1 Oxidized avidin with high residency time in the treated tissues FIELD OF THE INVENTION The
invention described herein relates to modified avidins useful to bind biotinylated compounds or cells
an.d maintain them into a site needing 5therapy. BACKGROUND OF THE INVENTION The
avidin-biotin system has been known for many years as an exceptional tool for qualitative and
guantitative studies in interactions between small molecules and biological receptors (Wilchek, M., et
al., Immunol. Today, 1984, 106, 39). Avidin i.s a glycoprotein of about 68 kDa present in the egg white
and showing high affinity for the vitamin H biotin. Its dissociation constant (K-10-'5M) is the lowest
known in nature (Green N.M., et al., Biochem. J., 1970, 118, 67; Green, N.M., Ado. Protein Chem.,
1975, 2.9, 85). It A HaifssaUiS R LRSSk ES nERtaI oMb atre it ibisedesach of which can

potentially b%&&&%ﬁﬁﬁg@cosylwon accounts for about 10% of its molecular weight
with an aver nd three N- acetylglucosamlne residues per subunit (Bruch
8.C., et al. Bachemisied 982 eheaoRdl.In 19882 shudyiaaaioing dnieraction hetween

radiolabelled biotin derivatives 20and avidin was reporte R.K., et al , J. Biol. Chem., 1988,
263, 210). InYROAQIRAL G dmihrpame.of e A@mcwnﬁmo -siem Parigparative theany of solid
tumours was described as a novel form of brachytherapy. The first step involved the administration
within thes operategarea of a biotinylated specific antibody followed by injection of native or
PEG-ylated 2 step, the proper anticancer agent coupled to biotin was administered systemically. The
second step hEed8aROIeNR o etV IO @XN hours from the surgical removal of the tumour.
However, no suggestions of direct avidination through covalent binding of avidin to the considered
tissue were proideddepiednapiiiesticns dregis Hiratdpbrag AVtHErD VB SiRGEYaCRAthe first step
and radlolabelle d biotin-DOTA (ST2210) in the second step, proved to be ffective in d Hnerlng partial
irradiation to the ViRV B AR h SRR ARG SEHCSP dﬁ‘tléﬂ?@rﬁggﬁﬁﬁ ﬁtﬁ?eeé’t éfn e Breast,
2007, 16, 17; P eII| 10 t al., Clio. ane. 0 6 igtion glose released to
the surgically ogg%lt ain e()?(ia%u r%lﬁ e(fﬁ 1 (tlen(fg e%{\iaég éngajerga)mu{l % ? gf%)r r;lr% g%’mlnlstered
dose of 100 rgCig¥ his boost represents about 113 of the expected 60 Gy delivered to this type of
patients by the current standard External Beam Radiotherapy (EBR). 15 The uses of s reptavidin
antibody cons{ygts with hielipradiensciisis.c@yugaias ndheiieaiment hpatentsvgiimealignant
gliomas, and of bispecific antibodies with hapten-radionuclides in the therapy of tumours expressing
carcinoembryloigic afftigen faetdeepoatechrecbintyn(GoldbnbeigtiboMgretah; KOG, 'Odeod., 2006, 24,
823). However, i.n quite a few cases renal 20 toxicity appeared due to the too elevated dose that

passed the killfeyo'Bie brefvenininiasidfseamn Meatingl withi aienn, vesEdinlils r&gid
Green, N.M., Adv. Protein Chem., 1975, 29, 85). It is composed of four subunits

15 of identical amino acid sequence, each of which can potentially bind one
molecule of biotin. Glycosylation accounts for about 10% of its molecular
weight with an average of four to five mannose and three N-acetylglucosamine
residues per subunit (Bruch R.C., et al., Biochemistry, 1982, 21, 5334).

In 1988, a study regarding interaction between radiclabelled biotin derivatives

20  and avidin was reported (Garlick R.K,, et al., J. Biol. Chem., 1988, 263, 210).
In WO04093916 in the name of the Applicant, a two-step perioperative
therapy of solid tumours was described as a novel form of brachytherapy. The
first step involved the administration within the operated area of a
biotinylated specific antibody followed by injection of native or PEG-ylated

25 avidin in order to construct an “artificial receptor”. Then, within the second



clearance from the body. Lately, research efforts focussed at finding "modified avidin" with a longer
half-life. One such approach consisting in linking the protein via free amino groups to
mon.omethoxypolyethylene glycol, resulted in. 25 prolonged plasma half-life of the modified avidin with
8% of the i.v. injected 3 dose still present in the tumour after 5 hours and 6% after 72 hours when
avidin was coupled to PEG-20 kDa (Calked P., et al., J. Control. Release, 2002, 83, 97). A
pharmacokinetic study demonstrating the influence of the size of the PEG 5 moiety highlighted the fact
that the heavier the PEG unit the shorter the half-lif%, meanwhile biotin-avidin affinity degree was
following an opposite trend (Salmaso S., et al., Biochirn, Phys. Ada, 2005, 1726, 57). Another
pharmacokinétPantPBiohFRBidifg isfsericSehidy SHPtifferént PRS-y Itsd aliRSHER&d that 7 PEG

moieties per avidin protein was the best to ratio, allowing increasing the plasma half-life and reducin
the mimunogeREETEH S HOHEUST > HERHE el g AN Wodel i PoGina o

biotmylated diug agguralafien VI JURQHIS ASIING! Y. L AL Bl L GB0GR, 1 930 8 2. 189). As
an alternative to PEG-avidin, thermoresponsive polymers have been inveéstigated.

Poly(V-isopropylasiytanidere0actyiamidelavidinshowad: Righentesidents dimesin: blgrdstream
compared to avidin and lower accumulation within the liver (Salmaso S., et al., Int. J. Pharrn., 2007,
340, 20). Howsveldadso in this case no details in animal model with regard to biotinylated drug
accumulation within tumours were reported. 20 Unfortunately, up to now, no efficient and selective
method to spédificedly dppakaé therapButdagenty ibwvaijabie abhereforevimproverherfist anticancer
therapy i.s still a groat need and a major area of efforts for pharmaceutical companies. Avidin-biotin
binding interaetfdnas HeptaRHSA MeErdtOh b ortior i ficthdetfigtab el dPETEH tSréserves the
biotin binding capacity (Hiller Y., et al, 4 Blochent, J., 1987, 248,167; Rosebrough S.F., et al., J. Nucl.
Mecl., 1996, ﬁ?eg?ligéﬁ) GHEYEHEEPACEAM TR IBA AT [SeftaiehEsdia ?H%ﬁffguﬁéeé‘gght within the

realo e ety be Ay e e ot e 2 il o

10 G., et al., Clin. Canc. Res., 2007, 13, 5646). The radiation dose released to the
surgically operated index quadrant, in 11 patients, was an average of 20 Gy for
an administered dose of 100 mCi. This boost represents about 1/3 of the
expected 60 Gy delivered to this type of patients by the current standard
External Beam Radiotherapy (EBR).

15 The wuses of streptavidin antibody constructs with biotin-radionuclide
conjugates in the treatment of patients with malignant gliomas, and of
bispecific antibodies with hapten-radionuclides in the therapy of tumours
expressing carcinoembryonic antigen were reported recently (Goldenberg,

D.M., et al., J. Clin. Oncol., 2006, 24, 823). However, in quite a few cases renal

20  toxicity appeared due to the too elevated dose that passed the kidney.

One of the main problems when treating with avidin, resides in 1its rapid
clearance from the body. Lately, research efforts focussed at finding “modified
avidin” with a longer half-life. One such approach consisting in linking the
protein via free amino groups to monomethoxypolyethylene glycol, resulted in

25 prolonged plasma half-life of the modified avidin with 8% of the 1.v. injected



Such a strategy would avoid the need of systemic administration of avidin and consequently prevent
any side effects related to such therapy. In addition, increased avidination of the relevant tissue would
result in a less toxic ft treatment due to lower distribution of the anticancer agent in non relevant
organs and reduced dose of anticancer agent to obtain the same effect as with the wild type avidin. It
has now been found that by oxidizing the glycosylated part of avidin, stable avidination of surrounding
tumour tissue can be obtained, allowing a 15 biotinylated anticancer agent to better concentrate in
such region. DESCRIPTION OF THE INVENTION “The present invention involves a chemically
oxidized avidin able to interact with tissues in vivo, through a reversible covalent chemical bond, in a

way that dela§leststHuRIsReSuEh S divae &y idfiers At e fduibigtne sbegicar 26 step or by
'Meeting a selected organ or tissu ing.the . Oxidation of avidin b ans of 10 niiM of
sodium perio&é’%é? \?vfoéagrseCpg)3)1 & I%%el%%éﬁ&?%ﬁ%). et 1 te¢,0 ﬁ%oélﬁﬁ%c?%g%oéu%}%d the oxidized

avidin with phgsphapentamannose-hydrazine to obtain an imine derivative highly phosphorylated that
could then be administered to the patient for modifying 25 lysosomal enzyme, this enhancing the

efficacy of enaypig replacemeant thempie s & sesamaldiserssse Ibis:RoteworhyLhatrhe imine

formation does not intervene in vivo. It has also to be noted that no activity of such modified avidin is
reported in thaica@plicatidigHtepaHictier tHhe fieseakipyentiorixefersttehaniaxicizedeaidin, obtained by
oxidation of the sugar moieties of the glycoprotein, exhibiting higher permanence in tissues compared
to wild type avitinrgaaravidin)moeansshilernaiiimizinty gheesides 6ff8 ots B counter@dtwitemdsing
previously reported modified avidin. proteins. Tissue binding of oxidized avidin is highly homogenous
and does not GEpBAE%S 16 -1 AR HruH apiKtglef HOYVely &Rdlged avidin to localise in tumour and

inflammatory tissues. Therefore, oxidjized avidijn action is not limited to the specific, interaction with
tumour cells gltjgl% ﬁe?d%ﬂ%ﬁ%f%% tgs}gﬁgé%éﬁﬁi?% naiig %%%u?@'i’é%fllf?er&‘é(%ﬁ% mours that

are known tog aip spare »t&lmoHrceHsﬂg tgﬁj accetssible fo direct targeting with wild type avidin.
15 A first embodirrient o(ftahvé rlJIrleSsé)r\{\{elnvefaf)ttion refers 10 a ¢ eer%fgalﬁflnnﬁ)(%tl%lendvv%?cf §[;géesgtvidin by

means of pxidatiyve ri@@&pg{ynggg%i@gar@gdi%m, thuggenerating ajgg{;qul% mojeties that
interact with amino residues present in the tissue of concerns.
immunogenecity of avidin. However, no details were given in animal model
with regard to biotinylated drug accumulation within tumours (Chinol M., et
al., Br. J. Cancer, 1998, 78, 2, 189).
As an alternative to PEG-avidin, thermoresponsive polymers have been
15 investigated. Poly(N-1sopropylacrylamide-co-acrylamide)-avidin showed higher
residence time in bloodstream compared to avidin and lower accumulation
within the liver (Salmaso S., et al., Int. J. Pharm., 2007, 840, 20). However,
also in this case no details in animal model with regard to biotinylated drug
accumulation within tumours were reported.
20 Unfortunately, up to now, no efficient and selective method to specifically
localize therapeutic agents is available.
Therefore, improvement of anticancer therapy is still a great need and a major
area of efforts for pharmaceutical companies.

Avidin-biotin binding interaction is dependent on the protein portion. In fact,

25 deglycosylated avidin preserves the biotin binding capacity (Hiller Y., et al,



CHO groups, at acidic pH (below 6.0), are substantially inert against proteins 20 NH2 because the
protonateci NR2+ form is present. However at pH > 7, CEO groups react with protein NH2 residues to
form Schiff s bases. An example of the chemical oxidation of a representative mannose residue of wild
type avidin and the following reaction of the new-formed CHO groups with the amino groups (R-NH2,
where R is a tissue protein residue) is given in Scheme 1. Scheme 1 5 This sugar oxidation is
achieved according to the well-known method based on reaction of the native avidin with sodium
periodate (Zaborsky, O.R., et al., Bioehern. Bioph. ﬁ?es. Comm., 1974, 61, 1, 210; Green, N.M.,
Biochern. J., 1963, 89, 599). Avidin oxidation however, is known to result in damage to some protein
amino-acidic fEHEEs, e 18%itatibh S ryintitandh & s ifBhed HYihe Mg)ﬁn-b?ﬁgm@@@e, causing a
lower affinityé‘;)él%é% ds biotin and/or biotin derivatives (11520040191832; Green, N.M., Blochern. J.,
1963, 89, 599). It has now been found that binding of avidin to the low affinity ligand 4-
hydroxyazobqugenezl-GarReic arich (HARA RilaLlo i cxidation.sien. baconiers @ fhe former a

conformation that prevents oxidation of the tryptophan residues as revealed by UV spectra analysis of
such derivativesa e lowesiad obthe kharactetgtia ibfisxions Atid82apd 2AhomsdndRaddV spectra is
strictly related to the extent of tryptophan oxidation; meanwhile an absorbance increase in the 250-260
nm region is chataditsistcdithenforvnatiantbfagsebstitite o exdndalece erabsodptionispectra of
oxidized avidin (OXavidin) and HABA-saturated (WTavidin) indicate that the use of HABA to protect
the biotin binding: sitediduring oxidation greatly diminishes the rate of tryptophan damage (figure 1). A
preferred embodiment of this invention is that of oxidized avidin presenting an UV spectrum wherein

the absorbancd'@t 285 HEPFORIA atRid Hot preserit StHeHASBH R REE Ry S fiitBphan

residues oxidation with respect to the one observed for WTavidin. Another preferred embodiment of
this invention IS TSP ORASEL RGN PSRN AR UG Sl eatit - ERSi tha e RbaRce at 250 260

nm does not preselL ANy igtease,with [8Speat in e pne ORseRYec ar W Tvidin, Anglher st

preferred embodiment of this invention is that of a method of oxidation of a.vidin and/or avidin
derivatives in the piesgnee:oftheJigandHABAJhalreyents dayRiephan residugs fam gxidation. In.
strict agreement with the protective effect of HABA. OXavidinnAnA shows structural and
thermodynamieganapeniesevery sidadardontlavidin, abbetraabstabilith @assheoaferrnatomahchanges
were determined by circular dichroism spectroscopy before and after oxidation, with and without 4
equivalents ofthiotid dNtettiryicumves were recorded by following the decrease of dichroic signal at 225
nm in the temperature range 25-95C. The point of inflection and slope (p) of sigmoidal curves were

calculated by the8apd eV HISREFRIH R 20 siedEaipe Ohpymterdaseftware Ay 1égredahiahe point of

transition througJA.the _denatfured condition. . ) .
avidination of surrounding tumour tissue can be obtained, allowing a

15 biotinylated anticancer agent to better concentrate in such region.

DESCRIPTION OF THE INVENTION

The present invention involves a chemically oxidized avidin able to interact
with tissues in vivo, through a reversible covalent chemical bond, 1n a way that
delays its diffusion. Such oxidized avidin is administered during the surgical
20 step or by injecting a selected organ or tissue needing therapy.
Oxidation of avidin by means of 10 mM of sodium periodate was reported
lately (US20020137125). In the latter, the authors coupled the oxidized avidin
with phosphopentamannose-hydrazine to obtain an imine derivative highly
phosphorylated that could then be administered to the patient for modifying

25 lysosomal enzyme, this enhancing the efficacy of enzyme replacement therapy



For each specific compound, the thermal stability corresponds to the temperature which matches the
point of inflection of the corresponding curve registered in the temperature range 25-95C. 8 Data
(table 1) indicate that oxidation decreases thermal stability, as determined by the decrease in the
melting temperature (TO and by the slope (p) of the sigmoidal curve of OXavidin compared to
WTavidin (74.3 versus 79.0 C, and 8.9 versus 14.7, respectively). 5 Surprisingly, the destabilization
effect is almost negligible when the oxidation is performed on HABA-protected avidin as confirmed by
the T., and p values of OXavidinsAm and avidi.n, 78.1 versus 79.0 C, and 11.2 versus 14.7,
respectively. toTable 1 Tm (C) Av din 79.0:1t 0.1 14.7 0.3 Avidin + 4eq biotin > 95 n..a. OXavidin
74.3 + 0.1 8.9 §P%abidivetsheq biotn BE3'asy 253t thy fmpine formation does not

intervene in vivo. It has also to be noted that no activity of such modified
avidin is reported in that application.
In particular, the present invention refers to an oxidized avidin, obtained by

5 oxidation of the sugar moieties of the glycoprotein, exhibiting higher
permanence in tissues compared to wild type avidin (WTavidin) meanwhile
minimizing the side-effects encountered when using previously reported
modified avidin proteins.

Tissue binding of oxidized avidin is highly homogenous and does not depend as

10 1n TART on the ability of positively charged avidin to localise 1n tumour and
inflammatory tissues. Therefore, oxidized avidin action 1s not limited to the
specific interaction with tumour cells thus allowing avidination of the tissues
surrounding the surgically removed tumours that are known to contain spare
tumour cells not easily accessible to direct targeting with wild type avidin.

15 A first embodiment of the present invention refers to a chemically modified
wild type avidin by means of oxidative ring opening of the pyranosidic sugar,
thus generating aldehyde moieties that interact with amino residues present
in the tissue of concerns.

CHO groups, at acidic pH (below 6.0), are substantially inert against proteins

20 NH;: because the protonated NHa* form 1s present. However at pH > 7, CHO
groups react with protein NHz residues to form Schiff's bases. An example of
the chemical oxidation of a representative mannose residue of wild type avidin
and the following reaction of the new-formed CHO groups with the amino
groups (R-NHz where R is a tissue protein residue) is given in Scheme 1.

25



OXavidiniumA 78.1 --h. 0.3 11.2 0.4 OXa.vidin.e.s. + 4eq biotin > 95 ma. A' Slope of sigmoidal curve;
n.a.= not applicable Although thermal denaturation is irreversible for both OXavidinilimA and OXavidin
when heated without biotin, only OXavidinnasA recovers its secondary structure, similarly to WTavidin,
when heated/cooled in presence of 15 biotin (data not shown). These findings confirm that HABA
saturation is a very effective way to preserve conformation of avidin subjected to chemical oxidation
and explain the consequently retained biotin bindir(l:é; capacity. A further preferred embodiment of the
present invention is that of an oxidized avidin presenting a thermal stability greater or equal to 78C. 9
A more preferred embodiment of the present invention is that of an oxidized avidin presenting a
thermal stabilﬁ%b@@%r or equal to 78C with a slope of the sigmoidal curve greater than 10. The
previous finding is also corroborated by the binding capacity of oxidized 5 avidin (OXavidingABA) to
the biotinylated adduct 8%2210 which is simildtQe the one with WT ayidif as shown in table 2. 10
Table 2 g—-o NalO, é-o,)i R-NH, gojj\o

v ok

-

O o

—_—
HO "‘oé PH< 8 o’ ,H”’o-—é pH 7
OH 0

o-D-mannose Schiff base

5 This sugar oxidation 1s achieved according to the well-known method based on
reaction of the native avidin with sodium periodate (Zaborsky, O.R., et al.,
Biochem. Bioph. Res. Comm., 1974, 61, 1, 210; Green, N.M., Biochem. J., 1963,
89, 599).

Avidin oxidation however, is known to result in damage to some protein

10 amino-acidic residues, L.e. oxidation of tryptophan that is involved in the
biotin-binding site, causing a lower affinity towards biotin and/or biotin
derivatives (US20040191832; Green, N.M., Biochem. J., 1963, 89, 599).

It has now been found that binding of avidin to the low affinity ligand 4-
hydroxyazobenzene-2’-carboxylic acid (HABA), prior to the oxidation step,

15 confers to the former a conformation that prevents oxidation of the tryptophan
residues as revealed by UV spectra analysis of such derivatives. The lowering
of the characteristic inflexions at 282 and 291 nm, in the UV spectra is strictly
related to the extent of tryptophan oxidation; meanwhile an absorbance
increase in the 250-260 nm region 1s characteristic of the formation of a

20 substituted oxindole.
The absorption spectra of oxidized avidin (OXavidin) and HABA-saturated

oxidized avidin (OXavidingapa), compared to that of wild type avidin



Oxidation conditions CHO/Avidin molar rati.o -4 SD (N) HiotinDOTA binding "."/ + SD (N) Tissue
permanence %ID/100mg w SD 24h1 week (N)(N) WTavidin Nooxidation CoC.). 100@ 2.1 0.4 0.46
0.08

(WTavidin) indicate that the use of HABA to protect the biotin binding sites
during oxidation greatly diminishes the rate of tryptophan damage (figure 1).

A preferred embodiment of this invention 1s that of oxidized avidin presenting
an UV spectrum wherein the absorbance at 282 and 291 nm does not present

5 the inflexion characteristic of tryptophan residues oxidation with respect to
the one observed for WTavidin.

Another preferred embodiment of this invention is that of oxidized avidin
presenting an UV spectrum wherein the absorbance at 250-260 nm does not
present any increase with respect to the one observed for WTavidin.

10 Another still preferred embodiment of this invention is that of a method of
oxidation of avidin and/or avidin derivatives in the presence of the ligand
HABA that prevents tryptophan residues from oxidation.

In strict agreement with the protective effect of HABA, OXavidingapa shows
structural and thermodynamic properties very similar to WTavidin. Thermal

15  stability and conformational changes were determined by circular dichroism
spectroscopy before and after oxidation, with and without 4 equivalents of
biotin. Melting curves were recorded by following the decrease of dichroic
signal at 225 nm in the temperature range 25-95°C. The point of inflection and
slope (p) of sigmoidal curves were calculated by means of Boltzman fitting

20 model of Origin® 7.0 software and represent the point of transition through
the denatured condition.

For each specific compound, the thermal stability corresponds to the
temperature which matches the point of inflection of the corresponding curve
registered in the temperature range 25-95°C.

25



(5) (5) (4) aimsExo 1 miM Nal.0.15640.877,240.93.1+0.70.16 0.03 (5 (4) (1) (1) 5mM
Naia, 7.5 0.855.7+2.26.3 0.3

Data (table 1) indicate that oxidation decreases thermal stability, as
determined by the decrease in the melting temperature (Ty,) and by the slope
(p) of the sigmoidal curve of OXavidin compared to WTavidin (74.3 versus 79.0
°C, and 8.9 versus 14.7, respectively).

5  Surprisingly, the destabilization effect i1s almost negligible when the oxidation
1s performed on HABA-protected avidin as confirmed by the Ty, and p values of

OXavidingasa and avidin, 78.1 versus 79.0 °C, and 11.2 versus 14.7,

respectively.
10 Table 1

Tm (°C) p*
Avidin 79.0+0.1 14.7+0.3
Avidin + 4eq biotin > 95 n.a.
OXavidin 74.3+0.1 8.9+0.1
OXavidin + 4eq biotin 86.3+0.2 | 20.7+1.1
OXavidinpapa 78.1+0.3 | 11.2+0.4
OXavidingapa + 4eq biotin > 95 n.a.

* Slope of sigmoidal curve; n.a.= not applicable

Although thermal denaturation is irreversible for both OXavidinuapa and

OXavidin when heated without biotin, only OXavidingapa recovers its

secondary structure, similarly to WTavidin, when heated/cooled in presence of
15  biotin (data not shown). These findings confirm that HABA saturation is a

very effective way to preserve conformation of avidin subjected to chemical

oxidation and explain the consequently retained biotin binding capacity.

A further preferred embodiment of the present invention is that of an oxidized

avidin presenting a thermal stability greater or equal to 78°C.



0.99 0.25 (5)(4) (1) (1) 10 m114 8.4 1.050.9 2.417.442.89.7 3.2 Nal04 (6) (6) (3) (3) 20 m1V1

A more preferred embodiment of the present invention is that of an oxidized

avidin presenting a thermal stability greater or equal to 78°C with a slope of

the sigmoidal curve greater than 10.

The previous finding 1s also corroborated by the binding capacity of oxidized
5 avidin (OXavidinmapa) to the biotinylated adduct ST2210 which i1s similar to

the one with WT avidin as shown 1n table 2.



11.5 1.549.1 2.119.1 2.011.1=1.3 NaTO 4 (7) (6) (4) (3) 40inM 10.9 2.6 44,5 0.9 NT NT

Na.{04 (5) (4)

10
Table 2
CHO/Avidin | BiotinDOTA Tissue permanence
Oxidation molar ratio binding %ID/100mg = SD
conditions +SD % +SD 24h 1 week
N N) (N) N)
. qe No oxidation <LoQ 100@ 2.4 +£04 | 0.46+0.08
WTavidin &) ®) @
1 mM NalO4 5.6+0.8 77.2+0.9 3.1+£0.7 0.16 + 0.03
(%) 4 (1) (1)
5 mM NalO4 75£0.8 55,7+ 2.2 6.3+0.3 0.99+0.25
= (5) (4) (1) (1)
IS 10 mM 84+1.0 50,9+ 2.4 17.4+2.8 9.7+ 3.2
;g NalO4 (6) (6) (3 (3)
o 20 mM 11.5+£1.5% 49,1+ 2.1 19.1+2.0 11.4+1.3
NalOq4 (7N (6) 4 (3
40 mM 10.9+2.6 44.5 £ 0.9 NT NT
NalO4 (5) 4
1 mM NalO4 4.0+ 0.8 99.0+0.2 NT NT
+ 1mM (3) (3
HABA
5 mM NalO4 71+£1.6 95.0+£ 1.7 NT NT
< + 1mM (4) (3)
2 HABA
k= 10 mM 85+1.3 86.3 £ 1.6** | 18.4+2.2 9.0+£1.2
T NalO4+ (6) (3 ) (2)
g ImM HABA
g 20 mM 12.9+2.3# | 814+ 1.0#%" | 185+0.5 | 11.7+2.3
NalO4 + {6) (4) (4) 3
1mM HABA
40 mM 9.8+£1.9 73.0+ 0.6 NT NT
NalOs+ (4) (3)
1mM HABA

N= Number of independent experiments; SD= Standard Dewviation; NT= Not

Tested

@The experimental value of 97.4 = 0.5 obtained with biotinDOTA (ST2210)

compared to free biotin by HABA assay is assumed as 100% as the reference

value for modified avidins; *p<0.05 vs 10mM; #p<0.01 vs 10mM (One way

Anova followed by Student-Newman-Keuls); **p< 0.001 vs same without

HABA (T'wo way Anova followed by Bonferroni)



1 mIM Nadal 4.04 0.8 99,0 0.2 NT NT +Im.M. (3) (3) HABA 5mM Nak44 7.1 1.6 95.0=1.7 NT
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The oxidized avidin obtained according to the optimized method
(OXavidinpapa) exhibits improved properties compared to oxidized avidin
prepared without HABA protection with regard to the binding of ST2210 while
maintaining high permanence in the treated tissue (mice muscle limb after
5 L.m. injection). Indeed, when avidin 1s oxidized with 10 mM of NalOu, its
binding capacity with respect to ST2210, 1s greater if HABA is added prior to
the oxidation (86.3% compared to only 50.9% for the corresponding oxidized
avidin in the absence of HABA). A similar result is obtained when the
oxidation occurs in the presence of a higher (20 mM) sodium periodate
10 concentration (81.4% versus 49.1%).
A further preferred embodiment of the present invention is that of an oxidized
avidin presenting a binding with ST2210 greater or equal to 75% with respect
to the 97.4% obtained for WTavidin.
Moreover, tissue permanence of oxidized avidin in mice hind limb, regardless
15 the fact that such oxidation occurred in the presence or not of HABA, is much
higher than for WT avidin. This behaviour is strictly correlated to the presence
of CHO groups within the glycosylated side-chains of avidin.
In a more preferred embodiment of the present invention, about 8 to 16 CHO
residues per avidin (as estimated by the Purpald’s method) are produced after
20  oxidation with 10 and 20 mM NalO,.
In an even more preferred embodiment of the present invention, the “HABA-
protected” oxidized avidin derivatives (OXavidinmapa) maintain a high ST2210
binding capacity and exhibit tissue permanence, at 24 hours and 1 week after

injection, that correlate with the number of CHO groups.



NT + 1mM (4) (3) FIABA 10riM 8.5 1.386.3 1.6* 18.4 2.29.0 1.2 c6 Nalo4+ laiM HABA

12

Physico-chemical characterisation, by means of Isothermal Titration
Calorimetry (ITC), of such avidin’s/biotin interaction revealed that ST2210 is
able to bind to WTavidin and OZXavidingapa in a comparable manner as
demonstrated by the association constants (Ka) and enthalpy change (AH)
5  (3.456 versus 2.50 x 10% M-, and -1.48 versus —-1.71 x 104 kecal moll,
respectively). On the contrary, ST2210/0Xavidin interaction shows lower Ka
(6.45 x 105 M-1) and higher AH (-0.79 x 104 kcal mol-1).
According to data of ST2210 binding to oxidized avidins, within experimental
error, the determined stoichiometry of interaction 1s of 3.0, 1.7 and 1.2

10 molecules of ST2210 per molecule of WTavidin, OXavidingapa and OXavidin,

respectively.
Table 3
N Ka AH calArrslol-l
M-t kecal mol-!
K1
WTavidin
3.0+£0.016 | 3.45E6+ 3.07E5 | -1.48E4 £ 114.0 -19.6
OXavidin
20 M Nal0, | 1.2£0.012 | 6.45E5 £ 5.69E4 | -0.79E4+ 117.8 |  0.16
OXavidinmana
1 mM NalIO. 2.5+£0.008 | 4.58E6 & 2.49E5 -1.29K4 + 56.2 -12.7
OXavidinpapa
5 mMNalO, | 1.9+0.012 | 5.42E6+ 5.90E5 | -1.56E4 +145.0 | -21.6
OXavidinuasa
10 mMNalO, | 1.7£0.008 | 3.34E6+2.12E5 | -1.60E4=109.9 | -23.7
OXavidingaga .
90 mM NalO, | 1.5%0.007 | 2.50E6 + 1.32E5 | -1.71E4+ 113.7 | -28.0

15 Oxidized avidin, according to the present invention, substantially maintains
the biotin binding capacity of the wild type avidin while acquiring the property
to interact reversibly with tissue proteins, thus resulting in an ideal candidate

for the use 1n brachytherapy as in the IJART®.



(5) (3) (2) (2) 020 M 12.9 2.3# 81.4 th 1.0#** 18.5th 0.5 11.7 2.3 Nalal -k (6) (4) (4) (3) 1mM
HABA
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In a preferred embodiment of the present invention, oxidized avidin is
administered in the intraoperative stage, thus generating an “artificial
receptor” for the subsequent anticancer agent.

A more preferred embodiment of the present invention is to provide a

5 chemically oxidized avidin to be used as a first brachytherapy agent, endowed
with high permanence in treated tissues, in combination with a second agent
endowed with affinity for said first oxidized avidin.

An even more preferred embodiment of the present invention is to provide a
chemically oxidized avidin to be used as a first brachytherapy agent, endowed

10 with high permanence in treated tissues, in combination with a second
anticancer agent endowed with affinity for said first oxidized avidin.

Another embodiment of the present invention is a pharmaceutical composition
containing said chemically modified avidin as the first ingredient and a
bictinylated therapeutic agent as the second active ingredient.

15 In one preferred realisation of the invention, the second active ingredient of
the above pharmaceutical composition is a biotinylated anticancer agent.
Anticancer agent means an agent capable of fighting tumours. A non-
exhaustive list of anticancer agents consists of chemotherapeutic drugs,
radiolabelled compounds, effector cells, toxins, cytokines and anticancer cells.

20  In another preferred realisation of the invention, the therapy will take the
form of radiotherapy.

Another preferred embodiment of the present invention consists of the
preparation of a kit useful for brachytherapy of breast, muscle, liver, pancreas,

bladder, brain, lung, prostate, ovaries, eyes and other organs.



40 MM 9.8 1.973.04 0.6 NT NT NalOo4+ (4) (3) 1mM HABA N= Number of independent
experiments; SD= Standard Deviation; NT= Not 5 Tested
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In one preferred realisation of the kit, the two ingredients are in two separate
containers.

In a more preferred embodiment, the chemically modified avidin container will
consist of an adequate amount of product, formulated in a compatible acidic

5 solution or lyophilized with suitable excipients to form a cake.

In a particularly preferred embodiment, the above mentioned container will
take the form of a special syringe suitable for successive administrations of
multiple precise volumes into the resection margins or residues of diseased
tissue that cannot be removed surgically because of infiltration of vital organs.

10 Conveniently, the container may also be in a form switable for the
administration of chemically modified avidin as a spray.

Preferably, the various containers, already containing the doses of the
individual ingredients, will be made as a single pack bearing the instructions
for the modes of administration.

15 Even more preferably, the various containers have the form of a syringe.

In another particularly preferred embodiment, the kit for use in brachytherapy
that, like in TART®, is suitable for sequential locoregional administration of the
first ingredient and subsequent systemic or local administration of the second
ingredient.

20 The second ingredient of the composition of this invention may be
administered by any number of routes including, but not limited to, oral,
intravenous, intramuscular, intra-arterial, intramedullary, intrathecal,
intraventricular, transdermal or transcutaneous applications, subcutaneous,
intraperitoneal, intranasal, enteral, topical, sublingual, intravaginal, rectal

25 means or locally on the diseased tissue.



@The experimental value of 97.4 th 0.5 obtained with biotinDOTA (ST2210) compared to free 'biotin
by I/ABA assay is assumed as 100% as the reference value for modified avidins; *p<0.05 vs 10mM;
#p<0.01 vs 10mM (One way Anma followed by Student-Newman-Kauls); **n< 0.001 vs same without
10 HABA (Two way Anova followed by Bonferroni) 11 The oxidized avidin obtained according to the
optimized method (0XavidineApA) exhibits improved properties compared to oxidized avidin prepared
without, HARA protection with regard to the binding of ST2210 while maintaining high permanence in
the treated tissue (mice muscle limb after 5im. in‘%ction). Indeed, when avidi.n is oxidized with 10 mM
of Nal04, its binding capacity with respect to ST2210, is greater if HABA is added prior to the oxidation
(86.3% comparSEFtaSnfy BB JosatttHEEHFrEERTRARY TXIdiz St HOIdNt n'th& ABSBIEET BIHABA). A
similar resultlig(gb.taiped v(\{hen he o |qc%t

n

018QLope thv into eizof geeurs instsh lgr%%enggageabhghegu%p Mc)isSOdium
periodate 10¢8nceRtration (81 .4% Versus 49:10%). Rirther pretefféd émbodiment of the present

invention is thal.afanyoxdizad,avidin presenting ainding yilh SI8219.realsrar egalio 75% with
respect to the 97.4% obtained for WTavidin. Moreover, tissué permanence of oxidized avidin in mice

hind limb, regargless e dhe (pet HratsuchoxidativrPecwird M thepresenceN@abHABA, is much
higher than for WT avidin. 'Phis behaviour is strictly correlated to the presence of CHO groups within

the glycos3daieiyside-clumnsiaf awd alnasmeneiprefehiedisnibodimmentofdhepriesbatdavention, about
8 to 15 CHO residues per avidin (as estimated by the Purpald's method) are produced after 20
oxidation withs1Ovamel lIROegdNa g simbntere anherelphéfewsd iomibotiitaced eftthe present invention,
the "HABAprotected" oxidized avidi.n derivatives (OXavidinam3..3) maintain a high ST2210 binding
capacity and 8RBt tasifePerrranariEabiisindhltarkavwieer Gt tirfjetne i ik derelate with the

number of CHO groups...12 Physico-chemjcal characterisation, by means .of Isothermal Titration
Clgilorimetry (Pf@%sog ughgég?la{n'lgfﬁ%‘%?q Erdeho er’e\rftéaarfélla“ ?ﬁ%ty% P10's z§6?e R stiate] tlo V\I/Tavidin

and OXavidi eAs f COMPA. manner as de onstrated by the association constants (KA) and
enthalpy char%g% é%/l%%af??}g \%Bs;lgs 2.150%(%0§%M%1, and -1.48 versus -1.71 x 104 kcal mold,

respectively) iPnibgianary . RikZ2Lxayidininigractiorshews lanerKAe:4%xd9sgMd) and
higher AFT (-0.79 x 101 kcal mold). According to data of ST221.0 binding to oxidized avidins, within

experimental endin tHetdeterrained stoehivmetiynof nlerdetiobtisofB.By lnfiang kiZeToesmolecules of
ST2210 per molecule of WTavidin, OXavi dim-IAEA and OXavidin, respectively. Table 3

ingredients and subsequently administered to the patient.

The composition of the present invention constitutes a medicine useful for the

therapy of operable or not, or not completely removable solid tumours, such as,

15 for example but not exclusively, cancers of the breast, pancreas, lung, pleura,

peritoneum, face and neck, bladder, brain, prostate, ovaries, eyes and others

organs as described in the patent application W02004/093916 filed in the

name of the Applicant.

According to a preferred embodiment of the invention the oxidized avidin

20 obtained by the process of the invention can be defined as a chemically

modified avidin, in which at least one of the mannose residues has been

25



N KA M-1 Ali kcal mold AS cal n-iold Kd WTavidin 3.0 0.016 3.45E6 3.07E5-1.48E4 114.01-19.6
OXavi din.
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replaced by a residue of the following formula (I)

HO
é’ Ojlo
07 K”’o—é
o

Formulal

A further object of the present invention is pharmaceutical compositions
5  described earlier, in combination with excipients and/or pharmacologically
acceptable diluents.
A further embodiment of the invention is a process for the preparation of
pharmaceutical compositions characterised by mixing the chemically modified
avidin with suitable excipients, stabilizers and/or pharmaceutically acceptable
10 diluents.
An excipient is an inert substance that is added to a drug to provide bulk.
The pharmaceutical composition may also contain a pharmaceutically
acceptable carrier, for administration of a therapeutic agent. Such carriers
include antibodies and other polypeptides, genes and other therapeutic agents
15 such as liposomes, provided that the carrier may be administered without
undue toxicity. |
Suitable carriers may be large, slowly metabolised macromolecules such as
proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino
acids, amino acid copolymers and inactive virus particles.
20 A thorough discussion of pharmaceutically acceptable carriers 1s available in
Remington's Pharmaceutical Sciences (Mack Pub. Co., N. J.1991).
Pharmaceutically acceptable carriers in therapeutic compositions may

additionally contain Iiquids such as water, saline, glycerol and ethanol.



20 mM Nal04 1.2 0.012 6.45E5 5.69E4 -0.79E4 117.8 0,16 OXavidin RABA 1 iniq NaiOd. 2.'5
0.008 4.58E6 t 2.49E5 -1.29E4 56.2 -19.7 OXavidinflABA 5 MMNal04 ,1.9 0.012
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Additionally, auxiliary substances, such as wetting or emulsifying agents, pH

buffering substances, and the like, may be present in such compositions. Such

carriers enable the pharmaceutical compositions to be formulated as

lyophylization cakes, tablets, pills, dragees, capsules, liquids, gels, syrups,
5 slurries, suspensions, and the like, for ingestion by the patient.

The subjects to be treated can be animals; in particular, human subjects can be

treated.

Dosage treatment may be a single dose schedule or a multiple dose schedule.

The dose will be determined by the expert in the field such as to deliver to the
10 target tissue an amount exerting an effective therapeutic action.

A general dose range could be between 10-100 ml of oxidized avidin solution at

a concentration of 3-5 mg/ml. The dose volume will depend on the volume of

the target tissue to be treated, 1.e. 30 ml for a typical treatment of a breast

region surrounding the site of a quadrantectomy (Paganelli G., et al., The
15 Breast, 2007, 16,17) or up to 100 ml for the treatment of a peritoneal cavity.

The biochemical characterization of oxidized avidin includes the estimation of

CHO groups by the colorimetric Purpald® method known to the expert in field

(Avigad G., Anal. Biochem., 1983,154, 2, 499), using propionaldehyde as a

standard.

20 DESCRIPTION OF THE DRAWINGS

Figure 1:

It shows the UV spectra of three different forms of avidin,

Figure 2:

The curves A, B and C relate to the elution profiles of WTavidin, OXavidingasa

25  and OXavidin respectively on size exclusion chromatography (Biosep-SEC-



5.42E6 5.90E5 -1 7c6E4 . 145.0 -21.6 OXavidinBABA 10 mMNal04 1.7 - 0.008 3.34E6 2.12E5
-1.60E4 109.9i-23.7 OXavidinhAflA° 90 mM Nal041.5 0.007 2.50E6 1.32E5 -1.71E4 1:. 113.7 -28.0
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S3000 column (Phenomenex®, 300x7.8 mm, volume: 14.3 ml) using an
isocratic condition with a 100 mM sodium acetate buffer pH 5.5 and 0.156 M
NaCl at a flow rate of 1 ml/min at room temperature.. The later two were
obtained from WTavidin by oxidation using NalO4 (20 mM). The ratio 280/260
5  relates to the integrity of the avidin with respect to the oxidation of tryptophan

residues and formation of oxindole.

Figure 3:
It shows the biodistribution of oxidized avidin in treated mice after
intramuscular administration. In particular Figure 3a indicates that the
10 amount of oxidized avidin in the treated imb i1s more than double native
avidin after 1 hour from injection. The difference increases with time: native
avidin is almost undetectable after 24 and 48 hours, while oxidized avidin
represents about 22% and 15% of the injected dose/100 mg of tissue,
respectively. The higher concentration of oxidized avidin compared to wild type
15  avidin in the treated limb 1s, as a consequence, associated to a lower
distribution of oxidized avidin and a higher distribution of wild type avidin in
the non target organs, particularly in the first hour, as shown for blood, kidney
and liver in the Figure 3b, ¢ and d, respectively. Figure3e shows the

distribution of oxidized avidin and wild type avidin in the controlateral limbs.

20  Figure 4
It shows the tissue permanence of 126].radiolabelled WTavidin and
OXavidinuaga 1n treated and controlateral limbs up to 14 weeks. Such graph
indicates that, referred to the 1 hour level, the tissue half life of OXavidinpapa

1s about 2 weeks as opposed to 2 hours for WTavidin.



L50xidized avidin, according to the present invention, substantially maintains the hiotin binding
capacity of the wild type avidin while acquiring the property to interact reversibly with tissue proteins,
thus resulting in an ideal candidate for the use in brachytherapy as in the TART. 13 In a preferred
embodiment of the present invention, oxidized avidin is administered in the intraoperative stage, thus
generating an "artificial receptor” for the subsequent anticancer agent. A more preferred embodiment
of the present invention is to provide a 5 chemical} oxidized avidin to be used as a first brachythe apy
agent, endowed with high permanence in treated tiSsues, in combination with a second agent
endowed with_affinity for said first oxidized avidin. An even more preferred embodiment of the present
invention is tg:—ﬁlg\%dxe a chemically oxidized avidin to be used as a first brachytherapy agent, endowed
o with high pemnenag Indrealeg Issues, 1o corybidiian vk sesandanisnsenagent endowed
with affinity for said first oxidized avidin. Another embodinient of the present invention is a
pharmaceuticat.GommesiionsaNtainipg-said shemisatly-mesfiediavidinas e stingradient and a
biotinyiated therapeutic agent as the second active ingredient. 15In one preferred realisation of the
invention, the:$eepndieetiv dagFedientof treahowdpharmesiudicatsompasition is eohiptinylated
anticancer agent. Anticancer agent means an agent capable of fighting tumours. A non-exhaustive list
of anticariceragerits boffsistsidf &heRatherapeuticidriys, nadictdbblied vampoemaiseéffector cells,
toxins, cytokines and anticancer cells. 20 In another preferred realisation of the invention, the therapy
will take the fefmBf cadibthe sy rpsthieoerdrred waslosbiwettior the present invention consists of
the preparation. of a kit useful for brachytherapy of breast, muscle, liver, pancreas, bladder, brain,
lung, prostate; i8s, eyes and other organs. 14 in one preferred realisation of the kit, the two
ingredients are isr%two separate %(gnlairae S Jmore. referrefj embogi %Vr}%}{”\%'fhe ically modified

. - . OWS ng ootaine rom 1CE Uuscles 1njacle aVv1ia] . g
avidin container WIWCOHSIS? O% an adréquate amoun (r)r% proraluct, ?ormb ated ina compa]tl ]ile acidic 5

solution or lyephilized with suifahle excipients & farm.asake W2 Rarisarly prafered gmbodiment,

the above mentioned container wil taﬁe the form of a special syringe suitable for successive

administigtions plumiipleprecise melwyesinte/thm resesionmagingsor sesHussBhdisgased tissue
that cannot be removed surgically because of infiltration of vital organs. .10 Conveniently, the

container mayatsa bélimafprivBovablefordthe adminestdtion dflchemigallfbatoblifietiiavidin as a
spray.
Molecular Probes). Panel a shows a weak dotted localization while sections

from muscles injected with OXavidinuaa show a strong homogenous

distribution. In both cases avidin was localized at the interstitium.

15 Figure 7:
It shows the permanence at various time points of 1.v. injected 11In-ST2210 in
Balb/c mice hind limb which were treated 48 hours before with WTavidin or
OXavidingapa (panel a). Panels b, ¢ and d refer to 11In-ST2210 captation in

liver, kidney and spleen, respectively, after 1.v. injection of 111In-ST2210.

20 Panel e, shows H11In-ST2210 captation after 48 hours from tissue avidination.
In the second case scenario (111In-ST2210 repeated) the animals received

firstly a dose of cold ST2210 and 24 hours later a second dose of 111In-ST2210.



Preferably, the various containers, already containing the doses of the individual ingredients, will be
made as a single pack boa,.ing the instructions for the modes of administration. 15 Even more
preferably, the various containers have the form of a syringe. In another particularly preferred
embodiment, the kit for use in brachytherapy that, like in TAHITI(r), is suitable for sequential
locoregional administration of the first ingredient and subsequent systemic or local administration of
the second ingredient. 20 The second ingredient of the composition of this invention may be
administered by any number of routes including, b Qnot limited to, oral, intravenous, intramuscular,
intra -arteri al,_intramedullary, intrathecal, intraventricular, transdermal or transcutaneous applications,
subcutaneous@ﬁ#ﬁ%@éritoneal, intranasal, enteral, topical, sublingual, intravaginal, rectal 25 means or
locally on thediseasedissue, 13 There aje.clinienl cases yfere brachytherapyls perfprmed by
administering radioisotope directly into the tumour massn(l.e. moperarBTé rain tumours as described in
Julow J., et a'SfIBQ%-J}{S%Qéksalﬂ}é’r’iﬁﬁ%ogqﬂ%%)h%éul'{%%r affected organs (i.e. prostate as
described in Saito 5, et al., Int. J. Olin. neat., 2007, 12, 395). In such a case an deal brachytherapy
device would g@Reyshowing homogenous distribution and stability within the treated site. On the
basis of experimental data, it has been found that tissue avidination occurs in different tissues like
muscle, mamaho (gholen linatihe tprese nt caamples \aSawielas withinHoain tifisuertetmanother still
particularly preferred embodiment, the complex oxidized avidin-biotinylated therapeutic agent will be
obtained by nilxigiegthehsvstingrsdié plts akdllsubsequently administered to the patient. The composition
of the present invention constitutes a medicine useful for the therapy of operable or not, or not
completely rerSVRbIRVEBEF RIS [ETRR LU o i PIS BiRhot “RerisivaR ik cers of the breast,
pancreas, Iunsgé%lgg{r%eritoneum, face and neck, bladder, brain prostate, ovaries, eyes and others
organs as de e patent application W02004/093916 filed in the name of the Applicant.

According to ﬁ?ﬁ%‘?ﬂ&q%0999‘491‘?QE@%&B&Q&%@%‘P&Q}%&’é&%‘%‘%ﬂ%%ﬁ%&?@ﬁﬁgsby the process of

the invention can be defined as a chemically modified avidin, in which at least one of the ma nnose

residues;has PreRx ke RRIFeeLBY:2 residue @fihe fellowing formidalh-HAR Earmula

a) incubating wild type avidin pre-mixed with a molar excess of HABA, with
an oxidizing agent such as 10-20 mM sodium periodate in 50-100 mM
acetate buffer at pH below 6.0 for 1-5 hours at 4°C or at room
temperature;

15 b) blocking of the reaction and purification by removal of the oxidizing
agent and HABA by chromatography, ultrafiltration, dialysis or other
purification methods known to the expert in the field; and

¢) lyophylizing or formulating at an acidic pH.

The oxidized avidin was further analyzed for the molecular size by size

20 exclusion chromatography on a biosep-SEC-S3000 column (Phenomenex®,

300x7.8 mm, volume: 14.3 ml) using an isocratic condition with a 100 mM
sodium acetate buffer pH 5.5 and 0.15 M NaCl at a flow rate of 1 ml/min at
room temperature.

Ags shown in Figure 2 the elution of an oxidized avidin appears slightly delayed

25  compared to native avidin.



A further object of the present invention is pharmaceutical compositions described earlier, in
combination with excipients anchor pharmacologically acceptable diluents. A further embodiment of
the invention is a process for the preparation of pharmaceutical compositions characterised by mixing
the chemically modified avidin with suitable excipients, stabilizers and/or pharmaceutically acceptable
10diluents. An excipient is an inert substance that is added to a drug to provide bulk. The
pharmaceutical composition may also contain a p% rmaceutically acceptable carrier, for administration
of a therapeutic agent. Such carriers include antib8dies and other polypeptides, genes and other
therapeutic agents 15 such, as liposomes, provided that the carrier may be administered without undue
toxicity. Suita%?é@é%m&%: ! Dot A Fgtabe! H€ules such as proteins,

polysaccharides, polylactic. acids, po choli(.:a ids meric amino acids, aming acid copolymers
C%?md?ze &m%@iﬁgui gﬁacﬁseér&stslat&? P%rh&‘le g%lé raﬁggﬁ)(/:e in ere Beateg X

A -
A V

. . .avi .
and inactive virus particles. oro ion o arm acceptable carriers Is

available in Remingtan's Phagmaageytical SGenees.( PP Gl d 4294 Eharmageutically

acceptable carriers in therapeutic compositions may additionally contain liquids such as water, saline,
glycerol and gthaaed 1T ACditiomally, auxdigey susiapcesisuch aswetting.erpmuisifytag agents, pH
buffering substances, and the like, may be present in such compositions. Such carriers enable the
pharmaceutical ldampositions(W'bevidimulated as lycphylization cakes, tablets, pills, dragees,
capsules, liquids, gels, syrups, 5slurries, suspensions, and the like, for ingestion by the patient. The
subjects to b treateurgansleinin & T pertictibrahimas€objess eastbeitréatedin Dosage
treatment may be a single dose schedule or a multiple dose schedule. The dose will, he determined,
by the expert??/h“ﬂllé“ﬁ@d’%ﬁéﬁ%ecolﬂgwé‘ﬁ%tﬁédt RISCHAUE BN IaRE FHE S8 HMg T EH &ffective

therapeutic acti%n. A en%lrial dé)se range could be.betwe%?n 10-1970.mlt?1f oxidi%eg ég}in solution at a
POF EBIRIGN Pha i8R UBILME A HE SR BI AN oo et r§

concentration O i%ue to be

reated, ve. Semliar2dunicablisaunen! ol R RERRALIE0ION ShIURHINGNG S of.p guagrantectomy
(Paganelli et al., The 15Breast, 2007, 16,17) or up to 100 ml for the treatment of a peritoneal cavity.

The biochemicalichanqeterization of exicized avidin inclydasthe estigaation of CHO groups by the
colorimetric Purpald(r) method known to the expert in field (Av gad G., Anal. Bloc/tent., 1983,134, 2,
499), using pfoipionalcettyde asipstandarda 26 DESCERIP HQNsOFoiH RRAMHNGS wgure 1:
stmilar in the surgically treated and not surgically treated animals, Therefore,
further studies were performed by infiltrating avidin without surgery.
WTavidin was labelled with 25T (Perkin Elmer, Italy) according to the Iodo-
15 Gen method (Pierce, Rockford, IL). Labelled avidin was separated from free
todine by chromatography on a PD-10 column (Amersham Biosciences,
Uppsala, Sweden) and oxidized as previously described in the Example 1
without any prior HABA protection.
ST2210 described in the patent application WO 02/066075 (page 18, 1-[2-[6-[5-
20  [(3aS,45,6aR)-hexahydro-2-oxo-1H-thieno[3,4-d]imidazol-4-yl]-1-pentylamino]-
1-hexylamino]-2-oxoethyl]-1,4,7,10-tetraazacyclododecane-4,7,10-triacetic acid
pentahydrochloride) was labelled with 111In (Perkin Elmer, Italy) according to

a method previously described (Urbano N., et al., Eur. J Nucl. Med. Mol

Imaging, 2007, 34, 68).



It shows the UV spectra of three different forms of avidin. Figure 2:  The curves A, B and C relate to
the elution profiles of Wravidin, OXavidimiABA 25 and OXavidin respectively on size exclusion
chromatography (Biosep-SEC- 18 S3000 column (Phenomenex(r), 300x7.8 mm, volume: 14.3 ml)
using an isocratic condition with a 100 m1VI sodium acetate buffer pH 5.5 and 0.15 M NaO at a flow
rate of 1 ml/min at room temperature.. The later two were obtained from VVTavidin by oxidation using
Nalai (20 mM). The ratio 280/260 5 relates to the i 3egrity of the avidin with respect to the oxidation of
tryptophan residues and formation of oxindole. Fig%re It shows the biodistribution of oxidized avidin in
treated mice after intramuscular administration. In particular Figure 3a indicates that the 10 amount of

oxidized avidiaPthaieats tbiar e re fiah dBUblevaavE Gfin At FOHBRI ronMilfection. The
difference incy; s with time: native gyidin.is almost undetectable after 24 and 48 hours, while
oidimen s o SRRt R SR O el

The higher cqnegniation afexifized anidin campared o i s} Ayiditun ihedraated limb i, as a

consequence, associated to a lower distribution of oxidized avi din and a higher distribution of wild

type avidin inghe-0endarget.eraans, pariculaniin the)first hayr as, stpwen dor blood, kidney and liver in
the Figure 3b, c and d, respectively. Figure3e shows the distribution of oxidized avidin and wild type
avican in the rinérolaterad dinflzed20Eigure 48 i chewsttre! tissueTaemnankeneeofdi261 arradi labelled
VS/Tavi din and OXavidinsAsA in treated and controlateral limbs up to 14 weeks. Such graph indicates
that, referred tthetHeeh teduntel/ehniroltisers Hutflife bid@xavidgiethAst idlabduianlseks e opposed to 2
hours for WTavidin. 19 Figure 5: It shows the tissue permanence of WTavidin, PEGavidin and
OXavidinHABALSREI LA KO GRS et tBHIR BT HIFT ITHBBP 43I ThREEWRFPES Y tin 15 pl) of
125I-labelled WTavidin, PEGavidin or OXavidin formulated in 200mTVI acetate buffer pH 5.5.
Radioactivity "fiié #eated limb was measured by gamma counter (Camberra Packard, Schwa dorf

Ao s Splhehatsalions SRtemERIieTARNe R ee MHeleselRd iR B/Tavidn (pane!
a) Or OXavidinaael) (panel b) and stained with anti avidin antibody for
10  more than double the avidin after 1 hour from injection. The difference
increases with time: WTavidin 1s almost undetectable after 24 and 48 hours
while OXavidin was about 22% and 15% of the mnjected dose/100 mg of tissue,
respectively. The higher concentration of oxidized avidin compared to wild type
avidin in the treated limb was, as a consequence, associated to a lower
15 distribution of oxidized avidin and a higher distribution of wild type avidin in
the non target organs, particularly in the first hour, as shown for blood, kidney
and liver in the Figure 38b, ¢ and d, respectively. Figure 3e shows the
distribution of OXavidin and WTavidin in the controlateral limb.
Since IART®, as described in the patent application W02004/093916, foresees
20  the local administration of WTavidin (intraoperative injection) followed by the
intravenous injection of the anticancer agent after 4-72 hours, it 1s evident

that the use of a chemically modified avidin, as the one in the example of the

present invention, offers great advantages.

25



10 immunefluorescence: mouse anti avidin ascitic fluid (A5680 batch 064K4826, Sigma Aldrich),
followed by Anti mouse Alexa Fluor 488 (batch 99E2.2, Molecular Probes). Panel a shows a weak
dotted localization while sections from muscles injected with OXavidinnmiA show a strong
homogenous distribution. In both cases avidin was localized at the interstitium. 15Figure 7: It shows
the permanence at various time points of IA . injected 111In-ST2210 in Ball* mice hind limb which
were treated 48 hours before with WTavidin or O)%;vidinami), (panel a). Panels b, c and d refer to
1111n-ST2210 captation in liver, kidney and sple€en, respectively, after i.v. injection of mIin-ST2210. 70
Panel e, shows 111In-ST2210 captation after 48 hoursgrom tissue avidin,tion. In the second case

e D h A

scenario (II1Ikapapiegh Lo 5 ¢ Y Fand 24 hours
ater a second dgse of 1310 212210, 2 Flgure. 8 It siows dhe lissue Jesidence of the wTavidin or
OXavidinuA comp?exes With ST2216 one week after jection in one ind fimb: igure 9: 5 It shows
the brain tissyg,tesidenc, of OXayidinFlasa 2 hows sfteriniestionihioyam thedeft sige, of the skull.
The following examples further illustrate the invention without limiting it. EXAMPLES Example 1.:
Synthesis ang,pigehesaical ahawaaterzationafrexigizesayiding: e d heaxddatienyjproeaddre method
comprises the following successive steps: a) incubating wild type avi.din pre-mixed with a molar
excess 0t BABW  auith A oxidiziag dgedtsuthadsni 620 mb dodivea fedriodateswbD-4s00 niM acetate
buffer at pH below 6.0 for 1-5 hours at 4.C or at room temperature; 15b) blocking of the reaction and
purification bytfemoval dhtlsetosidiing agentrafdoRABAR Y ctirometodraphyredtrBiifkatdm dialysis or
other purification methods known to the expert in the field; and c) lyophylizing or formulatin.g at an
acidic pH. ThEB¥aREE Aviialas further analyzed for the molecular size by size 20 exclusion

chromatogra n a biosep-SEC-S calumn (Phenomenexe, 30017.8.min, volume; 14.3 ml)
using an isoc?@%/f}c EENGiItioN Wit a°460 m ‘él(()%[1 |y%$%@§?§ gagrﬁﬁ%%f\pvl"-ﬁ%%%ﬁga&iél R;% &C1 at a flow
rate of 1 ml, %é%@’fﬁ@‘ﬂ%ﬁ&uﬁ%ifdiésofgﬁ%’gx@iﬁlﬁ'Wﬂ&%é@&%%ﬁ“c%nd% nQxidized avigin appears

slightly delayed 25compared to native avidin.
10 found to be about 2 weeks as opposed to 2 hours for WTavidin (figure 4).

Example 4: Biodistribution of oxidized avidin in mammary tissue

OXavidingapa was evaluated for its permanence in the mammary tissue in
comparison to WTavidin. 50 ug (n 156 ul) of 1%[-labelled WTavidin or
OXavidinnasa, prepared according to the general method described in example

15 1, were administered in the breast region underlying the nipple (3 breasts for
each avidin) of rabbits (Francucci Enzo, Rieti, Italy). The animals were
sacrificed after 24 h from injection and tissue samples of the injected area of
about 200 mg were collected and counted in a gamma counter as previously
described. The data are the average (+/- SD) of 3 determinations.

20 The data in Table 4 show that 8.5 and 65.8 % ID of WTavidin and
OXavidinnaga, respectively are found after 24 hours in the mammary tissue.
These data confirm the higher permanence of OXavidinuapa, compared to
WTavidin, previously observed in the mouse muscular tissue, in the rabbit

mammary tissue.



21 Example 2: Biodistribution of oxidized avidin in treated mice Oxidized avidin (0Xavidin) was
evaluated for the permanence in the treated tissue, for its biodistribution in not treated organs, as well
as for its capacity to capture 1nin-ST221.0 in a mouse model simulating TART(c) in comparison to wild
type avidin (VVTavidin). The animal model of TART(r) was set up by performing a surgical cut in one
hind limb of a mouse, infiltrating radiolabelled avidin in the surgical margins and surrounding tissues
and measuring radioactivity in the treated limb at %ifferent time points after administration. In a parallel
group of mice, the 10 radioactive avidin was infiltr fléd to the limb without surgery. The amount of
radioactivity, after 1 and 24 hours from administration was similar in the surgically treated and not
surgically treatBB!8rm & ReRes &L AMGUCE eV FAYMHL A0SR EA B it &t Ly 2aR8H without
surgery. WTavitiin was Iabrglleg w{tlh 111%51 (Perkin Elmer, Italy) according to the lodo- 15 Gen method
(Pierce, Rockford, IL). vas separated from free iodine by chromatography on a PD-10
column (Amershan-1 Diosciences, Uppsala, Sweden) and oxidized as previously described in the
Example 1 without any prior HABA protection. 5172210 described in the patent application WO
02/066075 (page 18, 1-[2-[6-[5- 20 [(32$,48,6aR)-hexghydro-2-0xo-1H-thieno [3,4-d] imiclazol -4- yl] -
1 -pentylami n ol - 1 -h exyl am—'rﬁeszeri%ét%%s-g %}P ?’1%&%&%&&@@ o decane-4,7,10-triacetic
acid pentahydrochloride) was labeliepwitdp flin (Perkin Ehxetidahy) gccording to a method previously
described (Urbane N., et al}, Eur. J Nucl. Med. Mot, Imaging, 2007, 34, 68). 22 Balb/c nu/nu mice
(Harlan Udine, Italy) were divided i8-8 grddps of 5 mice. 65.8 (WWRvidin or OXavi.din were
administered intramuscularly (i.m.) in one hind limb of each mouse (400 ughnouse in 40 ul) and after
1, 24 or 48 hours the mice received intravenously (i.v.) 16 ug of 1111M-ST2210. 5 Mice were

ii‘jcr[g';ﬁﬂ/ ;r’ ﬁé@?ﬁgg‘;ﬁ% A I Seagicr administration and fhe treted, and Cos”r‘;gﬁtrzrij;gﬂgfé’
Schwadort, AUall). A1 SREKAIR BlakIS-3adhe amaual el eldischaydipin. ecligetgaimd Is more
than double the avidin after 1 hour from injection. The difference increéases with time: Wfavidin is
almost updetegtable.after 24306148 hauss\while OXay ginwas ahout@2%.and 15740f the injected
dose/100 mg of tissue, respectively. The higher concentration of oxidized avidin compared to wild type
avidin in the t@ated/liRbsyas, HH A, amseqbenaas@Ssacialedto d.|dWweridh 2idtvibzdpr2of. oxidized
avidin and a higher distribution of wild type avidin in the non target organs, particularly in the first hour,
as shown for bloodikidneyamatleercin tie Wigaved81.3 I4imd Wirespeotively. Figurer@e shows the
distribution of OXavidin and WTavidin in the controlateral limb. Since IART(r), as described in the
patent applicatidi $0 2061 09 9T18: o EEES O R THE ToR ST A MRSt rEtfO RSP AT BRAGR GRtraoperative

injection) followed by the intravenous jnjection of the antjcancer agent after 4-72 hours, it is evident
that the use of A°cREMIGH %cﬁﬁﬁ% iézi]ﬁc,eaé(?t %”g gﬁ%"tﬁé%ﬁﬁ?ﬁ&&% the Bradentiivention, offers

great adyantages, 23: m.) in one hind limb with 45 pg in 15 pl of 12°-labelled WTavidin,

PEG-avidin or OXavidinugapa formulated in 100 mM acetate buffer pH 5.5.
After 24 hours from injection, the animals were sacrificed and radioactivity in
the treated limb was measured by gamma counter (Camberra Packard,
Schwadorf Austria).

20  PEG-conjugation did not affect the tissue permanence of WTavidin while an
increase of tissue permanence was confirmed for the OXavidinuaga (Figure 5).

Example 6: Tissue localization of WTavidin or OXavidingapa

OXavidinuapa was evaluated for tissue localization in comparison to WTavidin
in cryosections of avidinated tissues after intramuscular injection into one

25 hind limb of Balb/c nude mice (Harlan, Udine Italy). The muscles were excised



Example 3: Long term tissue permanence of wild type and oxidized avidins Balbic nu/nu mice
(Charles River, Lecco Italy) were injected in one hind limb with 45 pg in 15 pl of either '95I-labelled
WTavi di n or 1251-labelled OXavidin formulated in 100mM acetate buffer pH 5.5 and at the indicated
time points the animals were sacrificed and radioacdvity in the treated limb as well as n other non
target organs measured by gamma counter (Camberra Packard, Schwadorf Austria). The tissue
permanence of WTavidin and OXavidinnABA was monitored up to 14 weeks. The tissue half-life of
OXavidin, when referred to the 1 hour level, was %found to be about 2 weeks as opposed to 2 hours
for WTavidin (figure 4). Example 4: Biodistribut on of oxidized avidin in mammary tissue OXaVidiriT

TAB A was evAlUdR PSPt 5eHRERE Rl e n SHPRET TS UBSHT cBRSBaFRb it Wa2iidin. 50 ug (in
150f 125I-labelled WTayidin or OXavichnHAB, repared according to the general method described
e B B o B o

avidin) of rabfis, (Francues! g, Biet - Theanimels wate sagiiised affep4dfiom injection

and tissue samples of the injected area of about 200 mg were collected and counted in a gamma

counter as pravieusly essribesdy dheydate aiedhe AveratieoldsSMef3 Aaterminations). 20 The data
in Table 4 show that 8.5 and 65.8 % ID of WTavidin and OXavidinHABA, respectively are found after

24 hours in themaam eiadydissue ncheseddatehcontirmlitheahigbbspecmanascenofirXepdadinHABA,
compared to WTavidin, previously observed in the mouse muscular tissue, in the rabbit mammary
tissue. 24 Tabie hdermantncd =24 HousscofonsT abidimehdr@XayidinlsAnAjittabbitithammary
tissue. 9/6 ID/breast (+I- SDLat 24h WTavidin OXavidinnArA 8.5 (1.13) 65.8 (0.08) Example 5:

Tissue permafiencedor witd et pelfiate d BradxidtéeralremwatRBniicaly ffséitiRY &itins were
previously described biyl/lother g&gg}pso ith

muscles 1njected avidingasa (panel b) show a strong homogenous
distribution. In both cases avidin was localized at the interstitium.

10  Haematoxylin/eosin staining showed no histological abnormalities of muscle
after 24 hrs from injection with either WTavidin or OXavidingaga (data not
shown).

Example 7: 11In-ST2210 single and repeated captation

Oxavidinnapa was evaluated for its capacity to capture 1In-ST2210 in a

15 mouse model simulating IART® in comparison with WTavidin.

Balb/c nu/mu mice (Harlan Udine, Italy) were injected (1.m.) in one hind limb
with 45 pgin 15 pl of either WTavidin or Oxavidingaga formulated in 100 mM
acetate buffer pH 5.5. After 48 hours from injection, the animals received
intravenously (1.v.) 5 ug of 111In-ST2210.

20 Groups of 5 animals were sacrificed at the indicated time points and
radioactivity in the treated limb as well as in other non target organs
measured by gamma counter (Camberra Packard, Schwadorf Austria).

As shown in Figure 7a the specific captation of 111In-ST2210 after 2 hours from
1.v. injection is much higher for the OXavidingara treated tissue than for the

25 WTavidin treated one. These differences in the radioactivity permanence



in the intent of improving the avidin half-life in circulation (Caliceti P., et at, J. Control. Release, 2002,
83, 97; Salmaso S., et at, Int. J. Pharnt, 2007, 340, 20). The tissue permanence of WTavidin.
PliGavidin prepared according to Cal.iceti, or OXayidinpAsA (oxidized avidin according to the present
invention) was evaluated in C57B1/6 mice (Charles River, Lecco Italy). Animals were 15 injected (i,m.)
in one hind limb with 45 ng in 15 pl of 125I-labelled WTavnim, PEG-avidin or OXavidinsAHA
formulated in 100 m11/l acetate buffer pH 5.5. After 24 hours from injection, the al als were sacrificed
and radioactivity in the treated limb was measured”by gamma counter (Camberra Packard, Schwadorf
Austria). 21) PEG-conjugation did not affect the tissue permanence of WTavidin while an increase of
tissue permaﬁé%@t\ﬁést%&ﬁ%ﬁ%@uﬁﬁttﬁ%)@%&ﬁlHKB%%#i&ﬁfg%f?@aﬁlﬂ’é%mﬁ%@devlocalization of
WTavidin or Oé(r%\l/ggi@rHa/éIgA.tRXavidi ii.A_BAt\i\llas1 evalluaEed f%r tissue l%calizatior%in.co parison to

WTavidin in cty888¢tions @ ’avﬁlsng\?élgl LR Het IRt ARTISE GIAF thiEiOR T8 oA ARG imb of Balb/c
nude mice (HatlanJsding; ltaly). The 'ﬁ}é%%iﬁﬁt%%r%fe%@ﬁ%%%‘%gf%ﬁ?ﬁé%é%@é}‘gi‘ﬁsa”d serial

cryosections were prepared from each sample. Each slide was staine aem toxyﬁsnleosin to
evaluate the tissyig MEFRRPIRGY: AringubRISsIWL A Prosse anti ayidin antibody (A5680, Sigma Aldrich,
Italy) followed by anti mouse Alexa fluor 488 (Invitrogen, Milan Italy). 5 Finally, slides were mounted
with covessiipSangrohsarved inderdoicrescope sAis Bhewibis thesEiguseue, seafiansiobtained from
muscles injected with WTavidin (panel a) show a weak dotted localization while sections from muscles
injected with @Xavidinake (Panettonshove alsfrony hdmoedeadis thstributien odenboth 2ases avidin
was localized at the interstiti.u.m. to Haematoxylin/eosin staining showed no histological abnormalities
of muscle aftélpasHESFoHiHpRtih Witk erier wTes shsdioXavieNkt aite data HetEpdwn).

Example 7: t11In-ST2210 sin llle angare eated captation Oxaviig;n nA was evaluated for its
capacity to ca tfﬁ’glﬁ%%f'ﬁ%ef!ig i FSUSRCHBHE SR AL l‘]ﬁ‘a&t"??ﬁﬁ TSATBAFSER with
WTavidin. Balb/c nlgggumtigze Ha flan Udine, Italy) were injected (i.m.) in one hind limb wft 45 pg in 15
pl of either INTavidin or OxavidinHABA formulated in 100 niM acetate buffer pH 5.5. After 48 hours
from injegfiontheranimals resgives inaves AYSH () B1ig. QTS T22L QnGrouns f5 animals
were sacrificed at the indicated time points and radioactivity in the treated limb as well as in other non
target organs@easiiied Hytgammaieauniers CarshestaRaskardo Sehwasiodrdaskia). Asshown in
Figure 7a the specific captation of itlin-ST2210 after 2 hours from i.v. injection is much higher for the
OXaviclinnxaxitrelatedsis StesthasutorsthmWEavidin e ateduone dThese differsocestindhalradioactivity
permanence 26 persist at the subsequent time points up to 24 hours from min-ST2210 i.v.
administratioPstHs corgithinseting ik irgdisaud svidirhtion dbhahdsedivneraviirtHABA. The
distribution of 1111n-ST2210 in non, target organs is similar for WTavidin and OXavidinHABA (Figure 7
b,c,(1). 5 OneRYFSPEY A5 SoEI08 % & first intravenous dose of 5 kg of cold ST2210 24 hours prior
to a second ope of 5,Ligmin-ST. v . The animals
were sagrglfice%%ﬁ%%%%&ft !.I) ' ] { treated limb
was measured. by.gamma;eounter as above. io As shown in Figure 7e the second dose of thin-ST2210
was captured by the OxavidimiABA-treated limb at a level comparable to that obtained with the single
dose. This regilisuggesisdhat thiecvidinatedtissueiwasneitsatarted dy dheosingleBlase of ST2210
used in this study and that fractionation of a given intended dose is feasible.

NeuT mice (Di Carlo E., et al., Lab. Invest., 1999, 79, 10, 1261) were kindly

provided by Prof Guido Forni, University of Turin Italy. Four animals/group
20  were injected intranipple in both IV® breasts with 25 ul (3.3 mg/ml) of either
vehicle, WTavidin or OXavidingapa at week 12 of life that corresponds to the
period in which the animals develop carcinoma in situ in all 10 breasts. After
48 hours the animals received a dose (1.v.) of 4.4 pg of radiolabelled ST2210.
This dose corresponded to 800 uCi of 9Y for therapeutic purposes with a spike

25 of 40 uCi of 1n-5T2210 for dosimetric purposes. Two animals/groﬁp were



t5 Example 8: 0lin190Y-ST2210 captation and therapeutic efficacy in NeuT transgenic mice Balh/c
transgenic mice carrying the activated rat HER-2/neu oncogene (Balb- NeuT mice (Di Carl.o E., et al.,
Lab. Invest., 1999, 79, 10, 1261) were kindly provided by Prof Guido Font University of Turin Italy.
Four animals/group 20 were injected intranipple in both IV breasts with 25 di (3.8 mg/ml) of either
vehicle, WTavidin or OXavidinkABA at week 12 of life that corresponds to the period in which the
animals develop carcinoma in situ in all 10 breasts. After 48 hours the animals received a dose (iv.) of
4.4 j.ig of radiolabelled ST2210. This dose corres&gnded to 800 iCi of 90Y for therapeutic purposes
with a spike 25 of 40 kCi of m-In-ST2210 for dosimetric purposes. Two animals/group were 27
sacrificed 3 htFFERE SR Sl LB BB BreARAL R AF e st dhb 6t %9 a gamma
counter as above.t on target organs were als% coll%tedtwei%hted and coﬂuntfd. Data are expressed
as the % ID/g SFHESUE! T BRI OHINE pie-Aaryeted BradiRhSrany on the 1M dtal164ions were

evaluated by 3 WAOIG, %S&’@B&B@X?ﬁa%%%% 13ty £1apd asigpscribed prevousty (Dg Glovanni C.,

et al., Cancer Research, 2004, 64, 4001). Data shown in Table 5 indicate that specific captation of

radiolabelled §72210.ig.guidantin the N Rrgasts @XaniginRABAsreateshutRaithakin by breast of

WTavidin nor in vehicle-treated breasts of NeuT mice, The breasts Ill from all animal groups are
negative (bloechblackgrenndienebindicatnagrhathavidinddion isscdofines:to phevireated (Dreasts. The
data on the overall are in agreement with the difference in tissue permanence previously described for
WTavidin and:@XanidifeApx! Thebackgestardrati@dctidity @ blood and non target organs including
kidney, liver and spleen was below 0.2% IDIg of tissue 15 in any case thus indicatir%g'&no need to

perform a chd3ei& i Wit bibtiky dtéacatptittrasiisdett 60 R aFrettioebs bPTARE. The effect
of the present OX viditn.HA Aéjg]a?ed braz;gth.%{apy on the rgﬁénm@gggland iﬁ{]V}euT mice resulted in
a significant réotiRfiSRtoPchHeer ISTESIn SXAGRIREAB R Eh Y & Ebmparédts Vehicle pr wr
din-treated brﬁﬁlszgxsri 1%&?‘0??%1%%%%@%1"%%@3 %lgﬁgsts of NeuT mice. The breasts III from all
10 animal groups are negative (blood background level) indicating that
avidination is confined to the treated breasts. The data on the overall are in
agreement with the difference in tissue permanence previously described for
WTavidin and OXavidingapa. The background radioactivity in blood and non
target organs including kidney, liver and spleen was below 0.2% ID/g of tissue
15 in any case thus indicating no need to perform a chase step with biotinylated
albumin as needed in the current version of JART®, The effect of the present
OXavidinuapa-based brachytherapy on the mammary gland of NeuT mice
resulted 1n a significant reduction of cancer lesions in OXavidinmaga-treated

breasts compared to vehicle pr WTavidin-treated breasts (data not shown).



NeuT model % ID ofinrY-ST2210 / g ( SD) Blood Spleen Kidney 1 Liver 1 Breast IV Breast Ill Vehicle
0.003 (0.001) 0.007 (0.002) 0.143 (0.018) 0.023 (0.001) 0.007 (0.002) 0.005 (0.001) WTavidin 0.002
(0.001) 0.008 (0.001) 0.161 (0.035)

28
Table 5
NeuT model % ID of "'In/*®Y-ST2210 / g (+ SD)
Biood Spleen Kidney Liver Breast IV Breast lli
Vehicle 0.003 (0.001) | 0.007 (0.002) | 0.143 (0.018) | 0.023 (0.001) | 0.007 (0.002) | 0.005 (0.001)

WTavidin

0.002 (0.001)

0.008 (0.001)

0.161 (0.035)

0.027 (0.006)

0.028 (0.027)

0.007 (0.002)

OXavidingaga

0.003 (0.001)

0.006 (0.001)

0.101 (0.008)

0.019 (0.003)

1.784 (0.512)

0.008 (0.001)

Example 9: One step brachytherapy

5 1251.0Xavidingaps was saturated in vitro with ST2210, purified from unbound
ST2210 by ultrafiltration and intramuscularly injected into one hind limb of

Balb/c mice. The same protocol was followed with regard to WTavidin.

The amount of WTavidin or OXavidinmaps saturated with ST2210 in the

treated limb, was compared to free WTavidin or OXavidinuapa after 1 week.

10 Results in figure 8 indicate that meanwhile OXavidinuapa either complexed or
not with ST2210 was still present a week after injection (17% ID/100 mg),
WTavidin almost completely disappeared (<0.5% ID/100mg) thus providing
evidence that OXavidinuapa pre-saturated with a biotinylated agent behaves
the same as free OXavidinwuapa and it could be used for one step

15 Dbrachytherapy.
Example 10: Brain permanence of OXavidinuapa compared to WTavidin

1251 WTavidin or OXavidinpapa, prepared as previously described, were
injected in a 5 ul volume (16 ug dose ) into the brain of Balb/c mice under

general anaesthesia. The injection into brain was performed through the left



0.027 (0.006) 1 0.028 (0.027) 0.007 (0.002) OXavidinHABA 0.333 (0.0 0.006 (0.001) 0.101 (0.008)
0.019 (0.003) 1 1.784 (0.512) 0.008 (0.001) Example 9: One step brachytherapv A
'25T-OXavidinumiA was saturated in vitro with 872210, pin fled from unbound ST2210 by ultrafiltration
and intramuscularly injected into one hind limb of Balb/c mice. The same protocol was followed with
regard to WThavidin. The amount of WTav'din or OXavidinamA saturated with ST2210 in the treated
limb, was compared to free WTavidin or OXavidinamiA after 1 week. 10 Results in figure 8 indicate
that meanwhile OXavidinimnik either complexed of hiot with ST2210 was still present a week after
injection (17%_ 1D/100 mg), Wravidin almost completely disappeared (<0.5% ID/100mg) thus providing
evidence thafBIXAUTRAIHA relsiigrattd witkra MistiRAatdd d5emt BEAZR B thEH e s free
OXavidinHangA and jt could l%e uge for orpe steg 15 br%%hyth rip : Exargple 1Q: Brain \ﬁ rmanence of

OXavidinimmilélcl)ﬁp red & Wrtavibin 126 .év\}-%alﬁdirﬁl%g? X&Vidi BrﬁEpF ﬁalreealggnﬁﬁe usly

described, wese jnisgted In & Syl yolime (16 4o dose)dnta the.brain of Balbefigs undgy generl
anaesthesia. The injection into brain was performe ﬁﬁrough the lett
%ID/100 mg of tissue. The amount of WTavidin as in other tissues previously
5 evaluated, is less than 2.08 = 1.03 %ID/100 mg of tissue. This result indicates

that OXavidinuaga could be useful for brachytherapy of brain tumors or for

targeting to the brain biotinylated therapeutics.



29 side of the skull, by using a Hamilton syringe, at a depth of 4-5 mm. Results in figure 9 indicate that
similarly to muscle and breast, the residence of OXavidinHABA in the brain, after 21 hours from
injection, is about 12.65 6.59 %ID/100 mg of tissue. The amount of WTavidin as in other tissues
previously evaluated, is less than 2.08 = 1.03 %ID/100 mg of tissue. This result indicates that
OXavidinaAh& could be useful for brachytherapy of brain tumors or for targeting to the brain
biotinylated therapeutics. 30 CLAIMS 1. An oxidized avidin in which at least one mannose residue
per avidin molecule is replaced by a residue of thegfbllowing formula 2. An oxidized avidin according
to claim 1 conta n ng about 8 to 15 aldehydes moieties. 3. An oxidized avidin according to any of
claims 1-2 having a thermal stability equal or ggéawl%n 78C. to 4. A complex consisting of an
oxidized avidin according to any of claims 1 to 3 and a biotinyiated therapeutic agent. 5. A complex
according to dlaifm4 pwihereinahielibiotinylated therdpettionagentris@r artichncesaagentdic. Use of a
complex according to claims 4 or 5 as a medicament. 157. Use of an oxidized avidin according to any
of claims 1 to 3, Whetelf itheephaerAdey avi i i ad idipisterrdna tPrarfirkst step of the treatment, followed
by administration of a biotinylated therapeutic agent. 8. Use according to claims 6 or 7 in
brachytherapy to treat a patient affected by a cancer disease. 20 9. Use according to claim 8, wherein
the cancer disease is a cancer of the breasts, pgncreas, lung, pleura, peritoneum, face and neck,
bladder, brain, prostate, ovaries or eyes. 31{10. U3e according to claim 8 wherein the anticancer
agent is selected from the group consisting &f radioizatopes, chemotherapeutic agents, cytokine toxins
and anticancer cells. 11. Use according to clai Gﬁrfg herein the therapeutic agent is represented
by biotinylated stem cells or somatic cells for the treatme#t of cancer, degenerative or genetic
diseases.

2. An oxidized avidin according to claim 1 containing about 8 to 15 aldehydes
moieties.

3. An oxidized avidin according to any of claims 1-2 having a thermal stability
equal or greater than 78°C.

10 4. A complex consisting of an oxidized avidin according to any of claims 1 to 3
and a biotinylated therapeutic agent.

5. A complex according to claim 4, wherein the biotinylated therapeutic agent
1s an anticancer agent.
6. Use of a complex according to claims 4 or 5 as a medicament.

15 7. Use of an oxidized avidin according to any of claims 1 to 3, wherein the
oxidized avidin is administered in the first step of the treatment, followed
by administration of a biotinylated therapeutic agent.

8. Use according to claims 6 or 7 in brachytherapy to treat a patient affected by
a cancer disease.

20 9. Use according to claim 8, wherein the cancer disease is a cancer of the

breasts, pancreas, lung, pleura, peritoneum, face and neck, bladder, brain,

prostate, ovaries or eyes.



12. Use of oxidized avidins according to claims 4 or 7 for appl.ications in tissue regeneration useful for
the treatment of autoimmune/degenerativeigenetic diseases including, diabetes, multiple sclerosis,
rheumatoid arthritis, 10 Alzheimer, spinal injury, Duchenne muscular dystrophy, myocardial infarct
and stroke. 13. Use according to claim 10 in which said radioisotope is selected from the group
consisting of Fe-52, Mn-52m, Co-55, Cu-64, Ga-67, Ga-68, Tc-99m, In-111, 1-123, 1-125, 1-131,
P-32, Sc-17, Cu-67, Y-90, Pd-109, Ag-111, 1-13105>m- 15149, Re-186, Re-188, At-211, Ph-212,
Bi-212 and Lu-177. 14. A pharmaceutical composition comprising an oxidized avidin or a complex

according to any of claims 1 to 5 together with a pharmaceutically acceptable excipient. 15. A kit
comprising & DS SOt SECE A G CL 4 S0 G 2 BREe avicin
according to any of claims 1-3 i ontainer and a biptinylated therapeutic. agent, i a second
container. 16. A%ﬁ%ufcc%%ﬁhsé:%ﬁjgc?%gmr%é ora R%csiségé%%\%a%%?}ﬁg—ag D|<‘Jt§’rioC tgr%ft%éslocoregional

and/or systemic.theraRy.qwhereindhe.mie containers have the form of a syringe. 32 17. A process of
oxidation of avidin wherein the oxidation comprises the following steps: a) incubating wild type avid in
pre-mixed withialRelasexersstof(HALRA)omTth AEreXi dizing aggrusitciyas: 10 20vaiMitsddium
periodate in 50-100 5mM acetate buffer at pH below 6,0 for 1-5 hours at 1C or at room temperature; b)
blocking of the readtionandtpdridieatiorlby removaltof thdlexidizitig ageatramd HABArTy T,
chromatography, ultrafiltration, dialysis or other purification methods known to the expert in the field;
and ioc) lyophylRAaeRerabin aragerpae dnsagidic pH. 18. A method of treatment of a patient affected by
a cancer disease characterized in that the tissue or organ to be treated is first avidinated with an

oxidized aviditrabESrig 54y St DRSPS RA S GISB B ATy AL TRIEREA™E Bibthi§hited anticancer
agent or is direclz[le%eandeq:le;giigﬁe&%%ﬁllé)(%o{ﬂg l%%(eg r%grrglr(l)g 591 (!?rinrrrlnﬁhe/degenerative/genetic
diseases including, diabetes, multiple sclerosis, rheumatoid arthritis,
10 Alzheimer, spinal injury, Duchenne muscular dystrophy, myocardial infarct
and stroke.

13. Use according to claim 10 in which said radioisotope 1s selected from the
group consisting of Fe-52, Mn-52m, Co-565, Cu-64, Ga-67, Ga-68, Tc-99m, In-
111, 1-123, I-125, 1-131, P-32, Sc-47, Cu-67, Y-90, Pd-109, Ag-111, I-131, Pm-

15 149, Re-186, Re-188, At-211, Pb-212, Bi-212 and Lu-177.

14. A pharmaceutical composition comprising an oxidized avidin or a complex
according to any of claims 1 to 5 together with a pharmaceutically
acceptable excipient.

15. A kit comprising a pharmaceutical composition according to claim 14

20 containing an oxidized avidin according to any of claims 1-3 in a container
and a biotinylated therapeutic agent in a second container.

16. A kit according to claim 15 for a two-step adjuvant intra-and perioperative

locoregional and/or systemic therapy, wherein the two containers have the

form of a syringe.
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17. A process of oxidation of avidin wherein the oxidation comprises the
following steps:

a) incubating wild type avidin pre-mixed with a molar excess of (HABA),
with an oxidizing agent such as 10-20 mM sodium periodate in 50-100
mM acetate buffer at pH below 6.0 for 1-5 hours at 4°C or at room
temperature;

b) blocking of the reaction and purification by removal of the oxidizing
agent and HABA by chromatography, ultrafiltration, dialysis or other
purification methods known to the expert in the field; and

¢) lyophylizing or formulating at an acidic pH.

18. A method of treatment of a patient affected by a cancer disease
characterized in that the tissue or organ to be treated is first avidinated with
an oxidized avidin according to any of claims 1-3 and subsequently
administered a biotinylated anticancer agent or is directly administered a

complex according to claim 4.



