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WO 200- 1/ 071536 PCT/ GB2004/ 000582 1 CONJUGATES FOR
MEDI CAL | MAG NG COWPRI SI NG CARRI ER, TARCETI NG MJ ETY
AND A CONTRAST AGENT FI ELD OF THE | NVENTI ON Thi s
invention relates to the delivery of agents to the
body. One particular class of such agents are
agents useful in nedical imging [ ques,
w%’g‘b@%“éents may be netals useful as contr%@ﬁgg}ﬁgﬁ{“g’m
in magnetic resonance imging (MI), or in nuclear
I magi ng, including positron em ssion tonography (PET),
or as therapeutic agents in radiotherapy. The agents
may alternatively be contrast agents useful in X-ray
i magi ng. The invention also relates to nmethods by
congutdrie€ hvor agentas Hmerrdetdwwersynt estirer bosycecan berseowab ed
CONTRASY BEENTi ers and to 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
FIELDJOR THESINVENTIoRges obt ai ned by techni ques such as MR
15 or X-ray inmaging, by the prior adm nistration of
suitabl e contrast agents. In the case of X-ray _
This invemlifimglaiescio thg eplienaoeadents athieybodiy.gling pasibiuterabag we
rials ile for | they, .are.typicall
such oJBHEHLE EBorastBeeuli Rmadil FeBne Puideds Tbe i res
agentsoﬁa{f be nratals ugkiunhe cmg@a(%h agdety imnaghaid edusgtte inaging
nucl ear inmaging,, radioactive species are us 0.
(MR, GE LT oA e it flge RS RS Ty FEua PRl (D). s
therapb@Sganits i radiotRraNd yrhat ageht<hay MitefrRdieqebicsatrafeci es

om0 s GBS BECD ST B

‘agentsefishildlivery 1BRhO ¥edy BAT bOEHBIIEE to Sureibrs TN OUSIBING mdRYies

.invol.ve . increases in_the residence time of contrast
effeotig Ko AneEH e HBeHRyP At ORI AEDO%. 55 t ho |

specificity with which the agent is delivered, ie = -

concentration of the agent at a particular |ocus

BACK@RCIIND OFeTHEINVENTIONC| ear i magi ng, radi oactive netal

i ons have been attached directly to a nonocl onal
anti body (Mab) using a chelating noiety such as :
It is kndwa tdnghleareserthacbmeast of iméDeaAiziféd by techniques such as MR

or X-ray imaging, by the prior administration of suitab!é contrast agents. Inthe
case of X-ray imaging such agents are typically highly radio-opague materials,
while for MRI they are'typicaily paramagnetic species that affect the reiéxati_on
times of the medium into which they are infroduced. In nuciear imaging,i
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 agenf 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 direc’t!y toa
monoclonal antibody (Mab) using a chelating moiety such as diethylenetriamine
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PCT/ GB2004/ 000582 2 pentaacetic acid (DTPA). However,
this chem stry has been found to be non- specific and
generally leads to a reduction in antibody bi nding
activity, the reduction increasing with increasing
anounts' of agent coupled to the Mab. 5 For exanple, a
nmonocl onal anti body was | abelled with DTPA anhydri de
wo(ziilAg); and the conpl ex was used to chelate ['53Sn]
chloride (Boniface eta! 1989 JNuci Med 3@CBEIB289/L)0582
When | oaded with twenty netal ions, the conplex
retained antibody binding activity of greater than
90% However, when the nunber of nmetal ions was
i ncreased to fifty, the 4 rmunoreactivity dropped to

'  OMV.: 5 0 10 the | abelling of antibodies
p entaa%%#ﬁ%éﬁ:é‘r%ﬁ %'2 OW$ ey +thig Qh&ﬁtl%frymasxlﬁegenrfeumto;ﬁe ﬁ;’;ﬂ-l 0
specifi¢ had genalte @Ot R0 Pint il RO H G A Tl A Vi 1Y 1S

reduct:%crf ected adversely er WOT

PATSARBO i | BC@SHG\&W@@S af émﬂ&dﬁkc@t&hém}léﬁt | oss
of anti body binding activity (Paik et a/ 9987 Nucl
241158-1163). 15 The direct |abelling of

For exagpﬁg godPagcipra abtisrdyusasiabsilay @BV DTPA él'%hgiﬁ fBTPAa)
and th%ﬁﬁé}@\!\r@é uey fo@%gat%@%}péhﬁg Ko, %ﬁﬂf@@@%ﬁé)@wﬂml e

scanTM and

Med 3023:6%)  Wehendaadduwit siaebritprmct dhsC 8RS mpid f123gpe 208N S

c and

ntibod t || ed direct
ARe g?“’?’?@ﬁé@é‘ﬁgﬁﬁd @‘ﬁprﬁ t-r Hewsyer wagn mmmmbemima] :

lons wag dngreaseq te fifty, lte lrﬂﬁﬂﬁ@%@&#%%{r&ﬁfeﬁ tb BERN A%, 2! d
the fabéﬂfngw.lanttﬁ ég% ffgg ﬁ%&é’l %ﬁe@%&gﬂlﬁ S&Eiﬁxﬁﬁﬂﬁan

nonocl ona

be b O”r@r@&a’eIanifh@BB)mdimgeﬁﬁvﬂgﬂé bﬁ&t@@ﬁﬂ&&s )(7) - 693-700) .

Hovvever the levels of Gd | oading wer 25 very | ow
Otherw 5 Gd3+ ions per antibody-nol ecule), and no :
| a'ﬂfﬁrsdw?sbwwmm aemhms\mfatxo@‘s 16RSs éi?%t%ga &95 ﬁg{l
ossofaﬁﬁﬁéﬁy'%%ﬂ%é&wyt g_yodel 3 1f was OSt
| east & e 2ls o Nue! Medi241HtH8 (1 G5
hi gh enough to

anti body nolecule to produce a si gnal
roaches along simlar |ines

The duregﬂéﬁ‘élﬁ b pec
R have bneggérllr r epo %‘%Qa? Ee‘?rh@ q ograd (ember mﬁ(an'pl e :

commereiglaihedy-agadmreduats. Rur oxBRle CEALscRBA™S A EnEl s S5t N

are com%ﬂna%? %@éilabielagents that can be used to image cancer. These

agents consist of antibodies labelled dlrectly with 89T and on intravenous

administration they bind to cancer cells.

A similar approach has been taken in the field of MRi in which early studles
looked at labelling monoclonal antibodies: ‘with DTPA-Gd using DTPAa (Unger et af
1985, Investigative Radrof 20(7): 693—700) However the levels of Gd loading were
very low (1.5 Gd* jons per anttbody molecule) and no antibody-DTPA-Gd
enhancement of the i images could be seen in an in vivo model. 1t was postulated
that at least 100 Gd atoms wou]d need to he bound to each antibody molecule to
produce a signal high enough to detect by MRI

Other approaches along similar lines have bean repotted in the literature (for
exampile : Shahbaz:-Gahroue: et al 2002, Aust ths and Enq Sci in Med 25(1}:31-
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WD 2004/ 071536 PCT/ GB2004/ 000582 3 38, Matsunura et

al (1994), Acta neurochirurgica 60356-358. Curtet et

al (1988 Intl J Cancer 2:126-132). A conmon problem

with all approaches involving the direct conjugation

of a 5 contrast agent with a targeting noiety such as

an anti body is that the |oading of contrast agent
WY Y& i ntai ned at a | ow | evel, since ofREFRIEEINFR

i mrunoreactivity of the antibody is adversely
affected. The | oading of contrast agent may
consequently be | ower than woul d ot herwi se be desired,
leading to |ower than désired contrast effect.
Simlarly, where a therapeutic agent is 10 conjugated
38, Mefsumigaehaifd 894 p0Amainetsachimeict 60:656:358f Cartettet atyd088),
msed by the need to maintain relatively
Eﬂbig%%ggg%ggggégf the agent. To increase the residence
tine of contrast agent in the blood pool, polyneric

A mol ecul s hai_/'e been used as a carrier for t he contrast
00’3'88%@ 4P ) aperogchies invelving the girestgosiugation aka human

contrat bg%mtﬁf@ta%étiyﬂrﬁﬁ%é‘l? %h%sla@%db%é ARRCE L S

used to carr rast netals

contrand pGeRidNY be raalaiaimelivh edowtievel, gineatherwighe _

o e o0y b o, o BB o B
agentapay censefuentytbedowerings Bgouidvafgnsivi's@ b&desinath teadingrigi ng
lower%(aﬁfp&es]rr@:l coﬁ%t@ﬁ &l %ﬂﬁ?%ﬂl}%%%gé Iae?ﬁgégrc%yeﬁhgl | ysine _

bone was reac! ed W ate
coruugateﬁ withra targetiog meigtyithe sficacPohinabagerlt njayd82somromiskd

| h
bythéyg%‘érdl t%ounﬁé%gn?ﬁg ovv{fo'&d 'ﬁeﬁheg %ﬁlngst ot hgve an

i ncreased residence tinme in the blood pool.

|
o incfSISRRE Peshibffee AR RS oL bOeRE M B8 1o Ak gg@ﬁ'ﬁf?@er
mole é@ye deen usﬁﬂ:aseaserrleh éor thadongasifagesintin aatly agent and

expengr%g'tbs %ag%rsfz %‘o% FQ)[EH&FF%IB?JM‘II& gn# SP@%@?W% é%eﬁ%gﬁtg

DTPA%WWM 5311y MERl goptsast neta’s (g BSTRABGdkiouhd BY Palyigsinens

see Gléﬁ%?d @?aﬁ?‘%%)ﬁ' MERDNSS. ?55—_:@?;@\2 by otf?ﬁrl eveégq%\"n% e?lﬂ’ﬂl ng

aibumgb@nq keyineimmynngladiulin were .iai:ta!lb@ sjth AP Al s thdl_aaiﬁrﬁ al
(19851 WiRhekit BN #ar12D 18R o B F£11-96) B Wbl e Bl bh&ad on

poly-L-lysine backbone was reacted with DTPAa and used to chelate In for
imaging purposes (Pimm et al (1992). Eur J Nuci Med 19:449-452). In these .
studies, the carrier-bound contrast agent was found to have an increased

residence time in the blood pool.

Attempts have been made fo combine the two general approaches outlined above,
e to utilise a carrier molecule {o increase the loading of contrast agent and to use
a targeting molety 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
peri odate, by reductive am dation and using a
200-fold nol ar excess of the polynmer. GJd3+ was then
added at ten-fold nolar excess. Antibody binding
studi es showed the antibody binding activity was

woreduesgs by 60- 70% conpared with the free antibody. It
was 5 al so noted that the polylysine-anti BEaGB2004/600552
conj ugat e was i munogeni ¢ and was taken up. by mj or
organs such as the liver and kidney. Another exanple
of the conjugation of a poly(L-lIysine) chain | oaded
with DTPA-Gd with a Mafh was descri bed by Manabe et a/

: 6 jochem ca at Bi ophvsica Acfa 10
e 50:%%%%T§%@&E’6??twﬁﬁﬁﬂ Phineapyibosly hith periveatbenvetiak®a i n
amidatiorebiad using B @0bhe R f.dru to the, body. For
ng d%iér ks oaﬁeﬁmrr é}gt g%m% has

t he anti cancer age

added aggaqﬂ £ . . . ;
T hedh f-’lfﬁRféaewss-hanaboce;ebmamg|sb;m@srsrbwea%@5n@dod}98_8,
S el oone T B ERGE atba il Hevmeybot tuaso

devel gpnent ™

also notggfthat fio palysine-awtibedy benjugatd wad iniHiiboeficl i ALY N,
nKke 0]

taken upAREmbRE of, I f, -onj ugate was chemccally 11
an ant i gé%)ﬁ/g S%ﬂ%@@%’?ﬂ@”ﬁﬁﬂ“ﬁﬁdy- al bumi n- M conj ugat e
had much reduced bl ood pool half-life in conmparison to

A tibody. 20 Simlar work with MIX was done
nother %&ﬁ’ﬂ@ré%? th%%“ﬁ'%g%? R&B?Mldmwe&:amre foaRed with DTPA-Ggd.

, tung €
With & Mafp wps visseibBe by iManzibeter B EIDIaIBEAENEL Si 95, MK, Wer e
883(3):4b@aged onto the HSA nolecule: d ug

Toading, the half-life of the drug was estimated to
be up to 3 weeks. 5 WD 94/12218 and US4794170 descri be

- Lact osaninated h lbumin to target
Smilr sbiBadRS 1Be B BB SRjonyinios colbenner Grugsto ot he
0190 -

Qe ntense,

body. Fof pxamplentheainticarioen agenttReMbirbkete
st T '
Xepddraftyipes. Thi s

" 1
e COon g'i %’g%é@ﬁﬂﬁfor ao

irgeNd H
i aNcer drdg devefonmeant 9B 0s
moleculed ¥B8R GRATLR ed tot
hemicalll & arragﬁﬂ%alﬁg "hlg‘?c_gﬁqg? ?*WW(@W Peirastingcanjugatewag o an
E emica a&m%ﬁddgmmbme!mowweg,emerwmba%ﬁamu@ﬁx-m%cg,ﬁ@%a{ehe
d Ate .aLing .groups per targeting groups
a muchﬂl_gme\/wgrt’%ocfgﬂl AR i comiparison to the free _an%bgd_y.

Similar work with MTX was done by Hartung et al (1999). Glin Gancer Res
5(4):753-758 in which much lower levels of MTX were loaded onto the HSA

mofecule. With this reduced drug loading, the haif-life of the drug was estimated
to be up to 3 weeks.

WO 94112218 and US4794170 describe the use of lactosaminated human atbukﬁin R
to targ.et antiviral nucleoside COnjugétes fo the Iivér for the treatment of chranic |
I

- Spe . Omprises a recepior specific

ligand for the cell type chemically bonded to the complexing agent for a
paramagnetic material. Poly(L-lysine) is cdupled to an asialoglycoprotein targeting
agent to increase the num_ber of chelating groiaps per targeting group. However

the poly(L-lysine) coupling is performed prior to the attachment of the t;hefating l.
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the poly(L-l1ysine) coupling is perforned prior to the

attachnment of the chel ating WO 2004/ 071536

PCT/ GB2004/ 000582 5 groups and therefore nodification

of the poly(L-lysine) carrier and the

asialoglycoprotein targeting agent wl| necessarily

wth a potentially deleterious effect on

‘N%PWﬂPH@mact|V|ty of the conplex. 5 Further'%ﬂﬁpdﬁﬂﬂg§“

to the targeted delivery of agents to the body have

i nvol ved the use of nol ecul ar aggregates | eg

| i posones) and particles, typically with dinensions

of less than 10m Exanplé% of work done with Iiposones

include: 10 US 5929044 describes delivering a

© groupsiavddhérefore omddicatibt an‘ the pely(L-ysimey cariteaarg;bﬂwieng agent

ent carried i'n eitphe some or

as;alo§%o€rg§em k‘rﬁgw‘@%’ r"egfasiﬂf Py aBﬁef’JH%Puse of
deletériopgsﬁaas)naﬁe@ﬁuﬁmgeacﬁ(rwmb%@m .carriers of imaging
agents are described by Caride (1985) Critical reviews

in therapeutic drug carrier. systems 1(2) 129-953 and

Furthdr dgﬁﬂfé&hé@%ﬁb tﬁ@éte@r d&v@%‘ df‘ége% b ﬁi@bé’dg haed iibived

has been”chem cal [T nke to stéarylamne and
the an@%@ﬁ%r@@gmﬂa&ea (7 hpsz@orgawf%n;bpaﬁmaes uninsify with

dimerSRImRRRES tha particles had increased relaxivity
conpared to DIPA-'Gd. .al one (Kunimasa et al (9'992)

Chem and Pharm Bul l etin (Japan) 40(9): 2565-2567).
ExamérBQ"oF rl@écﬁ%wl s&l?;e cg%d%)rk_ has been done is the

nanopar eliver contrast agents,
and the targeti ng of these nanoparticles to deliver
us 59@99# E%snc%‘ﬂg% PSIN%%S adi ﬂél%@%gﬁﬂorﬁrﬁg ég 8@”?%% St’g'gg
agenthhﬁblnaQtus@gaeﬁsmrribiiFBAetlhsr lipasonenarzoparst i cl es and
simlar targeting with -
&d- DTPA- phosphat i dyl et hanol ani ne (PE) nanoparticles WO
A large pomber oigadlieginncRR(DE 1160 05 BRosomassisrgnidrbtarpeied

carrier%b %3 ?ﬁ?ﬁg&' aB¥nt¥GR 8dschibed by (iR (1088 kiS5 BoRAAGNCe 1N
therapeutic drug carrier systems 1(2) 121-152 and Tilcock (1999) Adv Drug Deliv
Reviews 37: 33-51.

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

Another area in which much work has been done is the use of nanopatiicles fo
deliver confrast 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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50(2): 411-416. Several groups have described the use
of targeted iron oxide nanoparticles. For 5 exanple,
Suwa et a/ (1998) Intl J Cancer 75 (4): 626-634
descri bed nanoparticles of superparamagnetite (T2
contrast agent) coated with Mab directed agai nst
epidermal growth factor. Simlar work was done by
woMEMsis;0f @/ (1996) Brain Tunour Pathol ogy 133
(2? 12/-132 using Mab-1abelled polyethyl e T/GBt/000582
gl ycol -coated iron nanoparticles. 10 In anot her
approach, Artenov et at (2003) Magnetic Resonance in
Medi cine 49(3) 403-408 descrlbed first targeting the
tyr05|ne ki nase Her-2/néu receptor with a Mb that

f}@ n b| otin I at ed. Then streptavidin | abelled
using Ud& re tWagredc Wesenarsedn %cﬁ@f&get
50(2): 4-h;e4m ot| nyI at ed cancer cells. The nanoparticles

generated strong T2 MRl contrast. A T1 contrast agent
has been described by Yu et al (2000) Magnetic

867-872 which ts of
soverafBpARERRE od Bt EEIE B8 of hEhe o ampson sobon

examplpaBuysa et a/¢t @QMIM% g)aﬁﬁé@ﬁ(@@-fﬁﬁ @&'Eﬂbﬁd( figno noparticles
the outer suriace S

of supel i FhAGHR Adpinast agegtiCoakiswREMapaiiectedrgaimebon

epiderted gamivth b it revHR SRR %ﬁ:ﬂ% A

t| esonance in =439 in
Tumou/galiobal?d Abrireipd polyethyisneeheol-coaed ed

iron nanopatticigsa( v) bet a( 3) integrin present on 25 angi ogenic
endot hel i um (using a specific Mab). Mab agai nst human

bl adder cancer has been |inked to adriamycin-1| oaded

In anotfbua?%roaa’c W%@ﬂ%ﬂ@@] %a%ﬁéﬁ%@ég&é?f?@edtﬁ' rlﬁ;ﬁ; |
:ﬂ”i"t’:%e?fzﬂﬁﬁﬁfﬁ@@f%ma theivrasing KiaserHet2inen reasptdramitizeen
ab thatibsd beérehiotm’y!éted NTHEMrepla d&ﬂﬁ?b%ge\a/{f g%&é%’%%heme

nanopalghlgg%gé%! gzmggv 34; %a%%:ltcametseuslﬁ‘heah%cmam |

generaterhstrdrig T2EMRMG6mtedagbbl es that can be | abel | ed and used
as a

A T1 contrast agent has been described by Yu ef al (2000} Maqgnstic Resonance
in Medicine 44(6): 867-872 which consists of a fibrin targeted llpld-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 Andersdn et al
(2000) Magnetic Resonance in Medicine 44(3): 433-430 i in which Gd-
perfluarocarbon nanoparticles were targeted to a!pha(v)beta(S) integrin present on
angiogenic endothelium (usmg a specific Mab)

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

The use of microspheres as a carrierftargeted carrier has been described in a
number of papers. For example, Klibanov (1999} Adv Drug Deliv Reviews 37-
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targeted contrast agent. WO 03/015756 describes a
nmet hod for the preparation of mcrospheres of protein
mat erial and the incorporation into those nicrospheres
of therapeutic agents and contrast agents. 5 There
have been many publications that describe the delivery
of drugs linked to albumn mcroparticles.

WRLHEIES cyt ot oxi ¢ drugs (doxorubicin and W?Wﬁﬁ?&WWW*°
c) have been | oaded onto 40m human al bum n
m crospheres and adm nistered to the livers of
patients with colorectal hepatic netastases (Kerr at
of (1992) E)(S 10 (Switzerl and) 61339-346). Despite
the volunme of work that has been carried out, there

139—157&1‘@bfﬂ$ecﬁgdﬁﬁl@dfrmmobtjablgeﬁm canelgziied anfl uagé mss for

he b f
argetedagulrthashnt Wor S 7158 Qe besamigal 1 e WaRPiHdee ef
mmros}ﬂhér@s b{ﬂﬁ‘m?&ﬁ? Hiat&ﬁii‘ 684 ARMinaBBoldtionsiie Hosemiefodpharistd
act IVIté(_ﬁ he targeting noiety, for effective

therapggicpmentsgand gonlrgstaganéd-ore an obj ect of the invention
to provide neans for the targeted delivery to the
body of an agent, in particular a contrast agent, by

There bavs basatany piblisaiiznsrihat dessribs thendelixgrrral dayas lnked ta

a(bumifx ﬂ{ grﬁéérg glfgo ggﬁ éx%{i& ﬂi&ﬁ%ﬁ%sﬁ@f(@%ﬁﬂu&%{ &nd Qut%ycm
¢) havabeavivaded enta mnghhmmmi g mlt:respj@@eﬁ and\,admmtstered to
the Ilvet'?%gp é%ﬁj‘g‘?‘ﬂbc reg ?hgﬂéné’ortnﬁfg%rés%%:(: érPQF S_fgﬁbé’éféﬁ(@f
(Switzerlandp 633813451 he associ ati on of Iarge nunber s of
contrast agents with one or nore targeting noieties,

wi t hout destroying the binding 25 activity of the .
Despii¢ dregedlimng ofrwbrk thakhasatsear cattied eut; these dernging Aaneed for-

et FGRES ook caREEIAEboRp YRl Sl PAUIB kY e

requirenerds fdr ssufﬁtenpbading @f thencsnjfigate with thtaagmt@dnd@mw eng

retent:cﬁﬁa?ﬁqlﬁﬂaﬁ ﬂ$ ﬁgt\("é o gﬁa %&%ﬁ;\g@%ﬂé@% k‘gggg&@éﬁ?{iﬁﬁﬁ% whil e

| ocalisation of those netal ions within the body V\D
i GERAA 04 A TR R ik R o
to the iashmftdn;ageht i pagietiaca conjragiagest, foyconjugatien oleegrier
with th8 3GBhe arkdPwiti's tabrggé(ng oIt 1R Lads 1 @RfiGuate 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.

Ancther object of the invention is to engble the associatioh 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 mvention fo prowde means for the targeted delwery to
the body of metal ions in hlgh quantities, while mamtalntng a high degree of
specificity in the localisation of those metal ions within the body.
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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 According to a first aspect
of the invention, there is provided a conjugate for
use in nmedical imaging, which conjugate conprises a
WO Bk, i N the formof a protein 10 nolecule or a
particle formed from protein nol ecul es, tReTCH2¢GBIOS82
bei ng bound to a contrast agent, or a precursor
thereof, and to a targeting noiety having an affinity
with a specific locus within the body. By a
"precursor" of a contra$t agent is meant a noiety that
Hisaﬁ%ﬂﬁpoh'in itself effective 15 as a contrast agent but
" ¢ROEEHPidee me'ﬁ@tmnddtpﬁm@é fr@@.tddéefomser@?@,ﬁb, I’éfo/ra\
targeteQdoh; er cies prior to uSe. An
e o A IR, B 26PaisD T barria omlbpds Praplo
the conjyigatasto cary hlgh doarfindsasf Mhd 8 &8 85 Mk by nglméi@gﬁq S0 as
mghde@%eﬂﬁ%ﬂé’ : tﬁ% che{ate t%at functions as a Mot
agent . %ﬁﬂgﬁ‘ dP95iNg RblGecgniugsteseant any techni que
used to visualise an internal region of the human or
he purposes of diagnosis, research

SUMMARRY 7l
bl " N ]r eatment. Such techni ques incl ude
principally X-ray imaging, MR, and nuclear inaging,
: | udi PET., Agents useful in enhancing such
Ac?”"ii@h%ﬁ&ﬂ%?ecﬁ?féh@ iaetioathare is rovidat acwabigate for use in
medical imagiag, wtith shj@fatd i organ or disease
et oAb bl P Aot

[ Wit hin
2‘::::&%55“8%@9&1’?’ mit:g m@ Peieini rmgleotles,ithe camieg Béig@ BBgRdies by
ent, opgbRGuisDE r | ved or easier
withasde@{rggré)ret ion of %ﬁ'ﬁ’é‘ @mggétfﬁ% '@Ei‘g{}f BEE0 affinity
re J_Cé'ﬁ"f' nyiBe dofy.as contrast agents, the use of
which facilitates the differentiation of different
m- ALt S, Of th I mge, by increasing the "contrast" - -
By a "prdfsol, %%@ésfoﬁaenénsmam@gmm thét is met inTegl effd@vahe
as a confrast mgboidnit which a9 S, es ents that -
admixtur@iRinSed Lo enhance f’ét"ﬂéeﬁgﬁ"’é’%?@%agﬁﬁﬁc that may
honetRBCSURernspegien prientedisen Arhexante of sudhfa sréelrso@n

s & metahgiatinganoiety, tASMASRoriAG Honas AR ShethlToMRld as £ Ve |
t hat. Doty orEs Miimelabions se as o form g
a metal of3pAME0 Snbitpe ph ecambastamsez o

By “medical imaging” is meant any technique used to visualise an internal region

of the human or animal body, for the purposes of diagnosis, research or
therapeutic treg‘i_rnent. Such techniques include principally X-ray imaging, MR,

and nuclear imaging, including PET. Agents useful in enhancing such techniques

are those materira!s‘that enable visualization of a particular locus, organ or disease
site within the body, and/or that lead to some improvémént in the quality Vof fhe N
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 paits of the

image, by increasing the “contrast” between those different regidns of the image.

The term "contrast agents” thus encompasses agents that are used fo 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 MR}, as well as agenis that are
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prerequisites for the generation of an image (as is
the case, for instance, in nuclear imaging). It wll
be appreciated that, though the conjugate conprises "a
contrast agent” and 5 "a targeting noiety", in
practice a substantial nunber of contrast agents (or
precursors thereof) wll be bound to each carrier, and

WOrRBHé7tShan one targeting noiety may be boRAE/GEZOGHRISE2
carrier. In general, .where the carrier has the form
of a protein nolecule, the nunber of contrast agents
bound to each carrier may be several tens, eg 10 to
100, nore preferably 200 60, eg 20 to 50. A simlar
10 nunber of contrast agents nay be bound to each

prereqﬁ’léﬁgs@of‘th@ﬂe‘ﬁ%kﬁti%n ohah iMBEE RisUP thercata! fo'r ﬁfstérféet fhe form
a particle. However, since a particle wil

nuc!eag@mrwn y be forned from a very | arge nurrber of

i ndi vi dual protein nolecules (perhaps 103 to 1011

nol ecul es), the overall nunmber of contrast agents :
It will besppticitedithat, tthowghdhe co@jugatelcemprises tecardrastagenttiamy | y

" | . t h 15
a taropffiadBoiel’ b pricinpa byEr i Rui R g STl aderBE LT e,
precureybirk theg@cﬁf)awmlﬂeybdwdltessdi F@‘:’neﬁ ,andmm‘em pmstar@a:ngne
case art cul a rier

mololy R A g CReRe- TR e EIRY IEATG IS $7H TR Dhggor of a

prote:nQﬁcﬁlét:tﬂ@ reéd th‘?éB@ﬁ cﬁfnltraW@"eﬁtﬁ !b@urﬁiab leiaeh chSier g}aytt?!e :
a _protein nolec SI e for

severa{.ﬁ@pg, ghtht 0219@ ok pgaﬁerpgiyf?é) to@&u pP gb%‘? gB TP

numbet» af EfiiraBladBRitLingy bbbRUSH td Becnpratien neiecds thatmakaeup

a carn%mla ﬂ',%tsflon ﬁﬁgﬁgo lc% @%Jeggggq% @gﬁélP% w1h %%fciﬁarg Yy Bel_Q

formed¥dth @veRfiafdd nitfiber irfdiidbal E)chibﬁrmcﬂécmaé (detipd 10° lt@ _
11 bound to the targeting noiety, exces go
107" mglecygil thapveriennbgr of sPRERst ﬁ‘aeﬂ*ﬁﬁéﬁ?ﬁ‘ S4B WG 90D < may
parbcld‘ﬂiﬂ%e&ibn%@ﬂ&icﬁﬁg]ﬂaf’%ﬁtm&ré fhe daritinag tae forii dfa prbteime
g g # he ConjﬁﬂﬁiPte accor fy %[I gh
molecyk i pHBHER Bl tr dng marstigs per senehlkasnsrly §5 Re eB &y
and maiys;ugt t{é)%rlbw llﬂtth@ BaseOtiY pAtioga dﬂﬂ%rﬂiﬁe&uﬁmllﬁﬁildf !farge:tmlgI
cce abl e | WM ner.a
motetigina, s sepaEiud). b conugeraby SreAey Hets iestansr €in ¥
the foeriflétpr@[@:rﬁl@BIe%u%l was @wb@ﬁmam rexeithae ohe caidiet to be

or nore.tonjcit dj usti ng
couple S AIRUTale fediiio de iethoddls iR muib: of sAfiegs bk BledRg' 9.
moiety@ﬂm @fﬁﬁrlalgﬂ?é less éhaH ey, FRa %lbd)rﬁﬁionwx‘n i20drednt In.geviral, it is
/ 071536 PCT/ 2004/ 0005 %
preferre ar only a smati num r of carriers to be bound to the targetmg moiety,
as excessive numbers of bonds between the targetlng moiety and carn_e_rs 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 phanna'ceutically acceptable l‘rquid medium.
That medium will generaliy be an aqueous medium, most commonly an aqueous
solution containing approprlate excipients. Such exc:plents may include one or
more fonicity-adjusting agents, preservatives, surfactants, and other conventional

pharmaceutical excipients.
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10 The conjugate according to the invention may be
soluble in the liquid nmedium in which case the
formulation will generally be a solution of the
conjugate. Alternatively, where the carrier is a
particle, the particle and hence the conjugate wll
generally be insoluble, and the fornulation will be a
ion or dispersion ‘5 of the conjugate in the
Woﬁﬂgﬂﬁgﬂmdi um Thus, according to a secon@casieaineks:
the invention there is provided a fornul ation
conprising a conjugate according to the first aspect
of the invention in adm xture wth a pharnaceutically
acceptable liquid nmediufl 10 The conjugate and
Th formul ation according to the present invention are
© cojiqRinPagwding o thednventberma@yf be SSIRBBLS theRigirt meaﬂﬁ%‘{ ey
which C@g@h%r}gmtm%ig e‘%hdence thﬁrre in the bl oodstream of the
Al é:\,;% ;Est Aq et BERETRLlY he Asohitios of thesemitwagd. t he
erna eregtheebetey is 4 paio:, sl | tjcul ar
will gen@faﬁ;?ﬂ or iié?he of di E%ase,‘ﬂ{%ﬁﬂﬂgﬁﬁgg%%%h\%e@@ugﬁgﬁ he
cont r géqsoiﬁ #nd 1 e uletienwilrs a snepamaipnalr tispetdion
of the cinjegtits i thewigiigm&fiushhose agents, for exanple by
causi ng the contrast agent to accunulate in a

particul ar organ or disease site, eg the liver or a

Thus, atodraitg to 4 | @i an _or.di sease site
omprich-2 bgé Car ngggxéaéﬁg&\?? %@aﬁ\’é@g% {‘%% "o B visted:a Torgylationy
comprising,a ?%%%@Mﬁdmmtgeﬁws finshyaspectrad teeinvdrdionun abidyuref

with a pmﬁhﬁ@ﬁb&ﬂgﬁé&pﬁl@ﬁmﬁﬁ{eﬁﬂﬁé_o the desired site within
ehhance ‘ _

t he body. This nay tection due to an
i ncrease in signal/noise ratio agai nst background

The conjugae-£Hdss {d . use of the targeting
Kr#gi et, avmé%ge%ﬁﬁnyg gmgé’!%ﬁe"?@v "Pheal t hy

a“"a"fafe?%d%a numbeggtrespents. Risteiheyanaesrolal e rdsiicdite time
in the blepgaftbarhiof thedd - RS e _conju d to the
taraetindCaL! E(e[‘ Wi t hggﬁgg%aé%g%ng t hé"ﬁ%_&ﬁ%ﬂreéﬁb%\eggglqe’ﬁy of the
9etinGaPigH NAYNgran affipity méth Mpartaen argan egsint o didkalsemy be
enhancee tplivey'2ef the chiifast ReTal e_nmptal jons, notably
blo distribﬂ;ﬁdm % tgi um Such ?lé%@tt Hr?gga l@&é&;‘éﬂp?@n% attﬁrg?@ar rier -
PPi 18Ps] peenis, femetaample hy waiising thehaintriast amvatent | y
accumuldte imd phRicLiRe o dr ¢ j jmlarl tals
allowing ¥SEhul i n nuc@ar r?‘??aeg?% S,&é'zégq @g%‘f‘? o ﬁ%ﬁﬁggff%ﬁn,
"o ﬁ‘_&y"%&&r piseagebilst locbe targeted end visealiszd! Thbakse ofht her
carrier” idr th@Cddnitas adefifink§ fdrdasd e Yulnfly SR M iLsp gent -
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 fargeting moiety.

MRI contrast agents that may be employed in the invention include metal ions,
notably gadolinium. Such iong may be coupled to the carrier material via a
chelating moiety that is cbvalen’dy bound to the carrier material.

Simitarly, metals useful in nuclear imaging, eg ¥mTe, 2 and "n may also be

coupled to the carrier material, either directly or indirectly, eg via a chelating
moiety. |
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noi ety. WO 2001/ 071536 PCT/ GB2004/000582 11 In a
simlar manner to the way in which netals effective as
contrast agents nay be delivered to the body in the
formof a conjugate according to the first aspect of
the invention, other netals may al so be delivered to
the body for other purposes. 5 Sone netals, for
wo nstamse, may have a direct therapeutic effEuGBoaginss?

radi oactive netals useful in radiotherapy. One such
radi oactive netal is 67Cu, which may be bound to the
carrier in an anal ogous manner to the netals used in
i magi ng techniques. Theqresulting conjugate can be
used for targeted radi otherapy. 10 Thus, in another
aspect of the invention, there is provided a conjugate
for the delivery of a netal to the body, which

In a sigdiaj mgater to ﬁ'rqmvaysmsmacic a‘ratdala effectivetss donirasiaigents may be

e fo frqQm,.protei
coiveffg i T o) i i Bufrar 8 BRbiaHE STl He 2P Bl ineg
mventﬂ@ﬁﬂhei I(neﬁa?é flajalsal beajf fﬁﬁvém’flﬂ tdgl@é bedyot hth?r papesdd. ng

aving an_ affi cific | ocus
Some it or HECHgR I Bovees Atk ihereRedisct o aesIgedonmy
metal@@,e%mffe;a@mrﬁ&aby | OnHSAEN radiSadtive AiHiA13S " RORAICh mBGhd N
nucl ear 1 maging, or it may be a netal useful in

VRl
bounditp éf?@aﬁ@ﬁf”e"ég ag anplegPYR BYANDET t?éhmm%léﬁl@rad iiimaging
technifi@éy, OfeGE8MIng &dnjligatd baR hBQRSH biRaiyRtdf RRRIHErapy

conjugates contaihing nore than one type of rret al, eg
a mxture of a contrast agent (eg 20 gadoli nium and a

Thus, fr@éi‘lo%ér'&%é@&?ﬂﬁecl a9fidh, 4% BHrHlided & cbﬁ;u?ét%%ﬂﬁés' bl e

repar ornmu atIOHS conprising nore than one

delivery @i Punstakto taebedy, whith Wgﬂj%n?@m@[ﬁﬁﬁrﬁ sAmgr inghe Bimralst
a protéhg C?rﬂ:ﬁec% ota 55808 %0 ﬁ@@tp?ot%mbleéulﬂg tﬁe camer being

erapeutlc ag ent such neans '
coupieﬁlo@%a shelating agans .tcnﬁaié mQtﬁba'IS’r qajugaterbwit) @rtygaww moiety.

naving F @R WA 8 SBESARER witin g phagy usi ng convent i ona

i magi n ques and I n so doihg to 25 confirm -
successful delivery of the radioisotope. It may al so

As desﬁ:ﬁb@@%& ﬁ]et rﬁeta? hEReta AR 'tﬁétq§ uSdful & Q@éntﬁés@ﬁge{rﬁ.g

over at my carry radl ol sotopes and

eg in MRk rwgﬁzgg bpaging. nﬁets“@axcaﬁ agaetgbyssfidin therapy, 99 2

radnoa@tﬂv‘ehﬁétﬁf ﬁséfﬁ]txﬁrécf‘&h&‘aﬁfloﬁ' i ﬁtébagdsgmle% p’}‘eﬁé#@%ﬁjuéét@s SO
reduce capi |l f?/ﬂbl ockade.

containjpg Mmare H‘aﬂm@rtép%w%/ @@(a«b. &hHa ap@ur%o eyHrRst auent ﬁ@ ,
gadolif@fhd bRd & rakib-therapeutic agent (eg ¥ Cu). Itis also possible to prepare

farmulations comprising more than one c:onjugate, eg a first conjugate cbmprising
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 techniqu'es and in so doing to
confirm successful delivery of the radioisotope.

It may also be possible to prepare particles of larger size (eg over 10pm).that may
carry radioisotopes andlor?’maging agents. These can be delivered (eg by
cathster) into the microcirculation of a tumour and so reduce blood supply by
capillary blockade. in addition, where a radicisotope is present on the particle, it
will be defivered into the tumour (resulting in cell death), and the presence of a
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will be delivered into the tunmour (resulting in cell
death), and the presence of a WO 2004/1171536

PCT/ GB2004/ 000582 12 contrast agent, eg gadoli nium
will enable the tunmour to be inaged over a period of
time using conventional inmaging technology (eg MRI).
The conjugate according to the first aspect of the

on may be prepared by 5 reacting the carrier
Wdﬂy‘ﬁﬂiﬁé contrast agent, or with a precur o/ dBenRei:

in the absence of the targeting noiety, and
subsequently coupling the carrier to the targeting
noi ety using a heteragbifunctional cross-Iinking agent.

This approach is nore generally applicable, being
useful in the preparation of targeted conjugates of a

contrasbamréte;.g gddotimium, W[Benﬁb!@trr’égﬁﬁw
ccording to a 10bf§r{ eei?‘% s‘?\ég"é’?é 5?’9{'?103

of time BQ Hé ﬁ{)nv&q?bqqi &paging tashpolog @e@Mﬁ) hod for the
prepar ation of a targeted conjugate of an agent for
The o delivery to the body wwth a carrier, which nethod
oS Aegoedipg fo i;h@é@t.as.e@m ttmgmmenticmmdye bé yedparddby he
reactindifd sarrief roan r W t h carder to form
b d;lﬁ |nter¥r@g%te c%%{?% ?OQ'%{WdaPF?@FESé’F edfpindhs (1)
ansence ghinetargetinganpiatye ang dubﬁa}uenmy ogaflieg e Sarfler to the

Ki tt tivat
e R O R re s P AU ST APTDRE
more gepgfally appiigablenbeingedetat ie the pragRst Ay, étéd%ﬂﬁighfé@

of a van@E" cﬁ%&me&r wﬁl{ ég%]er{tﬁﬁ Gl B‘gﬁ g‘?ﬂ]l‘?;? geé%lugiﬂe‘?c?’%g'gﬁ%t °

a tar
further qsegfé,ttqf te Iwetﬂhoa, thewetie pedviidetis et fof fRSsebarBloG 2

t di at t
targetoct R gatst shioht BRIV ke bRk WD S auter whishy.
method F‘%if‘@"éﬁteﬁng noi ety to react simultaneously together. It

reaction of the carrier
(Eiﬁeé?ﬁﬁ% gie’ for B ﬁv@{ c{/@ﬁpoﬁy + OF HBIGYERPF NFeqhs Wibur sor
the carrigig ferpt an itemaidiate cmgugmewr&bnhémronal cross- |l inking
different t es
(68 Rt ind Htinfocite CoRilohe Witk o Baiarpturatiome: crose-

uncti ona rou

linking ag%rg&q ﬁ@wa@ff & ﬁr&emmmm lwohjugatd @Ttbthe Fésding HakbdiaiggeNt
oul d take place via a

mtermed!&té Boﬂjﬁb;égée Wil %%%PH@ hﬁcltig%'r%ﬁﬂ) (R eptoipadiate

conJugat? gwta & lpiggtingraiotaty that has bbere acmmmsbpfeafcﬂéwwtﬁ gal group
heterobififdtRgairbdLinkiNg ég%n? x I2mf)cz-1 USirig the intermediate conjugate, a

heterobifunctional cross-linking agent and a targeting moiety to react
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 heteroblfunctlonal cross-linking agent
should be via two different types of functional group present on the carrier, and
that reaction of the heterobifunctiona cross-linking agent wnth the targeting moiety
shauld take place via a third type of functional group present on the targeting
moiety, the three types of func:tlonal group belng 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 dehvery to the body (or precursor thereof)
and reaction of the carrier with the targeting moiety are carried out in separate
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30 The nethod 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 noiety are carried out in separate WO
201) 4/ 071536 PCT/ GB200-t/000582 13 steps. The carrier
WO yo44Tusereacted with the agent for del i verBCT@BAR00582
body before it is conjugated with the targeting
noi ety, and reaction of the agent for delivery to the
body with the targeting noiety is avoided. A high
| oadi ng of agent on theqmarrier, and hence on the
final conjugate, can thereby be achieved with mninmal,
steps. OThé‘ eamér RANG r%@ct@& fvx@cﬁtthé’ %géﬁﬁo%él%@&o@ﬁé bdd Nef@ife the
targeting noiety. Conjugatés prepare i n_accordance
is conwg@tedtvw@ the targefingepoieiye R oeastivs of heragenkior delivasy ta e
f [ NG t
body @SR ErgBling BBER} i PRl RN RIS anBiterd fecarer,
and hderturahhelﬁhalrconmgatet ban ﬁmn@ln;gm ecmievqni“\ellttemtmw stoh,

th t | t ,.90% bl 5%
adverdd @t bn iR AbeviR aE inlsfihetted, chlthish Pt
in accdretbhalg@w%tT trmb;hbmgb ?ﬁhyttﬂ@ref@@mm@eﬁéwmﬁé a&f&nce of

oval.en (0] e carrier an
agent fSh VTGS THOIBCY (OrRrpeirpasrerany Tam Alelergayng iy 1o
put thlblaﬁdirl@:gwéwthé!bbm? atawbrb&:tfraswuuma@ aDFe@@ﬁG(Ezd mbre
CCOr aance e | nventli

preferghly ﬁa@ﬁawfsfe@ndﬁﬂ@%@fef@f?&'sb?ﬂaﬂﬁg%%?{ *3?@966?5??fhe
dehveﬁﬁb@l@é b (&P %TcMrsbl‘b &B&&Pﬂb%@éi@nﬂy BSuUriER he Gﬁh‘léf] a

etit . '
rathor (RAAT rthe faonting Mejobie J61s a5 orBVAME0Ss%H BRING 2CH Yoo

and the %hjLﬁfatet ﬁf@péré&?h é@o&%ﬁc@gmﬂﬂhétlﬂvenm hriaytthérefors beer
formof a particle,- hod accordi o

charaqfﬁr@wwﬁt%bmwﬁg acihity idhe Wég‘?otf“éll Meelyp {he
as meEQ!r@H 9a EBRpBRivE bk dnd &S5ByDR 4til6dst sbw Fiorg préféﬁaﬁlyla’:ﬂ
ticle consti-tutin that, i s then

teast 4035 A % A #{eas Gabh o St P [UGRPATERR e body (or

precursor thereof) and subsequently with the tar get i ng
iety, In vari ation od, e s
Wherd Bprialier His ot of & PREPIR. ik MSBRELACHOERG ta e Tyutien
may wfcﬁrdeetﬁé pHESFNdrY sfelfsﬁbf l&ﬁﬂyn gle ;mrﬁ@lu AT pariglegormingas

reagcted w e | e-formn terl
materigl drePafige ap NI tES P@a@f@*@ Racama i BFS Sty
delived8he bOA) (or Précﬂré@? ﬂié?éd:? ahe Subsequehty Wildthe taRting

. precursor w subsequen Iy be converted to that
MoleYagent . Such

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 précufsor of the agent that is to be delivered to
the'body, the precursor wil subsequently be converted to that agent. Such
conversion may take blace before, affer or simultaneously with step (b) of the
method. Where the precursoris a chelati'ng agent and the conversion involves
formation of a chelate between the chelating agent and metal ions, it is preferred
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conversion nmay take place before, after or
simul taneously with step (b) of the 30 nethod. Were
the precursor is a chelating agent and the conversion
involves formation of a chelate between the chel ating
agent and netal ions, it is preferred WO 2001/ 671536
PCT/ GB2004/ 000582 14 that the pH of the reaction
' .6, 1's maintained, during addition of the netal
Woﬁgﬁ@?ﬁgbetmeen 5.0 and 6.5. The nethod i s pearas2cnoensky
applicable to the preparati on of conjugates in which
the 5 carrier is proteinaceous. It is strongly
preferred that the cross-1inking agent has one
functionality that is $pecific for reaction with
grougs present on the carrier and absent fromthe
that the phi gethierrgactioneniyture i mathivel, hrigs 8tifion Bfle fh ond
ity that is specific 10 for reaction ¥fy:

betweeh WIF L ! !
¢ eeé%%@(?g%lesent on the targeting noiety and absent from

the carrier, eg aldehyde groups. This reduces or
unwant ed si de reactions

| innates the occurrence of
The_me?'}?é{]‘ﬂs RaticHiars geplicgbletie teo ppsiparationagedhiagates okt &1
carrier iapebt@hacddysget i ng noi eties. The nethod is al so
particularly applicable to the preparation of

conjugates in which the agent for delivery to the body

it is strohals, i . S.carrier, via an
S ‘ roi %I? é)rrﬁgglbg tﬂgé?grgi n‘%gﬁ%@”%ﬁge ﬁé?rétt sngfungicpalitn that is
speciiic fof rBRHPR wiihaarpepsopreserranthibicensertangT@aknt fidk W ch case

taraeti . ' i afrier be by neans of )
rraeing TP St S, kA St nslaselytharespmsinenc
or reactgnmé W @‘!nygp qugeeiscehtheitarge}tihg lr(mﬁétg, iaﬁg _a_tbg&t%tﬁ{ fhe! ?ﬁ

) oss-linking agent reacts Wwi |
carrier, SPAIBEIRARIS 4G, ORRs rerc)qhgééﬁ e@w %ﬂggppqﬂg@nce ©fhas been

sul phyd; groups
unwanteSiear ans that woude lmltphydwmptmg%qan%ﬂ:&ﬁ rs and/or
Sibly . blocked duri g -

targeting MbRIGE TS MefiRd IIRDHRcd Siicabi spthormeparsionar
conjugatgs E’P\@Piaé e agant intateliearyito the et idse oﬁ&,%uf,@&ttcy\ﬁ,%n_

carrier viata@lftermadi ﬁ%@% |, ocking free sul phydryl
derivati r%upéqf .Sulg_ un ocE%&ﬁ%E‘?%@ﬂ%@%@@%ﬂﬂW%(_Eut
erva ‘V%?/t CRAAOAWIH esfsetthe complingrith te@aBRRimEAcby S8afd of
amide bdreBRSHRE S Swal nd 50C . for a period of
the cariREL WEEN | and %%ﬁ%\&g@a&g@Sﬁﬁ?ﬂ PRING §revPs presetin
CaMespect of the invention, there is provided a nethod
for enhancing the contrast of an inmage obtained by a
di cal i magi ng technique, _ _
Where thgeheteroblfunctlonal cross-linking 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
(&) and (b)) of unblocking free sulphydry} 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,

, b
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 administrati(_)n, prior to the image being obtained, of a
conjugate according to the first aspect of the invention or a formulation according
to the second aspact of the invention to a human or animal subject from which the
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30 whi ch nethod conprises the adm nistration, prior to

the i mage bei ng obtained, of a conjugate according to

the first aspect of the invention or a formrulation

according to the second aspect of the invention to a

human or ani mal subject from which the WO 200-1/1171

i 36 PCT/ C82001/000582 15 inmmge is to be obtai ned.

WOrHeHe1336 further provided the use of a corfQl#aai+o00582

according to the first aspect of the invention in the

manufacture of a fornulation for enhancing the

contrast of an inage to be obtained by a nedica

i magi ng technique. 5 DBEFAI LED DESCRI PTI ON OF THE

I NVENTION Nature of the carrier material 10 The
imageGOR MORSRe@CHREE idlrth@r bRRided iRt uds BPE boﬁjﬁgét@e

i nvention conprise protein as a carrier erial for
accordingtodbe firshaspestefihe dnvgntine in tiegaanuiecturs Arayformylatian s

d I 2F..: j gl obul ar
enhanti Bl fiinBle S0B Bl B aPi e Ehalif 0 0
technig@ext ures thereof. 15 Exanpl es of gl obul ar proteLns

i ncl ude synthetic or natural serum proteins, natural

or synthetic derivatives thereof, salts, :
DETARBDYDBSCRFTION ORFHMECIAINBNTION ot herwi se  nodi fi ed,

cl eaved, shortened or cross-1linked, oxidised or

hydrol ysed derivatives or subunits thereof. Exanples
Natureddf thé Bargbsmaterigh ruct ural proteins include synthetic or

20 natural colTagen, elastin, keratin, fibroin,

fibrin, and fibronectin, natural or synthetic

The cdiﬁﬂgave?st adét&%u{dl@rtﬁ@f'rst éﬁﬁedﬂox tHer :aserttbﬁ reffpris&peststhes pf
rotelns are

Camef#@atﬁﬂ%iﬁ?ﬂtf‘%§°"t§ﬁs§PB%“LHQW%‘“%‘?@H@%WQW ‘n, fibrinogen,

thronbin and transferrin. 25 The proteln IS nost

re erabl a si-n te or, syhstantially
Pmt@"@%ﬁﬁ? BEY! eHF%G! Gl gamﬁbﬁ‘@g%‘% “ﬁ@\ﬁ@\}i‘? t'? rPé%F’&@Fn
fibrous &H sheight Pal FPoteiBS, SHY Bixareg ierabt. conj ugat ed conpl ete-or
substanti-ally conpl ete protein nolecules. Such an

oligonmer may be a protein diner, or trinmer, or higher
Exampéd S0iB5ula-pidteins lﬁkﬂucIH)sirrﬁheﬁo%f neﬁmanéefuﬁi ;ﬁ'efeﬁise hatural

or syn&pg%gér&ago L unl-eﬁ? (ﬁago S, £h y{'negtsggl?y, cxemﬁzaho, otr% én?JirseUp to

modified, cleaved, shortened or 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-giobuliné,' y-giobulins, transthytetin, fibrinogen, thrombin
and transferrin. ' '

The protein is most preferably a :éingle, complete or substantiaily complete, protein

 molecule. However, the protein molecule may be an oligomer of conjugated

complete or substantially_.g:omplete protein molecules. Such an oligomer may be a
protein dimer, or trimenf, ori?iigher oligomer comprising up to, say, iwenty discrete
protein molecules, more preferably up to ten, or up to five, discrete protein

molecules.
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30 nol ecul es. WD 2111)4/1171536 PCT/ GB2004/ 000582 16
The protein nolecule may alternatively be a fragnment
of a conplete protein nolecule, by which is neant a
nol ecul e conprising a sequence of am no acids that
corresponds to a sequence of amino acids found in a
naturally-occurring protein nolecule, but which is
woliQlbRL 1 n length. Such a fragnent, however, 5
pre# erabl y conprises a sequence of am no &’Cﬂ'itﬂ?-"mhﬂb(hfiz
has a length of nore than 50% 60% 70% 80% or 90%
and nost preferably nore . than 95% that of a
natural |l y-occurring protein nolecule, and which has a
degree of honol ogy of @¢eater than 80% 90% or nost
referably greater than 95%with the corresponding

The pr ﬁﬂm@bcwlﬁenayaafmredtm@‘ly QeCLis rﬁ@nﬂﬁf%trﬁinﬁbléfg g?&Bi he. 10
a carrier

g have particu enefit's a
moleculd, MR b indte el comtrieie s odbenmmofamiomontis ng

that comespends itd a seyudrsiok 0 at e
protein ?r?oqé)&_g Ifi,%a gl}:he :%3'2‘%‘%'1‘952@’?‘@?5 ?ﬁé@?@ ‘%‘JCH&'&P n
foro % SWB‘C 1S shejtepd lgpatharSueh afagmendcimwavagnt
preferabply ad S8 kY et,a/ 2002 in
50%, 6(&% gg;* %E 156%%%&%?%& ffron%rh%%g FHth 94D reéh%fh Ed
r £21° B2k @790% and moshpreiferably mere thin emahat ofa
e Bt e B AR YRl o BBl S i | e

reater%g‘rr I‘ mat er IS a um n,
g AREMest prefecainy gomtersthan 05tntignged f or

corresparttii §&bﬁ [ od th carrier
gp e rQIII)}c&%u @Hﬁﬁﬁ% %, ie actually

material is prefe

derived from humans, Is identi cal (or
Transfesiubﬁ@ A&V ) t ct.ur.e to n _of -human
3a @bérgcrl?%cb ?ars é#t?? pgted QF‘P% tihaSerial is

ri
"”mew‘fsn eﬂtﬁ’rﬁﬁ“@'@ﬂ@fﬁ&lf&rﬂw facﬂﬂa&eltlmmaporserala@ hdutgi N may
accordirigetosl@é Hﬁbﬁ[ﬁ;{d e obt ai ned from donat ed -
as a recBhBRss HO4ELE SRt thg Bipo T o A  may hedergearetne
cpmeinapt produgidases soremaniple, MacGillivray ef al 2002, in Molecular
and Cellular Iron Transport, Templeton (Ed). Marcel Dékker, Inc, p 41 and Mason

et al 1993, Biochemistry 32- 5472,

The particutarly preferred carrier matena! is albumm 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 huran origin. A
particularly p_referred carr_le.r material is thus human serum albumin.

Human serum albumin may be serum- denved for instance obtamed from donated
blood. However in order tor e!sm!nate or reduce the risk of transmission of
potential contaminants, eg viral or other harmfu} 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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potential contam nants, eg viral or other harnfu
agents, that nmay be present in bl ood-derived
products, as well the potential limtations on supply
associ ated wth 30 material isolated from donated
blood, it is preferred that the carrier material, eg
human serum al bum n, shoul d be a reconbi nant product
wogspiazede from WO 2004/ 071536 PCT/ GB2004/ 000S3A;B209A/A00582
m croorgani sns (including cell lines), transgenic
pl ants or aninmals that have been transforned or
transfected to express the carrier material. The
presently nost-preferredzcarrier material for use in
the present invention is 5 thus reconbi nant human

mlcro(ﬁ%{ t al new%nﬂ%éélr@eﬁ§§% %%QP aﬂ{g@oﬁcﬁ% ogy ?? aen

transfaNwed iontrarsfecteh ta expredsi thgdamier Rrateases for the
preparation of rHA will in general be famliar to
those skilled in 10 the art and are described, for
The prbmﬁiymé-p'refem &ﬁr?éﬂﬁé@naﬁdr Méx ﬁ%é‘b?&s?ant InRreftion is
pre re rocess for t re n o n
thus reBRTb BN RIS LT VST BiS of Mgy de: t ur e
obtaingeeinteRRIIR FBRADEI: BildcihbBgy Bid, WildHgHaRR Uptea med wi th
an rHA-encodi ng nucl eoti de sequence 1n a fernentation
Kingdome i um wher eby said 15 fungus expresses rHA and

secretes it into the nedium The fungus nmay be a
filamentous fungus such as an Aspergillus species.

Procespeg fog thepprgpanafien pfiif\iwiliia ognerab B@@‘amm@r © theser deiledliy,
the art BR& afd BekeRpES 16 inbBiRcd] o 9861325 %PEM(W@ doﬁftﬂsI
cerevisiae), the genus Kluyveronyces K. lactis) or
the genus Pi ch| a (eg P. pastoris). 20 The rHA
. _ h . e
ina pré?é#é& bl‘ﬂ&bé’s ﬁ?ﬂi@ﬁnﬁﬁarﬁt{&‘z‘ B?FHW dzﬁhmg l)?PQEBIhﬁ?:ﬁ: g cgertved

nol ecul es wt (sui phy
from a fyngapreulivis meghim ohfsied by sttiing aifmwuawormﬁan@h@n

rHA—enéQcﬂihg' ﬁﬁélégﬁheoefb qlhBﬁcé A f&?nh@ﬁﬂéh@n hedurh AVE&ELP Baig 0l ety,

déscri b Where th conj ugatl on cnem-st ry
fungus &68*@?&?&@"& and sroreles é,trmodhe md&ﬁm iTba ferpus manbe a

ﬂamenwugtfahgust:sifcwa%ran ,@sfbé@m?s Qfec%sv Prefribl9f the amguer.s a
erlasrra The carrier materi al

yeast. Mgse preferably; é@éﬁwﬁ ipp fwr%;‘ﬁo%ﬂqﬂ’hﬁrém@{ﬁ:éﬁ (@hét the

cerevisRRIItHE BERSs RiuyvdrBByeay (g, 1B8IsS bt He g¥dud Ailiaa féb’ get ing

ety maintain their integrit rior to use
pastonsrso y g yp

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, b|ocompat|ble 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 fo the
agent for delivery to the body (or precursor thereof) and to the targeting moiety.
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and for the duration of their useful life in vivo. It
is strongly preferred that the 30 carrier materi al
shoul d have two different types of functional groups,
enabling different chem cal nethods to be used for
coupling of the carrier material to the agent for
delivery to the body (or precursor thereof) and to the
W targeting noi ety. WO 2004/ 071536 PCT/ GB2004/ 000582 18
~ WOAMEYIShon- prot ei naceous, materials that TRYESuHHEH
as carrier materials include polysaccharides, as wer |
as suitable synthetic polynmers. 5 The carrier materi al
is, however, nost preferably proteinaceous. Were the
carrier is in particulage form the carrier nmaterial
(or particle-formng material) may be insoluble or
the particle may fornmed froma soluble material and
Otherthen rendered insoluble by subsequent treatnent, eg
. F%Pf%$lﬂ9cﬁw&®e@rlalscbt;@:-rha)ln}ie Bged E@barri'@?(tﬁﬁﬁér%isoﬁ]aﬁde
alysa : ri.al .. cO en or gelatin. ére
pay (gﬁgﬁ%§$Fgg%ﬁﬁg%hggﬁgﬁwﬁﬁ??q@ﬁ%@?@-forn1 then the
carrier material is preferably soluble. Albumn is
?Bthg nost $referred carrier material for both

2: Gaggfpgir%{aand WS dPest Qngigrable pisteinueeys. Mvere e carrier

is in pafigulataong, the 2aeis | iR MBI v ueous
insolublg%giufe' %r)rrzc[garg ifcl repgﬁgafa@gl bum rl1é %@$ﬁé@%%@ngg&%der ed
_ I nsol ubT e IyaY iREngd e sqiuie inyatenial and thereemigbredn t he
:nsoiublaIbpwubmqnﬁneﬁgmmeﬁf, QY itﬁ&?ﬂaﬁr‘%ﬁﬁ&% dfcpés ﬁ%‘?‘iﬁ-‘?t ive

ling to,the targeting iety; an 1FBumi n
exampl%g#)g%rﬂgrﬁﬁ%pg@y Bacatiagan of geddlindues wit h pendant
am no groups (specifically lysine residues) that
L.de. coypling sites for agents for delivery to the
Where tfe %,1, SEis R B?Tg%%*afs Joren, dhentheogrimmhatotiatts pfeferably

soluble.particle-fornmng nmaterial may be produced by any
sui tabl e techni que, ~ and nunerous such techni ques w Il .

_ t_)e famliar to those skilled in the art.
Albumin is the currently most preferred carrier material for both soluble and

- particulate conjugates, for the following reasons:

a) albumin is soluble in aqueous media;
b) particles of albumin may readily be rendered insoluble;
c) the free s__qlphydryl groﬁp preseht in the albumin molecule provides a means for
selective coupling to the targeting moiety; and - :
d) albumin contains numerous amino acid residues with pendant amino groups
t(:.pebcif;c.aliy lysine residues) that provide coub!ing sites for agents for deliﬁery o

e body.

Formation of particies

Particles of particle—forming material may be produced by any suitabie technique
and numerous such_ techniquas 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

i) spray-drying said suspension,
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A particularly preferred nmethod for making the
particles according to the invention 30 conprises the
steps of i) form ng a suspension of the
particle-formng material; and ii) spray-drying said
suspensi on. WD 2004/ 071536 PCT/ 832004/ 000582 19 Step
i), is the formati on of a suspension of the
woRastorzbe-formi ng material, is preferably Pecargeedooatz
by first dissolving the particle-formng material in a
solvent, and then adding to the solution so fornmed a
non-solvent for the particle-formng 5 material, so as
to bring about precipitqbion of the particle-formng
material. By a "non-solvVent"” is nmeant a liquid in
which the solubility of the particle-formng nmaterial
is substantially less than the solubility of the
Step PR fedb@ndiRh B BGuSRIrglonadf the paktitR-Bahingmbatedalf iswhi ch
Is mscible with the solvent. 10 The non-solvent is
preferpbly cavrisd oput hvfied dissrhdng despartiglerfaanipg |mbﬁ$%“%f" a solvent,
and thefl %aﬁ%;‘f? ﬂ{e QCQ%%‘#] sothrn’iéEP? %Bhlé%ilfent for M RE@E i dming
greate an the vol une .of the solution of the
materphsoiaslte brihg ehdutgreninitativaof the pardclederving majesiabtBea

non-$ll5 o8 INEE gt TS @il o it 2
materiekis mhstaﬁt’ieﬂ@%as; thamﬂ]edsmdubiliip ¥ thet parﬁﬁb&-émmir@ff mafli’?b s&gl}l n
- 60% a 0SSl I n excess o %
the SDS’%%E%SHHE’E“CS&WV f1,wﬁhg'%s%q§\’/%r§%/ is water.. The
preferred non-solvent is ethanol. In general,
h " j tahl e. [ [
oo neygsante Atera st d iR sp ot L B Rl ot s
to the ablveniis priferably drestet then des voletheedfftiee solutiorcefube partigie-
o B GER bi Gufi. RBRL B ERP BLEie
that istslpmgpdnlmmntéte:miﬂ m:;mdrefédablym:gmt risfes Iy ekgasatof Ba%rmwl
n water., L.t A [ : e,
non-sGiferly Gtk BeLapbu otRte 81 YT Al doef ih Yol AT

70% wiay be water, and the use of 25 the non-solvent may
then be beneficial in reducing risks associated with
t he subsequent spray-drying of the suspension

Most ammrhaily] thg sbivenpie ssitdrl yhiel prefesitsidanonesaivant i albénabnin

re, .as_is c >
gener%ﬁ‘lﬁ?wgyeé',_ LA %qﬁgfencgﬁgﬁag‘oﬁ &sf @gl\%ﬁfﬁnd h&iEsolvent may l?e
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-éo!vent 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 to

prevent or minimise agglomeration of the suspended particles and to produce
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30 proteinaceous material, the precipitation by
addition of the non-solvent is preferably carried out
at a pH which is renmoved fromthe isoelectric point,
so as to prevent or mnimse aggloneration of the
suspended particles and to produce WO 2004/ 071536
PCT/ GB2004/ 00582 20 hydrophilic particles that are
o i_ly susceptible to dispersion after spray-drying.
“Olzﬁ‘e’gﬂf" Sway, the use of additional surfactefiSb@muss:
achi eve the sane objectives may be avoided. 5 Step
ii), ire spray-drying of the suspension forned in step
i), may be carried out in a generally conventiona
manner, using equi prento@f a general ly conventional
nature. In outline, the spray-drying process involves
hydrop8ilic 8yHidkst ' l.at.0 . Cchanber_ contai ning a
o o es R 24 R ke R 1o B eprcd SPimeaiving
In this way. fahtpe ehadstiionahturiaitents © AdhicsanRoEAhe BRAMRIALEES
he avomigll d particles. The gas is 10 drawn fromthe chanber,
and the particles entrained in the gas are separated

from the gas, eg by neans of a cyclonic separator or
The particles are

1y S f filter arrangenent.
Step m{f;ﬁgﬁ réﬁ#’ﬁé@f’é Ie| Hisgengipn E’%F‘@dﬁféétﬁﬁtihmas’.beﬁwied otit in a
genera ebticem! mhnbde ' | : '
T e e 50 bR S o, o
facrors: TPHBEY-(THEg Brrsesh dviolvew speayingdhe gaspdrisionut
aChambmo_”wmiagﬂdfe_ﬁtéaggagpﬁi%ﬁ:ﬁdfﬁrﬁobﬁrgffOl‘h?seé‘%%%%h]%n of the

rtigcle-formng materi a suspe t he
S°'Ve“t’ﬁ§'i“&‘r"§’e‘atfm?<ﬂl§e Lop\ppatate ARd moeduses selitt partities. The gas is

drawn fratt thle dhlathbef UHEIRS b&Tcll oAt shray-dryi

the gasaﬁﬁéat us_and the.Féemn%“?gbgrggeg?&@g}%&aages ??r?%gr%‘%m
'C Fang LA pycjonicsaparater eeseine forintoftfitenarrarentat,

The partdés anectioh ool if TBiAR 8B ALx8, | OW suspensi on feed
rate, appropriate nozzle desi'gn, a high degree of -
atom zation and high flowrate of gas. It is

The propaties ottha phticRisefbedif&rby H@S%-gﬁﬁwgﬁé‘?% ﬁ"l‘r%) and st ép

depen;iégféﬂﬁgf_ 'ﬁ-}'@lﬁﬁgﬁ f%ﬂ?f{;gz Eé%?ﬁr’;'higp’@ﬁeifhe o fate pEgdad mlrjcﬂ@hethg '
spray-drjio ' t i ' g ial 1
coeperd FO MRtk o e e el il e .
5 agg,rgrgagﬂgq verh aRd Aoasesh tritaly ywhiomteer and
suspensipprie fecterths speiyctinpihg bBpalaRls &d HB%eMBbihfb SPu,LLTed

. ' en i),
“inthe chbllﬁba'. Bsual!lr,-small size distributions can be achieved by a

combination of a low suspension feed rate, appropriate nozzle design, a high
degree of atomization and high flow rate of gés.

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

The suspension preferably contains frorn 0.1 to 50% wiv of particle-forming
material, more pr_eferably 1 1o 20% wiv, and most preferably 2 to 10% wiv,
patticularly when the particle-forming material is albumin. Mixtures of
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The suspension preferably contains fromO0.1 to 50% w v
of particle-formng 30 material, nore preferably 1 to
20% w' v, and nost preferably 2 to 10% w v,
particularly when the particle-formng material is
al bum n. M xtures of WO 2004/ 071536 PCT/ 662004{000582
21 particle-formng materials may be used, in which
WHs7tiie above figures represent the totdiCTéQHEANOET
particle-form ng material (s). After spray-drying of
the particles, it may be necessary or desirable for
the 5 particles to be rendered insoluble. This nmay be
achi eved by cross-linking of the particle-formng
material, which may be brought about by a variety of

prioh ol by B B0 458 Ao ALY et
the total enitent iof partigedbrnding ampetalisiire i n excess of 150C for a

period in excess of 30mn, eg | hour or several
hours. 10 The preferred nethod for preparing particles

After s@ﬁamﬁl iop ek pHraves,| ||f5m warmbamaﬁor debitabRtfof the t wo

ages of the process ormati on of  a suspensi on
pamcl@?)v)gtg/e @ﬂger@g)msq%we b’éh@ FRRNPE aghi &sia%@r@wmalsn%ﬂﬁ%v e
partnclé»'?&nﬁ’?gsrhéfe%af Whmh%é& Bb %?ou%ih% bbblﬁtﬂy' Parihy ﬁﬂébﬁm&de%

gl ves a gree control over
that arprl@pwnmég_ om a h@ffﬁftﬁdtm@ﬂ@@; therparticlematy f@mﬂ%red insqbible

by hed?'H8& tgé;fgéaeénfp{é?at%qﬂ%é ofof50P8 t‘&FSﬁod’\htchess of

particu Sl zes an partlcu arly narrow si ze
SOmmde@ﬂlnmmrsevm‘al frRaxs.i cl es produced by this nmethod may,
for exanple, have particle sizes of predominantly I|ess
than 4m and nunber. .si.zes with nodal peaks below 1 pm
The prafesredignethed for preparingwastiniesiasidesnyibad ebave sradveniageays

in that tﬁe? R¥J Qﬁg?gg@ thgj-f? ﬁFJdeQ% gﬁnﬁ%ﬁdﬁ £ nts?rgﬁ%/’é? %hg %Eﬁ@[c&!m%)
may be eatmlsgd ceppiatdhata as:b)ev&ntbﬁ desmfoy@mﬁzeedla@@ ptignrafo
particld h?hﬂsgﬂ%?) a r# bh H@%re@lo? Qonﬁol%?{t@ ;?roééht% Bfiﬂ'l%epamcles In

Sl Ze
partrct&arnthq moqa@memb!esﬁhwnqduséorapfmamlm with pagiculedy smelices

|
sizes érﬁi 6§}§cula:1;gzﬁérrow ?IEQ Eg{?g{é{t:bﬁ% eggmclés Aﬂg d%'d bg/ atplt%?n%lﬁ@@
may, Tof examlethaye paticla/sizes ofsmrsémmnav laps dparediBapnd number
sizes Mﬂ*f\ﬁ%@fu peaks daks Wbiol)v ﬁlr@ Qng‘ﬁ%er | c @s%’eééﬁﬁd LdiRg a Coulter

) whi ¢ case

counteg) less thap zmm i Ha@p\@ﬁe'ﬂtéost@@ sl giresnaredengficigl in 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 nommally
mean the “diameter” of the particles, since the barticles 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 Eaving amass equal fo that of the non-spherical
particle. '

Coupling of agents to the carrier material
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noti onal spherical particle having a mass equal to
that of the non-spherical particle. 30 Coupling of
agents to the carrier material WO 2004/ 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 nunber of neans, dependi ng
Wdﬁmﬁ{zl:ﬂki a on the nature of the agent and the nature
of the carrier material. In general, howeWwsT/Grouphisey
will involve the formation of coval ent bonds between
the carrier material and the agent, or 5 between the
carrier material and a coupling noiety capabl e of
formng a chem cal or physical bond with the agent
Coupl'(iaé,s%gf' One preferred nethod of coupling, particularly
3% pt Bpragatitor dellvbs t6 e bbh Mot tals fo
out by Hif ot & {yrﬁb o, nuc?e r im_a%?ﬁ% ecl;frgﬁ— [eﬁéﬁé%ﬁﬁgbeo‘fameé
dthradl_an e O Teranst R@ﬂd@’rglﬂ.%_aMMé)uhmthw@“aheagent
and the natatevefthé brieom i rrier material wth
the forrf fohetljfati n[% agelﬁltatégv\iﬁl{' Jﬁ'qeg’feéé&gg%"?e erCDHP% WY nvelve
etal ©f PHlBHEDER brtvsiearthy cprrish enaterthl arb et AG&H:, ort he

betweeahld saiviBomansiatl ar&ﬁ%‘?&@i@@ rﬁ@% ?c)%plﬁgo‘r;?ﬁurﬁéﬁggg (re;t]@mical

or oh SdeLéva i yves thereof, \ _
PRYSIGR wilhhtherpgeotifseifer 15 material (eg prot ei naceous
carrier material such as albumn) to form am de bonds
|.inki ng the chelating agent to the carrier material. A

One prefgired msthoskof souplingaparticulary bp@loprisia Qo MRS @dupﬂﬁ% of hen be
tals, A helation of the netal by t

o ot it e S R Rt ifecise b anuphs aeselescien

motals {hE (4,8 redistherammt intolves #d eorftigeriof O ARG Heriat it
hel ' (o G i ng.multiple amne groups. Exanples

B e BT b g el e

include et
di et hyl enetri am ne pentaacetic acid, and derivatives

! ) ; ' l.enetrianm ne. pentaacetic acid -

" orto pERBNRAY RS ShBdRBLIhE PhaRuRteraans camerisss earseniay

groups, gderivafivas tharsiof datmeant vithcdrinecAeu fragerR 4e HeScarmior

material ] /clic, 25 chelators are: '

terel g 2o S S4SbD o rmidonsiry
g ihe chelating agent fo the canrier material. A solution of a suitable salt of

the metal may then be added, leading to chelation of the metal by the conjugated
chelating agent. | |

Chelating agents that may be used include acetic acid derivatives of cbmpounds
containing muitiple amine groups. Examples include ethylenédiamine tetraacstic
acid, diethylenetriamine pentaacetic acid, and derivatives thereof, eg
dit.athylenetriamine pentaaceticracid anhydride. Other classes of chelafing agent
that may be useful include macrocyclic chelating agehts. Examples of'macrocyclic
chelators are: | | |
1,4,7—triazacyclononane_-N,N',N"'—triacetic acid (NOTA)

1.4,7,1 0~tetraazacyciododed’aqe—N,N’,N ”,N"""-tetraacetic acid (DOTA) |

14,8,1 1-tetraazacyc!oteﬁadecane—N,N',N " ,N"""-tetraacetic écid (TETA)

Other methods for coupling chelating agents to carrier material will be evident o
those skilled in the art. Suitable chemistries most coramonly involve the formation
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7,10-tetraazacycl ododecarile-N,N ,N ", N'"-tetraace
aci d ( DOTA)
8,11-tetraazacycl otetradecane-N, N ,N', N'' -t etraace
tic acid (TETA) 30 O her nethods for coupling
chel ating agents to carrier material wll be evident
to those skilled in the art. Suitable chem stries
WO ESmonl y i nvol ve the formati on WO 20G&TBre3E00552
PCT/ GB2004/ 000582 23 of |inkages through am ne,
thiol, carbonyl, carboxyl or hydroxyl groups present
-in the carrier material and/or the chelating agent.
Where the agent is coupl2éd to the carrier in the form
of a netal chelate, the 5 chelate may be fornmed as
of unkﬂ%rstth@hgﬁ B%iﬁ@iw&@ﬁérﬁbﬂéﬁi}c&b%ﬁ%ﬁ hy@bx@lgrRipairdseat i
the nmetal nmay be added later,” eg Just prior to use.
the capigr materishang/onlhercéelaties pgeéll is a radi oactive netal,
it my be desirable for the nmetal ions to be added to
the fornulation imedi ately prior to use. 10

. Wherd thk agestds cougiethiocthagemies jn thedbrmast @ hetal chelate, the

chettd RV R ARSI b o BRI B RRESs. B RNy

metal dhiay eletaldleedgJ tatérheg fuat prigrrto uset Sarlidulbly vitese trwmatﬁl isra of
. CoOval eni .bonas et. the or ni c.agent, .a e
radioaGenRl, jnity beseonp It d e L pus S FS 2rdhia h85gent s

formulsiforcipiniddiatelyadiier foalse | | again  be evident to those

skilled in the art, and may involve the formation of
I i nkages 15 through am ne, thiol, carbonyl, carboxyl

Likewi€s, d/i’ga'iﬁ@zg@ntg EOT= T mieﬁi&emel-domaihmg @:laﬁfpioﬁﬂds iedred tal
ng/ or the qQrgani c agent. n nera re.t one,
below i A e o S Tal-t AR e i Sepleg sciht 1 ge SAifier
materigl@ythe tbrfadon BEchAldnt BSnddbdtReph ety dganexeems of
h o i n excess of 20 .twent

i lecul , such
carrier puntgils BISTGdR o Eupiag RIS SUES I CAg Rl AuE duain
be evidant ltt? %E@tﬁkiwéd ‘r’n|tge aﬁgarﬁ:log!anol\ié thwnmf bilon@ssm?best 020

ou e el ween a ] r rerera et ween
througf 3is tiie Fapandecapont 9oy o dRoths braneit it PR AT EEn,
materidi@aneAst theokaichgen®! ecul e, eg 20-50 nol ecul es of such

agent per protein nolecule. This leads to a
consi derably increased density of such agents,

In generalpeure thaw drie wolkicaiktdf engdniageie or hetiny ageritis douplddR

- contrast agents, Qr radi oactive,netals for,. use in
 tothe Galfjor Mate RERTErap T gHerse il forh 2uh Mofeohies Shineertgt ¢ -
twentyfstith iftgedutad i 1n thedprefir@aliase aigamvtefiiacebes sdrriogmapeal,

eg ali:ufg)rg'glte E?x’xeﬁft rJ ;I)cgesrsibtlé) tobgou%fe lezt\%geﬁl 30" a?%s'{ O%l %‘ion—l-, Sre?érgglgr
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 leadsitoa
considerably increased density of such agents, compared WEth conventi_dnal
delivery systems for MR! 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 jower Ie\_!el.
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may be beneficial to restrict the loading to a | ower

| evel . 30 WD 2004/ 071536 PCT/ GB2004/ 000582 24 Nature
of the targeting noiety The carrier material is
conjugated with a targeting noiety having an affinity
with a particular organ or disease site within the
body. Such targeting noieties include 5 antibodies,

wobhiiGh B ot ei ns and peptides. Preferred targeting o
noi et es are anti bodi es, particul arly nond€iesEboi00ss2

anti bodies. Many suitable targeting noieties (eg
anti bodi es) are avail able commercially. Exanples of
anti bodi es that nay be useful as targeting noieties in
the present 10 inventi 84 include: Tunour type Target
antigen Antibody Colorectal cancer CEA hM\-14 15
Naturegf thesteraeding epoigi)CL HuBr E3 Bl adder Cancer MJUCI C595
Prostate Cancer PSMA J591 Renal cell carcinona
T d ycoprotein ch@50 20 Further exanples of antibodies
€ catriehmatenal econumbtedali b By ' terial
parﬁculEP(tiyl %gertdhe f%?l oW ngpe ?rbglﬂd;@?%%ﬁé-ﬁaq %ﬁﬁﬁfm%%h a
b d%g PBody CiShate Hienmthin dy. Sutch-trgeting erdatids rchpM Y
antibodtesy ather plotath #RESHZes N , hurmapi sed CD22
antibod@nti brﬁgg ( nor mal ﬁtllag%eﬁ%g%mﬁiﬂg%rmﬁ' GoMor
P et e oronasoneh Antiatliss. ridahy seitabBiargeg rediefeD45
(eg antibodibagy abﬁiabl%‘ifdny,h%h{n phosphat ase CD45 that 1s
expressed on al enmat opoi etic cells and particularly
on | ynphocytes. Exanples of other fornms of targeting
Exampleofintibies i may B bali'a thilehiSg moBheh Wins mrosunt
Invention include: '

Tumour type Target antigen Anfibody
Colorectal cancer CEA hMN-14
Breast Cancer | MUC1 HuBrES
Bladder Cancer MUCH1 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: )

gt TM . .
a) Vitaxin™ — a humanised antibody that binds alpha-v beta-3 expressed on newly-
formed blood vessels in tumours;
b) humanised CD22 Anﬁbody (normaily labelied with Yttrium-90 for treatment of
non-Hodgkins lymphoma); and |
¢) aCD45 antibody fo the tyrosine'phosphatase CDA45 that is expressed on all
hematopoietic cells and particylarly 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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b) binding noieties that bind to fibrin; WO
2004/ 071536 PCT/ GB2004/ 000582 25 c¢) lipophillic and
anphi philic organic nol ecules; d) receptor I|igands;
e) steroids; f) lipids; 5 g) hornones; h) a synthetic
peptide (conmercially available from D atide) that
binds to sonmatostatin receptor on pul nonary cancers;
wobynantssdbody fragnents rai sed agai nst whi t eChlapoeoeish2
antigen - for detecting infectious diseases; and 10
) Annexin V, which binds phosphatidyl serine rel eased
on cell death - a marker for inmaging heart disease
and assessing response @ chenotherapy. The effect of
the targeting noiety is to concentrate the conjugates,

o) pors I8 T AR EATR A8 sy g a 15 particul b

d) recept@digagds; @ di sease site such as a tunmour. Coupling of
carrier to targeting noiety Methods for coupling
e)Ste"?’a?;get'i ng noieties to the carrier material are known

fylipidg’er se 20 and will be famliar to those skilled in
the art. Suitable chem stries nbst conmonly -involve
g) hormaeiResf or mat i on of |inkages through amine, thiol, |
' i HpthaPbiRge in the

) o B BB e B D DS ™ The
somatesiatiteecerorou pHiswnaty aaneetsar get i ng noi ety using a

; ' ] o O, haki q erably,
) antibB RaGHbN ipd BGuindtuli od LA ARSI, det R &
infectictipelisefaises; and f uncti onal groups present on the carrier

i) Anndiiity %ﬁgﬁ‘&in{d% g:tﬂb%@faﬁgsﬂr&ﬁké Rl BB col @éﬂzﬂh anohdiRr for _'

reactivit specitic to functional groups- -
imaginp hesd tliseane ahd assesgingiragponsgitechemsties@®ent from t He
carrier. As previously described, this elimnates the

occurrence of undesired side reactions such as .
The effectnfi the éargeting meietyos ta gendestrabiothemioaitigries. lspded with
| oF sitel LS A e (ly Obg & De
contra%?drggelgﬂarﬁﬁﬁriahgﬁg%ééggétht.od‘\/t\ﬁat E} ﬁé car r@g@ or t hg tgar geting
particutasioegan orat disease site such as a tumour.

Coupling of carrier fo fargeting moiety

Methods for coupling targeting moleties 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 df linkages through amine, thiol, carbonyl, carboxyl or
hydroxyl groups present in the carrier material and/or the targeting moiety.

The carier is coupled to the targeting moiety using a heterobifunctional cross-
Iinking 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 présent on the targeting
moiety and absent fram th; carrier. As previously described, this eliminates the
occurrence of undesired side reactions such as coupling together of carvier
molecules or partic!és, reaction of both functionalities of the cross-linking agent

with the carrier or the targeting moiety, etc.
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- - - - - - - - - - - - - - - - W 2004/ 971536

PCT/ GB2004/ 000582 26 The cross-1linking agent may
first be reacted with the internediate conjugate (ie
the carrier after reaction with the agent for
delivery to the body, or precursor thereof), thereby
activating the internedi ate conjugate, and then addi ng

t eting noiety (eg an anti body) which wl|
woﬁ&g{;ﬂ{%@th the other end of the 5 heterobidurstanalss:

cross-linking agent. Alternatively, the cross-Iinking
agent may first be reacted with the targeting noiety,
and the activated targeting noiety then reacted with
the internediate conjugage. It may al so be possible

for the internediate conjugate, targeting noiety and

The cresplirking agenh ragdiestthet ther -
N siolysnsyivis T L
rore 9ENLS LWy MEAaest tor delivera taathiedivide, orRreé@s6eflores
b Bttt _ . . ) ,
Chial )t oun ehetiglcihlcafe, thA 6 el Ha feetndact

hial) group on the

e ot
motety (g 8 Aniqdyy) wikich ik tsashwith e otheresd oftne pr ef er 1 ed
mi de group. er

heteratsiun . | '
eterolsiuaoidrl 8bss Hﬁiﬁn@?g@ﬁ? %\)Elt:eﬁ]aﬁﬁgg tﬁlﬁ srassdeking@gent may

es are 15

-, .exa .
first be ﬁ%@q'ggécg{ﬂamed@fgeiﬁng p’a:riegtj/,mﬂd’o‘the%@dt&ﬂ&r@&fdg\’rﬁ&&mﬁen
Teadecﬂf'ﬁf i@g@g%@%ﬂ%télchh/# p)é{ 1’n|a§ a? g g%é%li%gi‘@ tfgr rier
intermegiate Fonivgate dargdties motdty ang AisB-IinkiAg abBhOl t%[)l%ﬁ@tﬁd such
€g Dy

togethed X! Bify rated,gn the carfier,
J o equct ?%ﬁ% 'te%&%%f%ﬁ%?rmb&’?ﬂo,”aWOSSZ@NIHQ agaiisert usi ng
commergiglly|axeilabde.agent s such as i ni not hi ol ane or

N-succi nimi dyl S- acetylthioacetate (SATA). A
Prefer preferred nethod of reacting the cross-Ilinker with the
. fepaqrg%a-lirrﬂrgrs@r etagtion viapeCcSH @MIPW@'WO'IfH%QLﬁB%?én s, an
carrier (e gRAMY t@étrgéélgb éﬁoafqe' n |L§ via a carbonydr at 25 .
moj ety on the targeriy HeWRhydoh awupsi IQheprettiteting

example.ofuichiagtieyp si asmeletrisls fpous] Ohef 3iiippdil es can be
i ch hydrazi de

2-pyridy iR EhA185b Do By ﬂg%ggtﬁﬁ{iﬁéf Erie@n}’tng@gr thariede dérivatives,

aziridi groug; .are speci
nep YoVl deyl e pwidyidithionantd 2mittobenssie sLdiigg agents for
use in the 30 invention thus Include both an

In the esSEh Feactive functionality, eg mal ei mi de or

cége 03‘? carrier material t}}at does not contain free thiol groups, such ..
groups can be generated on the carrier, eg by reduction with dithiothreitol, ofé
introduced using thiolating agents such as iminothiolane or N-succinimidy) S-

acetylthioacetate (SATA). ~

A preferred mgthod of reacting the cross-linker with the targeting moiety
especially where the latter is an antibody or other protein, is via a carbof;ydrate
moiety on the targeti'ng 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 orbss—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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2-pyridyidithio, and an al dehyde-reactive
functionality, eg hydrazide. WD 20041071536
PCT/ (620041000582 27 Preferred heterobifunctiona
cross-linking agents for use in the invention are
thus: mal ei m docaproic acid hydrazide (comonly
referred to as EMCH) 3-(2-pyridyldithio)-propionyl
WO+ E21%0e (PDPH) 5 nal ei mi dopr opi oni ¢ aci dCHyeR2A¥0ges2
(MPH) N (x-mal ei m doundecanoi ¢ aci d) hydrazi de (KMJH)
4- (4-N-mal ei m dophenyl ) butyric acid hydrazi de ( MPBH)
Cross-linking agents including hydrazi de groups may be
utilised in the formof stzheir 10 acid addition salts,
especially the hydrochloride. As described above, in

PreferFé?Jend?ér%f)ﬁurfdﬁg &%ﬁ&sw{ﬂﬁhg éggﬁts%f lideSh tﬁ@tr%mﬂin A% thidd

a particular yusefu od of coupling t
targeting rmletytotherHArmIecuIels byllnkage

. 1. that is
malerr%n?é@aﬁ&cgﬁl *Dﬁ%%@%i@%ﬂ"ﬁy e érpénog r?os(r%eﬂ?ﬁgn one such
3(2—p37rrcbfkilthlm)~|pmmhmw hglrazige (PDBHEEh rHA nol ecul e, one TrHA

| ecul e, | e nly one targeting noiety. The
maleir rBP‘é’f‘E’raé‘E, V‘ﬁ%ﬁdeaﬂ\éﬁég t%i ol contgnt 019 at Ie)allst_
N-(x-rraidmidodnecdhoittacid) hydraBide(KMUHYP. 60 FTP| eRSHl FTD|t e -
asur e [ man' s Reagent, 5,
NG RIB DT A5 BaNZeRe SYFEBING  whi b 1< a
speci fic means of detecting free suithydryl gr oups
uch as cys-SH. s-residue 34 i
Gross g Aget stdia TOsEae oS (HAYReAlises Bjon s @ the

acid addiieh ¥MsCosRRIRtheARBRSdHGRR. Maxi num at 412nm By
nmeasuring the increase in absorbance at 412nm and.

dividing by the nolar extinction coefficient of the_

As desEPiBé’d ab&\d, # thd bisTeired Basd ﬁﬁ@re&ﬁe%ﬁirfehhﬁtéﬁal mﬂﬁe%t of
can be cal cul ated. Pr ef er. abl an gg %'
part'cua%w@?f%@qmcb?fmmg the targaline moiely i ibesdfmapeuleis
by isnk ﬁfrdnﬁ:ih fﬁb%ee%ufﬁhy&lyl ﬂﬁoﬂ'gﬁ‘tﬁm that B%rmﬁﬁﬁqu g on
t he anti as to preserve.th I?
there i§na JitKg SHt PR Sphdresr Py ST Gttt By mplegile, one

rHA m@l&bb[@@ﬂﬂ/co&@e%@@&ﬂé&@é{% rR&BtﬁBZ 0 04/00058 2

The rHA preferably has a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or
0.60 mole SH/mole protein when measured by using Eliman’s Reagent, 5,5%
dithiobis~(2-nitrobenzoate) (DTNB), which s a specific means of detecting free
suffhydryl groups such és cys-SH (Cys-residue 34 in the case of rtHA). The
reaction releases the 5-thio-2-nitrobenzoate ion TNB* which has an absorption
maximum at 412nm. By meaéuring the increase in absorbance at 412nm and
dividing by the molar extinction cosfficient of the TNB* ion at 412nm, the free
sulfhydryl content of rHA can be calculated.

Preferably, an antibody targetmg moiety will be coupled to the carrier material via
a coupling site in the c:onstant reg:on of the antibody, so as to preserve the specific

binding activity of the variable region of the antibody.
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28 Nature of contrast agents The conjugates and
formul ati ons according to the invention are useful for
the delivery of contrast agents. |nmaging techniques
in which contrast agents are used 5 include M

X-ray imagi ng techni ques and nucl ear i maging, :
i ncluding PET. X-ray contrast agents that nay be used

wd ModPeszs nvention include a variety of iodine-
cont ai ni ng conpounds that have suitabl e priSgéeeite@nior
such use. Such conmpounds are generally sol uble and
may be ionic or non-ionic. One particular 10 exanple
of such an X-ray contrast agent is that known as
i opami dol. Ot her known 2%-ray contrast agents include
I or_rgpr ol, iopromde, |loversol, iodixanol and | ohexol.

Nature obcortrast paeats agent s that may be used include a variety

of conpounds conprising paranagnetic netal ions.
Sui tabl e such ions include manganese and,

The copjugates ahd fohulatibhs eastedingiwy Me M@é;?tloﬁ b _%S@{uﬁfg,lr used in

: r.Jdmaging. Metals suitable for this application
del;verwaéﬁéoglg%ﬂqufﬂ*sy qF‘QSi”E deahnjquep-ia pyhichegoniraskagmpitesre used
includeitivl, Melay #9Miag tc:BAi il 1 ot to

netals, i twrlra%/ al ngb%%‘ﬁg%éé%l%?%mt?%ﬂggbrgqﬂgd"i%ﬁgme
carrier material non- netallic atons that are useful

X-ray corttrastRgh RS tHzp Fnéy_cbeﬁt%‘éﬂliﬁ t@W@MEb%%n@@é‘é %'tvg'ggﬁéaiuc _Pne_

tain@LOMs. or into whi ch such "at ons can
CoNANiEg SAMPEYnd thatieavesauliable properiids for2adh asel Sadh. 25

¢ uMas ateSgaisimy sd ' . T onj.ugates and.
oo For mil ati ontg'J Sgc[:‘gzbc[)% g‘?‘?]g’t"??‘?qﬁé"’i%\?‘é’ "t'?'hﬁ' ﬁﬁ'ﬁ pg?@cg%aée
exampl:—agé%_u GN XrEay qsitrasbatend ist thekknmirebsiopasiiddl. Other known
X- ondk0d / rall emtters of
" g a2 Ko, RiTorfldR, REAB0E Rdhandlaad Bhét
90Y, 191Pt, 193Pt and 30 195Pt. WD 2004/ 071536. _
MRI rﬂ@ﬂ"@{%} '-M'EH i sLEkatien of th - .
* f or mul at igﬁg%gg’%cuosﬁjabga eé;é 3%'3&?8?%8?%@&%’6@% ng -
paramagnetcmetaligant Sbiesuchdonslinchidetreanemneby and \ririeiayof

gadolinimaut es. The fornul ati ons may, for instance, be
adm nistered 5 intravenously. The fornmnul ati ons nay

al so be adm ni stered by oral or nasal
Metals are also used in nuclear imaging. Metals suitable for this application are

ggif)erally radioactive y-emitters. Examples include ?QI“TG, 271 and i,

In addition to metals, it may also be possible to couple to the carrier materfal non-
metaliic 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 1 and 127}, ‘

Metals useful in radiotherapy

The conjugates and formulations according to the invention may also be used to
deliver radioactive metals usefu! in radiotherapy. Such metals are generally
emitters of B-particles, and examples include ¥’Cu, *%sm, 9y, 19'pt. 193p¢ ang
195 ,

Pt.
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i nhal ati on, eg as a nebulised sol ution. \Were

appropriate, the fornulations may be delivered direct

to a disease site via a catheter. EXEMPLARY

EMBODI MENTS OF THE I NVENTION 10 The invention wl|

now be described In greater detail, by way of

illustration only, wth reference to the foll ow ng
WORAHpP®s and the acconpanyi ng drawi ngs. BXHGBR@S0DSR20

10 rel ate to conjugates based on soluble rHA, and

Exanples 11 to 19 relate to conjugates based on

i nsol uble rHA particles. 15 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 showszgn vitro MRl properties of rHA

| abel I ed with gadolini umdiethylene triamne

e al Gd- DTPA); 20 Figure 2 shows the
M%T% % ﬁmﬁﬁl’aﬁor( ons to DTPA-| abel |l ed al bum n;
Figure 3 shows the Gd3+-binding capacity of an

e o UL BB Ao 7 ARl

by a varh@ dieastek Thé jormlilatibes ermyafoaﬁnsmno@t be Hﬂrrﬁ?l’ﬁére‘cf om

ss., DIPA by differ chromm net hqds;

intraveGRIY o T PR WSoTR BEY PG B BUBRUTR oF fedl o Regd | n
inhalat®ABd 8§ a @lfebﬁiiééd @EﬁﬁoﬁlnWHér@agﬁ&g%@Aﬂ@jfonﬂ@ataons may

20047 071536 PCT/ GB2004/ 00058 0 Figure 6 shows the
be deliysied diregfo ?é’é?@?ﬁ%ﬁ't%?'aé‘hc%fh?ﬁebody with PDPH, as

i ndi cated by neasurenent of rel eased 2-thiopyridi ne;
F|ure 7 is asimlar plot to Flgure 6, for a
REARY EMBORIMEMNEIOF T YEN1@NGenpnstrates retention
of bi nd| ng activity for a conjugate according to the

i nvention;
The invention will now be described In greater detall by way of ilfustration only,

with reference to the following Examples and the accompanying drawmgs o
Examples 1 to 10 relate to conjugates based on soluble rHA, and Examples 11 to
19 relate fo conjugates based on insoluble rHA particles. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in vifro MRI properties of rHA labeiled with gadofinium-diethylene

triamine pentaacetic acid (Gd-DTPA);
Figure 2 shows the binding of copper ions fo 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 feasibifity of the separation of rHA-DTPA from excess
DTPA by different chromatographic methods;
=,

Figure 5 illustrates the recovery of free thiol in samples of tHA-DTPA and rHA-
DTPA-Gd;
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Figure 9 shows in vitro MRl properties of rHA
particles | abelled with GJd-DTPA; 10 Figure 10 shows
the particle size distribution of rHA particles before
(Figure 10a) and after (Figure 10b) labelling with
&d- DTPA; and Figure 11 is a photom crograph of rHA
particles | abelled with Gd-DTPA after 15 resuspension
Wo'zﬂu}ﬂ@f&r Abbrevi ations aCD45 nouse anti-rat CD45
nonocl onal anti body specific to MJCL pamtdgenniBs:
DTNB El l mn's Reagent (5,5'-dithiobis(2-nitrobenzoic
acid)) DTPA diethyl enetriam nepentaacet ate DTPAa
di et hyl enetri am nepentaacetic acid anhydride DTT
dithiothreitol EMCH N (3gml ei m docaproi c acid)
hydrazi de 25 GPHPLC gel perneation hi gh performance

Figure B|3Qt:1wel ti@@ﬂ@?&twwaﬂiﬂbb{ of b9 ShiisBEyAH BBl Bs ﬁ’d%%?ed b
no ti body MRl magnetic resonahce I nag d’ PBS
meas“&ﬁb%ﬁﬂﬁ%@@e%agegp@ay@gme ne (0.9%w v) Nad, 15
Na2HPO4 5nMM 30 NaH2PO4) PDPH

Ei g (2-pyridyl dithio)-propionyl hydrazide WO
'gure Pl%ﬂ an Blobtortiquresz 6w 4y diie®aRantRibdy:HA r econbi nant

human al bumi n  XO xyl enol orange General Methods for
anmples 1 to 10 5 Free thiol assay Free thiol
Figure %6@@@&%&%@3 tentias ol bindiny avtiditbior é%ﬁﬁ.:gﬁfé AdchRiidd RBnhat
inventioR 8 and absorbance neasurenent at 412nm using an
extinction coefficient of
Figure 9 shows jn vitro MRI properties of rHA particles labelled with Gd-DTPA;
Figure 10 shows the particle size dlstnbut;on of rHA particles before (Figure 10a)
and after (Figure 10b) labellmg with Gd—DTPA and
Figure 11 is a photomicrograph of rHA particles labelled with Gd-DTPA after
resuspension in water.
Abbreviations
olCD45 mouse anti-rat CD45 |
C595 monoclonal antibody specific to MUC1 antigen
DTNB Ellman's Reagent (5,5dithiobis{2-nitrobenzoic acid))
DTPA diethylenetriaminepentaacetate
DTPAa d:ethyteneinammepentaacetlc acid anhydride
DTT dithiothreitol
EMCH N-{e-maleimidocaproic acid) hydrazide
GPHPLC  gel permeation high perforrnance hqmd chromatography
1gG Immunog!obufln G
Mab mongpclonal antibody
MR} magnetic resonance imaging
PBS phosphate buffered satine (0.9%(wfv) NaCl, 15mM NaHPO,, 5m
NaHzPO,) |

PDPH 3-(2-pyridyldithio)-propiony! hydrazide
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13600M ' .cnt for the rel eased 5-thio-2-nitrobenzoate.
10 Protein assay rHA concentration was determ ned by
absor bance neasurenent at the peak near 280nm using
a lg.L-" extinction coefficient of 0.53. |1gG
concentrations were determned simlarly, but using a
19.0 extinction coefficient of 1.43. 15 GPHPLC GPHPLC
WO R OHEEf or med using a TSKgel G3000SWKL 0. 78K GBRIH/ 0582
colum and guard (Tosoh Biosep), eluted at 1 nL.mn’'
in PBS. 20 Materials DITPAa and gadolinium chloride
were obtained from Sigma. Reconbum n(r)-25 (25% wW v)
rHA) was obtained from ®¢lta Biotechnol ogy Ltd,
Notti ngham UK. MagnevistTM (a 0.5M Gd- DTPA chel at e)
rHA was avadrhBiphet s siBnmgRy ci al sources, 25 and was
used as a control. Exanple | Preparation of sol uble
XO  yHA 1’if80] @@n@Et h MRl contrast agent (gadolinium
chelate) 30 This nethod describes the devel opnent of
an MR contrast agent based on soluble rHA | abelled
aliMath arhpged t Ogadol inium (Gd). Es W
20041071536 PCT/ GB2004/ 000582 32 1.1 Pr eparati on of
rHA | abelled with MRl contrast agent (rHA DTPA Gd) rHA
Free thimgsshiyl uted to 20g.L-' rHA in water and DTPAa (1g per

ded .5 .slow v. wt. t
Fres tf) Bndeniguiorh oS Fe Ry as et erir bt AT NBA PR o <
absorbtingeemegdvréiaeht ated! 2add eging mnrmdtinttajnpdelffe:émifﬂoﬁs 38 I _os eto
rr ntin or mn
13600\ uf Yo BEFp Rafec S ZlipedBRaE0d t he pH then
adjusted to 7.0 with 5MHCl. The sol ubl e r HA- DTPA was

P.te di al ysed overni ght agai nst approxi mat el y 120vol wat er
———nt-aéi—?%m ' nove excess free DTPA. ,

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

GPHPLC

GPHPLC was performed using a TSKgel G3000SWXL 0.78x30cm column and
guard {Tosoh Biosep), eluted at 1mi.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 frofn commercial sources,
and was used as a control. ' |

Examgle 1

o

Preparation of soluble( rHA labelled with MR! 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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10 &d labelling was perfornmed by titration with 0.1 M
&dC13. Care was taken to avoid adding excess Gdd a,
which resulted in conplex formation and precipitation
of the album n. The point of precipitation was

t hought to be a nmeasure of available DITPA The

resul ti ng bound DTPA | evel, determ ned fromthe point

wonddshpduced 15 precipitation, was 46nol.nor' rHA
1.2 urn a in Properties of rHA | abel | ed widT/®Rbi+m06582

contrast agent CGd- DTPA Sol ubl e r HA- DTPA- Gd was
prepared essentially as descri bed above, but with the
20 followi ng nodifications: a) the rHA concentration
for DTPA |labelling was 28g.L-'; b) the DTPAa addition
time was =25 mnutes; c) dialysis was perforned

agai nst approxi mately 350vol water for 18 hours
25 d)

1.1 Prdpaldtiewes n i, marely 100vol for 2 hours;
R B TR ol og) sment Caib Tiats Getiom ¢ he
poi nt of Gd-induced precipitation, was 45 nol.nor'
material was 0.2pmfiltered,

el
o e ety 205 07y e ot aos o e mbaton
et b : : Vi i n20 10000MACO
i ppeET g i AT g
! : Ei.% wad Sade foup@ptaimther pit aaiciisedo 8® &Dgossible.” Sl
as comired ' | G ot
oG e oo e TR TEAL gl e,
i v@tﬁgﬁr‘:‘ & %%f@ﬁiiﬁl]‘f%\msfcﬁajm dvermidit 2WEinst
approxipateM oA 4 05 2" 33
1 I@&@ﬁto@o@e%xg%%ﬁ%%bﬂ'ﬁ’ a2 -30C bath and

aliquots with gentle agi
stored frozen (approximately -20C) until required.

Gd labeliibg wes iperfs QL. j rforned with the

adding %ﬂgﬁﬁbé@gc HA-,DT%AE-E%Jbgﬁ%{.m@mﬁéd%gﬁ@W Yesigkendaavad =
. 'raﬁmfslb Fasuited in eamplex fortationahe brecifi@RofbiRg

albumin.wiThé poitibf Blre8itkARA YRR HbAGEt g t he specified Gd- .

DTPA ngggqm r 3%; on. Rel axationor a%(' S q'BPasUIR o pusilapler o

T et e tH RP U D TEH e levela dipteaminesi frn the Mo d-induced

prec:lpltati@rpe'.teistdemm_mdreﬁ.b(_TR) and echo tinmes (TE), by ?I tting

the data to either 10 M= M(1- a RRTR) or M= M(e
Ri se)

1.2 Imaging properties of rHA labelled with MRI contrast agent {Gd-DTPA)

Solub-!e_rHA-DTE’AGd was prepared essentially as descriiiéd above,lrwl;)ut with the
following modifications:
a) the rHA concentration for DTPA labelling was 26g.L-
b) the DTPAa addition fime was =25 minutes;
c) dialysis was performed against approximately 350vol water for 18 hours
followed by approximately 100vo} for 2 hou-rs;
d) ;h.es resuiting bound DTPA level, determined from the point of Gd-induced
precipitation, was 45 mol.mol rHA,
Th i S,

e resuiting matersai was 0.2um filtered, concentrated to approximately 90g.1."*
rHA (based on starting rHA) by ultrafiltration (Vivaspin20 10000MWCO centrifugal
concentrators at 3300rpm in Sorvall RTG000B centrifuge) and formulated to

A _ :
50g.L . rHA in 5%(w/v) mannitol. The resulting Gd Concentration was calculated
assuming no loss during ultrafiliration, The formulated material was frozen in 2mL
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where Mis the neasured signal at time T M) is the
signal at T=0 and MAis the signal at T=*. 15 The in
vitro MRl properties of this soluble rHA DTPA-Gd were
conpared with those of Magnevisttm a comrercial M
contrast agent based on Gd-DTPA (Figure 1). Both R
and R2 relaxation rates were significantl reater _
WORKWHA I ose obtai ned with Magnevi stm Thi ﬁC%ﬁ&F'E%(?‘E’a“Z
t hat sol ubl e r HA- DTPA- Gd shoul d 20 produce in vivo
I mages equi valent to or better than those seen with
Magnevi st TM at the sanme Gd concentrati on,
particularly in view of 38he marked reduction in
cl earance rate anticipated for the rHA based naterial .
aliquotdlviigrdeatie \sgltation ih aSBOUE Bhtrand SatedSedAdnl (@pproRiniatép- Gd
..could be used at a |l ower Gd dose than MagnevistTM 25
-20°C)tiplhgsoBTed. Bi ndi ng of copper ions to sol uble rHA
| abel  ed wi th DTPA The reconbi nant human al bum n
| abel  ed with DTPA (as prepared in Exanple 1 can be
Magnetis eesongnee ivagingwas performadosith thesolubiearHA-SE-Gd and

tne MeEBAFE chAR e LD AR ot o G A et Pl wit

8mL 05YPagdrasetd gide Hlehapeciied Bropencediration. iReasatipheatbsdBove)

to bind copp ' f Qr "
and R 3br 8 B BRHER e per B e Slal & o 27 Fofstn MEBSE R
and echblfinl8SRFE] bk fittappthe dafa toldth&TPA was prepared as
descri bed above in Exanple 1.3, but with the
follow ng nodifications: a) the DTPAa addition tine
was =Renim{1 bt H8 stdrrri Mg Mufee™g8st DTPAa addition
was =20m n; c) dialysis was performed agai nst
approxi mately 350vol water for 4h, followed by 10
where appr oMiisriteaipadired eigndlaat tirfeTand appr oxi mat el y 100vol
Ilo[ r Z@P gﬁ?'lets%%apéte&%r ation was halted prior | to QdCls |
and M- is the signal at T=x.

The in viiro MR! properties of this soluble rHA-DTPA-Gd were compared with
those of Magnevist™, a commercial MR! contrast agent based on Gd-DTPA
(Figure 1). Both R1 and R2 relaxation rates were significantly greater than those
obtained with Magnevist™, This indicated that sglybte rHA-DTPA-Gd should
produce jn 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 DTRA

The recombinant human albumin labelied 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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e) the resulting bound DTPA |level, determ ned fromthe
poi nt of CGd-induced precipitation with a small sanple
of the rHA-DTPA, was 46nol.nol-1 rHA. 15 2.2
Spectrophotonetric Cu2+ titration A 5nL aliquot of

r HA- DTPA was adjusted to pH6 with 0.5M NaOH and t he
total volune recorded. A sanple was taken for A700

womagd[gent and then returned to the bul k. Twel ve
50pL aliquots of 0.1 M CuSO4 were added wPRCH/GERA004/000582

adj ustment and A7oo0 neasurenent, as above, foll ow ng
each addition. Measured absorbance 20 val ues were
corrected back to a volume of 5nL and plotted agai nst
the anount of Cu added34Regression lines were fitted
T tf_ot he two phases of the titration and their
© CoryiRp s &Lt A mbetacbalbeamint (peemmed RO iMtxarsied RE) SH

d t t
shown 18 O EoBesr BT S e Bete c'p%t&e”g@.é@e?@%%wasieﬁ for

t he gadol i ni um b| nding (determ ned by precipitation

2.1 PreBER8L B - ggscri bed in Exanple 1 above) Exanple 3
carrier ioadina 30 For maxi mal

A sampié bfrtiA-DTPAiviasi FEgsica s deRofBEN 21535 57 EL LA fthe"
th | load of 1 F ‘%‘P kg
the foHc@r@é ?F ﬂi‘g‘srﬁx}\/g? o?ar adi oac;al \6/lgePnet al ﬁﬂg

a) the md@mm;m%g@ﬁ{ 000582 35 for use |n nucl ear
s nmet hod descri bes the

or thera
b)thesﬁ‘iﬁ'{‘gﬁlff% RAS BPTgﬁangﬂE@nbmml?ﬂgmoapam ty for rHA. 3.1
c) dialysBy whb esiermedd édé'%é?éﬁﬁo%rﬁ&#@ 3%0%81 w%tc'er ogh@rfol@pv;%ﬁ)ymr ©
afﬂfOXfB%%}ya%Ptfoaa%anﬁ@pmnnmnom f@En;12 and 9m n
d) the prepapitioh el rring, the pH bein
epane ﬁaéétéé(i:rggféﬁggﬁémnra%fﬂé tlo 8H8 by gddlt: og of

e) the r egf\l/i““ﬂ&lar}[?d PREAJevel: ﬁieiﬁ@nmed trositthe peit 6pGdFAiKeq af ter
precipitatioa witheedmapshhhiahy ﬂfédrl-ﬁﬂ-bﬁheﬂ/ﬁa rd.grpgwngw 3 Mo]lc_ICt44h

Al sanples were dialysed toge
against 4 10 changes of 11 L water. 3.2 l\/basurement

2.2 SpecifopBddmaiddidineRBACT t Y

A 5mL aliquot of rHA-DTPA was adjusted to pH6 with 0.5M NaOH and the total
volume recorded. A sample was taken for Amg measurement and then returned to
the bulk. Twelve 50;11. altquots of Q 1M CuSO, were added with pH adjustment
and Azpg measurement as above, fo!lownng each addition. Measured absorbancér
values were corrected back to a volume of 5mL and plotted against the amount of
Cu added. Regression lines were fitted to thie 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)

ciose!y matched the figure obtained for the gadolinium binding (determined by
precipitation endpoint, as described in Example 1 above)

| N
Example 3

Optimisation of carrier loading

For maximal effect, it is impqrtant in many cases that the carrier carries the
maximat load of the agent, for example Gd** for use in MR, or radioactive metal
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&d3+ bi ndi ng capacity was determ ned by
cotnpl exonetric titration with XO indicator, which,
at around pH6, changes fromyellow to purple in the
presence of 15 free Gd3+. Because XO col our is also
dependent on pH and | arge pH changes were found to
occur during GdCI3 titration of rHA-DTPA in unbuffered
WO8H(71%8h, good pH control was required dECTHPHB0S82
titration for reliable results. 1nL of each rHA-DTPA
sanple was mxed with 02m _ 0.2M hexam ne and 5pL 20
0,1 % f{wv) XO (start pH5.9-6.1) and titrated with 0.1
M GIC 3 to the first per3mnent col our change (end
pH5.4-5.6). To confirmthe validity of the results,
for us@@@c@ﬂ'ﬁh@gm%@ﬁth@t@? FHRI risthed dbébri’m@@ﬂ’fd @ﬂmmrm:tdfl c
a Litration wt , as in Exanple 2. Both titrants
Gd™ Ripding sanaslufairdAd agai nst a Standard Vol unmetric
Sol ution of 10mMM EDTA disodiumsalt (Fisher). 25 The
results (Table I and Figure 3) showed excel | ent
3.1 Syathesismintt AN R en the two methods, confirmng that

rour o5 BB B ABL SR OAERTo Sl BHRI4 200 02,
DTPADVRAR addit thicziah (099% 20D‘lr£’/mdg9nﬂm ré&ﬁ,ecm@ly with eonstamt
Was . e

stiming, Q182 bie PR ARt Tee] SGI08E b HERINE BbaE By pdufpy B S0
NaOHZgﬂ?‘fé@ﬁﬂ&iéﬁméfgghﬁ?B W? _Q&réﬁfhe fi Biﬁlga}_w_iﬂ_o?_ahd&%d _
to pH7AGHH AlaTRoL Rl BB TR i q e o b hersor iotalr Akl applhdt s

change€BbVHl water.excess reactants After |abelling of the
carrier nolecule, it is desirable to renove excess
reactants. The use of dialysis for this purpose was

32Méasumlnérﬁof@ 'tﬁiﬁdlﬁg&g@d&mtvy long tinmes and 10

oo™ oiid Sangbry e Bnlegmiie st b gin K87

mdlcatbr | witict, Ia@ﬂrdmhﬁw dhawgris feorn wilmt’b purplel :ﬁmeﬁ;ﬁr@smﬁam.
free G ‘Ih' Ir %ng{,l ho cr ; b%]g?t ggegti%rggg P d f%;gegpqll changes

were found o occur'durmg GdCIa titration of rtHA-DTPA in unbuffered solution,
good pi conirol was required during the titration for reliable resulits.

1ml. of each rtHA-DTPA sample was mixed with 0.2mt. 0.2M hexamine and 5ut.
0,1 %(wfv)'xo (start pH5.9-6.1) and titrated with 0.1M GdCl; to the first permanent
colour change (end pH5.4-5.6). To confirm the validity of the results, each sample
was also subjected to spectrophotometric titration with CuSQ,, as in Example 2. L
Bath titrants were standardised against a Standard Volumetric Solution of 10mM
EDTA disodium salt (Fisher).

The resuilts (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 indicatel! 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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DTPA fromrHA-DTPA. 15 4.1 Synthesis of rHA-DTPA 0. 3g
rHA was diluted to 12nL in water and | g DTPAa added
over =30min with constant stirring, the pH being
mai nt ai ned as cl ose as possible to pH3 by addition of
5M NaOH. The -solution was stirred for =60m n after the
final addition and adjusted to pH7 with 3MHCl. Free
wo b olnagssay of this material gave a value of 20
0.10nmot. nmol " rHA, conpared to a value of OPE3GEA-FDO>32
rHA for the starting rHA. 4.2 Sephadex &5
chr omat ograph 0. 5nL r HA- DTPA was | oaded onto a PDI O
colum (a pre-packed 8.3nL columm of Sephadex &5
medi um f rom Aner sham Bi &ci ences), equilibrated in
Table . 9% W v) 25 NaCL The colum was eluted with 0.5nL
liquots 0.9%wWv) NaCl, the first four to W
2001/ 071536 PCT/ 662001/ 000582 37 waste and the
MQTP;A@I r]gzleqrd coll ected for assay. To determi ne the
el redoitiohi | B of then s ik of—the
app(ggigf%_%e f r petions \mdib"gip U @én% tﬂ#k‘lm_ wat ey and
t he™“absolMance| at 286dAitadiasur ed. [To Cetigatgmne |t he
el uti®aaprof ITE of The ess—f+ree—DBFRA—20pl lof the
—ﬂ-pp-pe:g.pi_a.Le friactions wad diluted fwith #78L 4m\l CusO4
in 5 26AM hexani ne pH54amd t he abgor bangggat 7donm
measug gy The resutts—(higure-4a) indicated that
—baseline_separjati on of §12IIA DTPA friom extk8s frde DTPA
| was rb#3 achi eJed despi p€.9t he Telafiverygpw-cotum
oadi ng (6% cotum—velune)— 10 4/3 Sephadex 5
chromat ography (small scale) A PD10 col unm was enpti ed
and repacked to the sane bed volunme with Sephadex G50

ExamplgRdi um (Anmer sham Bi osci ences) . The col um was
equilibrated in 0.9%wv) NaCl and 0.5nL r HA- DTPA was

Optimis em of ekewss re@ctanisut ed and the fractions _
assayed as above. The results (Figure 4b) indicated a
mar ked 15 i nprovenment in the separation of the two

Alter laheding of et danidrambiooiierit BAcaFibl B8R exdRUE P OO

The useldFQiahRl i % G B e oS i L Cl ]

e e e o SRERe R Ao teTomuimerticmay ngtimesrany
extremely,largeyvplupesidowictiiche sffidicht Rehe eIk, YapiRbiaRaL
Exf':tmple 3.1). The use of gel filtration offers dramatic savings in time and volume.
T?PS method describes the development of gel filtration for removai of excess
DTPA from rHA-DTPA, o

4.1 Synthesis of tHA-DTPA

0.3g rHA was diluted to 12mL in water and 1g DTPAS added over =30min with

constant stirring, the pH being maintained as cldse 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. -
M

4.2 Sephadex G25 chror‘hatoaranhv

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%(wiv)
NaCl. The column was eluted with 0.5mL. aliquots 0.9%(w/v) NaCl, the first four to
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20 An absorbance spectrum of 0.18M DTPA pH7 (the
approxi mate concentration and pH at the end of the
r HA DTPAa reacti on) showed negli gi bl e absor bance above
270nm wi th significant absorbance appearing bel ow
260nm A detection wavel ength of 254nm was therefore
chosen for nonitoring the colum effluent to allow
wogesedtiton of both rHA-DTPA and free DTPA. POBGEAGHIC0SE2
Sephadex G50 chromat ography (large scale) An XKI 6/40
col um (Amer sham Bi osci ences) was packed wi th Sephadex
&G0 nediumin 0.9%wWv) NaClo a bed height of 37cm
and connected to a UV-1g7nonitor with 2mm fl ow cel |
(Amer sham Bi osci ences) set to 254nm and 2AU full 30

waste SR8 refalhtiESihISARRYS égsag/.% EIBAnINB $hPEIRRGH BbiiRSof
above, but wth ime b I

stirring ti etween the fina
the rHASTPA, Ori relnef thelporopriate fraotipnsrwae dilided with 1adowpler amhi s

the abdFFich 2 polfiR AROES, 30 i e TR 1ol B B sl
free DTFFEW%BE@@WEWh iﬁte’)‘?au:t'ﬁma hitas cﬁlE}egumiﬁx o). 4mid iﬂtﬁml dn
t,. i t [ ' 20% -
20m ting FER20H e e Cueh ROROBP PR ABATEN Bcess
(Figuref 4@ %g_?%ié’% tﬁ_@ﬁb@%ﬁﬁ% Eep%@h{br?dﬁﬂﬁb%ﬁf?h f¥dm emﬁsisffir?d t
r HA- . bei )r oduced, wi .t hin m ' 0 e star
DTPA g gh ashieve! ALsie.inG ety Bvecaians ISt e golti
volumegondi tions for free thiol recovery in soluble rHA

derivatives Previous results (see Exanple 4)
indicated that the rHA free thiol was largely 10

4.3 Se@dﬂ%ﬁ@%ﬁr&h@toﬁ@ﬁ&i{(QﬁaN\éééﬁe)DTPA_a- I'f this thief was
to be used as_the site of cross-|linker attachnment,

A PD10 gelgmawasgmptied andaepaghedipitis syas bffgareiwn@dwni r o

Sepha®dx G50 f¥ldiunt EREésREM \Bibsbidiesy: TheTolunitk s edtiflibrabsfifod

escri bes the devel c#)nent of "conditions to a{:qqii‘ eve -

d .
0-9%(wiNateiand G5k BHADIHAWR Padede { e ROl e Sl a5fPaa
the fm&tbh@\as&g@e)as(ﬁboﬁé‘.m redie(Ffur&dB) intiRatdiPa iEfkdd PA
. érHA-‘DT A-Gd) .. 15 . o . L
improvement in the sepdration of the two peaks with the higher porosity matrix,
even though the self-packed column was less efficient than the commercial!_y
packed ong, resulting in significantly greater peak widths.

4.4 Detection wavelength _

An absorbance spéctnifn 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 monitaring the column effluent to
allow detection of both tHA-DTPA and free DTPA.

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

medium in 0.9%(w/v) NaCtio a bed height of 37cm and connected to a UV-1
monitor with 2mm flow cell (Amersham Biosclences) set to 254nm and 2AU ful
scale. A fresh sample of rtHA-DTPA was prepared as above, but with stiring time
between the final addition and adjustment to pH7 reduced to =30min. This material
was loaded onfo the column and eluted with 0.9%(w/v) NaCl at 2.85mL.min™. The
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5.1 Effect of storage on rHA-DTPA free thiol The free
thiol content of the rHA-DTPA from Exanpl e 4 was
reassayed after 6 weeks refrigerated storage and
found to have increased fromO0.10 to O0.29nol. nor’
rHA. This suggested that recovery of the free thiol

m ght be possible 20 under suitable conditions. 5.2

woNnRest s of rHA-DTPA Synthesis of rHA-DITPA was
pe’r (Jgir%%n%d as in Exanpl e 4 Sephadex G50 cCorategrnaphy

(large scale) with the rHA-DTPA peak collected from2

to 9min 25 after the start of elution. The free thiol

| evel in the starting rHA was 0.70nmol .nol-1 rHA 5.3

Synt hesi s of rHA-DTPA- G889. 8nL r HA- DTPA was ni xed with

30pL 0.1 %W v) XO and titrated with 0.1 M 30 GIC 3,
results {Fjudes 4n) indidatedithag avoetnmene Righ. dohdng ’Ogbﬁil?.?%t&lu}rm
volum eliﬁé)%é%? endf ‘HR;{]TL 041348%' Gd3+. nol rHA),

N éc?a M;m%ate AROF RO TRA Hrpencesnirge DTHA was pasilpl e.
achiev (¢ P3G HROI ISR er, 0.1 nmL
ofcofunlhh%'@TPA was added to %?ﬁgﬁgﬁ‘?%%u\g%@%ﬁi%ﬂm ﬂar’tt he

col é) Pt o yel l ow, and the solution was adjusted to

pH7 with 1 M NaCH 5.4 Recovery of free thiol 5 Six
al i quots of both rHA-DTPA and rHA- DTPA-Gd were

E)@Régzen. Three of each type were adjusted to either

Develofrtbnt d? d6ndiiorH8; #id f and
the remaining TNree 7. A SO e S
up to 1.1 nL with water. Two pH7 sanples of each type

Previous@sslts sk ' or ,A5C and. the renmaining
bi anFI es all ?ﬁ%ﬁ%gﬁgggﬁ{d %gﬁheﬁﬁé@’qﬁﬁﬂw was agaly wer e
°°k9d31¥rf B FRREHOR With @ TRAe. Hithistthinbwady T e PaRsihe die BF PA- &d
cross-firkee afe i [ it ,ons at , the indicated
. T ,r%,s_‘. Thégﬁyrggﬂét@&(thggﬁﬁgp%)k%%loﬁﬁ’?ﬁ LeQired foretligients r ee
reactionWiihiheicrossdinker. Shisphathod debelitias the owasmReM b S Ml e
conditioh$ RLUEMIdVa this A ; of recove was nuch -
ooy e o e o fon R iR i
) 47 dhe binging of Rsiiete the chid-LBFPA GpidnDRRAYG )| t hough
i ncreasing tenperature was nore effective at 15
i n$r easi ng reaction rate. Maximal recovery (equival ent
5.1 Effect of storage ongHA-D PAdeze thiol

The free thiol content of the rHA-DTPA from Example 4 was reassayed after 6
wegks refrigerated storage and found to have increased from 0.10 to

it 1 - . R T 7
0.29mol.mol™ rHA. This suggested that recovery of the free thiol might be possible

under suitable conditions.

5.2 Synthesis of tHA-DTPA

Synthesis of rtHA-DTPA was performed as in Examplé 4 Sephadek G50 |
chromatography (large scale) with the rHA-DTPA peak collectéd frofn 2 to Smin
after the start of elution. The free thiol level in the starting rHA was 0.70mot.mol™
rHA. |

5.3 Synthesis of rHA-DTPA-gd

9.8mL rHA-DTPA was mixed with 30L 0.1%(wiv) XO and titrated with 0. 1M
GdCls, pH being maintained between pH5.5 and pHB.0 with 1M NaCH, to the end
point (=48mol Gd**mof* rHA), indicated by the first change from yellow to purple.
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starting free thiol) was achieved at 45C in around 2h
for rHA-DTPA-Gd and 20h for rHA-DTPA. Exanple 6 20
Cross-linker reaction with soluble rHA derivatives In
t he net hodol ogy according to the invention the
targeting noiety and the carrier nolecule each
contain distinct chemcal groups for selective
woeneaistsbd nker .reaction to produce a wel | - defrigr1/000582
product. For the particular case of an anti body
targeting 25 noiety and a rHA carrier nol ecule, these
groups are preferably carbohydrate and free thio
respectively. This meth descri bes the reaction of
r HA- DTPA and r HA- DTPA- with two cross-1inkers, PDPH

T A i
yellowDar@viie lsolitidil waslapjusts! 10ipHM with 11! 12D, |n vvater and g -

DTPAa added over ~30mn with constant stirring, the pH
bei ng mai ntai ned as WO 2004/ 071536 PCT/ GB2004/ 000582

54Reégvﬁtg§ﬁeaa§,,dpossi ble to pH8 by additi on of 5M NaCH.
ution was stirred for__ =30mn Sﬁ jheflnal
Six 1rr&oﬁilnwf§ﬁf bethjrbdtletPAgng ﬁﬂAvP"{‘ﬁAsfﬁﬁ W@Wefé' 1% eﬁe%l a
1/ I
type w@%@% @%?\t&@? EH% My 49 bHPAS (nAthﬁ#él SN2y b abgfcﬁﬁna

utli on was per or ned at
and thewerhaitiog #uek et altpHds Araammes Wepe Dedaup tddrnbyygh

water. gﬁjg ;g—ﬁi:) %gncf;iéso ?Pr S Jh%&@}n@r?fnbﬁllﬁaﬂe? @t éltcl‘?e{rtSS% 0? hgéc Qﬂd

eve /mol . nmol -1 rHA
the reriving dampiERAiMBeLbate AA5SE. Fe ttmha%ﬁayw@re DerOmmAchRK

L

the indidates tithea: é’lheGeémthlgm 5)indigated st the fﬁﬂa@rthleuntmth

Samp]éé\;&;}‘}%TE@'e%Ever%E%v%]mséqﬁﬁjbgggﬁzgg% @II unm vvas gﬁﬁéthéd

was mugch Rigier with m&pTaA-eummtmm DA Beth reastipas showed.
L L e

mnl

: mcream reastioy ede. dviakisaptecovaryggaiivalesido appraxinateiiD %

starting $8B 46lflvas achieved at 45°C in around 2h for tHA-DTPA-Gd and 20h
for rHA-DTPA.

Example 6
Cross-inker 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 preduce a well-defined product. For the particular case of an antibody targeting
moiety and a rHA carrier molecule, these groups are preferably carbohydréte and
free thiol respectively. This method describes the reaction of rHA-DTPA and rHA-
DTPA-Gd with two cross-finkers, PDPH and EMCH, suitable for use with these
groups. "

6.1 Synthesis of tHA-DTPA 7 _
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
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15 The DTPA groups were titrated with 0.1 M &d 3, pH
bei ng nmai ntai ned between pH5.5 and pH6.0 with 1 M
NaOH, to the end point (=_48npol Gd3+.norl rHA). 0.3nL
"retai ned rHA- DTPA was added to bind surplus Gd3+, the
solution adjusted to pH7 with 1 M NaCOH and then

i ncubated for 2h at 450C to unbl ock the thiol,
wotigh@ing a free thiol level of 0.51nmol.norl rHA. 20
6.3 Reaction with PDPH 2nL r HA- DTPA was niaurmtingss:

0. 15nL 0. 2M Na2HPO4 and 0. 05nmL 0.2M NaH2PO4. A 1nmL
sanpl e was taken and its absorbance at 343nm neasured
i mredi ately before addition of 0.1 nL 10nM PDPH
(Pierce) and every 2m n4@5 thereafter for 20m n.
Measurenments were corrected for the absorbance of the

close gamssibiestolfHadntad ' d
e ddioreof R NaOH. RS RBn SR SR 581

;30’:i’§ Aletne Tl agolion i 8 PH7 With@MKpbandreptliodds 2

epha @50 edkdinint bol kB A ; t-5, 4 ndi ed t hat

E!uﬁon.t;ag react i gn WU?E%E'BR%wﬁe%%magegaﬁQ'Q%/&d’ﬁvz%é\%acit'ici ent
L SRRy a52.84sl-mgin el tedtionl ab LE4rah. THerHADIHA2M N

peak was sellqedd o i tent of .reaction bein

ol oF ~%pc§?§éf T 2o S e s PR Lo Bt ovadanee il
® oYM A% 3 6H GG HRRDIRADSAS B2 ubdtdd for20REAGL @, W t h

unblociEMetthidiy - : Lxed with 3mL 0. 2M Naz2HPO4
and 0. rlrylr?{dﬁl@. %@F\ﬁﬂlﬂ%‘)ﬂhgﬁ .Oﬁﬂﬁ\?br EMCH (Pi erce)
added. 1nlL sanples were taken at 15, 30, 60 and
6.2 SynlRem &t rAhlefpaddi tion and immediately applied to a-
DSW“%@W\“ librated in 50mM sodi um phosphat e
g rH'g % thiol ével @ 70mol.mrit’a i) s tonlaRed 3 9A-FPPAGH ar |
above, &ejcahin i ' ollected from1l.5 to 3.5nL after
| theeg tgﬁﬁg pa@‘gle ﬁ?i%gﬁ?d EY%fa"va%é“*wTéh%ﬁspMegcﬁ% free
cOMMN PRP G1Utad 3t T mbanin i itk HHA-DTRA 8ohikieSk bileRic) frdi? B ant
10min aftePmMB st .t | yate. EMCH renpval ) ‘and t Q- :
AmL rH. "?b ei né?g%%g%m&tag‘de%@ggaaq fiee ‘r'%’gg‘efe(?- mohysek wHAd -
ML rhs %Wf%@wed aind 60pk amagmpxoml a&@Fhetpg},a;,Q,eandf
The DTRA3r : : I I | ete ellmnation o
o AR G Tk b o
PFIS-S 2 Q6 Uit 1M dlag3H,itn dhecaiiab ol et4girioe GE&aRbHRAN 6 S
retained rHA-DTPA was 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 rtHA-DTPA was mixed with 0.15mL 0.2M NayHPO, and 0.05mL. 0.2M
NaHaPO,. A 1mL sample was taken and its absorbance ai 343nm measured
immediately before addition of 0.1mL 10mM PDPH (Pierce) and every 2min
thereatfter for 20min. Measurements were cotrected for fhe absorbarce of the
PDPH itself and the extent of_reaction calculated using ah extinction coefficient of
8080M1.cm™ for the released-2-thiopyridine. The experiment was repeated with
tHA-DTPA-Gd. The results indicated that the reaction with PDPH was both rapid
and efficient in both cases, being 96-88% complete at the first 2min time point,
with the final extent of reaction being ~00% of that measured by the free thiol
assay.
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EMCH was both rapid and efficient, with free thiol
| evel being reduced to 0.02nol.norl rHA at the
firstl5mn tinme point. 15 Exanple 7 Cross-linker
reaction with antibodi es This Exanpl e descri bes the
reaction of the two anti bodi es aCD45 and C595 with
the cross-linker PDPH 20 7.1 aCD45 reaction with PDPH
wo Imnafip45 (Serotec MCA43G | gG concent r at PERIGBZ04/000582
1.0mm.nL-') was added to 2.3ng KIO4 and m xed for
30nm n at roomtenperature in the dark. The sol ution
was applied to a PD10 columm equilibrated in PBS and
the high nolecular weight 25 fraction collected from
1.5 to 3.5n after the start of elution. The eluate
ated to a final volune of 1nlL, using a
6.4 Regfon il ga centrifugal concentrator (Pall)

4mlL ripx-OTRAsGd dvasi rhirePRh OcBidied. EMJNI:\EHH@4 2R¥PHL tanid0.aMxed f or

Na 5Pl g 4ol QOB Bl o thasiof Faost AT SERRR U ARaLet o

15, 30 ]Gd-ar"rtﬂmﬁm iteBbidifich AU PvBEdhien :qféné@wwmoqfow&%
0 The extent of reaction was determned fr

equmb@@dﬂnoﬁslw grdism Rhosabele RV toredigue thsnexaess uw

high mBiaE‘blar B Pﬁ@éﬂaﬁ%% JRasH RN, . 5% 3%4@@ aﬁmﬁs didt v
2004/ 071536 PCT/ G&B2004-/0 0 bef ore

eluttonaal@ataswer@sub@pi@d tofe mqu aﬁsayebﬁéla 9rrq¢ﬂymndml@§fwl@wa

consiapSimept of DT heRete EHICH FhBaIfaR| o il oy (i
evaiuamm re\c@w)e M@@U@@g@ﬁ@ﬂa@sww InaiBeA3Ng&) Pl AdyYedor DTT
and 1 3‘3/“ Aré’on‘ﬁfm% %Hmp@?pﬂgmﬁnon of ERfeH é{i@#éﬁfob

Ig etection wave

I'njection'w nth

rHA. TheGshijts rlthﬂidtmtt ee thiak asshy indieaied mgtfwcga@wth

[ ution
EMCHWEB Ferfl! G EREGRE S 24 1l o M S<h T roBRRIE St
0.02matpes (ldbta&th%‘ij‘sﬁﬁmnmwhi/ersny of Nottingham 1gG .
concentration 10 3.2ng.nlL-1) was diluted with O 65nL
PBS, added to 2.4nyg K104 and m xed for

Example 7
Cross-linker reaction with antibodies

This Example describes the reaction of the two antrbodles ocCD45 and C595 W]th
the cross-lmker PDPH

7.1 aCDAS reaction with PDPH

1mL oCD45 (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 molec:ular weight
fraction collected from 1.5 to 3.5mL after the start of elution. The eluate was
concenfrated to a final volume of 1mL, using a Nanosep 10K Omega centrifugal
concentrator (Palt) pre-waghed with PBS, added to ‘{,ng 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 80%.
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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30mn at roomtenperature in the dark. The sol ution
was applied to a PD10 columm equilibrated in PBS and
t he hi gh nol ecul ar weight fraction collected from 1.5
to 3.5nL after the start of elution. The eluate was
concentrated to a final volume of 1nL, using a
Nanosep 10K Orega centrifugal concentrator pre-washed

wobbnrish, PBS, added to 1. Ong PDPH and mi xed for 19h at
room tenperature. C595- PDPH was purifi ed rasicgom@oRRi0
colum and the eluate reconcentrated to 1nL as above,
giving an overall 1gGrecovery of 85% The extent of
reaction was determ ned fromthe 2-thiopyridine
rel eased on reduction ofizt he bound POPH, by
beforegggif)rbance nmeasur enent at 343nm i nmedi ately before
lon gt Gyt 10op mm&gvﬂ*ﬂﬁﬁ‘ﬂwe?%’a?fe}‘f%rﬁi n.thereafter
extinctiﬁmboéﬁagm,of%géq}ﬁ-1an -£xtinction coefficl n?”B‘F: using an
8080M . cm 1. ““Fesdhedeqtisdigerery) indidheaties R
reactedsyorpgsi iy veiti mw,&%g ﬁ“ﬂ% t(359 iving a
Bl e 7o afokRBP Ao

I9G. AnghALaipanet 1y of 2. 5m

9= "%E’ﬁfﬁ?ﬁ@%%ﬁsqw@esmwm ddatedﬁﬁrﬁ@é&é?éh%ﬁ%ﬁ%@ﬂl%}h of

Indicated8i0atrifie ioaditifg Leshash he resul ting C595- '

peak el et i ned hi gh mononer| &[ﬂ”?%%lgkmonomepe@mm with an
YRS ofgBatimin. | 5 Exanple 8 Purification of

r HA- DTPA/ r HA DLTPA- Gd The conj ugate of the targeting
clearly be |arger

iety and the carrier nolecule wll
7.2 £59 i t he i ndi vidual conponents and hence
.conjugate fromany of the

0.35mL 0895 fdahd frd U . |
(dea éﬁpﬁ"u g 'P‘Y%fahbemwggmmug@ doecasthiteMabl e

3.2mg.mg3; eactd§ ..
Wes diktee with D1 588, Bt R Bl etz of

y. For the

30min atpesiiRgh| OpRLpar 3ph
n atpesriiRahbaanfd E'}r@?éﬂf Zf%etqpptlopmp@ye@fo awpro al bunmin

carrier

column E%Hﬁigét‘?ﬁ BiRBReasd thechigh eltgc @ ﬂ:ﬁrﬁ%gﬁ %g{: (g,& c@g%p Jggmt se
e ate

1.5 to 3.5ni1ea®eis riflcation of t
v ﬁ@%&%eﬁ’ﬁPa-eJYré%e'Hﬁ?erW@cmmmbdm afihas net hod

r HA- DTPA and

volume of I8 osiagse Nasosap 16K Omérodn i

with PBS/ 4t ERA-(fath pB[;i,_f)% 9.r.eact i ct)rr'1 é‘%ﬁﬁ %ﬁ@?ﬁr%@ﬁqﬁﬁed

PDPH walll e%%‘?w fo~srnp rfc{/”'f’ﬁé’ ubdeefreom tempefitast 059601
BRLIIEEH eing e SO, dolitn 8 pab ke ¥tald o bl 164t o0, ©!

e injection

z:tc:::} iz:gjr;j::\éf g}t{ggﬁi&d{? ?%o%&?of Bsha" e extent of reaction was
cbsorarr ~thiopyridine re-leased on reduction of the bound PDPH, by
e o tr:ent at 343nm Immediately before addition of 10uL. 10mM
080 et " ireaffer for 1 5.rni|.1, usirig an extinction coefficient of

o5, g ; o isu s (Figure 77) indicated that PDPH reacted successfully with
2999, . . ometry of 2.5mo) PDPH.mol” IgG, Analytical GPHPLC (50uL
njection with detection wavelength of 280nm) indicated that the resu]tiﬁg C595. i

PDP [l - . * .5 )
.H retained high monomeric purity, with a peak elution time of =8.5min.

Exampie 8
Purification of rHA~DTPA/rHA’-‘QTPA~Gd

The conj i i
e rfugate of fhe targeting moiety and the carrier molecule will clearly be larger
. either of the individug] components and hence purification of the conjugate
Dm - .. . :
any of the unreacted individual components should be achievable by ge!

(BowL)
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10 productivity, and a sub-optinmal detection
wavel ength (254nm, to reduce peak. absorbance at
hi gh rHA concentration. 8.2 Purification of rHA- DTPA
Preparative GPHPLC of rHA-DTPA was characterised by a
di mer peak at =6.6m n 15 and a nononer peak at
=7.6mn. For purification of nononeric rHA- DTPA,
wonnerisad el uting between 7.2 and 9. Omi n WEBSTEBRINEBISE.
Anal ytical GPHPLC (50i 1L injection with detection
wavel engt h of 280nm of the collected materi al
confirmed that a high degree of nononeric purity had
been achi eved by this mefshod. 20 8.3 Purification of
r HA- DTPA- Gd Prepar ati ve GPHPLC of rHA- DTPA-Gd was

permezllé é‘ﬁrbﬁ{a'toggpiﬁﬁ‘/ Fgr l‘ﬂb E%Hl&l%g%a% of Z79A Rk Rr ﬁibqiec%le the

nonomner puri fication
tenderﬂm'rﬁdﬂemae attiin mm diraeesr and hxghmattggme&m@ 7.7 and

B T T

targetedtardert radletml‘es.rTrﬁé mafh ododa‘sbanjtmrmrhfmtbh @i rrdmgnmeicof

oner | |ty had been achi hIS thod.
iR S SR Ty SRR A A
simpliffaisesuldeql&if pRFifHton of Bevedrpigat s of i ndivi dual st eps
In the synthesis (Exanples 1-8), this nethod
descri bes the conplete preparation of a targeted WO
8.1 p;-g[%}gy‘@?éﬁﬁﬁ;_ECT/ GB2004/ 000582 44 agent, i n which the
rrer nolecule (rHA) is labelled at hi Ievels W t'h

Purificpfigspor tHéy cﬂqsxx@thve@wsea a ’ﬁ@ﬁ inigclien ¥oluma 7 rto@ive high o

produétﬁftﬁ%fn@qa sMﬁLo;ﬁWiHl Hé&btl&g%(feienﬁlh@%ﬁ ﬁﬂe‘é!u@é peak
r HA- D PA50, g rHA (free thiol level 0.70nol. nol
absorququag\gsg dﬂﬁlﬁoéﬁeﬂf@ﬂ?&nt in water and |g DTPAa added

over =35mn wth constant stirring, the pH bei ng

mai nt ai ned as__ cl ose as possible to pH8 by addition of |

8.2 Pu f o M ution was stirred for 30mn after the

Prepalfa'h{?é‘ GRMHLG 60RA-BRPASRCHPadEHs 8l By ditidrpbaR BE=6.6min
and a molgomegI pégk gt =7.6min. For purification of monomeric rHA-DTPA
materiai eluting beiween 7.2 and 9.0min was collected. Analytical GPHPLC (SO;JL
injection with detection wave!ength 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
(100L injection with detection wavelength of 254nm) of the collected material
confirmed that a hlgh degree of monomeric punty had been achieved by this

method.

';.l

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

Based on the previous developments of individual steps in the synthesié
(Examples 1-8), this method describes the complete preparation of a ta_rgeted
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Sephadex G50 medi um col um (1. 6x37cm equilibrated in
0.9%wW v) NaCl. 10 Elution was perforned at 2. 7nL. mn
1 with detection at 254nm The rHA- DTPA peak was
collected from2 to 10mn after the start of elution
and showed a free thiol level of 0.14nol. nol'' rHA
9.2 Synthesis of rHA-DTPA Gd ' 15 1nlL rHA- DTPA was
and 60NL 0. 1% w v) XO added to the remainder.
Wd@@%ﬁ'ﬂ% groups were titrated with 0.1 M G cB0RMhoss>
I M

bei ng mai ntai ned between pH5.5 and pH6.0 with
NaCH, to the end point ('48npol GJ3+.nmol" MA),
i ndicated by the first change fromyellow to purple.

0.3nL retai ned r HA- DTPA4was added to bi nd surpl us
&d3+, returning the colour to yellow, the solution

agent, inyvhish dw deori@OnaglbFuiHA in d for

folowegihy A 485,49, U AR e anfn REB IR BERAT i o)
"evel G sypigiblaygr use A#iA tagietedS\iRI herstrast adent.
aCD45- PDPH 1nl aCD45 was added to 2.3ng KI04 and m xed

9158 th@r i30$2 at roomtenperature 25 in the dark. The

' P pplied to a PD10 colum equilibrated in

0.3g rHRBFea ol 1dvaeg £ r_wejght fraction collected
o REOTRRBLIRY SR FUES 1 1554 invasar et

DTPA frdam 1.5 to 3.0r
AG145Y 8VelaSSedmvib comtant stioriry, tha1ph beRIUABINREndd s

e A R uhR o508 e lins st ot e
30min %&F therfingt additiom, adjupiedas pm.wiﬂ@aﬁg@fac’dd é\%ﬁ%cgg)r % fied
S B S Y Bl vt e,
ution VRiPesiemedat Rimimei-owitirde TR Qﬁz%%.ﬁ?feirﬁk@ﬁrpﬂ _
peak wal RREEEH 4G, 2@% %%gﬁ\easﬁ Bg!gsugén“%rﬁé é%&'aa& fxgshy

thiol 1 %&tfecti on at_
ol levglar 8. 1dmol.moRdA. with product col I ection from

7.7-9.0mn after injection. The rHA concentration of 5
925 he product was 1.1g.L-1. Hi gh nononeric purity of the
- ﬂbﬁ%ﬂ@&'ﬁﬂl&:@i rmed by anal ytical GPHPLC using a
Tml rHADPRAIVHsS B i ] eteq) ) 280nm 9.5 Synthesi s
PPE s EonRd s B0 it R0 e bemoaindens

The DTPS{"HQ}'@HP% Wetehdrakebatih BORKHGRICE] pFbbeifd Wralbibed BGween

PH5.5 and pH6.0 with 1M NaOH, to the end point (248moi Gd* mol rHA)
indicated by the first change from yellow to purple. 0.3mL retained rHA-DT;DA was
added to bind surplus Gd*, returning the colour to yellow, the solutidﬁ 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™ tHA.

9.3 Synthesis of aCD45-PDPH

Tmbl 2CD45 was added to 2.3mg KIO,4 and mixed for 30min at room temperature
in the dark. The solution was applied to a PD10 column equilibrated in PRS and
the high molecular weight fraction collected from 1.5 to 3.5mL after the start of |
efution. The eluate was concentrated to a final volume of 1mL, using a Nanosep
10K Omega centrifugal concentrator pre-washed with PBS, added to 1.1 mg PDPH
and mixed for 5h at foom temperature. aCD45-PDPH was purified using a PD10
column, run as above.
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10 the solution concentrated to 1 nL, using a

Vi vaspi n20 10K centrifugal concentrator (Sartodus)

pre-washed with PBS, and m xed for 24h at room

tenperature. The formation of aCD45- PDPH-r HA- DTPA- (

was confirnmed by the appearance of a new high

nmol ecul ar wei ght peak on anal ytical GPHPLC using a
WOZOH(OTi5Hj ection with, detection at 280nm Pﬁﬁ’%‘g'&'ﬁ@dsz

r HA: aCD45 stoi chionetry of 2.3 (as neasured In 15

Exanple 7 for PDPH aCD45) together with the neasured

Gd3+:rHA stoichionetry of 48 gives a predicted &

| evel for this conplex g6 =110nmol Gd3+.nol-' 1gG 9.6

Purification of aCD45- PDPH r HA- DTPA- (d

94%%@@ RPkh | W@g’A— Gd was purified by preparative
ut 20 using ten injections of =95pL,
Monor@mce‘m-aﬁp&e@s@snmrdmd i penatative QR o Hsing 8ra08Hb-
t
s R e B e e e G

with prpdudttepllatioh ifromet]749y0nain a&iftet injedtioBPHRL A sommpnérat@NDf

injecti wist h. det ection at . ' :
the pragifes Tilad't PobEncTame By B Einr et poblifredty
analytiedSBHPILE dsial a-50RC injéftidh Witihdeidotioly at8ttkrmg activity
Anti body activity of aCD45EPDPH r HA- DTPA- Gd was
nmeasured using rat splenocytes, which express the

9.5 Syhifekio of € DASIPIIFH-AHA-DOEN-GIHS, in a conpetitive
I nding assay agal nst uoro hor - | abg é
Purified FiiprgtAefd Waraskisrty tha syl P f&g rIS by

the so!ﬁﬁ%&rﬁ:‘eﬂ B¥o 1HE! Lri‘éyn@a(‘ﬂ?éépﬁﬁﬂ {b!(z%tfrﬁjgﬂr&‘hﬁéﬂator |

i ncreasl ng anpunts

(Sartora@mm-wmdwm PP sarchmixgs fah 84!1 @arom teomerawres ibe
formatBﬁUf ‘&%%Qt%ﬁﬁﬁgﬁ& cmﬁA @?%’é W85 xﬁ?e%ladﬁﬁtﬂe%bﬁé J%hhé/oﬁé a

It ve contr results cat ed

_ Fi
new higtm motqmm;rwaimueam prsiytical Q%éPhglt@mca %ﬁl-ﬁ-ﬂﬂﬁ@@ﬂﬂ Wih. .

oot 84 SN P 0O s i
Example? dorRDPIERICHNS) jodethed iwith thetmeasuyed Gd¥rlAMtgiskipmetry

of 48 gEv%Séoangrgg Sl QRS S this complex of =110mol Gd**.mol™ igG.

9.6 Purification of aCD45~PDPH—rHA—DTPA—Gd

«CD45-PDPH-rHA-DTPA-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 1mlk using two Nanosep 10K Omega
centrifugal concentrators and purity confirmed by analytical GPHPLC using a 50pL
injection with detection at 280nm. Finally, fhe product was frozen in =150pL
aliquots in a —30°C bath and stored at —20°C.

9.7 Antibody binding activity |

Antibody activity of aCD#S;PDPH—rHA—DTPA—Gd was measured using rat
splenocytes, which ekpress the leukocyte common antigen CD43, in a competitive
binding assay against fluorophore-labelled aCDA5. The fluorescent intensity of the
cells was measured by flow cytometry, using a constant 0.2ug fluorescent
antibody and increasing amounts of xCD45-PDPH-rHA-DTPA-Gd. Unlabelled

R A T S e e e AT e e e s R S R e e T e et e e b e s s bl e fateas Tl et DT S e el e fa s i S e s e e T e e ke e e
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aCD45- PDPH- r HA- DTPA- Gd gave Ti and T2 rel axation tines
at 2Tesla of 92 and 95ns respectively. This was
approximately two-fold better than 0.5nM QOmiscanTM
(a non-targeted gadolinium based MRl contrast agent

from 10 Amershan) which, neasured sinmultaneously, gave
val ues of 193 and 177ns, indicating excell ent
wo phaxatsson enhancenent for the conjugate. Exanple 10

Preparati on of C595-PDPH rHA DTPA 15 Thi sPem¢Bwa/000582

descri bes the preparation of a targeted agent, in
which the carrier nolecule (rHA) is labelled at high
| evel s with DTPA but no netal ion, nmaking it suitable
for loading with an appri6pri ate radi oactive netal for
chD4§S€ as a targeted nuclear inmaging or therapeutic
HeReSs3io0 somibriyestnesitvontork AR S | 1 o
fndicaﬁaaiﬂ%td@/@ﬁpgpg7 I gol -1 rHA) was dilute 0712nL in
b (\é\u/ater ‘and 19 fg%aD" Rer wae eblesordispladd the onstad:
antbogy inrthé sgme g | 0L, aj s close as ,
coniu a%ss%l{:ﬂ e to p%%%ﬁggg}l%?égﬁa 8@% %&@qmm@ggbatm on
UGRIEeined aniibody bipging@wtivityaf t er the final addition,
adjusted to pH7 with 3M HCl and applied to a Sephadex

0.8 M G50, medi um col utm (1. 6x37cm) equilibrated in 0.9%w v)
-© Hagpdc res esperforned at 2.84nL.nmin 1 with

oCh450e@alLar 254nm _The rHA-DTPA peak was col | ect ed
fr oﬁq iH’t@‘gb@%ﬁ" ﬁ%gqelv@rﬂtw &4 plaxafiondimes airPTesk $02wed a

95ms respgetively. Ghis Wavsioresi PN . r HA- DTPA
OmnischRS/ @%@tg];qee? %Lﬁpr%dﬁggv %ﬂo}g}?ge@ﬁﬁﬁﬁ\%f)ygﬁ"t he thiol,
ing 934qligium passd MRI Corgrasbhgantltol r HA. The

yi el
Amershempmwhichy me%“@d%ﬂﬂﬂif&‘?@é@é? -
- » Jave valpes of 193 and 47:
inH /000582 47 detef mnad ond 2iddiimgot of
indicatirdf e inaiéiﬁgé?’éﬂq"’ﬂf” gresess denthe conjugatat i on wi t ha]gdo' 3

this
as above, was 44nol.nol-1 rHA 10.2 Synthesis of

Examplp§5- PDPH 5 C595 (obtai hed from The University of -
tingham 1g9G concentration 3.2ng.nL-') was diluted
f PH- TpAPBS, 1nl added to 2.3ng K104 and

Preparati
m xed for

This method describes the preparation of a targeted agent, in which the carrier

mc.uiecule (rHA) is labelled at high levels with DTPA but no metal ion making it

§y:table for loading with an appropriate radioactive metal for'use.as a targeted

nuclear imaging or therapeutic agent.

10.1 Synthesis of rtHA-DTPA

0.3g rHA (free thiol level 0.67mol.mof rHA) was diluted to 12mL in water and 1
DTPAa added over ~30min with constant étirring, the pH being maintained as i
closta as possible to pHA by addition of 5M NaOH. The solution was stitred for
30min after the final addition, adjusted tb pH7 with 3M HC and applied to a
Sep.hadex G50 medium column (1.6x37cm) equilibrated in 0.9%(wfv) NaCl
Elution was performed at 2 84wl min? with detection at 254nm. The rHA-D‘TPA
peak was collected from 2_ to 9min after the start of eiufion and showed a free thig|
level of 0.07mol.mol” tHA. The rHA-DTPA was incubated for 20h at 45°C to i
unbiock the thiol, yieidin_g a free thiol level of 0.57mol.mol™ rtHA. The DTPA level
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30mn at roomtenperature in the dark. The sol ution
was applied to a PD10 colum equilibrated in PBS and
t he hi gh nol ecul ar weight fraction collected from 1.5
to 3.5nL after the start of elution. The eluate was
concentrated to a final 10 volunme of 1nlL, using a
Nanosep 10K Orega centrifugal concentrator pre-washed
WO 7PBS, added to 1. 1ng PDPH and m xed f CTBIB28HAMGEM
tenperature. C595- PDPH was purified using a PD10
colum, run as above. 10.3 Purification of rHA-DTPA 15
Mononeri c rHA- DTPA was purified by preparative GPHPLC
using a 200pL injectiogyon a TSKgel G3000SWKL
0. 78x30cm col unm and guard eluted at 1nlL.mn-1in
e 4n f . .
deternfy E@J 98 %ggnﬂa%ﬁﬁ&f \Aog ?@Q%—bﬁg’? cgb%\;\ﬁe%&%ﬁ*egrjco@[%lton with GdCls
as abave) wes44rol. rfxmltirrHA 2-9.omn after injection. The rHA
concentration of the product was 1.0g.L 1. High
nmononeric purity of the product 20 was confirnmed by

10.2 Santabsit btebo$PHPLC, perfor'med as prepar ative GPHPLC
but _using a 50VL injection with detection

C595 (Bbiafeeiiram Tos ndpraibes NoGkhess GXpBmesnARtaY PG mL)
was daBEé.fd ttnlﬁﬂng Hrﬁ 1@6@% RS %%Fi%de% tb%r@é&%f&?&h%ﬂ#@ﬂm'

25 sol ution concentrated to

30min a&rqe@ f@mnefpg@,r@u lhﬁm dapk. Temsolitieryurs appitcdie adtid10
columrpédhiﬁ}ﬁét@&% BBERLAERS: h ‘ﬂ%%g@gr &ig t]fg%gﬁb rcé&é’c%%%f&o% .

erature. The for t|on

1510 %6 isfiepthersjart n%elamahamt@waé coaoeriiaigr tormfiratul ar

w5 60, B8 e 1 Soo gl 8o Z0R o

with PR${mddsd & $daigdhiPBendynized fordh atsoemdemperiura. €536wl e -
D Fel s PHPH t t he neasured
POPH ﬁé&%%u ﬁﬁfg %ﬁﬁ%ﬁ?&%@‘g’gfrt}ﬁ?\gb&g@ a predicted d-

| evel for this conmplex of =110nol Gd34.nol-9 1gG WO -

10.3 PRS0 4580, ﬁg B2004/ 000582 48 10.5 Purification of
PA C595- PDPH-r HA- DTPA was purified by

Monorﬂzﬂ“@ﬁﬁﬁdﬂ%‘ﬂ@}ﬁﬂtﬁﬂc&@ pispeetyetCRRPKHg usingra 20fidct i ons
mjectloﬁfon‘a%ﬁkgelQ%O%G‘S\Amh@tm@@&ﬂ‘cﬁfb%rpéﬂbd@ﬁrd CQlie g%tt' on

duct was contentr at to 1nmL
TmL.mizs|ip FBS Withaetssligs q@ﬁf’:m’e@w eycieanfichrargatbgraphy were
perfornal matar@m éomﬁomﬁ*amtm LSthin' S infetBAATAE HeR!

usi ng
concentratlon of the pl’OdJCt was 1.0g.L.". High monomeric purity of the product
was confirmed by analytical GPHPLC, performed as preparative GPHPLC above

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

10.4 Synthesis of C505-PDPH-rHA-DTPA

Purified rHA—DTPA was added to the C595-PDPH at #10mol rHA. mc:a!‘1 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
C595-PDPH-rHA-DTPA was confirmed by the appearance of a new high
molecular weight peak on aﬁhalytical 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*.mot” IgG.
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injection with detection at 280nm Finally, the
product was frozen in 2115L aliquots in a -30C bath
and stored at 20C. Exanple 11 10 Preparation of rHA
particles |abelled with MR contrast agent (gadolinium
chelate) 11.1 Methods 11.1.1 Preparation of rHA
articles 15 A batch of rHA particles was produced by
woSRLsgrying of a rHA suspension, as follows: 200n
259%¢wW V) rHA was dial ysed agai nst 5L pyr o§€ncBeeeunnss2
purified water overnight at roomtenperature to
renove excess sodiumchloride, giving a final 20
vol une of 32onl. 52ni dial ysed protein was, adjusted
to pH3.0 with 1M NaOH a4l et hanol added slowy wth
constant m xing on a magnetic stirrer until a mlky

10.5ﬂ§mmﬂsjfm59mpﬁmm®-(@@ni et hanol ). The conti nuously
PR L spensi on ~was spray dried using a Buchi

C995 P@?H %&ﬁ" W%Pur(ﬁﬁe@yl preparsiiye CPHALEaslidve Sablidiad

ten Inje@iohb of oM O ALl [, 97010),. under the

6.6mi E{ﬁ' | owi naj con%?%'dljrgﬁts: @?%4 g%b q@@m@%@m@’@%&c

S 41 PERIUCEYRR Penaniabddn Thdeusingiteo Rakosdp™M oK Omega

centrifudil a6mEHin : r 30 WO 2004/ 071536
o %HQT/ Gezorg%g'gggéﬁl‘g’i@’q@’ﬁé&rb&sﬁﬁ%ﬁﬁsp%ﬁ%ﬁmn% BQuL
injection withydateqiioneat 280omeFiadily, tioenpiodacoyss RHLCRA g§4i on jar,
liquot L 3fd for in to render theminsol uble
a'quoS?ﬁ?e?%i@ng&kﬁ%ggs@%?gazﬁ h 7.0y mannitol and

deaggl onerated using an Attritor 6in fluid energy ml|

ExampleMd4 h an inlet pressure of 5barg and a mlling
pressure of 3barg. 5 11.1.2 Conjugation with DTPAa The

fornul ated particles were wetted with ethanol and
dAnssiciesdabsiledivith MRI contrast agent {gadolinium chelate)

11.1 Methods
11.1.1 Preparation of rHA particles

A batch of rHA particles was produced by spray drying of a rHA suspension, as
follows: o

200mL. 25%(w{y) rHA was dialysed-against 5L. pyrogen-free purified water
overnight at room temperature to remove excess sodium chloride, giving a ﬁhal
volume of 320mL. 52mL dialysed protein was. adjusted to pHB.0 with 1M NaOH
and ethanot 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 Schilick
2-fluid atomisation nozzle (model 870/0), under the following conditions:

inlet temperature 100°C
outlet temperature 67°C

™

feed rate 3mL.min!
atomisation pressure 6barg
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wat er by centrifugation (Sorvall RT6000) to renove the
exci pient mannitol. After washing, an aliquot was
taken for dry weight determi nation and the rHA
particles 10 diluted to 20g.L-1(based on this
measurenent) in water. DTPAa (1g per 0.3g particles)
was added slowy with constant stirring over a period
woafvo#Rts n. During this tinme, 5M NaCH was mdueekosanss?

maintain the pH as close to 8.0 as possible. Stirring
was continued for 30mn after the final DTPAa addition
and the pHthen adjusted to 7.0 with 5MHCI. The
r HA- DTPA parti cl es vvere%\gashed twice with 15 0.9% wW v)
NaCl and twice with wat by centrifugation and ,
resuspension to L71 (based,on the initial dry

The ’%ﬁ@ﬁt“)‘”&ﬁ@”@'?ﬁé‘? 89) YeI&d §5‘é‘f¢6‘°éi’j%%‘ tg%ﬁy‘l?_lﬂ'ie C%@Ctiﬂ%lar

heat-ika8at IITG"G: ¢ $8hitdo HRied Eﬁérﬁ‘ﬁs@ﬁble"&eﬁdﬁg B"é@% E?H_[E(’@d thh

art| cle suspensi on was neasured t0 determ
7.09 WOM angrasggplomesated uBTRAN AlEEON iR fuidgnergigmil Wlﬁl are of

inlet P%sf}fé%f 55? gtr:f]ndr A_ﬁﬁlmgﬁﬁres@e o"fl@géulg' ng, a further

SI on was Futed with water, and
0.1 M GO 3 added with constant mxing to give an

11. 120dt§ﬁm uogwﬁHtﬂ%o 2.5-fold and a final &d

concentratromregttal to the DTPA | evel determ ned by
The fodmylavesi ;gﬁnﬁclasmswwm with dhanolgndagashextthoveeghif euith

wator b0k B bBRor SRR L4 PR s bRt et
washig rain(r)aiiiﬁm:gtéiwésdglgergfmg gt;{lﬁ(zigihtr] di??r;rllrhemmﬂtﬂﬁdHNpaﬁmﬂﬁ
diuted @ A" foPeee 8 i PR TR et S0 er

particle{wasvadded sfovilpvith BOndtasiestierirey ovat.a perrod of =25min. -DWNHg

2004/ 82. 50
ths tirfe L, NAOP Was fosleaip MBnBRLNG DH 38 503 f 8 0cas Rossible.
StirrindRese naﬂh'&ieaﬁmﬁ}rhln%teﬂﬂ]etfhﬁl BaPhiacidditioNbfhdahe @Hthen -

ot AR ol R e e

0.9%(Wiv) NaCl std tWicowiti Wateﬁby&:eﬁglfmgaiﬁmmrresmﬁsbm t agm
th .wate m.xed W t % agar ose to
(base(gl?'i’/ E‘%‘ﬁ@afg{%&"e{q‘;@ inaly ﬁ%%ﬁ??'&qffcgthéﬁﬁgﬁ:qax gt ion rates

(R1 and R2) for each sanple were determ ned, as

11.1.398B&fih P&l 'dy Bxamle 1.

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.mot™ 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 formulateg to 509.!.4, 5%({wiv) mannitol and freeze dried.
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10 The in vitro MRl properties of rHA-Gd particles
wer e conpared agai nst those of MagnevistTM a
commercial MRl contrast agent based on Gd- DTPA.

Rel axation rates with the particulate rHA-Gd (Figure
9) were equivalent to (for RI) or significantly
greater than (for R2) those obtained with Magnevi st TM

woblbsy7i5di cated that rHA-Gd particles should produce
in vivo i mages equivalent to or better tham1lEshhneses:

seen with Magnevi st TM at the sanme Gd concentrati on,
particularly in view of the marked reduction in

cl earance rate anticipated for the particulate
material. Alternativel W0 it suggested that the

11.2 articles could be used at a lower Gd dose than
: %@ﬁ@ﬁﬁéﬂ%@MZ.Z Size Distribution Analysis
Coul ter size analysis was undertaken to determ ne
whet her the |abelling method had led to significant
11.2.1 C BEsangrico Peodridlof thB@ofJul S shown in Figure
that the size tion (post GJ=DTPA

Magneliig %ﬁ%ﬁlﬁfﬁ%% el wes gfrr@}{rrfqdd;mthlede—Bﬂ"ﬁ’ﬁgEﬂeﬂeaﬁJaHd%: 3
Fi unr e 11)

The papligles arpicthe iMuynevigpe EBM?C'IFI Skér?n%'“ fn Cr.OSCO ‘
- h EaAPORST ERRY st
water, & ineh Tl Wi B chvadbramsnessetosive T soroa Gt ¢ bl ©

concenyratige nRélagati CT/ 6B2004/ 000582 51
e iRaieaR1 Al |f§r? SAMme wersfeterained, st

d : le 12 lLabelling solu
es""'bgé@’r:?"%ﬁ?lle{‘hen maki ng particles This Exanple
illustrates a variation on the nethodol ogy of the
iin which 5 particles are forned from

P ion,
;he in i ﬁ‘gﬁ‘t‘ 8" MGRISHAT 0D G pattiatesiveare compuieian BERe of
agnevisiBe al coehrinéricl @Egt 12.1 Methods A 1.5g

rates wi?xl t’@guot . C&I r HA \Saﬁgo_ | u% égnﬁ%asféd’.nLé‘i'qTFWQEXaim _

oo PaficHjate iy CoTiPissre 9) Werldquivaibmth YiopRifloeonst ant
significastly greiateg thareffo Ladaf - appr.oximately_40m n. During
that rHAt—#BZ) L %E 5£/I Na%e—ﬁ %}s"%tﬁ‘gﬁ W’&‘%Wﬁ‘%@-t% indicated-
those ol 058P Shuid Praduceiimvivo imshes ehuigansaso e BbEAUARL, T OF
. 0se seg0wiih Mfﬁgrﬁividt“%tfthQ@émg-@fgoi%%%%{i&r: pgpti(g:ultapl}? irllo viemf t:z(fe n

e marf<ed reduction in clearance rate anticipated for the particulate material,
Alternatively, it suggested that the particles could be used at a lower Gd dose than

Magnevist™,

E e

11.2.2 Size Distribution Analysis
:oulter SIZF,‘- analysis was undertaken to determine whether the labelling method
ad 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
L . .

ight microscopy (Figure 11) ¢onfirmed that the Gd-DTPA labelled particles were
non-agglomerated and resuspended to give a suitable suspension.
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adjusted to 7.0 with 5MHC . 15 The | abell ed (+DTPA)
sanpl e was di al ysed agai nst 10.5L water, changed after
5h, for a total of 21h. To estimate the required d
addition, a 5nL aliquot of the +DTPA sanple was
titrated wth I MGICA 3 to the first permanent haze.
On this basis, the DTPA | evel obtained with the
WOSHEIES r HA was 47nol . nol ' 1. A further SRETAIHYHGPOSEHF
t he +DTPA sanpl e was renoved, the remaining sanple
-titrated 20 with 1M GJIC 3 to the first permanent haze
and the untitrated aliquot added back to bind any
excess Gd. The CGd-| abel béd sanmpl e was then O 2pm
filtered to renove any residual insoluble material.

Exampl@g2sanpl es were spray dried using a Buchi spray drier
W Schlick two 25f|UId nozzle at anlnlet

and a feed rate of 3. 5rTLmn 1, givi nganoutlet
tenperature of approxi mately 79C. The col | ect ed
This Ezamplediustratesei \giiation oo thsainetiiogiolegy of thednyentigndn tiéah

partiolill o eGf s s bl oSt b A b L o

labelledfitbra G8-chielatd.es at  175C. However, this was not the
case with the Gd-1abell ed sanple and addi ti onal
fixation was required to achieve insolubility of the

12.1 MestHoeisi al . V\D 2004/ 071536 PCT/ GBZOO4/ 00k82 52 Exanpl e

0 n hartic uI e as
A 5o G ik B oG R e R et i B
added %Wﬁwm @of&iﬂﬁt@lﬁhmg dveaatpewed @f approkiaiatei eml Durmg

of th eti.n

this tiniey S1A WA yas deis b A B SF & cloba o Ep 8 RETE By
StiringWas éontfﬁuéd IfbrCBDknIn %ﬂbrt tﬁElﬁaaQDUBAafaﬂﬁltloh fhnd E]m?mm

cri bes the neasurenent of the free
ad]mt?‘ﬂl“? H@gﬂ?‘:@hﬁ% rHA particles, to confirmthat it is

still available for reaction, despite the high 10

tflxtlon usedt nd i Gles
The (aEH (BT EAT salgble veis el SRy S90% RS HPEF. hatoditar Sh'
fora toﬁ.’ﬁ(}fwflw) T6 Héﬂmlal_% e @équir@d Cwedlilttgdnta Sl mtiquiot of the
+DTPA 84 S!Ee%\tra%rﬁra?e(@ s b Mztgtl:fCla to the first permanent haze. On this
basis, the DTPA level obtained with the soluble rHA was 47mol.mol™. A further
5mlL aliqyot of the +DTPA sample was removed, the remaining sampla.:titrated
with 1M GdCl; to the first permanent haze and the untitrated aliquot added back to
bind any excess Gd.

The Gd-labelled sample was then 0.2pm filtered to remove any residual insoluble
material. The samples were spray dried using a Buchi spray drier with Schiick 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, o cafculate recovery, and then
heat-fixed for a total of 5%hour 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 additional

fixation was required fo achieve insolubility of the material.
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water and the resulting protein concentration
determ ned by absorbance 15 neasurenent at 280nm
using a 1 g.L1 extinction coefficient of 0.53. The
di alysed protein (24.4g9) was diluted with water to
12.5%¢w v) and adjusted to pH3.0 with NaCH 275nL

et hanol was added and the resulting suspension
an inlet tenperature of 100C, outl et

woSRbAY:gf | ed Wi th
; 1-9{ ure of 72C, a flowrate of 3nL.m n’CTJGﬂ_amdm&Bsz :

t enper a
atom sation pressure of 6barg. The resulting

m croparticles (13.4g) were 20 heat fixed at 175C for
Il h (yielding 11.1g), m xed with 22.2g nmannitol and
passed twice through tH& fluid energy mll with an
inlet pressure of Sbarg and a mlling pressure of
3barg. 13.2 Free thiol assay 25 The free thiol

Examgenagentration was determ ned by reaction with DINB at
H7and absorbance nmeasurenent at 412nm using an

p
Free thiglhqgo aefdte¢Hant of 13600M 1.cm 1 for the
rel eased 5-thio-2-nitrobenzoate. Reaction was

E performed for 1h at roomtenperature and the .
Or Usp as titedgeedsrdnf |Ng | ' rior to
reacﬁv\\%gf,oq{?ta}an%rre%sur eg@%ﬁ%?éﬁ%@é’%? %’ﬁ?‘.n TBHEBE: i on
- S~ e de™ 50T Rl CeEPingeof Ste tangetingemaietyofn thbeabl MBS
e partitie-foreshdglateriat itk fbd Wi i ted particles.
this u%;he as%rﬁfre??ﬁ% gv&l ev #@?\E% @Q%WF%QTWWW,
PHTESRT TR mgthod deserikestthe sraasiimanDoR R4+ tho Bontent of

rHA paRICTEs (BRI HRER 2 stﬁl%v‘é@élﬂg %Srcé%%bgﬁ%%tpqgg Béﬁ%’f gb%

e heat-fixation step an
temper%“g‘(ﬁeﬁe#%ﬁa%upﬁeﬂﬁg rejfden theapayticien nsolibky, y.  Exanpl e 14
Optim sation of particle | oading For maxi mal effect,

5

Lt LS inportant in many cases that the particle
13'1%%@@5&&3&%%3I | oad of the agent, for exanple
use in’

f.or

100mL 26% i igifl G DA Lo l
m twipiHANES dRBY ’ov&rné%r@g't %ﬁuﬁé &ﬁ@%@?@g@@ﬁt@@g t he

| ear I magi ng "or ther
water afi e reSulling Brobin canpeatratiomfieimiped dpabibahes ' HA

measur@fbht £t286nml thesis of DTPA-I| abel | ed rHA

e RATLACI es A ﬁ%’i%%%&f PRRCHD Ereficient of 8.53 Siertialsach
protein (wden wan dilvtad yithgvatemio M5 % (wAT BARad(S8Y & (JIHS ok
NaOH, = are added to each oVer"

> :a%\!ﬁﬁ gpn%rr]l%\llmv%?%gdc}ecf é]‘s%) the resfﬂgng suspension spray-dried with
an Inlet temperature of 100°C, out_!et t_e%mperature of 72°C, a flow rate of 3mL.min™
and an atomisation pressure of 6barg. The resuiting micrdparticles (13.40) were
heat-fixed at 175°C for 1h (vielding 11.1g), mixed with 22.2g mannitol and passed

twice through the flyid energy mill with an inlet pressure of Sbarg and a milling

pressure of 3barg.

13.2 Free thigl assa\}
The free thiol concentration was determined by reaction with DTNB at pH7 and
absorbance measurement at 41 2nm, using an extinction coefficient of

13600M ™ om ™ 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” rHA, confirming that the free thio}
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15 constant stirring, the pH being maintai ned as cl ose
as possible to pHS by addition of 5M NaOH The
suspensions are stirred for =30mn after the final
addition and adjusted to pH7 with 3BMHCI. Al sanples
are washed thoroughly by centrifugation and
resuspensi on to renove unbound DTPA. 20 14.2
wokbasussnent of Gd3+ bi ndi ng capacity Gd3+ POiriGdkevgon0582
capacity is determ ned by conplexonetric titration
with XOindicator. pHis controlled in the range
pH5.0-6.5 during the titration, either by use of an
appropriate buffer (eg Bgxami ne) or by adjustnment with
an appropriate alkali (eg NaOH). XOis added to a
Wyl

was nqteBRBIAP BeRl o) iRcheat atth SEplamly vits MERNER2, 11

suitabls tevetiir dowsidg Gfl €8 gsiiioumiosty.t o the first pernmanent
col our change. Exanple 15 .' Devel opnent of conditions
for free thiol recovery in particulate rHA derivatives

Exampi®diResults with soluble rHA (see Exanple 4) indicate

that the r free thiol is largely  blocked by the

Opimi fRArt!R8dPAa. 1 this thioi is to be used as
the site of cross WO 2004/ 071536 PCT/ GB2004/ 000582 54
| inker attachment, recovery of the r '

HA free. thiol
For maseil e, £ M RaS B AITSGAEEn Shet 1 PPy dpkgsarriss he

max1m§ﬂ§§§ of thBK@Ent, ﬂ?'eﬁar‘ﬁﬁrér@@“‘?@&%é IAIRE, Bﬁraﬂﬁiéﬂh@@ﬁﬁ#ﬁl of
. conditions'to ieve this aim ei t her ollaq

for userip ARElRBNIMATING & Hhrrpey.dinis Mgihad! derorbes tia?p)b?ﬂml%ﬁi@%l%d

3* hii owi ng the binding of Gd3+
Gd bpgdﬁgﬁ?lg%ﬂefgﬁﬁﬁb%ﬁg%%cl es). 5 15.1 Synthesis of

| abel  ed rHA particles DTPA-labelled rHA particles are

14.4 %ﬁ%%ﬁﬁﬁﬁ%ﬁéu@& LHAgrﬁt@e%Cf i bed in Exanple 11. |
Tcles nay be roducedfrorrbb_ :
Aliquotgpppif seicles are EMSR?@FIFG’ 0 water 208 YA ApouRs AL DT PARed.
(coverih§ tﬂ:é(@?i%b ‘3:01\515 G HEA R atRied to EABN O@V‘mmﬁmwd

usi n exomatrlctltratlon

constam%gm ihe,pH Reing eaintaingd aREiose aEiea?ﬁsPle tq E%Vtﬁﬁidgm
of 5M ﬁﬁ@k' Tﬁé‘ 5%%5%% btd Qref foPEBRmi ATl tiesiindtadBRibh bl es

adjusted o pHT thh 3M HCIL. All samples are washed thoroughly by centrifugation
and resuspension to remove unbound DTPA.

14.2 Measurement of Gd°" binding capacity

Gd®* binding capacity is determined by complexometric titration with XO indicator,
pH is controlied in the range pHB5.0-6.5 during the titratio‘ri, either by use of an
appropriate buffer (eg hexamine) or by adjustment with an appropriate alkali (eg
NaOH). XO is added to a suspension contalmng a known amount of DTPA-
labelied rHA particles and titration performed with a standardised GdCls 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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of titration to bind surplus Gd3+ 15.2 Recovery of
free thiol 15 Aliquots of both DTPA-|abell ed and
&d- | abel l ed rHA particles are incubated at a range of
pH val ues and/or a range of tenperatures and sanpl es
taken at the start of incubation and periodically
thereafter. These are subjected to free thiol assay,

rmne the optimum conditions for recovery of
ch‘jra‘ggg%lgol w th each particle type. 20 BExaméeodfooss:

Cross-linker reaction with particul ate rHA derivatives
I n the nmet hodol ogy according to the invention the
targeting noiety and the particle each contain a
uni que chem cal group fé&Hk cross-1linker reaction to.

. produce a well- 25 defined product. For the particul ar

linker gtasBment, secoaatyi dfdioky rHAfre6thinds F&LU%M f@@fi@e&ft'?‘éactiop .

o free thiol

i ese gr s are carbohydrate an
W';h_ thi%?&g g‘b fﬁ?feltrb]'.s Wﬂgg H&icﬁ’gés theedevalapssent nécoretitinnisdn  of
achiev@iiiLaim, aithbd low ibi - d- b[Z.I:FL d
!abeile@ﬂ-ﬁ/&i cl es X;ntp timhgrﬁégefﬁigrggmﬁgm dg%“é:ﬂ,ﬁ\‘
"< 174 Ratticlesher iolewing the bindisg of @CBU@;?HaB@HéNKHNFAﬁQ@Q_SG
PCT/ GB2004/ 000582 55 16.1 Synthesis of l|abelled r
particl es Both DTPA-Iabelled and Gd-1abell ed rHA

15.1 SyMhesis gflabelled rigd hehgerssed essentially as described in
DTPA-E&lehrBA ‘ t hiol,.ynbl ocked using the
i Tum condi t%‘lo% srg@gﬁgr%sggt@%yﬁsﬂ?é‘?"@@d xampke 1%6. 2

t
ed~:ab§g§gwﬁquwampm prdduged frempthet PR aneesd AfA b@xgﬂelsed
addi

ossen AR o e | L AR hell Belnby b miauaedging

°°mp'e’6§?(§ﬁ% tf&@*@nn Wih GACl; iPDRHreatnd & XD 49 daRtbdPinar

E (=] Vad.ahl e thio roups, and 10

o pert o, 8 S e BplBR of prEAdishglcto i sl e ong
ratienyio bing sw@lisfBd™t he supernatant absorbance at 343nm

measured. Measurenments are corrected for both the
absorbance of the PDPH itself and the residual
15.2 Regouary al irge thioim

Aliquots of both DTPA-labelled and Gd-labelled rHA particles are incubated ata
range of pH .values and/or a range of temperatures and samples taken at the start
of incubation and periodically thereafter. These are subjected to free thiol assay, to

| determi;jg the optimum conditions for recovery of free thiol with each particle type.

She

Example 16

Cross-linker reaction with particulate tHA derivatives

In the methodoiogy according to the invention the targeting moiety and the particle
each contain a unique chemical group for cross-linker reaéﬁon to produce a well-
defined product, For the particular case of an a'ntibody targeting moiety and a rHA
particle, these groups are carbohydrate and free thiol respectively. This method |
describes the reaction of DTEA-labelled rHA particles and Gd-labelled rHA
particles with two cross-finkers, P_DPH and EMCH, suitable for use with these |
groups. | '
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unsedi nented particles and the extent of reaction

cal cul ated using an extinction coefficient of

8080M'.cm 1 for the rel eased 2-thiopyridine. These

data are used to 15 determ ne optinmum reaction

conditions for coupling of PDPH to each particle type.

16.3 Reaction with EMCH Aliquots of both types of

wo abehleg rHA particles are buffered at ar gurgHRRGeREs?

addi ti on of phosphate buffer. Sanples are taken '

i medi ately before addition of 20 EMCH, at a

significant nolar excess over the avail able free thiol

groups, and peri odi cal | y5§ hereafter. The sanples are

i mredi ately centrifuged "and the pellets washed

t hor ou or rmvgthe excess EMCH prior to free
16.1 S 882 are used to deternine optimum

Both mﬁwab@nbocémﬂ@aizmeﬁ %Awﬁ&;é@ﬁe@?mﬁ@%a BsscAisly as
article t 25 e 17 Preparation of

descri @ﬂlrb@@mmaﬂﬁ aa@theé‘de& lwbtqcb%gsmg\ﬁheaa%@wr@n t he
Cond;tfe,hs\ﬁg{é%ﬁmggxrg%%gg%}ﬁgs 11| ndi vi dual steps in the

synthesi's 16), this method descri bes
the preparation of a targeted agent, in which the
16.2 A4 .(ijc‘!w b ) is labelled at high levels with DTPA
' and WD 2004/ 071536 PCT/ GB2004/ 000582
Aliquotofttiodntypesipl lelcelied rEd Eatictbs dpa buftekechat arousdipitiablre f or

additioglf’o%@ﬁ wjgxiq%@‘ﬁet f’%ﬂnmlgf,ﬁ?%tté m%%%ga,g%yﬁéf%%aﬁéﬁéﬁﬁ 'S

PDPH| atnksignificdad fﬂcwedxbeﬂs ovdAk tha avaidbiesfranithidbdrdupbedrided r HA

poriocREh hieRlet: THeBEc ¥y o pile cpaiisniinee 1.

supern'ﬁmtmbsrbrbah@ataeienm measwad hMéaMrema@héry cbyrected for

botn 1 Eeheplia 8 of B2 A SR ABENE GR8 LIRI AR 67 e

unsediantdzbpyrtioled andithe axtéﬂtmﬂeantuoss:alwiam using an extinction

coefﬁqq%& ngtﬁoglhpx d{q{éﬁ%ﬁ&%}%!ﬁ%ﬁﬁmlﬁ?ﬁ?ﬁnr}ehﬁeg’eegat?:)ére used to .

determine optimum reaction conditions for coupling of PDPH to each pariicle type

16.3 Reaction with EMCH

Aliquots of both types of labelled rHA particles are buffered at around pH7 by
addition of phosphate buffer. Samples are taken immgdiately before addition of
EMCH, at a significant molar excess over the available free thiol grdups, and
periodically thereafter. The samples are immediately centrifuged and the pellets
washed thoroughly to remove the excess EMCH prior fo free thiol assay. These
data are used {o determine optimum reaction conditions for coupling of EMCH to

each particle type.

E_xamp_!e 17
Preparation of antibodv/Gd;labeﬂed rHA particles

Based on the previous developments of individual steps in the synthesis
(Examples 11-16), this method describes the preparalion of a targeted agent, in
which the particle (fHA) is labelled at high levels with DTPA followed by Gd and
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K104, PD10 chromat ography and centri fugal
concentration, essentially as described in Exanple 7.

Coupling of PDPH cross-linker to the
peri odat e-oxi di sed antibody and subsequent PDI O
chr omat ogr aphy and centrifugal concentration are 15
al so perforned essentially as described in Exanple 7.
“,C%E&HLng of EMCH cross- |inker may be perforned
GIVITRPEy. 17.3 Synthesis of antibody / Cdrchtaghl Bhss,
rHA particles Antibody/ Gd-1abelled MA particles nmay
be. produced by incubating any one of the 20
follow ng three conbinati ons of reactants. 1.
(&d-1 abell ed rHA particggs + cross-linker) +
(Peri odat e- oxi di sed anti body) 2. (CGd-Iabelled rHA
then capldd ©l B3t ' =oxi di sed anti body +
P Ao S bl o8 S5 A8 papidpladdeR qontrast
agent. (parj odat e- oxi di sed anti body) + (Cross-Iinker)
Wi chever synthetic route is used, the resulting
particles are washed thoroughly 25 by centrifugation
e3i%efl B aheliethrHiopariaeY it erRESItHBRE AR
D) /\ ..'

Ga-abdba ARl b Mol o8 it sesiclones orome intceDRH@n of

EMCH)zre synjhesist hiialk ' ' [l
sy O 408 B4, e

Ll ed at high
then W"{Sﬁgﬁ t’{c“&%‘iﬂ?@\a&f TR UOESOPRNS] TEPUSTESROTO 66208 208582
reactans/ anti body, neking it suitable for loading with an
appropriate radi oactive netal for use as a targeted
nucl ear imaging or therapeutic agent. 18.1 Synthesis

17.2 SvotheRERAbE RIS AR aRM ddyabiBts 2l fitn @R dribs SR

: - | i nker -TabelTe AT O e
:: ?g°d:§f‘%§@ﬁ%%%ﬁiﬁfe°@6‘w3rﬁyn_ {seg| kydneubsitiop of therdrtibody WBIPH or
» PEMCERroatatodx iy asd : j - AS ribed in
des:rib%hﬁ |.e iL(S(ﬁ 'p}%e_ pc??:ﬁf@?ég?ﬂ g?gﬁtﬁlgﬁ’-e\/\%gﬁ@%y?ﬁoroughl y:
o 'c%ﬁ‘[‘ip %ggwpaﬂs ahRPPESeigprefishasto the periedateaxiiess s
antibody aratsisesuert PO ' | - oxi di.sed
aso peiHEs " ol FrronRioRpy SRl @Rl bRk Elci e
. er o%§¥e€'— 8 Yaﬁg%%mﬁ?ﬂi FbBWMPle % \Geuling sfEMOM cross-
linker maynbe berforaredafimidigy, anti body with K104, PD1O
chr omat ography and centrifugal concentration,

essentially as
17.3 Synthesis of antibody / Gd»-labe!led rHA particles

Antibody/Gd-labelled rHA-bar:tjfbles 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—o'xidised 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
(1HA)} is labelled at high levels with DTPA but no metal fon and then coupled to an
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described in Exanple 7. Coupling of PDPH cross-Iinker
to the periodate-oxidised antibody and subsequent
PD1O chromat ography and centrifugal concentration are
15 also perforned essentially as described in Exanpl e
7. Coupling of EMCH cross- |inker may be perforned
simlarly. 18.3 Synthesis of antibody/ Gd-|abelled rHA
wopswdizedses Anti body/ DTPA-| abel | ed r HA par t i ReiTaGs mmpiize?
produced by incubating any one of 20 the follow ng
three conbi nati ons of reactants. 1. (DTPA -l abelled
rHA particles + cross-linker) + (Periodate-oxidised
anti body) 2. (DTPA -Ianlled MA particles) +

(Peri odat e- oxi di sed anti body + cross-linker) 3. (DTPA

antivegy g S B LRl = GRPIRET=8 s hateel o,
use as & fargeidd nublear Bsigiriyg srghp@pbuiid @gerdr e washed thoroughly

25 by centrifugation and resuspension to renobve excess
reactants. 4 58 Cains 1. A conjugate for use in

18.1 S_Eﬁﬁe%%' ofiDTml ﬁ%ué@ﬂ@p@ﬂ&bymﬁ QnAWHHOUS BB sELlinlGA! 1| er
in nmol ecul e or article forned

DTPAHRbAIRRrHAdRHIS SIS T AdabalR TAMaIscs PGS HBIATD to a

(PDPH BPERZH a?@@?tﬁthe&%e@eé%bﬁﬁéﬂys% ddRRPERIn E%ﬁ’plehe Phe

tar et avi ng an |n|t wth a SpeCIfIC
Paffldﬁ%)@{%thﬁﬂ mshed tﬁ@rm@w by wrérnfégﬁthwctmspmensm facul e

' Qégﬁ the targeting noiety by a
removﬁé—:-txgro i?uné{%i onal cross-|inking agent having one

reactivity that is specific to functional groups

wz@mggto‘cg&géﬁe 6%{3'?8 nﬁB&’dﬁpﬁﬁﬁhd anhwﬁcrsggﬂﬁ ng

CtrTvity tnat 1S icto

Perlodlatmcmd@ﬁ@anwpssmmd yninchkationraj e ﬁ@anqlm\@-hy and
KIOq, %P?G'&hz#ﬁa&%r&ﬁﬁl &r?t# Eérﬁﬁf ggt cd%c‘éﬁf?éttﬂ?@%@sé}ﬁla% g rreql ' n N

IA nmagnhetl C reson
describedhigi E@mpis 73Cowp!m|rqf E@Fthb cmSﬁnwntedhe nemcaiemlzdlsed

antlboﬁgﬁﬁﬁ bﬂbgéﬂlﬁem{@éﬁmm raﬁ@f'@rﬁd é@rﬁ f%ﬁ@gﬂfaﬁaﬂoﬁ are

also pmrr@drgslshetiaﬂmaames@med lnaxgmlqgascouplmg of EMCH cross-
linker may be performed simitarly.

18.3 Svnthesis of antibody/Gd-labelled rHA particles

Antibody/DTPA-abelled rHA particles may be produced by inctubating any onlga of
the foliowing three combinations of reactants.

1. (DTPA -labelled rHA particles + cross-linker) + (Periodate-oxidised antibxf)dy)

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

3. (DTPA -labelled rHA particles) + (Periddate—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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20 ions. 5. A conjugate as claimed in CGaim3 or Caim
4, wherein the netal ions are coupled to the carrier
via a chelating noiety that is covalently bound to the
carrier. 25 6. A conjugate as clainmed in Caim1l,
which is for use in nuclear imging. 7. A conjugate as
clainmed in Caim6, wherein the contrast agent
conprises radioactive netal ions. 30 8. A conjugate
as claimed in CQaim?7, wherein the radi oactive net al
is selected fromthe group consisting of 99nifc, 201TI
and 111ln. 59 9. A conjugate as clained in Caim?7 or
Claim8, wherein the netal is coupled. to the carrier
via a chelatlng noiety that is covalently bound to the
rrier. 10. A conjugate as clained in Claim5 or
Gaim9, wherein the chelating noiety 5 conprises

cay box r or derijvatives .thereof t
ok ROilaatE e n Fledcl g bt By ipast hnsEeR B
carrlér]m the foRR di%r@teﬁﬁm@le%uw d parGtieifoinidy frodgirelein t he
chelating noiety is an acetic acid derivative, of

mol%ak@-ﬁo@ﬁ@amﬁﬁm baynhie & GonEashAGERT G GLUYECUTEET {wreck and
to a %tﬁ@?ﬁcﬁeﬁ\a‘&in@' Jreakinily WARb Fpddific ‘Yd&ﬁ&%!hlﬂ {m body,

lety I1's selected fromthe grou
wherembe@arrwg rraﬁ!e@!mw @H@@damth%tar@%fmdaeﬁ? 8 id,
hetef ﬁhﬁt}(#gﬁaﬁg{)ﬁ%ﬁmﬂ%{:@ﬁ% faGiRG 'oﬁe%h@l.w@ﬂ%t@@&wcgﬂd fges

ereo gate for the deliver
funclﬂ?&'lahQFOUQS presebbaly thegsrder arsighsgat en ﬂlfbtﬁﬁ@t?@@éﬂalet% and
anotfrét, r%éc.et wti{ %hatt hse%ﬂe%ﬁf@ﬁ ffur?btl%ﬁﬁglﬁbﬁﬁ)yﬁlle%ém &h ﬂ!‘é targeting
particle’ 1orne rom protei ecul es e carrier
moieheambaksenpfroo the gamiechel ati ng agent to said netal and
conjugated with.a targeting noiety having an affinity
with a specific locus within the body. 20 14.. A
2. caonpanjegate as climediniClaimdl, whishgs éer t&wnmr@mcmﬂnﬁac@
Imag‘n?) 13, wherein between 10 and 100 chel ating noieties
aré coupled to each protein nolecule. 15. A conjugate
as clained in daim14, wherein between 20 and 60

bﬂ:cﬂﬂnlxiﬁe 28 JHHhEl irPEIaTh D, GRRRLA thd SortAeh a&éﬁ’ttc%h{bnses

paramagnet[c metal ions.

Clai

4. A conjugate as claimed in Claim 3, 'whereig the metal ions include Gd>*
ions.
5. A conjugate as claimed in Claim 3 or Claim 4, wherein the metal ions are

coupled to.the carrier via a cheléting 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 *Tc¢, 2'Ti and ™In.
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16. A conjugate as clainmed in aim1l, which is for
use in X-ray imging. 17. A conjugate as clained in
Cl aim 16, wherein the contrast agent is an iodine 30
conmpound. 60 18. A conjugate as clainmed in any
preceding claim wherein the protein nolecule is a
single, conplete or substantially conplete, protein
nol ecul e. 19. A conjugate as clained in any one of
Clains 1 to 17, wherein the protein 5 nolecule is an.
ol i gonmer of conjugated conplete or substantially
conplete protein nolecules. 20. A conjugate as
claimed in daim19, wherd® n the oligonmer conprises
from two to twenty discrete protein nolecules, nore

9. pretasiugsity as plained errC!amAmp cuanmff% Wﬁwereﬁ?né’h%@él“r‘é Souﬁied

e conjugate as clainmed in a
to thPEdg o %h hﬁ; m\ﬂ\é‘r’ tat g SoHNd do theeraimiesd f r om

precedlng c
humans, |s i dentical, or substantlally SO, in

S r tur foteln of human origin. 15 22. A
10. anjﬁ Ee cleimed-ia £laim 5 a0 Claine G gemltimcheIMrmmmy

complities Dbyl Brdups et detvBiEsTheredr, tiGOALAR' FufR F s TR

wherein t he mnis

the Caéi"?ﬁ&??\m apide0ongsj ugat e as claimed in O ai m 23,

wherein the albumn is reconbi nant human serum
11, |d#bum n. 25 25, A conjugate as clained in any
SRRIHOE a8 daimed im Ciimi 19, woleretin theactrblatinganeiety is BA
aceticGRId dvati®dBS 4 E&7p 26. A conjugate
as clained in any lg‘f]rgfo aﬁ@%ﬁ%ieoargwe %I n the
carrier is in the formof a particle formed from

2. PR GG eRhET in SRR Yy Bhoreh fRrlulite a5 clal red.

| Cg recelngcalmv\,h
selecte 1rr%‘é‘l t@%ﬂ&'ﬁmmstlh@owtbwpned}am:m fetrgacdticaitid, bodi es,

diethylehBParmiep&HthsoeBB Seid, and derivatives thereof,

13. A conjugate for the delivery of a metal to the body, which conjugate
comprises a carrier in the form of a protem molecule or a patticle formed from |
protein molecules, the carrier being coupled via a chelating agent to said metal
and conjugated with a targeting moiety having an affinity with a specnf‘ ic !ocus
within the body.

14. A conjugate as claimed in Claim 5 or any one-of Claims 9 to 13, wherein
beMgen 10 and 100 chelating moieties af_e coupled to each protein molecule.

15. A conjugate as claimed in Claim 14 wherem between 20 and 60 che!atmg
moieties are coupied 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 18, wherein the contrast agent is an Jodme
compound, '
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peptides. 5 28. A conjugate as clained in Caim 27,
wherein the targeting noiety is an antibody. 29. A
conjugate as clainmed in Caim28, wherein the antibody
is a nonoclonal antibody. 10 30. A conjugate as
claimed in any preceding claim wherein the
cross-linking agent conprises groups that are
reactive to -SH groups on the carrier. 31. A conjugate
as claimed in daim30, wherein the cross-Iinking
~agent 15 conprises a gro(g sel ected fromthe group
consi sting of maleinide, 62-pyridyldithio,

hal oacet at e, hal oacet am de, "aziridine, acryloyl/vinyl,

18. 4-AHyonjoydtd iasrdalmedmﬂarﬁf prietedihe claira whéreth thlippoteB2. A

conj.ugate,as c n,a rece clal wher ei n
molegB 8 BalrGid, i Co s AR SR Pl S Dréiefl pbiebtiE: *ure
reactive to carbohydrate noieties, or derlvatlves

t hereof, present on the targeting noiety

9. conpayudate as clamedinENORY of Gatps 1 \F%é?'émﬁf?'ﬁéhe protein
mo!e@ﬁ!@ﬁsﬁ ah bl s éf%ﬂhgafé@%‘?ﬁp‘?&zﬁ ot sUMQéﬁﬁe#}F}%oal rrsg g&@t@ln

. A'conjugate as clainmed in any one
mOkﬂgldesmhereln the cross- linking agent is selected from

t he group consisting of, maleimdocaproic acid
hydr azi de; 3-(2-pyridyldithio)-propionyl hydrazide;
20. 3@ craljugate dsplaspedini Clase 18, Wheneizihéefigomer comprises from

two tc%ktv%%tﬂ_ﬂlsg e'fé ﬁfbg%'ig Elg(ﬁg 1 %?ﬁ/cﬁrrg rgf\éfja{db"lﬂﬁﬁyg?o teﬂngr U%E) fi by

discrﬂemui]eugaobcalgs.cl ainmed in Caim25, wherein rmre t han
one carrier is coupled to the targeting noiety. 5 36.
A conjugate as clained in Oaim35, conprising from2
21. t & dbjugpate ae c!airpeﬂ in argrpyecediog nialmtv;merem the proteinis

derived from humans, oris identical, or substantially so, in structure to protem of

human origin.

22. A conjugate as claimed in any preceding 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 pfeceding claim, which is soluble and

wherein the carrier comprises a protein molecule.

26. A conjugaté as claimed in any one of Claims 1 to 24, wherein the carrier is
in the form of a particle formed from protein molecules.
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37. A conjugate as clained in Caim36, conprising
from2 to 5 carriers per targeting noiety. 10 38. A
conjugate as clainmed in any preceding claim wherein
the targeting noiety is an antibody and is coupled to
the carrier via a coupling site in the constant
regi on of the antibody. 15 39. A conjugate as cl ai ned
in any preceding claim in which at |east 90% nore
preferably at |east 95% and nost preferably at |east
99% of the agents for delivery to the body (or
precursors thereof) present in the conjugate are
covalently bound to the®arrier. 20 40. A conjugate
27 agtclained in any preceding claim that has a binding
abt G YgRtes claimred Wragwtiraceding elaim.iwherbia thotirggtige, as
moie s&16 [ iLLive: hindi 1Ssa of, at | east
o od OB B Eeiitng o B S0 s sopts s avd
peptifesast 90% that of the free targeting noiety. 25 41.
A formul ation conprising a conjugate according to any
preceding claim in admxture with a pharmaceutically
26. abeophigatecd dlajmied ImBINN27, 4herdinfté Pb&gaRo@h i€ bl Mo
aﬂmqﬂg_d aim4l, wherein the liquid mediumis aqueous. 30
. A nmethod for the preparation of a targeted
conjugate of an agent for delivery to the body with a
rises 63 (.a) reacting the

carri.er.. whi ch met hod co >
29. éggé'lt’ﬁ?%t? a&&?ﬁ'@‘gﬁyﬁ [%g"i‘ $, WhgEin dhe antipody isr 3 oronaclonal
antibotthhereof, with the carrier to forman internediate

conjugate, and thereafter (b) (i) reacting the
i nternedi ate conjugate with a heterobifunctional

30. & omgugdié AkicRemad i a&dii the. jate.
agent &%ﬁéu ate and then r%ga%)rtei ndhgﬁgﬁgb‘?ﬁ%ﬂg e@é%ﬁ@ssal}n'ﬁmg
FACRITRE QRS bahpiryaadivi tonSH gravpeen the casiiert y, or
(ii) reacting the internmediate conjugate with a
i moj ety that has been activated by reaction -
31. .\Sba‘{‘ﬂ‘ﬁ@a?%%? Slalndd i e A whstsks theiormsripkingeagent or
compriees a praupsuleded tom b GroMIEHSERY Hitifas?
2. ridﬂ@ft@ro ||fune§t|-oHa]I cross-|inking-agent and’a targeting
Py | {Jy giaacelate, haloacetamide, aziridine, acryloyivinyl, 4-pyridyldithio
and 2-pitrobenzoate-5-dithio. '

32 A conjugate as claimed in-any preceding claim, wherein the crcss-linking' _
agent comprises groups that are reactive to carbohydréte moieties, or derivatives
thereof, present on the targeting moiety.

33.  Aconjugate as claimed in Claim 32, wherein the cross-linking agent
comprises a hydrazide group. {

34. A conjugate as claimed in any one of Claims 30 to 33, wherein the cross- |
linking agent is selected from the group consisting of:

maleimidocaproic acid hydrazide: =~ |

3-(2-pyridyldithio)-propiony! hydrazide:

maleimidopropionic'acid hydrazide;'

N-(k-maleimidoundecanoic acid) hydrazide; and

4-(4-N-maleimidophenyl)butyric acid hydrazide,
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si mul t aneously together, 10 wherein the cross-1inking
agent has one functionality that is specific for
reaction wth groups present on the carrier and
absent fromthe targeting noiety, and a second
functionality that is specific for reaction with
groups present on the targeting noiety and absent
fromthe carrier. 44. A nethod as clainmed in Caim43,
wherein the carrier material is 15 proteinaceous. 45.
A nethod as clainmed in Caim44, wherein the carrier
material is an albumn. @0 46. A nethod as clained in
Cl ai m45, wherein the albumn is human serum al bum n.
47. A nethod as clainmed in Caim46, wherein the

al bumn is reconbinant human serum al bum n. 25 48. A
35. neh Berjugate asaiaingdiim Clalyp Zn whgreitmaretharsone,caer is

F}f@f | ng noiety is an antibody. 49. A
Coums ﬁgh@ @Eﬁr@hgﬁw n any one of Clainms 43 to 48,

wherein the cross- 30 |inking agent conprises a group

36. :Ttl}?tﬁ%@ %a;tg%l% 8W'¢1&B?§:%§W mﬁﬂé%ﬂ?% $70 céﬁier;‘»ﬁper'

targatingsseibiynki ng agent conprises a group sel ected from
the group consisting of maleimde, 2-pyridyldithio,
hal oacet at e, hal oacetam de, aziridine, acryloyl/vinyl,

37. 4-Mydnjkydtdiakitiztmea iMICRImI 3B, obmprsiat éroh Bitd Bicarrieds par A
%hodasclalnedlnanyoneofClalms43to48 ‘

targefing MBIt he cross- |inking agent conprises a group
that is reactlve W th carbohydrate noieties or

36. CAPIUSEIO AR GRIRS 1 7 PReediha R WG PelBT Mes o

moreg/ﬂfa@ﬂddﬁﬁow 8hpis cotipiedl tHRNE agirias vizl DEomking Bltaltrythene of
‘y\,her ei-n the agent for

constant regron of t‘\@ antrbo

39. Aconjugate as cléimEd in any'precédi'ng claim, in whfch at least 90%, rh_ore_

preferably at least 95%, and mast preferably at least 89% of the agents for
delivery to the body (or precursors thereof) present in the conjugate are covalently

bound to the carrier.

40. A conjugate as c!armed in any precedmg claim, that has a binding actwrty of
the targeting moiety in the conjugate, as measured ina competltrve binding assay,
of at least 50%, more preferably at least 60%, 70%, 80% or at least 90%, that of

the free targeting moiety.

41, - Aformulation cdmprising a conjugate according to any preceding claim, in

admixture with a pharmaceutically acceptable liquid medium.

42.  Aformulation as claimed in Claim 41, wherein the liquid medium is

aqueous.

43. A method for the préparation ofa térgeted‘ conjugate of an agent for
delivery to the body with a carrier, which method comprises
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delivery to the body has, or is coupled to the carrier
via an internedi ate conpound 15 or noiety that
cont ai ns, carboxyl groups. 54. A nmethod as clained in
Cl aim49, wherein step (b) is preceded by unbl ocking
of sul phydryl groups present on the carrier. 20 55. A
nmet hod as clainmed in any one of Clains 43 to 54,
wherein step (a) involves reacting the carrier with a
chel ati ng agent and the nmethod further conprises
formati on of a chel ate between the chel ati ng agent
bound to the carrier matgrial and netal ions added to
the reaction mxture, wherein the pH of the reaction
%f%l‘e | S, Mai ntta# Sd between 5.0 and 6.5 during
2da Bebinaineageat e dglivenpts ﬁ“@@@dywa preershotheasf, with
the catrmrmefzbnhranaﬁwr wherein the
rﬂé@iaﬁgcﬂ@[ﬁi@é pro bel gﬁ% 30 57.

rrLer SO | ecul e.

ngqg i ses a
PrgRet '§§ Hteretedisie sapjugate with &memlfﬁacﬁcﬁ}a'ﬁéross-
nd t he net hod

hnkm@’@géﬁl 18 dcbigate ¥ fn‘féﬂﬂeﬁl e c@@@%étglfa%péﬁgﬁ regciing theadtivated

nprises the I m nar

mtenqa?%#\eﬁgmuig@teéumba targgtlngamratﬁlor (DFeadiBg the [RéMRdiAs
h | f
conjuéé@'mﬁa %ﬂgtﬁlr@ rﬂb‘é? t|h§£|§ Y rtgs[lézagtaeé;ﬂycr)ag@@nwl%angd by
heter@m@,lﬁéﬂmabﬂroe&lmhag pgent, of 6n)f(ﬁﬁﬁh@§irégmﬁﬁ'le€i%e g&gugéte, a
met S

ai d suspensi on
heterdﬂif).lnétﬁﬂgé)’crgg |Hignp§§ rgfimodneiptyieiresttor
smultpaewﬂyt@geh‘harm ng material is formed by dissolving the

| I dth
shor IR TS oS T B s oo

with gresipe predent eo tlaescatrﬂezbainmgbééht ﬁb%e@é Eher h@fe'lt)g'?an‘af the
rial od as

secondRidchBhiiy Rl KbeBBc T Raptiomvith orasps presopt endent | on
targetipg nmietunpd@sentafmmltlw c@fled.n any one of Clains | to
44, ate ared by the nmethod of any -
4. Hmelpais e h LR rd yaRTor das arion wategighisnci ng t he
proteinggaeusmist of an i mage obt ai ned by a nedical inmaging

‘techni que, which nethod conprises the adm ni strati on,
prior to the imge being obtained, of a conjugate

45.  Advpethat g dlaimed roGimf440Whersin the Sarfis rRtefhAi End 1.

albumin.

46. A method as claimed in Claim 45, wherein the albumin is human seruri
albumin.

47. A method as claimed in Claim 46 wherein the albumin is recombinant
human serum albumin.

48. A method as claimed in any one of Claims 43 to 47, wherein the targeting
moiety is an antibody.

49. A method as claimed in any one of Claims 43 to 48, Wherein the cross-
linking agent comprises a group that is reactive with sulphydryl groups.
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20 or a formul ation according to any one of Clains 41
to 42, to a human or animal subject from which the
image is to be obtained. 63. The use of a conjugate
according to any one of Clainms | to 40 or CCaim6l in
t he manufacture of a fornulation for enhancing the
contrast of an inage to be 25 obtained by a nedica

i magi ng techni que.

64

50. A method as claimed in Claim 49, wherein the cross-linking agent
comprises a group selected from the group censisting of maleimide,
2-pyridyidithio, haloacetate, haloacetamide, aziridine, acryloyl/vinyl, 4-pyridyldithio

and 2-nitrobenzoate-5-dithio.

51. A method as claimed in any one of Claims 43 to 48, wherein the cross-
flinking agent comprises a group that is reactive with carbohydrate moieties or

derivatives thereof,

52. A method as claimed in Claim 51, wherein the cross-linking agent

comprises a hydrazide gl’OUp.

53. A method as clalmed in any one of Clasms 43 to 52 wherein the agent for
delivery to the body has, or is coupled to the camer via an mtermedaate compound
or moiety that cuntams carboxyi groups.

54. A method as clalmed in Claim 49, wherein step (b)is preceded by
unblocking of su!phydryl groups present on the camer

55. A method 'es claimed in ariy one Of‘Ciaime 43 to 54, 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.

56. A method as claimed in any one of Claims 43 fo 55, wherein the carrier

comprises a soluble protein molecule.

57. A method as claimed in any one of Claims 43 to 55, wherein the carrier is a
particle, and the method comprises the prefiminary step of forming the particle

from particle-forming material.
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58. A method as claimed in Claim 57, wherein the particle is formed by a
method that comprises the steps of

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

i} spray-drying said suspension.

59. A method as claimed in Claim 58, 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.

60. A method as claimed in any of Claims 43 to 59, which is for the preparation
of a conjugate as claimed in any one of Claims 1 to 40

61. A conjugate prepared by the method of any one of Claims 43 to 60,

62. A method for enhancing the contrast of an image obtained by a medical
imaging technique, which method comprises the administration, prior to the i image
being obtained, of a conjugate according to any.ene of Claims 1 to 40 or Claim 61
or a formulation according to any one of Claims 41 to 42, to a human or animal
subject from which the i image is to be obtained.

63. Theuseofa conjugate according to any one of Claims 1 to 40 or Claim 61
in the manufacture of a formulation for enhancing the contrast of an image to be
obtained by a medical imaging technique.




