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WD 2008/ 007146 PCT/ GB2007/050402 1 Title - Process
for preparing particles of proteinaceous nateri al

wo-kdakBoe THE | NVENTI ON 5 Thi s i nventi on rel at PET/GB2@7/050402

process for preparing particles of proteinaceous
material, and to particles of proteinaceous nateri al
havi ng defined size ranges. he invention al so
relates to the use of particlés of proteinaceous
material for the deI|very of agents eg to the body.
Sliilen- Breaess fenpraparine desiicles ieinpeeous miateflis
contrast agents for use in nedical |nag|ng technlques
For instance, 10 the particles may be labelled with
FEELD@OR THE INMENPEINT or use in nedical inmaging, eg
pbone marrow and | ynphatic scanni ng. The protei naceous

material itself may have a therapeutic benefit, in
YHlSTRBERR, (ool 8 BBk Oy PR oot lgs M FROEAREGus

metenial cand tepadielsseoftproindceble npatetial nadey defined elzearlanges.
ip the body BACK ND THE | NV ON The use of
i’Eep 'P”r?é?%ﬁ'%é§ tcpEE e Use @ PPGQ‘?%‘Eﬁtrﬂ inaceous material for
tHeGdIVRRRbf Agert, ég%‘ﬁ)ttﬁé'%‘tﬁl 'Such%éér‘?@‘rhéy B’é'tl‘wer‘éﬁ@tﬁﬂc agents
Radi oact’ ve nanoc [ oids are used T'n nuclear nedicine
Omﬂagln@@netrastragmtstmmaeng medtf:alammngatechnwgleag Famdhstance,

i eshibaath ngnL VRN Giufr 20895 (LAShRAIAIALIR medical
Inﬁlé@ﬁgl @@bbﬁ@rsna:rtow @ﬁﬁ ?rh@haﬁc SedreAsy .0The PiBtefitedUs material
alimted nunb comercial products are

el ) Ve iNesapellic bRnalisi gvhice Raes inemiopBAfipnOFpaicles in

g&é@ g% wrlltglrtgé' %ﬂ%ﬁéﬂé&@gn V%ﬁﬂah@%@@eﬁ\?e ? of Mfinded

wdercdeetﬁné@‘teweipmtanetemusatnatqwmnheamdy%BURES in
which the nean particle size is stated to be 500nm
and various sul phur colloids |labelled with 99mlc. It

BACKISRBUND W THEE|NWENGIGRCEs 1 n particle size and
m‘cﬁrmﬂ‘m'mﬂmo bet ween current

formul ations are fundamental to the differences
iﬁgétglgfpgé:oh gpl 7 %f’degg\;(eeqtlgphr?@#tie;fqﬂ%ﬁtt)hglﬂy %?ﬂte lymphatic
system is well known. Radioactive nanocolloids are used in nuclear medicine
for bone marrow scanning, inflammation imaging and investigating lymphatic
drainage, including the identification of the ‘sentinel node’ in investigations of
metastatic spread of some cancers. Only a limited nhumber of commercial
products are currently available, including technetium-99m (**"Tc) colloidal
albumin formulations (eg those sold under the trade names NANOCOLL, in
which 95% of the particles have a diameter of <80nm, and ALBURES, in which
the mean particle size is stated to be 500nm) and various sulphur colloids
labelled with *™Tc.

It is thought that the differences in particle size and particle size distribution
between current formulations are fundamental to the differences exhibited

in vivo, eg uptake, biodistribution and clearance. For example, particle size will
influence the efficiency with which the particles are engulfed by lymph nodes.
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i nfluence the efficiency with which the particles are
engul fed by |ynph nodes. WO 2008/ 007146

weEONseBADO 7/ 050402 2 Thus, it is desirabl e foPCT/GB2007/050402

particles with sizes in the sub-m cron range

(nanoparticles) to be produced with closely defined
sizes and size distributions. , 51t is therefore an
obj ect of the invention to prgvide i mproved net hods
for the preparati on of nanoparticles having closely
defined nean particle sizes and size distributions.

TP ER AdsireBs B baB e SRt sreRdf EshP o Bl BEogoay.
geanuiparticies)jto dat mrdducedwithatb st defimse sizes ahdfsize diseributions.

I n nuclear imaging applications, or to prolong the 10
residence tine of proteinaceous material in the body.

o ‘ . . _
lt 5 gﬁjrgfr?)?%n It ?rlﬁfléf‘yeﬂﬁéﬁ 1% ﬁﬁ/lﬁ?fnﬁ'ggg?%ﬁgds for the

usi ng so-ca zero- leng ers.
preparatimmoknanodastides bboisgdlosely Hefinedhstcangertit)s-skees and size

ARUTHLIRNRy Shist e figed S b HowU Guerala st pResy of
grlrapel) _(ﬁ'&ﬂéﬁgagrﬂs‘i@?ﬁé b58y, & ®wheR %ﬁjl.{g'gféﬂ f30g of

unspeci fied mxtures of proteins. Prior t
adiehdrmddcenticalifer pseirenuciearrimagirgdeplidtions odniblprolang the

denatured by.acidificatiaon, additio f non-aqueous
e ing br BE Plng BBl PBuefldh i Befl ire. “The
product can be recovered by |ow speed centrifugation

and honogeni sation is required to allow injection, 20

ths lShOWﬁgh@tanr@?"ﬂ Rattidesemay d@ueaunled fagstherisng apcalled zero-
- G [ S | - 91/ 36644

o0 Erds BB S oA o LSRR ol e 8%

2005/0086946,0mhioh désprilves the Gossliakihy of thekddaligkaogified
al , F?h){si ol Chem & Phys 10 ‘59197%) 305- 322 descri bes,
albugan o farmePlstisgeiRe WerATHO i desaribgs the cross-linking of

c i f d.- 1o G i QK .
R o s, PO S TR TP ShS By ore
pracued inseluige asd deastured dyl anidificatitng addhionsofnoatadqueous

r.oduct st..have the fqormof a oscopi ¢ solid

Solvgat endhoainmiraievstes iempRiaiee ok B adHsT A0 b Tgrovered by
[P spEstEe htRfudafien fdndhorhbg@nisadsn sheqlped & allow injection,
zero-length crosslinkers at higher concentrations of
phisheindicatemtheh theepr@idyel isdresplublet with pather laige pasticle sizes.
Likewise, WO-A-97/36614 discloses the cross-linking of Protein A at a
concentration of 4mg.mL™". Similarly, Winkelhake et al, Physiol Chem & Phys
10 (1978), 305-322 describes cross-linking of bovine serum albumin at a
concentration of 5mg.mL™". The cross-linking of albumin is also described in
WO-A-01/45761, the product being used as a sealant, which shows that the

product must have the form of a macroscopic solid structure.

SUMMARY OF THE INVENTION

The inventor has found for the first time that the use of zero-length crosslinkers
at higher concentrations of protein than those disclosed in the prior art leads to
the formation of protein nanoparticles, and that by appropriate control of the
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the formati on of protein nanoparticles, and that by
appropriate control of the WO 2008/ 007146

wEOBeBAdO7/ 050402 3 reaction conditions the POBGBY®T/050402

particle size and the size distribution of the
resulting particles can be closely controll ed.
According to a first aspect 05 the invention, there is
provided a process for the 5-preparation of protein
particles, which process conprises causing or allow n

feastien ﬂoﬂﬁlt@ﬁalt@% aM@@ﬁl@rmdeﬁl%ﬁ angtheaisige giisirpetiornof the
eater to react in the
ge%esgﬁcéﬁgklgg C%fgrbérﬁglg%lty FolF inker, so as to

produce protein partlcles conprising protein
nol ecul es that are caoval ently bonded, together. 10 B
Aﬁ‘é‘?ﬁdiftg ©a fiest gspaet of the i vegaes. @,er%ggpr@#gegtqaprocess or the

GRIBFARITE Aol P pRIcd A RS L g

pratsin raeleau@sscbmersbdi n dlhqurderhedmlmaaeaMeneMra;twtsfeﬁmg mL™"
in a suitable ium or their res ncelnthe med|
Aagreale! B aNe Plasaiice A Odua0 N SToSHINGRT Gaues ieploduce
Esrhﬁelﬂaﬂérh&b@%oﬁﬁ)‘ﬁsﬁ% protah ‘ﬂﬁ&e@tﬂe§ %é{ba{ré dBRalenay %%ndﬁd

he termparticle is thus intended to enconpass

tagetherl i ke particles and particles that exist in a
form akin to a classical solution. By "zero-length
crosslinker” is neant a conmpound which pronotes the

Boaphitiere” istheint BcanRsaRE of BEgRIMSratd\caMbASIHY €Splurality of
W t hout any chem cal noi et spacer"” bein

pmtemgeg@@u@@ttm@tearetqqygaer@r\émedm@ashat@rn The peticles may
LR o8 SR UL ORI o AR B, o

I nven

tHegbresencd i e nﬁé@hehnmdy\mjt)be \tltlble tb&herr@ked reye, in which case
articles may be formed from m xtures of

& paificles ’B@Y)P@|rﬁgard?ﬁé‘sp?%%@§§36§4d?%e-rhﬁ\?%"ﬁ‘i‘ BQFW%'S thus
ﬁﬁéﬁd&ftooéﬁcdn‘gaé’sssﬁ’dtﬁ %gh& iIRE Pa é"’g\‘]&'ba &0t exist Ir] a form
fetera

conmonl y an ueous medi um msdl um w
bkindolaudléssicalsulluttanon, and t he process thus invol ves
di spersing the protein nolecules and 30 zero-|ength
crosslinker in buffer solution.

By “zero-length crosslinker” is meant a compound which promotes the reaction
of groups on the protein molecules without any chemical moiety or “spacer”

being interposed between those groups.

The protein molecules that are covalently bound together in the process of the
invention are most preferably molecules of a single protein. Alternatively, the

protein particles may be formed from mixtures of two or more different proteins.

The process of the invention is carried out in a suitable medium, which is most
commonly an aqueous medium. Preferably the medium will be a buffer
solution, and the process thus involves dispersing the protein molecules and

zero-length crosslinker in buffer solution.
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WO 2008/ 007146 PCT/ GB2007/ 050402 4 The product is
generally purified follow ng reaction of the protein

wondosooiieas and zero-|ength crosslinker. PurifPCEHGB20V7/050402

typically involves renoval of the excess reagents,

whi ch may be carried out using any known net hod, eg
columm chromat ography. A heat treatnent step nmay al so
be included to hydrolyse any 4 bound crosslinker, and
t he rel eased species may then be renoved by knomm

Ph'rbe M@@uctefgg@@er@w peirfiedrallowing reactivhef the peajein molecules and

PGB P Bnl B PR DAl AR M B A e
t-é@tenitsh evhielamasi Be cafricdhsut usirigeamy kﬁb\pnrnﬁetthSegmwuhm
controlled. In addition, the wdth of the particl

shrognaipganhyuth BRat thegimeat stapay @llse hgm%wled tedaxdrglyse any
b8uid bRk %(ﬂ!i”t ar%i?%é’oesﬁé&é’é‘hfa?ﬁt ||%e' r@ntd“\/gd by known

properties o SUIt e net

trieth ot egmotmhnmmrmhapngraplw.e size is |ight

scattering, and 15 references to particle size herein
shoul d be understood to refer to particle size as

"’I“ﬁé%‘#&@é&s@cc%%ﬁg o RS PRENtIGIPTs éd\ﬁatn@é'@@oust BECRRBEHhE k&€action

size may determ ned using a Malvern Zetasizer Nano
eoriditipns cmj beycortblied in surht a wayrthet thiet measizgnef the protein

ess Par od ,Road, ., \Val v, rn Wor cest ershi
BRIl Bear T g SubTos: ¥t BrnEHarASe R~k foution
AiAyl BES F ST} naﬁom@adﬁ@ R0 KB RIN hhghed@grééfiﬁ@nlf@rmlty in the
ternms of the intensity of scattered |ight as a

piapertiemof e neafieleel e si ze. The nean particle size and
standard devi ation may be calculated automatically
usi ng dedi cated software supplied by the manufacturer.

Omeasuitabiumetrestt fo@ftheﬁ)détsrmllr%t@hchf p@rﬁxtle |stmt i mght @cenming and
may be defined as, 25 {X(i Sé g)
reée'tewges/ ? RREIIS Welh’?r@i”zsé‘oé‘ hRe Ui”de%ﬁ’ﬁ‘aocktq 5ef‘?'rst0tﬁ?e’ icle size

35 Flasfeg by STPA o Beflod? 6t HeEe. A8 SIS sirehPaT B8
dstefminaniwgsing 2 Makarr=Z¥@s)jzerNano S (supplied by Malvern Instruments
Ltd, Enigma Business Park, Grovewood Road, Malvern, Worcestershire WR14
1XZ, United Kingdom). The data generated by such an instrument is most
conveniently expressed in terms of the intensity of scattered light as a function
of particle size. The mean particle size and standard deviation may be

calculated automatically using dedicated software supplied by the manufacturer.

In a measurement of particle size distribution, a peak may be defined as
{X(i),Y(i); i= i1..i2} where Y(i) is the % intensity in size class i, and X(i) is the size
class. The total area under the curve, the mean particle size (p) and the

standard deviation (o) are as follows:-

Area = i Y (i)
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WO 2008/ 007146 PCT/ GB2007/050402 5 i2 YX(i)*Y(i)
Area iz IX(i) 2 Y(i) Area 5 Thus, according to a

wa@eemenariaspect of the invention, there are prorCTeB2007/050402

protein particles conprising protein nolecules that
are directly coupled together, by covalent |inkages
bet ween functional groups on the protein nol ecules,
and 10 wherein the protein particles have a nmean
particle size of |less than 200nm nore preferably

| ess than 150nm or |less than 100nm 80nm 50nm 40nm
30nm or 20nm Preferably, the standard devi ation of
the particle size distribugg i s than 100% or
| ess than 80% or | ess than 8 gﬁ(B%Ykﬁi mean particle
size. The standard deyijatd-ofl of the particle size may
be | ess than 50% 15 | ess t hdwest0% of the nean
particle size. The particles according to the
invention may have a nean particle size of nore than
5pm or nore than 10pm 20pm 30pm 40pm 50pm 70pm
or nore than 100pm 20 Particular nmean particle size
ranges that nmay be nenti %Qﬁﬁ??ﬁfy for smaller
particles, 5nmto 50nm [o 40nm 10nmto 30nm
or 10nmto 20nm (b) fgr;md-sized particles, 10nmto
100nm or 20nmto SUAR |jor—26mmmto—50 and (c) for
| arger particles, 50nm tjo 20dmgqor 50nmto 150nm or
50nmto 25 130nm WO 2008/ 007146 PCT/ GB2007/ 050402 6

Thus, according to a second aspect of the invention, there are provided protein
particles comprising protein molecules that are directly coupled together, by
covalent linkages between functional groups on the protein molecules, and
wherein the protein particles have a mean particle size of less than 200nm,
more preferably less than 150nm, or less than 100nm, 80nm, 50nm, 40nm,
30nm or 20nm. Preferably, the standard deviation of the particle size
distribution is less than 100%, or less than 80% or less than 60%, of the mean
particle size. The standard deviation of the particle size may be less than 50%,
or less than 40%, of the mean particle size.

The particles according to the invention may have a mean particle size of more
than 5um, or more than 10um, 20um, 30um, 40um, 50um, 70um or more than
100um.

Particular mean particle size ranges that may be mentioned are (a) for smaller
particles, 5nm to 50nm, or 10nm to 40nm, 10nm to 30nm, or 10nm to 20nm; (b)
for mid-sized particles, 10nm to 100nm, or 20nm to 80nm, or 20nm to 50nm;
and (c) for larger particles, 50nm to 200nm, or 50nm to 150nm, or 50nm to
130nm.
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Nanoparticles of smaller particle size than 200nm and
in particular those with nean particle sizes of |ess

wo bas/od3@m are of particular utility in thatprehep200aps50402

be sterilised by O0.2pmfiltration. This has inportant
benefits in manufacturing and processing ternms in

that it permts sinple sterilisation wthout

significant 5 loss of materialP. It is particularly
referred that the particles in accordance with the
avepaitisles ofremalter W@rﬂd%élzedha@ ZOOnENEiNgll in particidar thpse with

e e i, 180 gl PR Al Bt o ot ) By may

baetdrilised bit0.2pmifiltrbtien. parHis hae imporkametiesiad inymanufacturing
chemcally bound. In particular, as the partjcles
aaﬂﬁmeésrr@sﬁearuegn H’fatbtrilﬁrgl”ﬁ Wp&ecﬁeegsqtmwm@t significant

Eisrs%?tnl\a% fQupl ed together, by covalent |inkages
tween ?unctlonal groups on the proteln nol ecul es

t hensel ves, the partl cles do not conprise internediate

i.nki r spa roups d ved from cross ki.n .
L{g%ﬁﬁg%afarkv &fees gt e parfoled T acorienss subue invention
§ﬁ&l96 ‘iienfgeé Qrii®stanyiamn fr@@ bﬁn§téﬁéll 8the'r"t‘Né’rﬁ HeBrofein molecules

S|ng p ase reaction for which no solvent or
framt whichribe iparticle is fosmed Bine amathesapeautiofor ather agents to which

B par R AT hFeT Y ab i Alcafi p8lnd i polRllas ks the partices

db@bribdvédionedsf pdtsinpheoglieb tieatiiideliresdy cb@ﬁl@ﬂit@@etﬂgr by
conditions. Furthernore, the sinplicity of the process

f:emalenttImkegeg@et\ee@pfunphenalmreueeendhepnetelmmelﬂqu&ms is

O ltlb% ggﬂl\f:?&t @@ﬁﬁyéoh ré@frfteﬁ#@dléfehlg}ﬂlrﬁ:glt Yacer groups

nature o Cross I g gen nmeans

gerivedfrem crossiinkirmpagents oa thelikd.hetic spacer. The
presence of additional conponents, or residues of
additi onal conponents whi ch are of no therapeutic or

5‘&& |8rﬁ‘%e3)g ac&?&*né@o%ﬁﬂ/eﬁ%ﬁ 1S Q%d@erMblng'§S|ngle

ere ore a Amongst appl i cati ons,
pha:slsesreraqhantforcth:ho*fo $cbieemtrcaf$emiactanmmtecmnrehavae mean size of

RS A b lod RalEhs SRR 9L ORISR G8 %t varibles,
Eﬂr?élflgaﬁgs%é: %ﬂ\}(?’glgb%éﬁnf)uf idBEINGSBBFIdLRIbIE RAdEP¥&Yekelon
conditions. Furthermore, the simplicity of the process facilitates scale-up. The
process of the invention is additionally advantageous in that the zero-length
nature of the crosslinking agent means that the particles do not contain a
synthetic spacer. The presence of additional components, or residues of
additional components, which are of no therapeutic or functional benefit, and

which could be harmful, is therefore avoided.

Amongst other applications, the protein particles of the present invention have
particular utility in medical imaging applications, when conjugated to an imaging
contrast agent.

Thus, according to a further aspect of the invention there is provided a
conjugate for use in medical imaging, which conjugate comprises a protein
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conjugate for use in nedical imging, which conjugate
conprises a protein WO 2008/ 007146 PCT/ GB2007/ 050402

wQo 2@anviies e formed by the process of the firstrPeEpBet7/050402

of the invention, or a protein particle according to

t he second aspect of the invention, conjugated to an

i magi ng contrast agent, or a precursor thereof. 5 By
"nedi cal imaging” is neant any techni que used to

visual i se an internal %I on of the human or_ ani nal _
padigle fosmedy thamposess @fft gifisgfraspiest of @sdavertian; or a protein

ARGk B Shbond g5k B MBhuet eatilBars o ag

(Mg contrhsieaganpgi A grecunsbritheidofon emi ssi on
t onography (PET), and al so ultrasound techni ques,
t hough the I ast- namsd is of 10 | esser significance in

Bﬁlhan g%lfrﬂa%ﬂﬁ éSHtta S)Pfé%ﬂhlc@% udeABlAs L}éﬁl%fe n |hférnal

Ing su are those materi
oy ef th&sluahaszmrlaonnalfbcajy, farthe cptwkmsdscnn‘tmagrmsmrresearch or

t th he bq / { hat dt
MisrardiniraieinSughdrriyouas RO R brGray B g)s
FABBB s PSR! NGB R HRED i B Esion

|nterpretat|on of hose I mages. Such agents are
tarhegnaplly (BERgraridnalae ultrasypiung teomiguss, thgegh the Ilahteham@d is of
ch..f aci differentiation, of .different
BsPLuGRinERGSs Gt e Poge i erfon: airu€ boefel
BrhaesRg shes eedhinidurssedte thegé AlfeRdls tidt iU visliBifsationmdf a
contr ast agents t hus enconpasses a

pRRCU I doSoaraes erdianes skewiihin PEyPAsY. and/ar Majdoatfa some
roQ8f(:h§l1tﬂ %ﬁ%sq L%EF éﬂSﬂﬁfe%ﬁgeé rbﬁ'h??atgg %?/r{ﬁg IU&%? ﬁ]‘éqgcmq ues,

gent ance

p&jvlldlag irapRIvies! drfwsleﬁmetemiretamml sfithese fmagédleSuch agents are
eneration qof an image (as is the case, for jnstanc
?‘ﬁeﬂ% It%QPr‘?'ﬂﬁél'W@}J'”%@Prﬁra%ﬁ%ﬂﬁ%313 U%ﬁ OEWh|QWJ@P'HEiteS the
SPEL Rk ASARrdBn(BAAS oA, B kBBl st
hbhnﬂemmnseeilffearadbne@obmf teé irmbfectlihedeby "ineaging contast
re with sone othe

Anehi iy Sfidampapope s oy S i i erddst Pigitiiiy of an
[RAGL Mwat@r?é%ﬂﬁér@etﬁélefs@b@ d&werﬁﬂéﬂﬁh GRe absssise ¥ $Uth &t abent (as

|ons so as to forma netal chelate that functions as
Mhemgen@rdmiam@gtm A@%Imas well as agents that are prerequisites for the

generation of an image (as is the case, for instance, in nuclear imaging).

By a "precursor” of an imaging contrast agent is meant a moiety that is not in
itself effective as an imaging contrast agent but which can be rendered so
effective by reaction or admixture with some other species prior to use. An
example of such a precursor is a metal-chelating moiety, capable of forming
physical bonds with metal ions so as to form a metal chelate that functions as

an imaging contrast agent.

MRI contrast agents that may be employed in the invention include metal ions,
notably gadolinium. Such ions may be coupled to the protein particles via a
chelating moiety that is covalently bound to the protein particles .
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30 MRl contrast agents that may be enployed in the
i nvention include netal ions, notably gadolinium

wenmis/ooTame may be coupled to the protein partiBCEEB008/050402

a chelating noiety that is covalently bound to the
protein particles . W 2008/ 007146 PCT/ GB2007/ 050402

8 Simlarly, netals useful in_nuclear inmaging, eg

99mrc, 201TlI and 111 In, nay 81so be coupled to the
carrier material, either directly or indirectly, eg

via a chelating noiety. Labelling with sodium

1 cul apdmsi Us@ o, D
BB TR el RGP b o1 may i

ae Rbupkli tonke canikrimatepal, eithor dlfeétQ'rorSﬁ@lf‘éttth e@fvid Aehelating
nphatic system In a simlar noer., i

IR cLabeBNatHEh s ByBReTasBRIAtBR Tp) bariggary Jseful for
ok i REan ARG B i R BAon SHE A CLRGT BN

agents accor to a er aspect of
phmcumécmt$Gamnid§eobtheslyrppbaimde¢btem conj ugat e
conprising a protein particle formed by the process of

the first aspect of the invention, or a protein

RPE Skl rASSREdtHgp Fo‘?elh %rﬁ&é@ﬁﬁt@&%@énﬂﬁvéﬁﬁon Lmay | be used

I nvention, conj ugate to a therapeutic agent.

adeliver @ﬁwerrag@@tq togthedsodyc suehian gherapehiéc ageretﬁt i on
will generally be admnistered to the body as a
formul ation conprising a pharmaceutically acceptable

Thas!i aboskdthg o aeafurtsH d6pevt of theanesmidnthBr: Rprovided a

aqueous nedr um nmost commnléﬁan aqueous nedi um
eOMLIEnte Wﬁ@ﬁdﬁ@)ﬁrﬁfat@ §ﬁ6|0|!ﬁ med ke FZ’OC@&S:Dblihérft@t aspect

APbelPGanth, 878 bRk eeConiin a5t SBR0RTFrke of he

mehmawm@te@mbphewatpeutiabgent.accor di ng to anot her
aspect of the invention there is provided a
formul ation conprising protein conjugates as defined

TR Yerige SRt e G b g O ROV ERERMAT ARl e

adMEhHﬂe@d td\lﬂﬂELbGﬂytﬁS a hernmulati@d nomprising a pharmaceutically
acceptable liquid medium. That medium will generally be an aqueous medium,
most commonly an agueous medium containing appropriate excipients. Such
excipients may include one or more tonicity-adjusting agents, preservatives,

surfactants, and other conventional pharmaceutical excipients.
Thus, according to another aspect of the invention there is provided a
formulation comprising protein conjugates as defined above, in admixture with a

pharmaceutically acceptable liquid medium.

DETAILED DESCRIPTION OF THE INVENTION

Nature of the protein

Proteins that may be used in the process according to the invention include
globular proteins and fibrous or structural proteins.
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30 Proteins that may be used in the process according
to the invention include globular proteins and

wo pdmsooE40r structural proteins. WO 2008/ 007148CT/GB2007/050402

PCT/ GB2007/ 050402 9 The protein is nost preferably a
single, conplete or substantially conplete, protein
nol ecule. 5 The protein nnlecgle may alternatively be
a fragment of a conplete prot nol ecul e, by which
is nmeant a nol ecul e conprising a sequence of am no
acids that corresponds to a sequence of amino acids

v e N T

pragéigrableyulkonpri ses a sequence of ami no acids that
has a length of nore than 10 20% 30% 40% 50% 60%
70% 80% or 90% and nost preferably nmore than 95%

T8 arSieirE Bl hlay feras o Bt SO topidBrotein

fleaule,mmsivhighds encerit\a rgomum cdsrhrans@@% sequenceod amino acids
rrespondi art of the naturall -occurrin r ot ei

tH3t SOTTBSPORdS teH/e SRR RGE Ol ATIOAGIS NG o @ pRtuEally-occliring
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S h onect of synthnetic
derlvatlves t hereof . Exanpl es of serum protelns are
al bum n, transthyretln flbrlno% t hr onbi p and
{ hamestein melecdle, E}ayzﬁjs‘b PEtaferv sttorrwasb% Refwalbgoccurring
g Hde apol i poprotein A-1, lactoferrin and
ntibodi es. The proteins may al so be fusion proteins,
i e reconbi nant products conprising a first protein

ERBmR Sy Oralalier BrumBR Rl SVehrieBr JeyResthatbrotins, as
{ven GiEeits (i avisdtLA or 5PEthedE Herivatives thereof (eg enzymatically,
chemically, or otherwise modified, cleaved, shortened or crosslinked, oxidised
or hydrolysed derivatives or subunits thereof). Examples of fibrous or structural
proteins include synthetic or natural collagen, elastin, keratin, fibroin, fibrin, and
fibronectin, and natural or synthetic derivatives thereof. Examples of serum
proteins are albumin, transthyretin, fibrinogen, thrombin and transferrin. Other
proteins that may be mentioned include apolipoprotein A-1, lactoferrin and
antibodies. The proteins may also be fusion proteins, ie recombinant products
comprising a first protein (or fragment or variant thereof), eg human serum
albumin, fused to another protein or polypeptide (or fragment or variant thereof).
Fusion proteins are normally prepared by recombinant methods, using
contiguous DNA that encodes the first protein and the other protein or
polypeptide. Examples of albumin fusion proteins are disclosed in WO-A-
90/13653, WO-A-01/79271 and WO-A-060071, the teaching of each of which is
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Fusion proteins are normally prepared by reconbi nant
nmet hods, using 30 contiguous DNA that encodes the

wo oosopreot ei n and the other protein or pol ypeQL/iGee7/050402

Exanpl es of al bumin fusion proteins are disclosed in

WO A- 90/ 13653, WO A-01/79271 and WO A- 060071, the
teaching of each of which is 2008/ 007146

PCT/ GB2007/ 050402 10 hereby1 cor por at ed by

reference. Exanples of transferrin fusion proteins are
beablydeeerppratedb-retranoe ok gamplas- of- twfm(m@@n dreteins are

6 n
ﬁgfég%gﬁ'ﬁcoap&orkgp é/(gz@g'Sr 'eng%‘%@%g&g%?’h cu arld@ 6/096515,
ecteathigd direzichiol which mwerebyﬁr’rt@rpdsr@c@cﬁ By péfetditce.
present invention is albumn, for the reasons

det ail ed bel ow. Wiere the conjugates are intended for

rﬁ&ﬁ @H#f@ﬁ& 8 prbRi i aRe o e PHE% s f ﬂ{ee()/fégbﬁt invention is

re era nor| gin, ie ac deri
lallumans,, foothe Beasbﬁmdrda@tedd&lloWor subst antl ally so) in
structure to protein of human origin. A particularly
preferred protein is thus human serum al bum n. For

V\ﬁ{ér@'tlﬁ‘e c@ﬁjﬁbbﬁ%tér@rlﬁtenﬂeﬂ TBNé@rﬂlrﬁ?étPéﬂBnﬁoﬁﬁé hRfha+SE8ky, the

espeC| al y manmal 1 an  al bum ns, eg bovi ne serum
pfdieiniis préferaldy ethumeaaldsigin, rie anwaﬂsagiesneed ionahbonging, or is

15 H d d._f
fRolitdier SEEPRERHR T Slntfe 3 B A Bt Rk pbin, A
Qéﬂl%matrli}? p?bfeﬁﬂdﬁ%r@té?ﬁ ig ﬂﬂléqmrﬁé\@ serik afumih! FEFPesiron
of potential contam nants (egn viral or other harnful

apgelinations haan-hpaansibpmisseey henussc espaeially sgmmalian

BERHGS a anP Sy IEPE DEY sl o BLHR i Rocbedm

blbootdn. it is preferred that the protein, eg human
serum al bumi n, should be a reconbi nant product. Such
a reconbi nant protein may be derived from

W%ﬁgiﬁ?@i élﬁgrr#ng ﬂgérwg% ?%ﬁ'deﬁlvéﬂ ”fg\f ens?ééréc‘;]er M tained from
tonatsefidioetl Howevegnis beddrdd dimiratprargsdutether wgledoh. 25
transmission of potential contaminants (eg viral or other harmful agents, that
may be present in blood-derived products), as well as the potential limitations
on supply associated with material isolated from donated blood, it is preferred
that the protein, eg human serum albumin, should be a recombinant product.
Such a recombinant protein may be derived from microorganisms (including cell
lines) or from transgenic plants or animals that have been transformed or

transfected to express the protein.

The presently most-preferred protein for use in the present invention is thus
recombinant human serum albumin (rHA). Suitable forms of rHA may be
obtained commercially from Novozymes Delta Ltd, Nottingham, United
Kingdom.

Processes for the preparation of rHA will in general be familiar to those skilled in
the art and are described, for instance, in WO 96/37515 and WO 00/44772.
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The presently nost-preferred protein for use in the
present invention is thus reconbinant human serum

w@bdanim4q¢r HA) . Suitable forns of rHA may be pOL/aBR@A/050402

commercially from Novozynmes Delta Ltd, Nottingham
United Kingdom 30 Processes for the preparation of
rHA will in general be famli 1r to those skilled in
the art and are described, for'instance, in WO

96/ 37515 and WO 00/ 44772. WD 2008/ 007146

PCT/ GB2007/ 050402 11 In a preferred process for the
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in a fermentati on medi um The fungus 5 expresses rHA
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of
g%&ﬁeﬂl %éé@PHR% sécl?&] QHHoul;h% rﬁHH%WaA?EFod?%% E d Oaftlon of the

asutalesoutlon use in
tllmlmrbrsu@emalant mag themgietd armmtbleleasdlwtlomnfanheem thenpragess of

e BueniaT . ToR Rirfbusytiiy bR RB M GUS IRGURSIGh s 2 Aspergilus
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uyveronyces (eg K. "actis) or the %enus Pi chi a

ge@us'PSap romyses (n . pape\@s/ee)eltmggn@s; {tetvagorayces (eg K.
ubstanti a Qriiaon ules with a free SH
R L A e et %R 42 Aaori s *or ovi des

particul arly useful neans of conj ugation of the rHA

nol ecul e to a therapeutic agent or inmagi ng contrast
The sjérprefeigbycontaine @ whistantiahprperion of metecslas with pyfree

r.t I
B PR e s EPRB 8 S gBY G poans o
conjaghtiomof therrHAmdedulow aghérapeotis agent @l |b1a@irrg centrast
highly sol ubl e | n aqueous nedia; 20 b) the free
3gfPHheadescibediBeldMesent in the al bum n nol ecul e

provi des a neans for selective coupling to a

t herapeutic agent or imaging contrast agent; c) the
Albvenious trencuroersibi preferseéd peseini fohtheepreépatatisom ofrgteauparticles

LRSI 5 ot 05 ST A7 i o 3% Y Basons:

a) albumin is highly soluble in agueous media;

b) the free sulphydryl group present in the albumin molecule provides a means
for selective coupling to a therapeutic agent or imaging contrast agent;

¢) the numerous amino acid residues with pendant amino groups (specifically
lysine residues), and also the large number of carboxyl groups, present in the
albumin molecule provide for efficient covalent bonding between albumin
molecules through the formation of amide bond; and

d) the numerous amino acid residues with pendant amino groups and the
relatively large number of carboxyl groups are also useful in providing coupling
sites for agents for delivery to the body.

Other proteins that may usefully be employed in the present invention are those

that are normally rapidly cleared from the bloodstream due to excretion via the
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al bum n nol ecul e provide for efficient coval ent
bondi ng between al bum n 25 nol ecul es through the

wo oososmbilien of am de bond; and d) the numerous BOT/GB2007/050402

acid residues with pendant am no groups and the
relatively | arge nunber of carboxyl groups are also
useful in providing coupling 12sites for agents for
delivery to the body. 30 O hefr proteins that nay

useful Ly be enployed in the present invention are _
kidosg. Thedernaaiéomet preteiy peslitles of tiedaverticr may tikerease the in
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particles of the invention may increase the in vivo

hal f-1ife of such FFOtEI ns. For exanple, the naturally
Gecaxamale: o nalybphRequAring QP?'IRQPFSK@!)A WARMAT D), wﬁg:h is the

t
Flg it S pRySRBANER DSt Ao ok RPEhel oo
phalestenol”Pisasuh & pvatem. of the Apo A-1 |ipoprotein are

reduced in patients with atherosclerosis. Wen
atherosclerosis patients are treated with dineri sed

i”pasﬁ@é)le%i]s éfttﬁe%oe)&‘dl ligc rQﬂeﬂPQr&%‘ucé&% ?5!"&% withel T

 evel s pl aque 'reduce S|gn|f|cant
atinelr@@:;temmn dNbep@tiherosblerosis patigrits iaeartneaastd witk dimerised

I t 1 ni,strat f A-1 h

ARl REERP RS TR Bhol BaenREirEinteyEs ef Bty recuce
§|bﬁﬁrcaﬁt|97 NGiER & i@@r@b?@ﬁdung@lro@ﬁw tHe raged 61 I8dary altycienal |
and is 15 secreted fromthe Ki dney via gl onmerul ar

filtration, appearing in the urine shortly after

iﬂ?lia?/‘ébl)ﬁgadﬁ%fnlgﬂgtlmbpﬂs(?l oQ%agfbeeIPl tpérﬁétgﬁtpreylouslpl but the

I nventron, Si'b

pRitgintis mdwwéarebe‘rdm dglte bﬁ)oﬁqmdl asgtelstrelaheelqmmat & is

fromthe blood, 20 through the Kkidney, thereai .

seererrsl ligmithe Minsy. vip olorgerulay fltratighh @PREEMRY #s Hig urine shortly
or simlar reasons to al bum n,

gﬁ%ﬁﬁ‘%ﬁ?ﬁteln A-1 used in the invention is preferably

a reconbi nant product. Anot her proteln that may be

Y $he mePogoliay o) R RBen ke A, U5 dsaiF i dakg ashigher
RRAGABS \}vélghﬂﬁam{@@%hat is too large to be excreted from the blood
through the kidney, thereby extending the half-life of this important plasma
protein. For similar reasons to albumin, apolipoprotein A-1 used in the invention
is preferably a recombinant product.

Another protein that may be useful in the invention is transferrin. The use of
transferrin may be beneficial for some applications because it has numerous
potential coupling sites, it may facilitate transport across the blood-brain barrier,
and it may be prepared as a recombinant product (see, for example,
MacGillivray et al 2002, in Molecular and Cellular Iron Transport, Templeton
(Ed), Marcel Dekker, Inc, p 41 and Mason et al 1993, Biochemistry 32: 5472).
As for albumin, transferrin is preferably recombinant transferrin (rTF).
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potential coupling sites, it may facilitate transport
across the blood-brain barrier, and it nmay be

w@e@paodads as a reconbi nant product (see, for erempEBe)07/050402

MacG I livray et al 2002, in Ml ecular and Cell ul ar

Iron Transport, Tenpleton (Ed), Marcel Dekker, Inc, p

41 and Mason et al 1993, Biochem stry 32: 5472). 30 As

for albumn, transferrin is preferably reconbi nant
transferrin (rTF). WO 2008/ 007146 PCT/ GB2007/ 050402

As mentianed ahave, aller @rotginsdhapmaydiendsefbbin thaynwgantion include
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description of the various paranmeters and reaction

conditigns given below 5 is applicable to album n,
hhe desgriptiasbofibeygpious Rerameters AR repetianseenditions given below
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comonly within the range of 8ng.nL-' to 500ng. mi-
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g¢a0migadL 0uB00Mganisdj beddEMyraL UnTheltonbentsatiorssf protein is most
commonl y an. a%ueous medi um preferably a buffer
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10.0, or less than 9.0 or 8.0. The pH may be as | ow

SE.a ?’réoof(tr% réaoc\?%h)rheglld% is nmore commonly above 4.0 or

The process of the invention is carried out in a suitable medium, which is most
commonly an aqueous medium, preferably a buffer solution. One suitable
buffer is phosphate buffered saline (PBS). Other conventional media may also
be used.

The pH of the medium is preferably less than 10.0, or less than 9.0 or 8.0. The
pH may be as low as 3.0 (or lower), but is more commonly above 4.0 or 5.0.
Generally, the pH will be in the range 3.0 to 10.0, or 3.0 t0 9.0, or 3.0t0 8.0. In
many instances, the pH is in the range 3.0 to 8.5, more preferably 4.5 to 8.5, or
5.5 to 8.5, and particularly 5.5 to 7.5.
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Generally, the pHw Il be in the range 3.0 to 10.0, or
3.0to0 9.0, or 3.0to 8.0. In nmany instances, the pH

w0 200800tk range 3.0 to 8.5, nore preferably 4p&r/GB2007/050402

8.5, or 5.5t0 8.5 and particularly 5.5to 7.5. 30
WD 2008/ 007146 PCT/ GB2007/ 050402 14 Nature of the
zero-length crosslinker A zerﬁ-length crosslinker is
used to pronote crosslinking fet ween the
orotelnaceous nol ecul es wi thout the addition of other
8 i p-lehgth erosslikari nked product, ie the
partlcles do not contain a synthetic spacer, but
i nstead conprise protein nolecules that are coupl ed

Aizeroidnygth epsddiaker 8 usaditetpromote e@isstinléngbbtween the
crosslinking chem stries or reagents may be used, and

pradeinpsepmineiecies witboutdee aé’éj't@;ﬂa?Fmthr gRIPPARRNtA R the
B D0 B R B Ba G A ) yggggacer, but
MMmpmepﬂtemtmolewmahaf aeecauplehdiréctly together. A variety

ossllnk emstry applicable to proteins are:

& CSRuRnaTas RN e aesl aRaRis e Lol jsechand the
f&lgwg ¥R SRl é’éﬂe%mélesﬂidt'é?é }ﬁoPFntér?d“ém%adé’e%ﬂJé@’ve
wi th an al dehyde group; and b) an am de Iinkage

made by the condensation of a primary amne with a
ar bo 1{90 hese coul d_-bg
IUEIR 3, L

OCO gal 2] i x4 ®

%l g pes f ded- I%ngl*hd:r@%smﬂ{hgj)@h@midﬂﬂyseﬁgibltéblﬁeqr)fﬁrotems
yde groups, 20 although this does not include

are_bum n. The second type of crosslinking chemstry -

Qﬂ]oadgeédrmé?&ESPtérti &%ﬂeﬁﬁk?ﬁ@lrﬁé:@ebbﬁ ﬁe re%‘uc n% %‘ﬁhé‘tﬁjn of a

a ence i preferred’in rese i nven

Thrm&narx/pﬂ%@bndamﬁin@mman@mydethaUpcam be used

for formation of amide 25 |inkages are:

B L raspaMids Im%agegya%@u@g goade iORtof A prlmary amine with a
(I\I-(%m(y){y“g -Jehenyl i soxazol i um 3' - sul phonate); and

ed
cadem/c

The first of these could be applied to glycoproteins that possess carbohydrate
chains containing cis-diols, which can be oxidised to form aldehyde groups,
although this does not include albumin. The second type of crosslinking
chemistry — amide linkages — should be applicable to all proteins, and hence is

preferred in the present invention.

Three types of crosslinking reagent that can be used for formation of amide
linkages are:

a) carbodiimides;

b) Woodward'’s reagent K (N-ethyl-3-phenylisoxazolium-3'-sulphonate); and
c) N,N- carbonyldiimidazole.

The use of carbodiimides is preferred in the present invention. There are a
number of possible carbodiimides, for example EDC (1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide), CMC (1-cyclohexyl-3-(2-morpholinoethyl)
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c) N, N- carbonyl diimdazole. 30 The use of
carbodiimdes is preferred in the present invention.

wab@seoAre a nunber of possible carbodii m despct/aB2007/050402

exanpl e EDC (1-ethyl-3-(3-

di met hyl am nopr opyl ) carbodi i m de), CMC

(1-cycl ohexyl - 3- (2- nor phol i nogt hyl ) WO 2008/ 007146
PCT/ GB2007/ 050402 15 car bodi i de), DCC (dicycl ohexyl
carbodiimde) and DI C (diisopropyl carbodiimde).

cRihedimidedABCanticyaphael ﬂ@tbogéméieélanﬁ Rip(disaprapyi o

[i 0
baBaglf A% Beks 80 IE o8 Br bERBRAY ApBLLRIR b the
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regslepgiincrogslintier fordise iprtbe eregan invesdiops kKCHomv  and
may be | ess than 100nM The concentration of
zero-length crosslinker is preferably above 5mM nore
phefcenebhtyatatmoofezetO4dhgthrdossiinkeeisgirefeealfidds thae 500mM,

L N OC T WEN G
89@6@%%%05%%0 %Mds%hﬁ@%"p%fef'%l aBb®d gﬁfﬂ?' More

20mMMto 200mM In“preferred enbodi ments in which the
pmfemban@bwa:mméd |aﬁ1demay beaabrvebtn Mo U con@ﬂﬂ}aﬁon of zero-

dr ox de) o
N SRR i B B Blarrblyds! YR o mbt el qripomM to
G00MRAli A0TNsI dr@)@hhlﬂne@ GV 28 BOB M R eordteiefably 20mM to
activated car boxyl 1 nternmediate and thus inprove the

¥0@mYl.of the reaction. The reaction is nore
efficient, so a |ower concentration of zero-length
crosslinker is required. 20 In enbodi ments of the

Impr@féﬁr%ehibddhhehtshlﬂﬁ/mah the pdro-lehithi rossliedter tshe battogliimide,
concentratl on of zero-length crossl inker is preferably

NESE (N AronysHRFINHRIF®) O iiple-ITS (NdweronaHImwsvECTiaide)
B AR DS R BRI RO pIoDNER o Botp gjoblg otivated

cmboemltmwrmnhaié andehos irepigivie the gidd ohiter reastioud he reaction

BRI Stk & ovsioroh ety B Bt poRaipeakshis reauired.

The concentrati on

In embodiments of the invention in which NHS or sulpho-NHS is used, then the
concentration of zero-length crosslinker is preferably less than 100mM, more
preferably less than 50mM. The concentration of zero-length crosslinker is
preferably above 2mM, more preferably above 5mM. The concentration of
zero-length crosslinker is thus preferably in the range 2mM or 5mM to 50mM or
100mM, eg 2mM to 100mM, more preferably 5mM to 50mM. The concentration
of the NHS or sulpho-NHS is preferably greater than 1mM or 2mM, and less
than 50mM or 20mM. The concentration of NHS or sulpho-NHS is thus
preferably in the range 1mM or 2mM to 20mM or 50mM, eg 1mM to 50mM,
more preferably 2mM to 20mM.

EDC is the currently preferred zero-length crosslinker and, most preferably,
EDC is used with NHS.
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of the NHS or sul pho-NHS is preferably greater than 1
mMor 2nM and I ess than 50mM or 20mM The

wa@oosmotin@t i on of NHS or sul pho-NHS is thus pref/eBadps0402

in the range 1InMor 2nMto 20mM or 50mM eg 1nMto
50mM nore preferably 2mMto 20mM 30 EDC is the
currently preferred zero-| engfe{ll crosslinker and, nost
preferably, EDC is used with'""NHS. WO 2008/ 007146
PCT/ GB2007/ 050402 16 Reaction conditions The
reaction tenperature and reaction tine are both

}-’Q”c nlﬂ Shave an 5 effect on the size of the
in particles. In practice, the
tenperature at which the reaction is carried out wll

be limted at the |ower extrenme by the need for the
FB%??‘HW%HFR%?W&G @lerﬁa@i% timg 36? bpkevanighd %%Fh?d have an

gﬁé&tonotfh fﬂe‘ﬁ’é‘sulﬁﬂg Jﬁ'&teﬁr? BalfitRRy extreme by the

enat ur ati on era he protein. Were, as
is usual, the reaction nediumis aqueous, the

[ropclic, thENBThaalita o wch 58St s caTachoU Y Hadiited at
%f lbWRf eQUENRL b)PfheCﬁé&Pfo‘i'%é PéactiBhirR8diunt ©H8 I|un|:d |egby the

enperature, i€ typically between 15CC and
Eeezmg/ponrﬁ@)f the megiumeand abthet Uperreyrenze bartheedemwmtmn

it d . b ' t h )
Bl RS B ing Wabesils SUnl i< EBren sPuit's
BGYed8s, ks tddtidnftempeydtlee sariveRiRngf bebedt 0T And 40C. In
nol ecul es and zero-length crosslinker. Purification

twn@mflt)y of erssasy e reaedorimay be ﬁéff@dc@@tsat OZ@|Q9@af@eth@§mblent
C t
K er PRl B Dbl WheEon SaRdnd 30N, BEAAC
medi umis Sephadex G50. It has been found that after
the zero-length crosslinker has reacted with carb %
from 1

IPBuRACtoN YT TAGPRNATROMERIN GUite Weleanopa: Ut iSAYmea
1BYr fo2RW, 81 bl 2Rodrs °8q BbG %eféo)(as |'s present,

i nstance, in anabu n ecu to forma
t hi oester. As the thiol group may be useful as a means

r n pr. [ . . .
%e p?gglﬁet rrga; B punﬁctaglféllowmg reaction of the protein molecules and
zero-length crosslinker. Purification typically involves removal of the excess
reagents, which may be carried out using any known method, eg column

chromatography. A suitable chromatography medium is Sephadex G50.

It has been found that after the zero-length crosslinker has reacted with
carboxyl groups in the protein molecule, the activated carboxyl may react with a
free thiol group (as is present, for instance, in an albumin molecule) to form a
thioester. As the thiol group may be useful as a means of reacting the protein
molecule with, for instance, a therapeutic agent or imaging contrast agent, it is
desirable for such a thioester to be hydrolysed. This may be achieved by heat

freatment.

Heat treatment is preferably carried out at a temperature of between 20°C and
50°C, for a period of from 1, 2, 4 or 8 hours, up to 10, 20, 30 or 40 hours.
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nol ecule with, for instance, a therapeutic agent or
i magi ng contrast agent, it is desirable for such a

wo biosmstias to be hydrol ysed. This may be achi erenGBR007/050402

heat treatnent. 30 Heat treatnent is preferably
carried out at a tenperature of between 20C and 50C,
for a period of froml, 2, 4 8 hours, up to 10, 20,
30 or 40 hours. WD 2008/007148 PCT/ GB2007/ 050402 17
General ly, conbinations of any of the reaction

condi tions and paraneters given above may be used,
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t e
[igelos, Bng PlopBriche o 6 Pcticta Sidtucerch Hary; °
8mbonimentspthe0@agtion islcardgd batn ah agueoubfémiumi atla pH in the

i DG Srrt b BHhs 57 Bep Ko enIBG BtslaRNs BN AP of
BRIYML MBSO YIRLOT e§ dﬂ#t?zn'N_HSto' FOARG LT h.%lng a carbodumlde

concentration of crossl may be | owner
cassiinkesr eGHAE, oatsaomnce@mpbnm#@fn §rt©15@Dml\|6,aeg betvwn 20 and

cont r.ast ts of.t euti ents 1 upl Lng .
BPOSRR - R=FFS sE sFlpuiy NS E Hsef B Rhtehtal g BL iR Sstinker
ArRIyt B love¥Byg PenM ¢ar0DRM Cott5rham @sorel. @ number  of
nmeans, depending inter alia on the nature of the

agent and the nature of the protein particle. In

BR0BHAL of DN HartiGOY RS LihradtaldentWPhFaddificfife itgg

agent, or between the protei n parti cle and a coupli ng
m)letrggca pabl e of form hem cal ar physica

feualing phap ﬁ@eﬁbf@ﬁlde"‘(%ﬁ‘f) th%ﬁedbiﬁ%?h@r Préée'ﬁﬂaﬁfdfde H?ay be
Eg#i%'d'sdlﬂ b %ﬁrigé@h@hb%lrj ggﬁ{e‘éﬂ%:?@éﬁeﬁo%uéc @eﬁé’/}%h 'E}Qe Rbture of
thre agmwtcamldpthen@tmﬂe ofrthelipoatetn partinket dhsgefneralubwever couplmg

bRGEPRE B8 Yorcndbiof) oficouelEre bRl Bl flg bfeif Barticle and the
8880 bebefwdd e roth® pBRIcR and a coupling moiety capable of forming
a chemical or physical bond with the agent itself.

One preferred method of coupling, particularly appropriate to the coupling of
metals, eg metals for use in MRI or nuclear imaging, or the coupling of
radioactive metals for use in radiotherapy, involves the conjugation of the

protein particle with a chelating agent which is capable of binding the metal.

In one particularly preferred embodiment, the chelating agent contains carboxyl
groups, or derivatives thereof, that react with amine groups present in the
protein particle to form amide bonds linking the chelating agent to the protein
particle. A solution of a suitable salt of the metal may then be added, leading to

chelation of the metal by the conjugated chelating agent.
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In one particularly preferred enbodi nent, the
chel ati ng agent contai ns carboxyl groups, or

walesoswatiswes thereof, that react wi th am ne grecpeB2007/050402

present in the protein particle to form am de bonds
l'i nking the chelating agent to the protein 30
particle. A solution of a sw{sabl e salt of the netal
may then be added, |eading to'®chelation of the netal
g{let he conjugated chel ating agent. WO 2008/ 007146
JatiBg GUENDS thed maylise ched é{tqhﬂ@e acrtin acid Kerivatyesoef

L3 TPab s O R ife ik puife Xaibs BB hpi ITRAHA G
ethyldryashime t@ﬁ*aé@éti’d?@(ﬂ@tdi|@tr@mrfétn@fhRfé‘p’ér&aaéétloaémdl,%nd
pentaacetic acid, and derivatives thereof,

Heevaljesreieohind welibnaivenine Beniascsinen geNyesde, Qther
Ela3se€ 8 f’rﬁelé{}%?@%ﬁ‘t&héﬂﬁ%&m S@éeé)(ﬁﬁ)ﬁcl%e‘%ﬁ?éﬁdhéélﬁcémﬁ%ng

Mmacr ocyc I'es o roc
apentst dansples of macrocycllc chelators are:

t | id (NOTA
hdyr iy eondaane b Rotbaktgabe sk NETAS. *Fet r tcett ¢
g A 10Q@EF§ézacéncfoo%d%aﬁ§-tN R’ N N ‘-tetraacetic acid (DOTA)

azacycl ot et radecane- N, N tetraacetic acid
(I?lEﬁAﬂ tQUaaxmclqtewam@nbdN N:dﬁpll\l ‘notetiaacatic agddd el
to the protein particle will be evident to those

skilled in the art. Suitable chem stries nost conmonly

Oftivét viethdds ol @cﬁd’ﬂiﬂthjhe‘lﬁtlrigl é‘g%?gﬁo tHe e8din v tide will be

thiol, carbon car boxyl roxyl —groups present

ewdenthdh@%ﬁ?;lllpdm the eitasuitabler q’f@rﬁlﬁaﬂeétmﬂgt cggamonlyligvolve
HREofigh 1 BPRadles RRUBESIGH®., 181 BEBISLD AALINE bPriioxy

ormo
Hupscbrasemdan theprdtbim particleatioisn the dhettipgSagent.
alternatively the netal nay be added | ater, eg just
prior to use. Particularly where the netal is a

(lreand | Eé@ f"gtcgluple'ot tﬁgﬁ%é f@@tfegfﬁ;uﬁl@@ iR tﬁQrforWﬂ Bf %éllal chelate,

lons to I'ati on | nmedi at el
e chrelate ag belfokved se,pant gfgdhe cnagdacs)ying process, bhelternatwely

P g B o JAAEE ReDlsSt e 1 AT By iR dheymetal
2] Féd?b@ctpl)é metal, it may be desirable for the metal ions to be added to the

formulation immediately prior to use.

Likewise, organic agents, such as the iodine-containing compounds that are
used as X-ray contrast agents may be coupled directly to the protein particle by
the formation of covalent bonds between the organic agent and the protein
particle. Methods for coupling organic agents to the protein particle will again
be evident to those skilled in the art, and may involve the formation of linkages
through amine, thiol, carbonyl, carboxyl or hydroxyl groups present in the

protein particle and/or the organic agent.



10

15

20

25

30

the formation of coval ent bonds between the organic
agent and the protein 25 particle. Methods for

W@ 000plodTige or gani ¢ agents to the protein parti cher/eBkeo7/050402

again be evident to those skilled in the art, and nay
i nvolve the formation of |inkages through am ne,
thiol, carbonyl, carboxyl or dr oxyl groups present
in the protein particle and/ the organic agent. WO
2008/ 007146 PCT/ GB2007/050402 19 Supply and

mimist Nparticles or conjugates according
to the invention will generally be admnistered to
the body as a fornulation conprising a
Pharpamiicies beebhjgatesceptdihd e trdinusntidrm&ilngsharaly be
most conmonly a |ljquid nedium Such  fornulations nma
s@%mﬁtsrﬁ?cé@ tﬂﬂdé(cqff aiferpayation camptising) gpharmaceutically

LeaMabiR HEGiuRp! T'Itu% ?rgbedzllfé}ﬁdgln?‘(%ttgﬁﬁrﬂﬁrgg' LiidRRd Medium. Such

conJ ugates may be onst Itute
fefulaionsenay bk saipplied ebpmctitbngisas. a E’cﬂnle rreadymuse lselution

Q8P 0 P ICAES A luRios g TeBrsRdca e regonstiuted
befdhe LSS wiftl uLRABIEBORTiofi0HaI 9Bt thdieedertiitidtiytein

prior to use. e particles and fornulations accor di
particles may@mmrmdrm;h aeohdionmfst redéhctivg |abel 40 pmqucefthe
[ QUt es,. i nst anc

ormdl ations may., . for be
(it ERpaPdath Y pROARTR Mid Blpelii ehPEfLRE
adm ni stration. The fornul ati ons may al so be 15
adm ni st ered by oral or nasal inhalation, eg as a
heswarticies sad femydationseaccordipprtephe mvgntlplhénay be administered

BOLTA Y BARIRY. P ASHHSESE SRLSE il Pafkd AR

eter er appl

frmfawhaEIélgbm byeyibbetathebus edetnistratioml e f@@nulbbrons may also be
pplication to the skin, In such cases,

ARNVRIFE3RY O TESabBNR0RS S0 o5 aRbisog solution SVhere

SRl 1T S8 )t gl i

nathepear thHarlodisereappdicdiions the fbheulahoeahﬁawbé delivated topieally, eg
[ 1 i . .25 The. ti [ .

b antéln BandaRind dhibh GefaanadoGuulkBnis sl i apalipd as

Et2Ons Blaélﬁ'tmeﬁl‘écéﬁha‘?tb‘é mcbfbd?étreﬁ' iftd Ftches that are applied to

nanoparticles, eg of 'rHA
the skin.

Examples of applications of the nanoparticles according to the invention include
the following.

The particles may be of value in enhancing the delivery of drugs across
membranes (eg lung, nasal, buccal etc). In particular, nanoparticles, eg of rHA,
can be transported across membranes by transcytosis. It is known that
particulate forms of proteins are more readily taken up by, and/or transported
across membranes, than single molecules. Also, nanoparticles can be
prepared with charged or hydrophilic groups attached to them (chemically) to

enhance uptake.
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can be transported across nmenbranes by transcytosis.
It is known that particulate forns of proteins are

woes/00dadli | y taken up by, and/or transported PEIGBI®7/050402

menbr anes, than single nolecules. Al so, nanoparticles
can be 30 prepared with charged or hydrophilic groups
attached to them (chemcally).to enhance uptake. WO
2008/ 007146 PCT/ GB2007/ 0504020 20 The particles may

al so be used for %ene delivery. For instance, DNA can
bee partittesimay alse bpaised dpegems delivary c &ior nsdanrce, NA can be

AR Bhaerlidon By shHESIRIARS to NEueihy AL 286 Tiioss

the edlhaepddane€apansesutiearangélops, by virtue of the
particles being made from vacci ne nol ecul es, or by
linking antigen to particles nade of, for instance,

ﬁ'h'@‘gl?\éﬁffeé)fna{yrkﬂs@ ﬁétds%gﬁé SMR%NALS Peé'rflb@rstgéi? VQE(HE??,Sby virtue of

upt nto tunours. i nstance, unour ¢
tHrecpdatioles Heingrnadedrgm eascigpaolSBAlRK, anbly himking laotigen to

enhapced u e.of rHA noparticles. This nay al so
PRI a0 MR G Tt 0Bor com ng. i t1 -drug

resi stance (by stopping drugs being punped directly
out of the tunmour cells). 15 Particles according to
Use df tve paitistesnmgy allsoinbeeaseatrup Uptakeniotaltimewnsy keir instance,

th f ul ts t Topi cal
Bl oo Kbt 3B aVer BEBMs3 dbolSPREK 2 Pichhavpgnnanced
upakBafeHpNandpeRfies| Thisahbgalsoddroielead RdttabisHyforor
ot her actives on the surface of the skin, 20

e¥preeMiNg Inultirdpeg aesistance Awistopping:dpiastiaing pumpsd directly out

[ i surface charge may enhance skin
gd htgstﬁhﬁoif\#gﬁ%arti cles may al so be used for oral drug

delivery, as they may be used to deliver nolecules
across the 8Ut wal |  or across the Payers patch.

| . | .25 The
barttales accosdivgrtaithiy inveniing may alseitsnisaly! iRt delivgyy of drugs
BPBier Asbfll abBnA wdllisTaceut i cal setlings, eg in
personal caré products. Oher, industrial
Topical delivery of the particles according to the invention may have the
beneficial effect of retaining drugs or other actives on the surface of the skin,
especially in pores etc. Again, the preparation of particles with surface charge

may enhance skin adhesion

The particles may also be used for oral drug delivery, as they may be used to
deliver molecules across the gut wall or across the Payers patch.

The particles according to the invention may also find application in non-
pharmaceutical settings, eg in personal care products. Other, industrial
applications are also envisaged, eg for the delivery of enzymes in industrial

processes.



10

15

20

25

30

applications are also envisaged, eg for the delivery
of enzynmes in industrial processes. 30 WO 2008/ 007146

weanseBAGO7/ 050402 21 EXEMPLARY EMBODI MENTS CQPCT/EEB2007/050402

I NVENTI ON Currently preferred enbodi nents of the

invention will now be described in greater detail, by
way of illustration only, vvitg reference to the
following 5 Exanpl es and the 1ccorrpanyi ng Figures, in

whi ch Fi gure 1 shows %el ||_9ermaati on HPLC results

I QF JHE INYMBNITRON  Fi gure 2
shows gel perneation HPLC results obtained for the
products of 10 Exanple 2. Figure 3 shows native PAGE
Cesrehtlg preferreb enpsadinehss otfthémvmit@namnlﬁog\ube dés6titseisin
the increase in free thiol groups during

Q%Wn‘i‘ﬁ{?" d¥Y WA of dlugatiomRBLY. Wl'tbd glarenes 59 ﬁh@cfouchwmg

AR A PRSP, Shove nat i ve

PACE results for the products of Exanple 6(b). Figure

t PAGE f th t f
Figio o 961 Rergalion HRHaAsaulls Shitined forihe fredupis of

EQém%féifdted products of Exanple 7. Figure 9 shows
particle size distributions determ ned by |ight
e ershmgva‘ ol peeneatien &l Rl resudigabitained f@xtmmredactsm
E % O shows desalting chromatograns for the

"of Exanple 8. Figure 11 shows native PAGE
FRRWE BSsrfoWs bt ePPAGECIeSuRS fdPtRERr6dibts bf BMample23shows
E%\J pernmeation HPLC results for theéfroducts of

ﬁ@ﬂesr@ws thedoereass i freadhiphgtaupsdusingdheat treatment of the
ht scattering for the

$|fjj'lr0$é§r"m{25 '?)Iaéxfj&ét?n%w%g@#egal nmet hods
Figure 5 shows native PAGE results for the products of Example 6(a).

Figure 6 shows native PAGE results for the products of Example 6(b).

Figure 7 shows native PAGE results for the products of Example 6(c).

Figure 8 shows the native PAGE results for desalted products of Example 7.
Figure 9 shows particle size distributions determined by light scattering for the
desalted products of Example 7.

Figure 10 shows desalting chromatograms for the products of Example 8.
Figure 11 shows native PAGE results for the products of Example 8.

Figure 12 shows gel permeation HPLC results for the products of Example 8.
Figure 13 shows particle size distributions determined by light scattering for the
products of Example 8.

General methods

Crosslinking of rHA to form protein particles

Formulated rHA (approximately 20%(w/v) rHA, 32mM octanoate, 145mM Na®,
15mg.L'1 Polysorbate 80, pH7.0) was diluted to the indicated rHA concentration
with the indicated buffer. EDC or EDC + NHS was added at the indicated
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Crosslinking of rHA to formprotein particles
Fornmul ated rHA (approxi mately 20% w v) rHA, 32mM

woedsnoale, 145mM Na+, 30 15ng. L-' Pol ysor bat BCBGB2007/050402

pH7.0) was diluted to the indicated rHA concentration
with the indicated buffer. EDC or EDC + NHS was added
at the indicated WO 2008/ 007146 PCT/ GB2007/ 050402 22
concentrations, and the sanpl“ m xed and i ncubated at
roomtenperature (approximately 20" C) for the
rorigariasionsi ard theesanpleryixey inewdated &t cee temperature

I ke desal ted by Sephadex
Eﬁg@%g?'xg?ﬁﬁﬂkﬂg%g‘di%m%& i ndi cated, desalting
was perfornmed in phosphate buffered saline (PBS)
containing 0.9%wv) Nad, 15nM Na2HPO4, 5nM NaH2PO4.

S treatment Wiere indicated, crosslinked rHA was

TR e B Yot B tirRod FREUAK e £ Sfpritx
Clepezdtodephlyt iUgess etheniiseCaticpdreatalting MRS rtdrhiflddn
EBP R S R e 2 TR S COMAITGD 3 4 BAE gl BRI NazHPO,

sHivi WM, pepni toring at 280nm Sanples were dil uted
appropriately in PBS and 10-25pL injected. 20 Native
PAGE Native PAGE was performed using Novex 4-12% Tris

E%E ne erlgs (Invitrogen Ltd, 3 Fountain Drive,
GER HALHE Pai sl ey PA4 9RF, United

LILILAYZL L LILLILEZ Y uUS| neSS Par k,

Whige ondicaea06disBBnKed tHYe waBMeaRtidata] bgiridmfbbti@ﬁtait ons,
W th sanpl es dil uted apprc?gﬁrrnl ately in PBS. CGels were
|

gpRiioniBaiglt 4o CloCHieingiogécq Fmey llopedpiviiaseindraigy, by a
ot B o i ng 10 Che manufacturer s

i nstructions. Free thiol assay

Gel permeation HPLC (GPHPLC)

GPHPLC used a TSKgel G3000swx. 0.78x30cm analytical column and guard
run at 1mL.min™" in PBS, with effluent monitoring at 280nm. Samples were

diluted appropriately in PBS and 10-25uL injected.

Native PAGE

Native PAGE was performed using Novex 4-12% Tris Glycine gels (Invitrogen
Ltd, 3 Fountain Drive, Inchinnan Business Park, Paisley PA4 9RF, United
Kingdom) according to the manufacturer’s instructions, with samples diluted
appropriately in PBS. Gels were stained with GelCode Blue (Pierce
Biotechnology, Inc, 3747 N Meridian Rd, PO Box 117, Rockford, IL 61105,
USA) according to the manufacturer’s instructions.

Free thiol assay
Blank and sample were made to 1mL with 0.1M TrisHCI, 0.01M EDTA pH8 and
A412 measured. 50uL 0.01M 5,5’-dithiobis-(2-nitrobenzoic acid) in 0.05M

sodium phosphate pH7 was added and A4¢2 remeasured after 10min at room

temperature. The thiol content was calculated using €41,=13600M'cm™.
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Bl ank and sanple were made to 1 nL with 0.1 M TrisHd,
0.01 M EDTA pH8 and 30 A412 neasured. 50pL 0.01 M

WG 288/di1ehi obi s- (2- ni trobenzoic acid) in 0. 05MCEHOBRMNTI50402

phosphat e pH7 was added and A412 reneasured after
10m n at room tenperature. The thiol content was

cal cul at ed using E412=13600M 1cm 1. WO 2008/ 007146
PCT/ GB2007/ 050402 23 Parti size determ nation
Sanples were diluted to 1-5ng.n-1 rHA with PBS and
0.2pmfiltered prior to triplicate analysis using a

. jzer.Nano S with | ow vol une di sposable 5

th}/? '.Zé SEmE rticle size based on scattered

Bugtples weendilitgdand -5rg.ret A Arvitd PBIS2ahd 0. 2pim flh]@resli pzre)r to
di stribution were determned usi ng Malvern D sper
tripdiaats %@}Y%@Pﬁmr%'\/\ﬂ&\’qﬂ ZetRsigef m%&w@&@%va@%d@eosable

[ I
CELARL T e et BRI SBhtorl I gl B e
stamderd dawlatnmn thheomZe distnitadiooywéye/dete mimedriesmenMahienn
onpar.i sqn gn a?) ML soI ut i o of known concentrati on.
%’F'@nlef NegY IIMERY 4otV r HA and anal ysi s by
GPHPLC : influence of crosslinker concentration

Crosslinking was perforned at 100nmg. ni-' rHA diluted
BoupgMethotiexate 5sag0 and 45nmM EDC, 15nmM EDC + 5nmiM

PiRedlig 2l GraH aiopligl: i8R e il o AReP EREHY

bben& mthetreaite TRIMX ROhEeftrkiciH WaS ideteribéd bRlAs/,
(Figure 1 a), and gradual :&i i ncreasi n%tkarmunts of

magéremg@teirbgompam@i yvith Tl(ls@lté@ﬁs ﬁOWﬁcQO@éigmﬁgtion-
concentrations of EDC and addition of NHS. 25 NB The
broad peak eluting at the start of chromatogramc
Eganj@ hefore the void volune of the colum and hence

I s a baseline artefact, not related to the _sanp|e
Crossllnklnq of rHA and analysis by GPHPLC : mfluence of crosslinker

concentration

Crosslinking was performed at 100mg.mL™" rHA diluted in PBS with 0, 15, 30
and 45mM EDC, 15mM EDC + 5mM NHS and a 2h reaction time. Products
were analysed by GPHPLC as shown in Figure 1.

The chromatograms show the elution of monomeric rHA starting material
(Figure 1a), and gradually increasing amounts of larger species (protein
particles) with increasing concentrations of EDC and addition of NHS.

NB The broad peak eluting at the start of chromatogram ¢ occurs before the
void volume of the column and hence is a baseline artefact, not related to the

sample.

Example 2
Crosslinking of rHA and analysis by GPHPLC : effect of post-crosslinking

freatments
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30 Exanple 2 Crosslinking of rHA and anal ysis by
GPHPLC : effect of Post-crosslin king treatnents WD

wQ@o@8/0004d46 PCT/ GB2007/ 050402 24 Crossl i nki nBCTHES2007/050402

performed at 100ng.nmL-' rHA diluted in PBS with 15mM
EDC + 5mM NHS and a 2h reaction tine. The crosslinked
product (containing protei nﬁgrti cles) was desalted
in water, fornulated by the ition of Snd 2, 5
Na2HPO4, gl ucose and Pluronic F68 and freeze-dri ed.
The product at each st age was anal ysed by GPHPLC, and
|t e1 [ fre
ErGiR e bSPTIR EHE Pralui i BBS Ak Tamm eDC

sigpIfNIE8rdndces f2hcrteact¢tm tiﬂfn@ ﬂﬂﬂ@b@slbﬁk’éﬁlmbeact (ﬂ;@ntalnlng
nple 3 Crosslinking of rHA and anal

p@”@%ﬂ@ﬁ%\!’(?ﬁ&eﬁﬁ%e%@w’éﬁ‘refﬁ’”ﬁt“ai%ﬁg ”ﬂﬁ;add'lt'Pll\ Of S”C|2=

1
et 1POE bR o™ i ol 2 12 i, e LT BB
Brageued s anelysehbalGRIABL Oy andthe ecdedSEare ashdwinhie Higusel 2, svhich
Peloalen fae Peelifgcoumualeb arcieves- Tind Rak nowiayiSibtiect
bRend prdtBIn (iHiQksi ncreased quantities of |ess nobile
species (protein particles) with increasing

concentrations of EDC and incorporation of NHS. 20

E}iaﬁl! e§4 Crosslinking of rHA and determ nati on of
ol content of product Crosslinking was

gesddinried cﬁ'trHAOth‘GJaﬁélyss?hﬁéiivaPRGEi n PBS with 15nM
and a reaction tinme. The
crossli nked product, desalted in water, showed a free
i . 4 r . .
{;P%%nnk%ﬁo%s%? .‘?n%g ﬁs‘@ém In% H_&cﬁ@xéoom PBS wjih 0, 15, 30,
@50‘55I 10%kamd] 160mMHEDC, dispeiddEDCer 5M NES tahd(’d 2le egdctioh time.

roduct on duration of
Pro ucts were analysed by native PAGE, and the results are shown in Figure 3.

The results are consistent with the GPHPLC results discussed above, in that
they show the formation of increased quantities of less mobile species (protein

particles) with increasing concentrations of EDC and incorporation of NHS.

Example 4
Crosslinking of rHA and determination of free thiol content of product

Crosslinking was performed at 100mg.mL'1 rHA diluted in PBS with 15mM EDC
+ 5mM NHS and a 2h reaction time. The crosslinked product, desalted in
water, showed a free thiol level of 0.04mol.mol”", compared to 0.64mol.mol™ for

the starting rHA.

Example 5
Crosslinking of rHA : dependence of free thiol content of product on duration of

heat treatment
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heat treatnment WO 2008/ 007146 PCT/ GB2007/050402 25
Crosslinking was perforned at 100ng.nL-' rHA diluted

WO BB 146 th 15nM EDC  + 5nM NHS and a 2h r eacP@DGB2007/050402

time. The crosslinked product was desalted and heat
treated for the indicated tinmes, with aliquots taken
for free thiol assay. The results are shown in Figure
4. As can be seen, the free t9 ol content returned 5

substantlally to that of the r HA startler;ﬁ_ material for
feeaslinkiagtwasperfoimesd af 1a@mgoalir sHArlufeshige BSmitthbbreM EDC

é%&l{/lel\clHﬁ}_%]dv h%%%@orﬁﬂrg&l i rﬁ(@ﬁa&m@d pdrgﬁlg?t v&%s g%salted and

heQnBedted forr tHa iddicategidirh8s, Riath mlqdthEXkemf@ﬂﬂ@@tth@I asmy The
of 15, 30, 75, 150 and 300mM each an omvi
Kesylts ‘afe ShPW”é%r'ﬁ!ﬂ‘é@ 4 as cARdpersen: H”r‘%@e ;ym@gq:orq,tgrﬁgetumed
n R
SORLUAEINNS (B! tfe PR Bl marcRRf foF ot BRE AR (rh BB 16
hoarstard lesgef. protein particles were forned after t he
| onger reaction tine. b) FEDCl, [rHA] and tinme 20
Crosslinking was perforned at 10, 20, 50 and
E—QQ@{@G rHA diluted in PBS, each with EDC
ations of 15 30 _75 150 and 300mMM Al |

> 34 I E2R QIS wer e anal ysed by
natlve PAGE after 2 and 22h reaction tines - see
E) [ED @], INHED aa tiphe 100ng. nL-' r HA was prepared by
dilution in either 0.9%w v) NaCI 2omv| MES or
0.9%w v) Nad, 20nM EPPS or PBS. guots of the MES
cosslliskingreasperdanmed ab10Qmepk oklrlﬁailleltqd \wHBB8 veiiEDC

BERcettratoh8'6PY S, §6, 34 S5 SBOMME 4h&it 0, 1, 5 and 20mM NHS.

All samples that had not formed a gel were analysed by native PAGE after 2

and 22h reaction times — see Figure 5, which indicates that somewhat greater
guantities of protein particles were formed after the longer reaction time.

b) [EDC], [rHA] and time

Crosslinking was performed at 10, 20, 50 and 100mg.mL"" rHA diluted in PBS,
each with EDC concentrations of 15, 30, 75, 150 and 300mM. All samples that
had not formed a gel were analysed by native PAGE after 2 and 22h reaction
times — see Figure 6.

¢) pH

100mg.mL"™" rHA was prepared by dilution in either 0.9%(w/v) NaCl, 20mM MES
or 0.9%(w/v) NaCl, 20mM EPPS or PBS. Aliquots of the MES sample were
adjusted to approximately pH5.5 and pH6.5. Aliquots of the EPPS sample were
adjusted to approximately pH7.5 and pH8.5. The actual starting pH was
measured prior to crosslinking of each sample with 75mM EDC and 15mM EDC

+ 5mM NHS and a 2h reaction time. All samples that had not formed a gel
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adjusted to approximtely pH7.5 and pH8.5. The act ual
starting pH was neasured prior to crosslinking of

weawms/osaapl e with 75mM EDC and 15nM EDC  + 5mie@#EB200d/050402

a 2h reaction tinme. Al sanples that had not fornmed a

gel WO 2008/ 007146 PCT/ GB2007/ 050402 26 were anal ysed

by native PAGE - see Figure 7, The results indicate

that cross- |inki ng was nore & ficient at pH val ues

bel ow 7. Exanple 7 5 Conparison of results obtained
weragnalises by hative PaE ECeeanFigvee 7Crlssieshlts inglieeis that cross-

@%8&’%ﬂpﬁwgnd %Prlﬁl/l\;l?% a%’g\tg{eghl Pezgtsl \cl)mnt []I rln55mvI

After desalting, the 10 crosslinked products were
anal ysed by native PAGE and |ight scattering, in
on wwth the rHA starting nmaterial. The native

Bﬁ@aﬁl%ﬁH'&fﬁ e1§|_J'|Fs &Jigi‘ﬁ%d dsﬁhi@ Et% E!|u§ %ﬁ drideE BT d1bfit ©

anal ysis are shown in Figure 9. The results indicate
that the use of 5MM NHS wth only 15mM EDC yi el ded a

mhﬂhg%éﬁ Sfbrni&d hhe0orag. rﬁri ' fERMiletXd (hPBEafAth 15mM EDC
Fur her co%garlson of results obtained using

R NG SEmD aprmMEBR Capiothé 2prpaciior simenkifiey dgaalting, the

E’%Egmﬁrl{%dn%% hﬁéQQU%re%wM %ghéh’\'}ee%ﬁ\' r eac?“gh{%] a]t{éWg in

doeparissrs hithked rHAxigiting materide sThé edtivd PAGE r@llt@dare shown
and desal ted again. The free thiol |evel |ncreased Qn
ieligute & andehe Periie sizeFistsbotiansdeteppined by lightreatiping
BRSO i B S8 Fey st ST sgPltc uodbr S NHs
wiihtorﬂyeaﬁrmw EdCpietdadea eompara}ksleaiemlt toathewseRAGMM EDC
HPLC and |ight scattering, in conparison with the
PI9RCstarting material. Figure 10 shows the desalting
chromat ograns. The desalting was nonitored at 260nm
The upper chromatogramin Figure 10 was obtai ned prior
MSO treatnment. The |eft-hand peak corresponds

Orth&EcAh85HES AL MBI LER L FELIRE NHS plus EDC and EDC alone

Crosslinking was performed at 100mg.mL'1 rHA diluted in PBS with 15mM EDC
+ 5mM NHS and 75mM EDC and a 2h reaction time. The crosslinked product
was desalted, heat treated and desalted again. The free thiol level increased
on heat treatment from 0.03 to 0.54mol.mol™" for the EDC + NHS product and
from 0.02 to 0.50mol.mol™" for the EDC product. The desalted products pre-
and post-heat treatment were analysed by native PAGE, GPHPLC and light
scattering, in comparison with the rHA starting material.

Figure 10 shows the desalting chromatograms. The desalting was monitored at
260nm. The upper chromatogram in Figure 10 was obtained prior to heat
treatment. The left-hand peak corresponds to the product that was collected
and then heat-treated; the right-hand peak corresponds to free NHS. The lower

chromatogram indicates that, after heat treatment, further free NHS has been
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wabdosnohaeat treat nent,

and then heat-treated;
to free NHS. The | ower

the right-hand peak corresponds
chromat ogram i ndi cat es that,
further free NHS has bep@T/d82007/050402
2008/ 007146 PCT/ GB2007/ 050402 27 generated. These
results show that NHS was rel eased fromthe coll ected
product by the heat treatnent,process. The sane effect
was shown with the EDC—onIereactl on (data not
shown). 5 Figure 11 shows the native PAGE results,

gegeniaéed 2 Thesaesulls show bt th&waayelemmnaﬂw liggtas

PSPy B NS Bl eRieen i AT et Pk shenp win the

EDEpohBySreaou@t afHté inoashowhf.ect on the protein
particles, save perhaps for a very slight reduction in
nmean particle size (Figure 13) and increase in

il ity ' f i :
FRRl 1 i0stoRsitb etk LACE RS EOUE' {3 Slos i cBbined by
pEHPLCmadadRig2@, 136hawns phtiney sixk-data HAtaimédegdighhsering

ch with + 5 NHS, mM EDC +_5m\i

maﬁa@qwéwmvh %a H&%ﬂﬁ%s%% 2S EiOMIgRiECNH '}Jgséﬁn the

t

&e@é'“ﬁgé'?gﬁsa@e%‘?ﬁ??%Z\?Zad*’%?f"92‘3?%““%51'0@32?%@”%’9%‘%'8
fdguiecl ®) argl inerafisstininpakilityr{Eigefre tIRe pr oducts were
anal ysed by light scattering. The results 20 are
given in Table |I. Table I [EDC] [rHA] / ng.nl /nM 20
EQa@i@ gMean Standard Mean Standard Mean Standard

lanmeter / devi atlon [ di ameter / deviation / dianeter

ofatan N aitd D Ghe » H5l. 0 4.26 12.8

528153711 15121466157718206974

Crosslinking was performed at 20, 50 and 100mg.mL™" rHA diluted in PBS each
with 10mM EDC + 5mM NHS, 15mM EDC + 5mM NHS, 25mM EDC + 5mM
NHS and 50mM EDC + 5mM NHS and a 2h reaction time. All samples that had
not formed a gel were desalted, heat treated and desalted again. The particle
size distributions of the products were analysed by light scattering. The results

are given in Table |.
Table |
[EDC] [rHA] / mg.mL"
/ mM 20 50 100
Mean Standard Mean Standard Mean Standard
diameter/ | deviation/ | diameter/ | deviation/ | diameter/ | deviation/
nm nm nm nm nm nm
10 11.0 4.26 12.8 528 15.3 7.11
15 12.1 4.66 15.7 718 20.6 9.74
25 151 6.43 25.3 13.3 48.3 24 .2
50 254 12.6 73.9 35.0 not meas. | not meas.




wEOseBAO7/ 050402 28 By conpari son,

25 15.1 6.43 25.3 13.3 48.3 24.2 50 25.4 12.6 73.9

35.0 not neas. not neas. WD 2008/ 007146

t he r HA BCBGBR0VG/050402

material had a nean di aneter of 8.38nmand a standard

deviation of 2.99nm Exanple 10 5 Effect of varying

[EDC] and [NHS] at constant | ] Crosslinking was

performed at 100ngy. mL-' rHA uted in PBS with 15, 25

and 35nM EDC each with 2, 5, 10 and 20mM NHS and a 2h

By gempatisonnthe A steotingmaiterial thegta me@nriameterf@.28nm and a
I t treated and desalted again.

%%é‘dégarﬁ?‘g?@&ﬁ’ﬁgggﬁs ri butions of the products were

anal ysed by light scattering. The results are shown

in Table Il. Table Il 15 [NHS] [EDC] / nM /nmM 15 25

am Ost andard Mean Standard Mean Standard

5 &g&%ﬁfarginﬂjﬁb@] e [Nk@]aﬁ%{)ﬁéta/ng &@g] ;‘t i8_°g 3/ 5gi. g”gg?;

10

15

20

73.2 35.4 5 23.1 12.4 48.6 25.7 117 67.2 10 27.7
16.3 72.9 38.3 not neas. not neas. 20 23.3 12.2 66.3

8Ro<kliRRin %peﬂ@rﬁné@amo@yigqﬁmam&mmed imePBSAvith 15, 25 and
start materi al had a nean di aneter of 8.39nm and

3aMiEIAE geoh withch o1 0BEAMMNL DI Beanppehmisaction ime. Al
g’\ér%fﬁﬁals tﬂg t A& %t fo‘?&%'a‘bé B@%eller@&%flt%ﬁf h&at treated and desalted

again. The particle size distributions of the products were analysed by light

scattering. The results are shown in Table II.

Table Il
[NHS] [EDC]/ mM
/ mM
15 25 35
Mean Standard Mean Standard Mean Standard
diameter/ | deviation/ | diameter/ | deviation/ | diameter/ | deviation/
nm nm nm nm nm nm
2 18.7 8.93 59.5 39.7 73.2 354
5 231 124 48.6 25.7 117 67.2
10 27.7 16.3 72.9 38.3 not meas. | not meas.
20 23.3 12.2 66.3 32.4 not meas. | not meas.

By comparison, the rHA starting material had a mean diameter of 8.39nm and a

standard deviation of 2.96nm.

Example 11
Crosslinking of recombinant transferrin
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WD 2008/ 007146 PCT/ GB2007/ 050402 29 Reconbi nant
transferrin (rTF) was crosslinked using the sane

wWOorRios0aa4@s
performed at 100ny. nmL-'
25 and 35nM EDC each with 5mM NHS and 1, 2 or
at had not forned a gel
5 light scattering. The
/

reaction

ik

1obRAR. SraReidh A8 FRLEAmEEH: ARh

times.

descri bed for

rTF diluted in

sanpl esyésg]

wer e desalted and analysed b
results are shown in Table I
Respmbirant triaasferfin (i) was arossiinkiedsisingl thessamparmethods as

Tabl e |

4h

[ EDC]

Ld'ré?’ c§

nmnmn

rHA. Crosslinking WesST/GB2007/050402
PBS with 15,

@]'Eed in

PBS With 15, 95 and 35m@l EIBCQ%E:B \Eltl?anN NHS 3hd01, TBord4 9 e attion
6 31.9 not neas.

Hogs. Motamelss th@{d?a%%%tsfomﬂ@d ByQQ! e desalied pRd an%j:ysed by

53.1 not
R rﬂrég'a gnﬂg

lEpc and 5mM NHS f or

neas.

t ghbabsh

vi atl on

not

neas.

3ed JERh Af

1, 2 and 4h reaction tines.

PIRL G- of 7.78nm and a

Exanpl e 12 Crosslinking
of apol i poprotein A-1 15 Apolipoprotein A-1 (Apo A-1)
croosslinked using 50ng.n.-'" Apo A-1 in PBS wth

Al'l samples were desalted and anal ysed by [|ight
scattering, in conparison with the starting Apo A1,
THeCk/dsul ts are shown i n TaReectiog:ting/ \\D 2008/ 007146
POWIG32007/ 050402 30
1 2 4
Mean Standard Mean Standard Mean Standard
diameter | deviation/ | diameter/ | deviation/ | diameter/ | deviation/
/ nm nm nm nm nm nm
15 17.0 7.7 34.3 26.0 57.5 324
25 31.0 18.4 99.7 53.1 not meas. | not meas.
35 55.6 31.9 not meas. not meas. not meas. not meas.

By comparison, the rTF starting material had a mean diameter of 7.78nm and a

standard deviation of 1.80nm.

Example 12
Crosslinking of apolipoprotein A-1

Apolipoprotein A-1 (Apo A-1) was crosslinked using 50mg.mL™" Apo A-1 in PBS
with 25mM EDC and 5mM NHS for 1, 2 and 4h reaction times. All samples

were desalted and analysed by light scattering, in comparison with the starting

Apo A-1. The results are shown in Table IV:




10

15

20

25

Table IV Mean Standard Reaction tine di aneter
/h /nm/nm 1 21.8 10.8 2 44.9 33.7 4

devi ati on

had a nean

w®7008/083461 By conpari son,
of 12.5nm 5 and a standard

di anet er

the Apo A-

1 starti ngP@BEGBRO0EI050402

deviation of 5.72nm Exanple 13 Preparation of
crosslinked rHA particles cor;éqai ning a therapeutic

agent

(methotrexate) 10 Cro

i nki

ng of rHA in the

resence of nethotrexate (MIX) was perforned at
rHA diluted in PBS, with 25nM EDC + 5nmM

NHS, 9. 8nmM

MIX (6. 5mol

.mol -" rHA

time. The crosslinked product was

and a 2h reaction
desal t ed, assayed

for protein
Reactien ting,
The oduct
2.3 . hol -
a Standard

- boupikaNTX 4
in 15 conpyg
cotigEietRid b

rl—lﬁ\n d h3
devi ati on @

nd Staadiatsled
rison wth t
ourteViativnat
d a R di g
f 22.6nm By

by 1ight

he starting rHA

a concentration of

inet er of 37.9nm and
conparison, the

rHA startin
Land a st

mat2drg al  h
rd deviati

ad a10rgan d
nof 2 44nm

i ameter of 8.24nm
20 Exanple 14

Coupl"? ng of

a t Hér¥peut

ic agért (e

thotrexate) to

TT Ubbil mked
perforned a

rHA i

f 100my. ni-'

a3 utec

ki ng of rHA was
in PBS, wth 25nM

EDC + 5niM NHS and a 2h reaction tine. The crosslinked

roduct was 25 desalted, heat-treated for

22h,

¥§<9mr_@ﬂisgﬁam$ AR AchstastRg m%@riql&%ﬁ?%ndian}qtﬂ q?fy1 2.5nm
Hhi RadthhdsritdRRation of 5.72nm.

Example 13

Preparation of crosslinked rHA particles containing a therapeutic agent

(methotrexate)

Crosslinking of rHA in the presence of methotrexate (MTX) was performed at
100mg.mL"" rHA diluted in PBS, with 25mM EDC + 5mM NHS, 9.8mM MTX
(6.5mol.mol”" rHA) and a 2h reaction time. The crosslinked product was

desalted, assayed for protein-bound MTX and analysed by light scattering, in

comparison with the starting rHA. The product contained bound MTX at a

concentration of 2.3mol.mol”" rHA and had a mean diameter of 37.9nm and a

standard deviation of 22.6nm. By comparison, the rHA starting material had a

mean diameter of 8.24nm and a standard deviation of 2.44nm.

Example 14

Coupling of a therapeutic agent (methotrexate) to crosslinked rHA particles

Crosslinking of rHA was performed at 100mg.mL'1 rHA diluted in PBS, with

25mM EDC + 5mM NHS and a 2h reaction time. The crosslinked product was
desalted, heat-treated for 22h, desalted again and concentrated to 20mg.mL"’
rHA by ultrafiltration.
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WD 2008/ 007146 PCT/ GB2007/ 050402 31 NHS-activated MrX
was prepared by reacting 10nM MIX wth 20nM NHS and

wao@sMAEDRC in PBS for 1 h at room tenperat ur e, PCT/GB2007/050402

mai nt ai ni ng approxi mately pH7 by appropriate addition
of NaOH and HCI. The final NHS-activated MIX 5
concentration was 9.8mMM MIX coupling to cross-1inked
rHA was perfornmed by m xing fual vol umes of

20mg. mL-' crosslinked rHA and 9. 8mM NHS- acti vated MIX
(33mol .nol -* rHA). Sanples were taken after 1'/ % and

NS SER48) VDS BRBrBEARE Dheetinl TOPhU BT uEom N anc

sanmll\naED@errePIBa‘Or 1|araairo@ﬁderlmoelratliﬁ nsgiataiting appraximately
conparison with the starti results

SHETY anprpanne ardRnpENGO M 8BRS el erirah N Saatyated MTX
éﬁﬁrfédtl%rt’loh'v??s Q%Hﬂ\q MIX Sanple h nol.nol ' dianeter
nm

evi ati on rHA Crosslinked - - 48.7 23.4
rHA MIX-labelled 1'/2 12.6 54.2 26.0 crosslinked 3

ML euiingda Gosielikes! dATES Rercanss i EVANG, ecug bvdumes of
demigahL Or&SsliAkéd A and 9.8mM NHS-activated MTX (33mol.mol™' rHA).
Samples were taken after 1%2h and 3h reaction at room temperature, desalted
and assayed for protein-bound MTX. All cross-linked rHA samples were also
analysed by light scattering, in comparison with the starting rHA. The results

are shown in Table V:

Table V
Protein-
Mean Standard
Reaction time | bound MTX
Sample ; diameter deviation
/h / mol.mol’
/ nm / nm
rHA
Crosslinked
- - 48.7 23.4
rHA
MTX-labelled 1% 12.6 542 26.0
crosslinked
3 14.4 58.4 29.5
rHA

By comparison, the rHA starting material had a mean diameter of 8.09nm and a

standard deviation of 2.47nm.

Example 15
Coupling of a contrast agent (gadmium chelate) to crosslinked rHA particles
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20 Exanple 15 Coupling of a contrast agent (gadm um
chelate) to crosslinked rHA particles WO 2008/ 007146

wEOBeBAO7/ 050402 32 Di et hyl enet ri am nepent aBCEGB2007/050402

acid (DTPA) coupling to cross-1linked rHA was

perforrred by addi ng 0. 4g DTPA anhydride to 6nL

20ng. mL-' crosslinked rHA a3§ for Exanple 14) over a
period of 30min with constant ?stlrring, mai nt ai ni ng
approxi mately pH8 by addition of 5M NaOH Stirring was
bigibylenewianinepeiipacgicacid (DT &) conplingtrderossinked eHA was

888 o BV KB G g DTyt b2 TG “frsfinked ha

tad forEsxdmilé h4PoleMd BEfibS of Bommh%ﬁewt stifringy heitaining
or ange |nd| cator, malntajni nl\ﬁg%(sl—IS 5-6.0 by addition of

aPRIONITRISyIOH Ry askliin oA Nai SIHEna 1St Carenued fpga30min
ik G630 LR, AT s B apue ot pergBtgsoeo

(lﬂQ%(w/e)sNbCi; are shown in Tabl e VI: Table VI 15 Mean
Standard Sanpl e dianeter deviation /nm/nm
Crosslinked rHA 48.1 23.8 DTPA-|abelled 67.6 36.9

¢h@ﬁ6ﬂeﬂ¥§9uﬁd"ﬁ@?@fo@%‘s'v@@r@' t|t|%q|e@?1wt‘f'1 034M8GdCI3 in the presence
crosslinked rHA By Conparison, the rHA starting
pbxdenaelloraage indiegiar, cmnanmlre;ng ¢ﬂ4575787®1byaddlt@n st B dhrCoH.
ﬁlﬁc\a”b%tuhgrbﬂ;A%évle?r\}vrgs 43mol.mol™* rHA. All cross-linked rHA samples
were also analysed by light scattering, in comparison with the starting rHA. The

results are shown in Table VI:

Table VI
Mean Standard
Sample diameter deviation
/ nm / nm
Crosslinked rHA 48 1 23.8
DTPA-labelled
67.6 36.9
crosslinked rHA
DTPA-Gd-labelled
62.4 31.8
crosslinked rHA

By comparison, the rHA starting material had a mean diameter of 7.77nm and a

standard deviation of 2.15nm.

Example 16
Crosslinking of rHA using Woodward’s reagent K

Crosslinking with Woodward’s reagent K (WRK) was performed at 100mg.mL”’
rHA diluted in PBS, with 0.1M WRK and a 30min reaction time. The crosslinked
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20 Exanple 16 Crosslinking of rHA using Wodward's
reagent K Crosslinking with Whodward' s reagent K (VRK)

woamsperiior mred at 100ng. mi-'  rHA diluted i n PBS/GBRG0T050402

0.1 MWRK and a 30m n reaction time. The crosslinked

WO 2008/ 007146 PCT/ GB2007/ 050402 33 product was

diluted in PBS and anal ysed by |ight scattering, in
conmparison with the startin FHA. The product had a

mean di ameter of 13.5nm and a standard deviation of
BrogsinvaByilytathiark Bo @ndianalysed ky kghtisegtiasnarin slonpgdisgn with

0 Q
R r PR s e P B BSPBREE BarE S o8 aMandarg
deMatien bPBy6HIN. rByi@@’mbanéb“rQSISé irIFIN gtgrtingtrhaterial had a mean
N N-car bonyl di i m dazol e per formed at
@mﬁjehﬁ A2qm @W\acﬁtﬁ’”&?’ég quIaﬂsg Of\a $. 5M CDI. The

reaction was allowed to go to conpletion. The
crosslinked product was diluted in PBS and anal ysed by
Exgimple $€attering, in conparl son with the starting

. TN J r of 50.7nm and a

> : : (ABDI0AZOEari son, the TrHA
st art| ng materl aI had a nean di amater of 8.42nm and a
standard deviation 15 of 2.87nm WD 2008/ 007146
BoTytiBRIDg At NG ZarznyIdinsidazole.(CR | pwes eesformed tatid 00mg.mL ™

BEBAL LA E REPLEE 3 Pt ABERED so o

dbmplﬁtiﬁﬁd THe &okblifiked gradistnvaddinited i PBSAhd ahbRBe@by light
m.-' or greater to react in the presence of a zero

sg%tgqrrmgerrb@@mpakwn wib the stesting odbc %WQUQ’C kg eineears
g%n'ﬁgéetgls{)fqgo 9hﬂ¥ gﬁcga sﬂ?r#oea%lo%%l ||8ﬂt f%eo y%ﬁrh%arison the

oget FOCESY RS 1 &ione
WA searting Ineatprialtieacha mfa)éaa’cdlbmtew@f 8.42nm and a standard deviation

of 2.87nm.
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10 al bumin nolecules. 3. A process as clained in Caim
1, wherein the protein nolecules are selected from

w0 b@sgoTwp consi sting of collagen, elastin, KePEL/iGB2007/050402

fibroin, fibrin, fibronectin, transthyretin,
fibrinogen, thronbin, transferrin, apolipoprotein A-1,
15 lactoferrin, antibodies and fusion proteins. 4. A
process as clainmed in Claim §,4 wherein the protein

mol ecules are transferrin nolecules. 20 5. A process
&daigisai med in Claim3, wherein the protein nol ecul es
are apolipoprotein A-1 nolecules. 6. A process as
claimed in Claim3, wherein the protein nolecules are

i act oAqirbbEs M @tel prspardifory of propsin@Rsiicles vehieh prstdss
Claim3, wherein the protein nolecules are o ,
aPMPHBes 63USiBg OAaRPWirEsRIOMRIN Aeleerias Pisperegcthina liquid medium

rei - pr ot el } fiHsi t Qi
G R S e L G
iEngthresslinKdrasaoras to whedueenprotesn foagtiolss pomprsing prokin
fusions of human serum al bum n_and anot her protein or
B’tﬂ?%’é‘?ﬁ fhat are govalepily, %@%eigog&t%rned in any preceding
claim wherein the protein 5 nolecules are
reconbi nant products. 11. A process as clained in
2l ai mAlDpcesseagclaimaae ipCtais h windrebuthespratain molecules are
rlflf)corrbi nant human serum al bumi n nol ecules. 10 12. A
BIPHBUL MQIECWPSi ned i n any preceding claim wherein the
concentration of proteinis in the range 8ng.nL-' to
500nmg. m.-1, nore preferably 10ng.nL-' to 200ng. m-1,
dr 20Ageratess agclroveddn kiaim 1.nwkerepr kegpratain nsegulas are

Lt B nThe biodPed s h b0 TRReR o EkE). Tedat Min,forin

fibronectin, transthyretin, fibrinogen, thrombin, transferrin, apolipoprotein A-1,

lactoferrin, antibodies and fusion proteins.

4. A process as claimed in Claim 3, wherein the protein molecules are

transferrin molecules.

5. A process as claimed in Claim 3, wherein the protein molecules are

apolipoprotein A-1 molecules.

6. A process as claimed in Claim 3, wherein the protein molecules are

lactoferrin molecules.

7. A process as claimed in Claim 3, wherein the protein molecules are
antibodies.
8. A process as claimed in Claim 3, wherein the protein molecules are

fusion proteins.
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selected fromthe group consisting of carbodiimdes,
Wodward's agent K, and N, N-carbonyl diim dazole. 14.

wo2@B0ecAss as clainmed in Caim 13, wherein thePCT/GB2007/050402

zero-length crosslinker is 20 a carbodiimde. 15. A
process as claimed in Claim 14, wherein the

carbodiimde is 1-ethyl-3-

( 3-di net hyl am nopr opyl ) car bodid mi de. 25 16. A process

as clainmed in any one of Clains 13 to 15, wherein the
Boncehtpracesmastlagned & Ciaiey 8, whengin e fuaiegeoretaing are fusions

R s

reaction is 30 carried out in the presence of
N- hydr oxysucci ni m de or N hydroxysul phosucci ni m de..
1® 2068009318S Peimesvany Oseasing glgimswhareh Herwtels

' j R: rai.n the concentrati on of
@rogé@%né%rgcgh@ﬁﬁqtﬁﬁﬁﬁ nore preferably 5mMto

50mM 19. A process as clained in Caim1l7 or Caim
, wherein the concentratio 5 of. ,
by dAGGCae e CIATREa o1 CHiy L0 ORS Ei IS sRIelaiR Al aRuIps are

Pec'ﬂ%ﬁiﬁaman@@ff %Tkﬁfrﬁih%bbécglé‘&to 20mM  20. A

process as clainmed 1n any preceding claim wherein the
[iquid nmedium is aqueous. 10 21. A process as cl ai ned

Ln Caim?20, wherein the aqueous |iquid diumis a .
b 1 ef RIBFERS BnCe8950 J0 BY BIEding AP HSTHIN e fapciptration
6f pletéih i MltheWanheighnd. it Pid S0 enltd med 8M6\‘ér§b!yn1 drhg. mL™
range 3.0 to 8.5 nore preferably 4.5 to 8.5, or 5.5
t02@0Bg.mlhd orginng.aull 4 I2P03ng.nilo ', 1mest referaplyts@inpg. mL ™ to

@SQH CrJnES prepared by the nethod of any precedi ng
% '-20 24. Protein particl es obtainable by the

nmet hod of any preceding claim
13. A process as claimed in any preceding claim, wherein the crosslinker is
selected from the group consisting of carbodiimides, Woodward's agent K, and

N,N-carbonyldiimidazole.

14. A process as claimed in Claim 13, wherein the zero-length crosslinker is
a carbodiimide.

15. A process as claimed in Claim 14, wherein the carbodiimide is 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide.

16. A process as claimed in any one of Claims 13 to 15, wherein the
concentration of crosslinker is in the range 5mM to 500mM, more preferably
20mM to 200mM.

17. A process as claimed in Claim 14 or Claim 15, wherein the reaction is
carried out in the presence of N-hydroxysuccinimide or N-

hydroxysulphosuccinimide.
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25. Protein particles conprising residues of protein
nol ecul es that are directly coupled together, by

w@ oonaloerits | i nkages bet ween functional groups oPCT/GB2007/050402

protein nol ecul es, and wherein the protein particles
have a nean particle 25 size of |less than 200nm nore
preferably |l ess than 150nm on?{r | ess than 130nm

100nm 80nm 50nm 40nm 30n %r 20nm 26. Protein
particles as clainmed in Caim25, wherein the standard
d8vi adiyacess as plaipadin Elaimsi Zevkgrein thewransantretior 65

HESIBRAIR 2B 8Bk B PR B s TN atiMiar t ol e
si ze. VD 2008/ 007146 PCT/ GB2007/ 050402 37 27. Proteir

particles as claimed in Caim or Claim 26, wherein
ﬂﬂe parroreseas piaimed 'ﬂr@éﬁf\”bh? pr @I'%mﬂ & avlgrefn @ emeentration
[
bNEE ol df UG SASsfiednifide 1€ FhELTSSRM,
pmrelpcd;feraﬂalyerrmﬂ td 2OmMMOnm t o 100nm 29. Prot ei n
particles as clainmed in Caim25 or Caim26, wherein
the particles have a nean particle size of from 50nm
20
i n G < ineaTh HR7 pfeccRind BRirh BRI o liquid modium
fsoaquebusy t he process of any one of Clains 1 to 22, or
a protein particle according to any one of Cains 23
to 29, conjugated to an inmaging contrast agent, or a

P1 eCUASHbcESLESefaima iBLlaif 2@NkErairtthecdfidotisNigurl medium is
protein particle fornmed by the process of any one of

alsiffes salution22, or a protein particle according to any
one of Clainms 23 to 29, conjugated to a therapeutic
agent. 32. A fornulation conprising protein particles

fegr med drgcédreaprinned imClany20 30 Cam 2f, vﬂh@remSthb |c§H> of the
or a rot elrn partl cl e accordj ng@to any one
2

leﬁ'qfﬁ i Tth@ rapge 34 18 H@jﬁ?é&efﬁé Vil 8o Qférﬁﬁos@5 and

gért%@rlg@éfto by adm xture with a pharmaceutically
ccepta nedi um

23.  Protein particles prepared by the method of any preceding claim.
24.  Protein particles obtainable by the method of any preceding claim.

25.  Protein particles comprising residues of protein molecules that are
directly coupled together, by covalent linkages between functional groups on
the protein molecules, and wherein the protein particles have a mean particle
size of less than 200nm, more preferably less than 150nm, or less than 130nm,
100nm, 80nm, 50nm, 40nm, 30nm or 20nm.

26.  Protein particles as claimed in Claim 25, wherein the standard deviation
of the particle size distribution is less than 100%, or less than 80% or less than
60%, or less than 50%, or less than 40%, of the mean patrticle size.
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27.  Protein particles as claimed in Claim 25 or Claim 26, wherein the

particles have a mean particle size of from 5nm to 50nm.

28.  Protein particles as claimed in Claim 25 or Claim 26, wherein the

particles have a mean particle size of from 10nm to 100nm.

29.  Protein particles as claimed in Claim 25 or Claim 26, wherein the

particles have a mean particle size of from 50nm to 200nm.

30. A conjugate for use in medical imaging, which conjugate comprises a
protein particle formed by the process of any one of Claims 1 to 22, or a protein
particle according to any one of Claims 23 to 29, conjugated to an imaging
contrast agent, or a precursor thereof.

31. A conjugate comprising a protein particle formed by the process of any
one of Claims 1 to 22, or a protein particle according to any one of Claims 23 to

29, conjugated to a therapeutic agent.

32.  Aformulation comprising protein particles formed by the process of any
one of Claims 1 to 22, or a protein particle according to any one of Claims 23 to
29, or conjugates according to Claim 30 or Claim 31, in admixture with a
pharmaceutically acceptable medium.



