified fromthe L19-pUT-eSIP (described above) by PCR
5 using the prinmers BC- 696 (tggtgtgcactcggaaattgtgttgacgcagtc SEQ ID NO.
12) and BC-697 (ctctcgtacgtttgatttccacctfggtcc - SEQ ID NO 13), containing

ApalLl and Bsi W

and BsiW, the
0 containing the secretion signal sequence and the sequence of the human
constant x light chain. The reconbinant |ight chain gene was then excised
from pUT- SEGh®mm:h@gVbbwilth Hindl 12 and 36 Xhol and inserted in the
pCW2h, mamral i an expression vector, derived froma pcDNA3 vector by

renovi ng the d@ststancengene? #imalA lifumunepebtain (hes-eormst rgsste pCW2h- L19- X.
5 Equi nol ar_anount s, of these constructs were useg%éo COt@ﬁ& fect SP2/0

f
muri ne nyel DM CelCe 48°50EN8 FRRF MOV IBEnERT ¢
screened i gmHLl
conpl ete of heav

usi ng Phe ReXINHTES s §oe

restriction sites, respectively. After digestion with Apall
anplification product was inserted in the vector pUT-SEC hCx

Tee

&P8nes were

19R of @)g theyabihd YoiDin $RGEEE BnChPORY i €sidgrunegioabul in,
y an

|I%ﬁt chains. 10 All DNA constructs were purified
) § r BAFF Hgeh teHTRABR2CERFPENY), and the DNA

sequences chéMHéhdd%H%ﬁ@dSW9£ht5?ﬂ&9&§%ku%&§ were confirmed using the ABI
PRI SM dRhodam ne Term nator Cycle Sequenci ng Ready Reaction Kit L5 (Perkin

El mer, Fostetgt@aactc@ApgohblagesytliagdairteggymeSEQRE) Nowrie fandmBRoche
Di agnostic | an,. 1t ' [ f_ Bsi ngl and
even o bR b R e SRR e, S S R R Mer e

recover ed &eomimiagarcosealdebaduBspl)l thes t@iaguboksire¢hpdrdPeagemelylo

Bi ol abs,

10

15

20

The amplification product was inserted ApaLI/BspEI in the pUT-

£SIP vector, which provides the scFv gene with a secretion

signal, required for secretion of proteins in the

extracellular medium. The pUT-e3IP vector was obtained from

the previocusly described pUT-SIP-long (33 Li et al., 1997)

after substituting the human constant yl1-CH3 domain with the

CH4 domain of the human IgE secretory isoform IgE-S52 (egg,—-CH4;

35 Batista et al., 1996). CE4 is the domain that allows

dimerization in the IgE molecule and the g, isoform contains a

cysteine at the carboxyterminal end, which stabilizes the IgkE

dimer throuch an inter-chain disulphide bond. In the final SIP

molecule the ScFv{L19%) was connected to the gg;-CH4 domain by a

short GGSG linker. The SIP gene was then excised from the

plasmid pUT-e¢SIP~L19 with HindIII and EcoRI restriction

enzymes and cloned into the mammallan expression vector pcDNA3

(Invitrogen, Groningen, The Netherlands}, which contains the

Cytomegalovirus (CMV) promoter, in order to obtain the

construct pcDNA3-L19-SIP.

The DNA sequence coding for scFv(D1.3) was amplified using the

primers BC-721 {ctecgtgcactcgecaggtgecagctgecaggagteca — SEQ ID NO.
10) and BC-732 (ctctecggacegtttgatctegegettggt - SEQ ID NO.
11) and inserted ApaLl/BspEI in the pUT-&SIP vector. The D1.3-



Purification and quality control of antibodies |Immunoaffinity

chromat ography was perfornmed to purify the different antibodies according
to the procedure described by Carnenolla et al. (24 1996). 5 ED-B
conjugated to Sepharose 4B (Amersham Phar naci a Bi ot ech. Uppsal a, Sweden)
foll ow ng manufacturer's instructions (24 Carnenolla et al ., 96) was used
to immunopurify all different L19 anti¥ody formats, while a colum of hen
egg white | ysozyne 0 (Sigma, St.Louis, USA) conjugated to Sepharose 4B
(Amersham Pharnaci a) was used for D1. 3 antibodies. 37 The i mmunopurified
anti body formats L19-SIP and L19-1gd@ required no further purification and

wer e di al yzad gegai Rat tIPBS, e shdt fral tRE. p B 5CfV.S @htal AeddfTom
i mrunoaf f i nltéﬁﬁchronat ography are nade up of two forms, nononeric_and 5

di neric, BLpGeT FTEaE I Oh SapesadndeStritd By BERPSrsinepr®@r (27

2001), wastd efgitanedihe Eselet&d heovakter, sogm, Batches of the different
anti body formats were prepared and anal yzed usi ng SDS- PAGE under reducing

and non-reducing conditions, imunohistochem stry, size exclusi on 10

chr omat ogr A{{g; ﬁﬁE) n

experl%rentr'?pery %?Hrgnﬁ 8%%3‘?9 | Tat %g}t%@%’yi amasﬁ/ge e%t ?lt\jlp re5| S

( SDS- PAGE) gelEnz \AECC} nkeelricnmurﬁmhs@rubenteAG@hyeC(tELdrSA)Rom&le;LSMléxcI usi on
chr omat ogr y and i chem str, reeni.ng L SA e rinments on the
condi ti one utsﬁ'lpg %ﬁgﬁl ?ie gﬁ‘%ﬁé@sﬁ%\%%%rftdl h§! ?ﬁ@%ﬂ% Jet al. (24
1996). To thHeveaakotbe euprmmmtofceﬂhe db)f)’f:ﬁﬁ:ea‘ﬁd Ib]yg m‘etl body formats, the

r econbi nant fra nment 7B89 (24 Carnenolla 20 _cont ai ni ng the
ED- B donmi TATFEENUTBRat TFHAT ERIELCHAe YEF Pt 85%Wn rl&ﬁgﬁ%@@&%ﬁ“ﬁa 49, was

i mobh i zeghan MBXIF8Or Bnd selected using 750 pg/ml of Geneticin (G418,
Czibiochem, San Diego, CA&).

IgGl

To prepare complete IgGl, the variable region of the L19 heavy

L5 chain (L19-VH), together with its secretion peptide seguence,
was excised with HindIII and Xhol from the previously
described L19-pUTeSIP and inserted in the pUC-IgGl vector,
containing the complete human yl constant heavy chain gene.
The recombinant IgGl gene was then excised from the pUC-IgGi-

10 L19-VH with HindIII and EcoRI and cloned into pcDNA3, to
obtain the construct pcDNA3-L19-IgGL.

For the preparation of the complete L19% light chain, L19-VL
was amplified from the L19-pUT-eSIF (described abowve} by PCR
5 using the primers BC-68%6 (tggtgtgcactcggaaattgtgttgacgcagte -
SEQ ID NO, 12} and BC-697 (ctctcgtacgtttgatttccaccttggtce -
SEQ ID NO,. 13), containing Apall and BgiWI restriction sites,
respectively. After digestion with Apall and BsiWI, the
amplification product was inserted in the wvector pUT-SEC-hCx
0 containing the secretion signal sequence and the sequence of
the human constant x light chain. The recombinant light chain

gene was then excised from pUT-~-SEC-hCr-L19-VL with HindIII and



i mmunopl ates (Nunc, Roskilde, Denmark). To detect D1.3 antibodies in ELISA
experinents, hen egg white chicken 1ysozyne (Sigma) was i mobilized on NH2
surface EIA plates t5 (Costar, Canbridge, MA). A peroxi dase-conjugated
rabbit anti  human 1 gE (Pierce, Rockford, IL), diluted according to

manuf acturer's recommendati ons, was used as secondary antibody to detect

SI Ps. A peroxidase-conjugated rabbit a8 human 1gG (Pierce) was used in
the case of 1g@. For the scFvs 0 containing the tag sequence FLAG a nouse
anti-human FLAG nonocl onal anti body (M, Kodak) and a peroxi dase-conj ugat ed
goat anti-nouse anti body (Pierce) were used as secondary and tertiary

anti bodi esy, J1eSRACELh¥ELYed | Ih Alde ¢R983 AL NRardRe 11 dATUIQNRAGH K F¥c¥bEN the
i mobi l'i zed antigen was detected "using'the substrate ARTS for peroxidase
(Roche) antbripret Sienr & craPéht beaede rab y408neivd Was- e et anseAdSuper dex 200

(Amer shamg%h%@gi@(,:i 2} ?QF%@% tﬁ@'ﬁ’t {Tg%%?%ﬂ-msﬁq('to anal yze the gel

filtration profiles o e purifie s under native conditions
using fast protein liquid chronmatography (FPLC, Amersham Pharnacia).
I m‘runogﬂ stochem,str

on_different tissue cryost ectiQns s..1 erformed
as destri e%uglfléﬁs%«?w% F @ the.s(erofﬁgﬁ)lc %dw%elgb%edg?cgdic\éﬁtragﬁg‘? GE was
carried owraocanding hpe Catinerallllsa aet deabrilfdd d888). weder iceduci ng and
non-reduci ng conditions.. Aninals and cel]_]]nes At hym,c-nude m ce (8
heck. o 8 ST ae CEPTSF et Se) AT Gbt B FEh oA Y ary
(CorrezzangcMtlzap@imbt a8k Yimmunedf optalianecSubisahe 3 aiddvii ead( 8140t weeks
old, female) were obtained fromHarlan UK (Oxon, England) . Muse enbryonal
t er at ocar cilffof# -cel I's (F9), human nel anona derived cells (SK 20 MEL-28) and

mouse; gryel oma cells (SP2/0) were purchased from American Type Culture

Col I ection (Rockville, MD). To induce
All DNA constructs were purified using the Maxiprep system

from Qlagen (Milden, Germany), and the DNA sequences of both
strands c¢f the constructs were confirmed using the ABI PRISM
dRhodamine Terminator Cycle Sequencing Ready Reaction Kit

L5 {Perkin Elmer, Foster City, CA). ARll zrestriction enzymes (RE)
were from Roche Diagnostics (Milan, Italy), with the exception
of BsiWI {New England Biolabs, Beverly, MA). After RE
digestion, inserts and vectors were recovered from agarose

gels using the Qiaquick method (Qiagen}.

Purification and guality control of antibodies
Immuncaffinity chromatography was performed to purify the
different antibodies according to the procedure described by

Carnemolla et al. (24 199%96).

ED-B conjugated to Sepharose 4B (Amersham Pharmacia Biotech.,

Uppsala, Sweden) following manufacturer’s instructions (24

Carnemolla et al., 96) was used to immuncopurify all different

L19 antibody formats, while a column of hen egg white lysozyme
0 {Sigma, St.Louis, USA) conjugated to Sepharose 4B {(Amersham

Pharmacia) was used for D1.3 antibodies.



tunors, nude mce were subcutaneously injected with 16x106SK- MEL-28 cells,
and 129 strain mce with 3x106 F9 cells. The tunor volune was determ ned
with the followi ng fornula: 25 (d)2xDx0,52, where d and D are, respectively,
the short and |ong dinmensions (cm of the tunmor, neasured with a cali per.
Housing, treatnents and sacrifice of animals were carried out according to
national legislation (Italian |aw no. 136 of 27 January, 1992) regarding
the protection of aninmals used for 30 scientific purposes. 39

Radi oi odi nati on of reconbi nant anti bodi es Radi oi odi nation of proteins was
achieved following the Chizzonite indirect nmethod (36 R ske et al.,1991)

usi ng | OD@LCEMBREpGRat edd | O NAd O Luies fPh-esr®e)ard 1actiryate Nal251 5
(NEN Life Science Products, Boston, MA) according to manufacturer's

r ecommendataBrged] Aot RBLERpHrperl Biirarionenns, vene (iRdyasd rges82twas used

for 0.5my pis pratein, Ihei,s dl@iﬁé@'s%%vgvbs@yiﬁédw&n seReRkedifiiom free
1251 usi ng PO 8 Amér sham Phar maci a) ums pre-treated wth 0.25% BSA and

10_eqU|I|tﬂhnqm§tpgrﬁBSY The m@@ﬁcﬁHXQﬁnuww bbrmpe @Qﬂﬁﬂ3¥¥QM%§d establlshed
usi ng & Crystals Y- COUNLEL 5(PAEKATLJNS! LNt 5 oM. 200« bakKhe T

|nnunoreac |V|ty assay o protein was pé forne on a 200p
ED- B Sephastosd .cdRUna003at uvas eﬂeqmmﬁed)t%%ﬁsﬁte n-iRBS atA dkndammanount of 15

radi oi odi nat.ed anti_b 200 % BSA PBS, was __applied on top
and all o é$Q§nPér%g§ed%gF %S%Mnieﬁﬁ% StHerT HaPEse ?ﬂgl 5 m of
0. 25% BSA 4k RBRdt Qsﬁ.ﬁ@DSBSnBA\GE &Qﬁtﬁdxf lr@ahbyn@oaml redri-Hideeticasg Finally, the
i munor eactive bound materjal was el uted using 5 nm of 0.1M TEA, pHi

The 20 radiYHtPRey SPMUABBHHEC HHIM ST ﬁé?%r?%ﬁlQ@%§ﬂbounted and the

per Ce@bagec]:@oxﬂa@@é'@@bﬁ§cgsﬁ{§e§@éi bos esmeasnherl ewd afadha Hiprdeaseagdivity
was al ways hi gher "than 90%
ELISA experiments,

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) , Enzyme Linked Immuncabsorbent Assay (ELISA), size

15 exclusion chromatography and immunohistochemistry
Screening ELISA experiments on the conditioned culture media
were performed according to Carnemolla et al, (24 1396). To
reveal the expression of the different L19 antibody formats,
the recombinant fragment 7B89 (24 Carnemolla et al., 1996},

20 containing the ED-B domain of FN, that includes the epitope
recognized by the 119, was immobilized on Maxisorp
immunoplates (Nunc, Roskilde, Denmark). To detect D1.3
antibddies in ELISA experiments, hen egg white chicken
lysozyme (Sigma) was ilmmobilized on NHZ surface EIA plates

25 (Costar, Cambridge, MA). A peroxidase-conjugated rabbit anti
human IgE (Pierce, Rockford, IL), diluted according to
manufacturer’s recommendations, was used as secondary antibody
to detect 8IPs. A peroxidase-conjugated rabbit anti human IgG
(Pierce) was used in the case of IgGl. For the scFvs

0 containing the tag sequence FLAG, a mouse anti~human FLAG
monoclonal antibody (M2, Kodak) and a peroxidase-conjugated
goat anti-mouse antibedy (Plerce) were used as secondary and

tertiary antibodies, respectively. In all cases the



To further analyze the radioi odinated anti bodi es a known !5 anmount of
radi ol abel ed protein in 200pl was | oaded onto the Superdex 200 col um. The
retention volume of the different proteins did not vary after

radi oi odi nati on. For the three radioiodinated L19 antibody formats and
their negative controls, the radioactivity recovery fromthe Superdex 200
colum was 100% (Figure 3A, 3B and 3C). 340 Biodistribution experinments To
bl ock non-specific accumul ati on of 125 lodine in the stomach and
concentration in thyroid, 30 mnutes before injection of the radiol abel ed
anti bodies mce orally received 20 ng of 5 sodium perchlorate (Carl o Erba,

I[taly) in Thi.s _.pro r t i r or the
duration oﬁ%&gﬁgﬁ?g i%%%?} §§%§xgg%?%%%$§%%f%%%%ggééangggi%%éﬁ%g%ginjected
in the tailusiegnthe tduldtatreo P83 Sof ot hee dbfifdesent{ Reabdepl abél ed anti bodi es

ding to 6 pg.f Fvs,.8,pg for SIPS and LO 18 pg for 1gGs) i
1001 of  SAPRBRE T CEREATRar Condk ot DL i 1% B oRAF ot o point . the

different organs including tunor were excised, weighed, counted in a
y-counter and then fixed with 5% fornmal dehyde in PBS, pH 7.4, to be
procesSed PofUPRTEsHaANbriddesGhapnhFBarmRdlo CREATAEREFAPRY FOLYH MR%t al .

(23 1999). ykhe bbogh Mps saplhed ahserdofoPlBeTaipEepar ahkoputprdef ermne
the stability of the radiol abél ed nol ecules in the blood stream using the

al ready desé&tibedissmintsreactilvet porestiani Wwingefget PrrEeheri biwdhl ysis.
I n both Ca%ﬁ%OﬁQQ%égépéy (%@%%qaﬁmg@ggaﬁs§ggrﬁgagfﬁadioactive content of the
S

di fferent organs xpresséd as percentage of injected dose per gram
(% D/ g). THembhobis td@amrEsce ypanadeffesenf tissveadicgpotehasedtiem iwesdi es

was f11d ed wikh, .k eastaoquares gUNLILEA QN oPLROGIY" FookPl Ntk (NG ss
Macl nt'osh Program Kal'ei dagraph ( Synérgy
gradient SDS-PAGE was carried out according to Carnemolla st

al. (17 1989) under reducing and non-reducing conditions..

Animals and cell lines

15 Athymic-nude mice (8 week-old nude/nude CDl females) were
obtained from Harlan Italy {(Correzzana, Milano, Italy), 129
{clone SvHsd) strain mice (8-10 weeks old, female) were
cbtained from Harlan UK (Cxon, England). Mouse embryonal
teratocarcinoma cells (F9), human melanoma derived cells (SK-

20 MEL-28) and mouse myeloma cells (SP2/0) were purchased from
American Type Culture Collection (Rockville, MD}. To induce
tumors, nude mice were subcutaneously injected with 16x10° SK-
MEL-28 cells, and 129 strain mice with 3x10° F9 cells. The
tumor volume was determined with the following formula:

25 {d)2xDx0,52, where d and D are, respectively, the short and
long dimensions {cm) of the tumor, measured with a caliper.
Housing, treatments and sacrifice of animals were carried out
according to national legislaticon (Italian law no. 116 of 27
January, 1992) regarding the protection of animals used for

30 scilentific purposes.



Software, Reading PA, USA) and the equation: X (t) = Aexp (-(alphat)) + B
exp (-(beta t) where X (t) is the 9D/ g of radiol abel ed anti body at tine t.
Thi s equation describes a bi-exponential blood clearance profile, in which
the anplitude of the al pha phase is defined as A x 100/ (A + B) and the
anplitude of the beta elimnation phase is defined as B x 100 / (A + B).
Al pha and beta are rate 41 paraneters3felated to the half-llves of the
correspondi ng bl ood cl earance phases. T1/2 (al pha phase) | n2/ al pha =
0.692.../alpha TI/2 (beta phase) = In2/alpha = 0.692... / alpha. X(0) was
assuned to be equal to 40% corresponding to a 5 blood volunme of 2.5 m in

each nMoUS&aqiBESHLIS: A0 | Dodednenatati e dbddsidrg the variable regions of
L19 (13 Pini_et al., 1998) different antibody formats (scFv,

M ni - i muRGEr-ebatim iy ComActed RutaR ?%RQ%VQQhéoﬂﬁéﬁﬁnﬁeFF%rnance in vivo
in targetdheezgﬂﬂpé A nYRSEH! i@ 535' SHEE kiShavs 10ke) caashs Ugdso-used to

express the different, L19 antibody fornmats. Simlar constructs wer e
pr epar ed @@Nn@rEth@a&Qﬂ|Eﬂﬂ¥§ﬂh¥9ﬂ0ﬁ§b©$ t%@ﬂgﬁﬂvt§p@@tﬂﬁétﬁoNaa hon-rel evant

ant i gen (Dhed 7 MECALOL! Y5, 26, MR T 5L 8l 99D To obtgin SIPs and 119G,

SP2/ 0 nurine nyel ona cel1s were tfans t he c ructs shown in
Figure 1 andustableerts ansfeotcorasivese Bel @&t ecpgsiteg &@Briﬁétetd:),est

producers nned by ELIS hese cIones we expanded for

ant i body r}u\rﬁeF‘?c e“ﬁta g'{I]’li‘ri ﬁrvisfe’d §P B9 49 A& L e ®anti body formats

was based redibmabaDed fridlidouled @m@ogéﬁ@mewsﬂm reeenbi*nansifp-®10

conjugated to Sggharose The yi el ds mere of about g g 8% for scFv(L19),
nt'r

10mg/ | forlARggs @’P%F?ﬂﬂ?ﬂa'féFﬁuTgsIBEﬁf RAtehEis SpPotetMs were used
scFv(f. 3)equilibrated in PBS. The radicactivity of the samples was

established using a Crystal y-counter (Packard Instruments,
Milanc, Italy). The immunoreactivity assay of the radiclabeled
protein was performed on a 200pl ED-B Sepharose column
saturated with 0.25% BSA in PBS. A ¥known amount of

15 radioiodinated antibody, in 200yl of 0.25% BSA in PBS, was
applied on top and allowed to enter the column. The column was
then rinsed with 1.5 mi of 0.25% BSA in PBS to remcove non-
specifically bound antibodies. Finally, the immuncreactive
bound material was eluted using 1.5 ml of 0.1M TEA, pH1l. The

20 radiocactivity of unbound and bound material was counted and
the percentage of immunoreactive antibodies was calculated.

Immunoreactivity was always higher than 50%.

To further analyze the radioiodinated antibodies a known

15 amount of radiolabeled protein in 200ul was loaded onto the
Superdex 200 column. The retention volume of the different
proteins did not vary after radioicdination. For the three
radioicdinated L19 antibody formats and their negative
coﬁtrols, the radioactivity recovery from the Superdex 200

0 column was 100% (Figure 3A, 3B and 3C).



specific for hen-egg | ysozyne, and, using the variable regions of scFv
D1.3, D1.3-SIP was constructed. These two anti bodies were purified on
hen-egg | ysozynme conjugated to Sepharose. The 42 vyields were of 8 and 5
ng/ 1, respectively. As control for L19- 1gd we used commercially avail able
human 1gGLl/x (Sigma). SDS-PAGE analysis of the three purified L19 formats
was 5 perforned, under both reducing afil non- reduci ng conditions. For
scFv(L19)., the apparent nass was, as expected, about 28 kDa under both
reduci ng and non-reduci ng conditions (not shown). The L19-SIP showed a

nol ecul ar mass of nearly 80 kDa under non-reducing conditions, and had a
mass of alsdudid0rkbat 1dh ungerrimediiei ng conditions. The results denonstrated
that nore than 95% of the native nol ecule exists as a coval ently-1inked

di mer xpect ed, . a_ i n and f about 180 nder
non- reduc%ﬁggg%ﬁ% ﬁgxaﬁﬁs e 2CGREBET Eﬂhcﬁp anﬁn?l%%s%llﬁtg omgd t Wo
bands cor ra@ﬂp@ﬁﬂtﬂgtﬁaxﬂdm :Jre&\hyroEdpham nnmutmobbfaﬁekﬂaaj agedidhend i ght
chai n of about 28 ﬁg§§ El ution profiles of the three é ? antipgdy formats
anal yzed Bye §Ro%° 1Re GRRGHEE ot SpHF A Sup &RGEL VSB0F OvY 2 obt ai ned. In

all thyee £ases Gesdmdl @ iRedcawibhrapaormadl Wi st wadkk-onThand representing
nore than 98% was detected. Using a standard O calibration curve, the

appar ent PSPEEHNE? WA SEPaates 66 RPR 11tRIedpy EProfhe gekpai9Hrol19-SIP and
180kDa fon, k9t 9Gdntddh xt:le%ﬂ’tsmi’&ﬁé&-@fea%ﬁgﬂfgeg\.%hgsw@?@ &ifd en

present in reconblinant protein preparations and that may invalidate the
results obmaﬁh@dthJV?ln\Nlﬁmﬁhﬂesmmb¢%fﬂ@ﬁﬁﬁ%ﬁﬁiﬁ@aenﬁ bad 5o ks,

SDS- PAGE x aphy, e 0 e on the
purified %@%% %§o elns%gﬁég'ggﬁk %lfé$5 %%%klng ghégg @%gﬁllfferent
L19 anti bady phofomt BgGd) |ﬂnnnﬂmmﬂsbﬁchehimeu Tanaky sedmadsewpee f or ned on

cryost at

gsacrificed per time point, the different organs including

tumor were excised, weighed, counted in a y-counter and then
fixed with 5% formaldehyde in PBS, pH 7.4, to be processed for
micreocautoradiographies, performed according te Tarli et al. ‘

5 (23 1993).

The blood was sampled also for plasma preparation to determine
the stability of the radiolabeled molecules in the blood
stream using the already described immuncoreactivity test and

0 the gel filtration znalysis. In both cases 200 ul cof plasma
were used. The radiocactive content of the different organs was
expressed as percentage of injected dose per gram (%ID/g).
The blood clearance parameters of the radiociodinated
antibodies was fitted with a least sguares minimization

j procedure, using the MacIntosh Prcgram Kaleidagraph (Synergy
Software, Reading PA, USA) and the eguation:

X {t) = A exp (-{(alpha t}) + B exp (-(beta t)

where X (t} is the %ID/g of radiolabeled antibody at time t.
This equation describes a bi-exponential blood clearance
profile, in which the amplitude of the alpha phase is defined
as A x 100 / (A + B) and the amplitude of the beta elimination
phase is defined as B x 100 / (A + B). Alpha and beta are rate



sections of SK-MEL-28 human nel anonma i nduced in nude mce, and of F9 nurine
teratocarci noma i nduced in 129 strain mce. Optinmal results were obtained
at concentrations as low as 43 0.25-0.5 nM Al three purified L19

anti bodi es recogni zed identical structures. In vivo stability of the

radi ol abel ed L19 anti body formats 5 For in vivo biodistribution studies,

SK- MEL- 28 human nel anoma and F9 nuringiteratocarci noma were used. SK-MEL-28
tunor has a ‘relatively slowgrowh rate while, F9 tunor grows rapidly
(Figure 2). Therefore, the use of SK-MEL-28 tunor enabled [|ong-I|asting
experinments (up to 144h), while F9 tunmor was LO induced for short

bi odi stributi st udi p.to. 4 AL e _-bLodi j i perinments
wer e perf%#%%%ﬂﬁﬁ§h§ﬁﬁét%§n%§th%iﬁ%}éﬂﬁiiégiﬁgtgﬁy %é%%%%ﬁ?éﬁ%ﬁ%%For
conpari sopl @fd tdiearamiceuphaaas i bb? f gripitas phege) nel a2 animhet s (0.1 nnol ) in

rad o odi fal Gt COARALLUAr 4oF T1 AP0 23 FRRFHARS (hed - § Fnimoreact i vi ty and

gel filtratpran @i heswekeusbeckedd sefalMabenna) scante RIMDAS) to a

| mrunor eactivity. of the radiol abel'ed proteins was always nore than 90% o
Fi guré 3 Alepd sidiine ©feZpPoli | &3 ACR MOUFEl filtration analysis (Superdex
200) of the radioiodinated L19 antibody formats. Bl ood sanples were taken
fromtreated aninmals at the different i tine intervals frominjection and
the radi oBESVAMI3y present in plasnma was anal yzed for imunoreactivity and
by gel filtration chromatography. Gel filtration profiles showed a single
maj or peak, having the nol ecular mass of the injected protein, for al

t hree L1%mnthdabhdyp fepramatrdonOnly the profile of the scFv reveal ed a second
peak having a hi gher nol ecul ar nmass, suggesting formation of aggregates
(Figuoe 3ugkrig .the variable regions of L19 (13 Pini et al., 1998)

different antibody formats (scFv, mini-immunoglobulin and -
complete human IgGl) and their performance in vive in

targeting tumoral vasculature.

5 Figure 1 shows the constructs used to gxpress the different, g
L19 antibody formats. Similar constructs were prepared using
the variable regions of the scPFv specific for a non-relevant

antigen (D1.3; 7 McCaffertys 26 Neri et al., 1997).

)y  To obtain SIPs and IgGl, SP2/0 murine myeloma cells were
transfected witﬁ the constructs shown in Figure 1 and stable
transfectomas were selected using G418. The best producers
were determined by ELISA and these clones were expanded for
antibody purification. The purification of all three L19
antibody formats was based on immunoaffinity chromatography
using recombinant ED-B conjugated to Sepharose. The yields
were of about 8 mg/l for scFv(L19), 10mg/l for L19-SIP, 3 mg/l
for L19-IgGl. For the control proteins were used scEFv({DL.3)
specific for hen-egg lysozyme,.and, using the variable regions
of scFv D1.3, D1.3-SIP was constructed. These two antibodies

were purified on hen-egg lysozyme conjugated to Sepharose. The



Furthernore, the formation of |arge nol ecul ar nass aggregates not eluting
fromthe Superdex 200 columm, was observed for 44 scFv(L19)2. In fact,
while the recovery fromthe Superdex 200 colunm was 90-100% of the applied
radi oactivity for both L19- SIP and L19-1gG the yield of the | oaded

radi oactivity of scFv(L19)2 was about ?5% The retained radioactivity was 5
recovered only after washing the chr ond ography colum with 0.5M NaCH,
denonstrating that |arge aggregates were bl ocked on the colum filter
(Table 1). Table 1 also reports the results of the i munoreactivity test 10
performed on plasnma (see Materials and Methods). Over the tine of the
experi mentydeliiwSt® ahd L8 15g@g/dmi ne s et vdiey -s dme conmmubhofenctiSH ty in

pl asma as _t starting reagents.. On_th ontrary, ready.3 hours after

i nj ection Itgﬁz FRnIRe? e 2T '(ﬁfs‘ué’f agg,&@fﬁ%) I?ar{y&lg?s%é( \C/{/é%grr“% uced to |ess
than 40% 15 Conparative biodistribution experinents Tables 2 a, b, ¢ and
Figure 4 report the results obtained in the bj (}gié;stri buti on experinents

with the rASr8PrEbetH I AUhnitfhsodfései RSN 128 FoiBrtBedRfng nice. 20

Tabl ess 2 3,376 r2BQW udde Middiar arlqutch ABSahd 0B -readdiingCltbanieiond he
radi ol abel' ed anti bodi es, the average (SD) of the 44D/ g of tissues and
organs, i fetudrhg{ldbr sthe soRe ufesa Wb depiciredtede #BPRAtiONs of the

“Dig of uhg uﬂhé{;e}%cﬁgﬁ %ﬁdé{%y ah@r %ﬁsr'{h%is rco(rﬁ)itﬁ'%gsbg?gg (B) at the

different tines o experinments, as we he ratios ( bet ween t he
% D/ g in tawewn)andhdl bbb S |shidvede aLnolegitl bodias S erinmaesrd gl 86t kel vy

accumul at g 40 LBe_LUBPL A00 408 BLLO Oha ' Al 3f bUTRT 4§Ngh Ot her

organs are reported in
10 under reducing conditions. The resulis demonstrated that more

than 95% of the native molecule exists as a covalently-linked
dimer. L19~IgGl showed, as expected, a main band of aboutf 180
kDa under non-reducing conditicns, while, under reducing
conditions, it showed two bands corresponding to the heavy

5 chain of about 55 kDa and the light chain of about 28 kDa.
Elution profiles of the three L19 antibody formats analyzed by
size exclusion chrcmatography (Superdex 200} were obtained. In
all thres cases a single peak with a normal distribution, and
representing more than 98%, was detected. Using a standard

0 calibration curve, the apparent molecular masses were 60 kDa
for scFv(L19),, 80kDa for L19~SIP and 180kDa for L19-IgGl. In
addition, molecular aggregates that are often present in
recombinant protein preparations and that may invalidate the
results obtained in in vivo studies were demonstrated to be

3 absent. 8SDS-PAGE and size exclusion chromatography (Superdex
200} performed on the purified control proteins gave similar

results.

Using these three different 119 antibody formats,

' immunohistochemical analyses were performed on cryostat
sections of SX~MEL-28 human melanoma induced in nude mice, and
of F9 murine teratocarcinoma induced in 129 strain mice.

Optimal results were obtained at concentrations as low as



As denonstrated by m croautoradi ography, the antibodies accunulate only on
the tunor vascul ature, whereas no specific accunulation on the vascul ature
of normal organs was seen. By contrast, no specific accurulation of the
radi oi odinated 5 control nolecules in either tunors or normal tissues was
found (Tables 2 a, b, c). Al three L19 antibody formats showed a cl earance
that was nediated nainly by the kidne$#3 as deternined by counting the 10
uri ne sanples. As expected, clearance rate was faster for scFv(L19)2 and
slower for the conplete L19-1gGl. Fitting of the curve with a bi exponenti al
function yielded the half-live values reported in Table 4. 15 Figure 5

depi cts tMeZBaDlaImmuuﬂﬂM1ﬁwreé%bakgfiéﬁ»Lxﬁ anibodiandrbtogidiodd ai ned with

t he radi oi,odi nat scFv 2 and L19- SIP using the F9 teratocarci noma
tunor nodédenp ' angi ogenic activity of F9 teratocarcinoma,
accunul ation of rad| oactive nolecules in this tunmor was 3 to 4 tines

hi gher, 3 20 and 6 h after i.v. injection than in SK-MEL-28 tunmpr and was

per si st entd?y VAvghefak bl §5h€f4841?ed6|”|a§t1?6¥?%1fe‘{ He FeRpéiPRekt fopeatys or

SK- MELy 28 gy, v§‘9§%1fdcﬁ AGAWIML BRI 9Py dfled UKL MEY.AS QUL Ak HE mdBs, GeNf i r med
by m croautoradi ography, -while no specifi ¢ tunor accunul ati on was seen

after injéodi 6A ohrite wradomarcingphectresisach PELMEL528r Burepdtaed t he

% D/ g of d e I jectlon in
F9 turmrsrle%%gggy% or a#ir%%gy tetgl !'s“fl% e @u%eﬁ%ﬁlgggﬁl% 56‘3 % sol ution of
375pg (5nnalipukt9z2 Sl F"Themedfzmml EIBS ueeeoﬁcﬂ:i@ddElSG@I LuGEP- enhluiem‘.)n (14. 34nyg
TCEPxHO / 5m_ _aquepus Na . 1 H= 1.4) e atlon mxturewas
gently sh%?@ﬁhg?jf’ e ?Xp%ﬂe"gédmgdgflbtl@ p \}’\qélslﬁpur%lsflg

gel - chr ommagbaphyoﬂss;mg:ﬂ@nomil%l?iﬁucgbmrm:u(damr S(Iu@rrn:thaant APBShe

SDS- PACGE anal ysi s
ﬂ od strlbutlon experiments were performed when the tumors

were approximately 0.1-0.3 cm®.

For comparison of the various
antibody formats, eguimolar amounts (0.1 nmcl) in 100pl of
gterile saline were injected. Before injection, the

5 radioiodinated compcunds were filtered 0.22 pm and the
immunoreactivity and gel filtration profile were checked (see
Materials and Methods}). Immunoreactivity of the radiclabeled

proteins was always more than 20%.

0 Figure 3 A-C reports the profiles of the gel filtration
analysis (Superdex 200) of the radioiodinated L19 antibody

formats.

Blood samples were taken from treated animals at the different
5 time intervals from injection and the radiocactivity present in
plasma was analyzed for immunoreactivity énd by gel filtratiocn
chromatography. Gel filtration profiles showed a single major
peak, having the molecular mass of the injected protein, for
all three L19 antibody formats. Only the profile of the scfv
revealed a second peak having a higher molecular mass,
suggesting formation of aggregates (Figure 3 D-F).
Furthermore, the formation of large molecular mass aggregates

not eluting from the Superdex 200 column, was observed for



the isolated product proofed the quantitative transformation of L19-SIP to
reduced L19-SIP. 5 Yield: 100.3pg/200pl PBS (26.7% . Synthesis of

Tc-99m L19-SIP 3.0 ng disodiumlL-tartrate were placed in a vial followed by
addi tion of 100.3pg reduced L19-SIP in 20091 PBS and the 10 solution was
diluted with 100pl1 aqueous Na2HPO4-buffer (1M pH = 10.5). 85pl Tc-99m
generator eluate (24h) and 1091 SnCl2- 44olution (5ng SnCl2/1m 0. 1M HC1)
were added. The reaction m xture was shaken for 0.5h at 37C. Tc-99m | abel ed
L19-SIP was purified by gel-chromatography using a NAP-5 col um L5
(Amersham Eluant: PBS), Radiochem cal yield: 35.6% Radiochenical purity:

90. 2% ( SDt 1 fi i y. IR0k n%ém agfy vity:
91.4%5 S?ﬁ?ﬁ%ligs 2of OI'IIS%Qt N&aﬁ% ghés %e%gfre%lﬁq met hhe b8 ut di sul fide A

sol ution eblomn 76rd {O:13HnwL) tmerreppbmab Ia?cdélqa@ta@iléy fﬂB Wh (f0.%312np1)
triethyla 2 N- t OC- hydr azi ne
in 11 EtoEFEa% ?L%l/\ggq% e g %ﬁg&%g%ﬁg@% fsPon B on

was evapoeaFedLD%ﬁbrwasr@d1m1¢d5|5ﬁ~es'$heerémzala‘d naldivettireioy wdout 200nml. The

id d 1.81 H20O f th | t i 47
\r/vggl ag’jeus\fqggo{gggggl%{ﬁ/sl “Sndfg lﬂﬁc%l hr%%tﬁ)e%%gz%‘él susgi nzlrgg of f

and the pH.ek theH) eSdidridiGasohyt LRAL WBsSr@djdigiredatbe deZeUsidi@ked on

hal f-concentrated HC .. Crude material was extracted fromwater 3x with 600
m  CH2C12Fh§heotdbi held s orgatecli ayers were dried over MySO4 and the

sol vent was evaporated under reduced pressure yielding 41.1g (80% as a

Table 1 also reports the results of the immunoreactivity test
10 performed on plasma (see Materials and Methods). Over the time
of the experiments, L19-SIP and L19-IgGl maintained the same
immunoreactivity in plasma as the starting reagents. On the
contrary, already 3 hours after injection the immunoreactivity
of scFv(L19}2 in plasma was reduced to less than 40%.
15

Comparative biodistribution experiments

Tables 2 a, b, c and Figure 4 report the results obtained in
the biodistribution experiments with the radiolabeled 119
antibodies in SK-MEL-28 tumor bearing mice.

20
Tables 2 a,b,c show, at different times from i.v. injection of
the radiolabeled antibodies, the average (*+3D) of the %ID/g of

tissues and organs, including tumors.

5 In Figure 4 are depicted the variations of the %ID/g of the
different antibody formats in fumor (A) and blcod (B) at the
different times of the experiments, as well as the ratios (C)
between the %ID/g in tumor and blood. All three L19 antibody
formats selectively accumulated in the tumor and the ratio of

0 the $ID/g cf tumor and other organs are reported in Table 3,



yellow oil. The material was pure enough for further synthesis. 10

N- (benzyl oxycarbonyl -A@y)Gly t-butyl ester (Z-(NNAy)dy t- butyl ester A
solution of 35.02g (114nmol) Z-d y-0Succinimde and 15g (114mml) dy-OtBu
in 1.41 CH2C12 was stirred under N2- atnosphere at roomtenperature for 20
h. The organic |ayer was 15 washed 3x with 250nl 1% aqueous citric acid, 2x
with 200m hal f-saturated agueous NaHE® and | x with 200ml water. The
organi c | ayer was dried over anhydrous MgSO4. Evaporation of CH2Cl2 under
reduced pressure yielded 36.5 g (99% Z-dy-Ay-o0- tBu as a yellow oil. The
crude material was pure enough for 20 further synthesis. Gy-dy t-butyl

ester 36. g dehbdsHEBL2d Oby Zn{d Msddr@aBygwesey ditgsoled goaids THE fol | owed

by the addition of 3.65 g palladiumon charcoal (10 ?5 % . The nmi xture was
stirred urRiErnrRaiendsphere hatiyrororasrulaurdomheaifser aCuFESCThHEC

suspensi on, Vas, it it TEEf41 t &l Q t
filtrate \?\aias ggﬁggﬁgrgft]egh%lﬁvdae%d%lgggggd&grrgi%%le d;Lirge r%i %%8@%8 (%’E% dy-
d y- Ot Bu asaagsl | ow speécifhe aravelptieriaf Viss pulieieddughedl0 for

further synthesi.s. rboxy nethyl.-t-butyl _disulfid l.ycyl gl ycine

o butyP oot e R s BrERPORe b (B et Btir e Tib¥hanet )Pt T e B E5uas

dr opwi se adrede=ozaasobutépn of 21.76 g (115.6 mmol) Ay-dy 48 O tBu,
20.84 g (115.6 mmol ) Carboxy nethyl-t-butyl disulfide and 13.3 g (115.6
mml) NHS in 1 1 CH2C12. The resulting suspension was stirred over night

under N2- ai1MOSPRREELAD EROIBoAL MORLY 8hovdd & diddr=aidconnkbieysgsul ting
solution was 5 washed 3x with 400nm hal f-saturated aqueous NaHCO3 and | x

with 400 TEAhREESr MaFRdY dPY el rigieicy /| ayefe MR Wik carapdrdt bie

10 urine samples. As expected, clearance rate was faster for
scFv(L19)2 and slower for the complete L19~IgGl. Fitting of
the curve with a biexponential function yielded the half-live

values reported in Table 4.

15 Figure 5 depicts the variations in the %ID/g (%SD) of tumor
and blood obtained with the radiociodinated scFv{L19)2 and L19-
SIP using the F9 teratocarcinoma tumor model. Due to the high
angiogenic activity of F9 teratocarcinoma, accumulation of
radioactive molecules in this tumor was 3 to 4 times higher, 3

20 and 6 h after i.v. injection than in SXK-MEL-28 tumor and was
peisistently higher for the 48h duration of the experiment. As
for SK-MEL-28 tumor, specific accumulation in tumor
vasculature was confirmed by microautoradiography, while no
specific tumor accumulation was seen after injection of the

25 control molecules. In Table 5 are reported the %ID/g of
L19(scFv) and L198IP, at different times after i.v. injection,

in ¥9 tumors and other organs.

Synthesis of reduced L19-SIP

30 To a solution of 375pg (Snmol) L19-SIP 1in 422pl PBS were added
50nl TCEP-solution {(14.34mg TCEPxHCl/5ml agueous NazHPO,, 0.1M,
pH = 7.4). The reaction mixture was gently shaken for 1h at

37°C. Reduced L19-8SIP was purified by gel-chromatography using



under reduced pressure. The crude product was purified by chromatography on
silica gel using a solvent gradient ranging from CH2Cl12/ MeOH 99:1 to
CH2C12/ MeOH 98.5:1.5. 26.1g (64 %9 were 10 isolated as a yellow oil.

Mer capt oacetyl glycyl glycine 26.32g (75.09muvol ) Carboxy nethyl-t-butyl

di sulfide glycyl glycine t-butyl ester were dissolved in 233m TFA under
N2- 15 atnosphere. The resulting solutidn was stirred for 20mn at room
tenperature. TFA was evaporated under reduced pressure (5-10 x 10-2nbar)
and the resulting oil was dried under stirring for additional 2h (5-10 x
10-2nbar) . After addition of 250m Et20 a white powder precipitated and

t he suspensi@nR_ t e eri 2 fi 0, and
resuspende%(slegﬁ@n\é?g&%gm% %@%{é—j‘%eﬁf“?ﬁﬁg g%i)p'enﬁso\r?@%arﬂs a?t%??gg% %)%/er ni ght,
t he produdthendsofiateéreodidt anpafled theeqiantvigside ddaasfornapie®nper at ure
under redu r ure yiel di 0.460 (92.5% as a white powder. 25
Nbrcaptoaégfgﬂ@gs§§yfog¥%éﬁé€§] gé?ér Mer capt oacetyl glycyl glycine (ig,
3.4 mol) and N- hydroxysuccinimde (391 ng, 3.4 nmmol) are conbined in a dry

round bottom.flask apnd di | ved in _anhydrous DVMF (4 nml). DCC 30 (700 nyg,
3.4 ml) %Wlﬁlﬁhgapoggggé@@'ﬁnep%(sz (%G)Q\ng added while stirring the reaction

mxture. Wthin 15 mn a precipitate (DCU) begins to form After 1 h the
precipitate is renoved by vacuumfiltration. The precipitate was washed
with col d #athgisggané. TTheilohéme fvas removed fromthe filtrate. The

product was, W%%CHEEgéi&g—ﬁI%ﬁr@%er SRRLNE DGR S WhiZan £3Y 1 oaddi By
di ethyl ether. The product was isolated by filtration, washed with cold
di et hyl et festditame dfi €00 Fira nafined 518e8T8 chr o0 bvemiiSglend Yhel d: 1.33 (99
% . 10 solution was diluted with 100pl aqueous NaHPOs-buffer (1M, pH
= 10.5). 85pl Tc-99m generator eluate (24h) and 10pl SnCl,-
solution (5mg SnClz/lml 0.1M HCl) were added. The reaction
mixture was shaken for 0.5h at 37°C. Tc-99m-labeled L19-SIP

was purified by gel-chromatography using a NAP-5 column

L5 (Amersham, Eluant: PBS).
Radiochemical vield: 35.6%.
Radiochemical purity: 90.2% (SDS~-PAGE).
G »
Specific activity: 26.4MBg/rmol.
Immunoreactivity: 91.4%

5 Synthesis of Tc-99m-MAG,;~L1G-SIP Carboxy methyl-t-butyl
disulfide

A sclution of 21.75ml (0.312mol) l-mercapto-acetic acid,

43.5ml (0.312mol) triethylamine and 100g (0.312mcl} N-(tert.-

butylthic)}-N,N'-di-BOC~hydrazine in 11 EtOH (abs.) was heated
0 under reflux (Nz-atmosphere) for 6Ch. ETOH was evaporated under

reduced pressure to a final volume of about 200ml. The residue

was poured in 1.81 H,O and the pH of the resulting suspension



Synt hesis of Tc-99m MAG2-e-HN(Lys)-L19-SIP 200 pg (2.66 nnol) non-reduced
L19-SIP in 111 pl PBS were diluted with 300 pi of sodium borate buffer

(O 1IM pH 8.5 and 10 dialyzed 2 x 1 h with 200mL of phosphate buffer
(0.1M pH 8.5) enploying a Slide-A-Lyzer 10,000 MACO (Pierce Inc., Rockford,
IL, US A). 50 pl of nercaptoacetyl glycyl glycine NHS ester solution
(0.50 ng dissolved in 500 pl of phosphat? buffer, 0.1M pH 8.5) were added
and the reaction mxture was heated 15 for 3 h at 37C. The reaction m xture
was dialyzed 2 x 1 h and 1 x 17 h (over night) with 200 ml of phosphate
buffer (0.1M pH 8.5) each, enploying the Slide-A-Lyzer 10,000 MACO (Pierce

Inc., Rockfoy daibbted BoAT)14 ?usp_u@ sto39di MaH - tRYtHRL-, JB@inadded to the
vial followed by addition of. 90 pl Tc-99m 20 generator "el uate (el uated

dai l'y) and28sicegnefs- spfuthe Pl Sifg thenceprl king. SMHEHR Wake 28ddeERd The
reaction '%tzurzeu‘gﬁggsﬁakfﬂco égntofa%dah&%%rﬁ-%%{%%bﬁ' §dsL19- SI P was

purified by gel- mat ogr aphy using a col um (Amersham El uent:
PBS). 25 Radirecheri ¢abmywetdr 5hx Wwidh RAadi nthetdCdal PoeitgmbOrkd %

(SDS- PAGE) . Speci,fic activity;. 15.2 MB . ngreactivity: 81.1
UBynt hisi SO HRE- 188°F T 97 e P X]:’s'l.%;r?ﬂe&i @égg‘grﬁnﬁ u%t Fgﬁge%tr‘@a%l aced in a
vial foll oxmeshdintedOuaddit Foduadd Qpguikedyucetkind-Al A-SHeios)346141 PBS and
the solution was diluted with 100111 aqueous I\%%Ll-jlgm;fuffer (1M pH 10.5).
100p1 Re- 168 g&hé&rar of 8| HatecHhd B¢ PUSRCER8t ut 3ot UHSifg Sncl 2/1m 0. 1M
HCl) were siEhe reaction m xture was 50 shaken for 1.5h at 37C.
Re- 188-1 abel ed L19-SIP was purified by gel-chronmatography using a NAP-5
colum (Amersham Fluent: PBS). 5 Radiochem cal yield:34.8 % Radi ochem cal
purity® 9W-2(lan=SBgxpPAGEPonyl-G1ly)Gly t-butyl ester (Z-(N-Gly)Gly t-

butyl ester

A solution of 35.02g (1l4mmol) Z-Gly-OSuccinimide and 15g

(114mmol) Gly-O-*Bu in 1.41 CH,Cl, was stirred under Ny-
atmosphere at room temperature for 20 h. The organic layer was

15 washed 3x with 250ml 1% aqueous citric acild, 2x with 200ml
half-saturated aquecus NaHCO; and 1x with 200ml water. The
organic layer was dried over anhydrous MgS0,. Evaporation of
CH;Cl, under reduced pressure yielded 36.5 g (99%) Z-Gly-Gly-~0-
‘By as a yellow oil. The crude material was pure enough for

20 further synthesis.

Gly-Gly t-butyl ester
36.5 g (113 mmol) of Z-Gly-Gly-O'Bu were dissolved in 11 THF
followed by the addition of 3.65 g palladium on charcoal (10
25 %) . The mixture was stirred under H; atmosphere (latm) for 3h
at room temperature. The suspension was purged with Ng,
filtered (PTFE-filter: 0.45um} and the filtrate was
concentrated under reduced pressure yielding 20.3g (95%) Gly-
Gly-0-*Bu as a yellow oil. The crude material was pure enough

10 for further synthesis,

Carboxy methyl-t-butyl disulfide glycyl glycine t-butylester
A solution of 23.85g {115.6mmol} BCC in 430ml CH,Cl: was
dropwise added to a solution of 21.76 g (115.6 mmeol) Gly-Gly-



Specific activity: 13.5 MBg/nnol. |Inmmunoreactivity; 91.7 % 10 Synt hesis of
reduced L19-SIP for specific conjugation of EDTA, CDTA, TETA, DTPA, TTHA,
HBED, DOTA, NOTA, DO3A, and a like type chelators to the Cysteine-SH group
50pl1 TCEP-sol ution (14.34ng TCEPxHC1/5m aqueous Na2HPO4, O 1M pH = 7.4)
were added to a solution of 375pg (5 nnol) L19-SIP L5 in 422pl PBS. The
reaction mxture was gently shaken for kkh at 37C. Reduced L19-SIP was
purified by gel -chromat ography using a NAP-5 colum (Anersham Fluent:

sodi um acetate buffer, O 1M pH 5.0). SDS-PAGE anal ysis of the isolated
product proofed the quantitative transformation of L19-SIP into reduced

L19-SIP. 0,Yitel| d:,,1Q5. Opl . 29 n is_.0f ; ~

In-111- MX- DT A-’lvazloe'i%?}i §2%%%/§)m@§ é%Pﬁ%(’&egﬁfedtﬁcbeu vl §BS5EE9%8 ol )
reduced L18a8| BBih Q00 5l cofameddli WHS atetlatle CHeC huf ffave (@siMeipid 5) were
reacted with 50pl. of dissol,ved, 1,4,7-tri,aza-2- | ei m.do et hyl ene

o o) berdgpes At e BRnEeTa Svae S IR N TR P e R8T ane
(0, 25ng DiEfpdbdieird . deftrS5E0pkraodowmiacetatethuff eo 1@ idh pkdb) for 3 h
at 37C.. The reactjon nm.xture_was_di alé/zed 2x 1 hwth 200m_ of sodium
acet at € bufPERe 03 M1 5FH 46 MenpRé YT Ayt BraiSAURCEG 2 8RHEE: GAG MACH ERi er ce
Inc., Rockignogl lhatdd Smhe) drdda 80gmhid el IiMBELD seldidapokbEla | N 40

MBg, Amershaminc.) were added and the reaction mxture was heated at 37C
for 30 ni #ndsr|yedyded FFESEHTrBTPRAREE BRI deodueysyag 1ous Fiefdpurified by
gel - chr omatagrg IO of NAR3 3oL s (TR $RatenEl YeRk; B)rqi
Radi ochem ca? y?%%%ﬁ?llﬂ% % i’olégdgochenj‘i cal puri tli/l: g?. Zl%E(SDéT-gI%,R&) .

from CHyCl,/MeOH 99:1 to CHCla/MeCH 98.5:1.5. 26.1g (64 %) were

10 isolated ag a yellow oil,

Mercaptoacetyl glycyl glycine
26.32g (75.09mmol) Carboxy methyl-t-butyl disulfide glycyl
glycine f-butyl ester were dissolved in 233ml TFA under Np-

15 atmosphere. The resulting solution was stirred for 20min at
room temperature. TFA was evaporated under reduced pressure
(5-10 % 10%mbar) and the resulting oil was dried under
stirring for additional 2h (5-10 =x 10"%mbar) . After addition of
250ml Et;0 a white powder precipitated and the suspension was

20  stirred for 3h. The material was filtered off and resuspendead
in 100ml Etp;0. The resulting suspension was stirred over night,
the product was filtered off and the material was dried at
room. temperature under reduced pressure yielding 20.46g

{92.5%) as a white powder.

* Mercaptoacetyl glycyl glycine NHS ester
Mercaptoacetyl glycyl glycine (L1g, 3.4 mmol} and N-
hydroxysuccinimide (391 mg, 3.4 mmcl) are combined in a dry
round bottom flask and dissolved in anhydrous DMEF (4 ml). DCC
30 (700 mg, 3.4 mmol) in anhydrous dicxane (2 ml) was added while

stirring the reaction mixture. Within 15 min a precipitate
(DCU) begins to form. After 1 h the precipitate is removed by

vacuum filtration. The precipitate was washed with cold



Specific activity: 7.9 MBg/nnol. |Imunoreactivity: 88.5 % Synt hesi s of

MX- DTPA- Mal ei mde (1,4, 7-triaza-2-(N-mal eimdo 15 et hyl ene

p- am no) benzyl - 1, 7- bi s(car boxynet hyl ) - 4- car boxynet hyl  6- net hyl heptane) 512
ng (1 -mmol) of {[3-(4-Am no-phenyl)-2-(bis-carboxynet hyl -

am no) - propyl ] -[ 2- (bi s- car boxynet hyl - am no) - propyl ] -am no}- acetic acid
(Macrocyclics Inc. Dallas, TX, U S A) apd 707 ng to (7 mmol) triethylam ne
were dissolved in 3 mM dry DVF. 400 ng (1,5 mmol) of

3- (2, 5-Di oxo- 2, 5-di hydro-pyrrol -1-yl)-propionic acid

2,5-di oxo-pyrrolidin-1-yl ester (Aldrich) in 1 mM dry DMV were added
drop-wi sel y., The sal.,ution wa irred fo h 0 f

di et hyl et hé%o Bre a(}laee lsqxg\ﬂ%y%g?héerp%‘é%# i%rﬁgm i%emég%g}:gg%?% irred for
further 30pfbducTheapreedqlipiateedasron ot eaterd iby nki DMer sagut dIdre kor ude
product was purified by RP- HPLC (acetonitrile- : ter- ..trifluoracetic
acid / 3 :aég,ﬂ@g d %’Efiyl-e;%,-gl‘f%eo?.ro%‘} § wag SPgLabes, %Moﬁl "3 BY ol ) .
MB- ESI: 6G4smedhyithh B2 diStAYheshs: fadd -dkibdV¥nDEPAasulil Lys) - L19- SI P
200 pg (2.66 nrml% non-reduced L19-SIP in 111 pl PBS were diluted with 300
pl of $odi dAFbeFater RFFELIG. - 1Viepfr 81 533 ari? *di-al yzed 2 x 1 h with 200ntd
of sodium borate buffer (0.1M pH 5 8.5) enploying a Slide-A-Lyzer 10,000

MACO (Pierge lLnc.. Rockforgd, I US. A). .50 pl 1,4,7-triaza-2-(p-

i sot hi ocyaqﬁgPSE%%%%y‘?f ﬁ%-%msf@gf b‘%%’)ﬁé%’ﬁ&l ?lg%ggr’ boxynet hyl - 6- et hyl

hept ane (MEODTRA) (504 ®tringl )( Bod3 regudds DTPA-sdirsdel ved pilnpBO0«gde of sodi um

borate buffer, 0.1M pH 8.5 re added 10 and the reaction m xture S

heat ed for_délﬁtﬁ‘fl_“%@ %QJT&CFPS%IH% TR \?@é@f&iraﬁﬁziﬁ' P& gil’lr# 1 x 17

h (overp nigght yz¥kth 200 Priyieh sodhum acsiadd e barred. 1M 1pH & @).5)
employing a Siide-A-Lyzer 10,000 MWCO (Pierce Inc., Rockford,

IL, U.S8.A.). 50 pl cf mercaptoacetyl glycyl glycine NHS ester
solution (C.50 mg dissolved in 500 pl of phosphate buffer,
0.1M, pH 8.5) were added and the reaction mixture was heated

15 for 3 h at 37°C. The reaction mixture was dialyzed 2 x 1 h and
1 x 17 h (over night) with 200 mi of phosphate buffer (0.1M,
pH 8.5) each, employing the Slide-A-Lyzer 10,000 MWCO (Pierce
Inc., Rockford, IL, U.S.A.). 3.0 mg discodium-L-tartrate were
added to the vial followed by addition of. 90 pl Tc-99m

20 generator eluate (eluated daily) and 25pl SnClz-solution {5mg
SnClz/1lml C.1M HCL) were added. The reacticn mixture was shaken
for 0.5h at 37°C. Tc-99m-labeled L19-SIP was purified by gel-
chromatography using a NAP-5 column {Amersham, Eluent: PBS).

25 Radiochemical yield:55.1 %.

Radiochemical purity: 94,5 % (SDS~PAGE) .
Specific activity: 15.2 MBg/nmol.
Immunoreactivity: 81.1 %Synthesis of Re-188-L19-8IP

3.0 mg disodium~L-tartrate were placed in a vial followed by
30 addition of 150pg reduced L19~8IP-SH in 310pl PBS and the
solution was diluted with 100pl aqueous NaHPOs-buffer (1M, pH
= 10.5). 100pl Re-188 generator eluate and 50pl SaCl;-sclution
(bmg SnCly/1ml 0.1M HCl) were added. The reaction mixture was



each, enpl

| abel ed MX- DTPA-s-HN(Lys)-L19-SIP was purified by gel-chromatography using

oying the Slide-A-Lyzer 10,000 MACO (Pierce Inc., Rockford, IL,
USA). 1580 pl [In-1ll]Ind3 solution (HC1, IN, 40 MBg, Anersham I
wer e added and the reaction m xture was heated at 37C for 30 mn. In-111

nc.)

a NAP-5 colum (Amersham Eluent: 2?0 PBS). Radiochemcal yield:72.4 %
cal purity: 80.3 % ( SDS- PAC;E)5.0 Specific activity: 8.8 MBg/ nnol.
| mmunoreactivity: 77.5 % Synthesis of In-111 - DOTA- C- Benzyl - p- NCS
-s-HN(Lys)-L19-SIP 200 pg (2.66 nnol) non-reduced L19-SIP in 108 pl

Radi ochem

were diluted with 300 pl

di al yzed Zhakéahratrth, 2000 30f° (so@euts bor sl aufifidr-sI@®. Wive phrifi&)

enpl oying a Slide-A-Lyzer 10,000 MACO (Pierce |Inc. Rockford, IL, U S A).
50 pl of f’,MW}I@W@F% ;%y( pt539 F‘s&@
cycl ododegapg- 1, 4, 7, 10-tetraacetic acid

Inc., Dall
m of sodi
the reacti
di al yzed

tege A7 dﬁﬁHﬁij%@ﬁ%ﬁ am, Bluent:

x 1 and 1

PBS

of sodium borate buffer (0.1M pH 8.5) and O

(benzyl - p- SCN- DOTA, Macrocyclics
as TX, U S A) solution (1.5 ng benzyl - p- SCN- DOTA di ssolved in 5
um borate buffer, 0.1M pH 8.5) were added to the solution and 5

s BLXLHE € heated far 3 h at 37C. The reaction mxture was
1fCKEML € Yops AL (over night) with 200 ml of sodium acetate

5

buf f er (0.RENLopheBiEyl epehitenpl oYi/ng %t hEDBHEAEIA- Lyzer 10, 000 MACO (Pi erce

Inc., Roc

MBq, Aners nc. Wer &' added and ‘the
for 30 nilmmuhnrkhbtiabeyed DOTA- G1B&ngyl - p- NCS- c- HN(Lys) - L19- SI P was

10

%rcq L thSt ). 10 § giMﬁéylﬁrh(%i]lnGS solution (HCL, IN, 40
aanlC ?c vl .

fon m xture was heated at 37C

eac

Synthesis of reduced L19-SIP for specific conjugation of EDTA,
CDTA, TETA, DTPA, TTHA, HBED, DOTA, NOTA, DO3A, and a like
type chelators to the Cysteine-SH group

50pl TCEP-solution (14.34mg TCEPxHCl/5ml aqueous NayHPO,, 0.1M,
pH = 7.4} were added to a solution of 375ug (5 nmeol) L19-SIP
in 422ul PBS. The reaction mixture was gently shaken for 1h at
37°C. Reduced L19-SIP was purified by gel-chromatography using
a NAP-5 column {Amersham, Eluent: sodium acetate buffer, 0.1M,
pH 5.0). SDS-PAGE analysis of the isolated product proofed the
guantitative transformation of L18-SIP into reduced L19-SIP,
Yield: 105.7pg/200ul (28.2%).

Synthesis of In-~-111-MX-DTPA-Maleimide-S(Cys)~L19-SIP-R

(R = reduced)

105 ng (2.8 nmol) reduced L19-8TF in 200 pl of sodium acetate
buffer (0.1M, pH 5) were reacted with 50pl of dissolved
1,4,7-triaza-2~ (N-maleimido ethylene p-aminpo}benzyl-1,7~-

bis (carboxymethyl)—-4~carboxymethyl 6-methyl heptane (0,25mg
DTPA-Maleimide in 500pl sodium acetate buffer 0.1IM pH 5} forx
3 h at 37°C. The reaction mixture was dialyzed 2 x 1 h with
200ml of sodium acetate buffer (0.1M, pH 6) employing a Slide-
A-Lyzer 10,000 MWCO (Pierce Inc., Rockford, IL, U.S.A.).



purified by gel-chromat ography using a NAP-5 col um (Anmersham 15 El uent:
PBS). Radi ochem cal yield:70.8 % Radiochem cal purity: 92.1 % ( SDS- PACE) .
Specific activity: 10.1 MBg/nnol. 20 Inmunoreactivity: 75.1 % Synt hesi s of

Y- 88- MX- DTPA- e- HN(Lys) - L19-SI P 200 pg (2.66 nnol) non-reduced L19-SIP in 110
pl PBS were !5 diluted with 300 pl of sodium borate buffer (0.1M pH 8.5)
and dialyzed 2 x 1 h with 200m of soddlm borate buffer (0.1M pH 8.5)
enploying a Slide-A-Lyzer 10,000 MACO (Pierce Inc., Rockford, IL, US A).
50 pl of MX-DTPA solution (0.33 ng MX- DTPA dissolved in 500 pl of sodium
borate buffer, O 1M pH 0 8.5) were added and the reaction mxture was
heated forg@ hl at1n3171q11m3r§@%t98n (¥&ur eiwas4di gk ze@lm%réh&mhzz@m 1 x 17
h (over ni ght) with 200 of sodium acet ate buffer ?H 54 6.

each, enplesipddas Slﬂlddeth& I5EASTE 100, 88 TMIED LR %@%%edlﬁt 3 ﬁécﬁ%r@

u. S.A) 100, p1 [Y-88] YC13 solution (HCL, IN, 75 MBq, Cak Rldge Natlonal '5
Lab.) were added and the reaction mxture was heated at 37C for 30 min.
Y-88 | abel ed MX- DTPA-s-HN(Lys)-L19-SIP was purifi ed by gel - chronat ogr aphy

usi ng ol A El ue RB di chem c 68. 1
% Radfochbiica SUPTAST B1PE e SuiBas o) plal R R WS g B
MBg/ nnol . é]mmma@m:uphy w0 25 I&mtmesmumﬁ meﬂe?ﬂsham, Eluent:

- DOTA- C- Benz%l -p-NCS -e-HN(Lys)-L19-STP 200 ug (2.66 nnol) non-reduced
L19-SIP i n"32 pl PBS were dissolved with 300 pi of sodium borate buffer
(0.1M pH 8.5) and dialyzed 2 x 1 h with 200nm of sodium borate buffer

(0. 1M i )
Radiochemical vyield:31.6 %.

10 Radiochemical purity: 97.2 % (SDS-PAGE) .
Specific activity: 7.9 MBg/nmol.
Immunoreactivity: 88.5 %

_ Synthesis of MX~DTPA-Maleimide (1,4,7-triaza-Z-(N-maleimido

15 ethylene p-amino)benzyl-1,7-bisg(carboxymethyl)-4-carboxymethyl
E-methyl heptane)
512 mg (1 mmol) of {[3-(4-Amino-phenyl)~2-(bis-carboxymethyl-
amino) -propyl]-{2- (bis~carboxymethyl-amino) -propyl]l-amino}-
acetic acid (Macrocyclics Inc. Dallas, TX, U.S.A.) and 707 mg

10 {7 mmol).triethylamine were dissolved in 3 ml dry DMF. 400 mg
(L,5 mmel) of 3-{2,5-Dioxo-2,5-dihydro-pyrrol-1-yl)-propionic
acid 2,5-dioxo-pyrrolidin-1-yl ester (Aldrich) in 1 ml dry DMF
were added drop~wisely. The solution was stirred for 5 h at
50° C. 30 ml of diethylether were added slowly. The reaction

15 mixture was stirred for further 30 min. The precipitate was
collected by filtering. The crude product was purified by RP-
HPLC (acetonitrile- : water~ : trifluoracetic acid / 3 : 96,9
: 0,1 - 99,8 : 0 : 0,1). Yield: 61% (405 mg, 0,61 mmol). MS-
ESI: 664 = M" +1.



pH 8.5) enploying a Slide-A-Lyzer 10,000 MACO (Pierce Inc., 20 Rockford, IL,
US A). 50 pl of benzyl-p-SCN-DOTA solution (1.5 ng dissolved in 5 m of
sodi um borate buffer, 0.1M pH 8.5) were added and the reaction m xture was
heated for 3 h at 37C. The reaction mxture was dialyzed 2 x 1 h and 1 x 17
h (over night) with 200 ml of sodium acetate buffer (0.1M pH 25 6.0) each,
enpl oying the Slide-A-Lyzer 10,000 MACGZPierce 1Inc., Rockford, IL,

US A). 200 pl [Lu-177]LuCl3 solution (HCL, IN 80 MBg, NRH Petten,

Net her |l ands) were added and the reaction m xture was heated at 30 37C for
30 min. Lu-177 | abel ed DOTA- C- Benzyl - p- NCS-s- HN(Lys) - L19-SIP was purified

by gel -chr 0 h _(;o_l \N 11 Eluent: PBS). 55
Radi ocheni gga’}%?q“"[e%p B Y302 12 oa CO E%f\i L9759 o v ( SDS- PACE) .
Specific ag0d vid y(2 .55 3mBg/ nontreduddamungreast ini 1yl 78. EBYov@rgan

di stribution and excre

n- 111- MX- DTPA- S|P ter |ngle|.
i nj ection H‘btet%r?ﬁ'rthbé@&sl HS HEd%O(#I% bogpée gﬁgf b%gil\flfd Jhgnd
invention weseyddy ected @ wathayenpusly sloralamdggga@é Bbotd r 36 k.L@q bato F9
(teratocarci norra) bearing animal s (body wei ght about 25 g). The

radi oaétivBtY) cowdentingt ﬁoﬁlpﬁev%mowr dlg ARS8, MdRa theereaditsactivity in the
excreta, Vs PRASUr &4, ugl RYa2)Y 5@%5%%% 3 yapipus, 13 mps. af ter

admi ni stration of 't he ‘subst ance istribution o
| n- 111 - MX- DIFgbilccragiarR o) ipeR8 Y1 ¢ 1 et ab o aragibvsapthehl + hocamdde et ylmean  SD,

To- o L1oo SR dPTR R (BRaBReE! Sl e o R T L B insodtad i ce
Label ed pepthidEs perss |sr¢]de(umedomte aweifeus!| .14, apdos ed bfwatrowtdded
10 and the reaction mixture was heated for 3 h at 37°C. The
reaction mixture was dialyzed 2 x 1 h and 1 x 17 h (over
night) with 200 ml of sodium acetate buffer (0.1M, pH 6.0}
each, employing the Slide-A-Lyzer 10,000 MWCO (Pierce Inc.,
Rockford, 1L, U.S.A.).
15
80 pl [In-111]InCl; solution (HC1l, 1N, 40 MBg, Amersham Inc.)

were added and the reaction mixture was heated at 37°C for 30

min. In-111 labeled MX~DTPA-g-HN(Lys}-L19-SIP was purified by

gel-chromatography using a NAP-5 ceclumn (Amersham, Eluent:
20 PBS) .

Radiochemical yield:72.4 %.

Radiochemical purity: 80.3 % (SDS-PAGE).
Specific activity: 8.8 MBg/nmol,
5 Immunoreactivity: 77.5 %

Synthesis of In-111 ~DOTA-C-Benzyl-p-NCS -&-HN(Lys)-L19-SIP
200 pg (2.66 nmol) non-reduced L19-SIP in 108 pl PBS were
diluted with 300 pl of sodium korate buffer (0.1M, pH 8.5) and
0 dialyzed 2 x 1 h with 200ml of sodium borate buffer {0.1M, pH
8.5} employing a Slide-A-Lyzer 10,000 MWCO (Pierce Inc.,
Rockford, IL, U.S.A.). 50 pl of 1,4,7,10-tetraaza-2-(p-



56 kBg into F9 (teratocarcinoma)-bearing ani mals (bodywei ght about 25 Q).
The radi oactivity concentration in various organs, and the radioactivity in
the excreta was neasured using a y counter at various tinmes after

adm ni stration of the substance. In addition, the tunor to blood ratio was
found at various tinmes on the basis of the concentration of the peptide in
tunor and blood. 56 The biodistributi®h of Tc-99m L19-SIP in F9
(teratocarci noma)- bearing nude mce (nean SD, n=3) is shown in Table 7.
The tunor to blood ratio of Tc-99m L19-SIP in F9 5 (teratocarcinomg)-bearing
nude mce (nean SD, n=3) is showmn in Table 8. Radi ol abel ed pepti des proved
to possessiém&gla@aﬁw@@htzwscjzalo&duermheex per 7 Pemt Set R caXAMBLed

Tc-99m L19-SI P and I n-111-MX- 10 DTPA-s-HN(Lys)-L19-SI P di spl ayed hi gh tunor
accunul at i SpeRAY P SCHTEOG8m Yagrodqpeloiqe Are11) Pad{as ebted” dode Jper gram
(1D/g) atgdihoy past &ngl ggh%g@-ﬁpsdm)aoﬁ' ansbbeaal 1AM &fenbiepnof 9. 4
(Tc-99m or 13.0 (In-111)y %I D'g at 24 hours p.i. was observed. Thus, tunor
upt ake is sbymid ilmedelry Ri.gHer pBobrplr etkreo 2iigedt her thkaownlur.om Bndr Tc- 99m

| abel ed anti body f.r. n 0. K . etyal,, 490~ Nug, s YOI .
41(4),qpp.Eé%SK-aQﬁé;%ngﬁégyggvg? 5&%9%¥9§P?,§J? %ﬁc?gh%dgfh%iggécg}gg), pp.
868 - 872, mi®OG)e waEheliadnpednd' 8 bhlloathccllear aiick [ ewslr toidhinow/ithood rati os
of 13:1 anpd_ 6:1 respectivel t 24 i .10 Mps mar kabl :

h 113 M BIBAS TGRS F5EERBR (P ity dd- 147 oRET P cBbt T3 TovR ey dngy

upt ake andtrhetentdon-(2e Y0l Dbg)Mwddharpietrber Theghl Jocf@dded,n- 111

| abel ed reconbi nant anti body fragnment (120 % 1D/ g) described e.g. by
Kobayashi HtSah.'at 24 h 5 p.i. Kidney retention is a very comon problem

and usygal ly hanpers the use of | anthani de | abel ed conmpounds in
radiotherapg.
80 pl |

In-111]1InClz solution (HCl, 1N, 40 MBg, Amersham Inc.)
were added and the reaction mixture was heated at 37°C for 30
min. In-111 labeled DOTA-C-Benzyl-p-NCS-g-HN(Lys)-L1%-SIP was
purified by gel-chromatography using a NAP-5 column (Amersham,

15 Eluent: PBS).

Radiochemical yield:70.8 %.

Radiochemical purity: 92.1 % (SDS-PAGE).
Specific activity: 10.1 MBg/nmol.
20 Immunoreactivity: 75.1 %

Synthesis of Y-88-~MX-DTPA-g-HN(Lys)-L19-5IFP
200 pg (2.66 nmel} non-reduced L19-3IP in 110 pl PBS were

05 diluted with 300 pl of sodium borate buffer (0.1M, pH 8.5) and
dialyzed 2 x 1 h with 200ml of sodium borate buffer {(0.1M, pH
8.5) employing a Slide-A-Lyzer 10,000 MWCC (Plerce Inc.,
Rockford, IL, U,.3.A.)., 50 ul of MX-DTPA solutlon (0.33 mg MX-
DTPA dissclved in 500 pl of sodium borate buffer, 0.1M, pH

0 8.5) were added and the reaction mixture was heated for 3 h at
37°C. The reaction mixture was dialyzed 2 x 1 h and 1 x 17 h
(over night) with 200 ml of sodium acetate buffer (0.1M, pH



The experinental results denonstrate the excellent potential of the

r adi oi nmunoconj ugat es descri bed herein for diagnostic 0O and therapeutic
applications, preferably applied to the patient by parenteral

adm nistration. 57 DI SCUSSI ON The observation that cytotoxic anticancer
drugs localize nore efficiently in normal tissues than in tunors (37
Bosslet et 5 al., 1998) pronpted a wavebdof studies investigating the
possibility of selective drug delivery to tunors. The effective targeting
of tunors, however, has two main requisites: 1) a target in the tunor that
is specific, abundant, stable and readily available for Iigand nolecules 10
comng 1 oMd)N@-hoodbt opMg Attt Hnidiel-h0BRLL DI TYE M (o8dibabl e

phar makoki net'i ¢ properties t%at Is easily diffusible fromthe bl oodstream
to the turmc.an&oakinrd, hfigh GfFimilty for the target to ensure its
efficient and selective accunulation in the tunor. 15 Due to its
distinctive features the tunor mcroenvironnent is a possible pan-tunoral
target. |rnidCactl, [YufdiYPlogodssion (Hoduces (lendBsubSeguBntyy Neeidslal
significant dificati,ons in, tunor mcro-enyironnent .co nent S, .
partic%lar*§ﬂ3h8?§eo?d§ﬁ§ o ST FEHTEGPEr THAYFI X ECH)S? ea§nsgcﬁles

meki ng up ¢he FCHial  $0b d JUUMUS 1i-IirR- DO 18UaREA baki gel,y s and
qualitatively from those of the normal ECM Moreover, many of these tunor
ECM conpanstitfd edr bystiat edhpymatidgzegihivd us ingra  NRcowetlivig  flémergbaer al
properties;and.f.upgtions such tas cell invasion (both 25 normal cells into
tunor tissues and cahcer cells into normal tissues) and angi ogenesis. O

t he nunerous nol ecules constituting the nodified tunor ECM the present
inven&&rs RJE?Q%HEOCUSEdyfé£§$%éRP%Rn a FN i sof orm containing the ED-B

mica
Radiochemical purity: 91.5 % (SDS-PAGE).
Specific activity: 11.4 MBg/nmol.
Immunoreactivity: 70.5%

135 Synthesis of Lu-177 —DOTA—C“BSHZYIﬁp_NCS‘“SfHN(LYS)—ng*SIP
200 pg (2.66 nmol) non-reduced L19-SIP in 120 pl PBS were
dissolved with 300 ul of sodium borate buffer (0.1M, pH 8.5)
and dialyzed 2 x 1 h with 200ml of scdium borate buffer (0.1M,
pH 8.5) employing a Siide-A~Lyzer 10,000 MWCO (Pierce Inc.,

20 Rockford, IL, U.5.A.). 50 nl of benzyl-p—-SCN-DOTA solution
(1.5 mg dissolved in 5 ml of sodium borate buffer, 0.1M, pH
8.5} were added and the reaction mixture was heated for 3 h at
37°C. The reaction mixture was dialyzed 2 x 1 h and 1 x 17 h
(over night) with 200 ml of sodium acetate buffer (0.1M, pH

25 &.0) each, employing the Slide-A-Lyzer 10,000 MWCO {Pierce
Inc., Rockford, IL, U.S.A.).

200 pl {Lu-177}LuCl; sclution (HCl, 1N, 80 MBg, NRH-Petten,
Netherlands) were added and the reaction mixture was heated at

30 37°C for 30 min. Lu-177 labeled DOTA-C-Benzyl~p-NCS-g-HN (Lys) -
L19-8IP was purified by gel-chromatography using a NAP-5
column (Amersham, Eluent: PBS}.



domain (B-FN). 30 B-FN is widely expressed in the ECM of all solid tunors
thus far tested and is constantly associated with angi ogenic processes (22
Castellani et al., 1994), but is otherwise 58 undetectable in normal adult
tissues (17 Carnenolla et al., 1989). Targeted delivery of therapeutic
agents to the subendothelial ECM overcomes problens associated with
interstitial hypertension of solid t UnBPs (38 Jain et al. 5 1988; 39 Jain,
1997; 40 Jain RK, 1999). L19 (13 Pini et al. 1998; 25 Viti, Canc.Res., 23
Tarli, et al., 1999), an scFv with a high affinity (Kd=5.4x10-11M for the
ED-B domain of FN, selectively and efficiently accunulates 10 in vivo around
tunor neo-vasculature and is able to selectively transport and concentrate

in the tupor.mass any ane of ja nunber of therapeutic nolecules to which it
is conj ug‘ai%ac %%ﬂ&ﬁéﬁ-&?-%w; 1999; 29 Nilsson, et al., 2001; 30
Halin et ahd200ZemidaiCanngmel:l a ebsah.g 2002packhe 15 ability of L19 to

selectively target tunors has also been denopnstrated in patients using
sci nti gr aphpel ¥R MAREIELY: The pr é8edtMEBHEWIH-cation reports on |abel ling of

smal | o | MayRERs AL LM <] ) Wi th radigigotopes, use of the 20 radiol abelled
SI P, and on tunor vascul’ar targeting performance and pharmcoki netics of

three different L19 human anti body formats: the scFv, the

m ni -i mmu bul | 'gggp i conpl_et.e ep; bg 25 The SIP
nol ecul e &§§g§b¥%ﬁ§%§?§%g%ﬁsuongg?g%ﬁég%dgﬁgﬁﬁ th%& F?g egia %%%ain of the
secret ory aifsetor ¥y 820 f hunannjgEL iFhein&ECHANcs -tee rdogannds hatcal | ows

di meri zation of IgE nolecules and the S2 isoformcontains a cysteine at the

COoH termppal | L 0ALq GRS %SEaR! Higgs e Aiaes o Bpugh an interchain
Lo intravenously in a dose of about 37 kBg into F9
(teratocarcinoma)-bearing animals (body weight about 25 g}.
The radicactivity concentration in wvarious organs, and the
radicactivity in the excreta, was measured using a vy counter

at various times after administraticon of the substance.

5 The biodistribution of In~111-MX-DTPA-L15-8IP in F9
(teratocarcinoma}-bearing nude mice {mean * SD, n=3) is shown
in Table 6.

Organ distribution and excretion of Tc-99m-L19-SIP after a

) single i.v. injection into tumor-bearing nude mice

Labeled peptides were injected intravencusly in a dose of about
56 kBg into F9 (teratocarcinoma)-bearing animals (bodyweight
about 25 g). The radicactivity concentration in wvarious organs,
and the radiocactivity in the excreta was measured using a vy
counter at varicus times after administration of the substance.
In addition, the tumor to blood ratio was found at various times
on the basis of the concentration of the peptide in tumor and
blood. -



30 di sul phide bond (35 Batista et al., 1996). The IgE binding sites for
FceRl reside in the CH3 domain (41 Turner and Kinet, 1999; 42 Vangelista et
al ., 1999; 43 Garman et al., 2000), so scFv fused to eCH4 domain in
accordance with enbodi nents of 59 the present invention does not activate
any signalling leading to hypersensitivity reactions. The perfornmance of
these three formats in two different tuUor 5 nodels in nouse has been
studied: in nmurine F9 teratocarcinoma and human SK- MEL-28 nel anoma. The
first is arapidly growing tunor that, once inplanted, kills the animals in
about two weeks. SK-MEL-28 tunor, on the other hand, presents a biphasic

growt h curyes pddisapigathiyn baste- wrewib-phasen fod | oveaeh fycaacifongrond,
sl ower, phase. It has previously been shown that the ampunt of ED-B in F9

t er at ocar CRFIHA Y BHEPNS ISR abPRARIUF TRy nEdhotS g e Y23 aRda (7 et al .,
1999); by contrast, ED-B accunulates in SK-MEL-28 nel anonma proportionally
to the ability of the tunor to grow (23 Tarli et al., 1999), with t5
abundant ED-B being found in the first phase and a | esser anount in the

second. ThEhqdamer &R- MEpodgraklarimd ardfBril 4t $bneln 1Bhg- t er m

biodistrib kg& i b QUL Ok 3Rt G garﬁg&ﬁngﬂpfrgqgnr%l pass (Figure
2) tha% COE‘%‘é gf%%%rigém%% B%?s}ﬂ{erpreggfioé of results. ébngarative
studi es of i Heltller 8@ L19 anti body formats in ternms of stability in vivo
showed that L19-SIP and L19-1gd numintained, for the duration of
experinments (144h), the sanme imunoreactivity and nol ecul ar nmass in plasm

as before &, inii1eekk A nBY: GU rpa%kfed89£(v];(dasés§)ssrﬁg%s'félbi@%rdpte%ties jn

i mrunoreactivity in plasnma and generate regates that 'were too large to

enter the gelndl ekpatrinenitiv divat egeaphy, do-9An-L1SuBFP ayyet dgatlildnMsdf t he

sckv E% veﬁ PAJEKE&¥L§§?BEf§1§%§EJfgblayed high tumor accumulation of
17.2 (Te-9%m ) or 12,9 (In-111) % injected dose per gram {(ID/g}
at 1 hour post injection (p.i.). Significant tumor retention of
9.4 (Tc-99m) or 13.0 {In-111) % ID/g at 24 hours p.i. was
observed. Thus, tumor uptake is significantly higher compared to

15 other known In-111 or Tc-99m labeled antibody fragments (e.q.

Kobayashi et al., J. Nuc, Med., Vol. 41(4), pp. 755 - 762, 2000;
Verhaar et al., J. Nuc. Med., Vol. 37(5), pp. 868 - 872, 1996),
The compound’s blood clearance lead to tumor/blocd ratios of

13:1 and 6:1 respectively, at 24 h p.i.

Most remarkably In-111-MX-~DTPA-g¢-HN{Lys)-L1i9-SIP displayed
significantly lower kidney uptake and retention (22.5 % ID/g)
than other highly retained In-111 labeled recombinant antibody
fragment (120 % ID/g) described e.g. by Kobayashi et al. at 24 h

X

5 p.i. Kidney retention is a very common problem and usually

hampers the use of lanthanide labeled compounds in radiotherapy.

The experimental results demonstrate the excellent potential
of the radicimmunoconjugates described herein for diagnostic
0 and therapeutic applications, preferably applied to the

patient by parenteral administration.



the ratio between %D/ g of tunor and |lung, since aggregates could

accunul ate in the mcrovascul ature of the lung (Table 3). For all three
formats, the blood clearance is nediated nmainly via the kidney, showi ng a
bi phasic curve with an a and 60 a p phase, reported in Table 4, which is
inversely proportional to nolecular size. The accunul ati on of the_different
anti body formats in the 5 tunors studi ed7was a consequence of the cl earance
rate and in vivo stability of the nolecules. Using the scFv, the nmaxi num
percent injected dose per gram (% D/ g) was observed 3h after injection of

t he radi ol abel ed anti body and then rapidly decreased. Using the SIP, the
WD gin tunors was 2-5 tines 10 higher than that of the scFv, reaching a
maxi num 4-6 hours after injection. This pattern was observed in both F9 and
SK- MEL- 28 BAES§IOBy contrast, the accunulation of 1gd@ in tunors rose

constantly ri e j . % , i e, the
tunnr-bloo&%%afﬁge%?§¥héﬁg$%#§Qé?¥gggﬁg4§éguﬁgﬁf%pﬁ%§§gnﬁégg%%%gqggﬂ%onpared
to a ratioedffit@efdiytie msemal anidsnesf ohat him Siukcadst d87t Bessaae @eri od of
time (Figure 4) e sanme distinctiv operti.es_of .in . vivo stability,

cl ear arce éﬁd'taﬁgg?t@ﬁ%éﬁﬁ%%Eb@@ﬁgrﬁgngéu Howi By SRE *hrde S ant i body
formats st ydisedbherey ey deaxhvel tedgl ael didferenttumdiragneati ¢ and/ or
therapeuti;ﬁpurposes de endiggion the clinical needs and, di sease. For

i nst ance, 6t aBel BArIEnID S d3TSRsw RV FFo-¥6r FahTand t uror - bl ood

ratios sogRqafikeLebn etd Ah @R NECESEAEYNdPILHdt Misvepdi-agnestic 5
i mmunosci nti graphy, nmainly because short half-life isotopes are used in
such anal ygibsindpntt ep bmelapirbacied Lar avpbkah it &£Atsildgaant péayIERS a vehicl e

for they apedtd: foageh Stndadd Jffat RS ubghances hah dishkay10 §iehr
t herapeutic ef dcts after reac ing their targets (e.qg.

sultable pharmakokinetic properties that is ea%ily diffusible
from the bloodstream to the tumor and with a high affinity for
the target to ensure its efficient and selective accumulation
in the tumor.

15
Due to its distinctive features the tumor microenvircnment is
a possible pan-tumoral target. In fact, tumor progression
induces (and subsequently needs) significant modifications in
tumor micro—environment compcnents, particularly those of the

20 extracellular matrix (ECM). The moleculés making up the ECM of
solid tumors differ both quantitatively and gqualitatively from
those of the normal ECM. Moreovar, many of these tumor ECM
compounents are shared by all solid tumors, accounting for
general properties and functions sucﬁ'és cell invasion {both

25 normal cells into tumor tissues and cancer cells into normal
tissues) and angiogenesgis. Of the numerous molecules
constituting the modified tumor ECM, the present inventors
have focused attention on a FN isoform containing the ED-B
domain (B-FNj},

30
B-FN is widely expressed in the ECM of all solid tumors thus
far tested and 1s constantly assocliated with angicgenic

processes (22 Castellani et al., 1994), but is otherwise



phot osensitisers activated only on the targets), for which the absolute
anount delivered to the tunor is relevant; delivery of substances that
exert their therapeutic and toxic effects 61 even before reaching the
target (e.g., the p-emtter Yttrium 90), for which particular attention
must be given to the ratio of the area under the curves of tunor and bl ood
accunmul ation as a function of tine, in3rder to nmninize the systemc 5
toxicity and to maxim ze the anti-tunor therapeutic effect. L19-SIP, for

i nstance, seens to offer the best conprom se of nolecular stability,

cl earance rate and tunor accunulation. Simlar fusion proteins conposed of
scFv anti bagisefteagnentsiAOnbarnd damla diBBaéZ| g7 dmmicholakecal seady been
described (44 Hu et al, 1996; 33 Li_et al., 1997), but in both cases the
human yI CH3! 9884 -uSBAYRESE hee b TRIm AitnGhasaReHt L THYAEg& ofthet he human
ES2CH4 do n S Yy NVl Lvalent bilization of
t he dlnerm%d%egag¥??§%af gﬁf%rdlSS@bhggéﬁ%ggﬁgggfor%%%%bygﬁﬁe C-term na
cysteine regitdretitéah hepeaséisiaredifcedlia minaren@GifgWadendict Béns to
preserve thg.ovepa trygsyre of; the thus providing a readily
accessi%le pggét?%eJa%§Up $§¥ r%ﬁlogabegnlggy%r chem cal conjugation. This
feature seens particularly O promsing in the VIeM/Of the clinical

Bocomul at i it <16 PAEE BE &) ST Gau " bar ARES e, Srhd = Thr o8° st ep

procedure tg .r,eneee)ci éﬁub@rvn@t&ntaj mqhesfﬂﬂylne ﬁ{dslvﬁedlxtl@ BMh ovtt s use
not only for therapeutlc purposes hut also for agnost

i munosci ntSh &PR% €953 MRgrani N et SHECtizpop) an%ﬁmlﬁacgﬁ%ﬂ}%’?e%t al .
J. Imupgl ., ;A 38v0la230uta3bund P8R oZrashul hefirtamd .1 Pla@ad t62: 988-995, 1983.

gselectively transport and concentrate in the tumor mass any

one of a number of therapeutic molecules tc which it is

conjugated (28 Birchler et al., 1999; 29 Nilsson, et al.,

2001; 30 Halin et al.2002; 31 Carnemolla et al., 2002). The
i5 ability of L19 to selectively target tumors has also been

demonstrated in patients using scintigraphic techniques.

The present specification reports on labelling of small
immunoprotein (SIP) with radioisotopes, use of the

20 radiclabelled SIP, and on tumor vascular targeting performance
and‘pharmacokinetics of three different L19 human antibody
formats: the'scFv,_the mini-immunoglebulin/small immunoprotein

and complete human IgGl.

25 The SIP molecule was obtained by fusion of the scFv(L19) to
the eCH4 domain of the secretory isoform S; of human IgE. The
gCH4 ig the domain that allows dimerization of IgE molecules
and the S; isoform contains a cysteine at the COOH terminal
that ccvalently stabilizes the dimer through an interchain

30 disulphide bond (35 Batista et al., 1996). The IgE binding
sites for FceRI reside in the CH3 domain (41 Turner and Kinet,
1999; 42 Vangelista et al., 1999; 43 Garman et al., 2000), so

scFv fused to eCHE4 domain in accordance with embodiments of
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Halin at akekMatsw-euBi-otechher, bA the wr@ﬁhaaaQZpresents a biphasic

growth curve, with an early, fast, growth phase followed by a

10 second, slower, phase. It has previously been shown that the
amount of ED~B in F9 teratocarcinoma remains stable during
tumer growth (23 Tarli, et al., 1998); by contrast, ED-B
accunulates in SK-MEL-28 melanoma proportionally to the
ability of the tumor to grow (23 Tarli et al., 1999), with

L5 abundant ED-B being found in the first phase and a lesser
amount in the second. The use of SK-MEL-28 melanoma tumor
allowed long-term biodistribution studies without dramatic
variations of tumoral mass (Figure 2) that could give rise to

misinterpretation of results.

Compa:ative studies of the three L19 antibody formats in terms
of stability in vivo showed that L19-SIP and L19-IgGl
maintained, for the duration of experiments (144h), the same
immunoreactivity and molecular mass in plasma as before

5 injection. By contrast, scFv(L19) rapidly lost its
immunoreactivity in plasma and generated aggregates that were
too large to enter the gel filtration chromatography column.
Such aggregation of the scFv is very likely responsible for
the ratio between %ID/g of tumor and lung, since aggregates

) could accumulate in the microvasculature of the lung (Table
3). Por all three formats, the blood clearance is mediated

mainly via the kidney, showing a biphasic curve with an o and



31. Carnenolla et al. Blood , 99 :, 2002 32. Wi et al. Proc. Nat. Acad. Sci.
US A, 97. 8495-8500, 2000. 63 33. Li et al. Protein Engineering, 10:
731-736, 1997 34. Pini et al. J. Immunol. Methods, 206: 171-183, 1997. 35.
Batista et al. J. Exp. Med., 184: 2197-205, 1996. 36. Riske et al. J.Biol.
Chem, 266: 11245-11251, 1991. 5 37. Bosslet et al. Cancer Res., --
58:1195-1201, 1998. 38. Jain and Baxt&®. Cancer Res., 48: 7022-7032, 1988.
39. Jain. Vascular and interstitial physiology of tunors. Role in cancer

detection and treatnment. In: R Bicknell, CE Lewis and N. Ferrara (eds).
Tunour Angiogenesis pp. 45- 10 59. New York: Oxford University Press, 1997.
40. Jain. asFéev roBoOERE. 1£Nn1d s 24412635 1999 r&diy Turner and Kinet.
Nat ur e, 402 , B24-830, 1999.  42. Vangelista et aI Jour. din.

| nvest ., H!EP@EWH?&E?go mehegulas aze Garman et al . Nature, 406: 259- 266,
2000. 44. Hu et al. Cancer Res., 56: 3055-3061, 1996. 45. Magnani et al.

Br. J. Cancer, 82: 616-620, 2000. 64 ~is'aococTQQ> LOLO_Om~ID
~'" t11 O THe CadcurM1GtCo® BfFEthe different antibody formats in the

5 tumors studied was a consequence of the clearance rate and in
vivo stability of the molecules. Using the scFv, the maximum
percent injected dose per gram (%ID/g) was observed 3h after
injection of the radiolabeled antibody and then rapidly
decreased. Using the 8IP, the %ID/g in tumors was 2-5 times

10 higher than that of the scFv, reaching a maximum 446 hours
after injection. This pattern was observed in both F9 and SK-
MEL-28 tumors. By contrast, the accumulation of IgGl in tumors
rose constantly during the experiments. However, due to its
slow clearance, the tumor-blood ratio of the %ID/g after 144

15 hours was only about 3, compared to a ratio of 10 for the scFv

and 70 for the SIP after the same period of time (Figure 4).

The same distinctive properties of in vive stability,
clearance and tumor targeting performance shown by the three

20 antibody formats studied here may be exploited for different
diagnostic and/or therapeutic purposes, depending on the
clinical needs and disease. For instance, radiolabeled
antibodies showing good tumor-organ and tumor-blood ratios
soon after injection are necessary for in viveo dlagnostic

5 immunoscintigraphy, mainly because short half-life isctopes

are used in such analysis.

Different approaches are possible using antibody as a vehicle
for therapeutic agents: delivery of substances that display

0 their therapeutic effects after reaching their targets (e.qg.,
photosensitisers activated only on the targets), for which the
absolute amount delivered to the tumor is relevant:; delivery

of substances that exert their therapeutic and toxic effects



10

L5

even before reaching the target {(e.g., the PB-emitter Yttrium-

50}, for which particular attention must be given to the ratioc

of the area under the curves of tumor and blood accumulation
as a function of time, in order to minimize the systemic

toxicity and to maximize the anti-tumor therapeutic effect.

119-81IP, for instance, seems to offer the best compromise of
molecular stability, clearance rate and tumor accumulation.
Similar fusion proteins composed of scFv antibody fragments
bound to a dimerizing domain have already been described (44
Hu et al, 1996; 33 Li et al., 1997), but in both cases the
human vL1CH3 was used as the dimerizing domain. The usage of
the human £g;CH4 domain provides an easy way of getting a
covalent stabilization of the dimer. In addition, the
disuilphide bridge formed by the C-terminal cysteine residues
can be easily reduced in mild enough conditions to preserve
the overall structure of the molecule, thus providing a
readily accessgible reactive group for radiolabelling or
chemical conjugation. This feature seems particularly

promising in the view of the clinical potential.

L19-IgGl gathers abundantly in tumors, and even though this
accumulation is offset by a slow blood clearance rate, the
three step procedure to remove circulating antibodies may be
used to allow 1ts use not only for therapeutic purposes but
alsc for diagnostic immuncscintigraphy (45 Magnani et al.
2000) .
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Spleen 508 & 104 497 % 0271 488 £ 177

Liver 1080 & 152 | 1067 # 144 | 1088 £ 1.51

Kidney 1430 + 146 | 1671 3 242 | 2248 % 679

Lung 994 &+ 1721 615 & 0801 303 &+ 095

Stomachwithout | 110 + 013 ] 162 £ 019 | 186 * 024

1contents

Intesting with

contents 167 & 014 | 265 & 030 284 & 140

Tumaur 1283 * 2761 1018 + 2928 | 1206 # 3.13

Blood 1710 % 149 ] 908 + 0961 198 & 047

Table §



71

of dose |

0.27 4.86 1.77 Liver

1 12.67 14 2.65 0.30 2.54 1.40 Tunour

S of tissue 1h p.i.

3h D. 1.

24h o.1i.

10.80 * 1.52 100 57 1.44 10.68 *
1.45 16.71 t 2.42 22.48 .79 Lun 9.94 1.72 6.15 0.80 3.03 3 0,96 Stonach
without 1.10t 0.13 1.62 t 0.19 1.66 t 0.24

.93t 2176 10.18
% of dose 1 9 of

contents Intestine with ¢c ne is

Bl ood 17.10 3 1.49 9.08 3 0.96 1.98 0.47 Table 6 72

tissue 1h p.i. 3h P.J. 24h p.i.
Liver 14.65 0.81 12.43 0.37 4.62 t 0.52 Kidney 22.07
5,92 1.16 Lung 10.06 t 1.67 5.33 0.49 1.32 0.25 Stonmach without 2.18 t
0.39 2.12 10.09 1.15} 0.08 Gﬂﬁﬂ@ﬂ&&ﬁkﬂéestlne‘
0.58 1.20 o~ 12 Tuanr Hipl phg o 24hpd
' ' Spleen . 1692 % 131 837 206 + 0,48
2.04 7. 42 W@e 2T 0773 Westd saiqb. el A )
bl ood rati @efey0OT * O.[3302% bas7l| 1619e/4 108 | Bk2 4 108
Lun 10.06 £ 167 | 533 % 049 132 & 025
Stomach without 218 % 039 212 £ 009 ] 115 = 0.08
lconfents
Intestine with
contents 303 + 025| 362 + 058 120 % 012
Tumour 1720 £ 740 | 1879 ¢ 5361 942 + 3.84
Blood 168583 ¢ 2041 742 = 021 | 073 * 0.14

3h P. 1.

Table 7

1.51.-

Spleen 5.06 1.04 4.27 t
Ki dney 14.30 t

.28 1.96 t 3,13

Sleen 6.92t 1.3 5.37t 0.23 2.06 t 0.48

1.87 15.99 1.10

24h p.i.

M th contents 3.03 0.25 3.62
D. 42 3.84 Blood 16.53 t

Tunour to



Table 8 74 SEQUENCE LI STING 5 <110> Philogen SRL Schering AG Borsi, Laura
10 Carnenolla, Barbara Balza, Enrica 15 Castellani, Patrizia Zardi,
Luciano Friebe, Matthias 20 Hil ger, Christoph-Stephan 25 <120> Sel ecti ve
targeting of tunor vascul ature using radiol abelled antibody nol ecul es 30
<130> SMAFP6177075 <140> EP 03255633.4 _<141> 2003-09-10 35 <140> US

60/ 501, 881 <141> 2003-09-10 40 <150>72151> <160> 13 45 <170> Patentln
version 3.1 50 <210> 1 <211> 5 55 <212> PRT

ih pi. 3h p.i. 24h pJ.
Tumour fo blood ratig 101 + 033 254 & 074 [ 1281 + 4.03

Table 8



<213> Honp sapiens 75 <400> 1 5 Ser Phe Ser Met Ser 1 5 <210> 2 10 <211>
17 <212> PRT 15 <213> Honp sapiens <400> 2 20 Ser lle Ser Ay Ser Ser Ay
Thr Thr Tyr Tyr Ala Asp Ser Val Lys 15 10 15 25 dy <210> 3 30 <211> 7
<212> PRT 35 <213> Honp sapiens <400> 3 40 Pro Phe Pro Tyr Phe Asp Tyr 15
45 <210> 4 <211> 12 <212> PRT 50 <213% Honp sapiens 55 <400> 4 Arg Al a
Ser @ n Bar Val Ser Ser Ser Phe Leu Ala 1 5 10

SEQUENCE LISTING

S <110> Philogen SRL
Schering AG

Borsi, Laura

10
Carnemolla, Barbkara
Balza, Enrica
15 Castellani, Patrizia
Zardi, Luciano
Friebe, Matthias
20
Hilger, Christoph-Stephan
25 <120> Selective targeting of tumor vasculature using radiolabelled

antibody molecules

30 <130> SMWFP6177075

<140> EP 03255633.4
<141> 2003-09-10

35
<140> US 60/501,881
<i41l> 2003-09-10
40 <150>
<151>
<160> 13
45
<170> PatentIn wversion 3.1
50
<210>» 1
<211> &
55
<212» PRT

<213> Homo sapiens



76 <210> 5 <211> 7 5 <212> PRT <213> Honp sapiens 10 <400> 5 Tyr Al a Bar
Set Arg Ala Thr 15 1 5 <210> 6 20 <211> 10 <212> PRT <213> Honp sapi ens
25 <400> 6 30 Gn dn Thr Ay Arg lle Pro Pro Thr 1 5 10 <210> 7 35 <211>
4 <212> PRT 40 <213> Artificial sequence <220> 45 <223> Linker peptide
<400> 7 50 Gy Gy Set dy 1 <210> 8 58 <211> 35

<400> 1
5 ger Phe Ser Met Ser
1 5

<210> 2
10

<211> 17

€212> PRT

15 <213> Homo sapiens

<400> 2

20
Ser Ile Ser Gly Ser Ser Gly Thr Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 19 15

25 Gly

. <210> 3
30

<211> 7
<212> PRT

35 <213> Homo sapliens

<400> 3
40

Pro Phe Pro Tyr Phe Asp Tyr

1 5

45 210> 4
<211> 12
<212> PRT

50
<213> Homo saplens

55 <400> 4

Arg Ala Ser Gln Sar Val Ser Ser Ser Phe Leu Ala
1 5 19



<212> DNA 77 <213> Artificial sequence 5 <220> <223> Priner <400> 8 10
gtgtgcactc ggaggtgcag ctgttggagttctggg 35 <210> 9 15 <211> 36 <212> DNA
<213> Artificial sequence 20 <220> 25 <223> Priner <400> 9 36 gcctccggat
ttgatttcca ccttggtccc ttggcc 30 <210> 10 <211> 33 35 <212> DNA <213>
Artificial sequence 40 <220> <223> PP mer 45 <400> 10 33 ctcgtgcact

cgcaggtgca gctgcaggag tca <210> 11 50 <211> 30 <212> DNA 55 <213>
Artificial sequence 78

210> 5
<211> 7
212> PRT
<213> Homo sapiens
10
<400> 5
Tyr Ala Ser Ser Arg Ala Thr
15 1 5
;210> 6
20 <211> 10
<212> PRT
213> Homo saplens
25
<400> 6§
30 Gln Glﬂ‘$hr Gly Arg Ile'éro Pro Thzx

1 5 10

<210> 7
35

<211> 4

<212> PRT

40 <213> artificial sequence

<220>

45
<223> Linker peptids
<400> 7

50 Gly Gly Ser Gly
1

<210> 8§
55
£211> 35

212> ODNA



<220> <223> Primer 5 <400> 11 ctctccggac cgtttgatct cgcgcttggt 30 <210> 12
10 <211> 33 <212> DNA 15 <213> Artificial sequence <220> 20 <223> Pri ner
<400> 12 tggtgtgcac tcggaaattg tgttgacgca gtc 33 25 <210> 13 <211> 30 30
<212> DNA <213> Artificial sequence 35 <220> <223> Priner 40 <400> 13
ctctcgtacg tttgatttcc accttggtcc 30 45 £tAIMS: 1. A specific binding
menber that binds human ED-B, wherein the 5 specific binding nmenber is
| abel l ed with an isotope and conprises an antigen-binding site that
conprises an antibody VI3. domain and an antibody VL donain, wherein the
isotope is ''"'I and wherein the

<213> Artifieclal seguence

5 <220>
<223> Primer
<400> 8 35
10 gtgtgcactc ggaggtgcag ctgttggagt ctggg
<210> &
15 <211> 36
<212> DNA
<213> Artificial sequence
20
<220>
25 <223> Primer

<400> § 36
gectecggat ttgatttcca cettggtcec ttggec

30
<210> 10

<211> 33
35 <212> DNA
<213> Artificial sequence
40
<220>
<223> Primer
45 <400> 10 33

ctegtgeact cgeaggtgea gotgecaggag toa

<210> 11
50

<211> 30

<212> DNA

55 <213> Artifieial sequence



anti body VU domain conprises a VHCDR', a VH CDR2 and a VH CDR3, wherein
the VH CDR3 is the L19 VH CDR3 of SEQID NO. 3, the VUCDRL 10 is the L19 VH
CDR1 of SEQID NO 1, and the VF. CDR2 is the L19 VH CDR2 of SEQ ID NO 2;
and wherein the antibody VI domain conprises a VI, CDRl, a VL CDR2 and a VL
CDP3, wherein the VL COR3 is, the L19 Alls CDR3 of SEQ ID NO. 6, the VL CDRL
is the L19 VL CDR of SEQID NO 4, and the VL CLR. 2 is the L19 VL CDR2 of
SEQ ID NO. 5; wherein the 15 specific binding nmenber conprises a conprising
said anti body VH domain and anti body VL domain fused to el,,-Cry and

di merized. 2, Asgspecific binding nenber according to claim1, which specific
20 bi ndi ng nmenber conpetes for binding to ED-3 with an ED- B-bi nding domain
of an anti body wéapr iPsineg t he L19 VH domain and the L19 VL domain. 3. A
speci fic binding nmenber according to claiml or claim2 25 conprising the
L19 VH donai n. ﬂogg:eéilfi ¢ bi ndi ng nmenber. according to claim3 conprising the
1,19 VL domai n.StFrereagac RISHEEtFT %95‘?%6‘??15 menber according to clai d%
wherein the antibody VH domain and anti body VL donain are within an scFv
ant i body nol eculsgpf used to E'2-:;"H 4. 35 6. A specific binding nenber
according ft® claim5 wherein the scAr antibody nolecule is fused to a,,.-CM
via a linker peqtuiede338n A pe'cifi . binding nmem beeer according to claimo
wherein the linker peptide has the am no acid sequence GGSG (SEQ I D NO. 7)

8. A nethod of Phétduéfhg a specific binding menber according to any one of
claims 1 to. i, thod comprising labelling a specific binding nenber
with the igsot op}ezqﬁ:.> nﬁﬁpﬁgc%&nﬁ?%ﬁﬁcgccor ding to claim8, wherein the

| abel I'i ng conpri ses

<220>
20
<223> Primer

<400> 12

tggtgtgcac tcggaaattg tgttgacgea gte 33
25

<210> 13

<211> 30
30

<212> DNA

<213> Artificial sequence
35

<220>

<223> Primer
40

<400> 13
ctectegtacg tttgatittecc accttggtec a0

45



oxidising a halogen.ide in the presence of the specific binding nenber,
wherein the halogenide is '" 15 10. A nmet od according to claim8, wherein,
the | ahelLling conprises conjugating an activated bi-functional hal ogen
carrier containing a radiciosotope ig a lysine or a cysteine residue or to
the r+ ter~mnus of the specific binding nenber, wherein the radio: osotope
is 20 11. A method according to any one of clains 8 to 10, wherein the

met hod conprises expressing act is acid encoding the specific binding
menber prior to the labelling. 1--2. A method according to claim 11,

conpri %Qgsgulturing host cells @& wunder conditions for production of the
speci di ng nenber. 13. A nethod according to any one of clains 8 to
12, further conprising isolating and/or purifying the specific binding
nenbeﬁ. :§$ 14..'.k§9t od acc rdin% to_an ne of _c ai 8 to 13 further
compr %61 ng ¥ SPRGTELT g EREISBEMTE ¢ B NG RERBEr *P 0 "PoE6BOBIt i on

i B¢l udiprgial c | easti ngnRe@skeh tisonabe coapanent an, iddcopdn ahl ¥oiiga skt hed
according to any one of claims 8 to 14 35 further conprising binding the
speci fi¢ B?Pla*?‘r%nﬁé’nﬁéFettdﬁéDCBmBFlies fAfaghentodf ‘Epigraty &9 B8 An in

Vi tro anetibedy camaoingi AQ hdehitg the SPaLiddeC 1Bi HE ngidmeRbesin tdat bads ED-B
accordinq tg any one of clainms 1 to 7 tqg ED-B or_a fragnent: of ED-B. 1 7.
A met REGTRRCH G FYTRO PR ESSor 1% i pfi ¥ ngPtrett@fnfn e amount of
bi ndi Rge@tispetd firc cbRpdi Hig-Hembery ERB ok sxdragment 3, ofhERBcDRD 18. A
conposition conprising a specific binding nmenber according to any one of
di0a) s oPE 715 [y CBES Ph SFArEPndA: of (FeatHENTF GfOChes R Sorani mal
body Rk¥prbhetagyt H9n0A £0MRSihikeRi ACHR AnRYbd@y CHAIIIMASH T O¥mpiS@eknaa

met hod of 15 treatnment of a | esion of pathol ogi cal angionesis. 20. A

conpositt FBR! act odiChE?t 8¢ I%ih £8RP orvhfd® iPnthc ndt Hod3ofs the L19 VL

CDR3 of SEQ ID NO. 6, the VL CDR1 is the L1S VL CDR1 of SEQ ID NO.
4, and the VL CDR2 is the L19 VL CDR2 of SEQ ID NO. 5; wherein the
15 specific binding member comprises a mini-immunoglobulin comprising

said antibody VH domain and antibody VL domain fused to ¢.,,-CHE4 and

dimerized.

2. A specific binding member according to claim 1, which specific
20 binding member competes for binding to ED-B with an ED-B-binding
domain of an antibody comprising the L19 VH domain and the L18 VL

domain.

3 A specific binding member according to claim 1 or claim 2

25 comprising the L19 VH domain.

1. A specific binding member according to claim 3 comprising the

L19 VL domain.

30
ST A specific binding member according to claim 4 wherein the
antibody VH domain and antibody VL domain are within an scFv
antibody molecule fused to ¢,,-CHA4.

35 6. A specific binding member according to claim 5 wherein the scFv

antibody molecule is fused to £,-CH4 via a linker peptide.



treatnment of a tunor. 20 2i. A conposition according to any one of clains 1
to 7 for use in a nmethod of diagnosis. 22. Use of a specific binding
nmenber according to any one of clainms 1 to 7 in the nmanufacture of a

nmedi canment for treating a | esion of 5 pat hol ogi cal angi ogenesis. 23. Use
of a specific binding nenber accordiﬁé to any one of clains 1. to 7 in the
manuf acture of a nedicanent for treating a tunor. 30 24. Use of a specific
bi ndi ng menber according to any one of clains | to 7 in the manufacture of
a di agnostic reagent.

i F A specific binding member according to claim & wherein the

linker peptide has the amino acid seguence GGSG (SEQ ID NOC. 7).

n

8. A method of preducing a specific binding member according to
any one of claims 1 to 7, the method comprising labelling a specific
binding member with the isotope *'I.

1C
9. A method according to claim 8, wherein the labelling comprises
oxidising a halogenide in the presence of the specific binding
member, wherein the halogenide is 1.

15 10. A method according to claim 8, wherein the labelling comprises
conjugating an activated bi-functional halogen carrier containing a
radiciosotope to a lysine or a cysteine residue or to the N terminus

of the specific binding member, wherein the radioiosotope is '*'I.

2C 11. A method according to any one of claims 8 to 10, wherein the
method comprises expressing nucleic acid encoding the specific

binding member prior to the labelling.

12. A method according to claim 11, comprising culturing host cells

25 under conditions for production of the specific binding member.

13. A method according to any cne cof c¢laims 8 to 12, further

comprising isclating and/or purifying the specific binding member.

3C 14. A method according to any cne of claims 8 to 13 further
comprising formulating the specific binding member into a

composition including at least one additional compcnent.

15. An in vitro method according to any one of claims 8 to 14
3E further comprising binding the specific binding member to ED-B or a

fragment of ED-B.
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16. An in vitro method comprising binding a specific binding member
that binds ED-B according to any one of claims 1 to 7 to ED-B or a
fragment of ED-B.

17. A method according to claim 15 or 16 comprising determining the
amount of binding of specific binding member to ED-B or a fragment

of ED-B.

18. A composition comprising a specific binding member according to
any one of claims 1 to 7, for use in a method of treatment of the

human or animal body by therapy.

18. A composition according to claim 18 for use in a method of

treatment of a lesion of pathological angicnesis.

20. A composition according to claim 18 for use in a method of

treatment of a tumor.

21. A composition according tc any one of claims 1 to 7 for use in

a method of diagnosis.

22. Use of a specific binding member according to any one of claims
1 to 7 in the manufacture of a medicament for treating a lesion of

pathological angiogenesis.

23. Use of a specific binding member according to any one of claims

1 to 7 in the manufacture of a medicament for treating a tumor.

24. Use of a specific binding member according to any one of claims

1 to 7 in the manufacture of a diagnostic reagent.
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