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1 Title - Process for preparing particles of
prot ei naceous material FIELD OF THE | NVENTI ON 5Thi s

invention relates to a process for preparing particles

of proteinaceous material, and to particles of

pr ot ei naceous material having defined size ranges. The
invention also relates to the use of particles of
prot ei naceous material for thé delivery of agents, eg
to the body. Such agents may be therapeutic agents or

| TTR9 LITSoEOM foR Do SRR SarfiQbs BESrotdln SB&H GahalehBDi Ng
tech nlﬂﬂé's_mﬁfﬁﬁ‘gh%e"mrﬁ‘é_pa‘“t'r TCcres may be

| abel I ed with radioactive isotopes for use in nedical

: ‘ aLr,ow and | ynphatic scanning. The

F e | itself may have a therapeutic
benefit, in which case the formation of particles in
accordance with the invention may result in enhanced
dehis inyention relatesria@dprpesssiton pecpdring nsftigige of proteinaceous

B AR ol B8RO BRI cances

ITheER BB Algo rBlatdstaahé aBalof b¥rtifest dTerbigimiabiic material for
L%St emis well known. Radi oactive nanocol |l oids are

edeliverywf peantsnegite theebody. f Sechagentianaohe Jwsnps g agents

ST AT PR AR 0 A RO bRIBR d EEpabes. Fornstance
'thepattivtds maddie labellatv@l rafidacive isdtoped agtatiic meiexd

of sone cancers. Only a limted nunber_of caonmerci al
AGank @9&0@%6%\#{@@ IxRnplG Feanning| e pgpteinaceous material

(L e erd B pafh O o LR h R P fcles in
vitticohd 9% &owith ﬂhlaemaaﬁbmhays rdwatdn @ntioacaet delively o680amied
and ALBURES, H whi ch the nean Eﬁ[t€0|e ize is stated
{8sigenaR Bme)of %%Pi“@ﬁ%‘)%!‘ﬁtﬁf RUY | abel | ed

with 99mlc. It is thought that the differences in
particle size and particle size distribution 30between
BACKGROUYNPUCETHRINYENTIQNdanental to the

di fferences exhibited in vivo eg uptake,

bi odi stribution and cl earance. For exanple, particle
STiheeysi ofl cdiiBiday mﬁ@né@ forahietigansy thd iuhc%}ha}ﬂby bh@e lymphatic
particles are engul fed by |ynph nodes. Thus, it 1s
sysianals welf irowar Ragiasstivie nanecalieids afetu@dsm puatear siedicine

S PR TE pEE HSAE D RSaR v
anainbpechclobingh@elitweaifichien bbther sentitel hope dy et estyatiuls of

for the preparati on of nanopartic]es having cl osely
deeteREdC sRERRtDEl $3T0¢ 6387 8s QHY adinyitedd Lﬁ’f‘P‘PerftqoﬁﬁBerC'a]

i:‘r‘ duRagH ?uﬁ‘ﬁnt@é{vé?ﬁbfés ﬁ'fcllhc%lh@&fhn%hhﬁ S9h (Qgh?g)o%(i/llmdai

|very 0 erapeut| c’or agents to the
@@Mmrfomnljahgm ¢z those soaﬂujmrﬁmahmdatnmxaaés RANQSOLL NN

ear catio or rol on . .
'11 ch 85%I gf%ﬁe p rtlcﬁgs have Ia dnameter 0] <88nm, angAﬁ_%%RES, in which
the mean particle size is stated to be 500nm) and various sulphur colloids

labelled with *™ ¢,

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.



10

15

20

25

30

10resi dence tinme of proteinaceous material in the
body. It is known that protein particles may be
coupl ed together using so-called zero-length
crosslinkers. Such chem stry is disclosed in, for
i nstance, US-A2005/0036946, which describes the
cross-linking of chemcally-nodified 15 albumn to
formsolid-like gels. WO A-0® 67774 descri bes the
cross-1linking of unspecified m xtures of proteins.
Prior to cross-linking the proteins are rendered
i nsol ubl e and denatured by acidification, addition of
dstSa'tq iredesirablsl fos partishes Widnsizeyin begubvaicem range

(BT Sh o ReSprRORGHE Nl PR3P Y SRSl - R SPBE s

| nJ ection, 20which indicates that the product is
insoluble, with rather large particle sizes. Ljkews

Vios b erBi@e G e g off Greciaventiondoguayipe mpwgeameih@%f% t%@

e SR R piflo Ep et BhsrpAh QSRR s

Ainsisutidrizkiighqiarbows neyseyr yeefal bienialia &tr tike dellvery of
concentration of 5mg.nmL-1. The cross-1inkin
dheranpHlic or eihebageis 19 hebedy. 29 wmnp(miw@é@‘%@ 4t he

Db A8 S ARl AP B oAb e

stsideticy tme SPPMARY 200 HRatdRAENTthetbodg0 The i nvent or

has found for the first time that the use of

zero-length crosslinkers at higher concentrations of
iQikBblint | ' fed 2ero-

PSPl A1 RS At b e Bgde sy boed

demytio mrmsast[marenﬁrwh chemidiey is fligotosedi Io ot mstiinceoRS-Ahe

| h but h
PHBERERRB T iR cBs SRl e Bretiofrairionivtly ofineb™®
ARSI tBForh® s@lid- hlfééetéis PEOIA-0b/67 R4 ideyaidsane ct'ct‘&ﬁiﬁﬂdm?g of

provi ded a process for the 5 preparation of protein
mspem’ ied mwthrecsrpfmf@f@m %mmﬁe icEass-linkingi the P6etelIsI &¥®i ng

é%’,l,fi %Sto lgiﬁa g%ﬁgﬁﬁéci %g I,ac: f%gk it uz-t\o%ﬁrf)g]gd&ftﬂanaéc%nﬁeous

RORSANERd Bbaing &Y SelsBotdmpeeswkl MR prodactasntte recovered by
produce protein particles conprising protein nolecules

isePase cewm@ﬁ@n@nsd}mwﬁ@%& Fequiegjo afigw inigpion,
i idfcctess Bk RALBARK GRGAITRE A EATEHIARIhrfle sizes.

ul’'es t'hat are coval'ently
th ks, tWO@A@T /Baovdr disdlbsepihetdradse Bnkimy oBRicd¢in sfsata

e P RS e SR e e TR S P Ghemg Prvs
r’l@t( 1 Q?F})’ '3@5@2? d&schibss E%%Cimﬁiﬁ% ofifbviMai é“éﬁut%aé&nﬂaﬁlhét@

es may be regar ded as soOl uble particles
tcenmrptsﬂtnn(ﬁférmgmmusThEncr@ﬁeH;dklﬂQ ofptheimpassalsedescribed in

IO 15760 e gl ClnEDon i Roeot R pofa g ne

SFQSRdt il havé ShéRamiofd SaBRRYOMNC\WIIE Birpelar®t es the
reaction 20 of groups on t he pr ot ei n nol ecul es wi t hout

any chem cal noiety or "spacer" being interposed

REIMRERY PRSPHE RRNTION

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 protein nol ecules that are coval ently bound

together in the process of the invention are nost

preferably nol ecul es of a single protein.

Alternatively, the 25 protein particles may be forned

frommxtures of two or nore different proteins. The

process of the invention is carried out in a suitable

medi um which is nost commonl § an aqueous nedi um

Preferably the mediumw | be a buffer solution, and

tr@? r?’Eﬁ'ﬁﬁtiJ e'é?/%%géeﬁaﬂbl%pﬁié?ﬁtgtﬂehﬁzé’ﬂ%tt:%ﬁion of the
ecul es an zero-l'ength crosslinker fer

srelsuitmgrpartioﬂesTd:mw be otbsely ¢contpiedr al |y purified

followi ng reaction of the protein nolecul es and

zero-length crosslinker. Purification typically

| AR YIRS t6 8TPY st bNB et aion ROEY &ovwiéh GpreB¥sdfor the

carried out using any known method, eg col um

qitepamitioy roﬁpl’qkemﬁpm'é@les twhigh mmemcaﬁnpf@ﬁs Fogsinger aliowmg

| nc) uded to ol .any. 5. ssl i nk 1

SRl Bipiechue PRt iR i RERRE 4 B Fob RS Hrto Rl g mL
QQ dFeLieMh P RiRraiihee Jﬂi?z@beQﬁﬁﬁ] @6EONHENGot=® thBoduce
i nvention Is advantageous because the reaction

qunidin perislesaerierisiegpraiéingtoleaules dhataragpvalratly baeded
nean size of the protein 10 particles may be

Bﬂ?ﬁhgﬁ ed. In addition, the width of the particle

size distribution may be relatively narrow, leading to

a relatively high degree of uniformty in the

o prarticle’sis sreania mwcﬁa@ agokenerigie awaﬂ%@ Rdturelfy of

t I t [

SRR 8 o BRLA SyRol o b, e particles may

shautlad ab@:sumttﬁiétdmﬂetéqﬁaeé&vhémd ippetsedlie asauztablesnedzum or
nmeasured by such a pethod. Faqr inst ancgzé{age particle

dhelg pﬁ%apns@ iRy B mediEr may pe e Wﬁ'lbiﬁeﬁo(rj{f &l 2¥P: IRaMgch case
D PRI ARG AR kb ToE Bt s s

\WReAdedTo ebpdrnpesKbotdmi:-likelparticdea age @em@jthlayesnat:h a form

an.instr nent st 20conveniently expressed in
a@ﬁ@3|ﬁ?@ﬁg?ty of scattered light as a

function of particle size. The nean particle size and

standard deviation may be cal cul ated automatically

By ‘rgrelatiotiatessiofariverroegnipp comgopnd whéchpiivniaies threreaction

R PR R ol s S YfippLe fof pbiblcablciy of -§fker
initdRiéfpbst&Retwaer thosk grogass 1, and X(i) is the
size class. The total area under the curve, the mean

particle size (p) and the standard deviation (a) are
d ﬁﬂoké?ﬁ"f’ﬁdlemﬁegtﬁét(ér% ’E:Xvélb?my 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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ii Area 122 Area 5 Thus, according to a second aspect
of the invention, there are provided protein particles
conprising protein nolecules that are directly coupl ed
toget her, by coval ent |inkages between functiona
groups on the protein nol ecules, and 10 wherein the
protein particles have a nean particle size of |ess
than 200nm nore preferably lgess than 150nm or |ess
than 100nm 80nm 50nm 40nm 30nm or 20nm

f L at L on. of |
ThE Rt atiall PUARORLE R o aRBE hrkiRgusy anc
eerd-length dressiifes. ®lrifidatoneaicaligritvalies enaeal Ghibe excess
st andard deV| ation of the particle size

fepaeniH Yo BIaY| Researtipm AUUEHRD 8RY KREWHEAT é%erftq %qﬁlémﬂ
I tal
EhieEnaddBoRp: W et eRBRER A0 I bEERALSS i olyse any
bband tassiin l@s@pmd Bepelcadbp spedi6p maytpmberremoived tiysimown
rﬁ) 20 P rt|c | ar nmea article size ranges that
H@g Lﬂﬂ'é& %?Q’}apf‘gf smal ler particles, 5nmto
50nm or 10nmto 40nm 10nmto 30nm or 10nmto 20nm
(b) for md-sized particles, 10nmto 100nm or 20nmto
3bamprogss2@enrding m‘nmm\amrrﬂ:ooce) afieanthgequs berause dhesgaction
to 200 onm to 50nmto 2
BOREHORAT B boaneifis € B3 ek Inedzgh efes, PSR A n

Fﬁﬂlcle% A8y bbCohablidd Olﬁ%dﬂitfo'ﬁl fRARidIRbE ihel ardia e&zedistribution
ess than 130pm are of partlcular utility in that

mw;bmwatwe!ysm@mw ileadingyo 6 relgtively highudegsre ofhniomRally in the

o”ianct)ftﬁ s i n manuf acturing and processing
r%teﬁw eEermts sinmple sterilisation wthout
S|gn|f|cant 5Ioss of material. It is particularly

referred that the particles in accgordance with the
&w&wtabw @ﬁtb@ﬂéorb’@efdeé%rmlaatm@fs@aaﬂ@!@ﬁwsﬂfe blscadiering, and
[ Ll [
LRGP PRt Al PR, RS Bl s
agendssutal whsodh é@rﬁehlao@anr mbmwcar memadaciea;izleymey be

S e v Bt 3hp S35 e U norumens

i, E?ﬁqqrb{? BAYResS P‘éﬂg EAAGEwo8Y %Yiahl%nierh' W&ﬁ%‘?ershlre WR14

et weeh functional groups on the protein nolecules
ﬂ)_@n’gsleltwdaﬁmgdmm)pérm| adtegederated by soph asenstmr@enteal nasé
g@&%@ lgretx??gaceﬁgég E%Sofqﬁéﬁrﬁggs&yrc% Bcalt ereo] iigrf!xif L8% 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(1),Y(D); i= 11..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 (1) and the

standard deviation (o) are as follows:-

Area = iY(i)
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In addition, the process according to the invention is
sinple, involving a single phase reaction for which no
solvent or surfactant is required. The nean size of
the particles may easily be varied by adjustment of a
smal I nunber of variables, the nean size and size

di stribution being reproduci bl e under set reaction
20condi tions. Furthernore, theg sinplicity of the
process facilitates scal e-up. The process of the
invention is additionally advantageous in that the
zero-length nature of the crosslinking agent neans
that the particles do not dely tain a synthetlc spacer.
The presence of additional gﬂpﬂﬂ£% resi dues of
addi ti onal conponents mhic%e t herapeutic or
functional benefit, be harnful, is

t herefore avoi ded. ngst otheﬁ“ﬁbpllcatlons t he
protein particles of the present invention have
particular utility in nedical inmaging applications,
when conjugated to an i gent. 30 7
particle formed by the precess of the first aspect of
the invention, or a prot Ei}gﬁg@ e according to the
second aspect of the inv Jugated to an

i magi ng contrast agent. ibr: a precursor, 2 hereof. 5By
"medi cal imgi ng" is“Ynmeght any techni guie used to
visualise an internal rdgi oncdf€&he human or ani ma
body, for the purposes of diagnosis, research or

t herapeutic treatnent. Such techni ques include
principally X-ray imaging, magnetic resonance imaging
(MRl), nuclear imging, and positron em ssion

tTdTuSg BequiTdingRED secamdi amat of measm@nt tehe atripeovided protein

ﬂgﬁh the |.ast- nagf ? of 1 gsser S|@n|f| ance k1 b
FHROTBIRE HPEILMOs R TRE AT NEehy Loye or, by
phaRA kI bdtReBR iGNl §rouho oa tn@becsteml @o@&ates and

enabl e visualisation of a particular |ocus, %ﬁn or
dviwa@ethgunr@tem paitiglesthaveaimeaamdrie sizgtof!

RO e R Ry B BBl s ot R TBRED £8REE B Db
I30net Br 2Ohi Prefdfrabliose étﬁm& de‘ﬁi&ﬂbn&ﬁeﬁé pagick 31ze
15referred to herein as contrast agents

BerRIaEST Hen 1205 edr Ieneiiin 8 Goanioss PaR G5Pe. o mean

?J'afrlfic?’é Sk, PRl e%&aﬂf:ia Foi ftmé #aﬁﬁﬁ@@&bqﬂa)? he less than 50%.
contrast” between those Yer's regl ons

ioméeps. thah e 006 rohthe mmﬁm;gard:o!&tm&st agents" thus

enconpasses agents that are used to enhance the

quality of an image that nay nonet hel ess be generated

el fi5iARS %‘&E%Ro‘?tf\g BHER | rlffrﬁ%ﬁmha& ﬁév@@' Aed BafiRResizé OFf more

i nst'ance, 1) as well as agents that are

pinam &g, o mewreftban t1Bamy @0 mat30pm, o0 am S0y & Ouas of ;ore than

Hgﬁpggse, for instance, in nuclear imaging).

Particular mean particle size ranges that may be mentioned are (a} for smaller
particles, 5nm to 50nm, or 10nm fo 40nm, 10nm fo 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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By a "precursor"™ of an inmaging contrast agent is neant
a noiety that is not in itself effective as an inmagi ng
contrast agent but which can be rendered so 25 _
effective by reaction or admi xture with sone other
species prior to use. An exanple of such a precursor
is a netal -chel ating noi ety, capable of formng

physi cal bonds with netal iogs so as to forma netal
chelate that functions as an inmagi ng contrast agent.

RAVBHRFERS PRShalE Hhehalh s BN 2B Bl BhE G Rriin i hasgonith
NeAR paRiclPsizE9BPlerd tiah 1§ BB Slecdibapiularalifs Mitkatahey may
chelatin cg noi ety that is _covalently bound tq the

b slesifive by{lu?cunéﬁitratios Shis has ipporant begelisdh manyfacturing
A5 bRREHITB MR in 38T AR Fle Bfluckib it SBMcAR

carrrer eriarl,
lopdlof petdrial. eg via a chel ati ng noiety. Label I | ng vv| th
sodi um pertechnetate (99mfc) is particularly useful
for 5bone marrow scanni ng and i nflanmati on scanni ng

PO GRUERLPES i o Sl BEEoBSROPIRG 1 ghon
grandld bé deepbr sutstantiede fitcel cﬁ/[aateimhoi’my then theqdotetn molecules

5@'@'&/6&’1 %Eaher glg EQS[ to the botgy !Bp?%g]t’er}er aggstjttobghich
&e‘s)ar{er@@éﬂe%wsg%n? fo‘r %h@ﬁqﬂéé'lt? %Suﬁd C%M@a@r %‘ﬂ%é'p%‘rt‘ftges

oteln parti t'he process of the first
asptie mhiduee of pueeini mnlecolesahmrare gimcihacoupded together, by

S IR PelveRE f R arS aeSbn WS i ThoBPiless or

tﬁ@ﬁisé%ts e&e%@éi@é a8 anc@:’ﬂﬁnSé‘}fﬁéﬁﬁéQﬂat\é"I||nk|n§%}%fp@bbb’groups
be administered to the as a formul ati on

ctaiwpﬂuf@nmgmsbmiam@rage@@qré ¢ Ykexcceptabl e |iquid
medium That nmediumw || generally be an aqueous
medi um nost commonly an aqueous nedi um cont ai ni ng

IARRICRIA BHeeproxesPattir8ing Ty tie #AeKGPisInleTRvOlVIcd adingle
one or nore tonici ty- ad ust i ng ?@nts pr eservati vVes,

phasedesgliansfor aw@mmmé@lvgwewa@ it isyieqkifade dhedagan size of
tﬁé g)'aﬂﬁc‘?ég ﬁllag eash)gﬂé vaf&d Bg%dg.% d{ﬁgnfﬁpﬁ Bk ﬂﬁﬂﬁfetr ol ariables,

I nvent rers pr ati
thempedrssing apd elz disicibnjion aemg raprodielf:lbﬂmdndmmm reaction

I
;:S?Bcéshseofﬁﬁgﬁlﬁ)e‘?)tléxq is add:tlonaily 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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9 The protein is nost preferably a single, conplete or
substantially conplete, protein nolecule. 5The protein
nol ecul e nay alternatively be a fragment of a conplete
protein nol ecul e, by which is neant a nol ecul e
conprising a sequence of amno acids that corresponds
to a sequence of amno acids found in a

natural | y-occurring protein nn}ecule but which is
shorter in Iength. Such a fragnent however ,

P hErEle Birer Tohrareedsdn HoNSeasred gy TRy S5 S ooprotein
7&&(%0@5@009&11}@%@ So vt adyet 61 ﬁ@':b{vémibﬁ E&lﬁungagﬁégfoto an

a nat -occurring protein mol ecule; and
vtha@n@asnmast&m@e wfa precotsogyharkolr eat er t han 80%
90% or nost preferably greater than 95% w th the
correspondi ng part of the naturally-occurring protein

Bl efiddfeal ARadi HQ IBrrﬁéﬁhtrdebgﬁﬂh@e 0B¥d &) GiduBIRedan internal
derivative or  nutant of a’'naturally occurring protein.

B@m efsthethgha:b ot animal dody nfer thepurgesey af tiegnesisrresearch or

ofesgR BBt S ecPPiiRaedoeg BubSyRl AR tpRbing
29@@;@1@1@%50\{1@”@@ '@h@mgm)m@dr@ﬁagtﬁ eaN@dositron emission

shortened or crosslin oxi di sed or drol ysed

demegrephe 67, cabiaise slttseredigchniussp gbﬁhe [ast-ogged is of

s BEAEME PP LB D05 BERGRYPEIHE, Bhengh et i
f ebmm smn-h mnm@buraaé tidsesiyiatatialy madenamatvisweﬁsatmn of a
t her eof . npl es of serum proteins are al

t pg:ﬁlgpﬁy Hr@tusnorganmr, Herass, sn’qq«,\m(tjwﬁ,tmﬁ By, tqﬂgi,lgftgat( legd to some
3PP b1 of T oS BRA 388 g iBong comnicues

ppl@i&/&ilmgs immyyvet £ eheiet :memnet}atfom of fidseii |mfalges oShlch agents are

prqoducts conprising a first otein (or

"Z?S‘?ré‘ﬁé 1q H%rg'b?? 1mg%:ngtﬁ9g;{a§ QBRI tBé YR offl\&gg}j%alcg:tates the
1 t

?tﬁigreghg{taﬁélgb?bﬁfe%ntgﬁrbéocﬁ%é%a%@, rrglf Iﬁ@l%’é%ﬁfg R M&Etka?é?

usion proteins are n y prepared by
rleeetmdaehrtbme dﬁteh@ﬁgegmmsmgtlﬁi)nmge gTiaﬂuErm\leagmg contrast
rote rote

} he f
IS S encelinsPeS ke i A8 G e BBt ik Aglty of an

dm&%%%ﬂm ﬁ@ﬁeﬁ?&éé@@é%en%@d ﬂﬂ(hé%%bn@@@f such an agent (as
060071, the teachi ng of each

h’éftbﬁﬁaﬁ‘ﬁ'(f@f pstanced irly! F‘?rlbfaérvefﬂbés a@@ﬁﬁh@tsargﬁarerequzmtes for the
v@'ﬂ\es @@ﬂ'})ﬂ@%ﬁ@'ﬁé’é‘ rottg %}3§2§55§?agr1}16 Sl dear imaging).

WO A- 2006/ 096515, the teaching of each of which is
hereby incorporated by reference. 5A particul arl
pB¥ B PrecirgRio véBR iMmagingsw@nitiast Aged Bweant gimeigly thatis not in

t
R O A ookl sl gtante Akeidos,
aeffedtivetbyathotiont or ateitureewittbedine diler gpeaies pridrso use. An
preferabl y OE human origin, ie a‘i ual l'y. (%eri veg frfo,[m :
herrRLRRIe ofsuEh a precursor i¥a metalchelat Ing moiety, capable of forming
physical bonds with metal ions so as to form a metal chelate that functions as

an imaging contrast égent.

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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10i dentical (or substantially so) in structure to
protein of human origin. A particularly preferred
protein is thus human serum al bum n. For certain
appl i cations, non-human al bum n may be used,

especi ally mammal i an al bum ns, eg bovi ne serum

al bum n, horse serum al bum n and dog serum al bum n. 15
Human serum al bum n may be s%run}derlved, for instance
obt ai ned from donat ed bl ood. “"However, in order to
elimnate or reduce the risk of transnission of
potential contam nants (eg viral or other harnful

5" Ogétrlg/t g‘&e‘i‘éﬂg uE@%ll F\enLPd] Gfr%lg r@h%} c ?%“TIV%@OﬁQn ay also

Elel mpiéwleds@ﬂm @drﬁfér matéo‘lnafrﬁi]mer ﬁlre@t@@r&!h@cbdly,oa;g diarsmtteslating

pood, it is preferred that the pgatein, eg human

BW0ieiYn wwmwa Fedium BRIeCNGSHRI &AL lsm%fgqy&fpa@?éw fgr
r r 0 sms

DS kR et el PR B SRt K b aa Tl

;aa;it!tm!hsfd:rhsatan:hxag@f teelyniphatiskpstamd or transfected to

express the protein. 25 The presently nost-preferred
protein for use in the present invention is thus

@g&gﬁ/gﬁﬁﬁ@ g@@ &bmé}ha@@oﬁr@raﬂ%mﬁmrﬁm%épba@sed

ned ‘conmer c rom Novozynes
Eedi&liaeiwm;er Bpemtsmcgﬂmrbodgmswu a&ttngdpamnfs@gent‘a_ In a
preferred process for the preparation of rHA, an rHA
solution is derived froma fungal culture nmedium

vm@a&e@lrdmg Y 9é*:rfbﬁ8eiaa§;5é?s@ BBthkliRnS RNV bloided a
r HA- encodi ng nucl eoti de sequence in a fernentation

mvm ctvrr@rrstmggwsrcgeiemrt@é@ Eymedbyathe weeesst@she first aspect

i b EReER bR el o nogb P sBRartl aod af e,

"hOénmecbﬁ;uFb@de@mpﬁunbIagehnventl on. The fungus
be a filanmentous fungus such as an Aspergillus

species. Preferably, the fungus is a yeast. Mre
SRR or PfioaE¥ibordndlo Mifin BT, MRSEREEAIRSS
liesn o bt i spr oo

Ve G008 e i, AR e By eras beRag S pedium,
I%Bétscd?ﬁﬂﬂhﬁ/eag}%lﬁ@f | ek é’or?iéuﬁ{ | Jﬁﬁ?@ﬁﬁatgfexmplents Such

conjugatio rHA no herapeutic agent
cipieiginngy wohdeaste a:ana@em;cnaadmloguag@dtslo@r@&ervatlves

Albumn is curren preferre otein for the
SitErie S Seprn EtofalRcecE B BUPRE S ¢ he
process of the present invention, for the follow ng

reasons: a) albumn is highly _sol ubl e in aqueous
T, gccording 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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20b) the free sul phydryl group present in the al bumn
nol ecul e provides a neans for selective coupling to a

t herapeuti c agent or inmging contrast agent; c) the
numer ous am no acid residues with pendant am no groups
(specifically lysine residues), and also the |arge
nunber of carboxyl groups, present in the albumn

nol ecul e provide for efficientgcoval ent bondi ng

bet ween al bum n 25 nol ecul es t%rough the formation of
am de bond; and d) the numerous am no acid residues

W th pendant am no groups and the relatively | arge

n

R e S L 8 e
1prdtéidmeylecdlre fornatlon of proteln particl es of the
invention may increase the in vivo half-life of such

pr ot ei ns. For exanple, the naturally occurring

apRb bRABIMAhLSIRUR r%a?%fﬁ@rrfé‘h%by phh §Bghient bea ePRipRite protem
protein conponent o Density Lipoprotein F

( solasald, by wlgobds umnéammled:ulga coimprisingha aeqmemcem ammo acids

th A
B Iy e dsRe o aind BORGR I L FabEflE g uing
ppidt@RtrSoiatGel Btﬁ%ﬁ@h\i& SortirR idrigel $Qc¥9~@‘$ra@'rﬂer(tt Rowever,

extend its bl ood pool residence) their |evels

ppmébwmn@@ﬂmmsemmqu aning l@Cﬁfsdbﬁﬂaﬂﬁp@lﬁﬂgﬂg ofjirepe than

ag?,‘% gg{ ﬁg/%ﬁoope%g, %faﬁgg gggp@’vs @ﬁj;cist Breferabfy more than

POBYithaishRa Returdifeoduuetid ﬂrdtémfrﬁ@!bduiré ghe ahivh faoadehree of
bl ood pool as it is relatively smnal and i s 15secreted

fh@ﬁokoﬁé okioserigr iea @%n%(?"mqrm%tmre@mtaﬁ gr%?ayéfé‘ﬁnrﬂji"/o with
ms ; hogrée#ébﬁc? ng ih%hrtt J)fythgfn%ﬁ{ra!hh E\%t’hﬂﬁ pn?%lr} rﬂSiecu!e

e preésen possi bl e
to make a h| gher nol ecul ar wei ght nanopartl cI e that i's

t 00 Iarge to be excreted fromthe bl ood 20t hr ou }
ki o BIPIEINHBRIEEYIedRBR AROTRS & KeriNalve pf Mutady of jingturally occurring

| st ant plasma protein. For similar reasons to
al bumn, apolipoprotein A-1 used in the invention is
prefer abl y a reconbi nant product. Another protein that

oPar3Sies 2l AR D biRenrtielic g daetum POERE, as

apRel | Ia§ %Eﬁé’ﬁﬁd *P)%ﬁﬂf!ﬁlﬁ@r éfnﬂﬁ\é’f& ARHURE QS tHPESMEY %'nzymatlcaiiy,
coup i t facilitate transport across

mmc@?yam obfriser modtﬁ@dl clem@d shoplespd oe gragshiaked, OXIdlsed

Zn"y%@”a”& fiﬁ \(%ﬁ/ggﬁr Sgﬂ an?Wwﬁe%%fngg%%$¥r structural

;ﬁ’@iﬂiu@é pieiudebshnth Ry et atliek kena 7gém@|asnn4ﬂer@nd fi¥sipn fibrin, and
efI b%né[cgtas ang> Inoa%T reagnof éJr?{chgtzzc dgrdlrvatt)ves thereof. Examples of serum
proteins are albumin, transthyretin, fibrinogen, thrombin and transferrin. Other
proteins that may be mentioned include apolipoprotein A-1, factoferrin 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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30As for albumin, transferrin is preferably

reconbi nant transferrin (rTF). 13 As nentioned above,
other proteins that nmay be useful in the invention
include lactoferrin and anti bodi es. These too may be
reconbi nant products. The description of the various
paraneters and reaction conditions given bel ow 5is
appl i cable to al bumi n, but al so be applicable to
ot her proteins, including t hose specifically nentioned
above (ie Apo A-1, transferrin, lactoferrin,

%W@Pmaaﬁ%aqram%bsbfqﬁ@ﬁgce PEP(@WPE@@ aftigssferi fusion preteins are
BELSHITRIGPoR Bimodl BRIl D240 L] oo s

e tadac!’ma@sf eé’cﬂﬂgf which is osredy ldtmﬁdrafébilmf rdferehce. The
upper Iimt of the protein concentration may be

determined by the solubility of the particular

ﬁ@g&gdgugg%or{gg%@ ;%feﬁ’n P Use i ﬂneoﬁt%EgéQOFtﬂE@?Qéérﬁﬁﬁ@?\tmn is

greater

& 0 Gy, rithr- the r@zé)s&m.dﬂtallhd teerloR00ng. ni- 1. The
concentration of protein is nost 15 conmonly within

the range of 8ng.nlL-1 to 500ny. ni-1, nore often

WORE: fHe é'orﬁt?@a?@&o% gl(?n%led Pbr gfﬂﬂ@ ﬁ?]a‘nan ?@t MEn Bbé% the

eg 50ng. nt . ture o reactio
pretiuia mﬁeblpmmmnm‘ngumee entwey denvecsfrmarhumm or is

.' i | [ . h
il riodlee Bl en SB1Gse B PRkin GBI Pa or Rt A
patic s epRIdt&d picteiRROERRH BN AV S RREADEAIA. NEok EBRIn

O her conventional nedia nay al so be used. 25The pH of
&nﬁ)éCaMSu ron-diuprast baminymiag oo wdean e&}mactbaﬂydﬂamwanhan

ifinfl. o Bovib 3eBin TG A NS Al relind 996 Sdum,

aidivinl. | be in the range 3.0 to 10.0, or 3.0 to 9.0, or
3.0to 8.0. In many instances, the pHis in the range
3.0 to 8.5, nore preferably 4.5 to 8.5, or 5.5 to 8.5,

I-ﬁﬂﬂarﬁ)?éwg?%lb%%% n?ayﬁl&é Qer den\;t? éngttﬂgﬁn% Hlﬁned from

Zer o- crossli Z€ero- crossl’inker
dosated liopd o Motvever, dis skdenko efimireitevee reduae the eiskiohac eous

t%é%ﬁggigg o%étggtligl ctopltean%gghttsl (38 vtlprl;l grt cl)qtﬁ(rer ﬁgrmginaeggnst’s Itpzat
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 (tHA). 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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5crosslinked product, ie the particles do not contain
a synthetic spacer, but instead conprise protein
nol ecul es that are coupled directly together. A

-variety of zero-length crosslinking chem stries or

reagents may be used, and the follow ng are provided

as exanples but are not intended to be exhaustive. 10

Accordi ng to Bi oconiugate Tecliriri gques (Hermanson, G T.

(1996), Academc Press), tw types of zero-length

crosslinking chem stry applicable to proteins are: a)

a secondary or tertiary amne |inkage nade by the

rl%délﬁFéfé’ di 55 @) Rk p‘?‘eg&gbf@rﬁ)ﬁ; FMAS&?PH‘ §5Mt|§rmsn§errved
th" an a e group; an an am ' nkage

nimre anﬂunghiectdmnelemmmbtaiﬁea bpmui‘ram:yg arrummla/rraﬂsf@rmed with

t of.th ld be,. lied
&1 B4R oG i aEe 50808 A SO i WMEHhs e Tungus
rasdHsNYAChRd dbQktes MHS théﬁr%dhﬁn OxhBFRRitd Purﬂﬂ?fa‘ﬁbn of the
al dehyde groups, 20although this does not inc

attiung aupdrnatand euntheppéeld i stitebld saldionyfos beirs theyprocess of

k hould b
IRl 33 BRQYS Gebihe PRl ots khllsnBh 3 H Aspergius
Téb’e%%st Mﬂ@ﬁergblycﬂﬁsﬁrhgﬁgisﬁ@ yé§ﬁ9%retéréfer§f§i9 pe ﬂJﬁ@@b is of the
for formation of am de 25l i nkages are:

GeBEIPIGHIaEyNYEDS (BBothvRaraYisSiappdhe BENKS luyveromyces (eg K.

( I | ] sul phonate); and c)
Nyﬁﬁé %F%%EBF%F}%hZaggeyéb%%&@e use of carbodiim des
IS preferred in the present invention. There are a
nunber of possible carbodiimdes, for exanp EDC

(et Preforably enmiaithya SYRSTOpI) Wgc&ﬁ%efjmprﬁcateﬁ wighe free

( p |
S PR PR P SIS ety PEGLH B o
crwri]ugiztromcn‘l ¢he rHRwesiecyle DEE thadhpbLifc agentmtimgegingy edritsast
|icable to the crosslinking of proteins, due to
L5 ARATPEY DBIPWat er . The nost preferred
zero-length crosslinker for use in the present
invention is EDC. 5 The concentration of zero-length
Albemiin iskke cugrepilepeafaey prash fondre pepattiomferotein particles

th 00 d “be | t h
R e Debi G g preperdapwiting o 166 TPt waspes:
Fﬁ)%‘llﬁirﬂ?ﬁ'r&’h@émy%lﬁm in"HRfLRoRs ph&tiabl y above 10nM and
be above 20nmM The concentration of zero- 10

|be)ﬁi@$ freersodd1ydnd @rous peasest iy iseaibnip maleckle praviges a means

R Rt R e el e
eyhies ho@eicud amMd 861d teddaes aithergthncanssl grokps ($sedfically
?ﬁsrn?g geslrcgrtlreds? 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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15NHS (N- hydroxysucci ni m de) or sul pho- NHS
( N- hydr oxysul phosucci ni m de) may be added to the
carbodii m de reaction to produce a nore stable
activated carboxyl internediate and thus inprove the -
yield of the reaction. The reaction is nore efficient,
so a | ower concentration of zero-length crosslinker is
required. 20l n enbodi nents o& the invention in which
NHS or sul pho-NHS is used, t #n the concentration of
ﬁ{?o_l %Bf%t h crosslinker is preferably |ess than 100nM
NEYpr BE dpmpmtion fpeoteprrgeipmof thednkemiasnmarinseassithe in
P ijhker is preferably above 2mM nore
%%5@@???3@%@@%?% The concentration of zero-Ilength
crosslinker is thus preferably in the range 2mM or 5mM
Eo 50mMM or 25 100 eg .2mMto 100mM nore preferably
AVYETBlnE Al ady Reeriting @s P olebANHARSr A-1), which is the
fridid ' 2 &
R P 3f P PO S8 ooy HR flockleg™860c
sliplipsiorallhiSsisich laysrofmief erably in the range 1mM or 2miv
to 20mM or 50nMM eg 1InMto 50mM nore preferably 2nM
to 20mMM 30 16 Reaction conditions The reaction
PRERRS [alels & f Ci i b irY 844 t hat
have an 5e_ffgﬁA%ﬁﬂtﬁg@ég?{e&g??&{%&B%@b ?%%%?@Fei n
paptgselesesis) Whareathemsclerdsis patigs areitreated with dimarised

Teees el oy o e & A
AGR L] B hdefiAly hiBfo Bbt kideng et Vel Pl pbite poblce
ignificahtlyl withy éd?rﬁésfgbﬁ@iﬁbf&ﬁo;ﬁm Me rafes dthemRditipk and at

t he upper extrene by the denaturation 10tenperature of
the protein. Were, as is usual, the reaction nedi um

e R B & gH BLABD 4-F RS HREH el e PSR i the
pretein isoapithy clogretiaftdm eite Blabdasodhbs &lioselafiely BeafERHest
eratuyre, i.e typically between 15 C and 30C,

roomt J ¢ 5 C ]
Sé:-‘gf@?@é o thedugney g glomeradar irationneppesrinssinihe iugge shortly
éﬁetrmj@ctﬂ)‘hi.t e wi de ranges, but is typically from1l hour
to 4, 6, 8, 10 or 12 hours, eg about 2 hours. The
product may be purified follow ng reaction of the

B b ELBREREY pE s oo TR Rénbosnvlerio fhiakeck bigber
rAflet@aBRRBIGH nihbSAHIABYh R8s &Y ra'ﬁ%im% e&dér‘egcﬁj 5% KB
h phy. A suitable

met hod, eg col unn chronat ogr a
thiepehite lidaphythesdiy exiendige teabialklifesd thistmpagablesasma

oY b b ol e SRR rabEpgrenion

id pefaeblvaradniasdiprbdumy react with a 25 free thiol
group (as is present, for instance, in an al bumn

nmol ecule) to forma thioester. As the thiol group may

At . S r. i he. I N ecul e
PR o PR R B [ DR AT T g e or
trepsferrirs magdenbendficial fordesid applrafions Buchuse it Rh9aGHR ous

t e, hydr.ol ysed. This may be achi eved b¥ heat )
pp%@ g plingsites, 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 Cellufar lron Transport, Templefon

(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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30 17 Generally, conbinations of any of the reaction
condi tions and paraneters given above may be used, the
sel ection of the nost appropriate or optinal
conditions being determ ned by the precise nature of
the materials used and the desired 5 properties of the
nanoparticles to be produced. However, in many

embodi ments, the reaction is garried out in an aqueous
medium at a pHin the range 3.0 to 8.5 eg 5.5to0 8.5

ok PR B e O ghE VB SR S BRg penon ncice
UsLeerfin idRetibbalede THe8E b6 MER/ be REoMMmaripréducts.

concentration of from5 to 500nM eg between 20 and 10
200mM Where NHS or sul pho-NHS is used, the

SERCBRLAPERRY Tl ARIE Bl R B ot

tie apPREALAS to ABERS, Ut ridesikpdid dppliegbletts olifer@ruping)including
of an agent for dellvery to the body to the &Coteln
phpse specifiegllypeertinnedeabayst (imfpady1 otfarésf@mlﬁb tefernin,

inter alia on the nature of the agent
an%ﬁﬁ}t%ﬁ{ ﬁgﬁg;@%’% the protein particle. In general,
however, coupling will involve the formation of

coval ent bonds between the protein particle

nd th .
doaito cepshiakingetheeahn salerignis 'ﬁ%e%‘iﬁé "ﬁteoﬁptgw‘f Ripdium,

LGRS LA 858 SHRTLI! i BB L or o

deaml 50mag.mak. tTimau Uapdaryhralp pf ﬁr@rpr&t&n t:ond:ehﬁrai‘lou phaybe of

Seteaned dyiThe gobhiRhet B ane eatar i) belguiey. B the
Z[ﬁgte‘?ﬁ BSﬁ@@Mratle‘fQéW B8 Sbbﬁhgﬁﬁl'ﬂf "W yrb&r Yr ;ttrlﬂﬁy be. up to

proteln partlcevvl th a eatln aent whi th
cHifahd.1L6Y, 3D my t, ke 2A8mg.mL1'n T@ﬁecqmranir@mnram @rotem is most

LT ER0F IR Holear afls o (B S0 P Plomo L
Wbtz*(DOﬂ’@ RE 9bPEOSIgRHESBR00 mMgthE ! PP Bema.MET td abembamL™.

form am de bonds |gl nki ng t he chel ating agent to the
protein 30particle. A solution of a suitable salt of

t\h he dded, leading to chel ation of
t cid hef@deto ated chelating agent. 18

Chel ating agents that may be used include acetic aci d
derivatives of conmpounds containing nultiple amn

grsuprece s 9&%1|eé§vqemtﬂnua Sapier Pelie & Sitianie Petiamcgiipi is most
@%oﬁfereédqéﬁﬁtﬁéﬁ% r @Jﬂjﬂﬁe E@rﬁg%tﬂﬁeﬁl%b@ﬂoﬁn%ne suitable

erivatrves reo netriam ne pentaacetic
duiffer enplyepheées b(ﬂfdﬁed s@d}ha$§e§ ).oDtiedredcatvientjoree enedia Imady also
rBaeyu be usef ul i nclude macrocyclic chelating

The pH of the medium is preferably less than 10.0, or less than 8.0 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 3.010 9.0, or 3.010 8.0. In
many instances, fhe pH is in the range 3.0 to 8.5, more preferably 4.5 to 8.5, or
5.5 10 8.5, and particularly 5.5 10 7.5.
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agents. Exanpl es of macrocyclic chelators are:
1,4,7-triazacycl ononane-N, N', N'-triacetic acid (NOTA)
1,4,7,10-tetraazacycl ododecane-N, N, N', N\w-t et raacetic
aci d (DOTA)

1,4,8,11-tetraazacycl otetradecane-N, N', N', N'-t et raacet
ic acid (TETA) 10 O her nethods for coupling chel ating
agents to the protein partic will be evident to
those skilled in the art. Suitable chem stries nost

&%Tm)nlf I nvol,ve the f?r mat i on of |inkages through
%ﬁlﬁéﬁ%&ﬂb&%%boxyl or hydroxyl groups
present in the protein particle and/or the chelating
agent. 15 Wiere the agent is coupled to the protein

paero-tength arashlinkesiswssfd @ premake cinskinke)g belavashdhat e
ARt RS htngtl i TR it i S e
Bios8linKed pre8uctPrthé phRIdYdIReT @ritdip B eticSspacer, but

radi oactive nmetal, it may be desirable for the nmetal
insteadt eorprrisgderetein oofenulethebarasaunleshdireniydpagtepy A variety

B asthab St ot N hE S m O PRoBRE Taw e 14 B
fookIrgséredRevitisd BB exhe ptaxupltetle Aot Bedridedtio Hehexauetiad.n

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

A&ﬁrﬁ&g%ié) G GRRERLSs [9erieBhOLES Y 1B8ES. ath8emi
w T agai

Repss), twoltyised dfezefolerath arossfinking kageistryepplighbland peoteins
thiol, carbonyl, carboxyl or hydroxyl groups present
?§-the protein particle and/or the organic agent. 19
i

Rty T SR Rae b ol TR HRISH of o
adprimasy er eecamianh emiredyithsnaldeydel grougrerecbnpri si ng a

har maceut.i cally 5 acceptabl.e nmediu The nmedium .
Pogh A BIRKgeeA0s VN REar RS 4aB P PP TBRE Wity 2
be cerRIMyii€8cilo practitioners as a sterile,

ready-t o0-use solution or else the particles or
conjugates may be freeze-dried and then reconstituted

f with a suitabl | uti.on. '
PRA5EohTRsl bt BB B MLeBad s b ndseh Bifbonybfeee
cHeling comtapingeis-abioastith eah dbalxidisedioodtpealddeyde groups,
10required formul ati on of conjugate in liquid nmedi.um
Fihoyehttbis goes ok inchister albyidd. aHe FRRARH PP Oh STARSHHEE ng

; [ ifs NS Ed f ;

ey R ARe iy T S PR (P B oK Herce i
@mdfarmidsinghe greésent aventios! y or by subcut aneous
adm ni stration. The fornul ati ons may al so be
15adm ni stered by oral or nasal inhalation, eg as a
DR Rab b Ry SO RARAPN: B0 [ 28 aion amide
Iwkages eet:het er. For ot her applications the

f.ormul at.i ons may be delivered topically, eg by
aa)pﬁ‘%}éggji'fng%st o the skin. In such cases, the
H)OWBH B4R S e ARYNtHE (NI SdbishyRES@TB G -DidUsRINaSe ); Bhd

may be incorporated intc patchés that are applied to
QoNY- exbanyldiimidazole.

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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Exanpl es of applications of the nanoparticles
according to the invention include the follow ng. 25
The particles nmay be of value in enhancing the
delivery of drugs across nenbranes (eg |ung, nasal,
buccal etc). In particular, nanoparticles, eg of rHA
can be transported across nenbranes by transcytosis.
It is known that particulate figrns of proteins are
nDre readily taken up by, and/or transported across

A CBEERs) J3GE LBl PoRe R s o) AR DT RARER el

a(taraobmdudeq Hoamve e IMRDT caldl )G 4@ mthrneeaiypindkeable 20the
The part| cles may al so be used for gene deI|ver¥eror

| eEsling ehurokTe Sl en solsbieinsver.c Teg lerred
C%@ﬂ]%@%'@@&?nk%ﬁpﬁﬂ@@hﬁ htegf‘re% f,@e,{t{oﬂ g'?h[ﬁgr 0ss t he

rane an € nuc ear ‘enve
particles nay al so be used to enhanced responses to

et R R
S?e ﬁfeferfa% istgH%thﬁ% M%n%l’?ﬁzp?kﬁe € R ﬁbén‘n

ncrease dr U e I'n unours. ance
1@3rtc1enrtrehom: ef t@oaeegﬂnrmmimheomqrrefexa{hle saiaogep Gﬁﬂ\&ﬁﬂﬂé

TRy hods TR0 d vt e R IB o Uk Eofary ston of zero-

%lhbih &bgamksﬁs%ﬁ@g?efé%ﬁ]qa@' ?QQQSH% ﬁﬁhiﬂ%r%ﬁﬂﬁ%

directly out of e tunour” cel 15Par’t i cl es

atidfombl, ﬁQDmM oh200mivk rgi a6 Cilmsd dsenarsegfreleralply 20enM to

%9 rg’ry of drugs or other useful agents to wounds.
delivery of the particles according to the

i nvention may have the beneficial effect of retaining

drugs or other actives on the surface of the skin,

Jdoaxpiesies ¢r§zbﬁ:]d1'rr|@®tae@ which tiagzere lengh groepuker isohcabodiimide,
TRt ePtirafES of S0P TP ROLERS Rt HiRgroqiyoe)

dahy veraddedso the Yaifayiibildaedtiv® telgtddvee ambasstiadle activated
across the gut wall or across the Payers patch. 25 The

Fa PPRyl @geﬁ&%a@ 3y hysimerove/ Batvied qf,ﬂye @ﬁagaom i The reaction
%’mér%aetﬂ’cﬂ@nt' 5 r%ggvdgpgtf)ﬁ%‘?ﬁ%&fbﬁl aft fehgﬁ?crogghdk'e is required.

personal caré gustr app ("C&f 15015s

are al so enV|saged eg for the delivery of enzynes in

| Hdebrlr?tt)orc!zmen src())fct g?r?vsentiogjfn 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 o 20mM.

EDC is the currently preferred zero-length crosslinker and, most preferably,
EDC is used with NHS.
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EXEMPLARY EMBODI MENTS OF THE | NVENTI ON Currently
preferred enbodi nents of the invention will now be
described in greater detail, by way of illustration
only, with reference to the follow ng 5 Exanpl es and
t he acconpanying Figures, in which Figure 1 shows gel
perneation HPLC results obtai ned for the products of
Exanpl e 1. Figure 2 sh gel perneation HPLC
results obtained for the products of 10 Exanple 2.
Figure 3 shows native PAGE results for the products of
Exanple 3. Figure 4 shows the increase in free thiol
BESRh ShHditmsheat treatnent of the crosslinked
product detaited in Exanple 5. Figure 5 shows native
PAGE results for the products of Exanple 6(a). 15

Bl utau et reek it e < OBt &1
&gt BQHY Gz Fhthéauming froen ?Eﬂti@ké%.e 8 shows the

native PAGE results for desalted products of Exanple
7. Figure 9 shows particle size distributions

7. hed ' ter ! I -
BT B Bsaithe 5EAbhRubg thd g W EafBO Tl B b e a
Broset earan® bl tie hbed firally edawtioh nrednmIte bB. ligbidy i by HHe
shows native PACE results for the products of Exanple
fseezmgyneiat ebthernpodivge BN & eat RS eMPem e isitierdenagiration

I- A | o] .
SRk e AERLE Frocl? B0 i ia " IR R MR 2
predust theatatianehegsBatuddbisGameeaientipbbimdsenCrES sindd g In

f rHAto formprotein particles . Forrrulatei% HA
tgﬁmemyrﬁé@ﬁ@sébe/o{wwww bg saRvies AU RO A 605§ fﬂxﬂ ambient
e@épé iy i 4 to
Htﬂﬁg?tl ndi cgitalg%{ I%}t—ﬁq%%ﬁg{ee%%% ?gqr(]: WE@? %’:@?%g;dca{- gélt
buffer. EDC or EDC + NHS was added at the indicated

2 con engration , and the.sanple. m xed and.in ubaheg 1
& (EBGHDR LGaPaY Bbe A ap S A Miesares. dutin ypiEally from
Raidite at 808 11078 1PRSAS! E§Sbout 2 hours.

The product may be purified following reaction of the protein molecules and
zero-length crosslinker. Purification fypically 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

treatment.

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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5 To renobve excess reactants, crosslinked rHA was
desal ted by Sephadex chronmat ography. Unl ess ot herw se
i ndi cated, desalting was perforned in phosphate
buffered saline (PBS) containing 0.9%wv) NaC, 15nM
Na2HPO4, 5nmM NaH2PO4. 10 Heat treatnent \Were

i ndi cated, crosslinked rHA was heat-treated by

i ncubation at approximately 4% for the indicated
time, followed, where indicated, by a repeat desalting
step. 15 Gel perneation HPLC (GPHPLC) GPHPLC used a
TSKgel G3000swxL 0. 78x30cm anal ytical colum and guard

r gBnéfall %rﬁﬁsﬁaﬂoh@oﬂ’ﬁ@s ofthé ?eéiftfoh%%ﬁhﬂntiﬁﬁ@lah@&ﬂa?@néters given
280nm Sanpl es were dil'uted appropriately in

1abczamav heeasedd thexeelpgtidne tracrst Rapiopsatena@pigea! conditions

(raiod EPsaeitied f Y hae ARt B oTns Ak iTR S and e gesived

Fiﬁ'b&erti%%' o ltieyy né’r?ép@ﬁﬁes Wi b @rlodtidrad AR waes OIndthagy t o

t he manuf act urer instructions, wth sanples diluted
pbopimentslthe |f¢18¢1’88 is calTisdpittdn sp ioeguMasiuR) degeH in the

g 518 B35 18 @902 s BB eh A
neAgfmict wr 800maginaist reict dregsnl Fie200my oL §3sdyy a Badiokliimide
and sanple were made to 1nL with 0. 1M TrisHC,

Epvsiinder. fudtBEA%1 2 cCREsaiFWn cgd@_m 8 o PUPMM, eg be’{we'\éln 20 and
5%(Jﬁ}mlgl' t\NhQ%ﬁHcszoﬂé I Igparl]—? Rjﬂ%gl He é%c@ngég@fgf&%%lmker

osphate p was add f eneasure
]:ﬁay hedbwen @m 2repier HiCumi e, of freM to S0mbont ent was
cal cul ated usi ng E412=13600M|Icm 1. 23 Particle size

det ermi nation Sanpl es were diluted to 1-5ny. rrL 1 rHA

voI umre di sposabl e 5 cuvette. The nean particle size

ik ﬂm%zqfsa%?ééq?é?ga iahsterhe Berkle 1 el riiog ey be
Usiridd Mat MeaRy BY 8 RRIGTHER bf Fesdhobegendhed inter fliavdn #Ha nature of
the agent and the nature of the protein particle. In general, however, coupling
will involve the formation of covalent bonds between the protein particle and the
agent, or between the protein particle 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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Bound net hotrexate assay 10Follow ng desalting and
appropriate dilution of the sanple in PBS, protein-
bound net hotrexate (MIX) concentration was determn ned
by A373 measurenent, in conparison with M X sol utions
of known concentration. Exanple 1 15Crosslinking of
rHA and anal ysis by GPHPLC : influence of crosslinker
concentration Crossl i nki was perforned at

100nmg. mL-1 rHA diluted in PBSwith 0, 15, 30 and 45nM

EDC, 15nmM EDC + 5mM NHS and a 2h reactlon ti e
Bﬁﬁlﬁﬁi@f@g?ﬁtﬁ/@ﬁbmﬁiﬁ z?le)lé%eé’ ‘B@JU@F’P‘E‘L@ ad gﬁﬂ‘éﬁ'\’i@ﬁ Of; gure

é?mﬁgﬁn&hé ?%QF@P%%”I%Q%S Ut EQi Bfes TG i € T HA

arting mater nd gradual |'y

éﬂnyre&milamgnammacetlofacldad@ﬁwlszmnamme(m&a@aauc acid, and
' concentratjons  of

BB at6s aroRt- 8o R PR SR BTG SE BB Ak A Ay e Hdther
a 858 Of rRMRRPARHE HB: n LB Sc PR 06 o R NSl KALIATY

hence i's asel i ne artefact, not
agderﬁsa&xamgﬂéaaofsaawbeyo!@&:h%ml @e2 Crosslinking of

biker Pl Eibiiane N A et S BENGTAL i i ng was

ﬂ’%r‘f QDH&%é‘Ea n%ﬂ@lgﬂadéﬂanew N MHANd - Ligir sk etin aBﬁS(D@TN)

h' reaction time.
éﬂo&éﬂﬁﬁmfiﬁyddt@@tad@cm -8, N1 NG, T o@&ﬁﬁc@m’w@ (BT Ahas
desalted in water, formulated by the addition of Sna2,
5Na2HPO4, gl ucose and Pluronic F68 and freeze-dried.

Dhreerinewrues fcﬂtcoagmhg shalgen '__Q/@Qerﬁﬁ@d) strestolin GRHRIeGyilland

the results are shown in whi ch i ndi cat es
eYidenidedhoss ﬁgllecf irthe est @mtaaimchaf@é&@saﬁ%tﬂgmiﬁ@n?m dnvolve

f |
B ASS ) B B PR PR Bl o
GBGRs predand istHeirbtetn m&icwﬁcﬁbmé chielatiBQragent.- 1 r HA
diluted in PBS with 0, 15, 30, 45, 75, 105 and 150nM

EDC, 15nM EDC + 5nM NHS and a 2h reaction tinme. 15
\g{hg%é'ﬁ%ea?gﬁ?%?%\ﬂirléé& g?trréypra%tiﬁ ¥ErRGR théfsnt 5€ it dhélate,
the chelate may be formed as part of the manufacturing process, or alternatively
the metal may be added later, eg just prior to use. Particularly where the metal
is a radioactive 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 {o 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.
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The results are consistent with the GPHPLC results
di scussed above, in that they show the formation of
i ncreased quantities of |ess nobile species (protein

‘particles) with increasing concentrations of EDC and

i ncorporation of NHS. 20 Exanple 4 Crosslinking of

rHA and determ nation of free thiol content of product
Crosslinking was perfornmed at 4400ng. nL- rHA diluted in
PBS with 15mM EDC 25 + 5niM NH% and a 2h reaction tine.

TE@ cg osslléﬁk.edhpr! oduct, desalted in water, showed a
f REEYR0 04l . nor 1, conpared to
0.64nol.nmo for the starting rHA. Exanple 5

30Crosslinking of rHA : dependence of free thiol
cbhe gatticlgs pr euiigaten adeerdtigdn tm im/@atiom wibgensielly bes

CROBRUSRIT® WRHORE A Btk Ritiah T Shio's BhAacetbiEgy
Theceptaisis Inatke. Preduetiunes Heseddemoalyth A mMddahesuch

for the indicated tines, with aliquots taken for free
tiﬂr@u %@ﬁaynayrlwé supelifict o pipelitionsrmas A serjerready-iawse alution

5% u%§§ Fgll%lcy t0 c{oﬁxgﬁjat N &Fﬁ]grgel—‘keeéﬁ &fef%@q%egrreg?mt’t”ted

flﬁ)ﬂéfoi‘teaQe withat soiibid soetomf FAGinBRINCE, rdrdeadfied protein
nple 6 Effect of variation in reaction conditions

1@3%19 ep PRy be mikes) Withe $olriorcphs sadivaGtivg lake) 1o eradiicadbe
Y t

SRR Falhuroh O Qb T EEM b oBacn a
0, 1, 5 and 20nmM NHS. 15 All sanples that had not

nmed a gel re naI sed by native PAGE after 2 and

peietcand fommyfatiosd eceorglnaiioshe fenion measbe ggministered

ttﬂ?"é V§HE@V@% t%rseqtl'%' fof’rHQl'éﬁbﬁé ﬁ%goforﬁﬁﬁéﬁé@ HeMdrhiflsESred
vvereformedater onger reaction b) ,
fintiayersousiyt dmigy subcutaneous administration. The formulations may also be
administered by oral or nasal inhalation, eg as a nebulised solution. Where
appropriate, the formulations may be delivered direct to a disease site via a
catheter. For other applications the formulations may be delivered topically, eg
by application to the skin. In such cases, the formulations may be applied as
creams or ointments, or may be incorporated into patches that are applied to

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 efc). 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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20 Crosslinking was performed at 10, 20, 50 and
100ng.rnt..-1 rHA diluted in PBS, each with EDC

“concentrations of 15, 30, 75, 150 and 300nmM Al

sanpl es that had not fornmed a gel were anal ysed by

native PAGE after 2 and 22h reaction tinmes - see

Figure 6. 25 c¢) pH 100ng.rni:1 rHA was prepared by

di lution in either O. 9°/r(vv/v)2(%laCI , 20mM MES or
90/<(w/v) NaCl, 20mM EPPS or™PBS. Aliquots of the MES

re 30 adjusted to approxi magel

Tepaich raabfﬂgsogie 3978 PSS BRI wEPens ey e BV Gin be

RHRREAY 'trﬁ@pgréré "E%y é]e%rearnhg s, td Bﬁaﬁrgttrr@brﬁnt ﬁft‘rﬂla\f& aPldss

was neasu prior to cross i nki ng of each sanple

themgl EDEnhrach e15MhEDQcle b mlvdlBBeand a 2h reacti on

time. Al sanples that had not fornmed a gel 26 were

anal ysed by native PAGE - see Figure 7. The results

Tﬁ@bQﬂr’b%strH% a%b%%suééd"'t%'é?ﬁra\ﬁ@éd Y@ nsdd ttﬁ\!ra%anét bPkArtue of
val ues below 7. Exanple 7 5 Conparison of results

tdibtr:mmré@s beinggnankisirpimuscEDE rolgcEiee @l nlnk@ropartigenkipng
erfo at 100 1 rHA diluted in PBS with
%r 'Eé% %rrM EDC and a 2h reaction

t| nme. After desal ting, the 10crosslinked products were

anal gsed nati ve PAGE and |ight scattering, in
iglps mayralse inareaserdrua gipiakednicdlmoke  hat inglance,

AR & D 8 AT v
lﬁﬂ@“@’ﬁf wahgn@ﬁmrmg nTFrlsgﬂéﬁ afo pradé mbcmn:mlfo;at e
that the use of 5nM NHS with only 15mM EDC yi el ded. a

@/&W'&BITEU[F%&U@ trepigtanse (0% étQﬂP'”XBWE@@'WfBﬁ%d directly out

rﬁﬂ% elﬁggt her conparison of results obtained
u3| ng EDC and EDC al one 20 Crosslinki ng was

perforrred at 100mg.m-1 rHA diluted in PBS with 15nM

HS and 75mM EDC and a_ 2h reactjon, tjne.
FEGIE AR GdOe A RISOn G tls beriselul (b g el BRior Oftigs
dteRet RGrA%ReRts thgoddRe thiol level increased on heat

treatment from0.03 to 0.54nol.noll1 for the EDC + NHS
product and from 0. 02 to 0.50nol.nmol1 for the EDC

The . desa product s 25 .and f - heat
TR Rblireryar Bmar g dopy i 10 e i@k iR B
Hént@hélaﬁéﬁ’édt o rdtfinird\drie@eRA LRI B édloh fite sitfacd Girthé REin,
mat eri al
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 patrticles 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.
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Figure 10 shows the desalting chromatograns. The
desal ting was nonitored at 260nm The upper
chromatogramin Figure 10 was obtained prior to heat
30 treatnent. The left-hand peak corresponds to the
product that was collected and then heat-treated; the

" right-hand peak corresponds to free NHS. The | ower

chromat ogr am i ndi cat es that, Q{ter heat treatnment,
further free NHS has been 27 generated. These results

e| egsed ected product
RIENTS € P

e s e—sane ef fect was
shown with the EDC-only reaction (data not shown).
5Figure 11 shows the native PAGE results, Figure 12
shiowesnihepnefersedbmbbdiderity oPRn @ it Willgumvebd Bestriwsd in

GaealS it Buvdhd daushanhurit Bted Rl s rowing
SEHHhbles iRt tﬁéfa%e(t;mglanpihg FREE] iR WRAEH | Cl es, save

perhaps for a very 1 ght reduction in nean particle
size (Figure 13) and increase in nobility (Figure 11).

Exa e 9 ffect of in rHAL. a f EDC1 at
TUa TSR Sugel P8 BBl S tinRRdon bR Rrpflgs of
FAnflel00ny. mL-1 rHA diluted in PBS each with 10nM
EDC + 5nM NHS, 15nmM EDC + 5mM NHS, 25nmM EDC + 5V NHS
drausoarhepegs! pemeaiondndl @ resuliseideined fei twe.pragycts of
%{%@% hat had not formed a gel were desalted, heat
tTea nd desalted again. The particle size ‘

Higliid Dubdwe fatfe PRSP IS or thepPodnas v Bdampld 3.ght
scattering. The results 20are given in Table |. Table

IFigynesephowsdhg inapgase ipdtagtthiol apups doimg heat treatment of the
crosslinked product detailed in Example 5.

Figure & 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 HPL.C resuits 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™" 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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Mean di aneter! nm Standard devi ation / nm Mean
dianeter! nm Standard devi ati on! nm Mean di aneter! nm
St andard deviation! nm 10 11.0 4. 26

22

concentrations, and the sample mixed and incubated at room temperature

(approximately 20T) for the indicated time.

Desalting
To remove excess reactants, crosslinked rHA was desalted by Sephadex

chromatography. Unless otherwise indicated, desalting was performed in
phosphate buffered saline (PBS) containing 0.9%(w/v) NaCl, 15mM NazHPO4,
5mM N8H2PO4.

Heat treatiment
Where indicated, crosslinked rHA was heat-treated by incubation at
approximately 45T for the indicated time, followed , where indicated, by a

repeat desalting step.

Gel permeation HPLC (GPHPLC)
GPHPLC used a TSKgel G3000swx:. 0.78x30cm analytical column and guard
run at TmL.min™" in PBS, with effluent monitoring at 280nm. Samples were

diluted appropriately in PBS and 10-25pl. 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

Ag12 measured. 50pL 0.01M 5,5 -dithiobis-(2-nitrobenzoic acid) in 0.05M
sodium phosphate pH7 was added and A41; remeasured after 10min at room

temperature. The thiol content was calculated using &44 ,=13600M'em™.
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Particle size determination
Samples were diluted to 1-5mg.mL™" rHA with PBS and 0.2um filtered prior to

triplicate analysis using a Malvern Zetasizer Nano S with low volume disposable

cuvette. The mean particle size based on scaitered light intensity and the
standard deviation of the size distribution were determined using Malvern

Dispersion Technology Software v4.10.

Bound methotrexate assay
Following desalting and appropriate dilution of the sample in PBS, protein-

bound methotrexate (MTX) concentration was determined by Aszs

measurement, in comparison with MTX solutions of known concentration.

Example 1
Crosslinking of rHA and analysis by GPHPLC : influence 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. Producis
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

treatments
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35.0 not neas. not neas. 28 By conparison, the rHA
starting material had a nean dianeter of 8.38nm and a
standard devi ation of 2.99nm Exanple 10 5Effect of
varying [EDC1L and [NHS] at constant IrHA"t
Crosslinking was perforned at 100ng.nlL.-1 rHA dil uted
in PBS with 15, 25 and 35mM EDC each with 2, 5, 10 and
20mMM NHS and a 2h reaction thge. Al 10 sanples that
had not forned a gel were deSalted, heat treated and
desalted again. The particle size distributions of the
products were anal ysed by light scattering. The

C%skﬂi'hﬁm@%@a%@%m‘eﬂ aTal@bﬁ';d L TRl @iukdd in2s & Ml 1dmINEDC
+ 5m&/| NHS and a 2h reactlon t;me The crosslinked product (containing
protein particles) was desalted in water, formulated by the addition of SnCl;,
Na,HPO,, glucose and Pluronic F68 and freeze-dried. The product at each
stage was analysed by GPHPLC, and the results are shown in Figure 2, which
indicates that desalting, formulation and freeze-drying has no significant effect

on the protein particles.

Example 3
Crosslinking of rHA and analysis by native PAGE

Crosslinking was performed at 100mg.mL™ rHA diluted in PBS with 0, 15, 30,
45, 75, 105 and 150mM EDC, 15mM EDC + 5mM NHS and a 2h reaction time.

Products 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™" 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 rtHA : dependence of free thiol content of product on duration of

heat treatment
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di aneter! nm Standard deviation / nm Mean di aneter! nm
St andard devi ati on! nm Mean di aneter / nm Standard
deviation! nm2 18.7 8.93 59.5 39.7
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Crosslinking was performed at ﬂOOmg’.mL‘1 rHA diluted in PBS with 15mM EDC
+ 5mM NHS and a 2h reaction time. The crosslinked product was desalted and
heat treated for the indicated times, with aliquots taken for free thiol aséay. The
results are shown in Figure 4. As can be seen, the free thiol content returned
substantially to that of the rHA starting material for heat treatment times of 16

hours and longer.

Example 6
Effect of variation in reaction conditions

a) [EDCY, [NHS] and time

- Crosslinking was performed at 1(}()mg.rr‘1L”1 rHA diluted in PBS with EDC

concentrations of 15, 30, 75, 150 and SO'OmM, each at 0, 1, 5 and 20mM NHS.
Al 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

quantities of protein particles were formed after the longer reaction time.

b) [(EDCY, [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.

cypH

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 fo crosslinking of each sample with 7o6mM EDC and 15mM EDC
+ 5mM NHS and a 2h reaction time. All samples that had not formed a gel
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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 32.4
not neas.
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were analysed by native PAGE — see Figure 7. The results indicate that cross-

linking was more efficient at pH values below 7.

Example 7
Comparison of results obtained using NHS plus EDC and EDC alone

Crosslinking was performed at 100mg.mL™ rHA diluted in PBS with 15mM EDC
+ 5mM NHS and 75mM EDC and a 2h reaction time. After desalting, the
crosslinked products were analysed by native PAGE and light scattering, in
comparison with the rHA starting material. The native PAGE results are shown
in Figure 8 and the particle size distributions determined by light scattering
analysis are shown in Figure 9. The results indicate that the use of 5mM NHS
with only 15mM EDC yielded a comparable result to the use of 75mM EDC

alone.

Exampie 8 -
Further comparison of results obtained using NHS plus EDC and EDC alone

Crosslinking was performed at 100mg.mL™" 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 maternial.

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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not meas. By conparison, the rHA starting materi al
had a nean di aneter of 8.39nm and a standard devi ation
of 2.96nm 20 Exanple 11 Crosslinking of reconbi nant
transferrin 29 Reconbi nant transferrin (rTF) was
crosslinked using the same nethods as descri bed for
rHA. Crosslinking was perforned at 100ng.m..-1 rTF
diluted in PBS with 15, 25 ang+35nmM EDC each with 5nM
NHS and 1,2 or 4h reaction tinmes. All sanples t hat had

25%%@@’#%5‘3%%5%@8?&@%3@%52?' RS AR o he b Bl
| biodu tHe ret eaehbANploEsd. The éa%eﬂeﬁe“&@as@mmtvﬁth the

nm St an
EDC-only reactlon (data not shown).

Figure 11 shows the native PAGE results, Figure 12 shows results obtained by
GPHPLC and Figure 13 shows particle size data obtained by light scattering.
The data show that the heat treatment step has no significant effect on the
prétein particles, save perhaps for a very slight reduction in mean patlicle size

(Figure 13) and increase in mobility (Figure 11).

Example 9
Effect of varying [rHA] and [EDC] at constant [NHS]

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 scaftering. The results

are given in Table 1.

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
15 121 4.66 15.7 7.18 20.6 974
25 15.1 6.43 25.3 13.3 48.3 24.2
50 254 12.6 73.9 35,0 not meas. | not meas.
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devi ati on!
Mean di anet er!

nm Mean di aneter!
nm St andard devi ati on!

34.3 26.0 57.5 32.4 25

28

nm St andard devi ati on!
nm1l5 17.0 7.7

nm

By comparison, the rHA starting material had a mean diameter of 8.38nm and a

standard deviation of 2.99nm.

Example 10
Effect of varying [EDC] and [NHS] at constant [rTHA]

Crosslinking was performed at 100mg.mL™" rHA diluted in PBS with 15, 25 and
35mM EDC each with 2, 5, 10 and 20mM 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 shown in Table Il

Table Il
[NHS] [EDC]/ mM
f mM
15 25 35
Mean Standard Mean Standard Mean Standard
diameter/ | deviation/ | diameter/ | deviation/ | diameter/ | deviation/
nm nm nm - om nm nm
2 18.7 8.93 59.5 39.7 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 meas. | not meas.
20 23.3 12.2 66.3 324 not meas. | not meas.

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

standard deviation of 2.96nm.

Example 11
Crosslinking of recombinant transferrin
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di anmet er
Exanpl e 12 Crosslinking of apolipoprotein A-1 15
Apol i poprotein A-1 (Apo A-1) was crosslinked using
50nmg. nL-1 Apo A-1 in PBS with

2 and 4h reaction tines. A?
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not neas.

not neas.
the rTF starting nateri al

not neas.
not neas.

35 55.6 31.9
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catterin
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5mM EDC and 5mM NHS f or
sanpl es were desalted
ri son
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| ¥escted for rHA. Crosslinking was performed at 100mg.mL™" rTF diluted in
PBS with 15, 25 and 35mM EDC each with 5mM NHS and 1, 2 or 4h reaction
times. All samples that had not formed a gel were desalted and analysed by

light scattering. The results are shown in Table ili:

Table il
[EDCY/ Reaction time / h
mi
1 2 4
Mean Standard Mean Standard Mean Standard
diameter | deviation/ | diameter/ ! deviation/ | diameter/ | deviation/
/I 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. | notmeas. | notmeas. | notmeas.

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-1in 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:
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30 Table IV Reaction tine /h Mean di aneter nm St andard
deviation nm1 21.8 10.8 2 44.9 33.7 4 57.6 33.4

By conparison, the Apo A-1-starting material had a
nmean di aneter of 12.5nm 5 and a standard devi ati on of
5. 72nm Exanple 13

30
Table [V
o Mean Standard
Reaction time
' diameter deviation
/[ nm /nm
1 21.8 10.8
2 44 9 33.7
4 5786 33.4

By comparison, the Apo A-1 starting material had a mean diameter of 12.5nm

and a standard deviation 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™* rtHA) 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™" rtHA 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 pariicles

Crosslinking of rHA was performed at 100mg.mL™ rHA difuted 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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'starting materi al

Preparation of crosslinked rHA particles containing a

t herapeutic agent (nethotrexatel 10 Crosslinking of

rHA in the presence of nethotrexate (MIX) was

performed at 100ng.nmL-1 rHA diluted in PBS, with 25nM
EDC + 5mM NHS, 9. 8mM MIX (6.5nol.nor rHA) and a 2h
reaction tinme. The crosslinked product was desalted,
assayed for protein-bound MIX,and anal ysed by |i ght
scattering, in 15 conparison with the starting rHA

The product contai ned bound MIX at a concentration of
2.3mol . mal rHA and had a nean dianmeter of 37.9nm and a
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and a 2h reaction tinme. The crosslinked product was

25desal ted, heat-treated for 22h, desalted again and

b fil
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t enperature, maintaining approxi mately pH7 by
apyrBigsiviare taken aftem!ieh amaé?a readtieCR! ropive témperature, desalted
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NHS- activated M X (33npl. mal rHA). Sanpl es were taken

FeSNoMyMH afiV3h reaction at room tenperature,
desalted 10 and assayed for protein-bound M X All
cross-linked rHA sanpl es were al so anal ysed by |ight
slcdle ®ring, in conparison with the starting rHA. The
results are shown in Table V: Table V 15 Sanpl e
Reaction time / h Protein-

Protein-
o Mean Standard
Reaction time | bound MTX ] o
Sample y diameter deviation
/h / mol.mol
/ am / nm
rHA
Crosslinked
- - 48.7 23.4
rHA
MTX-labelled 1% 12.6 542 26.0
crosslinked
3 14.4 58.4 295
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 8 contrast agent (gadmium chelate) to crosslinked rHA particles
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bound MIX / nol.norl rHA Mean di aneter nm St andard
deviation Inn Crosslinked rHA - - 481 23. 4
M X-1abel |l ed crosslinked rHA 11/4 12.6 54.2 26.0

32

Diethylenetriaminepentaacetic acid (DTPA) coupling to cross-linked rHA was
performed by adding 0.4g DTPA anhydride to 6mL. 20mg.mL™" crosslinked rHA

(as for Example 14) over a period of 30min with constant stirring, maintaining

approximately pH8 by addition of 5M NaOH. Stirring was continued for 30min
after the final addition, the sample adjusted to pH7 with 3M HCI and desalted in
0.9%(w/v) NaCl.

The protein-bound DTPA groups were titrated with 0.1M GdCls in the presence
of xylenol orange indicator, maintaining pH5.5-6.0 by addition of 1M NaOH.
The bound DTPA level was 43mol.mol™ rHA. All cross-tinked rHA samples
were also analysed by light scattering, in comparison with the starting rHA. The

results are shown in Table VI:

Table V|

Mean Standard
Sample diameter deviation
/ nm / nm
Crosslinked rHA 48.1 23.8
DTPA-labelied
67.6 36.9
crosslinked rHA
DTPA-Gd-labelled
62.4 318
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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materi al had a nmean di aneter of 8.09nm and a standard
devi ation of 2.47nm 20 Exanple 15 Coupling of a
contrast agent (qgadm um chelate) to crosslinked rHA
particles 32 Diethylenetriam nepentaacetic acid
(DTPA) coupling to cross-linked rHA was perforned by
addi ng 0.4g DTPA anhydride toz$nL 20ng. nlL-1
crosslinked rHA (as for Exanple 14) over a period of
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Crosslinking with N,N-carbonyldiimidazole (CD!) was performed at 100mg.mi_‘1
rHA diluted in PBS, with 0.5M CDI. The reaction was allowed {o go 1o
completion. The crosslinked product was diluted in PBS and analysed by light
scattering, in comparison with the starting rHA. The product had a mean
diameter of 50.7nm and a standard deviation of 26.0nm. By comparison, the
rHA starting material had a mean diameter of 8.42nm and a standard deviation
of 2.87nm.



St andard deviation mm Crosslinked rHA 48.1 23.8
DTPA-1 abel | ed crosslinked rHA 67.6 36.9
DTPA- &d- | abel | ed crosslinked rHA 62.4 31.8 By
conparison, the rHA starting material had a nean
diameter of 7.77nm and a standard devi ation of 2.15nm
20 Exanple 16 Crosslinki n§4of r HA usi ng Whodward' s
reagent K 33 product was diluted in PBS and anal ysed
by light scattering, in conparison with the starting
.rHA. The product had a nean diameter of 13.5nm and a
Claigg andar d devi ati on of 5.76nm By conparison, the rHA
starting material had a nmean di aneter of 8.42nm and a
standard devi ation of 2.87nm
1. A process for the preparation of protein particles, which process comprises

causing or allowing protein molecules dispersed in a liquid medium at a
concentration of 8mg.mL-" or greater to react in the presence of a zero-length
crosslinker, so as to produce protein particles comprising protein molecules that are

covalently bonded together.

2. A process as claimed in Claim 1, wherein the protein molecules are albumin
molecules.
3. A process as claimed in Claim 1, wherein the protein molecules are selected

from the group consisting of collagen elastin, keratin, fibroin, fibrin, fibronectin,
transthyretin, fibrinogen, thrombin, transferrin, apolipoprotein A-1, lactoferrin,

antibodies and fusion proteins.

4, A process as c¢laimed 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.



5 Exanmple 17 Crosslinking of rHA using

NN- car bonyl di i m dazol e Crosslinking with

N, N- car bonyl di i m dazole (CO) was perforned at

100mg. m .:1 10rHA diluted in PBS, with 0.5M CO. The

reaction was allowed to go to conpletion. The

crosslinked product was dihgted in PBS and anal ysed by

light scattering, in conparison with the starting rHA

The product had a nean di aneter of 50.7nm and a

standard devi ation of 26.0nm By arison, the rHA
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| ac errin, on proteins
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process as clained in Claim8, wherein the fuSion
N,N-garborildignidezoleusi ons of human serum al bumi n and
anot her protein or polypeptide.

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.



10. A process as clained in any preceding claim

wherein the protein nolecul es are reconbi nant

products. 11. A process as clainmed in daim 10,

wherein the protein nolecul es are reconbi nant human

serum al bum n nol ecules. 12. A process as clained in

any preceding claim wherej 8 the concentration of

protein is in the range 8 m.-' to 500ng. mL-', nore

preferably 10nmg. nmL-1 to ZOOrrg. m.-1, or 20ng. nL-' to

200mg. nl-1, nost preferably 50ng. nmL-' to 150ng. _ _
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18. A process as clained in Claim17, wherein the
concentration of crosslinker is 2nmVto 100mM nore
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to 8.5 and particularly 5.5 to 7.5.



