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WD 2004/ 071536 PCT/ GB2004/ 000582 1 CONJUGATES FOR
MEDI CAL | MAG NG COWPRI SI NG CARRI ER, TARCETI NG MJ ETY
WOND4/A715BONTRAST AGENT FI ELD OF THE | NVENTI ON A@i/6B2004/000582

invention relates to the delivery of agents to the

body. One particular class of such agents are

contrast agents useful in nedical imging techniques.

The 5 agents may be netal s useful as contrast agents

in magnetic resonance imag'iI ng (M), or in nuclear

i magi ng, including positron em ssion tono qai%;e% ET
CONJUGATESs FOR HEPHPEUTYAETHY SRUBRISNY ddiBtFer &RF"T aéFéﬂ’f D A
CONTRARY 2&FY®er nativel y be contrast agents useful in X-ray

i magi ng. The invention also relates to nmethods by

whi ch agents for delivery to the body can be coupl ed
FIELD OFCHBHE IBMENNION 0o targeting noieties 10 effective to

direct the agent to a specific locus within the body.

BACKGROUND OF THE INVENTION It is known to enhance the

This inErtioastlatés tomwelnbtmmgbrhy 6 dodbodyle OneusdrtiadaMibss of
15 or X-ray |m:1|rlllg§J t he rlor adm ni stration of

such aggntagre C@B’iﬁ@$ta?§}e emfgl iny rﬁetiW@ irgagipg dechaiqugs. T

t
o 8 4 B B B
(MRI)par iarmeuphedr imagpeg ilmUdlhgmmﬂfmnenﬁMn wnograpby (PET jres as
therafiutio e e ARt Sray o e 998nts ey, BhEPEHES el chntrast

agent§ @@@fmrexara§lum@glngt hrﬂe in%eHﬁGﬁ’ aldd Mlseshd Afethd@s by &hich
| ocus wit dy whi ch the radi oactive species

agents fer quitY&t”}etﬂ) thwmgﬂyaaareb@s@uwsdéo tsr@érﬂﬁrﬁm todatgsjiegepoieties
t ts that
et ee I 4 A B e R e L 2t Sy

i nvol ve |ncreases in the residence tine of contrast
agent in the body, and inprovenents in 25 the
BACKGROUND ION THE INVIENT|ORIhe agent is delivered, le
concentration of the agent at a particular |ocus
within the body. In nuclear inmaging, radioactive netal
tis KA 13BN R el REREE A obtehly TRAAIREBuch as MR
or X-rdy imagingnby the priocatirdsttatiod7af53 dtabETc @Rpa 4geatssda the

case of X-ray imaging such agents are typically highly radio-opaque materials,

while for MRI they are typically paramagnetic species that affect the relaxation
times of the medium into which they are introduced. In nuclear imaging,
radioactive species are used to generate a signal that is used to visualize the
focus within the body at which the radioactive species are located.

Many attempts have been made to develop new formulations containing contrast
agents that exhibit improved performance. Such improvements may involve
increases in the residence time of contrast agent in the body, and improvements in
the specificity with which the agent is delivered, ie concentration of the agent at a
particular locus within the body.

In nuclear imaging, radioactive metal ions have been attached directly to a

monoclonal antibody (Mab) using a chelating moiety such as diethylenetriamine
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2 pentaacetic acid (DTPA). However, this chem stry has

been found to be non- specific and generally leads to
w@200e0usBé on i n anti body binding activity, thePCT/GB2004/000582

reduction increasing with increasing anounts of agent

coupled to the Mab. 5 For exanpl e, a nonocl onal

anti body was | abell ed with DTPA anhydri de (DTPAa) and

the conplex was used to chelate [153Sn] chloride

(Boni face et al 1989, J Nucl Med 30:683-691). Wen

pert el A BTy P bSO BRE ol & 6o

specificehd eye,nevéimeéb@ tda FBelictin ieirtibody Yisding Sctiviey, @as ed
to fifty, the ipmunoreactivity dropped to bel ow 50%

reduqthéamPrﬁaSmg witeincegasing agosmntsaf amu@upm ie therahy
islimted in terns of the nolar ratio that can be
bound before anti body binding activity is affected

For eadmpies & monétibnal amruoawmmeab@wm IDTﬁPAlaaI{hWﬁEWDTPAa)
i sti § 0SS 0

and téﬁppwg%sx \lwgév &géa t‘a@helﬁtq ﬁs (Sfa] khlef'da M&A&yﬁ
Med gé. 61%56%:1}.%6 n lbaded IEH {v@e?&tyl r@&%ﬁ Idpggth%f c&ﬂélbmgﬂaﬁ?ed

a0 pro uce a n
antibady bindihg- dctivity op gozhtet thanFa0%e tHowéwerOrhendhe Tiihibed of metal

Onco-sci nt TM commer ci al | avallablea ents 1 h
lons gk Mg bfor i BN BRI INE PP RRSIREETRN RO Ciaarly,
the la®Rlling Wt iaptibbdias Witra MetarE! limivdd i t%ﬂﬁg%f ?r@rrfb‘ﬂar ratio that can
i ntravenous 20 adm nistration they bind to cancer

be basumd| kefors antiodybingipe eetvithissaffected adreniselyn the fiel d
of MR, in which early studies |ooked at |abelling
nonocl onal anti bodies with DIPA-Gd using DTPAa (Unger
Othereworders haBd shover dlsat @Efﬂﬂﬁewmramb a@l()W) a$23-1éa83 to a distinct

h I f | ow
loss q'?%’r‘@%@ﬂgﬁq%g%tg\p@a( il 13070 20, ¢ 1?63)
anti body- DTPA- &d enhancemsnt of the |mages coul d be

seen in an in vivo nodel. It was postulated that at
The ditegt labeling@f antibpdiesdasherreused thpragdussd nemberof

com B LS54 Skl 4G5 LA SHEIHR! i

are chmvieerbiathy avgifsbié edehts thbﬁcém b@rlﬁe'df 10 iffage cavsarPTRese
Shahbazi - Gahr ouei et al 2002, % Phys and Eng Sci in
2

agenigLensist of agtibegies tahelled tirectpe 0 and euspliavenous

administration they bind to cancer cells.

A similar approach has been taken in the field of MR, in which early studies
looked at labelling monoclonal antibodies with DTPA-Gd using DTPAa (Unger et al
1985, Investigative Radiol 20(7):693-700). However, the levels of Gd loading were
very low (1.5 Gd*" ions per antibody molecule), and no antibody-DTPA-Gd

enhancement of the images could be seen in an jn vivo model. It was postulated

that at least 100 Gd atoms would need to be bound to each antibody molecule to
produce a signal high enough to detect by MRI.

Other approaches along similar lines have been reported in the literature (for
example : Shahbazi-Gahrouei et al 2002, Aust Phys and Eng Sci in Med 25(1):31-
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3 38, Matsumura et al (1994), Acta neurochirurgica
60: 356-358, Curtet et al (1988), Intl J Cancer
wWQ202071532) . A conmon problemwith all appr oach€BGB2004/000582

involving the direct conjugation of a 5 contrast agent
with a targeting noiety such as an antibody is that

the | oading of contrast agent nust be maintained at a

| ow I evel , since otherw segthe immunoreactivity of

the anti body i's adversely affected. The | oadi ng of

38, MASUMBR of 8998041 SNENIdida BY-35p0eka AR AP ross

Intl J Qamcen gt 261 32)t Sl m | arI y, V\,here a therapeutl c agent
is 10 conjugated with a targeting noiety, the efficacy

of that agent may be conpronised by the need to

A corfRioh foBierf Wil ipbrb Ses B M el dfect 85loaidh pra

contrbsktcagiarwwh a fzegstingy moietyrelieh Wsesn aﬁmd@/aig mhat&ﬁd I@&diRg of
rrier for the contrast agent. In early 1

contrg ntEmist bedyaintained at e Hp\uéevﬁjn@aﬁcgpmﬁwvweathg
mmu%?é/édﬁ%lt)? Bf W/ &tlb%ﬁ? i SG@%&W@@% ten Fiﬂe%&ﬂné Bf Eahfrdst

contrast netals 0 po
agentmay Genbequerdly b= |o@\ze%man widalld 6&%@%&%&1«331&9@ dﬁdt&mg to

ud [ | d ' . .
e rar iy S
conjugbte@i with é%@etlngﬁ*@(ﬂ@fy %&ﬁ%@? of tﬂéﬁ@f m3ly! e é%rgér?mised

epti based on Si ne bac
by th%@%’ é@mee@tam HﬁtWWAQ\Adnadquf the agest.ate "' In for
i magi ng purposes Timmet al (1992). EurJ Nucl Med
19: 449-452). In these studies, the carrier-bound

To increase dsd resiiaricevtivse b oontrast dg&;m irithd I66€ 38H polymeric
ool. 25 Attenpts have

l‘i’r’i HencEtlmemthe bloodﬁ
moleqies NAwkiBeeR UgeH B RCcarHer faldhg crairast agentode rady
experﬂﬁéhﬂsnéé*rri%@wm 3$ ﬁuﬁ%P%lbhhﬁﬁ aﬁdgﬁfe)ﬂy(sﬁﬁe Wéltrg %\’Be‘ﬁeﬁ Q/vlth

I NCrease contr ast
DTPA ang yseeﬁ@o ﬁeltrEMth@ntnast m&tatsriegl[DTEAtcyd bbund)tmpelylgmne

28, [LRet sfidisrmkotie acum

albumus eudamvarre Mﬁhun@@bbam waes belled VAEDIPA ard Gaadiabfer ef al
Of 6 oI yme% was achi eved. This was

8 ) adisbe pelypeptidebgeed on
poly-LR&RR Eé’dﬂB%é vPéé r'é‘é@?edﬂvﬁﬁ D#A@Bnmed tBKR&IdtE 11 for

imaging purposes (Pimm et al (1992), Eur J Nucl Med 19:449-452). In these
studies, the carrier-bound contrast agent was found to have an increased

Ln

residence time in the blood pool.

Attempts have been made to combine the two general approaches outlined above,
ie to utilise a carrier molecule to increase the loading of contrast agent and to use
a targeting moiety to improve specificity.

In one study (Gohr-Rosenthal et al (1993), Invest Radiol 28: 789-795), polylysine
labelled with DTPA-Gd was used as an MRI contrast agent. On average, a loading

of 65 Gd ions per polymer was achieved. This was coupled to a monoclonal

antibody and used to assess human tumours on nude mice. A Mab was linked to
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WD 2004/ 071536 PCT/ GB2004/ 000582 4 the
pol yl ysi ne- DTPA, after activation of the antibody wth
w@emuotEse, by reductive amdation and usi ng BCT/GB2004/000582
200-fold nol ar excess of the polynmer. Gd3+ was then
added at ten-fold nolar excess. Antibody binding
studi es showed the antibody binding activity was
reduced by 60-70% conparege with the free antibody. It
was 5 al so noted that the polylysine-antibody

the pofRRIHEBIRA et ARRARRGDN R Hheb B R B Toktve
amldaﬁ’cﬁn bh@ u%ﬁf@j am@olf@la rﬁélsgeR@éS(é bf thespalgnethaidh* wasdiesh

b was described by Manabe et a/
added aig@'@-)‘old Bn@angm@g Antigogyinding stedigs showed the antibody

binding P8P 3RAS S urs i 6€707 BpARATEE iR tfin dREhrlpoaR, ) was

also n@tédrfﬁblemetﬂwwélhe%ﬂbﬁﬂy @GﬁﬁLigat@Wa@tlmmmogehMTéﬁd MS
been |inked to human serum al bumn Tinmet a/ 1988,

taken yp b‘}’mﬂiﬁﬁot’Qﬁ%LﬁUCﬁeﬁﬁo@ﬁdW% and KanQiht i cancer drug
devel opnent” pp95-98, publ Springer Verlag). Up to 30
MIX nol ecul es were chemically |linked to the al bum n,

Anothemekanhglierat $he tomiggation u@amly/(/hdysmb)emamlldaddd wite O TIRA-Gd

with a a{l]ytalgt%%%ﬂg%g ﬁﬁ Ma .ms: ] DB bum iy

L BloC i sica Acta

883(3)G4gma3yson to the free anti body 20 Si il ar vvork W th
X“was done by Hartung et al (9999). Cin Cancer Res
5(4) 753-759 in which nmuch | ower levels of MI'X were

simiaf S3EAGR8% RabE BebPudPleth b 8 il By BEE 0,
body. Hortexamhpleale anﬁEaN&ér%ehEﬁi@h&ﬂdx&tS«mmm firleed to
t he use of | act osamr}ate hupan aI um{} to t et

humanygenup alumip d Pipg; ! , he
ant/cahééaﬁ_lrﬂg%v@fo?%ﬁ 5 @95@&; %}m 'gpl @e)’%%@?}? 1@8% 30 MTX
ar ge delivery

molecules vme thmcdb/thrd(gd rio ¢he altypeici, Bhd the reswtmgaeonjtrgﬁte was

cemigg iAo an AR RN & o, s B R oF oniyoete

had maéh p@dw&m@w obPh&f-iifel in dophydrisdry®ithe frdesarttiboplyed to
an asi al ogl ycoprotein targeting agent to increase the

nunber of chel ating groups per targeting group.
SimilaF QB8R §fith MTX was done by Hartung et al (1999), Clin Cancer Res

5(4):753-759 in which much lower levels of MTX were loaded onto the HSA
molecule. With this reduced drug loading, the half-life of the drug was estimated

to be up to 3 weeks.

WO 94/12218 and US4794170 describe the use of lactosaminated human albumin
to target antiviral nucleoside conjugates to the liver for the treatment of chronic
hepatitis B. WO 90/01900 describes a carrier system for the targeted delivery of
MR contrast agents to specific cell types. This comprises a receptor specific
ligand for the cell type chemically bonded to the complexing agent for a
paramagnetic material. Poly(L-lysine) is coupled to an asialoglycoprotein targeting
agent to increase the number of chelating groups per targeting group. However,
the poly(L-lysine) coupling is performed prior to the attachment of the chelating
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the poly(L-1ysine) coupling is perforned prior to the
attachnment of the chel ating WO 2004/ 071536
WOEOAGBREAO4/ 000582 5 groups and theref ore nodPdT/CRR2108/000582
of the poly(L-lysine) carrier and the
asi al ogl ycoprotein targeting agent will necessarily
occur, with a potentially deleterious effect on the
bi ndi ng activity of the cogplex. 5 Further approaches
to the targeted delivery of agents to the body have

* orours iBLSREefple e aon PR oG ARSI aithbRsi ons

oA AckTORSAL AR 1EcEL ] b St g

deletasiopzcaffest oo dhe binding activityefithesiomplext ar geting  agent .
The bi oactive agent is carried in either a |liposone or
a virus. A large nunber of publications on the use of

Furthér aisrofBitesifo hartaigeted Halesy e agk té?@fthlleo‘éi HaveTRENASH
agents are described by Caride (1985) Criti cal revi ews

the usenof mplacylas adoregates (eGliposamesksargrpartices, typicallgavibnd

ﬂ%) Drug Del/v Reviews 37: 33-51.
dlme%@ igwas eenlﬂﬁhem' cally linked to stearyl am ne and
incorporated into the 20 surface of |iposonal

rrbrane These particles had increased relaxivity
Examgg.?poj tc@“@ﬂﬂ &O%rﬁ?ﬁe' NGk masa et al (1992) Chem
and Pharm Bul letin (Japan) 40(9): 2565-2567). Another

area in vvh_i ch much work has been done is the use of
US 59290dgadascebes delivering albloactive compausid tageceibysingd targeting

agent, FHEBIER P agelERTa R ITEE Shobehi pbhaich

nanoparticles include: 30 I nmaging thronmbus using
fibrin-targeted Cd-DTPA-bis-o0l| eate nanoparticles and
A largginymber Qfar}l@pam@a,m the use of liposomes as carriers/targeted

carrle% 4/51;5?1 i@%@% /aié%?ggﬁhgr%ggg ?@é Fols) 8RR bl WSin VO

therapeutic drug carrier systems 1(2) 121-153 and Tilcock (1999) Adyv Drug Deliv
Reviews 37: 33-51.

DTPA-Gd has been chemically linked to stearylamine and incorporated into the
surface of liposomal membranes. These particles had increased relaxivity
compared to DTPA-Gd alone (Kunimasa et al (1992) Chem and Pharm Bulletin
(Japan) 40(9): 2565-2567).

Another area in which much work has been done is the use of nanoparticles to
deliver contrast agents, and the targeting of these nanoparticles to deliver agents
to the site of disease.

Examples of work done with nanoparticles include:

Imaging thrombus using fibrin-targeted Gd-DTPA-bis-oleate nanoparticles and
similar targeting with Gd-DTPA-phosphatidylethanolamine (PE) nanoparticles
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using fibrin is described by Wnter et al (2003)
Magneti c Resonance in Medicine 50(2): 411-416.
w®@ewenals3gr oups have descri bed the use of tar geCEABR6I03/000582

oxi de nanoparticles. For 5 exanple, Suwa et a/ (1998)
Intl J Cancer 75 (4): 626-634 described nanoparticles

of superparamagnetite (T2 contrast agent) coated with

Mab directed agai nst epideggnmal growth factor. Simlar

work was done by Suzuki et a/ (1996) Brain Tunour

2 ]

using GG AR

50(2).apptpes. approach, Artem)v et aI (2003) I\/Iagnetlc
Resonance in Medicine 49(3): 403-408 described first
targeting the tyrosine kinase Her-2/neu receptor with

e e e L

example, Sanaedt hﬁ)%)qhtl O aices 75¢.6626-6B84 Hesdiieed nanopar’ucles
nanoparti cl es r%ener at ed strong T2 MRl contrast.
of supem@@magaetlteag&@o east geent) soated wah gb ‘#ﬁeetedaagamst

eplder\(}\'ﬁ%&%w’t\@@% i %l&ﬁlﬁppﬁﬁ?&as'dﬁ gggﬁklfggfaﬁwﬁ %,é,?ﬁ g

consi's brintarg
TumopePhthadogc 43 () 2vah8p ashudMabMabéiledMyethwle@@»gbchoated
. cor@%rﬁxes i ncorporated on 20 the outer surface. This
iron NaRRPAIHEIGA- t o bind strongly to clots. Another
per fl uorocarbon based nanoparticle was described by
Ander son at al (2000) I\/a net| Cc Resonance i n Medicine
In anoztlzmga)pprgacm Ariem 3 fe 9 ge in Medicine 49(3):

I AL T YT —"—
Mab thaeitad beervblotinylddd. SRinstte ftavidn kbalield supam)ammhgﬁente
been i nked to adri a%n | oaded. human

nanopgiieen Mere ysed testaroehthelyoiyyiaiadeances c %%ﬁ RAncpRticles
genergfga-lg{m qlﬁz I\/ﬁr%pﬂ <80 The use of microspheres as a

carrier/targeted carrier has been described in a
nunber of papers. For exanple, Klibanov (1999) Adv

AT1 g@"#ﬁa&?@'@ﬁy Ig%e% %éns d%gcrlty\% g}? %/é)t éll ?3900) Magnetic Resonance

in Medicine 44(6): 867-872 which consists of a fibrin targeted lipid-encapsulated

perfluorocarbon nanoparticle with numerous Gd-DTPA complexes incorporated on
the outer surface. This was shown to bind strongly to clots.

Another perfluorocarbon based nanoparticle was described by Anderson et al

(2000) Magnetic Resonance in Medicine 44(3): 433-439 in which Gd-

perfluorocarbon nanoparticles were targeted to alpha(v)beta(3) integrin present on

angiogenic endothelium (using a specific Mab).

Mab against human bladder cancer has been linked to adriamycin-loaded human
albumin nanospheres by Samten (1996) Chinese J Microbiol and Immunol 16: 54-
57.

The use of microspheres as a carrier/targeted carrier has been described in a
number of papers. For example, Klibanov (1999) Adv Drug Deliv Reviews 37:
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7 139-157 described gas-filled m crobubbles that can
be | abell ed and used as a targeted contrast agent. WD
wW@32000%836 descri bes a nethod for the prepar at PGNGB2004/000582
m crospheres of protein material and the incorporation
into those m crospheres of therapeutic agents and
contrast agents. 5 There have been many publications
that describe the delivery of drugs linked to albunin
m croparticles. For exanple, cytotoxic drugs
xor ybi ci n dnmto in_.c). have e nt o
139-155strihraroat- Bl MoiNiGuEs s ooty B Ry BRE LRSS
FAS": i ot thdteiefthe preparation of
targetod Bont et ebeph PO 8?”?7??9%%@%%%’%’3 Shi Ceorl aney ol
microsgb@r& 6 proieis phaterialand/ hleuimeorporalierk into thoseasiopespheres of
carried out, there.remans a need for targeted
therap@b'hf’@gﬁ[‘%sar&cqg‘éﬁﬁ@ggﬁ delivery to the body that
satisfy the conflicting requirenents for sufficient

| oadi ng of the conjugate with the agent concerned and
There T@vedeentmany peblinationa dhaicdeseribg the delieery af gedgsinked to

. ¢ : ! \ . _

ot 5t CASEH RS 4BsG R B g iy

c) havedyeapi Io8déet bhice4 Gumthuridie albosyinshicess phgesd and administered to
icular a_contrast agent,

. part | ) b onj ugati o
the livbi o1 Ratients Wi GRioragiakkeRaks metasiases it 8ha/t1gB2) exs
: ' S e conjugate to an intended 20 site of
Sw:tztepl hg {3{9 : Jsg'onj ugate is able to accompdate a high
| oadi ng of the agent while maintaining a sufficiently
Jigh bindi ng act i Vi f the tar [ i ef.
Despifz {enaIiTas B b N4t s tist tartiRc it et Bty puneed for
target8d e6AjuBht<y Lfgdnid iR JAIVES/ 1B the bauythatsdtishotet conflidting

~one or nore targeting noieties, wthout destroying the
requiremenis fpr seffigiant Jeading of thecenivgale; with His aggntgonggrned and
b | s of
roten g RinG KA0H, S A PERTRORY Yo LK hiPhR”,
further object of the invention to provide neans for

. ..the targeted, delivery to  the bpdy of tal .ions ,n .
1t theTIArS R biact BE e RV S ikl Ve eans fa T ptisled fetipry
HHRG! o 'l dgenit ntgaptid ISR contrasagint! BP&enjiBhEdn bPasarrier
‘°‘hem§i‘ﬁaf"hé§%39. W'S£ 2004/b 87{536%&/%2035]%00"582 _S ©
with the agent and with a targeting moiety that directs the conjugate to an intended

site of action, which conjugate is able to accommodate a high loading of the agent
while maintaining a sufficiently high binding activity of the targeting moiety.

Another object of the invention is to enable the association of large numbers of
contrast agents with one or more targeting moieties, without destroying the binding
activity of the targeting moieties, as might be caused by the formation of large
numbers of covalent bonds with the targeting moieties.

It is a further object of the invention to provide means for the targeted delivery to
the body of metal ions in high quantities, while maintaining a high degree of
specificity in the localisation of those metal ions within the body.
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It is a further object of the invention to provide
nmet hods for the assenbly of targeted conjugates for
wo be4delsBeery of agents to the body, which nmetPOHE€B2004/000582

enable the conjugates to carry high |oadings of the
agents concerned, while maintaining a high degree of
specificity in the targeting of the conjugates. 5

SUMVARY OF THE | NVENTI ON Qgcording to a first aspect

of the invention, there is provided a conjugate for

tis a difhardibied o e InyBRIGT LM IR REGY Do, RSBl of

targetearcbhﬁjg%tésoromﬁie Héﬁv@rf bpégéﬁtsrfeltﬁé Boa§, whith riéthbtsenable

bei ng Pound to a Iras agen or a precursor
the conjugades to earrdy htghdoadungstof thee agemlsycdmernagi avhilefmhaintaiying a

. wth a s flc thin the hody. By a

high deEFee%B? %ty '%t'&%%trgé&r{ 99 %‘&W@”Q%ﬁﬁt a noi ety that
is not initself effective 15 as a contrast agent but
which can be rendered so effective by reaction or

SUMMARMORHBINYENTHONot her species prior to use. An
exanpl e of such a precursor is a netal-chelating
noi ety, capable of formng bonds with netal ions so as

Accortiingfto ramrsaa%cﬁlof eieinebatiom thefeliBirovided ascenjegutef@sise in
ent medi cal i magi ng" is nmeant any techni que

med'caglgaeglagwlaleamogygaﬁe P‘hﬂﬂéf‘ﬁ@ﬂ; arcagrienin the fofre ofa paefely
molecBl¥ &% paARYe fdrted MimBoBR Bibicty ek, 18 Calier HeARPAOGHY to a

contrgst agentyal Ia)praemraw thengofngnd KR, targaartm\gnnoieaahavmg@nmjﬂmty

i ncl .dl ng PE. ents useful in enhancing such
with aispef 'icdﬁglés g?'@ﬁﬂﬁ(?gg Ymaterials that enable

visual i zation of a particular |ocus, organ or disease
25 site within the body, and/or that |ead to sone
By a "prasiuss@ivehe contrapbagrntiis meast aimeiety e dsnefdn disalf effestjve
er
asa clbﬁﬁerfp@%r @ﬁu})ﬁﬁﬁ(}?{ Q% r&nd;argg s’b% %8%8‘6&%8&&?8}
admixtweevitresiorne dtleeresped?es pmrttoa.m /agenampld b‘f&sumea pfecursor

sl e bR ¢ S BB el 55695 oo
ametﬂ%ﬁ%@ thROBRCHbRd %S%nfrﬁgt agéntof the image. 30 The

term"contrast agents" thus enhconpasses agents that
are used to enhance the quality of an inmage that my

sy 8} WEAGAG OB S e LB Rk el ppin
of the dsinegreot anitd body gfor the purposes of diagnosis, research or
therapeutic treatment. Such techniques include principally X-ray imaging, MRI,
and nuclear imaging, including PET. Agents useful in enhancing such techniques
are those materials that enable visualization of a particular locus, organ or disease
site within the body, and/or that lead to some improvement in the quality of the
images generated by the imaging techniques, providing improved or easier
interpretation of those images. Such agents are referred to herein as contrast
agents, the use of which facilitates the differentiation of different parts of the
image, by increasing the “contrast” between those different regions of the image.
The term "contrast agents” thus encompasses agents that are used to enhance
the quality of an image that may nonetheless be generated in the absence of such

an agent (as is the case, for instance, in MRI), as well as agents that are
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WD 2004/ 071536 PCT/ GB2004/ 000582 9 prerequisites for
the generation of an image (as is the case, for
wop®sanse in nuclear inmaging). It will be apptECGBaid00582

that, though the conjugate conprises "a contrast

agent” and 5 "a targeting noiety", in practice a
substanti al nunber of contrast agents (or precursors
thereof) will be bound to gach carrier, and nore than

one targeting noiety may be bound to the carrier. In

where t rrier hsth ormof .a, protein
prered B Pk 3 GravareHBR o1 B0 TBBAE (8RS Q6chASe: B tebEodch
nucledrahldgfig)y be several tens, eg 10 to 100, nore

preférably 20 to 60, eg 20 to 50. A sinmilar 10 numnber
of contrast agents may be bound to each protein

it wit B2 aBptciated Hiaty Biouobite cBafifiate Pomensrt | 2 GBRERS 3gpreand
"a tardéﬁn@&ﬁo'%lﬁ ”inebr’é@f de b@uﬁ@ta‘?ﬁ:@bﬁﬁn&%r bf‘éd)r\’tké’éﬁigeﬁfé)(fo?' n
nol ecul es (per aps 10 011 notlecul es),

precuksees Riereef)milkbe dound rto easln cagr@eft andsrerei tha@@nw targedingh

moiet et Bqdhd o % GRHPETIRILHEL Iyiefl ¥ ol Beb i form of

protein undieculef thbafwﬁbem dﬁh'tr@tst agemsrbmmrto@acw ddrrier may be
eneralliobe | ess t han ust be one. In the

sever%atsas 619 20 il 09 chER erejgrﬁhhezo te ﬁ ﬁa ROdP B A &inglari ng
numbgfggdg?r%s\g@é?%@nrﬂa)g BB oo ¥ech: prB% ?rﬂ?é&ﬁ? FUtmakes up

g carrier Is in
a carrigr in #enforml af @uparticlet Hcswa\lrem sineesd pamcfeowﬂlrgmmralhabe

formefl 3500t 3 Very, g nimbe At BuivighSL Serin fudigtied Thepn J03
10™ mme@wswtrhé o@@@g :@mbérbﬁ cbﬁ&ast f@éé’gt%%gs@éfﬁgﬁéfvgﬁl@ ;151 Y

partlclgrmll |berqmﬁspoagm@af lerag. sv\fhergé e ganieriastthe form géa iPfgtein

molec@aﬂr, ge%( numbar Sf(fa‘?ééﬁﬁégenﬂ)\'é{%%r Eeroéarhcgmm e&ﬁ{ gﬁbé R&s than 5,

Ing noile carriers may
and malyfjasttbeooné.hin tlrie"mhsmgofea:pamculatebatm thengﬂnbagof targetlng

o, o AR SeBEEBAR Weklr Wy
the fof‘rﬁ rd?“a\ Cf%té?ﬁ‘ nﬁ:ﬁ@&flé Slt E;Qaléo EB@&IW@H%&@' th¥n dReRrdd 18 be

medi um generally be an
coum@dqtcee@mgietarlﬁilngmewoihwghﬁhamuamemﬁgarrsefsmer@ﬁfgetmg

0 t W
moiety {1 Gorbérafhe BRFE Sl o, 30 B oSyt ik PlgSHeral s
preferpg®feondy & eatall umbecsfasirtersatocheobbid tothecatgeatingl moiety,
as excessive numbers of bonds between the targeting moiety and carriers may
have an adverse effect on the binding activity of the targeting moiety.

The conjugate according to the invention will generally be administered to the
body as a formulation comprising a pharmaceutically acceptable liquid medium.
That medium will generally be an aqueous medium, most commonly an aqueous
solution containing appropriate excipients. Such excipients may include one or
more tonicity-adjusting agents, preservatives, surfactants, and other conventional
pharmaceutical excipients.
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30 pharmaceuti cal excipients. W 2004/ 071536
PCT/ GB2004/ 000582 10 The conjugate according to the
w0 poogfotisem may be soluble in the |iquid nedi unPCT/GB2004/000582
whi ch case the forrmulation will generally be a
solution of the conjugate. Alternatively, where the
carrier is a particle, the particle and hence the
conjugate wll generally4ge insoluble, and the
formulation will be a suspension or dispersion 5 of

The cqidgStracBetS sie Fenfion il o, SBhpkoi e BAGE! e dn
whlchfdé"sglthé%rﬁ{hlaﬁﬁ?tmw'g%nré@alﬁ/ 563 $dich etherddnfigate. t he

first aspect € invention in adm xture wth a
Altemphmtmbena thaldaynexds apaititle, thegpardiclesandihenaetiereonjugate

o o RIS L SR 56 B 4. BPePE Bbaorion

ofthelaoh té etheTRidP@URIMG. t he residence time in the
bl oodst r eam of the contrast agent. Furthernore, the

presence of the targeting noiety, having an affinity

Thus bl 5S04 85851 6 e 1358370y st

comphﬁﬂgfa #ugmd a@f@drcmg ttf th@ﬁrst hspetit of thebimventioroin adrabdure

or exanpl e sing the contrast agent to

W'tha mﬂcﬁﬂﬁcﬁlw %CSBWIQ:U‘H‘H BEYHM-or di sease site, eg
the liver or a tunour, thereby allow ng that organ or
di sease site to be target ed and visualised. The use of

The canjugate ane formfubatianacooodingde tthe geesentinvention@ige t he

sovardS30hlA s ho B oS0 0, BB LB R s e

in the tflooddirdaftt bEfRcdriirast 8gaht. MRurliterhdre othegsrieserice of the
background (non-di seased) tissue. The use of {he

targeting geietyighaming:en afiniycuthia narisyaperoagersitesf disease,
enharg%so'm\;\ilfvpgfgﬁmé ctohﬁ’ﬁgtleae%édt to ISt 1bESbN %%derﬁﬁgéltgte@\e

e quanti of “contrast agent
biodlsttrdm,itlmgmfetdose agetlnts tmrelxamplwbytmmtsmgathag:onyashagent to

bi ndi ng ca of the tar et|n ety. 25 I
accurdyats s PARERIE: orsart oriipense site 69 e Tietiata BRALR: ingreby
allomh@cth lgﬁﬁtét“dléé%t%% sitet8 tb’ébﬂaY?étéaﬁrid\hStﬁahsgdc M Heotise oy

coupled to the carrier erial via
"carrler" for the contrast agent may increase the quantity of contrast agent
delivered to the desired site within the body. This may enhance detection due to
an increase in signal/noise ratio against background (non-diseased) tissue. The
use of the targeting moiety avoids delivery of agent to normal/healthy tissue. In
addition, as explained below, large quantities of contrast agent may be conjugated

to the carrier without damaging the binding capability of the targeting moiety.

MRI contrast agents that may be employed in the invention include metal ions,
notably gadolinium. Such ions may be coupled to the carrier material via a

chelating moiety that is covalently bound to the carrier material.

Similarly, metals useful in nuclear imaging, eg *™Tc, ©'Tl and "'In, may also be
coupled to the carrier material, either directly or indirectly, eg via a chelating
moiety.
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chelating noiety that is covalently bound to the
carrier material. 30 Simlarly, netals useful in
WO e@ears3é magi ng, eg 99mlc, 201TlI and 1111 n, nRAYT/GBI@4/000582
be coupled to the carrier material, either directly
or indirectly, eg via a chelating moiety. W
2004/ 071536 PCT/ GB2004/ 000582 11 In a simlar manner
to the way in which netal sj.effective as contrast
agents nmay be delivered to the body in the formof a
conj ugate according to the first aspect of the
i nvention, other netals nay al so be delivered to the

In a s nﬁé’r’iné?ttﬂ%e QAR Sftitch MebSRfERLI%E Bs dofilr g‘s &HE fhay be

may have direct "therapeutic effect, eg radioactive
delivened td maimdwlh the foranoba lconpygate @neorsimgwtortheufmstcaspeet of the

mven b Bl S A e % el Dol e
Somel RekN, FHemstate fr%wgvelw dresy m&aé&em@réﬂ@%t Uhdidictive

target'ed radi ot hera (g Thus, in anoth ef, aspect of
metals ysefuhireradietherapyer@ne sum radigaetive metd! igy 3G, Mthlch may be

bound/F ¥ekuSindul Fndbodds ranBg i tns el FBU I Mdaing.

technigfues. Thetresliting @onR@atd eam peqistidfortargetddaadidtherapy.
carrier being coupled via a chelating agent to said

netal and conjugated with a targeting noiety having

Thus Zlg a@B Hé?'e%ég&‘f (%fqhé‘ | Ibhbfhe{rg‘%lér idddl 8 cbh g?%;’%br Itli’é5

ové a neta
deliveng ef ametal thernodaswha:g\ecunjugatg aomrmﬂesm cawuier @athe form of

a protelfEifplituie br roplitle, Rerind oot Matedyed b8 g hehg
coupl@@%ﬁi éi’bﬁ‘el"aﬂn@ ra@@ﬁf R $Adinwsal 85d c@ﬁﬂbété@i Whh %%ﬁgétlh?ﬁ*noiety
oneaﬁ/m netal, eg a m xture of a contrast agen

having ey lgawﬁh |arﬁnm)ﬂcdﬁqusawﬂam Bethrdyapeut i ¢ agent
(eg.67Cu). It is also possible to prepare
formul ati ons conprising nore than one conjugate, eg a
As decrilsed above)dhe enatahmal Herg metalcthat m:ﬂefmm canirlast agent,

. ond conj ygat e co r|S| erapeuti c agent.
eg in 48 QT ifgoino; of & ynad o el \Gelul i Hidtbn oo
radlodHtl%'lﬁ@taﬂﬁééf\é?ﬁ%aﬁl&hén%ﬁ?t 198 o bB@snbl@QS'Hrebéfet&b‘ﬁéugates

dy using conventional 1naging techniques and

contaidnghgore tem ens typenefsnetabsed aimigture o aycastrashagent (eg
gadolfnﬂﬂ‘h?éﬁ&’ taorg(fi!o-’cherapeutlc agent (eg ®"Cu). ltis also possible to prepare
formulations comprising more than one conjugate, eg a first conjugate comprising
a contrast agent and a second conjugate comprising a radio-therapeutic agent. By
such means, it is possible to determine the precise delivery and location of the
agent in the body using conventional imaging techniques and in so doing to

confirm successful delivery of the radioisotope.

It may also be possible to prepare particles of larger size (eg over 10um) that may
carry radioisotopes and/or imaging agents. These can be delivered (eg by
catheter) into the microcirculation of a tumour and so reduce blood supply by
capillary blockade. In addition, where a radioisotope is present on the particle, it
will be delivered into the tumour (resulting in cell death), and the presence of a
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It may al so be possible to prepare particles of |arger
size (eg over 10pm) that may carry radi oi sotopes
w@e@korisséragi ng agents. These can be del i ver edP(BGBRY04/000582
catheter) into the mcrocirculation of a tunour and so
reduce bl ood supply by 30 capillary bl ockade. In
addi tion, where a radioisotope is present on the
particle, it wll be deIH ered into the tunour
(resulting in cell death), and the presence of a WO

2004/ 071536 PCT/ GB2004/ 000582, 12 cponirast agent, eqg.
contragageitn g SRdal e AAbF aakiRdne swihT Rbe Bpgd Blens Bhrigd
; i | B irHS dri i 3ragi ng t echnol ogy
o e B o g OO MR R 7 ot aspec:

of the invention may be prepared by 5 reacting the

The oqugaigractpidhng B 1 sh Asbet 4 oe irkbglibn e BPRed oy
reactif hReCHIBE! With BR8N tPskst IR NE 3o With atpPeddiSor RFEST intie
nmoi ety using a heterobifunctional cross-Iinking agent.

absentiof theplargeting meietyvans sdvaaauenily gppplingtheccarger ingthe

ergerlaby) GG PGB G5t 3080 5% Soprglors
more §arbralyf Bpslicadis; Defigigséfal in the groparfationaf targeteaf corjegates
Invention, there is provided a net

[ } ¢ hod f t he .
of a vasjedy aF GaireFs With agents (gs cedveryripihabedys T@Hsaa%q&rd'r‘srto a
. . . r .
oSG BRidherd BrouBs il o RS of -
targeted dgnjugatecofareagersidor dalveryto the body with aceanriesrwhich
forman intermedi ate conjugate, and thereafter 15 (D)
method; GOMRYIRES| ng t he i ntermedi ate conjugate with a

hal psttihG YRe bhenedor @@w&? tbith& by area brddurésitthegiof, with
the intermedi ate conjugate and then reacting the
the cagierito4ora aniinteanadigte cenjygnfe gnddhgraaites t ar geti ng
F g R
linking ageititomctivatb the irtetraedibtd comjugatesand thesnsrebictihg tipe activated

it e ok S Pl e gyt iegbfo S0t e
conjudikt 9@t é‘%r?@iiﬁ%bhdié’c?/rtﬁéﬂﬁas BEEN bEMEREH DyYeho@sti Witha | t

I's particularl’y preferred that reaction of the carrier
heterakiifunctional geaastiinking agenty or (il causing theoialermadigieconjugste, a
hetercgabgfglh?ﬁ’éad WheMridhd B§ettehifd 9RAIJ4RRY HISBLy 'reade | | nking

simultaneously together.

It is particularly preferred that reaction of the carrier with the agent for delivery to
the body (or precursor thereof) and with the heterobifunctional cross-linking agent
should be via two different types of functional group present on the carrier, and
that reaction of the heterobifunctional cross-linking agent with the targeting moiety
should take place via a third type of functional group present on the targeting
moiety, the three types of functional group being different to each other.

The method according to this aspect of the invention is advantageous in that
reaction of the carrier with the agent for delivery to the body (or precursor thereof)

and reaction of the carrier with the targeting moiety are carried out in separate
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25 should be via two different types of functional
group present on the carrier, and that reaction of the
whedaoaootsdé unct i onal cross-1linking agent w th tP€r/GB2004/000582

targeting noiety should take place via a third type

of functional group present on the targeting noiety,

the three types of functional group being different to
each other. 30 The nethod qaccording to this aspect of

the invention is advantageous in that reaction of the

stepsp, i ArHST BHS At ecgwgﬁ‘%ésde'eax?qﬁde{lwe&certﬁgﬁ%d&;?{eﬁore t
s ol 00 AR TBARL 1,300, RSOV 0 APRETOLANG) o e
body ivithtthe $angeting etbietiytis avbidedghhigholoadisigi afagent endihe: carrier,

' h.th
ant 36 oph8 el oGS RSt et SV PR B e

adver@@ dffett b tﬁé‘ Blnﬁﬁf@@éﬂvﬂg ofthEtargeingvrisyd Co‘hjlh‘gmbs prepared
| oadi ng of agent on the carrier, and hence on

in acdorgancewith mtgetrethczchmawtbe@quobe gbarasierisos) mhﬂm ahsmpe of

agonty By AL 060 Bk tot U AP g bidoo
put thw éﬂibthbﬁwﬁyt ﬁh@%dngat@w pifsfél%tdb,esudﬂat‘rm ae reaseﬁo%y mdre

for dellv the
preferebét@frleaﬁt 95%r em ynast preterably Eﬁaﬁt .%?8 991“'63 fhut
s AT VRTBIAE 15 BORLGFBIE o lBE) Gash b e
rathemnibsan tptieé targbting mmetgas'ﬁhlsg Mdsftotmmlraglelnss of binding activity,
and U5 ANl S s Pl Sarr i 9% g Bl e

charabﬁirﬂ;@ﬂ' iRghahe bindind bétl\h@@ﬁthané‘dmg&hmbﬁﬁlﬁ tﬁé conjugate
i nding activit e conj ugate re ar ed

as mm@amemnaﬁwbmdmasmm least @%@n@rsé)referably at
least ?59 %t,/ergos,/e%r a'P Iéé%??ﬂ%h?hg’ﬂ SHhBYrerlakydt rﬂfmeggpl o

fgeting e’'conjugate, ~ as nedsure
corrpetlt|ve b| nd| ng assay, |s at least 50% nore

B b BB b e e
may Iﬁél%db*iﬁe fp?élmn%r}ﬁsteﬁrdf *f&rh‘ﬁn?ttﬁé rﬁ?ﬂicﬂ@ %oﬁ?ﬁéﬁn@leﬂfbnhmg

he i nvention I ncl ude Erelmnary step

mateniair thienpartinle qmstlttttlng the earririrthatisdhen reqgigd W\t'a”‘ttéﬁlaﬁlent for

o5 b RS g e e o i

moietyl ecur sor thereof) and subsequently with the targeting
noi ety.

In a variation on this method, the step of forming the particle may take place after

the agent for delivery to the body, or precursor thereof, has been reacted with the

particle-forming material.

Where the carrier is reacted with a precursor of the agent that is to be delivered to
the body, the precursor will subsequently be converted to that agent. Such
conversion may take place before, after or simultaneously with step (b) of the
method. Where the precursor is a chelating agent and the conversion involves
formation of a chelate between the chelating agent and metal ions, it is preferred
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In a variation on this nmethod, the step of formng the
particle nmay take place after the agent for delivery
W eootloz1shody, or precursor thereof, has been rReDGBA04/000582
with the 25 particle-formng nmaterial. Were the
carrier is reacted with a precursor of the agent that
is to be delivered to the body, the precursor wll
subsequent |y be converted 1to t hat agent. Such

conversion may take place before, after or

simyl tgneously with ste b) ., of the 30 met hod. Were .
that tﬂ%&ﬂa% tha, resion snixileR & ‘gﬁgfﬁ@"@&e Auripg @dpﬁ@negm mgtaljons,

' ormati on of a chelate between the chel ating
betwe'zgg\g?dt)\égﬁc?'ébt al ions, it is preferred WD 2004/ 071536
PCT/ GB2004/ 000582 14 that the pH of the reaction

mxture i s maintaiped, during addition of .the netal.
The niaghad s arficBiy soicatie & e Brebarelor i caniughtef au waichyhe
carriePRYrbe@due. t he preparation of conjugates in which
the 5 carrier is proteinaceous. It is strongly

preferred that the cross-1inking agent has one

is s bl b9 R0 ol s D8R b s
specificfol eéddidnWitie gioupe breséitorfithd carfierafd abBentreAdre d
functionality that i's specific 10 for reaction with

targetipagnpietyasssuiphysiyt ereupar aed Argospddunctionglitdbahis spesific
for redton. i aldiiog sl T ME RO, andRRNERS N e

carriet, legf aldeyde geagst d Hidreduses|orredintingieshke octucance ef s

unwa%gaiq? [e(%qt i ﬁtgl Y i%ml 5 i)éq(ecgfq ﬁ'g@ew@brre 58 @é%hgllbgfo carriers and/or

targetfRIthBRARSS The MBIHY & BfsAsticul=pl GRlitASIEYo tiRe bRSHPSEDN of
has, or is coupled to the 15 carrier via an

conjugates inwhici thecagent fordlaliverybicethe hatythasoer i esypled to the

. Cal ) r rj vati o | e
carrief i Y harfedifte Rronel il Anolef iAo R s Bl Brior
derivativiesl ¢hdreof] sn ivbicrechsectheauplihg withcinelsarsiér mag biesbyameéans of

..amn rou present in the carrier. 20 Were the .
amide-andssBrma hetenan thqsgcarbpxyi HgURR BRE AMRROEORS Present in
theca?HérPhyer groups present on the carrier, it has been

ound that the free sul phydryl groups on the
i nternedi ate conjugate are reversibly bl ocked during

Wher& ttheeo hét%)rok%untcggngfs érggsd-linllhqg agent reacts with sulphydryl groups
present on the carrier, it has been found that the free sulphydryl groups on the
intermediate conjugate are reversibly blocked during step (a) of the method. In
such a case, the method preferably includes an intermediate step (between steps
(a) and (b)) of unblocking free sulphydryl groups. Such unblocking is preferably
carried out by incubation of the intermediate conjugate, eg at a temperature of
between 20° and 50°C, for a period of between 1 and 24 hours.

According to a yet further aspect of the invention, there is provided a method for
enhancing the contrast of an image obtained by a medical imaging technique,
which method comprises the administration, prior to the image being obtained, of a
conjugate according to the first aspect of the invention or a formulation according

to the second aspect of the invention to a human or animal subject from which the
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such a case, the nethod preferably includes an

internedi ate step (between steps (a) and (b)) of
wandsocissang free sul phydryl groups. Such unbl oR&T/G$2008/000582

preferably 25 carried out by incubation of the

i nternedi ate conjugate, eg at a tenperature of

bet ween 20 and 50C, for a period of between 1 and 24

hours. According to a yet ,f.urther aspect of the

invention, there is proviagd a method for enhancing

the contrast of_ an ina%F obt ai ned by a ngicaJ I magi ng

image isdp Reqitaingd. et isBithea PEigRG thesuse,ef a conjugate
] . . . .
accordif 315 i aSBectf RS IhAkDf it FRORARBILA R Riftuidion for
enharicingethiel comtrast ef dvimadgeto be obtainedibya medidsh énagiognd
aspect of the invention to a human or ani mal subj ect
technigkEm whi ch the WD 2004/ 071536 PCT/ GB2004/ 000582 15
image is to be obtained. There is further provided the
use of a conjugate according to the first aspect of
DETAilHeD iDESGRIPANAMN OFWEHEANVENTION of a fornul ation for
enhanci ng the contrast of an imge to be obtained by a
medi cal inmaging technique. 5 DETAILED DESCRI PTI ON OF
Naturd GEtH\VENEt blterat ure of the carrier material 10 The
conjugates according to the first aspect of the
i nvention conprise protein as a carrier material for

t . - b ' i F

The opiioSRR ARRHIBEE e pPEeC TR MiRoMBh SpiprREHrfldi os =
carriepmatterial $orathd cohtrasbagerntrarsd thectargetingamoiety.ns, and

m xtures thereof. 15 Exanpl es of gl obul ar proteins

i nclude synthetic or natural serum proteins, natural
Proteif§ Rt tha¥ bk Lise8rdsVdrti¥ ﬁ\ét&%@‘i’if\cluéé‘bfoﬁular proteins and

enzymatically, chemcally, or otherwise nodified,
fibrous log stredtural poeteinss andmixtwes-thengiofd, oxi di sed or

hydr ol ysed derivatives or subunits thereof. Exanples

of fibrous or structural proteins include synthetic or

ExamP&srtﬁthlﬁllambt@@@ helwlaasynthetik er akiural dermoproteins, natural
i brin, and fibronectin, natural or synt hlffti C

or syrdhetic.agrivpdives tareeh salimaenavriaticady s hanaisally. o atheradseys
modifiRe’ BiEaRER HdrenRb%r cross-linked, oxidised or hydrolysed derivatives or

subunits thereof. Examples of fibrous or structural proteins include synthetic or

natural collagen, elastin, keratin, fibroin, fibrin, and fibronectin, natural or synthetic
derivatives thereof, and mixtures thereof. Examples of serum proteins are
albumin, a-globulins, B-globulins, y-globulins, transthyretin, fibrinogen, thrombin
and transferrin.

The protein is most preferably a single, complete or substantially complete, protein
molecule. However, the protein molecule may be an oligomer of conjugated
complete or substantially complete protein molecules. Such an oligomer may be a
protein dimer, or trimer, or higher oligomer comprising up to, say, twenty discrete
protein molecules, more preferably up to ten, or up to five, discrete protein
molecules.
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al bum n, a-gl obulins, P-globulins,y-globulins,
transthyretin, fibrinogen, thronbin and transferrin.
wQ@0o0Flz15ps ot ein is nost preferably a single, cPOPGBR@4/000582
or substantially conplete, protein nolecule. However,
the protein nol ecule may be an oligonmer of conjugated
conplete or substantially conplete protein nol ecul es.
Such an oligonmer may be a16protein di mer, or trinmer,
or hi gher ol i goner conprising up to, say, twenty
scret rote| nol ecul es, ferably. .up to.
The pfgaf Golasyls GiavialeMaiivabi 62 & TrgmeRt S0Pl Petéing
molectf) gﬂﬁﬂ%ﬁ@s %Efn@%%ﬁ%ég@%ﬁﬁﬁpnéﬁ Elb%q@reﬁbslo? affih& akide
may alternative be a fragnent o a conplete protein
that catsespands, totg/semmw of ampinotacidsriduadinea raatupallquo:grrmg

protei3ZabiBRAR. Bt &fichds SEeter indaRbtn oUTHATAEDT)- Seyari ng
prefer@b?ﬁ @Irfpddses dbuemid ofvmhm 4&dS BttREs d lngNet MoreSthah

nment, however, 5 preferably conprises a sequence

50%, 69‘V«am b, 8% der-90%tanshmost prafgnabiomone than 9% thabef a

naturglsfealiiihq BrofeinthoRiler Bia TRTEn RS i 4ite¥ oo Mdigifor

great@mﬁammo%l, 9025 or m‘i%fp@@feﬁéblih gh@dted thani 95%rwith e t han

0% .90% or nost preferably greater than 95% wi th the

Correwggompﬁ@%aawr%w-q%rm praieinmglesyle:i ng protein

nol ecule. 10 Transferrin may have particul ar benefits

as a carrier material in that it has nunerous
Transtmria moayhave pﬁrticngarsheneﬁts ag acayridravateriabinethet mh\apor t

at e or |n nvent|o across.the

numeffyscpigtistdth Biing §e 3 i3y el LR Pl BobRGR
accordmgqabh@arwenﬁbﬁ%?dss(tﬁéwoédlbreﬂﬁwaﬂl@n, alVB#GhhY beprE¥paied

2002, in Ml ecular 15 and CeIIuI ar lron Transport,
as a rq;@qampma@ﬁ Practiict (age, den exaarmler M llivig t olegular

and C8llul? Yron BanSh&R Famdietn (28! farcdlBe Rt IntUb %1 ahd Mason
—m'e!éerreﬂ—m , easuns —

et al Bicohenhistrp\82: 8472).

The particularly preferred carrier material is albumin, for the reasons detailed
below.

Where the conjugates are intended for administration to the human body, the
carrier material is preferably of human origin, ie actually derived from humans, or
is identical (or substantially so) in structure to protein of human origin. A
particularly preferred carrier material is thus human serum albumin.

Human serum albumin may be serum-derived, for instance obtained from donated
blood. However, in order to eliminate or reduce the risk of transmission of
potential contaminants, eg viral or other harmful agents, that may be present in
blood-derived products, as well the potential limitations on supply associated with
material isolated from donated blood, it is preferred that the carrier material, eg
human serum albumin, should be a recombinant product derived from
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Where the conjugates are intended for adm nistration
to the human body, the carrier material is preferably
wo@Roohamesse ori gin, ie actually derived from hune@EGB04/000582

is identical (or substantially so) in structure to

protein of human origin. A particularly preferred

carrier material is thus human serum al bum n. 25 Human

serum al bumi n may be serumderived, for instance

obt ai ned from donated bl ood. However, in order to

m _nat r .redu the risk of transmsslo

microgigRB TS QNG AIARES), T SO PIBRS RN hetihave been
transféﬂﬁé@ SF trbﬁﬁbc ké%jﬁ)?és%stﬁ@t carfler ﬁia@é’ﬁja |deri ved

product s, e potentia m tations on supply

associ at ed WI t h 30 mat er| aI i sol ated from donat ed

| 00 eferred t e carri mat er.i.a

A5 Bdhe

The PRV ol aRBEH G BaTeri o et R FTEs At I sIGR is
thus réGgthyRent nmx\@é&%umﬁﬁ@HW/ﬁ%Q%@@.@wHA%y be

m croorgani sns (includin I nes transgeni c
obtaingdzoemmerciallyi frmndDeltaaBnomrmormthdc ghane,Jnited
ngdé ansf ected to express the carrier naterial. The

esently nost-preferred carrier material for use in

t he present |nvent| onis 5 thus reconbl nant hurran

serum al bumn (rHA). Suitable fo

Procegspsion e emﬁ%@mrapf il anmn%raepefa;awﬁbtq)tjrpsetshmed in
the arb\Qhd !afkg{ié%rlbg ' Fﬁn%&?@ﬁﬁ%& é@/@?é?@ ]nEich 6@/44772

preparation o ener al am |
those skllled in 10 the art and are descrlbed for

in a pigferf Plipess SRk rapamlen i e a7 iahabA ralulgn is derived
from d Mhbbpd:ulfl.i‘l@\n%&luh' Stained dsf d:LMﬁﬁllngfé fRiRgusitdidfdrnsed \Mﬂﬁ %n

medi um obt ai ned by cul turi'ng fungus transfornmed w
rHA-egepdipginueleotide sgaHercein ﬁemmjam medium, WBEI’ﬁthSﬁId on

o hed NG Bl TR BURETS T8 By bo
filameﬁtdusrfangw suéhuagan As,udrgmas ape?ggf rmefdrablyfg?:mggu?/ is a

veast. {oré pirdatins e UGS o h e gEarS SRR sded
cerewﬁ%(e?"thé'g%%hs K;Dﬁ/egewéeﬂé@y)@v&zf%fseu@@eﬂﬁs PRRI @Y P

he gends Pi chi past
pastorls)

The rHA preferably contains a substantial proportion of molecules with a free -SH
(sulphydryl or thiol) group. This provides a particularly useful means of
conjugation of the rHA molecule to a targeting moiety, as described below.

Where the conjugation chemistry according to the invention is applied to a non-
protein carrier, any one of a variety of carrier materials may be employed. The
carrier material should be biocompatible and should be such that the conjugates of
the carrier material with the targeting moiety maintain their integrity prior to use
and for the duration of their useful life jn vivo. It is strongly preferred that the

carrier material should have two different types of functional groups, enabling
different chemical methods to be used for coupling of the carrier material to the
agent for delivery to the body (or precursor thereof) and to the targeting moiety.
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20 The rHA preferably contains a substanti al
proportion of nolecules with a free -SH (sul phydryl
wo@roolo75Bg group. This provides a particul arl ypaeeBed04/000582
means of conjugation of the rHA nolecule to a
targeting noiety, as described bel ow 25 Were the
conjugation chem stry according to the invention is
applied to a non- protein1%arrier, any one of a
variety of carrier materials may be enpl oyed. The
carrier material should be bioconpatible and shoul d be
such that the conjugates of the carrier material wth
; . . e . L ntear .-
Other, REn'o R HcRBE Inglefialtndl A, p3Bebd 8 B Rl nkfie
polysacoharides, aswell aersyitablersynénetedpolpaters.ne 30 carri er
mat eri al should have two different types of functional
groups, enabling different chem cal nethods to be
0 s i f 1 1 O »
The CHERA MAEEERPhOREVS, nicsF RRASTALY protsRbloudrVIie dnp parer
is in panicuatetform t thegariiergnateiriat (or pattidedarmoingsasterial) may be

insoluble 6 g e ag e Tt 4 sl BIeninlerial 5 iy rendered
insoluibl@b%:gﬁbsétfﬂéfﬁ%ﬁﬂﬁéht‘?égIhéﬁnéi@-ind@ée@@:rds%h_irﬂ(ing. For
The carrier material is,

synthetic polyners. 5

examné«ﬁ\ﬁeearnﬁbmatw%mﬁbey&%aml@apha@t@@uS. Where the
carrier is in particulate form the carrier materi al
(or particle-formng material) may be insoluble or

Whert ltiee parrier ¢3 rotnin\pattivutatd fomopthenshewamiermateriabils preferably
t hen rendered insoluble by subsequent treatnent, eg

solublener nal | y- i nduced cross-1inking. For exanple, the
carrier material may be collagen or gelatin. 10 \Were
the carrier is not in particulate form then the

Albungaiis ther curserdlyi rabst prefaresicecaiisiey majetialfoeboth spluble and

. . |y eferr trrier material for both
partlcé%’f%gﬁy@[lgﬁ%s, @@%F@kyﬂ?%@%@ jugates, for the
a) albliniih @/édigbledasooeougnedidhuni n is sol uble in aqueous
[ articles of albumn may adi |y be rendered

b) Paﬁggtéﬁif@%%rﬁ@mﬁh Eeaqily besignsiered Wsoé};tg%’p present in the

c) theFtWShIPhYRYEGIHUP FRESMHLHS thé alBRMiR rhélkcule provides a means for
selective coupling to the targeting moiety; and

d) albumin contains numerous amino acid residues with pendant amino groups
(specifically lysine residues) that provide coupling sites for agents for delivery to

the body.

Formation of particles

Particles of particle-forming material may be produced by any suitable technique,
and numerous such techniques will be familiar to those skilled in the art.

A particularly preferred method for making the particles according to the invention
comprises the steps of

i) forming a suspension of the particle-forming material; and

ii) spray-drying said suspension.
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sel ective coupling to the targeting noiety; and 20 d)
al bum n contai ns nunerous am no acid residues wth
w@enwdantss@m no groups (specifically |ysine reBCTHGB2)04/000582
that provide coupling sites for agents for delivery to
the body. Formation of particles 25 Particles of
particle-form ng material may be produced by any
sui tabl e techni que, and nggerous such techni ques w |
be famliar to those skill inthe art. A
particularly preferred nethod for making the particles
according to the invention 30 conprises the steps of
o .
step Y} e Tpftaflr? U SUSIH of e PRLbESLEREE Tl f,
prefe%&ﬁb&?bﬂ%t@ﬁlr%@ﬁﬂnﬁ@@ﬁé %arﬂ(ﬂeéﬁbmng)mateaat ihea solvent,
jon of a suspension of the partjcle-for

and tpﬁl@ gﬁg@g tojthe spfutipBserPIMed & n%sg[y[enb rihe ggrr'p cpeg-forming
mateﬁléls§ %118 %rﬁg%ﬂ?fﬁ% (ﬂcl tidh B e @Hﬁg? ?%rgﬂlgg matetiye By a

and hen add solut I on
“non-solvertliy areant arllqultblnpmmn the sblubitity of thengarticleefbrming as

mateq%ltlg,gpggta?\gé)l leSs w{ﬂﬁau °r5‘1t‘§f gft tﬁgéﬁx?’([ 1?q>rgru|f1é)rmq{eﬁal in
the s¥BRH bLbRhRP idRhistible With iR seReht.cl e-formng materi al

is substantially less than the solubility of the
particle-formng material in the solvent, but which

e e TGhP Pt RaShtSRsst B B bt acod

to then@cﬂvéml ig @ﬂéfe&ﬂ:d? greett@r than thelvoturheiof thy Qcﬁlat’ @di) bilthe particle-
ater. than t ume of the solutj

formifiaiaterial e PN HNERher WoTHR, Aae SOMGBHE nor-RolyeRLmixture
that %"%P%}L%é@ m%laﬁ‘ﬁ??ncfst PS%Q Féﬂl})’ 88 fpg?g% ff{/éxcésl%adf 50% viv of

I ed nost conprises in
non- &ahc&rﬁsmfe posferably mrfexcaesnoéGD%sm{v,, and pespiblf isrexeesgs of
70% SXCESS of 60% v/v, and possibly in excess of 15 70%

° VM. Mbst cormonly, the solvent is water. The
preferred non-solvent is ethanol. In general,

however, any suitabl e conbination of sol vent and
Most sgmmaenly othe salyerids water. The preferred non-solvent is ethanol. In

general, however, any suitable combination of solvent and non-solvent may be
used, provided that the addition of non-solvent has the desired effect of causing
precipitation of the particle-forming material and that the solvent and the non-
solvent are miscible in the proportions used.

Although the solvent is most commonly water, it may alternatively be, for example,
an organic solvent. In such a case, the non-solvent may be water, and the use of
the non-solvent may then be beneficial in reducing risks associated with the
subsequent spray-drying of the suspension containing the possibly flammable
organic solvent.

Where, as is most commonly the case, the particle-forming material is a
proteinaceous material, the precipitation by addition of the non-solvent is
preferably carried out at a pH which is removed from the isoelectric point, so as fo

prevent or minimise agglomeration of the suspended particles and to produce
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used, provided that the addition of non-sol vent has
the desired effect of causing 20 precipitation of the
w@aorotiozises f ormi ng material and that the sol venPCEHO®260A©600582

non- solvent are mscible in the proportions used.

Al t hough the solvent is nost comonly water, it may

alternatively be, for exanple, an organic solvent. In

such a case, the non-solvent may be water, and the use

of 25 the non-solvent ma hen be beneficial in

reducing risks associated with the subsequent
hydrogbﬂla;paamq}emgwa@are readily sysaepide io ﬁflsdz?iefﬁlﬁ@ aftRE SPrRYdrying.

o 1 TR G e i SRS oy

be avBigedei naceous material, the precipitation by addition
of the non-solvent is preferably carried out at a pH
V\/nichisrem)vedfromtheisoelectric point, so as to

sop Ly S0 S SRR Sl v 8P i

genera(hf b@?@&ﬁrﬁoﬁﬁ&ﬁer ABiry dquiphient of pageriecalyscartventianal

readily su ceptlbleto di sper.siqn after ay-drying. .
naturg ) ARtinGedhe SPHR-BETG ProSHRSINAIUPS Serevind tratsuspgndih into

a chaﬁftg@r %ﬁﬁtatntﬁﬁ SAfEAtRR) gggt Hnb%? cORYnor¢ aitY FHike ausesthep

e spr drying of the suspension formed in step
solvenffnonvagivest ma«tuneetd evaporate andyaneduges golich padictasonkhe gas is

crawrl BB} e et A I Rerielsecy Rl HeC @ sBfgteg from

the gé@ re@YH)d)Fﬂ\efahQ of esdiRii®Separator ¢ suhaefem cbfiitexianiangement.
heat e nost ‘conmonly air. This causes the

The p@ﬂl@%&lﬁﬁﬁ\?—"ﬁﬂ”@@ﬁd lma&w@ & [PGEPIFIRat e and produces
solid particles. The gas is 10 drawn fromthe chanber,
and the particles entrained in the gas are separated

The propenties imétl@mpartle@skqbtaiaedsbydheasmwuqﬁmg: psmqmsarer or
er arrange

sono S < bl o, RSB R e LR e B A e
sprayPdri9RRY dpiraftfs, tHecdtehtratien wmélbaﬂréléﬂibrﬁhm material i in the

spfray-dry |n process are 15 dependent on a nunber of

suspewmrtbe naﬂgge:f ithe: solent ard Ppawolvant. the rgtesat whish dire

¥ )
suspqjifon BeBaf Ik SPraPERITY dbparls SRETRTIoRlR o iFgas
in themr%ﬁamp]l@erof Usiedlys sinatt sizeadistribotioss can e, adhievedilbyeaat
comblnalltl%n of a low suspension feed rate, appropriate nozzle design, a high

degree of atomization and high flow rate of gas.

It is particularly preferred that, between step i) and step ii), ie after formation of the
suspension but before spray-drying, the suspension is subjected to
homogenisation, eg by mechanical agitation. This results in a more even size
distribution of particles in the suspension, and a correspondingly smaller and more
even size distribution of the particles formed in step if).

The suspension preferably contains from 0.1 to 50% wiv of particle-forming
material, more preferably 1 to 20% w/v, and most preferably 2 to 10% wlv,
particularly when the particle-forming material is albumin. Mixtures of
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suspension is fed into the spray-drying apparatus and

the tenperature of the gas in the chanber. Usually,
waemilo7sBee di stributions can be achi eved by aP@DGB2004/000582

conbi nation of a | ow suspension feed rate, appropriate

nozzl e design, a high degree of atom zation and high

flowrate of gas. It is particularly preferred that,

bet ween step i) and step g?, ie after formation of

the suspension but beforé& 'spray-drying, the

. suspension is subjected to 25 honpgeni sation, eg by
particlecformingaatarialy mayhe used, dn which £3se fhexabriecfigures represent
' ' ' ' i he suspension, and a
the tofd EORICHE bt Bl BRLENERtA S Soven si 2e
distribution of the particles fornmed in step ii). The
suspenpsj on preferably contains fromO0.1 to 50% w v of
After spipyYiRd b g RATICIRS, Hapay pPgINecesFaVRrdasirable fof the
. 0, \ ef . t 0 . e
partcf s o Ya PafPl(IRE BIeE BP iy BoiinietEt i rgeedpking of the
particksH-ooming miterialnelsicio inaybe Godught iR bit BCH EBRDY 6f (HebhkRies
21 particle-form ng material s, may be. used, in whigch
that afeBowR geLgey In fingaesea BEhat fe PeFliciesaTs reRg RS elble
by heRefréatilctit, &Y At A mBbritir ihSxcess o561 ?dr&'béﬁé@%rg{zxcess of

_the particles, it may be necessary or desirable

30min, leg Bhqeior several houtse rendered i nsol uble. This may be
achi eved by cross-linking of the particle-formng
material, which may be brought about by a variety of

The ptefelrad gristhod tfhairepadng pavicies bs esclibediaboed B dd@intageous
he particles are rendered insol uble heat

. net hod, t b i

in that thedweetiagesqf Wie RoeesmHEPENANRN Pha sWgReRsIen apdGeravAning)
may (RE6RHHsbY sERERIEY R0 acHileTne dbsiofitim ShoSRLiRauipn of
partickes This giviesehighalegres ofidoninolaapes ke properties of the gaxticles. In

T G R
sizes BRE@ paeidulAf hAFoW 3ne GisEDUlbRE! IFIMi¢Ied pRiducedrby thisemethod
This gives a high degree of control over the

may, for gamplehaye pawiclp sizascofaredpminantlydpes thanAum; aed number
izes QSRETSARL RISl U FLLATSRLE KRS bR il o Couter
counter)dess thani2ums. PBatidles vith suchdimaltisizgs ahe benefidialdn that they
may enter very small blood vessels (capillaries) and/or may penetrate deep into
the lungs. It may also be possible to produce particles of larger size, eg for nasal

administration.

It will be appreciated that references to the “size” of the particles will normally
mean the “diameter” of the particles, since the particles will most commonly be
substantially spherical. However, it will also be appreciated that the particles may
not be spherical, in which case the size may be interpreted as the diameter of a
notional spherical particle having a mass equal to that of the non-spherical
particle.

Coupling of agents to the carrier material
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may, for exanple, have particle sizes of predom nantly

| ess than 4pm and nunber sizes with nodal peaks
whedlen7B53em and nean sizes (as neasured usi ng BCTZOBRG0&1000582

counter) less than 2pm Particles with such small

sizes are beneficial in that they 20 may enter very

smal | bl ood vessels (capillaries) and/or may penetrate

deep into the lungs. It al so be possible to

produce particles of Iarg size, eg for nasal

adm nistration. It will be agg{rematedthat ref erences
Coupling phihie-agent forglelivery tpéhem doihecaparnraateyial may hsagarried

out b){MQﬁy{ of L g{rﬁitf;é% ?rﬁeér{%édeéé%&f\g%ﬁter%h G thgr i tdf%(? agent

and tthmaMee of the tmrhér mla@nakbe Imgenefalamme\té‘rabommmg WI" involve
not be spherjical, in which case the

the fo fé ol CovaIeTH: Ransleeiwean thesagienfaatsriaband thenagensnal
betwetR{RE! lerﬁﬁPféri‘é\ Endf ﬁvdo'%ggg @&% fGég’r?ébflé Bf fd?ﬁﬁnq)% ch@ucal

non-spherical particle agents

or physical ibendithethiecagenDit@@ifi4/ 071536 PCT/ GB2004/ 000582 22
Coupling of the agent for delivery to the body to the
carrier material may be carried out by any of a

One preféERid mtetﬁaaeéfsoougﬁﬁ@ "b’drﬂ&ﬂbﬂ?%rpp%;brﬁat@% tﬂ@ccsl?anﬁ@%fof

the agent and th nat ur e he carrier materi a
metalg.ce@metals fonusein, MBb opnud@aw‘imagin@v ot the cctupé;ng@f nmilom:tlve

metalgg%rﬁlfsealbergé Q@'ge%}%égﬁﬁyc\ﬂe 3{ QSGP Sgﬁﬁl rp ogﬁ{ e#dﬁér magerlarf with

a chelatinglageat whicht iy oaﬁablbkﬁ bahdihgrthemgetal.chemi cal  or
physi cal bond with the agent itself. One preferred

met hod of coupling, particularly appropriate to the

In on&ﬁéﬁ@ibhf&ﬂy?ﬁr{efe%tdaérﬁboﬁﬁwémt ﬁ\:escﬂé?ét%ﬁq?&%ﬁﬁ} MRiprides garooxy!

cl ear gl ng or the cou I Ng oacti've
grOUPaemadeﬂ\iwweaﬂmrenf theeti reauewdppmlna\gmd)mpmlsent in the carrier

materi (o Bfltp FRouus B blasshial S 4 pibbnid & 1o g Bonas
hnkmgmfet ¢iealhtang agmetb ¢lh¢ edrrRradieiaNt A JoNRioANST Pditbl 88N bf
nmprises car oxy rougmﬁgor deri vati ves t her eof

the mefahmayelhen bg addaghieading elgtien & the metaldydheosugated

chelaﬂrfgoﬁﬁt% rial (eg proteinaceous carrier material such as
al™ou to formam de bonds

Chelating agents that may be used include acetic acid derivatives of compounds
containing multiple amine groups. Examples include ethylenediamine tetraacetic
acid, diethylenetriamine pentaacetic acid, and derivatives thereof, eg
diethylenetriamine pentaacetic acid anhydride. Other classes of chelating agent
that may be useful include macrocyclic chelating agents. Examples of macrocyclic
chelators are:

1,4,7-triazacyclononane-N,N",N""-triacetic acid (NOTA)
1,4,7,10-tetraazacyclododecane-N,N",N"",N"""-tetraacetic acid (DOTA)
1,4,8,11-tetraazacyclotetradecane-N,N",N"",N"""-tetraacetic acid (TETA)

Other methods for coupling chelating agents to carrier material will be evident to
those skilled in the art. Suitable chemistries most commonly involve the formation
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i nking the chelating agent to the carrier material. A
solution of a suitable salt of the netal may then be
w@odaen71sBeadi ng to chel ation of the nmetal by tPEr/GB2004/000582
conjugated chelating agent. 20 Chel ati ng agents that
may be used include acetic acid derivatives of
conpounds containing nultiple am ne groups. Exanples
i ncl ude et hyl enedi am ne t aacetic acid,
di et hyl enetri am ne pentaacetic acid, and derivatives
. thereof, eg diethylenetriam ne pentaacetic acid .
of l'“@ﬁ?i’ﬂﬁ%ﬂsh beningr (4@l oGabenyh cambA Phay%mgroy%pr@wt in
[ i-c+chel ati ng agents.
the c@gﬁpﬁ%&%ﬂ%]@ H%%Sﬁ%?@ﬂa@ﬁé%ge@ﬁel ators are:
1,4,7-triazacycl ononane-N, N ,N'-triacetic acid (NOTA)
1,4,7,10-tetrapzacycl ododecane-N, N , N', N'' -t etraacetic
Wherg thé, &bk mypoupieg 15 the CREEr da Jae oy bbe riktel iR, the
helald mbly belBhhedesipdit 8Cthe rhdflabtuthdProeess! dtiely the
¢ eaco':?p ir?g crﬁg?atiﬂng ggtgnts to car ﬁg& rmté;f‘c?rgh@w"?/%ke
metalanayl batadded lateoseg pist ptiento usa. hRadiculariguvierel the metal is a

. ' [ |y i I i he f '
radiodgi aateh damAE PesUBR oD 485 M58l RS Reredindangn
formuldtioRSmriédialely pasieNde. carboxyl or hydroxyl groups
present in the carrier material and/or the chelating

agent. \Were the agent is coupled to the carrier in

ikenf o5 s Shee S o e, B S e o
belovethataretsetchy X-iag contiast ageytstraapbearbuptdddirectly tbulse carrier

rior tqQ use, Particularly where the netal ,is a
materyal JJhe forAtIRgY Gl COVBlenapNES baPeRIIR.OrANIG AGSHENS) the
carriel fiitefif. MetRBHS fort SoudiRg or§amk!Rfen@iitd SAMREF Aeferial il 85ain
to use. 10 Li kew se, organic agents, such as the
be evidemt tethosatskiliedrig the agoand snaeiwoMedhedormatianot nkages

A O S L
materfsl\emidéortthe ongknibageren t he organi c agent and the

carrier material. Methods for coupling organic agents
to carrier material will again be evident to those

in ge e e g e Rbiec R 401 ot RAcAPTREL Atstounien
to thecgartigr nmorg| prgfesaiply ip escesst of tentdushanoleicales or in excess of
twenty such molecules. in the preferred case of a proteinaceous carrier material,
eg albumin, it may be possible to couple between 10 and 100, more preferably
between 20 and 60, molecules of organic agent or chelating agent to each protein
molecule, eg 20-50 molecules of such agent per protein molecule. This leadsto a
considerably increased density of such agents, compared with conventional
delivery systems for MRI contrast agents or radioactive metals for use in
radiotherapy. In many instances, it may be desirable for the loading of organic
agent or chelating agent on the carrier to be as high as possible. In other cases, it
may be beneficial to restrict the loading to a lower level.
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material and/or the organic agent. In general, nore
t han one nol ecul e of organic agent or chel ati ng agent
WO 200s0usBed to the carrier, nore preferably i PCEGB2®E/000582

of ten such nol ecules or in excess of 20 twenty such

nol ecules. In the preferred case of a protei naceous
carrier material, eg albumn, it nay be possible to
coupl e between 10 and 100,4n0re preferably between 20
and 60, nol ecul es of organi'c agent or chel ati ng agent

to,each protein, nolecule, eg 20-50 nol ecul es of such
Nﬁﬁﬁgéﬁﬁﬁigﬁ&ﬂﬂﬂdﬂéﬁﬂinDIecule. This leads to a

consi derably i ncreased density of such agents,

conpared with conventional 25 delivery systens for M

The canigr mesteriabis tosjugatedhdith actargetingetelety havingsan affinity with a
. radi ot herapy. |In many j nstances,_ it be desirahle
particqlF ofgan prdERaRs Bie WiaRe DoterRuct FEEURING MAiFtsgdngiude

antibdiied, Hh &3St ] 95%feBh§ mdibti
] céses, ei?r?;fr &’3@5 %@d Egﬁg??égi gréft@ ire{raes't%re [ c§ n?(%wletlﬁgﬁﬁ ng
antibadies; pastieedadyemehocigtalihtitaeie 7VEBRE shitabiesatyetingoasieties
tyre of | targeting noiety The carrier materi al
(eg aqztﬁ)ogabgﬁli%%@%ﬁq%‘f? RORTRECIRY ng noi ety having an
affinity with a particular organ or disease site
wthin the _boda. Such targeting noieties include 5
Exampiesi of atibediestthal mpy bedisedulasiiapagtincasietiesdn the peesent
: ' noi eties are anti bodies, particularly
mvem?r(g{ng‘?fd&nﬁgl anti bodi es. Many suitable targeting
noieties (eg antibodies) are available comrercially.
Tumo I s _o a| od| ) t ha n be usef .; éargﬁglupg
cancer CEA
hMN- 14 15 Breast Cancer MJUC1 HuBr E3 Bl adder Cancer
Coloreglglicat®®s Prostate @RAer PSMVA J591 RenBMNedd|

Breas‘f@raﬁicglona G ycoprotei MU‘HH%O HuBrE3
Bladder Cancer MUCA1 C595
Prostate Cancer PSMA J591
Renal cell carcinoma Glycoprotein chG250

Further examples of antibodies that may be conjugated with the carrier material
include the following:

a) Vitaxin™ — a humanised antibody that binds alpha-v beta-3 expressed on newly
formed blood vessels in tumours;

b) humanised CD22 Antibody (normally labelled with Yttrium-90 for treatment of
non-Hodgkins lymphoma); and

¢) aCD45 antibody to the tyrosine phosphatase CD45 that is expressed on all
hematopoietic cells and particularly on lymphocytes.

Examples of other forms of targeting moiety include:

a) fibrin for imaging clots;
b) binding moieties that bind to fibrin;
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20 Further exanples of antibodies that may be
conjugated with the carrier material include the
wo dokomiseg: a) Vitaxi nTM - a hunmani sed anti bodRCT/B&2004/000582
bi nds al pha-v beta-3 expressed on newly forned bl ood
vessels in tunours; b) humani sed CD22 Anti body
(normally labelled with Yttrium 90 for treatnent of
25 non- Hodgki ns | ynphomma) ;8§nd c) aCD45 antibody to
the tyrosi ne phosphat ase 5 that is expressed on all
. hepatopoietic cells and partjcularly on | ynphocytes.
c) "pQEk‘ﬁ'ﬁrﬁ@sa‘BPh&hﬂ@ro"géwﬁﬁ“‘glﬁct"ﬁgeti ng noiety i ncl)/ude:
fihein for imaging clots; b) binding noieties
) recgficdtligahlis; £ {04, n; WO 2004/ 071536 PCT/ GB2004/ 000582
e) steifids;) | i pophilic and anphiphilic organic nol ecul es;
. .d) receptor ligands; e) steroids; f) lipids; 5 g)
f) lipid$or nones; h) a synthetic peptide (commercially
q) horﬂY&Hés‘j‘b' e fromDiatide) that binds to somatostatin
receptor on pul nonary cancers; i) antibody fragnents
h) a syaihetid pagtide {tcomimereialy amilabls froamDiafide) that dinds to
%%tt%cti r&% i nfectious diseases; and 10 j) Annexin V,
somafgSi HCRRLT NRUMANAE $aNE e el eased on cel | death

i) antibody fragHRIntd Rlised BESihSOwRREblodd &slPatticend- ok detestin
) re%onge to chem?%gr apy. The effect of the target?ng

infectippisstisedsest andoncentrat e the conjugates, |oaded with

D Aol BRI, e 9 0GBt S pancr o

imagidy heasalisédse and hsssssing response G ohemothesbpyarrier to
targeting noiety

The effect of the targeting moiety is to concentrate the conjugates, loaded with
contrast agent or therapeutic agent, at a desired locus within the body, eg a
particular organ or a disease site such as a tumour.

Coupling of carrier to targeting moiety

Methods for coupling targeting moieties to the carrier material are known per se
and will be familiar to those skilled in the art. Suitable chemistries most commonly
involve the formation of linkages through amine, thiol, carbonyl, carboxyl or
hydroxy! groups present in the carrier material and/or the targeting moiety.

The carrier is coupled to the targeting moiety using a heterobifunctional cross-
linking agent. Preferably, the cross-linking agent has one reactivity that is specific
to functional groups present on the carrier and absent from the targeting moiety,
and another reactivity that is specific to functional groups present on the targeting
moiety and absent from the carrier. As previously described, this eliminates the
occurrence of undesired side reactions such as coupling together of carrier
molecules or particles, reaction of both functionalities of the cross-linking agent
with the carrier or the targeting moiety, etc.
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Met hods for coupling targeting noieties to the carrier
material are known ep r se 20 and will be famliar to

wo bade7sBé | led in the art. Suitable chen stri eBCTYGBR004/000582

commonly involve the formation of |inkages through
am ne, thiol, carbonyl, carboxyl or hydroxyl groups
present in the carrier material and/or the targeting
noi ety. The carrier is coqﬂ%ed to the targeting noiety
usi ng a heterobifunctional®cross 25 |inking agent.

Pr ef F ably, the crossbl [ nklé}g %ent has one reactivit

The grasg-linking ggent may firsf Wit ghauﬁgrrpe@gmomug@ue e the
; t

ot S6acii] i aqd 10 SR AP F by nercon,

thereby actieatingdherintermetiate canjggate) @ndrtbeaiaxddmgjthetta@ﬁtmg
fromthe i

moie{y| (BRAR AT B WhisEAUHITBRHVR (e Qier £B QR T oact i ons
heteréb'?thqﬁ%nél%#@éé—ﬂﬁklhg%gge'ﬂg. O,tb\ﬁérr%i‘l"vélye Eh%&ogglliﬁﬁﬁgecﬁ;eé?ﬁ may

_particles, reactio functronalrtie
first berregstedi wikh thy taggating moietty tare ther adtivatest tardretingamgisty then

' , 004/.071536, PCT/ GB2004/ 00 6 Th
reactd Wibvie FibimeGalr pongaR; L mayra pe e e e
mtermédléteIWJ@geﬁe Ct@?gétﬂ?é Poldty ahb%ro@@hﬁknﬁ@ a@bhfto h&Addtad

h the agent livery body, “or precursor
toget*ﬂﬁéﬂ@(ﬁlygle steRr %ﬁab@thmgmh#gn@h@nalmmwwum agents are

n?é’re d then adding the targeting noiety (eg
com ia'ﬂ?%b&ﬂ Wwhich will react with the other end of

the 5 het erobl functional cross-1inking agent.
proefhEFSa-ER I B R Ah TSH ISR Prbialbrin tne
carriet #gg8 ‘g'rélﬂos“i!hb? Férédt Qﬁﬁcmg E@%’E@ Ism ﬁfﬂ?ﬂt}h %rc‘#iﬁ@r OReigitferred

conj ugat e.
example @fri’rb@bl aaQ@Lthﬁ Jaj@at%mlcteaglgmpl rigthen mampdmzjare

TN TR kT (R
aziridinge atﬁyl@ﬂ/emw Acpyrice/idittad bhd@ﬁlt#o&i@in@oat@’-@fdﬂhroed

cross-linkers for reaction via an -SH (sul phydryl or
thiol) group on the carrier have groups that react

in theShRe! cff'acgérhér téria YthAYEH hotd éﬁﬁ faeg‘f?ucﬁ @S&?;g Ps‘ijjch

exanpl e suc a group 1s a na
grouxm@gemret%omm cautigr,0ég bymedmtlom\awm dttblothrentol or

o S5Ol Ay 8 iy SRR B s
acetyRhioatétate(SAPAR- 5- di thi o.

A preferred method of reacting the cross-linker with the targeting moiety,

especially where the latter is an antibody or other protein, is via a carbohydrate
moiety on the targeting moeity. Under mild oxidising conditions, cis-diols found in
carbohydrates can be converted to aldehyde groups, with which hydrazide groups
are specifically reactive.

Particularly preferred heterobifunctional cross-linking agents for use in the
invention thus include both an SH-reactive functionality, eg maleimide or
2-pyridyldithio, and an aldehyde-reactive functionality, eg hydrazide.
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In the case of a carrier material that does not
contain free thiol groups, such groups can be
w@eoenatseel on the carrier, eg by reduction w tPCT/GB2004/000582

dithiothreitol, or 20 introduced using thiolating

agents such as im nothiolane or N-succinimdyl S

acetylthioacetate (SATA). A preferred nethod of

reacting the cross-linkeréﬁjth the targeting noiety,

especially where the latt is an anti body or other

protein, is via a carbohydrate 25 noiety on the
Prefertr%ﬁl Q@tarﬂ@funfélpﬂgl croperinking| agesss fardisggn é%eh Hvenyag are thus:

cis-diols found in carbohydrates can be converted to

al dehyde groups, with which hydrazi de groups are
malelmlmibabrcﬂalabbd liyeRgtite ¢corftaidrilg réfarrey to mefEMCEY

bi functional cross-linking agents for use in the
3- (2'P¥Udylﬁ¢@ﬁb‘P6?P‘PM§‘Yﬁfﬁ?l'%QDQBELH an SH-reactive

2-pyridyldithio, and
maleu%ﬂ?)ﬁr%ﬂﬁﬁ{g:%cﬁ%g %l ef(h nct ?onallty, eg hydrazide. WO
N- (K—fﬁﬂ@#ﬁiﬂﬁmﬁaéca?ﬁﬁt @ﬂ@ﬂﬁdr@&ﬁﬁﬁ@(MP}H)Pr eferred
r.ohi f yncti.onal 0 i nkjn ts for use in the
4N R den s DB C Bt iR Scl & e avt de
(cormonly referred to as EMCH)

3-(2-pyridyldithio)-propionyl hydrazi de (PDP H%
Crossrinkirinagiens dpileding hadrazids greusamay werytilised in the form of their

acia afogn EWRRNABRTSoER@ibide axi o hydr aci de. (vesH

Cross-linking agents including hydrazi de groups may be
utilised in the formof their 10 acid addltlon Sﬁ|tS
As degerilad aboye. imthapreferced eppeavherg the caimep aptatiae r

partlcglgﬂgglﬁséﬁg rrﬁ&ﬂ %? EOWF{gethbﬁg 0§éif rﬁbne’iﬁ?foefh'e%ﬁl foldddile is

uIar use coupl1ng the

by linkamgegthrough thel fe&qsmlphydhgl {rthl@l)rg)bapdhat lSspre$ﬁ}1t lonmkfgeAs

there |51 ke e P SuEh 1B avdrif B UBPLE: @R]g%“%hgo@%ﬁ
rHA nfdl@@ﬂéWlwbwdgﬁl}ﬁm%%@&rgéﬁﬁg fitAetyp! ecul e, one
nol ecule will coupl'e to only one targeting noi ety The

rHA preferably has a free thiol content of at |east

The rlgﬁgﬁgfegagl h%s7a5fre8tﬂugl {)bn‘ién@éf atgiaﬁé} dT‘S’é g el 6. 7 0,65 or

en nmeasure eagenf
0.60 mole SH/mole protein when measured by using Eilman S Reagent 5 5'

dithiobis-(2-nitrobenzoate) (DTNB), which is a specific means of detecting free
sulfhydryl groups such as cys-SH (Cys-residue 34 in the case of rHA). The
reaction releases the 5-thio-2-nitrobenzoate ion TNB? which has an absorption
maximum at 412nm. By measuring the increase in absorbance at 412nm and
dividing by the molar extinction coefficient of the TNB* ion at 412nm, the free
sulthydryl content of rHA can be calculated.

Preferably, an antibody targeting moiety will be coupled to the carrier material via
a coupling site in the constant region of the antibody, so as to preserve the specific
binding activity of the variable region of the antibody.
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20 dithiobis-(2-nitrobenzoate) (DTNB), which is a
specific nmeans of detecting free sulfhydryl groups
WG aeh/0as3€ys- SH (Cys-residue 34 in the case of PCFEB2004/000582

The reaction releases the 5-thio-2-nitrobenzoate ion
TNB2" whi ch has an absorption maxi numat 412nm By
nmeasuring the increase in absorbance at 412nm and
di viding by the nolar exti,gction coefficient of the
TNB2" ion at 412nm the fgge 25 sul fhydryl content of
rHA can be cal cul ated. Preferably, an anti body

Nature of gentrasi ag@nis y wi |l be coupled to the carrier
material via a coupling site in the constant region
of the antibody, so as to preserve the specific

The cbhjodates st formujatiohstaeeonding &bthe ineghiion afe usaful for the

. anti body. 30 WO 2004[0715%6.PCTLGB 004/ 000582 2§ d
deliveRpet antest aganisadmagiishtesMiuesdh J"ﬁa_afe sen%g agents are use
includfeq\%ﬁﬂ'géfé;gi?ﬁ?gﬁ&ééii udsCand RubiBur hagiRg neludsf PETT or

t he el1'very o t

contrast agents. |nmaging technl ques
in which contrast agents are used 5 include M,

X-ray RE e AR At A e Lasd mhe B eRfen I dyaristy el dgpine-
contain‘ihg{ &SmpBYSAS TR Walesufisbla praperies f6f siiciflise- Such

cont al ni ng conpounds that have suitable properties for
compeunds atsegergraly selubjsoantimayrke ipairpaner-ies.ufne paticular

oxom g0 . SRR SR 4 Rl O
X-rayicopgasiagentOirthid&k ivpveprollioprpnidetiveersob dedixanol mnidudieexol.

i omeprol, ioprom de, ioversol, iodixanol and iohexol.

MRl contrast agents that may be used include a variety
MR hieSRMHEIANRY be![¥ed iRALABRINRIK ofBbMboLIABS comprising

urta such 1onsS include nanganese” and, )
paranpegridticwhetal ions. Suitpdsuch ioms inelude mangangsedsnd gartioylarly,
nucl ear imaging. Metals suitable for this application
gadoliin.” general |y radi oactive y-enitters. Exanpl es

i ncl ude 99mlc, 201TlI and 111In. 20 In addition to

netals, it nay al so be possiblﬁ t

Metalg &re ialso WRadkini RUCIeRsMagidal Meta aﬁﬁnéﬁgﬁ'afthg’aﬁﬁi@ﬁan are
sencigy NS Rorjft? SRS el Tl g S

Exanpl es of such atons
in addition to metals, it may also be possible to couple to the carrier material non-
metallic atoms that are useful in imaging (or to couple compounds containing such
atoms or into which such atoms can be introduced). Examples of such atoms

include "2 and 2.

Metals useful in radiotherapy

The conjugates and formulations according to the invention may also be used to
deliver radioactive metals useful in radiotherapy. Such metals are generally
emitters of B-particles, and examples include &'Cu, '®sm, %Y, 'Pt, Pt and
195

Pt.
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i nclude 1231 and 1211. 25 Metals useful in
radi ot herapy The conjugates and fornul ati ons accordi ng
w0 ooohersBeivent i on may al so be used to del i verPCT/GB2004/000582
radi oactive netals useful in radiotherapy. Such netals
are generally emtters of P-particles, and exanpl es
i nclude 67Cu, 153Sm 90Y, 191Pt, 193Pt and 30 195Pt.
WO 2004/ 071536 PCT/ GB2004/L0582 29 Admi nistration of
the formnul ati ons The conj dgates and fornul ati ons

.according to the invention may be adm nistered by a
AMMQQM%e fornul ati ons may, for instance,
be adm ni stered 5 i ntravenously. The fornul ati ons may
al so be adm ni stered by oral or nasal inhalation, eg

The cﬂaJL@amsbamd ﬁ:emlm:tidmsiamordﬁhg e thag mveptidmhmy béadministered

oy 2 AR TR P e o b o
intraveAYESY ! We f&rQ?J Qﬁohs”ﬁ%@/tep% o)) édmﬁ%r@%otﬂﬁér%l‘i bpﬁgﬁéln

gr eat det ['ustration
inhalat'@rneegmea nebullsedfsollutmm ny hExe ap preapriaie) thaéormulatlons may

i I 10 |
be deff R, R SR o R P IA and Exampl ea 11 Lo

19 relate to conjugates based on i nsol ubl e rHA

parti cl es. 15 BRI EF DESCRI PTIC]\I OF THE DRAW NGS Fi gure
EXEMP BORIMENTRIOR I NTAON HA | abel | ed with

gadol i ni um di et hyl ene tr| am ne pentaacetic acid
(&d-DTPA); 20 Figure 2 shows the binding of copper
The uhmrmohomﬂ)ﬁﬁw theatiesdribbdahtnreater detail) by v@ays bbi\ﬂasﬂ'dzt&)n only,

n aci of anr DTPA con at e
with rETREReRID thaTolaUBng X aioIes SBHIAG 2HGamPARY I BuaRas on.
Exampies 1 to 10 relate to conjugates based on soluble rHA, and Examples 11 to

19 relate to conjugates based on insoluble rHA particles.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in vitro MRI properties of rHA labelled with gadolinium-diethylene
triamine pentaacetic acid (Gd-DTPA);

Figure 2 shows the binding of copper ions to DTPA-labelled albumin;

Figure 3 shows the Gd**-binding capacity of an rHA-DTPA conjugate as a function
of the amount of DTPAa used in the reaction;

Figure 4 illustrates the feasibility of the separation of rHA-DTPA from excess
DTPA by different chromatographic methods;

Figure 5 illustrates the recovery of free thiol in samples of rHA-DTPA and rHA-
DTPA-Gd;
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Figure 4 illustrates the feasibility of the separation

of

W@ booatoBtseqgr aphi ¢ et hods;
recovery of free thiol

30

Figure 6 shows the extent of
with PDPH, as indicated b
2-t hi opyri di ne;

6,

for a different anti body;

r HA- DTPA from excess DTPA by different

Figure 5 ill ustrat esP€TYeB2004/000582
in sanpl es of rHA-DTPA and r HA-
DTPA- Gd; WD 2004/ 071536 PCT/ GB2004/ 000582 30
reacti on of an anti body
nmeasur enent of rel eased
a simlar plot to Figure
5 Figure 8 denonstrates

Figure 7 i

Figure Btshowsdhedxtentadirerctioptaf\an gntikpdywigo FDRJAt as indicated by
accor di Q_t i ion; Figure 9 shows in vitro
measmm%ﬁo%%?{%asgg%thquéﬁﬁﬁﬁa‘ﬁi cles | abelled with Gd- DTPA;

10 Figure 10 shows the particle size distribution of

~ rHA particles before é _ ) .

Figured)is laasiwsilar plgt {9 Figurio JopA difaentiaglipedtl is a
phot om cr ogr aph of
after

Figure 10a) and after (Figure 1

rHA particles | abelled with Gd- DTPA
15 resuspension in water. Abbreviations aCD45

Figure8udsmenstiatestetétén 668indimgnactivitydor acohjugdie sgeardingdo the
to MJCL antigen 20 DTNB El | man's Reagent

invenfigNis' - di t hi obi s(2- ni trobenzoi ¢ acid))

DTPA

di et hyl enetri am nepent aacet at e DTPAa
di et hyl enetri am nepent aaceti c aci d anhydri de

Figurel Bt $tiowshineritro MRINITbp artieE-ofaHé pardictesa
hydrazi de 25 GPHPLC gel
i quid chromat ography

DTT
lledawith 5d-DTPA;
per meati on hi gh performance
I gG | mmunogl obul in G Mab

Figur&B0sHawtheartile @¥ze distribution of rHA particles before (Figure 10a)
and after (Figure 10b) labelling with Gd-DTPA; and

Figure 11

is a photomicrograph of rHA particles labelled with Gd-DTPA after

resuspension in water.

Abbreviations

oCD45 mouse anti-rat CD45

C595 monoclonal antibody specific to MUC1 antigen

DTNB Ellman's Reagent (5,5'-dithiobis(2-nitrobenzoic acid))

DTPA diethylenetriaminepentaacetate

DTPAa diethylenetriaminepentaacetic acid anhydride

DTT dithiothreitol

EMCH N-(e-maleimidocaproic acid) hydrazide

GPHPLC  gel permeation high performance liquid chromatography

IgG Immunoglobulin G

Mab monoclonal antibody

MRI magnetic resonance imaging

PBS phosphate buffered saline (0.9%(w/v) NaCl, 15mM NazHPO4, 5mM
NaH2POy)

PDPH 3-(2-pyridyldithio)-propionyl hydrazide
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MRI magnetic resonance i magi ng PBS phosphate buffered
saline (0.9%wv) NaC, 15mM Na2HPO4, 5nM 30 NaH2PO4)
wWEDR03562- pyri dyl di t hi 0) - propi onyl hydrazi de REI/GB2004/000582
2004/ 071536 PCT/ GB2004/ 000582 31 r HA recomnbi nant
human al bum n  XO xyl enol orange General Methods for
Exanples | to 10 5 Free thiol assay Free thiol
concentration was determ by reaction with DTNB at
pH8 and absorbance neasurenent at 412nm using an
extinction Qoeffl cient of  13600M1.cm1 for the
rHA [ ol eastRFOEIRIRRRLBUARAR ANERRoat . 10 Protein assay rHA
XO concenj(g;@h{2 Wgé determ ned by absorbance neasurenent
at the peak neal  280nm using a 1g.L-1 extinction
coeffl cient of 0.53. 1gG concentrations were
det e 'm'IaIrIy using a 1g.L-1 extinction
Gene r Examples 1 t HPLC GPHPLC was per f or med
usi ng a TSKgel G3000SWKL 0. 78x30cm col utmm and guard

ETosoh Bi osep), eluted at 1nL.mn-1 in PBS. 20
Free s DTPAa ?rgd gadol i ni um chl/orl de were obtai ned
R 0
Froe i Zomed ot BEF EER bR &L AR sp oGP L M NS it R ancic

absorMEﬁO@meﬁsﬁP*érhénpaﬁMﬂn ahed@nelionasefivent abl e
qQm comrer ci al sources 25 and was used as a
1360wntqnbffor@gﬁgl|egsqd 5-thio-2-nitrobenzoate.

Protein assay

rHA concentration was determined by absorbance measurement at the peak near
280nm, using a 1g.L™ extinction coefficient of 0.53. IgG concentrations were
determined similarly, but using a 1g.L™" extinction coefficient of 1.43.

GPHPLC
GPHPLC was performed using a TSKgel G3000SWXL 0.78%x30cm column and
guard (Tosoh Biosep), eluted at 1mL.min™" in PBS.

Materials

DTPAa and gadolinium chloride were obtained from Sigma. Recombumin®-25
(25%(w/v) rHA) was obtained from Delta Biotechnology Ltd, Nottingham, UK.
Magnevist™ (a 0.5M Gd-DTPA chelate) was available from commercial sources,
and was used as a control.

Examgle 1

Preparation of soluble rHA labelled with MRI contrast agent (gadolinium chelate)

This method describes the development of an MRI contrast agent, based on
soluble rHA labelled with DTPA followed by gadolinium (Gd).
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Preparation of soluble rHA | abelled with MR contrast
agent (gadoliniumchelate) 30 This nethod describes
wo b@4deses opmrent of an MRl contrast agent, basedI/GB2004/000582
soluble rHA |l abelled with DTPA fol |l owed by gadol i ni um
(Gd). WD 2004/ 071536 PCT/ GB2004/000582 32 1.1
Preparation of rHA |labelled with MRl contrast agent
(r HA- DTPA- &d) rHA was dil fdto 20g.L 1 rHA in water
and DTPAa (1g per 0.3g r was added 5 slowy with
constant stirring over a period of approximtely
30mn. During this time, 5M NaCH was added to
11P aPétﬁirPoftrilm%eﬁé' , | PrHA -A?@r'tlngn
andthe thhen adj ust ed to70vv|th 5M HCl . The

A R AR5l 20T T30 waspe oD TR 140 Bee 28 Filbavasrpdges

slowlylﬁltﬁiéohé‘t*éﬂk kfirfielg "{@%r@ &5er Jyﬁf g.g{étéﬁ/'mnw %@thm

DlCare was ot aken to avol ng- excess
time, GM NaOi-bwas edded to Utauptlae‘xtlfeoph'lms ansade ﬁraa:pqmsubim @iirring

was Bt S BroF e A3 G B e st

to 7. OrvﬁEHJBMI Q1. bPhe eonaEFéer/e-mfPAG}ﬁsemmy@@Q oﬁléﬁmgﬁtheﬁgem%tnt

i nduced 15 precipitation, 6nol . nol "1 rHA
approynzetﬁwﬁbz(}vel wﬁtﬁséweré@vgfexpms n‘@seﬁ)Tlaﬁ with MR
contrast agent (Gd-DTPA) Sol ubl e rHA- DTPA- Gd was
prepared essentially as described above, but with the
Gd lat2¢llifi @ Was yieniprmedi dyi titestioongith 8) 1MIEGdClslA Czpe et takbh ¢ avoid

addm{;l%r%gDTPéd bel l | n?eémgg)%r? gpg]pyé} fgkl)’ gﬁ@%?}éaﬁggﬁgﬂérll of the
albunﬁﬁlaﬂ'ﬁétpoﬂfﬂﬁﬁ %dlﬁﬁétlo‘x‘\ \ﬁé@ﬂiﬂu(?mtt@ belePhehSuftoss a?vallgyle

appr oxi nat el vol for 2 hours;

by
DTPPt H aerreguitmg hgupd LQI-EP/D'HV,QI | daterminggitframithe goint ofradanaduced
prec'p:&akgﬁqlﬂés @gn{ H.H) g%pre_cl pitation, was 45 nol. nol -

2° 1'edl) erial was 0.2pmf|Itered,
concentrated to approxi mately 90g.L 1 rHA (based on

1.2 Iy pitherids of Hia labiled Wit MR Gohract adent {Ga TR

Soluble rHA-DTPA-Gd was prepared essentially as described above, but with the
following modifications:

a) the rHA concentration for DTPA labelling was 25g.L";

b) the DTPAa addition time was =25 minutes;

c) dialysis was performed against approximately 350vol water for 18 hours
followed by approximately 100vol for 2 hours;

d) the resulting bound DTPA level, determined from the point of Gd-induced
precipitation, was 45 mol.mol” rHA.

The resulting material was 0.2um filtered, concentrated to approximately 90g.L™!
rHA (based on starting rHA) by ultrafiltration (Vivaspin20 10000MWCO centrifugal
concentrators at 3300rpm in Sorvall RT6000B centrifuge) and formulated to
50g.L™ rHA in 5%(w/v) mannitol. The resulting Gd concentration was calculated
assuming no loss during ultrafiltration. The formulated material was frozen in 2mL
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centrifuge) and fornulated to 50g.L-1 rHA in 5% w v)
woremiotsBe The resulting Gd concentrati on was PCT/GB2004/000582

calcul ated assuming no loss during ultrafiltration.

The formul ated material was frozen in 2nL WO

2004/ 071536 PCT/ GB2004/ 000582 33 aliquots with gentle

agitation in a -30C bath a,Tg'lg stored frozen

(approxi mately -20C) untiT required. Magnetic

. resapance i nagi.ng was rformed with the sol ubl e .
a"qu?twlﬁwﬁ@ja@?ﬁilo%snﬁq %h@m %ridrﬁﬁoas%frpé@n apipdmately
_200(%mpggd%@,|.y to 2mL with water, then mxed with 8nl

. 5% agarose to give the specified Gd concentration.
Rel axation rates (Rl and R2) were determ ned for each

o T L8 e R A B A
the M&bhévistW-d%ht%?hil%d"ép@g&{_ﬂﬁaﬁ@l’?’ﬁgﬁL Mﬂh%gﬁeM gpéqt:r{gﬁeqd with

measured signal at tine e sign
8mL Q5% gganpsedpdivg thet speeifiediGd demcentraiion.oRefRixation rates (R1

t I.s. sol ubl e r HA- DTPA- (d re co r ed

and FERETe def et et Sile, HolgaendefieRetigh fngs R
and ezbenimd®BSrE), by fifhgAhBAIats fd eithér 1) . Both R1 and R2

relaxation rates were significantly greater than those

obtai ned with Magnevi st TM This indicated that sol uble

r HA- DTRA= howtrd. TR0 produge i FREOE| Mages

equi va ent%’f(z o#’H bet)terafhazﬁt h’g’gfé seen W th

Magnevi st TM at the sane Gd concentrati on,

articyl ar in view of the marked reduction in

wher% ear aNL'é tbéf‘ée%ﬁW?gﬂ%‘@Laﬁ"@le he rHA based naterial .

Al ter npiiy e/ sighbl supeest ed  that sol ubl e rHA- DTPA- Gd

could be used at a |ower Gd dose than MagnevistTM 25

ERadp| M-Js the gigngl at Tevpper ions to sol uble rHA

| abel  ed wi th DTPA The reconbi nant human al bum n

| abell ed with DTPA (as prepared in Exanple 1) can be
The ingitd MRI praperties of this soladleodADEP AR divers béimpated with

thoseco?wgérieviisqm,uamcor%(rer?er}gi%‘ E\/Illl?rpcontrast agent based on Gd-DTPA
(Figure 1). Both R1 and R2 relaxation rates were significantly greater than those
obtained with Magnevist™. This indicated that soluble rHA-DTPA-Gd should
produce /n vivo images equivalent to or better than those seen with Magnevist™ at

the same Gd concentration, particularly in view of the marked reduction in
clearance rate anticipated for the rHA based material. Alternatively, it suggested
that soluble rHA-DTPA-Gd could be used at a lower Gd dose than Magnevist™.

Example 2
Binding of copper ions to soluble rHA labelled with DTPA

The recombinant human albumin labelled with DTPA (as prepared in Example 1)
can be used as a carrier for radioactive metals such as copper, indium, technetium
and others.
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30 and ot hers. WD 2004/071536 PCT/ GB2004/ 000582 34 To

confirmthis, DTPA-labelled albumn (prepared as in
wax@ajpls3d above) can be shown to bind copperPCDG82004/000582

(for this Exanpl e non-radi oacti ve copper was used).

2.1 Preparation of rHA-DTPA 5 A sanpl e of rHA-DTPA was

prepared as descri bed above in Exanple 1.3, but with

the foll ow ng m)dificatior%s: a) the DTPAa addition

time was =20mn; b) the stirring tine post DTPAa

addi ti.on s z20m n; c) dialysis , was perfo d. agaj nst

To copfigh 8l EgabSIRb LM (DTapRrah S 1 ERBTIRL Abode) Can be
l ' 1

showfF8 b CTipel Jor s Bkarkble A5 RS AN RIRE! vERUS )

titration; e) the resulting bound DTPA |evel,

determ ned fr the point of Gd-induced precipitation
2.1 Eﬁ@@&&%@i@ e of the rHA-DTPA, was 46nol.nmol -1

: - PRE ERies| b [ B 3but wit

A sariof SR T AR RRPARY) SR b e sbore W BBl Pag i
the followingreodificationsyol une recorded. A sanple was taken for

measyr enent and en returned to the bulk.
a)theﬁig\gég a@ﬂm@pgmgﬁ M. 1 M cusSo4 were added with
b) thePdtirAnl HFfeFoYt DTPIa AdERioRBAad/=20MIH;, as above,

foll ow ng each addition. Measured absorbance 20 val ues

c) dialysisewas pederaed Baaiost approximaialy POt waieifoph; fallgwed by

' t 5{?% yian | i nes were
appm?‘?ﬁ%%ﬁ’?%&ﬁ@% %’ﬁiggé}%@ﬂ?ﬁe@?l ré?‘?’i%ﬁl’and their
d) thel prepasatiohiveas halt@ﬁpasrtfbf@déisditmiont. As can be seeﬂ in
Figure 2, t nt of copper, bindjn a as, t
o) the reftltige Hopnd TR ekl vietgrBied TorB the Hois &6 i iusoe o,
gt a%ﬂ&iéem&;’ M insli R S RUALDTPAIWAY 46RIE TR trBg. on
pl-ecwselndgoi nt, as eS?gF@%?é 'i(n Exanpl e 1 above) Exanple 3
Optim sation of carrier loading 30
2.2 Spectrophotometric Cu®* titration
A 5mL aliquot of rHA-DTPA was adjusted to pH6 with 0.5M NaOH and the total
volume recorded. A sample was taken for Azgp measurement and then returned to
the bulk. Twelve 50uL aliquots of 0.1M CuSO4 were added with pH adjustment

and A7oo measurement, as above, following each addition. Measured absorbance

values were corrected back to a volume of 5mL and plotted against the amount of
Cu added. Regression lines were fitted to the two phases of the titration and their
intersection taken as the end point.

As can be seen in Figure 2, the amount of copper binding (taken as the intersect)
closely matched the figure obtained for the gadolinium binding (determined by
precipitation endpoint, as described in Example 1 above)

Example 3
Optimisation of carrier loading

For maximal effect, it is important in many cases that the carrier carries the
maximal load of the agent, for example Gd®* for use in MR, or radioactive metal
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For maximal effect, it is inportant in many cases that
the carrier carries the maxinmal |oad of the agent,
wo oro40x#6pl e Gd3+ for use in MR, or radi oact i RET/GCBRE@H/000582

WD 2004/ 071536 PCT/ GB2004/ 000582 35 for use in

nucl ear imaging or therapy. This nethod describes the
optim sation of GdJ3+ binding capacity for rHA 3.1

Synt hesis of rHA-DTPA 5 F OGg aliquots of rHA were
each diluted to 24nL in water. .5 or 0.2g

DTPAa re added to each_opver
for usea SWICIGa; dTAOG.9 tBBFEYaR IS @@ﬁm égscrﬁegaﬁwoeﬁqm@tlon of
a3t BRIdM R e as possible to pH8 by addition of
G 5M II\%%F’C%T?ZOE%%H ons were stirred for =30mn after
the final addition and adjusted to pH7 with 3M HCO .
Al l sanpl di al ysed together for a total of 44h
31§¥%@|—M—§anges of 11 L water. 3.2 Measurenent

Four QfGQCH?qhobé BOIHIY wedd BaLH WijiHE3 oD 4L ﬂgw‘é?é?aﬁ' i yO BR% 0.29

det'erm ned by conplexonetric titration wth
DTPAawwecatadded tieach over 20, A0 d 2oms] er@@@ctlv@mvwm ganstant

s P a8 e i 18 R 0

NaOPq\ETlﬁe somtligns wehs QWre@i &Erl ~EDrEth@ffertthé fink) Additdn éh@a@‘[ﬁfed
unbuf f ered sol ut chg@l()d pH control was requi

to pHa lW'ﬂhéM H@l tA”ﬁ%’ﬂPl@ﬁ wese yee® feoqtberfor g total ﬁt%m ?gamst 4

chanﬁ@s‘z sanple was mxed with 0.2nL 0.2M
xam ne an "5pL 20 0,1 %w v) XO (start pH5.9-6.1)
and titrated with 0.1 MGCI 3 to the first pernanent

ol our cha 3(,%nd H5.4-5 6). To confirmthe validity
SZMM@M was al so subjected to
Gd** gﬁﬂ‘fﬁ& SaHY t?'Wésf H&tekirdat b@&omplékoﬁhé?% titrafon Withseop! e

rants were standardi sed agai nst a Standard

indicafer, whieh,iat aseund pHis, ehangeavromcyeilow toqeHrple isdhe presence of
free G2 Heckusé XJ B b3 ekt of PH A iide BH g

were @murfc} 'rdkﬂmwrtihﬁhg 2 [(x ‘t!/éra&cr)]m of ridAtBTRR NS unbgff@fr?dtslm;]tlon
ayai e DTPA rous I ndi cat e at the
good pHreliolemueasi St ARG 08 (Hegan (ar igbie results

1mL of each rHA-DTPA sample was mixed with 0.2mL 0.2M hexamine and 5uL
0,1%(w/v) XO (start pH5.9-6.1) and titrated with 0.1M GdCls to the first permanent
colour change (end pH5.4-5.6). To confirm the validity of the results, each sample

was also subjected o spectrophotometric titration with CuSO,, as in Example 2.
Both titrants were standardised against a Standard Volumetric Solution of 10mM
EDTA disodium salt (Fisher).

The results (Table 1 and Figure 3) showed excellent agreement between the two
methods, confirming that both were reliable measures of the available DTPA
groups. They also indicated that the highest level of DTPAa addition (3.33g
DTPAa.g” rHA; equivalent to 10mol DTPAa.mol™* rHA —NH,) was required to give
essentially maximal Gd** binding capacity.
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Table 1 DTPAa addition End point (nol.nol-1 rHA)

(g.9"1 rHA) &d titration Cu titration 3.33 47.3 47.3

1.67 43.4 43.0 0.83 34.2 34.3 0.33 21.9 20.1 5 -

Exanpl e 4 Opti m sation of :ﬁ noval of excess reactants

After | abelling of the car nol ecule, it is

dfsi rabl e to renove excess react ants. The use of
Tabley] 5 ysis for this purpose was found to require
extrenely long times and 10 extrenely |arge vol unes
to _achieve efficient renoval (see, for instance,
Ex &TiA= 8ddilion The use of Epel pdint tmaltrnor fK)er s
dr a ti q ﬁ%l ngs dvol umre. This method
desck9-8edithe deyel opmﬁﬁ tits ﬁt'@rél £il tfat péh'“tfﬁpn
T enovaly & EXTES DTPA 1]79@ rAHADTPA—15
Synt hesi's of rHA-DTPA 0.3g THA was dil ut ed%o 12n | n
wat er dmg7 1g DTPAa added 43dr =30mn Wmth 43@stant
stitring. -the p hglan maintained-as tlose . _as thSJ | e
to pHSOWaddltl on  of 5I\/T54\I3()—I The sbl uti f-as
STI rre =60 dl ter ¥ Tl—ﬂaﬂ du IlIU[ Iu
adj ust e??o W th 3M % Free thipl asska.'i/ul of th}s
mat eri al gave a val ue of 20 0.1 Omol.mol "1 r HA,
conpared to a value of 0.68nol.nol"1 rHA for the
starting rHA. 4.2 Sephadex &5 chromat ography 0. 5nL
Exan1 DTPA was | oaded onto a PD10 col um (a pre-packed
IR rrL colum of Sephadex &5 medi um from Amer sham
X firemoval ebexdassiraaetanis 0. 90/<(vv/v) 25 Nad . The
colurm was eluted with 0.5nL aliquots 0.9%w v) Nad ,
the first four to

After labelling of the carrier molecule, it is desirable to remove excess reactants.

The use of dialysis for this purpose was found to require extremely long times and
extremely large volumes to achieve efficient removal (see, for instance,

Example 3.1). The use of gel filtration offers dramatic savings in time and volume.
This method describes the development of gel filtration for removal of excess
DTPA from rHA-DTPA.

4.1 Synthesis of rHA-DTPA

0.3g rHA was diluted to 12mL in water and 1g DTPAa added over =30min with
constant stirring, the pH being maintained as close as possible to pH8 by addition
of 5M NaOH. The solution was stirred for *60min after the final addition and

adjusted to pH7 with 3M HCI. Free thiol assay of this material gave a value of
0.10mol.mol” rHA, compared to a value of 0.68mol.mol"* rHA for the starting rHA.

4.2 Sephadex G25 chromatography
0.5mL rHA-DTPA was loaded onto a PD10 column (a pre-packed 8.3mL column of

Sephadex G25 medium from Amersham Biosciences), equilibrated in 0.9%(w/v)
NaCl. The column was eluted with 0.5mL aliquots 0.9%(w/v) NaCl, the first four to
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WD 2004/ 071536 PCT/ GB2004/ 000582 37 waste and the
remai nder collected for assay. To determ ne the
webkatioors3er of i l e of the rHA-DTPA, 0.1 nL of tPET/GB2004/000582

appropriate fractions was diluted with 1 nL water and

t he absorbance at 280nm neasured. To determ ne the
elution profile of the excess free DIPA 20pL of the
appropriate fractions was i luted with 1 nm 4nM CuSO4

in 5 20mM hexam ne pH5 an the absor bance at 700nm

e el STl S Bk o
the rl-?’)%?g% O?glﬁjl.eo‘f% Qﬁﬁﬂi l‘été cqgr\saévégglil% dWtE AUy Water and

col unm dex
the aludurbanmteogt 260mm ('rmhrectél'ai déteﬁnﬁmmeoadumrn praiie ofrihle edess

iree KA FANLeYane maRIaists Foriags WerfUcis) il 1o 4 CuSD, in

ZOmWHékérgme%ﬁsiahP thQ a8 tggfﬁggg masiited. ePéEaras

e colum was elu the fractions
(Figurestayyirdicateddhabsaseline separation «gﬂmkgtwér Paﬁajrommb:mséceea

n, the se t|o
DTPATAR B0t AdhiorRS ShsiheyBu LB BREE iR ogunh B dHmn
volurrfd)e sel f-packed col um was | ess effici ent t han the
commercially packed one, resulting in significantly
greater peak widths. 4.4 Detection wavel ength 20 An
ahso H7 (the approxi mate
4.3 SIS AUy Brede e P e f s BTPa
A PD1@aolUmm\)vas vapﬁrédrmfgi negiabked &b $hue bamecbealovolemedwifn m

seon R ek ArosaA OSSR B i e

% t I
0.9% (WN) lgtﬁgl %% p'g?n%hgﬁﬂj’w)ﬂvé‘é fdak!i%ﬁ ThQ comrﬂsﬁgédagiél@t‘éﬁ aMy

the fra,qinoomsegy@qaay abbve.gEhas resudip (Emw(ﬂbb irglieated @armarked

improlREhE P e eBa IR e 5 SRS b i GRS SR RiRy
even tmimghcthe@etf@a@kéﬂ/célummwa%désy\effble'mméd & eothinercially

nmer sha osci ences) set to 254nm.and 2AU ful |
packed one, resu tmg |n significantly greater peak wiaths.

O

4.4 Detection wavelength

An absorbance spectrum of 0.18M DTPA pH7 (the approximate concentration and
pH at the end of the rHA/DTPAa reaction) showed negligible absorbance above
270nm with significant absorbance appearing below 260nm. A detection
wavelength of 254nm was therefore chosen for monitoring the column effluent to
allow detection of both rHA-DTPA and free DTPA.

4.5 Sephadex G50 chromatography (large scale)
An XK16/40 column (Amersham Biosciences) was packed with Sephadex G50

medium in 0.8%(w/v) NaCl to a bed height of 37cm and connected to a UV-1
monitor with 2mm flow cell (Amersham Biosciences) set to 254nm and 2AU full
scale. A fresh sample of rHA-DTPA was prepared as above, but with stirring time
between the final addition and adjustment to pH7 reduced to ~30min. This material
was loaded onto the column and eluted with 0.9%(w/v) NaCl at 2.85mL.min™. The
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30 scale. A fresh sanple of rHA-DTPA was prepared as

above, but with stirring time between the final
wa@dekn7eee and adj ust nent to pH7 reduced to =30PETYGBIHMH00582

material was |oaded onto the colum and eluted with

0.9%wWv) NaCll at 2.85nL.min"1. The WO 2004/ 071536

PCT/ GB2004/ 000582 38 results (Figure 4c) indicated

that, even with the high um | oadi ng (20% col um

voI ume), baseline separation of rHA-DTPA from excess

et RSPkl LT e B4 s ot
volum%g '3’% A g%k)%?ét@ﬂ of?HE?‘B‘i“P"Aefrém%Q W&”D‘gf’f'\ was easuly

ree t recovery in solu
achievssd,iwitit thegaurifiedatireDI Pheseing prodeeedvithinl Eomin from the start
indi cated that the rHA free thiol was largely 10
OfC°|WnG@j'2QPrby the reaction with DTPAa. If this thiol was
to be used as the site of cross-linker attachnent,
recovery of the rHA free thiol was required for
xameﬁﬁm ent reaction vvlth the cross-linker. This met hod

(r HA- DTPA) or the bi nd| ng of Gd3+ to t he rHA- DTPA

(r HA- DTPA- eré 1 Effect of stora%e on. r HA- DTPA
PreVIquSer@suH$ e @mpwxlnd@at%maé fhe giAdee thighwaspargalom

block{@< BV%@ reAa wlﬁﬁéfr% d 3 hShidt walselse ﬂ&%& égﬁf@él?éjof

age a und to have I ncreased from
crossmnkénaﬂtacmhémt rédbveihofsthe ublfefee dhivhwas requirest for efficidnt

| b bl 20,
reactipl e the foses iokes, FnRaas bogdesAbER B36 SSHpRBTIeRt of
condifi 6‘1‘% QTé;’éhlé‘@@tHi?éfnﬁ’ rdi@Rr ﬁﬂldvﬂn&*@é@ﬂcﬁt b rﬁiﬁpﬂﬁﬁ OTFRSY (rHA-

chromat ogr aphy (]arge scal e t he r HA- DTPA peak

DTPA) eI itiee bisgling ohd ttctbmrHA~D Pé‘f&fblA-DEE’PsedPt of
elution. The free thiol level in the starting rHA was
0. 70nol . mol "1  rHA

5.1 Effect of storage on rHA-DTPA free thiol
The free thiol content of the rHA-DTPA from Example 4 was reassayed after 6

weeks refrigerated storage and found to have increased from 0.10 to
0.29mol.mol™* rtHA. This suggested that recovery of the free thiol might be possible
under suitable conditions.

5.2 Synthesis of rHA-DTPA
Synthesis of rHA-DTPA was performed as in Example 4 Sephadex G50

chromatography (large scale) with the rHA-DTPA peak collected from 2 to 9min
after the start of elution. The free thiol level in the starting rHA was 0.70mol.mol
rHA.

5.3 Synthesis of rHA-DTPA-Gd

9.8mL rHA-DTPA was mixed with 30uL 0.1%(w/v) XO and titrated with 0.1M
GdCls, pH being maintained between pH5.5 and pH6.0 with 1M NaOH, to the end
point (48mol Gd**.mol™ rHA), indicated by the first change from yellow to purple.
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5.3 Synthesis of rHA-DTPA-Gd 9. 8nlL r HA- DTPA was m xed
with 30pL 0.1 %4wv) XO and titrated with 0.1 M 30
w@@4/8715pdH bei ng mai nt ai ned between pH5.5 and PEBGB2004/000582

with 1 MNaOH, to the end point (=48nmpl Gd3+.nol -1

rHA), indicated by the first change fromyellow to

purpl e. WO 2004/ 071536 PCT/ GB2004/ 000582 39 A further

0.1 nmL rHA- DTPA was added bi nd surpl us Gd3+,

returni ng the colour to )#glol ow, and the solution was

o T e e o Dl 0 S
rto el SO LA OIS 115 o

appropriate and the remaining three left at pH7. Al

sanpl es de up to 1.1 nL with water. Two pH7
545@%@%%9%2@5& type were incubated at either 35C or
Six 1rﬂ§céhaﬂﬁts deibetr AIRIDTPA %%/@ET@A G&W@F@feﬁ@naﬂ'h?e%f each

Free assays were perforned on 10 the starting
type weia- au]‘mMedmj eithér DIBpH6 oz iptis with R m’d\dﬂOblfast appropriate
i hcubati o at ated tines. The
and tqainA g e et At i f S rmIeh B A upiBpl L with
waterSTB! 37 ANbRsST dRATYSE %rb)i'ncﬁlbmé@ at 8ittBI85°0er 45°C and
al t hough the rate of recover much higher with

the remginingsampdes akhinaubeted a2 /Ereséhﬁl ASSAYS Were Reffaraed on
the staftifg RfA- 5 naeq WA—[?*’IBQC@Q RndRER BN é%h{ @Fmgrlﬁt%dﬂa%ons at

Was “nor e ect I Ve nCreasrng reaction ra
the lnmtemﬂlmee.c'mearesLntec(EIgﬂeé émindlm’ateu fhabthetdites thid@¥both

arti gfreet was .achj eyed 45C. i n ro nd 2h
samples S DB FSMEIOt Ry SHORIE INGHPAlGHh BRPRUG reggvery
was n%&ﬁﬁghéf‘%&ﬁ rHAa@*rPSADGWtﬁan SRNUMH AR DT, %th\’réébtvcﬁ‘% didwed

% accord I Ng to the invention the
sometphl depémdeneyi 8 Iyowg’m:ncmswm tenaperafieavas maosa effective at

ooty S i NETSPLof) QHERE G  BHERR By 50

startinyy e tiol) nais ddhevrt &t 4571Cain aresnd ¢h fen ridAtDPPAYGd and 20h
tar% ting 25 noiety and a rHA carrier nol ecule, these

for rHgrl E’ -are preferably carbohydrate and free thiol

respectively. This method describes the reaction of

r HA- DTPA and r HA-

Example 6
Cross-linker reaction with soluble rHA derivatives

In the methodology according to the invention the targeting moiety and the carrier
molecule each contain distinct chemical groups for selective cross-linker reaction
to produce a well-defined product. For the particular case of an antibody targeting
moiety and a rHA carrier molecule, these groups are preferably carbohydrate and
free thiol respectively. This method describes the reaction of rHA-DTPA and rHA-
DTPA-Gd with two cross-linkers, PDPH and EMCH, suitable for use with these
groups.

6.1 Synthesis of rHA-DTPA
0.3g rHA (free thiol level 0.67mol.mol™* rHA) was diluted to 12mL. in water and 1g
DTPAa added over ®30min with constant stirring, the pH being maintained as




10

15

20

25

30

DTPA-Gd with two cross-linkers, PDPH and EMCH,

suitable for use with these groups. 30 6.1 Synthesis
w@booniesBTPA 0. 3g rHA (free thiol |evel 0.67noPCTOB2M4/000582

rHA) was diluted to 12nL in water and I1g DTPAa added

over =30min wth constant stirring, the pH being

mai nt ai ned as WD 2004/ 071536 PCT/ GB2004/ 000582 40

cl ose as possible to pH8 addi ti on of 5M NaCH. The

solution was stirred for =30mn after the final

addi ti gn, adhust ed to pH7/_w th 3M_HC and a‘FlpI i ed t? a
close e i oAy adaiten ahdMNa@kk Adyysalidfian Was siiggd for

~ - o Bl Ut . in" |
~30mfh e LN Gaitiof A8 IRDHPUHETAR Mt and dififba o B
Sepha@%)k @gﬂadgﬁiun"gmélumh@rﬁlx37|6dm)eequi}iiﬁrgﬁocght(l).g%(w}'uztl‘ﬂam.

..and sno atfree tniol _ el ofr . 0. . -1r
Elutiopyyéas PRGOS g S LIBET o Glotelipriat 2p4em ol ie A BLTPA

. B ! _

peak e cdlled #yR 245 WA SEE T S of by Bfg showed a free thiol
level 6f R§7mehn(dlT edAt The IrtHAeD EPAOWZS indubatdd for 20)at wasC to
unblof e i isfiund B n fictTeye Sht aRianel HS oo i

was eluted at 2. 7nL.mn-1; c) the rHA DTPA peak was

collected from2 to 10mn after the start of elution
6.2 SyinthesisafsdADTPAGdhi ol | evel of 0.14nol.nol"1 rHA |

030 i [165 GV FOTUBEL MBS shplod b Bpsae
abovey egdaeﬁt thgh/bmgﬂli\aMwéb ga'déd d‘v&:‘] %Gm(}napb)_lihe %EhadqlakISBD
an .0 Wt NaOH, to t oi nt n
columgwal E@!teq at %ml--m'ga@c) theTE¥MBTFA peak Was &Qﬁe%*ee &gm ¢ to
e L i ' »
TomiRh 84 45 lten BT BT 0 BH A
1mL nHAeDTRA Wasyeriaved gind 60uLe@. 19h(vwiv) XOvaddesk todhe remainder.

-1 rHA .20 §.3 ' Wi t,h, P ... +.DIP
The ik BPbats YiptS ifeted w3 (8t bRGGnEBRInGE bR en
pH5.5?\EgB BE6.0 Aith 1(}04 NeFOR) 1© theeridasint EBndl G sesibaRng. asmL
retained rrller-B%%?Au\gvgs added to bind surplus Gd**, the solution adjusted to pH7
with 1M NaOH and then incubated for 2h at 45°C to unblock the thiol, yielding a

free thiol level of 0.51mol.mol™’ rHA.

6.3 Reaction with PDPH
2mL rHA-DTPA was mixed with 0.15mL 0.2M Na;HPO, and 0.05mL 0.2M
NaH2POs. A 1mL sample was taken and its absorbance at 343nm measured

immediately before addition of 0.1mL 10mM PDPH (Pierce) and every 2min
thereafter for 20min. Measurements were corrected for the absorbance of the
PDPH itself and the extent of reaction calculated using an extinction coefficient of
8080M™.cm™ for the released 2-thiopyridine. The experiment was repeated with
rHA-DTPA-Gd. The results indicated that the reaction with PDPH was both rapid
and efficient in both cases, being 96-98% complete at the first 2min time point,
with the final extent of reaction being *90% of that measured by the free thiol
assay.
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i mredi ately before addition of 0.1 nL 10nmM PDPH
(Pierce) and every 2mn 25 thereafter for 20m n.
worasNTEBSBENt S Were corrected for the absor banceCDGBRIVE/000582
PDPH itself and the extent of reaction cal cul ated
using an extinction coefficient of 8080M'.cni'l for
the rel eased 2-thiopyridine. The experinent was
repeated with rHA- DTPA- Gd4 The results indicated that
the reaction with PDPH was ﬂ)oth rapid and efficient
6.4 j n oth. agﬁ bei ng 96-98% conpl ete at the first 2mn
it with the final extent of reaction being

L RN RS A N oo, By

NaHB@Hanth. 44RA: D0RM EN@IES Pmrxe)jaduiem 1oni3 Bhn‘@le%WVélaaZtHRéH at

15, 36 dnd fi2Dmin e 23 Epe arEmadiatens aPaREd A BRA0 colun

equxhb?éi&tl Iih §®ltn‘M s@éi@H Fﬁgs;ﬂfé‘ie ipHTRE rhfovs RBRINcELs (9H The

col um equi ated i n 50mM sodi um phosphat e
high mﬁbqudﬁrrvéemhbfraﬂwnewassell@maﬁlfromé 5 to @,Bmhaaﬁenihalstart of

ot B 1) LR B B a2 gl o
constaht Qﬂnoﬁﬁﬁ@ﬁ’DTWC(tdWe%IDQ‘!‘et EVIGH ferdBU P ﬁnWtb br@telncééﬁyf{f&

amount of DTT (to eval uate EMCH renoval ) and

evalugieitén feeayesy). Messuesdirenaveripsivare ¢ra>tffte sﬁ)ngel\%émwor DTT
and 10RERIEHBE IR o DEcdBREe St ST TER 3 lyery o

rHA. EMErbsuiis foethevdirgct dfee thiMas%ye mdwatéd $hatcahe tréactidin it
ree iol assay jndi ed_th action with

EMCEH hatb TaafiAnd plientcnh rregrtbin lovel BRNoredueed

0.02rh&IMAbI 1bﬂmst ﬂh%%gte%rhm urﬁe%'m' mol -1 rHA at the first
15mn tinme point. 15 Exanpl'e 7 Cross-1linker reaction
wi th anti bodi es This Exanpl e descri bes the reaction of

Exarddi§7t Wo antibodi es ocCD45 and C595 with the

s-linker PDPH 20 7.1 aCD45 reaction with PDPH

Cross-linker reaction with antibodies

This Example describes the reaction of the two antibodies «CD45 and C595 with
the cross-linker PDPH.

7.1 aCD45 reaction with PDPH
1mL aCD45 (Serotec MCA43G; IgG concentration 1.0mg.mL™) was added to
2.3mg KlO4 and mixed for 30min at room temperature in the dark. The solution

was applied to a PD10 column equilibrated in PBS and the high molecular weight
fraction collected from 1.5 to 3.5mL after the start of elution. The eluate was
concentrated to a final volume of 1mL, using a Nanosep 10K Omega centrifugal
concentrator (Pall) pre-washed with PBS, added to 1.0mg PDPH and mixed for
21h at room temperature. aCD45-PDPH was purified using a PD10 column and
the eluate reconcentrated to 1mL as above, giving an overall IgG recovery of 90%.
The extent of reaction was determined from the 2-thiopyridine released on
reduction of the bound PDPH, by absorbance measurement at 343nm immediately
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1 nL aCD45 (Serotec MCA43G 119G concentration
1.0mg.nL"1) was added to 2.3ng K104 and m xed for

W@ vi/07E86 r oom t enperature in the dark. The soPCI/GBR004/000582
was applied to a PDL0 colum equilibrated in PBS and
t he hi gh nol ecul ar weight 25 fraction collected from
1.5to 3.5nL after the start of elution. The eluate
was concentrated to a fin volune of 1 nL, using a
Nanosep 10K Orega centri f ugal concentrator (Pall)

beforl BAAMGR o JOH- R AT T,A8a Suey ArmoferaaBer oy 1A, using an
extlndﬂi‘éhnﬂ)eﬂr die egi'tQ)f @@bHW &hd_ThY ?ei*lﬁ@@r@%@@ﬁ&@é{eﬂttﬁgﬁﬁPH

as a givi ng an over overy of

reactaoscrmseﬂmymnmcmapgivtr@ aatoidiiopTeliy Q. SimePDIFM. mol™
ridine rel eased on reduction of the bound
IgG /ﬁw;ql §a

3 {PRAmRE habidle iniection wite setegtionswmvalength of a?ﬁenm)

el F 4 CR LT AR LB i

peak &Rition timesoNgs.amin.exti nction coefficient of
8080OM 1.cnf'1. The results (Figure 6) indicated that

PDPH reacted successfully with aCD45, giving a

[ 3nmol  PDPH. nol " I gG Anal yti cal
728 H'VPBEDI-F“ on with det ectl on wavel engt h of

0.35n18068% (5bhamdadcfa¢rad' Hendhivehsityr efsNbttingharaCly® cBhfthtration
3.2m{ 2 Sl WRh PBEmE SHHS caddedls S Ry 5%%9‘2” for
30mw€§%0&9f§n%é}§ﬁ1ré 9 EHeTaﬁrkU"Fh\é%ro‘fuﬂdh \ﬁ% u?ggﬁéd‘&ﬂé?

concentrati on was di
columppm|uiliygtad chas ang tk faﬁwlmul@dwmght fraohmmcdtecterbfmm

t r I Th tion lLied.to a
1510 F;%?%E af:fglr‘ ﬂﬁ% Eg\&t&ee?lgﬁé{ %Iu%%%%gﬁ &opm%nmstgﬁ t0 & final
volumendfelrolL ausing a NundsepctorO G)rﬁ@d;é eshieifudal edhcdntratbPpro-wiibhed

% rt of elutjon. The el uate was
with F @éjﬁ{e:aéf’é' (g EDRHand mpad i 19h & raem tgEnggatyre. C595-
POPH g8 T RGeS PTG 4 OER B OAR AU T o
above, giving enmeealUg@ I’e(CBQéFy chtiFS%vﬁbe @xtertt iof deactiongvas PD10

uate r concentr to as

deterrifotiTibrd e oafioy iR rPEESPER) s/ Gioh SeHiE o, PR by
absorbamcd msmemqtmﬁemnrﬁmmtéme%mcmwn &f 6uL 10mM

rel eased on reduction of the bound PDPH, by
DTT and every 1min thereafter for 15min, using an extinction coefficient of
8080M™".cm™. The results (Figure 7) indicated that PDPH reacted successfully with
C595, giving a stoichiometry of 2.5mol PDPH.mol’ IgG. Analytical GPHPLC (50uL
injection with detection wavelength of 280nm) indicated that the resulting C595-

PDPH retained high monomeric purity, with a peak elution time of ~8.5min.

Example 8
Purification of rHA-DTPA/rHA-DTPA-Gd

The conjugate of the targeting moiety and the carrier molecule will clearly be larger
than either of the individual components and hence purification of the conjugate
from any of the unreacted individual components should be achievable by gel
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absor bance neasurenent at 343nm i mmedi ately before
addition of 1 OpL 10nmM 20 DTT and every 1 mn

wo benoafsser for 15m n, using an extinction coePdT/CBewvtt/000582
of 8080M1.cm'l. The results (Figure 7) indicated
that PDPH reacted successfully with €595, giving a
stoichionetry of 2.5nol PDPH. nol"1 IgG Analytical
GPHPLC (50pL injection V\/I%Jg det ecti on wavel engt h of
280nm indicated that the rfesulting C595- PDPH

retai ned high noperj c ur_itly, with a peak el ution
Perm??f‘@ S'F‘mf%ff‘tgﬁ{ﬂﬂ yp50 récglapGape of atHéncasfier molecule, the
-J9FRR ' ; r i n
e T PR o AR oo B8 27 e

compBomidesiheaiucoessfaf purificationl iof itk targetetpcorjudate andiyHeam eon-
urifi.cati on of e conj ugate _ from any, of .the )
targeffi CarBEaisalos. dits MEDRIbAEReTIbaS Bl Beatem s Lmapperic
rHA-DYPASInd¥ A e i SABAM P rPargdli hon
. chr orre?t ogr aphy.&gcf’%tﬁﬁgggérti gﬁﬁg??caser%éﬁﬁgﬁﬁé&%%
simplifwihe subsasuent purification of éineleoojugate.nunman al bumin to
formdi mers and hi gher oligoners could conprom se the
successful purification of the targeted conjugate away

8.1 PrépairaivanGPHPlget ed carrier nol ecul es. This nethod
describes the purification of nononeric 5 rHA-DTPA and

PurificafioraipklAcderiyatives usedralasge injeatiamvelume: (20Gik), feygive high

prod T, Yand @sub'BBinal Helesfol P RIEA B8MTH B akiestbap
absonbelAce at hight iHA sons&dragiohar ge i nj ecti on vol ume (200plL),

to give high 10 productivity, and a sub-opti nmal
detecti on wavel ength (254nm, to reduce peak

8.2 PalcdtoanseHALDITP@h rHA concentration. 8.2 Purification
arative GPHPLC of rHA-DTPA was

0 r - re
Preparptive, &RPLC of skl AsD TP Asvasp ehirasterisedeni a dimer peak at =6.6min

and el TARAGRer PEAK o L7 L pordfioAthLer mohS AGnE iy RgR R s
materdall dletirigeietwienl 3 Rianal 9.ChiPlwas(cdlietted. AngBiticaNGPHPLC (50uL

.. detecti 0{1 vel engt h of 280nm of the collected _
lnjectwélt\@lﬁ? de Q?g/aﬂi ngth of 280nm) of the collected material confirmed

that a high degree of monomeric purity had been achieved by this method.

8.3 Purification of rHA-DTPA-Gd

Preparative GPHPLC of rHA-DTPA-Gd was characterised by a dimer peak at
~6.9min and a monomer peak at =8.1min. For purification of monomeric rHA-
DTPA, material eluting between 7.7 and 9.0min was collected. Analytical GPHPLC

(100pL injection with detection wavelength of 254nm) of the collected material
confirmed that a high degree of monomeric purity had been achieved by this
method.

Example 9
Preparation of aCD45-PDPH-rHA-DTPA-Gd

Based on the previous developments of individual steps in the synthesis
(Examples 1-8), this method describes the complete preparation of a targeted
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that a high degree of nononeric purity had been
achieved by this nethod. 20 8.3 Purification of
w0 RUa40TBAs Gd Preparati ve GPHPLC of r HA- DTPA- GAP@EEB2004/000582
characterised by a dieter peak at =6.9m n and a
nmononer peak at =8.1 min. For purification of
mononeric rHA- DTPA, material eluting between 7.7 and
9.0m n was collected. Analytical GPHPLC (100pL
injection with detection wavel ength of 254nm of the

agent, GhufiEh tee Baver JrlgeUIdaNAhHES LR B Mo IEVelEHITAA
followgg?zj’({s& r%aﬁ@@ﬂ?élﬂfdb?é‘fd?fus%%é‘tg@@t‘bq W?I-B\F/’nﬁ’g@ getit

on t previ ous devel opnent’s o ual = st eps
in the synthesis (Exanples 1-8), this nethod

%&%&@%ﬁﬁﬂpl ete preparation of a targeted WO

9.1 1 “BEAGB2004/ 000582 44 agent, in which the

0.3g rf ge%rthm I beroméihol 'sSsHARg4AS aflutel thi1Phll Rv@bhter whbihg
DTPA fol |l owed by , making it suitable for use as a

D TP AzaadpiadeovavRi35oun withsconsimnit stirring, theypid heisiggnaintained as

close Ao P By 20itest 675 Neoet FhReolySrRenduadter

30mirPaRér théFimanaddition, cadjastattto pH7T With M HTI apild distilied to a

mai ntai ned as close as possible to pH8 bé%/a dition of
Sephaglan o masiamsenlumndi G g eGUTRISY InghRVaIWADINACK e

Cfi AL ' ust ad . '
Elutiof Vi pffifiad g P BN CWlR it ) 2Rt TS AR TPA
peak eqsidoiléctat debm @ t6.19%in/affer NaCstartlof ¢iltivn andwhswed a free

. erforned at 2,.7n. mn"1l with detection at 254nm The
thiol | ‘F%-O%‘?g/gm%éﬁﬂl col lected from2 to 10m n after the

start of elution and showed a free thiol |evel of
0.14mol . nol -1 rHA. 9.2 Synthesis of rHA-DIPA-Gd 15 1
9.2 Syith -RDARA ved and 60ppL 0.1 %w v) XO added

i e A e R APl b St
The DTPA groups were titrated with 0.1M GdCls;, pH being maintained between
pH5.5 and pH6.0 with 1M NaOH, to the end point (E48mol Gd**.mol™ rHA),
indicated by the first change from yellow to purple. 0.3mL retained rHA-DTPA was
added to bind surplus Gd*", returning the colour to yellow, the solution adjusted to
pH7 with 1M NaOH and then incubated for 2h at 45°C to unblock the thiol, yielding
a free thiol level of 0.51mol.mol™ rHA.

9.3 Synthesis of aCD45-PDPH

1mL aCD45 was added to 2.3mg KlO4 and mixed for 30min at room temperature

in the dark. The solution was applied to a PD10 column equilibrated in PBS and
the high molecular weight fraction collected from 1.5 to 3.5mL after the start of
elution. The eluate was concentrated to a final volume of 1mL, using a Nanosep
10K Omega centrifugal concentrator pre-washed with PBS, added to 1.1mg PDPH
and mixed for 5h at room temperature. aCD45-PDPH was purified using a PD10

column, run as above.
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pH5.5 and pH6.0 with 1 M NaOH, to the end point
(E48nmol G&d3+.nol "1 rHA), indicated by the first
we b@ngeste om yel l ow to purple. 0.3l retai ned PEEGBINA000582

was added to bind surplus Gd3+, returning the col our

to yellow, the solution adjusted to 20 pH7 with 1 M

NaOH and then incubated for 2h at 45C to unbl ock the
thiol, yielding a free thjol level of 0.51 nol.nol"1

rHA. 9.3 Synthesis of a -PDPH 1nlL aCD45 was added

to 2.3ng K104 and m xed for 30min at roomtenperature

9.4 Pyrifiatiopiof rHA-RTPAHAd sol uti on was applied to a PDLO

Monofifbr A BHEA Bas pliftied by Biénataiife UrIRLR i 8200u
injectidhawith détectibniat Qﬁ4nﬁﬁ hElghlt uyﬂesM&:hwmaErgta;ﬁtheteraformed,
final volume of , _USI nf? Nanose

with pe%#thpﬂa@!orbfmme?nwaqrem aler niestien. hhe %s‘%%@@%@m of

e g o€ i S of TR s

analym*alzﬂﬂ%hlE’LC\MBIQ@aﬂonzﬁﬁjaﬁtimima@ctﬁmetSB&OnmS 9.4
Purification of rHA-DTPA-GJd Mononeric rHA- DTPA- Gd was
purified by preparative GPHPLC using a 200PL

9.5 SYrth8sis dtaom4SIPHEHRAIAITRA-Gg4nm Eight cycles of
chronat ograpny Were perior ne W t h product

Purifiec A TRA-Gd was added. tothe ol D45- HDﬁ’H@tthﬁmOTﬂdArmml IgG,

the siikgnaerenyded ip fnltiRaroiaePRze I8 prrHiga foncentiator

(Sartcﬁﬂ%') wéﬁ@sh@B’WhCPBSI 88d ﬂmﬁQ@ forl D4Ie 6t odin WrhPerature. The
det écti on at 9.5 nt hesi s of

formatiom4ads o hd-5- PDPI'ﬂ)ﬂH’A-QﬂiP tdnvasicomMrnenry the appeasaaeaiof a

=10 he .. .
new High [ptiefi T WelaR: Partan FpoD irel G 450182 20Rh 88atqn with
detecﬁsmat 289@@' Aﬁ%@ﬁie’daﬂ—m -8 §@iidHiGthety B BB whélired in

PBS, and m xed for 24h at room tenperatur

Example dor BDPbT: 06085 tae@itien with m@memum Gdg nHA ISEﬂCI'tl?metry

t he appeay an w hi nol on
of 48 glYes i Prenicted el levalion s SoBfhISR nf 21 oal i P hoPiRE.

detection at 280nm An assuned r HA: ocCD45

st oi g(hl orretrg of 2 3 (asrrlgasuaed in 15 Exanple 7 for

aCD4%- Igbﬁhl-\ mtﬁ'PA-Gd was purified by preparative GPHPLC as above but
using ten injections of =95pL, detection at 280nm and product collection from 6.0-
7.2min. The product was concentrated to 1mL using two Nanosep 10K Omega
centrifugal concentrators and purity confirmed by analytical GPHPLC using a 50uL
injection with detection at 280nm. Finally, the product was frozen in =150uL
aliquots in a —30°C bath and stored at —20°C.

9.7 Antibody binding activity
Antibody activity of aCD45-PDPH-rHA-DTPA-Gd was measured using rat

splenocytes, which express the leukocyte common antigen CD45, in a competitive

binding assay against fluorophore-labelled aCD45. The fluorescent intensity of the
cells was measured by flow cytometry, using a constant 0.2pg fluorescent
antibody and increasing amounts of «CD45-PDPH-rHA-DTPA-Gd. Unlabelled
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of 48 gives a predicted Gd |level for this conplex of
=110nol Gd3+.nol -1 IgG 9.6 Purification of
W@ a457BBPH- r HA- DTPA- Gd ccCD45- PDPH- r HA- DTPA- (RICTHES2004/000582

purified by preparative GPHPLC as above but 20 using
ten injections of =95pL, detection at 280nm and
product collection from®6.0- 7.2m n. The product was
concentrated to 1 nL usi nglﬁv\o Nanosep 10K Onega
centrifugal concentrators d purity confirmed by
anal yti cal GPHPLC using a 50pL ection wth

aCD4fwat epsayast sivBlarynasr pesifive C@'h*é°'ph’b§l[§{5u't9a@:|@llr628én i n

e300 b e RGBS e

antibd hERRH .Hé ﬁé’s trh Mﬁ%btaﬁé’é PLC‘E%lSJ%e%rfsfﬁtatmg that the

| enocyt es, expr ess ocyte conmon
conjugaila rgtmnmﬁtlbmdy bindimgpesdtivityve bi ndi ng assay agai nst
fl uorophore-| abell ed aCD45. The fluorescent intensity
of the 30 cells was neasured by flow cytonetry, using

0.8 M@gﬁ@t"@F@Bﬁan@%ﬁ)éérﬁ@é escent antibody and increasing
anounts o r HA- DTPA- Gd.  Unl abel | ed WO
0.CDABePDPHIZd-HS-E® THA/GeRga0s T GBS D2 rdlaxaiiziv imessat 23esigecf 92 and
simlarl . & positive cont e result gure
95msgbSbedyelafbir WA pPRIATIS RN TP BRRT SRS e to
Omni§ézd M%%ofnhl‘éegffétléa ‘gB8RIim Badd PR doﬂtr%ﬁa@éﬁﬁrd?ﬁnner

as the unlab 5, denonstrating t
Amer&hﬁiﬂhgﬂt@@ rraa@ur@ﬁsmuliane@ysm gave yakuesiof 193 arsl H7Bns,

incioalfid ¥k oferiFERIBNGT eRhARE o FOIOE R AR o o2 ana

95nms respectively. Thi s was approxi mtely two-fold
better than 0.5mM OmiscanTM (a non-targeted
Eﬁm@&’dﬁ;@i ni um based MRl contrast agent from 10 Amersham
Prepatiiidiof 1 UhirpAeousl y, gave val ues of 193 and
; GSQ@W@H%S% ent rel axati on enhancenent

for the conjugate. Exanple 10

This method describes the preparation of a targeted agent, in which the carrier
molecule (rHA) is labelled at high levels with DTPA but no metal ion, making it
suitable for loading with an appropriate radioactive metal for use as a targeted
nuclear imaging or therapeutic agent.

10.1 Synthesis of rHA-DTPA
0.3g rHA (free thiol level 0.67mol.mol” rHA) was diluted to 12mL in water and 1g

DTPAa added over =30min with constant stirring, the pH being maintained as
close as possible to pH8 by addition of 5M NaOH. The solution was stirred for
30min after the final addition, adjusted to pH7 with 3M HCI and applied to a
Sephadex G50 medium column (1.6x37cm) equilibrated in 0.9%(w/v) NaCl.
Elution was performed at 2.84mL.min™" with detection at 254nm. The rHA-DTPA
peak was collected from 2 to 9min after the start of elution and showed a free thiol
level of 0.07mol.mol™* rHA. The rHA-DTPA was incubated for 20h at 45°C to
unblock the thiol, yielding a free thiol level of 0.57mol.mol™ rHA. The DTPA level,
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Preparati on of C595- PDPH r HA- DTPA 15 This net hod
descri bes the preparation of a targeted agent, in
wohiogl7tsbe carrier nolecule (rHA) is | abel | edreEr/GBR@h/000582

| evel s with DTPA but no netal ion, nmaking it suitable

for loading with an appropriate radi oactive netal for

use as a targeted nuclear inmaging or therapeutic

agent. 20 10.1 Synthesis %f r HA- DTPA 0. 3g rHA (free

thiol Ievel 0.67mol.mol-1%HA) was diluted to 12 in

water and 1g DTPAa added over =30m n wi th constant
deterrgtnefdrcpmg 4mlhallmt@étmg meieriakbneamplexopede tiigtion with GdCls

addi ti on of 5M NaOH. The sol uti on
as abB\?é%%ﬂ %‘r‘@gl'ﬁor 30mn after the final addition,

adjusted to pH7 with 3M HCl and applied to a Sephadex
&60, nedi ym col um (1. 6x37cnm) equilibrated in 0.9% wW v)
10.2 esIs performed at 2.84nmL.min 1 with

C595 t%ﬁ'ééd%r@tTh%% Tersh e NtafdRa; RRS Eo@hteAloh L oGd mL )

ter I on n Showe
was dﬂuted toHi.@rng.rhieV &4 G @ri PBS) 7imoll. atided o 2t¥ng KO, BA-rRIXEd for

o BT ek 0, S LBl R
columﬁ%ﬂitﬁé@d in B Qﬁé/tﬁ?ﬁ 8@@@2\9& Q&% %cﬂlécted from

determ ned on a uot of this terl
1.5 to bl afienihe startofietutiorod hei elbated@as coasemmied to adinal

volum?‘lcgq énlr'f{tl!]s rﬂq %Iﬁﬁafwége % ; he® gﬁl%ﬁg{qai?ﬁaﬁtgqpﬁr ?ard)re-washed

with P@ﬁ)@ﬁﬂbﬂ&b 110tmg -FRH 'ﬁnd%nxé(ﬁ&r éhlattresmtiemberairallC505-
PBS, 1 nL_added to 2.3ng K104 and m xed for

PDP"E\%?@ Rufied §siRgraRPAPAolnen; fin #2aBAY&. The sol uti on
was applied to a PDIO colum equilibrated in PBS and
t he high nol ecul ar weight fraction collected from 1.5

103&@|f@@MoﬁfH/é-lD'lfH’Ae start of elution. The eluate was

Moo ERETRA-GERA ke RutiaiT by prepirelis cnPLE s 8 2h0lhea

mJectnmn oh é’ﬁéKgéﬂGQdO@SW]XLlO 178308 acdmi xffgliid, afutéd at

ogm tenperature. C595-
in PBS with detection at 254nm. Six cycles of chromatography were

1mL. mln
performed, with product collection from 7.2-9.0min after injection. The rHA
concentration of the product was 1.0g.L™. High monomeric purity of the product
was confirmed by analytical GPHPLC, performed as preparative GPHPLC above

but using a 50uL injection with detection at 280nm.

10.4 Synthesis of C595-PDPH-rHA-DTPA
Purified rHA-DTPA was added to the C595-PDPH at =10mol rHA.mol™ IgG, the
solution concentrated to 1mL, using a Vivaspin20 10K centrifugal concentrator

pre-washed with PBS, and mixed for 18h at room temperature. The formation of
C3595-PDPH-rHA-DTPA was confirmed by the appearance of a new high
molecular weight peak on analytical GPHPLC using a 20yl injection with detection
at 280nm. An assumed rHA:C595 stoichiometry of 2.5 (as measured in Example 7
for PDPH:C595) together with the measured Gd*":rHA stoichiometry of 44 gives a
predicted Gd level for this complex of =110mol Gd**.mol™” IgG.
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PDPH was purified using a PD10 colum, run as above.
10. 3 Purification of rHA-DTPA 15 Mononeric rHA- DTPA
worw4poursdd i ed by preparative GPHPLC using a 20B@L/GB2004/000582
i njection on a TSKgel G3000SWKL 0. 78x30cm col utmm and
guard, eluted at 1 nL.mn"" in PBS wth detection at
254nm Si x cycl es of chronmat ography were perforned,
wi th product collection from7.2-9.0mn after
injection. The rHA conce ation of the product was
1. Og L" 1 Hi %h rmnorrerlc purity of the product 20 was
: pOf ©PO5 A-DOPHPL C, perforned as

Coos PSR LK g%é.gggﬁyfggéa@kgq\%ﬁ@Eggaé B bXsing

ten mﬁ@ﬁén?@F’k%}kﬁA del&Aionuati 80een Bhd-grbBictvasiestisiefioms.vhe
C595- PDPH at =10nol rHA. nol -1 1gG the 25 sol ution

6.6mipohke pfqduct wassoncanirated; tagl ral usingsiwabenasap 10K Omega

cenirfERLEHRAGEATR DRy Bonnibds Kt elittal BrHtt REfo = sou.

injectioh %tl’PtﬂP(Hcﬁd)ﬁAaDI%MﬁSmGﬂw therrddbyt wae fropere dr atrtiulof

. a pew hi ecul ar wei ght _peak on anal yti cal GPHPLC
a"qu%lr\w@‘go%ﬁ’@ﬂ?ﬁ]@@fqrgﬂa\?\rgﬁgrd‘et ection at 280nm An

assunmed r HA: C595 stoichionetry of 2.5 (as neasured in

Exanple 7 30 for PDPH C595) together with the neasured
Exam@it3®1 r HA st oi chionetry of 44 gives a predicted &d

| evel for this conpl ex of —110m)I Gd3+. nol -1 IgG WO

pr epar atlve GPHPLC as above but using ten injections
8 =95pL, detection at 280nm and product collection
11.1 .7- 6.6mn. The product was concentrated to 1 nL

11.1. 1 Prdlhrhiiéh W%@ﬂ%‘ Orega 5 centrifugal ,
concentrators a purity confirnmed by anal yti cal
GPHPLC using a 50pL injection with detection at

A bt AL bl whR Pyl by SlpU A8 digr M tRpensiop. o

followd0 Preparation of rHA particles labelled with M
contrast agent (gadolinium chel ate)
200mL 25%(w/v) rHA was dialysed against 5L pyrogen-free purified water
overnight at room temperature to remove excess sodium chloride, giving a final
volume of 320mL. 52mL dialysed protein was adjusted to pH8.0 with 1M NaOH
and ethanol added slowly with constant mixing on a magnetic stirrer until a milky
suspension was formed (80mL ethanol). The continuously agitated suspension
was spray dried using a Buchi Mini Spray Dryer (model B-191), fitted with Schlick
2-fluid atomisation nozzle (model 970/0), under the following conditions:

inlet temperature 100°C
outlet temperature 67°C
feed rate 3mL.min"!
atomisation pressure 6barg
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11.1 Methods 11.1.1 Preparation of rHA particles 15 A
batch of rHA particles was produced by spray drying of
W@ 200786 pensi on, as follows: 200nL 25% w v) PCHGB2S/000582

di al ysed agai nst 5L pyrogen-free purified water
overni ght at roomtenperature to renove excess sodi um
chloride, giving a final 20 volunme of 320nL. 52nL
di al ysed protein was adj u\%ed to pH8.0 with 1 M NaCH
and et hanol added slowy %h constant nixi ng on a
magnetic stirrer until a mlky suspension was forned

The resiiing mlbr@@art)clesrme%menermcommdafmm dhe dyslose enliédtion jar,

neat 85307 SR 10 G A5 s SR S R i

7.09 m@zmlt@ dnpgsdgdiorierited ldl@ﬁ'\@faﬁ h&nfd? |6||r9muﬁ€brféi’§)¢ HIFI Wf’tﬁ ‘an

25 inlet tenperature 100C™ outlet tenperature 6

inlet pregeureaf Sbard and e milling pressurs ofdhargssur e 6barg 30 VO
2004/ 071536 PCT/ GB2004/ 000582 49 The resulting
m croparticles (4.09) were recovered fromthe cycl one

11. 12®dnmddt|onw|mDTPWaat fixed at 176C for 55min to
render theminso |eId|n9358, m xed wth .
The ff?"‘@‘&a??&’rﬁﬁff@ﬁsmed&tgﬁﬂv i ethase! asd washedAbesqugbly sith

v Sy RS B W) P RS SHE et e, Tt
wasth@PAa aTheot‘wasrtﬂl@nefdr dey WBrghedetwnmaWntanﬂ thiet A particles
ot R8P st o Rep U e s B A 1 por 03

particR&y Ws%dé@él&lwty%rth Bbhstant Wﬁhg rer arbe"f‘l'oHCBfQJ%Wﬂﬁ During

taken for dry weight determnation and the rHA

this tipngy 5%Na9ﬂwaauaddeéd0tr@amtagm thelpkiasseesato 819 as possible.
StirridPRSY EERTNI foP 20RS artePHe i 1rP&L adaitdn and the pH then

adjusted to 7.0 with 5M HCI. The rHA-DTPA particles were washed twice with
0.9%(w/v) NaCl and twice with water by centrifugation and resuspension to 8g.L"

(based on the initial dry weight) and finally resuspended to 60g.L™.

11.1.3 Labelling with Gd
The dry weight of the rHA-DTPA particle suspension was measured to determine

the mass increase due to DTPA labelling, giving a value of 32.4mol.mol™" rHA. For
Gd labelling, a further aliquot of the suspension was diluted with water, and 0.1M
GdCls added with constant mixing to give an overall dilution of 2.5-fold and a final
Gd concentration equal to the DTPA level determined by dry weight measurement.
Mixing was continued for 10min, the suspension diluted a further 1.5-fold with
water, the rHA-Gd particles sedimented by centrifugation, and the pellet
resuspended in water to 60g.L™ (based on the initial dry weight). The resulting

suspension was formulated to 509.L"1, 5%(w/v) mannitol and freeze dried.
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particles) was added slowy with constant stirring
over a period of =25mn. During this tine, 5M NaCH
wowsadded to maintain the pH as close to 8.0 BSI/GB2004/000582

possible. Stirring was continued for 30m n after the
final DTPAa addition and the pH then adjusted to 7.0
with 5M HO . The rHA-DTPA particles were washed tw ce
with 15 0.9% w v) Nad andSévvi ce with water by
centrifugation and resuspension to 8g.L"1 (based on

r.cginbsi; J r i,ght) and finally resuspended to

ling with Gd The dry wei ght of
the rHA- DTPA partl cl e suspension was neasured to
determ ne 20 the mass increase due to DTPA | abel I'i ng,
11 2 | Jagnetis i B Propatiies ofdhe Partitdes For

o A o S GRASEBR s

The parﬂ@égahdrmélM@frtealsﬁTW@orﬂfbm@ﬁeadMutéd bﬁbﬁdbﬁafély to 2mL with
and i nal concentration equal

waterpapd ther ayixe with Bmle 8.5% agayomtcglweﬁbawe@uﬁeﬁﬁd

0 | uted
conoBfih, 1868 aR| B Plnd 088 bOEH SUFRRE L 4t o
descrilmat] imrtazdpleyl.cent ri fugati on, and the pell et
resuspended in water to 60g.L-1 (based on the initia
dry weight). The resulting suspension was formulated

The ik Q’itﬁpﬂmg}%pMQWOﬂngﬂgg% icé@é‘g/gfr% ?8@%apéd §8ain¥Chose of

2004/ 071536 PCI/ GB20
Magnenist ¥ @egarsmercial MR E'amtrasil mr{tha&aﬂi OvE@ddTRA. Relaxation

rates §§S gﬁgﬂ%zl ﬁh@% rﬁg\ ﬁ Par 4 (l%cl]qe yS@ I\%rag%iﬁcﬁ,l )or

significabtly beshtepthianqf@R2) tﬁoé’él @Jbﬂﬂhéd WigsMagHeviSe™. This mdlcated
e\{?f&rg i st TM control were diluted appropriately to
that r PRLHCles shewld Mreduea Me!a_wmﬁge&qulvgmgaobbetwrdhan

those%éé‘?l W@? %‘é‘ﬁ%\/fs'tﬁda Cfﬂe s‘é e Etd ‘?\{Prg;t@‘?hﬁ%ﬂﬁulgﬂy RURW of

or eac e were
the madm icolagtiom wE&IaaﬁrmeIatelﬁnfrmpaied for the)parﬁbulate)naltériais

L t hos
Alterrty b, S G i iop ey CiRmPoLtos Heed 2ba v r@aciase than
MagnedisDPPA. Rel axation rates with the particulate rHA-&d

(Figure 9) were equivalent to (for Rl) or
significantly greater than (for R2) those obtained

11.2.2682 DREFHAIAMySLi s 1 ndi cated

Coulter size analysis was undertaken to determine whether the labelling method

had led to significant levels of agglomeration. The results shown in Figure 10
confirm that the size distribution (post Gd-DTPA labelling) was not significantly
changed.

11.2.3 Resuspension properties

Light microscopy (Figure 11) confirmed that the Gd-DTPA labelled particles were
non-agglomerated and resuspended to give a suitable suspension.
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that rHA-Gd particles should produce in vivo imges

equi valent to or better than 15 those seen with
wo/Rgaevissé¢ TM at the sane Gd concentration, parPCT/GBar0UP00582

in view of the marked reduction in clearance rate

anticipated for the particulate material.

Alternatively, it suggested that the particles could

be used at a |ower Gd dosgqthan MagnevistTM 20

11.2.2 Size Distribution alysis Coulter size

anal ysis was undertaken to determ ne whet her the
__Q&gﬁExam ling method had led to significant levels of
Label AP QUBRAH 2 With HHEM EI%[H {rSstSApMt drid thiell Whaki aﬁgséés rm

on (post d- DIPA T abe
was not significantly changed. 25 11.2.3 Resuspension

. ro ht m crosc e 11).confirmed.that
This EXaghils IRt papTator an e misingio Boy b T BYPBIER 4o Waon
paruc%@.daréf SSSREMERASAIGhIBINHA Mofstuledirit Have PReietsly ¥een

2004/ 071536 PCT/ GB2004/ 000582 51 Exanple 12 Labelling
labelledmithblaeGdreheliteh an MRl contrast agent and then maki ng
particles This Exanple illustrates a variation on the
nmet hodol ogy of the invention, in which 5 particles
12.1 Métodsr ned from sol ubl e rHA nol ecul es that have
preV|ousIﬁ | abelled wth a -chel a g 1
A 158ttt DA g ditgage 2054 Hn WaleTand iege avn%%@g DTPAa,
W
adde% Qltowglrglg?:gﬂ#arn?gﬁﬁﬁi\ Vel a%r%'&péﬁa%f)rag app GrhiaY unng

P g Over a perio oxl mat e
this tirker5hl N&OH wes atded to mmntaErMHmp“H asslosel ted.0cas possnble

th I to. 8. bl tinri
st S s e e By R 38 Bl
adjus@@%tﬁT@mﬂﬁ AMeqc|. adj usted to 7.0 with 5M HCl. 15 The
| abel l ed (+DTPA) sanpl e was dial ysed agai nst 10.5E

water, changed after 5h, for a total of 21 h. To
The Ifqﬁeilbﬂ?s-ﬁﬂs ol Wl &Qly@gg Iafibt 185 vaftl! Giiged after 5h,

for a total of 21h. To estimate the required Gd addition, a 5mL aliquot of the

+DTPA sample was titrated with 1M GdCls to the first permanent haze. On this
basis, the DTPA level obtained with the soluble rHA was 47mol.mol™. A further
5mL. aliquot of the +DTPA sample was removed, the remaining sample titrated
with 1M GdCls to the first permanent haze and the untitrated aliquot added back to
bind any excess Gd.

The Gd-labelled sample was then 0.2um filtered to remove any residual insoluble
material. The samples were spray dried using a Buchi spray drier with Schlick two
fluid nozzle at an inlet temperature of 110°C, an atomisation pressure of 0.5bar
and a feed rate of 3.5mL.min™, giving an outlet temperature of approximately
79°C. The collected sample was weighed, to calculate recovery, and then
heat-fixed for a total of 5'zhour at 175°C.

In the absence of DTPA labelling, rHA particles are insoluble after 55 minutes at
175°C. However, this was not the case with the Gd-labelled sample and addltlona|
fixation was required to achieve insolubility of the material.
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+DTPA sanple was titrated wwth 1 M GJIC13 to the first
per manent haze. On this basis, the DTPA | evel
wo@bdoaiomesas Wi t h t he sol ubl e rHA was 47nol . nol - IPCHGB2004/000582
further 5nL aliquot of the +DTPA sanple was renoved,
the remaining sanple titrated 20 with 1 M GJIC13 to the
first permanent haze and the untitrated aliquot added
back to bind any excess G§p The Gd-labelled sanple
was then 0.2pmfiltered to renove any residual
insoluble material. The sanples were spray dried
using a Buchi spray drier with Schlick two 25 fluid
lse at an inlet tenperature of 110C, an atoni sation

’@(_n?o@%%ﬁre of 0. 5bar and a feed rate of 3.5n..mn 1,

Free ¢ antant efy laterrhidk at ure of approxi mately 79C.
The col |l ected sarrpl e was wei ghed, to calcul ate
recovery, and then heat-fixed for a total of 5%our

For udk ab/®fargéfedldydnfat RIapoe@ne thd?Thé pasikedd cordain zh‘léuntable

particles are insoluble after 55 m nutes at 75
reactiye@roup for ehemigakcaupling iof the targaiing maietycn ﬂhgu‘easeenf rHA as

tne AR e A0 s 30510, SR Bl propp o
this dB@ﬁééBZWl Wgesg%eﬁhm@slﬁeﬁrea%g thedfree thidleounterdt of
ticulate r or use as ete ent, it is
rHA FEHIGIEB oo, CHVIET thilt [t aebgbleior BARtians desls the high-
tar getl ng
tempefitle Heahilion L8d O RARGR thE PertIBg DI L ot g
material, the free thiol at cys34 is a highly suitable
13.1 roup for .this ;url ose. This nethod descri bes the
s ba ee thiol content of TrHA

100rmLaR5 Y6eAg rHAQN&OﬂfaNs@Utd%Ym ht bBratin tdmpaitlredginoL
reaction, despite the %%@Ote nper at ure

watehang the resultog nrgtedn £ene jon ¢rtepaineddveabsartanes| e.

measiamant Al JUA By GG griS hy SUBRITDRRRRSETH &7 G e FBysed

proteYﬁi{Zelf A@Was amtéawiﬁ Watr b qtz%%(wm @ﬁﬂtardﬁldt@d‘ to pH8 0 with
erm ned y absor bance nmeasur enent at

NaOldsi2{§mi- ethgnpl was rdred anarth@d@smltlag SHspesion §Brayf<ﬂr¢ed with

an m%?%é?&%\tll)u@r& ag?géﬁ”‘%%ﬁ%ﬁ%ﬂ# V“J ?g M 4 BoWdhE of ShL.min

and an atomisation pressure of 6barg. The resulting microparticles (13.4g) were

heat-fixed at 175°C for 1h (yielding 11.1g), mixed with 22.2g mannitol and passed
twice through the fluid energy mill with an inlet pressure of Sbarg and a milling
pressure of 3barg.

13.2 Free thiol assay

The free thiol concentration was determined by reaction with DTNB at pH7 and
absorbance measurement at 412nm, using an extinction coefficient of

136OOM'1.c:m'1 for the released 5-thio-2-nitrobenzoate. Reaction was performed
for 1h at room temperature and the particles sedimented by centrifugation prior to
absorbance measurement on the supernatant. Correction was made both for the
absorbance of the DTNB and the residual turbidity from unsedimented particles.

The measured free thiol level was 0.36mol.mol'1 rHA, confirming that the free thiol
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NaCH. 275nL et hanol was added and the resulting
suspension spray-dried with an inlet tenperature of
wao@@o7sed | et tenperature of 72C, a fl ow rat e PET/GB2004/000582

3nL.mn"1 and an atom sation pressure of 6barg. The
resulting mcroparticles (1 3.4g) were 20 heat-fi xed

at 175C for 1h (yielding 11.1g), mxed wth 22.2g

manni tol and passed twc 3Ihrough the fluid energy

mll with an inlet pressure of 5barg and a mlling

was P} SO ARl IR YR rbyivaz hgr@f Sx%ﬁ'ﬂg SRy AT Es Pheant LS
su|taﬂigi\§/e§for@dﬂpﬁﬁ€ ofg surenment at 412nm

usi ng an ex t1on oef ICI e t of 13600M 1.cm 1 for
the rel eased 5-thi o-2-nitrobenzoate. Reaction was

E pr‘?rmed for 1 h at roomtenperature and the
__ggg_&_i_xam cl es sedinented by centrifugation prior to
OptimAdStRin iB3sadisaent on the supernatant. Correction

was nade bo or the 30 absorbance of the DINB and
the residual turbidity fromunsedi nented particles.

For iR Ratett t i eorat Pumef EspdGledyns PR paries the

maxirPalo &80 & 8G81SRr e&émm Gt forarss iatMRY, aieadlbangmb bbetal

the heat-fixation step and was present at a ti)
for uspds gucteg¥ lraaguagmgh@mpx Tla\sgeﬂhvgl drsicebps t@aﬁwwa ignof
3+ | oadi ng For maxi mal effect,
Gd fﬁtﬂb?r@ ﬁdﬁyfwr%bﬁgﬂ/&cases that the particle
carries the maximal |oad of the agent, for exanple
pactive nmetal for use in
FHi s nmet hod descri bes the

Allquétﬁtdf rﬁHAadarﬁaleare &.Qsmédhhwekt@g apdRasyihy aﬁﬂiurﬂé"ﬁf DTPAa
particles. 14.1 Synt hesi s of DTPA-I|abel |l ed rHA

(coveping the rangesF0.§ecka.g” sHA) are pdded & 8ach pyerTOr4RmER With
const?@% sgc!am@@,dfg)é%ﬁ Iga@\gﬁﬂag%ﬁeéﬁ gﬁ%ﬁas éﬁgﬁlﬁfé tﬂgpl-lié1 By addition

are a
of SM=-N&OH#D mhe suspbnélﬁns ans Sﬂmed $on =30min, aftelfrethp Hnbbadtgtlon and

ol BRI A0 BB S b B B Rl B, ugetion

and réidﬁen*sfb% {o reAovRdsHouRa FMEA,

14.2 Measurement of Gd** binding capacity

Gd** binding capacity is determined by complexometric titration with XO indicator.
pH is controlied in the range pH5.0-6.5 during the titration, either by use of an
appropriate buffer (eg hexamine) or by adjustment with an appropriate alkali (eg
NaOH). XO is added fo a suspension containing a known amount of DTPA-
labelled rHA particles and titration performed with a standardised GdClz solution to
the first permanent colour change.

Example 15
Development of conditions for free thiol recovery in particulate rHA derivatives

Results with soluble rHA (see Example 4) indicate that the rHA free thiol is largely
blocked by the reaction with DTPAa. If this thiol is to be used as the site of cross-
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adjusted to pH7 with 3BMHClI. All sanples are washed
t horoughly by centrifugation and resuspension to

w0 esmmeisembound DTPA. 20 14.2 Measurenent of GIGKHGB2004/000582
bi ndi ng capacity Gd3} binding capacity is determ ned
by conpl exonetric titration with XOindicator. pHis
controlled in the range pH5.0-6.5 during the
titration, either by use c5f4 an appropriate buffer (eg
hexam ne) or by adjustnment” with an appropriate al kali

i e e S S e OB 50 BB P hon

with tﬁé EFd%’sLIFerP erHi® hﬁaﬁo&ﬂdblscr%éé %d@ém@;ﬁﬂeﬁmlc%rﬂmo%lt@n

first per manent col our
achueﬁeﬂas a;meeithenffoldmmdgtremtwrf @frrHA pertlclﬁa)wmn &EERIQ §DTIﬂA-

oS o e SR B P B

IS Iargely bI ocked by the reaction wi th DTPAa.
thlsthlol isto be used as the site of crossV\D
15.1 Synihe 5 SADATHCIE 0582 54 |inker attachnent,

ore BB iaied bl B e R o S
Gd- Iadéﬁéd rl-h@fpat'tl‘tﬁeﬁme?l seppriduced fmmmé DO'IPs\-tabelle@ riHA\prticles
is aim eith oIIovvlngreacth articles

esserwia!lh aprieagribest Exanpla 1bd\igiRatvg'y %é\)%gem URRdEINg

compleer Tyl lipicH wii GraCleih PBioRRAck MR ds festfbed P,
Examplér1pawith alsesalbfusther additied d&'ﬁ?ﬁﬂah)elgedaﬁm padiclasaat the end

. anpl.e belled rHA particles may be produced
of t'tr?ﬁr%%tmgéﬁ‘fﬂw I1ed rHA particles essentially as
described in Exanple 11. Alternatively, they may be

roduced using 10 conplexonetric titration with GIC13
152§gmm_p£ﬁserihp_lof XO, as described in Exanple 14,
Aliquds'd? bafl'? { il&? gna(t?d heArHA Tﬁﬁilg ?r@?ﬁc@%d ata
particles a atlon sur
range(hﬁjH izélu%sl&mwm yange tbfrtempdnahﬂres and samples taken at the start

of incubation and periodically thereafter. These are subjected to free thiol assay, to

determine the optimum conditions for recovery of free thiol with each particle type.

Example 16
Cross-linker reaction with particulate rHA derivatives

In the methodology according to the invention the targeting moiety and the particle
each contain a unique chemical group for cross-linker reaction to produce a well-
defined product. For the particular case of an antibody targeting moiety and a rHA
particle, these groups are carbohydrate and free thiol respectively. This method
describes the reaction of DTPA-labelled rHA particles and Gd-labelled rHA
particles with two cross-linkers, PDPH and EMCH, suitable for use with these
groups.
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15 Aliquots of both DTPA-1abelled and Gd-1abelled rHA
particles are incubated at a range of pH val ues
WwW@r@4or15a6 r ange of tenperatures and sanpl es t aRENGER004/000582
the start of incubation and periodically thereafter.
These are subjected to free thiol assay, to determ ne
the opti mum conditions for recovery of free thiol with
each particle type. 20 le 16 Cross-linker
reaction with particulate derivatives In the
|n to the invention the targeting
ghgd sHF ‘Ieseach contain a unique
r
Both F"?’?‘ 188 M ol O A J Bl S ¢ S e ot Aol as
descritredhintEXamelyle t1&r ayet iheg‘remtmob/urdﬂdcleed u$ing e opliraunt hese
groups, are ¢ rate and free thiol respectively.
°°"d'gﬂﬁ'§8ﬁt§{'wwd%83§%¥€m lene reaction of DTPA-Iabel | ed
rHA particles and Gd-labelled rHA particles with two
cross-linkers, PDPH and EMCH, suitable for use wth
162W30 WD 2004/ 071536 PCT/ GB2004/ 000582 55

AliqugsSioh bRUT{YBES o etioe] PFiaSatcles R BB $E aiolling pH7 by

addltlﬁwaifbﬁ%ﬁﬁaie %ﬁ@ﬂtS@hghés%ﬁe taRs® rmrbn@duatély @éml gidlton of
the free thiol | ocked using the optinu

PDP@?ﬁ’fcﬂ sigaifisantanelanexeess averhe avaiabledreestnia. gzom%anﬁon
periodloal (eFGAtEr P bamploc e mintBRnely cofibfiddifandthe
supemggm? labserbanté et 343a1mheasarai wrémFaﬁ areatorréntddior
I.T1 QN a | cCa no, I, .exXxcess over
both i catisplrns: of e EDRH ST PG e e HUER AR BaToal | v
unsed{;ﬁ@h@éﬁ b&ﬁlclejs:%osﬁ@@)&ént%ﬁehéﬁ@ﬂbﬁbﬁlla%&@é\h@ 'afnUéi&iﬁctlon

uper n1at ant absorbance at 343nm neaSur ed
coeffigtent o QMM d.car tfos dhe eeleased grthiapyridineh & hase datamakseussid to

doteryffe. Pty o5 Sl T PepdiSng, 7 Bling B Pk Yo bo i brricle pe.

cal cul ated using an extinction
16.3 Reaction with EMCH
Aliquots of both types of labeiled rHA particles are buffered at around pH7 by

addition of phosphate buffer. Samples are taken immediately before addition of
EMCH, at a significant molar excess over the available free thiol groups, and
periodically thereafter. The samples are immediately centrifuged and the pellets
washed thoroughly to remove the excess EMCH prior to free thiol assay. These
data are used to determine optimum reaction conditions for coupling of EMCH to
each particle type.

Example 17
Preparation of antibody/Gd-labelled rHA particles

Based on the previous developments of individual steps in the synthesis
(Examples 11-16), this method describes the preparation of a targeted agent, in
which the particle (rHA) is labelled at high levels with DTPA followed by Gd and
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coefficient of 8080M1.cm1 for the rel eased
2-thiopyridine. These data are used to 15 determ ne
W@piostoTsseé eacti on conditions for coupling of PEBPFHGB004/000582
each particle type. 16.3 Reaction with EMCH Ali quots
of both types of labelled rHA particles are buffered
at around pH7 by addition of phosphate buffer.
Sanpl es are taken i medi atzal y before addition of 20
EMCH, at a significant nolar excess over the avail able

free thiol ou and erlodlcall t hereafter
then coupiAcLi® 4 eNibRibaARIG | Sulteblerianude 29 PR MR Gontrast
agentwaShed t horoughly to renove the excess EMCH prior to

free thiol assay. These data are used to deternine
opt| mum reaction conditions for coupling of EMCH to
17 ,

l ty
o AT AN e Py

EMCH)‘memmﬂmsmed)essﬁntlally as gesed e@ﬁnExaﬂnple 1% O1e pardicles are

tnen esibrleihol o Gieash B Bt pefr B3 fup icess

reactarfist hen coupled to an anti body, rrakl ng it suitable for
use as a targeted MRl contrast agent. 17.1 Synthesis
of Gd-labelled rHA particles with and w t hout

17.2 %@5@%@ :QF‘ ggﬁoiﬁtg%l@ °§¢ Eﬁﬁch% El @mo@:gg%sﬁ-nnker
PeriodEtEH)xidised apmtbdeiswdtm byaiﬂqubahodeﬁthei Artiboily with

<104, B Berormaiagrepbl i rareadplratctalOhcrerntaleads ¥
descrfb%@q éQ t%u%lu? Bt PEFIS chssOIﬂ{HeW@ﬂﬁ; perictiziedxidised

ant i dy th and hout cross-1inker
antibaelyrangtistksesient BE Oaammetqgriaphsﬁmmtrﬁugalkgpncentratlon are

i B BhaElgh LB i unl L o vt rss-
linker@8@€bé ipatfoymad sirdikaty. i bed in Exanple 7. OourJl i ng of
PDPH cross-1linker to the periodate-oxidised

17.3 Synthesis of antibody / Gd-labelled rHA particles
Antibody/Gd-labelled rHA particles may be produced by incubating any one of the

following three combinations of reactants.

1. (Gd-labelled rHA particles + cross-linker) + (Periodate-oxidised antibody)

2. (Gd-labelled rHA particles) + (Periodate-oxidised antibody + cross-linker)

3. (Gd-labelled rHA particles) + (Periodate-oxidised antibody) + (Cross-linker)
Whichever synthetic route is used, the resulting particles are washed thoroughly
by centrifugation and resuspension to remove excess reactants.

Example 18
Preparation of antibody / DTPA-labelled rHA particles

This method describes the preparation of a targeted agent, in which the particle
(rHA) is labelled at high levels with DTPA but no metal ion and then coupled to an
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anti body and subsequent PD10 chr omat ography and

centrifugal concentration are 15 al so perforned
weemenrisaé |y as described in Exanple 7. Coupl i PQI/6B2004/000582

EMCH cross- |inker may be perfornmed simlarly. 17.3

Synt hesis of antibody / Gd-labelled rHA particles

Anti body/ Cd-| abel l ed rHA particles may be produced by

i ncubati ng any one of the 5720 followi ng three

conbi nations of reactants.”1. (CGd-|abelled rHA

I ' P
antlbcgcﬂ, ch}gﬁgs it Jrsgx(i:tgolséifor g@gmgﬁwlth fq&eééfgrg%g@géld%asc%ee metal for

use S SRR %%ﬁﬁgr@%@%ﬁeﬁ BNt o- oxt di sed
anti body) + (Cross | i nker) Whichever synthetic route

d, ] . Ies are hed t hor oughl
18.1 3 ntSI MR :l-i ouf cro! s-| 1“3_

DTPA-%%ilé&frﬁﬁ p%ﬁaag 'aﬁd@TrE’Aqasénﬁd mgﬁnﬁffb& g%ﬁjdss/ linker

[ abe HA particles 30 Thi descri
(PDPHer EVEFHraxe isyntheisised: essgpatially ag @Ietsprlbed ishExample16. The

. ti is | |l ed at. hi [ t h .DTPA
partici] dlehn st thSrmySPRhy St ilidtin S iRBuBhoNy I 136
remoVvi-ek&adYe4cRpb82 57 anti body, rrakl ng it suitable for

| oading with an appropriate radioactive nmetal for use
as a targeted nuclear imaging or therapeutic agent.

18.2 $ihthesitUriBRbafl olidiEen @RI hifh b Rfthhlil &dstibker

Periodatg-éXididet ahebb@ﬁ ;?réyhtm)@sise@ bg MGt?tTatloasaf Iéln@ batibocgﬁWH

ar e nt es ntia as escrl ed in
K10, BRI FRlorahogrAPhY A Setetice BoRsRHIAiRRH ESoaTHETBASH! y
descﬁbéoqﬁ@idrﬁﬂgqt '('Rf‘ugﬂﬁ& Eéﬂsf@%r;?éélﬂwﬁé? tot éﬁo&‘é‘téf‘cﬁ@dlsed

reactants. 10 18 eri odat e- di sed
antibegyt am)dybsequenal?@m @hromat@gmbylandl@ntrlfugal concentratlon are

i R i B¢ DL PR DSl oM arose

linkerahay betpegionnby sanfladent ri f ugal concentrati on,
essentially as described in Exanple 7. Coupl i ng of

PDPH cross-1linker to the periodate-oxidised
18.3 Synthesis of antibody/Gd-labelled rHA particles

Antibody/DTPA-labelled rHA particles may be produced by incubating any one of

the following three combinations of reactants.

1. (DTPA -labelled rHA particles + cross-linker) + (Periodate-oxidised antibody)
2. (DTPA -labelled rHA particles) + (Periodate-oxidised antibody + cross-linker)
3. (DTPA -labelled rHA particles) + (Periodate-oxidised antibody) + (Cross-linker)
Whichever synthetic route is used, the resulting particles are washed thoroughly
by centrifugation and resuspension to remove excess reactants.
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anti body and subsequent PDI O chr omat ogr aphy and
centrifugal concentration are 15 al so perforned
weemenrisaé |y as described in Exanple 7. Coupl i PQI/6B2004/000582
EMCH cross- |inker may be perfornmed simlarly. 18.3
Synt hesi s of anti body/ Gd-| abelled rHA particles
Ant i body/ DTPA- | abel l ed rHA particles may be produced
by incubating any one of 0 the follow ng three
conbi nati ons of reactants.*“1. (DTPA -l abelled rHA
_ particles + cross-linker) + (Periodate-oxidised
Claimgnt i body) 2. (DTPA -labelled rHA particles) +
(Peri odat e- oxi di sed anti body + cross-linker) 3. (DTPA
-l abel l ed rHA particles) + (Periodate-oxidised
1. aAld e for(@eqmné(ﬂiﬁéﬂarﬁagi@i wiiiel ebnftigatdedmerisesibe
is used, the resulting particles are washed thaoroughly
carriep i the ferntafiarrrgtain svlegtde os arytipls farmed frogypidely cess
‘ 3 / '
moled 8% LAk BeMREAO MR cBllpetoeit i R eyt Fofdfand
to a targejing aricletydravingsars affinitgawith arspeoifichecudsowithinfthe body.
protein nolecule or a particle formed fromprotein 5
nol ecul es, the carrier being bound to a contrast
2. aﬂ.edbtn'ug%fte %s@ieﬁﬁr‘éﬁﬁﬁfCléiﬂ?"l?%chﬁi@%r sk ﬁ”@gﬁéﬁé Fékonance
noi etgf aving an affinity wth a specific | docus wthin
imaginge body. 2. A conjugate as clained in Caim1, which
is for use in magnetic resonance inmaging. 10 3. A
conjugate as clainmed in Caim2, wherein the contrast
3. 2paitnj e Bk Thiimelianh TTapm 2t whefgihahe contastdageht comprises
conjugate as clainmed in Caim3, wherein the netal
paramagfeticioetalionsd3+ 15 ions. 5. A conjugate as clai med
in Cdaim3 or Caim4, wherein the netal ions are
coupled to the carrier via a chelating noiety that is
4. cAvainjugaty asmlainheddntCiaint 8; miherein tBe ntetaldonsinalgde Sdis
claimed in aim1l1, which is for use in nuclear

ions. { mging. 7. A conjugate as claimed in Oaim6, wherein
the contrast agent conprises
5. A conjugate as claimed in Claim 3 or Claim 4, wherein the metal ions are

coupled to the carrier via a chelating moiety that is covalently bound to the carrier.
6. A conjugate as claimed in Claim 1, which is for use in nuclear imaging.

7. A conjugate as claimed in Claim 6, wherein the contrast agent comprises
radioactive metal ions.

8. A conjugate as claimed in Claim 7, wherein the radioactive metal is .
selected from the group consisting of *™T¢, 2*'TI and ""'In.

9. A conjugate as claimed in Claim 7 or Claim 8, wherein the metal is coupled
to the carrier via a chelating moiety that is covalently bound to the carrier.
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radi oactive netal ions. 25 8. A conjugate as cl ai ned
in Cdaim7, wherein the radioactive netal is selected
WO p@ai0t1586 gr oup consi sting of 99mrc, 20' TI andrPCT/GB2009/000582

A conjugate as clained in Claim7 or Claim8, wherein

the nmetal is coupled to the carrier via a chelating

noi ety that is covalently bound to the carrier. 30 WO
2004/ 071536 PCT/ GB2004/ 00g§]82 59 10. A conjugate as
claimed in daim5 or darFm9, wherein the chel ating

moi ety conprises carboxyl groups, or derivatives

10. tm@oamgata aaclaireadtin Waim aor fdaigr Buybereain thenehelating moiety

compies BN g toavaire ofGPt B 5t Aarofis in

the cafférdodeih it HoRlisa compound conprising multiple
am ne groups. 12. A conjugate as claimed in Caim 11,

wherein the chelating noiety is selected fromthe

11, SRR o5l S PG el S84

aceticdid WetivatRe dfiecdnpouddcomprisimgunalipld amindgrolpsi very
of a netal to the body, which conjugate conprises a

carrler in the formof a protein nolecule or a _
[ ker

12, PRERBRES!: fe FRinch ATt ] FrllndRAe e SRlablPndfiy i
selectad drono thejga:tupobcmsishmg dfatl@)dena@annmetqzramtlo gcih
. ffinit) eci.f cus he body. 14. A
d'ethy@?ﬂ‘ﬁtrﬂ@'ﬁ ?%‘?t i ’é 3?%\(%"'8? tgﬂﬂf‘o ne of dains 9

to 13, V\herel n betvveen 10 and 100 chel ating noieties

are coupled to each protein nolecule. 20 15. A

13.  Aspuiygate for the delivaryiofl aanatahia the hpdy, avhicih senjeeateo
compfiis £ R 8o T EE Ry Y ph o Be i

proteln $ndle¢:ulas etherca)mnayemgr&gup@d vida dﬁlatmgcagemgaSaudaaetal
(é rk m.16, wherein the % agent. i.s_an
and cq)raggﬁt@ with a targetmg moiety having an a i ecific locus

within the body.

14. A conjugate as claimed in Claim 5 or any one of Claims 9 to 13, wherein
between 10 and 100 chelating moieties are coupled to each protein molecule.

15. A conjugate as claimed in Claim 14, wherein between 20 and 60 chelating
moieties are coupled to each protein molecule.

16. A conjugate as claimed in Claim 1, which is for use in X-ray imaging.

17. A conjugate as claimed in Claim 16, wherein the contrast agent is an iodine
compound.

18. A conjugate as claimed in any preceding claim, wherein the protein

molecule is a single, complete or substantially complete, protein molecule.
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conpound. 18. A conjugate as clainmed in any precedi ng
claim wherein the protein 30 nolecule is a single,
W@ oovplogtses or substantially conpl ete, protein nmPCECBR@4/000582
WO 2004/ 071536 PCT/ GB2004/ 000582 60 19. A conjugate
as clainmed in any one of Clains 1 to 17, wherein the
protein nolecule is an oligonmer of conjugated
conpl ete or substantially conplete protein nolecules.
5 20. A conjugate as cl ai in Caim1l9, wherein the
ol i gonmer conprises from two to twenty discrete
19. pAmoeajugam)asclaimed imang qmeecbfe@ahhy 1dp /o wheneindhe lppoteim
| filve, sc et roteltn m)le .21 ,% ﬁo Fg}jl as
molecufd, % an Sl it ZBrifiete i mPhtariefit Shiviss siptei
moleclegleri ved from humans, or is i denti cal, or
substantially so, in structure to protein of human
origin. 22. A conjugate as clained in any preceding

0. CARCTGARE B iR R PRt Rgl n8in HipBdinenEodPisd from
two to tsavdwraiscﬁeeé prdtel MBEclles]4nord mrefdrabiptup wstedl 8F 0B b five,
Claim 23, wherein the al bumin is reconbi nant 20 human

discrefe proieia palecHiesps. A conjugate as clainmed in any
preceding claim which is soluble and wherein the
carrier conprises a protein nolecule. 25 26. A
cAmgonjgfate as cldirmedea any psueqedmg cti mQMmermn the prdtém is

denve%g;'e BB dumats. oF & Wentite) ek ubainbaly S in Skt fa grotein of

humahlopigifed i n any preceding claim wherein the targeting
noi ety is selected fromthe group consisting of
anti bodi es, other proteins and 30 peptides. WO

22. 2RQ:% ngja?eg gs %%%@%Q%Q%Qgégglng claim, wherein the protein is an

albumin.

23. A conjugate as claimed in Claim 22, wherein the albumin is human serum
albumin.

24. A conjugate as claimed in Claim 23, wherein the albumin is recombinant
human serum albumin.

25. A conjugate as claimed in any preceding claim, which is solubie and
wherein the carrier comprises a protein molecule.

26. A conjugate as claimed in any one of Claims 1 to 24, wherein the carrier is
in the form of a particle formed from protein molecules.

27. A conjugate as claimed in any preceding claim, wherein the targeting
moiety is selected from the group consisting of antibodies, other proteins and
peptides.
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61 28. A conjugate as clainmed in Caim27, wherein the
targeting noiety is an antibody. 29. A conjugate as
web@unedié n C aim 28, wherein the anti body i s BCT/GB2004/000582
nonocl onal 5 anti body. 30. A conjugate as clained in
any preceding claim wherein the carrier nolecule is
coupled to the targeting noiety by a
het er obi functi onal cross-1jnking agent. 10 31. A
conjugate as clained in OQﬁrnBO, wherein the
cross-linking agent has one reactivity that is
28. spewinfugate asfdaimeddn&lain adpwhereindhe targeting moietlyiiean
. apnd absent fromthe targeting noiety, and anot her
antibQQyactivity that is specific to functional groups
present on the targeting noiety and absent fromthe
carrier. 15 32. A conjugate as clainmed in Caim 31,
29. wAaosjugateasclaimed in fRaimy 28gwhereiodhe antieedyiscupwnosional
anﬁb%gp reactive to -SH groups on the carrier. 33. A
¢ njugate as clainmed in Claim32, wherein the
cross-linking agent 20 conprises a group sel ected
fromthe group consisting of maleimde, )
30. 2AmpNjugatel asislaimesdn eaydraceding flajas ahare@dhe carrier
By I o . . o o
moledifé fq Eiubfed BEHRE gt Holes o A hE G ondidFosslinjing
agent.n C aim 31, wherein the cross-linking agent 25
conprises groups that are reactive to carbohydrate
noi eties, or derivatives thereof, present on the

31. gg.fc% udile BRIcRdidheddR ClAINt 0] WietSindRe ercystkind'agémi Has

, _wherein the cross-linking agent conprises a
one regativily thit ig spegific Bofupetionalgioupg aresen anl themedrieranthgbsent

rom 8255805530800 8 i 8GR S e

groupa(itésentlcritheRaidctingndieBPana8 2bsent from the carrier.

32. A conjugate as claimed in Claim 31, wherein the cross-linking agent
comprises groups that are reactive to -SH groups on the carrier.

33. A conjugate as claimed in Claim 32, wherein the cross-linking agent
comprises a group selected from the group consisting of maleimide,
2-pyridyldithio, haloacetate, haloacetamide, aziridine, acryloyl/vinyl, 4-pyridyldithio
and 2-nitrobenzoate-5-dithio.

34. A conjugate as claimed in Claim 31, wherein the cross-linking agent
comprises groups that are reactive to carbohydrate moieties, or derivatives

thereof, present on the targeting moiety.

35. A conjugate as claimed in Claim 34, wherein the cross-linking agent
comprises a hydrazide group.

36. A conjugate as claimed in any one of Claims 30 to 35, wherein the cross-
linking agent is selected from the group consisting of:
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62 mal ei m docaproi c acid hydrazi de;
3-(2-pyridyldithio)-propionyl hydrazide;
woralogiomsadopr opi oni ¢ aci d hydrazi de; PCT/GB2004/000582

N- (K- mal ei m doundecanoi ¢ aci d) hydrazide; and 5

4- (4-N-mal ei m dophenyl )butyric acid hydrazide. 37. A

conjugate as clained in Caim25, wherein nore than

one carrier is coupled to the targeting noiety. 10

38. A conjugate as clai med4 n C ai m 37, conpri sing

from2 to 10 carriers per targeting noiety. 39. A
maleioudgeepnoic axid bydramed; in G ai m 38, conprising from?2 to

5 carriers per targeting noiety. 15 40. A conjugate
3'(2"@@'(1&’[({&}1@??'"8‘?1'05%’)}‘3/ ¥ ng claim wherein the

maleiW&ﬁbFMic%& ¥rdAdean antibody and is coupled to the
carrier via a coupling site in the constant region of

N-(k-mhaleiraidaundeganadio a¢id) hxdeezigeignd as clai ned in any
recedi. cl ai in which. .at.least 90% nore
4'“'@?‘%@8\’@&8%%&“)@9@0 Wq yarafidest preferably at | east

99% of the agents for delivery to the body (or

precursors thereof) present in the conjugate are
37. cHeaniygaty asitaimedtin Glaien 28y wherein zsorgthan operganden is
' | receding claim that has a binding
coumgétt‘lglt/%{yg?g?ﬁ@@]g%grgeti ng noiety in the conjugate, as
nmeasured in a conpetitive binding assay, of at |east

50% nore preferably at, | east 60% ., 70% 80% gr at.
38. 7 Bcionisistp SErATSN IR AdecemPERREHETIY: @ ) cagersper
targetthd ﬁfd?%kk.ati on conprising a conjugate according to any
di

priece g claim in admxture with a pharmaceutically
acceptable liquid nmedium WO 2004/071536

30, - GRS s A EIR T 38 o bin 210 Bakefs bl

targeting moiety.

40. A conjugate as claimed in any preceding claim, wherein the targeting
moiety is an antibody and is coupled to the carrier via a coupling site in the
constant region of the antibody.

41. A conjugate as claimed in any preceding claim, in which at least 90%, more
preferably at least 95%, and most preferably at least 99% of the agents for
delivery to the body (or precursors thereof) present in the conjugate are covalently
bound to the carrier.

42. A conjugate as claimed in any preceding claim, that has a binding activity of
the targeting moiety in the conjugate, as measured in a competitive binding assay,
of at least 50%, more preferably at least 60%, 70%, 80% or at least 90%, that of
the free targeting moiety.

43.  Aformulation comprising a conjugate according to any preceding claim, in
admixture with a pharmaceutically acceptable liquid medium.
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aqueous. 45. A nethod for the preparation of a
targeted conjugate of an agent for 5 delivery to the
whoay/omssh a carrier, which nmethod conprises (BYT/GB2004/000582
reacting the agent for delivery to the body, or a
precursor thereof, with the carrier to forman
i nternmedi ate conjugate, and thereafter (b) (i)
reacting the internediate conjugate with a
het er obi functi onal cross- 84 nki ng agent to activate
the internedi ate conjugate and then reacting the
44. aétformulation 88 daimedrie @Glaine 48pnjhegeindhedigiidanediugeisi ng
noiety, or (ii) reacting the internedi ate conjugate
aqueRi¥h a targeting noiety that has been activated by
reaction with a heterobifunctional cross-I|inking
agent, or (iii) causing the internedi ate conjugate, a
45. hAireetiedifonthe mreparatioonf-a tangéted copdugatenfian agenytari ng

. [ ‘ si.mul t aneou together. 15 46. A
dehveﬁg#cﬁ&ge Q@d%ﬁgﬁ%ec@rﬁ"?\r’ ﬂﬁq}m@hg‘&ﬁ8 R®%he carrier
ngd)eeaeting e dyept RIrRtietsto thé badlyTef Bqfle@srs6f BiehBst, ith
Claim46, wherein the carrier material is an 20
the cagrigiin ferman infermediaie cesjudaienased thereaftarm 47, wher ei n

t | DL, S . b0 ,

5 (P 4R 3 S ITRBGRES (BBl Fif o ftefbif AghSial oss-
linking leggn&ﬁgr@hﬁ/atdthmmteﬁ?egmtebbnjfgate 52% tmemr}:mdmﬁdg ﬂﬁe activated
. clai,red in any.one, o ai ms tn. 49, wherein the .
intermegfafeqaniHosi miyR tarsetind maleiagr (13 fedeting Ahittatpediate
conju§atd Wikd aitirg@ g AfleQfthiH RESPeén dclivatBd H1RESTich Wik a

cross- |inKing agen Ras one functionali'ty that i1s

: : .ag .
heterchifwictionraliosess-irddng agend, on (ijj) capsing ths itermatiiate conjugate, a

vt ST A BT

simultaneousigtegethgr.t hat

46. A method as claimed in Claim 45, wherein the carrier material is
proteinaceous.

47. A method as claimed in Claim 468, wherein the carrier material is an
albumin.

48. A method as claimed in Claim 47, wherein the albumin is human serum
albumin.

49. A method as claimed in Claim 48, wherein the albumin is recombinant
human serum albumin.

50. A method as claimed in any one of Claims 45 to 49, wherein the targeting
moiety is an antibody.

51. A method as claimed in any one of Claims 45 to 50, wherein the cross-
linking agent has one functionality that is specific for reaction with groups present
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is specific for reaction with groups present on the
targeting noiety and absent from the carrier. 5 52. A
woreiohodisas cl aimed in Caimb51, wherein the  PCT/GB2004/000582
cross-linking agent conprises a group that is
reactive with sul phydryl groups. 53. A nethod as
clainmed in daimb52, wherein the cross-1inking agent
conprises a group selected fromthe group consisting
of nal ei mide, 10 2-pyridyl@ thio, haloacetate,
hal oacet am de, aziridine, acryloyl/vinyl,
on thdca;rreg@ylldcéblzs)ehbfrgmlheéargatmhan\f-ﬁﬁt&ncﬁa detdndfunctiondlity that
. net as cl al In aimpbl erein the
is qugnfgsfo rre,qugpﬁdmgggr@pps(ﬂgﬂ?ﬁntsc& the t@,rgﬁ}@gtrnglety and absent from
the Cé,ﬁ@pt ive with carbohydrate noieties or derivatives 15
ereof. 55. A nethod as clained in Caimb54, wherein
the cross-1linking agent conprlses a hydrazi de group.

20 56 t.hod f t
52. 8 ReeRs CaRee T WrE S oSt ikiRgageibs
compfses gﬁf@H[@'ﬂ%’l i$ Rodcife YA $18phYdrgl GfbubBt er medi at e

conmpound "~ or nol ety that conhtains, carboxyl groups.
57. A nethod as clai msd in Caimb52, wherein step (b)

3. A SBRRBE prlinedif B 225 Wibriin B ARk dB B4R, oy

compdses afgra;psaﬁchb% ﬁ'@m&ﬁe gréep ebnsisting of ﬁfbalelnﬂd@| ves
the carrier with chel ating ent and

2- pyﬂméidﬁbw %aha@étatedaﬁmm@a@%rwdlaﬂ, n ybﬁwevlaédoyndyldnthno
and ghﬁ{r%g 64}@_&@&%3“ ng agent bound to the carrier 30

rraerla i ons added to the reacti on m xture,
wherein the pH of the reaction mxture is maintained

between 5.0 and 6. 5 during addition of sai.d neta
54. 7B 0SRRe ated ndeae B udisuainyBesoss-futag Bugnt
compﬁ§é§1 aq;raﬁ ﬂia%lléméédwew @dpoRjdiaté nithetits dradérfiatives
wher ein the carrier conprises a soluble protein

theregfpl ecul e. 5 60. A nethod as clained in any one of
Clainms 45 to 58, wherein the carrier is a

55. A method as claimed in Claim 54, wherein the cross-linking agent
comprises a hydrazide group.

56. A method as claimed in any one of Claims 45 to 55, wherein the agent for
delivery to the body has, or is coupled to the carrier via an intermediate compound
or moiety that contains, carboxyl groups.

57. A method as claimed in Claim 52, wherein step (b) is preceded by
unblocking of sulphydryl groups present on the carrier.

58. A method as claimed in any one of Claims 45 to 57, wherein step (a)
involves reacting the carrier with a chelating agent and the method further
comprises formation of a chelate between the chelating agent bound to the carrier
material and metal ions added to the reaction mixture, wherein the pH of the
reaction mixture is maintained between 5.0 and 6.5 during addition of said metal
ions.
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particle, and the nethod conprises the prelimnary

step of formng the particle fromparticle-formng
wordog7EBe 61. A nethod as clained in C ai m 60PCTOBR@i41000582

the particle is forned by a 10 nethod that conprises

the steps of i) formng a suspension of the

particle-formng material; and 1ii) spray-drying said

suspension. 62. A nethod as clained in Caim61,

wherein the suspension of 69article 15 forning materi al

is formed by dissolving the particle-form ng nmateri al

in a solvent, and then adding a non-solvent for the

particle-form ng material, .as to brin apout )
9. p/?\éee PHAS daimad RYRI ohElaime4 ogosrarharel thegearrier

compggérm%o%@Eﬂgtgmqnb,gc%yoof Clains 45 to 62, which is

the preparation f a conjugate as clained in
any one of Clainms | to 42. 64. A conjugate prepared by

t he t hod qf. any, one of ins 4 0.63., 65, nmet hod
60 {Binghid s N et Gl Treoat SHetB et s a
partioffp S8 he fethf@hAirises b Sdfimitln Slofoh RAMIRGERS bartRie
from pastiderfermingfmatetiahj ugat e according to any one of

Clainms 1 to 42 or aim64, or a formnulation
according to any one of Clains 43 to 44, to a human or

61. aNim@thodsghiigitied Wik 6Ohwhegeinthe Datticld & foemed by a
obtai ned. 30 66. The use of a conjugate according to

methaoghfhab gamerises thestepsoh 42 or Jaim64 in the

) CRRRIRER Sufpdhisifh o B ACRTORAInSARRIE NG 0F o
i) isprgy+yyingsaid suspension.

62. A method as claimed in Claim 61, wherein the suspension of particle-
forming material is formed by dissolving the particle-forming material in a solvent,
and then adding a non-solvent for the particle-forming material, so as to bring
about precipitation of the particle-forming material.

63. A method as claimed in any of Claims 45 to 62, which is for the preparation
of a conjugate as claimed in any one of Claims 1 to 42.

64. A conjugate prepared by the method of any one of Claims 45 to 63.

65. A method for enhancing the contrast of an image obtained by a medical
imaging technique, which method comprises the administration, prior to the image
being obtained, of a conjugate according to any one of Claims 1 to 42 or Claim 64,
or a formulation according to any one of Claims 43 to 44, to a human or animal
subject from which the image is to be obtained.

66. The use of a conjugate according to any one of Claims 1 to 42 or Claim 64
in the manufacture of a formulation for enhancing the contrast of an image to be
obtained by a medical imaging technique.



