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ENCAPSULATI ONSYSTEM FI ELD OF THE | NVENTI ON The
invention relates to an encapsul ati on system

woaogreiing al gi nat e bi ocapsul es for the PCT/NZ2006/000270
i mrunoi sol ation of living cells or therapeutics.
Specifically, although by no neans excl usively, the
encapsul ati on systemis for use in allo- and xeno-
transplantation. The invention is also directed to
nmet hods of nmaki ng ENCARSUDATION Sys®#pMl ati on system
BACKGROUND OF THE | NVENTION Cel | transplantation is
becon1ﬁ§MEncre S|ngly nore successful both

FIELD Q)F@TIE %\JTIIQ and clinically. One iteration of cell
transpl antati on takes advantage of devel opnents in

The in0@#RhI Mlatssit8 n&ﬁen@@shlaﬁdn@'s?%m AbspHEiHE &leinhtéeblochsules for the
devel op m cro-_and nacro-encapsul ated cel | therapy

lmmunmca:%tmrqféwmgrf@@é of theragentics.. ﬁvmaﬁmlﬂlpgguby B g}eﬁl@eerXéElSlvely, the
encaps%%{%&%&%%{n’ g@cﬁ L%Qgﬂ)@?&qm@ fxeﬁlp Qﬁhgﬁ%ﬁ%ﬁ# hﬁ{egﬁpérff’i%h i€also directed to

ioerodi bl'e materi als
methods ofwbildag hahssinglthe secapsulgionsystemal | ow for t he
controlled delivery of therapeutic nolecules for the

BACKéﬁ@ﬁ&ﬂ?E&gﬁ& £ ASUERTEAQ chronic diseases, but their
Wi

espread use is precluded by the need for frequent
adm nistration for erodible materials, and retrieval
Cell traasp]amdttiamrﬂs debomningnpatadndy mporé sseessfif drotin exmbeigTeatjlﬁblaad clinically.

.materi case, of Dbi odegr bl.e mater.j al
one ol ot vapliEuRr Bk e PR g oiP e e e i gience, cel
blologyl a{dg@ug deliveey dewslop Meleios bidtibsrg-cdtapstilated tcal itharipy pmitfonns These
he material once transplanted and ulti rrately how t

includes-Rnard yDi Hisue eaeinprred wPMOfrpatmetq?@p@ﬁ%f’r of gionergdivis f%ermoplastw

polymefs® l)ﬂoel%'dfb\fé ¥leriaR! Qldglybrid %Gﬁlgfn'aﬁéhsaﬁges@'cf)ﬁé’éﬁicﬁrhllow for the controlled
I mrunoi sol ati on,” bi oconpatib ty, physical placenent

deliverya roff ﬂlcmmut@nmotjagg]pacfg[ tre§m¢nt |q)é agfiife] g}gi;;phmmp diseases, but their
widesplrrg}%cgglgéégsgﬁ%gﬁﬁnéacf §¥|q lhle?eed %o?cf? gél uﬁﬁrﬁgﬁ&éﬂon%? 6%41&@ Snaterials, and

used Irocaps
retrievat ednld bllnenap}moic&npzitgjﬂllt&t Bsuea foir oporcldglatishlie ahhmhg/lslr afle.the case of

blodegrﬁl‘lag%ent?létgﬂagg}lé gtwggqs& g@qsaf:}sugq{gcg ?qi]ztpgrﬁ&?vg e(:epreingl lto A []argae degree on an

underst@Ritd 601HeONSbilityt ¥ RO tRAbHaRlonds tr@nsfgﬂﬁféanﬂ@t iRty Bb@that stability
material was first explored in 1964 in the surgical

impacts ¢hee abilityrefi filrecizaf yioesyppadi er}l puEdYRl, \PovteiRe sgergtionvppd diffusion,
1mmm1§1%?§%o§r @%%@ﬂgat lﬁﬁt&bgh}ts% Pﬁ&%ﬁéﬁt GAR hlibd, YeBlad A Qﬁ‘t? $he efficacy

support M VItro IR acseries
and pheemp@rdiynmnics of thatsecteted psaduet e @ngiof tleinadt commonsmaterialaiused for such

blocapsglgé Eor ceﬁI %Yerap(y 12 algma?e atbloerodleﬁe car\bAEh d¥até/ ears, there has

Alginate has long been studied as a biomaterial in a wide range of physiologic and therapeutic
applications. Its potential as a biocompatible implant material was first explored in 1964 in the
surgical role of artificially expanding plasma volume (1). More than a decade later, the matrix
capability of alginate for cell support was realized in vitro in a series of experiments that
demonstrated microbial cell survival for 23 days (2). Over the last twenty years, there has been
remarkable progress in alginate cell microencapsulation for the treatment of diabetes (3-10), chronic
pain (11), hemophilia (12; 13), central nervous system (CNS) disorders (14-24), and others. Despite

success in numerous animal models and in limited clinical allotransplantation, there have been
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remar kabl e progress in al ginate cell

m croencapsul ation for the treatnent of diabetes
wO2ew@he71ghr oni ¢ pain (11), henophilia (12; 13PCT/NZ2006/000270

central nervous system (CNS) disorders (14-24), and

ot hers. Despite success in nunmerous ani mal nodels and

inlimted clinical allotransplantation, there have

beenvari abl e degradati on kinetics inpacting diffusion,

variabld degrHARiiGOkiaétic Ampadtihg Wiffision RhituhRaditive, 4 digmateBf leading to loss of
graft survival and rejection. Sone well designed

graft sug¥ivaliaad rejgcHonp SSccHel esiensdstudiss drse Aeanetaresd o characterize and
trol €A UpebiSof AofhaBSREFA Bt ?P&'%%.go radald @1, 89 but 1
contro vitro (pfgt-g??g)algghﬁd ?e%?v(?egﬁ 311; g , gﬁgl 1?&?% E’e?iabf but the genera
understanditey of dhelistailsy afhalgmpteipdlydatiom feapdudisnint eivoofrymati sorict materials
apsuyl es i n.vi.vo .from trict materials perspective
perSpecﬁ\slé)1Silﬂrrrlf1 eg&m% S%tlmén ilrﬁﬁﬁ'%?lﬁuﬁ’m ts their use. It is an
obj ect of the present invention to go sone way towards
It is an bbjetthefitheprevde invedBors toagudsamge why tdveardst fubthéringythe funderstanding of the

... al gi nat e- pol ycation bi ocapsul es. to produc re stabl . .
stabilityyof B BOERO PorbSian i e Bon ble Plscuru dor in vivo
applicatidift aR@/el ioGrititid1ttd pubBeE With @RiedfiEchoRIMVARY OF THE

| NVENTI ON The invention is directed to a bi odurabl e

i.tion conmprising al ginate which has a high
SM&%&%%@ﬁmtem, and a polycation which has a
pol ydi spersity index of <1.5 for producing

The inVEn66® G REMEES - to U Dloduirdbld CaRPHKi RS TBYpAanP AEHa€dvIAdh has a' high
standard net hods. The conposition of the present

mannurprig @aid; oRtent apd danelagiduyhishdies Riolitieiy didexoislasfor producing
microca'ggulg g e nﬂéx%gr#sglep o glr’bg ?g{?élgf(g@agﬁxgiafcﬁmg&ghs. aflf‘el Jg\%{p%sition of the

urabl e than known us may a
present f ipvengion| sngddnfageduscovankiavamcpmpositieds asitimen shestused to produce
. when di scordant, cells are encapsul ated. This is
microcaffifs 8P SRR SRS BafFoly SRERERPUES e Pl graiow fo protonged
protectich gfrél athie0 Rodt NinviniiGe \WaiSteab $iBEN edisdoddantri cello capsetcagsulated. This is
osed, of the conpositi _invention.

[of0) n of the present y
demons GRS oC it SREG L 57 UehBaoRL 1 208 S obsered T

microcapRRIR18bRE%eA tHBXoRPoRETA B Shé pRYerdtOnPéri®a. WAL hhicrocapsules also
previously, were hyperinflamuatory, as set out below

exhibit pphagced pytacegpaehologhend magnke admigrstareédiéos siges which, previously, were
hyperinﬁgm%%%b?gﬁg% ) é’lb\%ll ng al gl nate cont ai ni ng bet ween

rom 0 about 95% preferably from about 50%
to about 90% nore preferably from about 50%to about
In a firs¥ 09pectatie ingsitiop pafvidea lal opmippsitivia booprish@sl ginairoutinfii@between from

nnuronj cid.r iq§§s qg | ycat i such_a
sbout ST 40R8} Sr By SR pBHE Pobfo ARk oy, oS pyptgy from abous
50% to RIBOURUTO0MI did afiosll pedferiablgt ford RBOUtNEP @ YisAi I70% @benuréhid acid residues
rati o of approximtely 5:1 to about 10:1, preferably L
and a palygaiiom spch as poly-L-ornithine. In a preferred embodiment, the high mannuronic acid
alginate and the polycation are in a ratio of approximately 5:1 to about 10:1, preferably around 7:1.
In addition, the composition of the present invention may include calcium chloride and sodium
chloride. In one embodiment, the composition may comprise a high mannuronic acid alginate at a
concentration of about 80% to about 90%, and preferably from about 85% to about 90% and more
preferably, about 87%; poly-L-ornithine at a concentration of about 10% to about 15%, preferably
about 13%; calcium chloride at a concentration of less than about 1%; and sodium chloride at a

concentration of less than about 1%.
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In addition, the conposition of the present invention
may i nclude cal cium chloride and sodium chloride. In
woneo7@abnagdi ment, the conposition may conpri se RCHiINGR006/000270

mannuroni ¢ acid al ginate at a concentrati on of about
80% to about 90% and preferably from about 85%to
about 90% and nore preferably, about 87%
poly-L-ornit hi ne at a concentration of about 10%to

The pol§8A4sh, for Ykakp €fyqp-| HnfRR4tis %ﬁfént ‘ﬁ@ﬂl‘é'CHHﬂpGﬁh@ﬁ i reddtivly purified
concentrat | on of l'ess than about 1% and sodi um

form whereby ithterange @f enlesalor rveaight rspediey isslémitethanda Bsupolydigprivity index (ie

C -

average%l\)\y ?eggarﬁ I\(/)Ig’\lf’}t : %ﬁsat?{%l £s ér%%f@ilbl ellggsnth%rpli ?1 8§t§)r&‘ér§§l§%ss than 1.1.
mhereby the range of nol ecul ar MEIght species is

In a sd:dom'itagecan thet lreveptadny qb’r@@@ssbibyompmﬁéie (niieroaapsulag eprippged using the

| ess

composfiEh e e TP Pt £ a1 ST Bab e pod afgpate oross-

linked Wiﬂfv@ldfdsﬁl{ln]alhg‘agdﬂ Ssublh 8C QIFahi ibhs aifitéatdpslla@s of polycations having
pared_ usi n% the conposition of, the jnvention, and

a polyd&@ﬁﬁrw dndey of the domiper SMineEeahisnembiane andiep outer layer of high
mannur§hid| 'a@ﬂt RoihRS STHe HoRAL P eﬁld":{hé: bORs Ialylaﬂ"{ﬁ'a? goﬁgﬂ&t the SWGB or different

as cal ci um lons, an internediate layer of polycations
high manavionty ailmglylelﬁesper sity index of <1.5 formng a

sem - per neabl e nenbrane, and an outer |ayer of high

t GO l' 1 t .

The ml%mpdégﬁlgginﬁgonp}%f glérgt)ﬁs% I?Vlr}é S thm Ek%(%tge %P%h The At 1ftdy comprise
naturallgrexacwuriog ioc getcﬂtuialhzl giginatied c@]irewlqch rrmyahrsiml ths fcrrayof single cells or cell
clustersfls%fégtgg {f‘ﬁoglo%&lr(%%ﬁ;rgh\f)égﬂﬁ @ﬁlﬂlp X eW@thgh%a?yrt?esn ég%snal QUK such as choroid
plexus GERESIpitGRAY Yeetls) %m@ﬁﬁfﬁﬂ &tk &oﬁﬁﬂoaijteﬂ%dbﬁlyl 6théh Eelf P& capable of

of single cells or_ cell clusters sel ected om the
Secreﬂngrf%ws g%wou&q begrspfuf iy the treqimpnt of ﬁé‘bsﬁf‘%%’&}tc%’é‘{m%u r onal
cells such as choroid plexus cells, pituitary cells,
In a thitd Of¥pédt] Mhe YPrésent @1%%@%I@ﬁsesaﬁdnﬁﬂ%dofﬁe prep@tihg biocompatible
type capabl e of secreting factors that woul d be usef ul
microcgpauleheonprisingtbastert a di sease or condition. In a third
aspect, the present invention conprises a nethod for
8) PreRALHIGE DIk ARAkbAL SillGRORARILIASe FPRRELRI BN he
steps: a) dissolving a high mannuronic acid containing
alginate in isotonic saline; b) spraying the djssolved
b) al gpring the|dissplypd efeingfcepolujont o G ﬁgl Hroghy an gir- or frequency-based
fr Al
sor AR paRs iyh ARl OERGH B &l ploBlsbed s Ik agont, such as for
as eﬁiampbx:ﬂmut &3 toadbouit 1205M,and hnnme pfefdmm ﬁ@ndahwt 40 to about 110mM,

b Ohe :ng%% SR AR Yot OnS.8 RS o AP ANITRAE for about 5 t0 30

c hlgihiids, préferabBor's t&ldlﬁltﬁﬂ:s to form gelled capsules;

c) coating the gelled capsules of step b) with a polycation having a polydispersity index of
<1.5, such as poly-L-ornithine at a concentration of between about 0.02 to about 0.01%
(W/v), preferably 0.05% (w/v), for between about 5 to 30 minutes, (preferably for about

10 minutes);

d) applying a final high mannuronic acid alginate coating to the capsule of step c) for

between 5 and 30 minutes, (preferably for between about 5 and 10 minutes); and
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m nutes, preferably for 5 to 10 mnutes to formgelled

capsules; c) coating the gelled capsules of step b)
wai2047/0a671901 ycat i on havi ng a pol ydi spersity i ndegTmz2006/000270

<1.5, such as poly-L-ornithine at a concentration of

bet ween about 0.02 to about 0.01% (w v), preferably

0.05% (W v), for between about 5 to 30 m nutes,

(preferably for about 10 m nutes); d) applying a final

e) hi gblemnE Winictocapdulesal gi nate coating to the capsul e
of step c) for between 5 and 30 minutes, (preferably

bet ween abput 5 m nutes) ; de [1ectin
thi“ﬂ’é the aéglaefﬁwé%ﬂo @sstenmg P%ql 3) S G g tpdicn @F‘éﬁ’ tween about
50%o 3Gt $5% binhllBnie APR r&idudh f r@f’éﬁBIy RFenBbad 3096 to about 90%, more
bet ween about 50%t o about '95% nannuroni c acid

preferblydessweenmbenict (o ity bt ¥¥enandbpott Pedokably bebten aboug60% and 70%

EEBF bet ween about 50%to about 70% and
ma 0‘?“‘%0 Ige?lg \l:% bet ween about 60% and 70% mannur oni c

aC| d reS| dues. The al gi nate solution of step a)
The algatemolgios of siep hganarisecoraginate sonasnirgfonafebout 1. Woga 20% w/v.
2.0% w v. The alginate solution of step d) conprises

The algﬁ]'ra]teaslo tfaﬁt st‘ég ﬁg&{}ﬁﬂrfs%é ﬁpalglglat% ngi'éenga ?O]ﬂ df%pdut’ /le‘(ovl 7% wiv.

urt ent 1 nvention conp
nmet hod of preparing n1croencapsu|ated cells coqpr|5|ng
In a fourtheaspeapthe m?sehhimub&iohmrpgnjpﬁvésrpgm@lod of \wrdparing sutmerncgpsulated cells

.0f hi mannuroni ¢ acid containing al gi nate di ssol ved
compnﬁl?géﬂgg{é%l c saline; b) spraying the cell-alginate

solution of step a) through an air- or frequency-based
a) dr apdubhtige hieingt calsi witlo aascddtionr of fighomeatmoeniofacain containing alginate

'exc cross-linking agent, such as about 15mMto
Oli’ﬁéjﬂ\}ls%ﬁw&sﬁlfﬂechl oride (preferably HO™), for
about 5 to about 30 mnutes (preferably 5-10 m nutes)
b) t 0 shyinggat beltalgtiate editioni ofiskg Hapoubiesn alt) of faduengy-based droplet

the gelled cell-contajning_.capsules _of step.b a
po|g§/‘%%{ﬁ'ﬁ05 AR g\,?t}{&n% sgfb\} %g BRIEPESy of ﬁdggssolfnlggglagnt such as about

SUGRNAg t0abdutl120mN thcige c}ﬁéruﬁ @%ﬁﬂl&zfﬁbhﬁﬁo @br about 5 to about 30
bet ween about 0.02%to 0.1% ( ?‘Wﬂh preferably 0.05%

w ingigs (ireferabbnd-49 ounutes) @mf@rla@e ‘Eﬁtﬂe@nt%még eanables;

for about 10 m nutes); d) applying a final alginate
) ggt%&gtg% B BGedC 8Ll -cSRAMRAL B ELRE WS bP Twith GPp&iYcdtiBh having a
polydispersity index of < 1.5, such as poly-L-ornithine, at a concentration of between
about 0.02% to 0.1% (w/v) (preferably 0.05% w/v) for between about 5 and 30 minutes
(preferably for about 10 minutes);

d) applying a final alginate coating to the cell-containing capsules of step c) for between

about 5 and 30 minutes (preferably about 10 minutes); and
e) collecting the cell-containing microcapsules;

wherein the alginate used in steps a) and d) is the same or different and contains between about
50% to about 95% mannuronic acid residues, preferably between about 50% to about 90%, more
preferably between about 50% to about 70%, and most preferably between about 60% and 70%

mannuronic acid residues.
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about 5 and 30 m nutes (preferably about 10 m nutes);
and e) collecting the cell-containing mcrocapsul es;
woher7auerip he al gi nate used in steps a) and d) PETMNZR006/000270

same or different and contains between about 50%to
about 95% mannuroni c acid residues, preferably between
about 50% to about 90% nore preferably between about
50% to about 70% and nost preferably between about

The alghf¥salifiod OPstemuayusipises Gl gnite sorbepiSatibA®fabaitNaleto 2.0% w/iv.
sol ution of step a) conprises an alginate

0 0 i

The algiglg’{éclfg hg t8 sth &Lco%?p?%%&i% gl%étg ﬁ%mgf{%‘i‘q’?&t(g Eout%l Itgqtﬂ%ﬁ w/v.

concentration of about 0.01 to 1.7%wv. In a fifth

In a fiftR8§REY thetif@ntity prolvides a plethdddBscAtiig hhwdedradabledali déﬁvery constructs
non-degradabl e cell delivery constructs conpri sing

comprisiiga e SGPS; HBHRsTHYE e nemyAedirdnblsaeadl delvery copstrigter }n A Solution of
algmate%ﬂf%ﬁrﬁﬁ’é:f)ectwbéh @ooﬁplié‘ Eﬁ@ﬁboﬁt 9@%%Mh%nﬁ%§@fe§1dg& (preferably between

tween about and about 95% mannuroni ¢ acl
about 59 esd lQPésmOrﬂm‘f:@raé’br betWeemvéent Shant 7056 anh mOSOPﬁs:femhbeabout 60% and

70% m:)rlrg §r§,1§ga{c§i) g%% y %S%E)é% (Q? acﬁg%ﬁh%r’lg r{ﬁe é%anﬂl)umélli]cd acid residues by
incubating Gh Qﬁle&c@alogfraecro@)lnﬂ{i@sgenm lsichgadt besmmnmhm ﬁmiltd)n of calcium
chloride,RnfeTab G HmA) 4oL 3 ¢ 5 SOMGET GHCITOBaPPEFR 2bott 5 and 10
minutes§ b %hﬁea B &f 66&'1@1@}’ chQder Jo@ﬁn%"llﬁ%ugelﬁedt SorRRAME o%ostep b) with a

m nutes (preferably between abo and 10 m nutes) t
polycatmrhﬁvaiggelpo(b}dh@@mtwgd% pf flepstther lcbafor rgfample g@lwle@lrmthme at a

concentgagﬁggolrf Lf)%{'v%egfabﬁﬁte(pOP)an tlt% @v/f Qg%%}%.}? rbfd;?)'/ V\;}gﬁp?r between about 5

ersity 1ndex o les
and 30 mnhytei;, (pretﬁsralﬁy rabputat0 mlmum;ed) atlyiog aoiﬁndb eﬂgnnﬁa caifttingt for between

about 5 gcb g@ i %@r%/%%fyrﬁpﬁﬁé% G a ilt%mog% bet eéljebrane coated

non-degdaciaaepbal aglivery Icﬁﬂémla{sglaﬁ@tee) SSlafing ¢hef ﬂhalbﬁwa@isoaaeﬂyt membrane
to 30 mnutes, (preferably about 10 m nutes), to

Coatedfkﬂn&fﬂﬁaéamﬁﬁﬁhéfi BETA9Fuskenbr ane coat ed non- degr adabl e
cell delivery constructs; and e) isolating the final

The alginﬁi@é@ﬁin%ﬁ bPdie ¥) dE%[H?ifs@sl% éI%lﬁit@ @oﬂb@ﬂﬁﬁ%&rﬁ%&hq ®%kd 2.0% wiv.
e ivery constructs. The gi nate solution of step a)

nprises an al gi nate concentratl on of about .
The algrzla@wwﬁlon ofrsiep d) ¢pnpRsises A gingte gorseniation Qf)abewp% teels7 7o WIN.
an al ginate concentration of about 0.01 to 1.7% w v.

In a sixththsfect ithd ﬁv&ﬁ%ﬁﬁ@w&é‘s@a Ih@tl'i&[‘fdr Qﬁca?ﬁ\ﬁé(ﬁr%es?nzﬁl 16Bad fré%in or DNA
encapsulatlng Il nol ecul e, ein or

therapeytics cappusing ﬂle@tmp ~) dppegsing, éhesﬂlelpsetél):s i sypdutinngey afginate containing a
high prhﬁc@rﬁfﬂ? G 1'11 Lfr&u@ fa§f21| i“etsid‘ags (aissgllvgd nl’rf‘t1§ot§rgg ;sagfl?éé Q%I éé)ashnlﬂng the

ropor |on of ‘mannuroni c acrd resi
mannuroimic Iasmlt msmduesshj imcabatlon iaranssdcedskafig ciokelinking agent, such as a 15mM-

120mM solution of calcium chloride (preferably 110mM), for about 5 to 30 minutes (preferably
about 10 minutes) to form gelled therapeutic-containing capsules; ¢) coating the gelled therapeutic-
containing capsules with a polycation having a polydispersity index of less than 1.5, for example
poly-L-ormithine, at a concentration of about 0.02 to 0.1% w/v, (preferably 0.05% w/v) for about 5
to 30 minutes, (preferably 10 minutes); d) applying a final alginate coating to the therapeutic-
containing capsules of step ¢) for between 5 to 30 minutes, (preferably about 10 minutes), and e)

collecting the therapeutic-containing microcapsules.
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mannuroni ¢ aci d resi dues by incubation in an excess of
a cross-1linking agent, such as a 15mv# 120rM sol ution
wohowakeilgam chl ori de (preferably HOM), for abear/NZ2006/000270

30 mnutes (preferably about 10 m nutes) to form

gel | ed therapeutic-containing capsules; c) coating the

gel |l ed therapeuticcontaining capsules with a

pol ycati on having a pol ydi spersity index of |ess than
The alginate udedlin ) andd ¥ the Ghmbtod i difsret and RARERNBItREINOIbout 50% to

of about 0.02 to, 0.1% w v, &Preferably 0.05% w v) for
about 9 pangnngranis axtd Frsiduese Brefepbly patvesn pbauy SRy migrabeyt 90d, more preferably

i . 0 | . . 0, 0 1

betweaf PR S0% B s lE 0oL, SLIBE8 4 PRIk o, 60%and 702 mannuronic
acid resgluep 30 mi nutes, (preferably about 10 mnutes), and e)

coll ecting the therapeutic-containing

e ' . S o 0

he ol SEAGAYYS5p NGy BB AelABADBUEAT ool s i

to about 95% mannuronic acid residues, preferably
The algiretemebrtioalob step 8Ddonwisabaualgidd¥consntatmaff@baiy 0/01 to 1.7% w/v.

bet ween about 50% to about 70% and nost preferably

baut. 609 .09 [ i...resj .

i o sHHSEIL DR OO ol TP T Sl E U HES o s o
conditianon@a nhingdlj iaciudihg abhonian, lcod¥risimg 2rafSplaviting ahleéfeativgi anatuat of the cell-

. solution of s d) conprises an alginate . i .
containig, TREPEE 7T O USROS SRRy SRR 1o Sl et therapeuti
that is cBfeR@&lat afnBRorbiY Lo the@in@§0Y Hidese or boidhRA. of _

aneliorating or treating a disease or condition in an

ani mal, including a human, conprising transplanting an .
In an eé&%’f@@?% f%ﬁo‘avﬁn%w Hrﬂ\gg%%eﬁ|@$@%i05iwﬁlm@95ﬁp%%tleg a disease or
conditid int € ahi4 Nhb1Q8ink A Rurdd, Coiptisik tratRERiHY SREGeiot lafhount of the
secrete a therapeutic that is effective at ‘ o
therapegtire¢dntaiaing mejcroeanspleaof thy iswintioniinteseid animalomlipteimsaid therapeutic is
effective 3t %&Q‘f%in%so??r%t%nrgtsgﬁ d1£é\c[1§e%cf' BRaBLRV! des a net hod of
amel'1orat1iig or eating a disease or condition in an
animal, including a human, conprising transplanting an
In an ngfth espiccy dhemyemionoprovides thse ayf @ntalginge rwoafamimgybetween about 50 and
berocapsul es .of t.he invention i.nto said ani.ngl .
about K RN Roilapsiil 4 oPoRitplics Ty ARe emaiEicRit a3, griorocapsule
preparafidn for @8d intflosad xnel ts@Bplaniatio€ pliciticds. 1 n an ninth
aspect, the invention provides a use of an al ginate

e GBS BRSSP SR 20, SRS 20N BITAEN 5 s o

used hef8if §IRERSH| LnPiRRA VitdiRite it SndlidiAd bR noP limk@d & a dog, cat, horse,
transplantation applications. The m crocapsul e )
cow, pigr $5ei K0P A5 PEMateh e gi» FAakeY. drherriprasapadmprispypiéens copprige cells that
1 , n 1 " n 1 | s
N T R T
sufficienioty, poatde droeffeetive amount of the therapeutic agent to the subject. An effective

amount of a particular agent will depend on factors such as the type of agent, the purpose for
administration, the severity of disease if a disease is being treated etc. Those of skill in the art will

be able to determine effective amounts.

The term “comprising” as used in this specification and claims means “consisting at least in part of”,
that is to say when interpreting independent claims including that term, the features prefaced by that

term in each claim all need to be present but other features can also be present.
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cow, pig, sheep, goat, or primate, e.g., nonkey. The

m crocapsul e preparations conprise cells that secrete
woOhew7apeudi c agents or contain therapeutic ageRCS/NIR006/000270

se and are administered in an anount sufficient to

provi de an effective anount of the therapeutic agent

to the subject. An effective anount of a particular

agent will depend on factors such as the type of

DESCREPEUN OFTEHR WRYOWENGSr admi ni stration, the severity of
di sease if a disease is being treated etc. Those of

. skill jn th rt wll. be able to determ ef fective .
The invgiia vl Horh Be TP BB ISR (0 40 GRS 911 Rcompanying drawings in
which: sSpeci fication and clai ns neans "consisting at |least in

part of, that is to say when interpreting independent
. claims including that term the features prefaced b’¥t
Figure } ghaws 2 prptein restamhphlgingiead %0 o puhgseiagwalks g shitted downfield
due to t&h E/RE &R IICRE U SRAD (sePhotdd RidrNvifthhd Meation of th
ueto DRR%WQN&S%F% i%ven%ll on w I? n 151\1 bgsedescrilbeé’gv%yltm; aton of fhe
protons respenstble dortthe NIMR peakar es of t he acconpanyi ng dr awi ngs

in which: Figure 1 shows a protein NVR spectrum of

. ' . ' r ik fi .
riwe 3 080 P oF g UARRASRSAA P BBULATE AU dRbfhions of
carbonyd kegiioraindiglsmegrifioctidn i(ses doxod insetf, t he | ocati on of the
protons responsible for the NVR peaks; Figure 2a shows

e 370 B0 i RENE) SRt PP L ARROR Gy
highlightedieifonGapresents(thePLOxgE: I abwiption; Fi gure 2b shows
al ginate m xtures with varying poly-L-ornithine (PLO

riguwe SRR enFhav o ENE e afelo AL PER il Bhormtion to alginate coo-

absorpt@hp'vvs a quantitative FTIR neasuring the ratio of PLO
am de absorption to al gi nate cooabsorption; Figure 3

5 ificati hase- [ f. VPMG .
S MR L A —

magni fi cation-phase-contrast mcrographs for 60-day
Figure 8XhbdBt5:S pREhifeMfont fHasélidntastenicradrgptiafor d0YdR§Sexphing y)@imens for
. 5 shows the cross-sectional uniformty (A and the %
differeng plgmiatedyres anet er (B) for the 60-day expl ant speci nens
for figure 4, mean |SD. (D) VPM5 (0) VPLG (-) pKel;
Figure § BARH the drossRMAbnaf il ith (AN aM® tHeWoorighn? AeaMeterd®y for the 60-day
1550 cm 1 peaks for each capsul e grougI over the 90-da
explant spegéiperpdpt ggj,}re 4, mean ISD. (A) VPMG; (0) VPLG; (-) pKel; (0)pFlu; (e)pMan;

Figure 6 shows FTIR, 1590cm™ and 1550 cm™ peaks for each capsule group over the 90-day study

period;

Figure 7 shows quantitative FTIR stability index as a measure of the alginate carboxylic acid peak to
the onithine amide II peak (A) VPMG; (¢) VPLG; (-) pKel; (0)pFlu; (e)pMan;

Figure 8 shows photomicrographs of lyophilized alginate capsule surfaces for each of the alginate
types VPMG, VPLG, pKel, pFlu and pMan over the 90 day study period; and

Figure 9 shows a higher magnification of a photomicrograph to show the surface pitting of a pKel

microcapsule at day 30.



10

15

20

25

30

Figure 7 shows quantitative FTIR stability index as a

nmeasure of the al ginate carboxylic acid peak to the
wondd7idemo ami de 11 peak (D) VPM5 (0) VPLG (- PCpKaR006/000270

(a)pFlu; (")pMan; Figure 8 shows photom crographs of

| yophi li zed al gi nate capsul e surfaces for each of the

al ginate types VPM5 VPLG pKel, pFlu and pMan over

the 90 day study period; and Figure 9 shows a hi gher

DETAIIEDES CRIFTOONIOF THEFVENTIONT aph to show the surf ace
pitting of a pKel mcrocapsule at day 30 DETAI LED

CRI PTI ON OF THE | NVENTI The prese i nvent i

The pregei RYeation 1§ el &ap amca?%@lwgﬂfte% tpphving Wlﬁbaf@éﬂ?rgpeuﬁcs which
has 1m}ﬁ‘6%dtﬂi'@sﬁﬂ)ﬁ3lﬁ}v‘ iR tMIﬁEpshﬁ%d' dINs AeheRbosica atd 1h{pYan‘mlelﬁto a subject.

the encapsulated cells and therapeutics are inplanted
This imppved bwg@b]héx enablasithe ¢neppsolased! asilo sndiBierdpeytios ia kstreain pyithin a living

[

body fo? I!ﬂ&t%ﬁv' 13151516%(%15 ﬁpgﬁg %ﬁeﬂg tﬂe&%ﬁ%ﬁﬁf&# v&gﬁ r%sgllt CIIS I %My {htgﬁ1 gelﬂlc delivery
and thus tresmett efficasy | | result in inproved therapeutlc

delivery and thus treatnent efficacy. The

encapsul ati on system conpri ses a bi odurabl e
The encaPSRA It dyQBmMCOIkikSs 6o dreih18 3bBpdMiisiNednSpriin@hlgifate which is high in

mannuroni ¢ acid. Al ginate is a pol ysaccharide conposed
mannurghic@gidyr oni ¢ (G and mannuronic (M acid |inked by

(1,4)- a- and -b-glycoside bonds (see the boxed insert

in Figure 1). The ratio of these nononers contributes
Alginatdiis zepQIYS,ucctharidecctrapweqb hfysilgahicd b prad ening biic sl\/bﬁciﬂ Ihieked by (1,4)-a-

ol ysagchar | .t _h b fou t he rst ti
and BRI BRI P e P ot f Bl TRR ot thesR ipag R contributes
directly@D celttin bbysgcaﬁblﬁﬂadféﬂsw &éﬁﬁe §?1@S&Eﬁl¥ﬁﬁef ﬁﬁhﬂﬁ ﬂabéigtl'ofuﬁ@ for the first time
nds re britt]e with a higher e
that On%qmpealg WPq?Séme% g@l%t high @ G 45 P rwmef\ﬁorhfff @ructure resulting

from adll-éf)%hd§ (ke fbrd Eﬁl’ﬂ@%ﬁl a Bishédd1istid ?ﬁd’cﬁﬁﬁeq’hﬁe Bhose that are high in M,
crosslinkin greater elasticity and formvery

with mese AP Al-6) Holepgsulcub oiiepreased Bela closslyhis i gneatersdstoity and form
very sl SR Rcab DNSUHATRLGK B 2 composi Li on compr i sing

onic acl I'hate, specifically containing
bet ween about 50% to 95% mannuroni c acid residues, and

Thus, t@chso' at%ﬂﬂi}o{%\é)lrvh?elsm ﬁ)én dj Sgg{ogai&fr' 'nig%ﬁﬁpg{qlanilllromc acid alginate,

specificdBy Ry B&ivdet aRhRi 50N ¢ 859 AahRir6MA0tRId fesld0ty)/@RA a polycation
about 50% and 90% nmannuroni ¢ acid resi dues, nore

having g et yskispersity bedexeadilabsueh swelaﬂdowwﬁad’ﬁafetﬂbhct@cm@ mannuronic
acid coé%?/iu%ﬁ%br}agé;?%ﬂfg g%hgéll? ue StySda/ﬁtaia’l\@%P‘é i elar@ﬂié’ eﬁ:ﬂ:p residues, more
preferaldpribetivare reboutt fffﬂ%hmng Y OPrenmaumwpmic acid residues, and most preferably between
about 60% and 70% mannuronic acid residues. In a preferred embodiment, the high mannuronic
acid alginate and the polycation are in a ratio of approximately 5:1 to 10:1 by weight, preferably
about 7:1 by weight. In addition, the composition of the present invention may include calcium
chloride and sodium chloride. Preferably, the composition comprises high mannuronic acid alginate
at a concentration of about 80% to about 90%, preferably about 87%, poly-L-ornithine at a
concentration of about 10% to about 15%, preferably about 13%, calcium chloride at a

concentration of less than about 1% and sodium chloride at a concentration of less than about 1%.
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acid alginate and the polycation are in a ratio of
approximately 5:1 to 10:1 by weight, preferably about
w@2007geMmei ght. I n addition, the conposition oPCTNg2006/000270
present invention may include cal ciumchloride and
sodium chl oride. Preferably, the conposition conprises
hi gh mannuronic acid alginate at a concentration of
about 80% to about 90% preferably about 87% ,
The ave?&ée}ineie&ﬂﬁ' WIS Ble AgifRE Qseé’x’eétét R aRfut ADPKDal e sbly greater than
bout 15% preferably about™13% cal ci um chloride at
abOHtGQQJKB@nt ration of |ess than about 1% and sodi um
chloride at a concentration of |ess than about 1% The
aver age nol ecul ar wei ght of the alginate is greater
The hlghhmnnaﬂmui‘ adid Corkidaing i gifiate ah:ldym gheeplbportlbimm thb pmserﬁ Gfvention may

The .hi mannur.Qni ¢ ac |n|n al g

comprlqenf;l glﬂ@rﬁrlu(é 6%Btcpgtﬁgt qfﬂaef\ﬁcgnr#ggt %}OJPT e ra%a i0 of M:G in
the algifAETRCNHEn thePrabet iGN EioA S ok BBEHREA akaut heswesmn. Sib_OUt 10

and about 40% Thus, the ratio of MGin the al ginate

useful in the present invention is from between about

u | i

The alg#g?%q]aﬁée %uﬁﬁé% ald ‘iorﬂéug% tﬂ%%( tﬁhaﬁl(}ntéljtﬁ/a#%ﬁn ?tﬁg/h’f% 00/0?? ‘éw/v) alginate.
Examplas @f rmanmercﬁa]zhyrpmalstbbf algivatee rsuitatilé fmaum inatiieepra:tegt ma»teetson include

otonsty RS e A0 PSR o BB S i manmor

acid cobi@ti(Beduitable N Goidtid 9 bh@b@u@h ANB RO Fraftrial £06 ugb i2Qhd @Bdent invention.
(or suitable MGratios) can be used as a raw nmateri a

for use in the present invention. The al gi nate nmay
The algﬁﬁtéeméy weefpfi/e@ &0 Awhbens A ch Yo% wv)lsaﬁl{e (W v)
i n€. The l'ecul ar wei ght of the polycation is also
inportant in the structural and functional conposition
The m?lfec&l%r fvsg:rlg rto&a ?ﬁftcgt tklkn sgvﬁ&qrﬁgg tn:l gtrI%Q ﬁ%l\t/l%ﬁl?ﬁ and functional
composn‘.tﬁinydﬁ ﬂmemmrtoﬁpsuheteo(f the ineasiohhalt habdaén foumd for the first time that a
f er abl ss than about 1,2 nd r ef er,ab
polycatfoa eV By Everuapar Sulernnan SO g1 REUHAY S JRs hen ghout 1.2 and
more p@kérﬁbl? 38 thdneB U thSethdt WPk Hgh MafmREHE S @SighlicC Fesali€in superior
% stabl e and can renain in vivo for |ong periods
microcappules yrbicharhigily stablel apdicen ramsiein Ham fengissiods of time, and certainly
agents conprising a high polydispersity
1brnuﬂ?ﬁgé§ﬁ%%ghﬁherefore i ncluding a wi de range of MW
species are shown to result in inferior mcrocapsules.
This is thou sed he
Polycatgle gens SBETHEE AL R TR fud e SR iogiudinsa: wide range of
MW spé@@d aré Sigdid {onsulltiin tnfeedkniearbpsales. ThB istiBligle to W‘éaused by the larger
cules, on the other hand, can diffuse toQ ra

MW mplpger Reing Rl e U] iip HScEIEARNS FORCIPRHBE T AoVE oating. The
smaller%ﬁﬁm%[egulgb Sd?ll tﬁg 8th€19he{r§1 Qe{n ReERdso¥i iR ihB8hE Mefhateloating and can

ycatlonvvl |mte range
penetrate into the core and dlsplace cells or beads within the core. A polycation with a limited range

of MW species has been shown to result in superior microcapsules.

For example, when the polycation is poly-L-ornithine, or poly-L-lysine, the preferred average MW
for the polycation is from between 10 to 40 KDa, more preferably between 15 to 30 KDa and most
preferably around 20-25 KDa.
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of MV speci es has been shown to result in superior

m crocapsul es. For exanple, when the polycation is
weoabor/ueo ni t hi ne, or poly-L-l1ysine, the prefePCe®WKZ2006/000270

average MW for the polycation is frombetween 10 to 40

KDa, nore preferably between 15 to 30 KDa and nost

preferably around 20-25 KDa. Preferably, the

pol y-L-1ysine or poI y-L-ornithine will contain < about

Preferatl§); @@fpom%'ﬁeeér z Stnf? A PsnihifWMel cdRrattDa a%ut'%%oﬁlﬁﬂlecules having a
ou

nore preferably 0% of nol ecul es havi ng
MW of df Kilpa wipigssognd ré%l@ prefprablyrrvahont 9vefa mqiecﬂﬂe@rlwna@sMW of 10 KDa or
bi oconpati bl e m crocapsul es prepared using the
conposition of the invention, and conprising a core
Iayer of high mannuronic acid al gi nate cross l'i nked

The invEioh Rh8lprBtias: FlofdRib iy o BRI re e 5iq TR sRiGpsition of the

inventidn@ 8:&d ¢dhaptisalpiidord layelf SIHHgH@a@BE Tt adle bR GosElikeaReth a cationic
and an outer |ayer of hllgh mannuronl c acid al ginate

cross-linkiag AgeH WHWHP%?% laver af melyratiane havige & arfydispersity mr:x of less than
about 1@@9%1n§ g%ﬁlﬁp&%%le IRATRRANM O Sut@Qhde b il YeSnuronic acid alginate.
preferably from about 50%to about 90% nore
preferably from about 50%to about 70% and nost
r 0/ n =& i .
The hlggerg %&ué’ q.n{]ﬁ %glrﬁtt)e gl%l% gglﬂgtase ﬁlgx?lhatgog orﬁéﬂﬁga g&ru? ga é» @%%&romc acid
re51duesQ qﬂ*ﬂ'ﬁrabl@yﬁa}’m Byt 59% tocabsain®n %o rmﬁhefﬁrei’eﬁbly fra'rhetbfmtrié)% to about 70%

and mog e B oV B PO PURATBRASE A THEBUE A B ety

conprise al ginate conposed of 10-40% gl ucuroni c acid
resi dues. The cationic cross-1linking agent nmm
The alggatecised in the eere daster andghe pyfer lgyerupaychsibe samaney cb%femgu
Al 3+, Ba2 , Ca2+, Cd2+, Cu2+, Fe2+, Fe3+, H+, K+, Li+,
Mg2+, Mh2+, Na+, NH4+, N 2+ Pb2+, Sn2+ and Zn2+.
The corB’rlagyfee rraylcynnpfisaa dginaertiomposed K-S0+ 10kb mgnmgemib acid readuss aml the outer

layer m@;(%o&%nse@@ haz&%ﬁﬁ?%é# %’tgm{kg/ 5 %g%oflﬁ%?%{ ‘é?aglmy "

chloride. Mre preferably 110nM cal ci um chI ori de The
pol ycati oni.c agent may be selected fromthe grou s+
The cat@@rrrsvrgfs-wl%s agant (YAl sslagied e salihok %‘§aﬁﬁ°‘{tﬂ w@}stmg of Ag', Al

codefitredyderlr ant Iry'S@ZynE, Mol Wik | 81 ReI*, Ni2*, Pb>", Sn* and Zn®
po1 y-L2ornithine, ’safmhe sulfate, profam ne sdlfafe,
Preferalpim ltheagatiphic m‘qge-hnkmg agent is calcium chloride. The cross- -linking agent is preferably

in exces%?%%fn%ggﬁb OI‘{sf yall ?1%}\/['?}: {r@%ﬁ' g\bfl ﬁ(?)éo lnﬁto Y %%E‘Jﬁ&ﬁ‘ﬁ/ Y{BmM calcium
chloridgool ybr ene, Pol ybut yl acryl at e co Met hacr yI oxyet hyl

Tri met hyl anmoni um Brom de (80/ 20),

Pol y- 3- chl or o- 2- hydr oxypr opyl net hacryl - oxyet hyl
The polycationic agent may be selected from the group consisting of chitosan glutamate, chitosan

less.

glycol, modified dextran, lysozyme, poly-L-lysine, poly-L-ornithine, salmine sulfate, protamine
sulfate, polyacrylimide, polyacrylimide-co-methacryloxyethyltrimethylammonium  bromide,
polyallylamine, polyamide, polyamine, polybrene, Polybutylacrylate-co-Methacryloxyethyl
Trimethylammonium Bromide (80/20), Poly-3-chloro-2-hydroxypropylmethacryl-oxyethyl
dimethylammonium Chloride, Polydiallyldimethylammonium, Polydiallyldimethylammonium Chloride,
Polydiallyldimethylammonium  Chloride-co-Acrylamide, Polydiallyldimethylammonium  Chloride-co-N-
Isopropyl Actylamide, Polydimethylamine-co-epichlorohydrin, Polydimethylaminoethylacrylate-co- Acrylamide,

10
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di met hyl anmoni um Chl ori de,
Pol ydi al I yl di met hyl ammoni um
weabordued1h yl di met hyl anmoni um Chl ori de, PCT/NZ2006/000270
Pol ydi al | yl di met hyl ammoni um Chl ori de- co- Acryl at ni de,
Pol ydi al | yl di met hyl ammoni um Chl ori de- co- NI sopr opyl
Acryl am de, Pol ydi net hyl ar ni ne- co- epi chl or ohydri n,
Pol ydi net hyl ami noet hyl acryl at e- co-
Polydlmexﬁylmhaaaﬂ@xﬁnéﬂ@icmatml etiyd aﬁeﬂ@mﬁﬁw et hagiivbsh®,  Polyethyleneimine,
Pol ydi net h m noet hyl Met hacr ate
Polyeﬂlsri%ﬂ%p pléﬁlemhy%l Moidifigd t ety pHDES. By 2Hydrostpangtipcryloxypropyl

el By
R SOy e P Chlorice
Polyhdrmpmplymetha@yibwﬂthﬂshdn@w Azamanitva Chlptide ?ewmadazolme (Quaternary), Poly-

net h ium Chl orl
2metbasg| ST ETR R o r y s ) BRI AR lemmonium
Brormd@ﬂhl@zﬁdede P@lyMeﬂ@m&ﬂ@ﬂanﬁﬁoeﬂ@kﬁétMcﬁaﬁy-}:o -ARBMamide, Poly-l-methyl-2-
vmylpyr%sgpgey%h 3}fﬁyl o ég}é—{ lﬂ{;{hly %g}h%q%g%%ﬂ%ren dPolymethylene—co—Guamdme

Hydroc}ﬁ&ﬁl@‘ ded1{-n dﬁﬁﬂnﬁ{% Poly-N-vmylﬁ)yrrohdone-co—D1methylarmnoethrl—Methacrylate and
met hyl ethy am noet hyl'net hacryl at e- Co- Acryl am de

Poly-4-\{n@j>[1 hmeﬂylangnomum thlgyde;, adialiyr-Brytenzyltrimethylammonium Chloride.
Pol y- I - met hyl - 4-vi nyl pyri di ni um Brom de,
Pol ynet hyl ene- co- Guani di ne Hydr ochl ori de,
PreferabiBo khevpalydatiohiceagent is poly-L-ornithine at a concentration of between 0.02% and
0.1% Pol y- N-vi nyl pyrrol i done-co-Di met hyl am noel hyl - Met hacry
+7WY-ate, and Pol y- 4-vi nyl benzyl t ri met hyl anmoni um
Chl oride, and Pol y-4-vinyl benzyl tri met hyI anmoni um
Chl ori de. Preferab%y t he pol ycationic ent is
Poly-L-pgithine 15 prefprahly pirified te ﬁé’@m’f‘r ﬁ{eu laahf‘éfané@r\k@éﬁ M VH 3pscies to give a
1 [
poly i e S LA 1 2 R S D SR A L L7 Sfectioaly, he
averageplW dos fer polyyL-omithine qfolm‘a@dim'c agd:ry ik ém;n tbetreen . 12 an40 KDa, more

a5 5 )20 Kol AP S 2 .78 ROy motcr

weight hﬁlefcﬁl@ﬁrbbieW\HEKDhChnﬂ @bée: KDEDadahbepembesaby Miabsisvidd bther known
d 30 KbDa preferably around 20 to 25 KDa.
methoda, %}re%sfﬂézuﬁhs rPOExef @mlam et e P OISR SORPTBOE than about
20% of 4id1¢hRs havinP 8 MYTBVRAKDY of le@& Y& Do Ve RIS 1k 10% of molecules
net hods. Preferably, the poly-L-ornithine used in the
having pMX @fid 0 KReetrtléssn conpri ses | ess than about 20% of
nol ecul es having a MV of 10 KDa or |ess and nore

preferably |l ess than 10% of nol ecul es having a MN of
The intdrthedidte buyed, edsch Thformed ef pelycations Iaaylmd thu\,hbmhlaya comprise a semi-

permeat ot of iR RN P ot BEv R fieiRt 10" ma

about 80 mmin thickness. The al gl nate of the core
| ayer may be solid or nmay be %f@ %(rrerlsed by a
The algleﬁé Phthe hred g mayobe %\11#10& gy posTisqebyg pl@@atwm agent to form a
t 4.0 EDTA.
rtlow £ 2SN P RS 81005 SR b o
(degel I'i ng) core sol ubilises the inter naI structural

Itis thoﬁé’i‘[% Rk tchelation of the alginate (degelling) core solubilises the internal structural support
of the capsule, thereby adversely affecting the durability of the microcapsule. This problem is
overcome in the prior art by not carrying out the chelation step so that the core is solid (see US

6,365,385, for example). However, the use of a high mannuronic acid containing alginate in the
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of the capsule, thereby adversely affecting the

durability of the m crocapsule. This problemis
wover@maéeEi n the prior art by not carrying out PCI&Z2006/000270

chel ation step so that the core is solid (see US

6, 365, 385, for exanple). However, the use of a high

mannuroni ¢ acid containing alginate in

t hem crocapsul es of the present invention together

microcapkiilbs bi@e Pﬁ@erﬁ fimRnB6! YatheoWitih ééiu’E ofa POly¥atichlRN Bistaypolydispersity
i ndex of [ess than 1.5 significantl i ncreases. the

index ofjIgsnbn Lty sighifieantly incaeasesips drsbilisy ehthgaurocansules pren; when the core
is 11qu1cilé ﬁh@ﬁﬂopyﬂg}ﬁ cdch es-B??ne r%ﬁﬁﬂ@é‘lﬁo{é gl}agfatlstor}ﬁve a solid core for

i nvention nma e a soll
ﬁlﬂherérdtanmsteé)ﬂitanmbdhrsblhm I i ty and durability. The ratio
of the core layer of alginate to the polycationic
agent is about 7:1 to about 8:1 by weight. The ratio
The ratiofof tHtecobdlla@ér df alpiriatedlo thd poln@kionic agédids gholyTaté auue8:1 by weight.
agent is about 1.5:1 to about 1.4:1 by weight. The
formed m crocapsul es swel |l approximtely 10% or
The ratﬂ>r S oukdd lé{}% %Fﬁt}g\lﬁh@é]tooth@% chifonié bt liflabout 1.5:1 to about 1.4:1 by
physi ol ogi cal conditions for "about one nonth or nore.
weight.Swel | i ng of microcapsules is thought to be caused by
surplus divalent cations causing an osnotic gradi ent
| eading to water uptake. This can be probl ematic and
The forhred duicmchppaled soolipppiokingmelpfl Ovher gheateomayduhe svhed Ipleged in vitro in

physiol BB SRER G oy 5 AP ot FemHLr EREm TS Qe GaB sy (roueht o be

caused bIPY@YRE divalent BfioRs EA6RME ahrcb‘dﬁﬁﬁé gradlehtteadi toOWatdr Witalde. This can be
mannur oni ¢ aci d contalnln% gi nate togﬁn er with the
%

problematie agd lead do thpcdeeomaposiiparnl lpgaxptqﬁ@:ags%t preblgim gan be overcome by
I § I

moop e bl SO AT DTS 280 v, i e

present hngﬂmltlyn,stha bise ofiadhigle swniirérad ycutl @omanmgpdgmte Bvlgtth@ugiﬂ] the use of a

polyeati3 oL B ot SpERITE i digh i A i gy M cations and the
microcapQilé ¢fathd Mvditivh Isdlighbeidbiecad 1k ikaly Rrdecansist, aBhaual as described, there is
further conprise living cells within the core |ayer.
some linpiigd spglling: ey conprise naturally occurring or
genetically engineered cells which may be in the form
of single cells and/or cell clusters selected fromthe
The surface @ptheamisiosensly vdfendoimsddias aridnécally apuirad syrfass.
neuronal cells such as choroid plexus cells, pituitary
cells, chromafin cells, chondrocytes and any ot her
The mlﬂebdpsillypﬁlay dpdiel eoraprissdprigg ¢etlg vithin tblesoteﬁajzerv\ﬂlhb dellremay comprise

seful, in the tr atnent f di sease or C tiopn.. For
naturallg)ggmtgg of ﬁgne&r eq,gé&pexg qe@:f 8’%‘1 gé}’?ysbec{i‘pgﬁl P single cells and/or
cell cluStef! selcefed fidn tlel dtolf$ €rdlstih®bf B iddett deﬁ@tHEpﬁtbcﬁés neuronal cells such as
di abet es. The cells may alternatively conprise

choroididesas seNs; pitwikary, gq{lsh@g@m@’@y@e@lsdgqopgrogg%gtdeanyfother cell type capable of
secretin%%ét&ts L0 wou¥¥e useful in the treatment of a disease or condition.

For example, the cells may be islet cells capable of secretory insulin useful for the treatment of

diabetes.
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secretory factors useful in the treatnment of |iver
di seases or disorders. The cells may alternatively
woanpried neur onal cells, such as choroi ds pl eRAT/NZ2006/000270

pituitary cells, chromoffmcells, chondrocytes and any

ot her cell capable of secreting neuronal factors

useful in the treatnent of neur onal di seases such as

Par ki nson' s di sease, Al zhei nmer's di sease, epil epsy,
The celldnby ABéARIVR]HEGRAES hepdtbSkELor fidr-RépatocRWell eapdbkedSecreting liver

otrophic lateral sclerosis (ALS), nultiple

Secretoré’%@?@é%s%ﬁﬂ lé‘dhﬁﬁeat’%aé%té’@ [ixer diseaees o8 Jispidigiees Ki nky Hai r

Syndrome, WIson's disease, trauma or injury to the

nervous system The m crocapsul es of the present
The cellsveat ialiernatinelh somptisee seurs®al aoedls.208b #6 chaynisls | plexus, pituitary cells,
chromogt;)%gqfsﬂ_%ngrroggt%%g%d %ygc?@eﬁsryeﬁ rcgpéx%Pe ol‘fj sgéreﬁ‘t{a%e] d&%n%%tors useful in the
treatmeﬁf effeﬁabbnal bﬁtsmn sadhous PeldRinsoidds 70&ass, cCAlvhsinien’s disease, epilepsy,

is ex ected that the mcroca s of
Huntm%%é S ehieeien YN BRGTEITOBE HEHe T0YTIRHO AT GE PR (AL» multipl

sclerosi¥] ég@ng Qas%uﬁtk' Risessk, MBkkes KShGNHIdit SRitrome) rWﬁQorﬂi dikéal® t@ieha or injury
certainly for periods greater than one nonth. The

to the npyyQus $36t#ak duration of the mi crocapsul es may be
controll ed by one or nore of the follow ng nethods: by
varyi ng the pol ydi spersity of the al ginate range used
The microctpeales nifethe gnetentr inperttion thay be dedfeeh i midc RO Apswrbes in diameter.

Prefera d%g rl}gi %@ﬁsllliqsggrtﬁ %e&vee{eg;azalogt ‘i@@ ﬂd]d)@{) nrta%?:?onis 1ne<§1ameter and more

preferablgibetvides abd@B00tnd NED @icgdidad eiah@yeers; by varying the
range and distribution of nolecular weight of the

pol ycationic agent; by varying the concentration of

It is exPQJté’d: bt AR rﬁw%@fs%&‘efs%@t RO Pe8ett n%htu% Wi &€ %ﬁﬁ%r@ﬁlhﬁnﬁnctlonal in
roma out 0.01% to about” 0.25% (W by varying the

vivo in@arsitjeetrfor a/sighificang ppadd/efaineoandrstiaiaht Bpérows goaten than gneg month.
gradi ent across the internediate |ayer of the
m crocapsul e; by varying the anount of cell-surface

The fuhdiioasladiritivn &f/the asitiongpstilee neyt ey cuaktroHed bpoae wi tafore of the following
i nhi bitory agents such as surfactants including

methodsy r onj cs” F127, anti-fibrotics, and other suitable

%9 SRlytnghhe p@l&&ﬁﬁé}ﬁny‘ W%élgi‘ﬂﬁtefrhﬂgehﬁéd RIRY irf8Sardl/dFuted thyers of the
for preparing t bi oconpati bl e m crocapsul es of

microcapsule;

by varying the total protein content of the inner and/or outer alginate layers;

by inducing calcification of the alginate layers;

by varying the range and distribution of molecular weight of the polycationic agent;

by varying the concentration of polycationic unreacted contaminant with concentrations

from about 0.01% to about 0.25% (w/w);

by varying the uniformity of the polycation concentration, creating a gradient across the

intermediate layer of the microcapsule;

by varying the amount of cell-surface interaction by coating the external surface with

inhibitory agents such as surfactants including pluronics F127, anti-fibrotics, and other

suitable agents.
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the invention conprising the steps: a) dissolving a
hi gh mannuroni c acid containing alginate in isotonic
weabias71h) sprayi ng the di ssol ved al gi nat e soParinanoowf000270

step a) through an air- or frequency-based dropl et
generator into a stirring solution of an excess of a
cross-linking agent, for about 5-30 m nutes
(preferably 5 to 10 minutes) to formgelled capsules;

The preSont G@hiiODfiirther grovidesla arpswdl 65 pRbariige Blocwin F)Etllﬂe microcapsules of
pol ycation having a polydispersity index of [ess than

the invegHpRyeomprisingthe 6% pol y- L- orni thine, at a
concentration of 0.01 to 0.2% w v, (preferably 0.05%

a) W \ilssolviif aﬁnépmﬂhﬂ#&&%cﬁf%ﬁtﬁﬁﬁ@g@{lﬁnai@ 1ﬂflsﬂtéhi%sshhnéj)
appl ying a final high nannuronlc acid alginate coatlng
to the, c%gsule of step c) for between about 5-30

b) m oeying e disselied plaste tnbvtinierl SemAY through fuplEsy: figfepncy-based
%llét héaQy e arﬁlﬁ{r%‘:s%ﬂﬁfé & an WREL:E bF a LR MnBie agent, for about
mann I ng §

c aci d cont ai alginate used in steps a
and-3) mimitesifprefeaahdy Hto Hh ffrexteshto A gelbatt cipsieshet ween
about 50% and about 95% mannuroni c aci d resi dues,

o DreLAEbY ERASAIR A Sy TGRS PR REER, oo

abdess tH4D/atvomn iy, (sm}nasapmlyl-lr-esutﬂme,sat al bencahtgatioataf 0.01 to 0.2% wrv,

corbelerd PRSPl T P2 Bail onesa gi na o

solution of step d) conprises an al ginate
d) congpiyingad Ifﬁial (hfghallﬂﬁﬂltlrdﬂlcoﬂmd @lglnaYé’/deﬁng tbhthe capsule of step c) for

1 S tPenmbu SaERete (P B Geoisen 1 Fid CHRERDrAnd

chlorlde The flnal al gi nate coating preferably

e) ConrbBbdimg BRI MReJtapd! 10 and about 40% gl ucuronic
aci d resi dues The al gi nate of the core | ayer may be

i or may be depol ynerj sed a chelatiaq
wherery O gk TSRO S5 SORUH G SerrsaR L FES e s?@gqﬂame or different and
contains' B4 185Ut fsBE M@ abBlk @g%%ﬁlnﬁroﬁﬁtaBHQGﬁ(iueQ r}ﬁ&@fﬁﬂ)lﬁ Between 50 and 90%,
m croencapsul ated cells conprising the ste

more prefishlycherwegn pbai A aekll%s anf iestpreioRbiyisbept 69V Ang about 70% mammuronic
amdmmﬁ&%nuronlc acid containing al ginate dissolved in
I'sot oni ¢ sal i ne;

The alginate solution of step a) comprises an alginate concentration of about 1.0% to 2.0% wi/v.
The alginate solution of step d) comprises an alginate concentration of about 0.01 to 1.7% w/v.

The cross-linking agent may be selected from the group listed above and is preferably about 110mM

calcium chloride.

The final alginate coating preferably contains between about 10 and about 40% glucoronic acid

residues.

The alginate of the core layer may be solid or may be depolymerised by a chelation agent to form a

hollow core as described above.
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b) spraying the cell-alginate solution of step a)
through an air- or frequency-based dropl et generator
wonvw/aeAdi rring solution of an excess of a caPCoOMiZ2006/000270

cross-1linking agent, such as about 15mMto 120rM
calciumchloride (preferably 110nV), for about 5-30
mnutes (preferably 5 to 10 minutes) to formgelled
cell -containing capsules; c) coating the gelled

The pref@itlineafbRifRtHRE pEAREe |EScBbd SF SRpRingVhiidroencRpd¥E&t EB comprising
havi ng a polydlsper3|ty i ndex of |ess than 1.5,

theStePErr eferably poly-L-ornithine, at a concentration of
about 0.02%to O. 1%vv/v (preferably 0.05% wv), for

a) RREMERP 1151 gQ:eH@%B a3BIuEbR BF ﬁ%hﬁi%}ﬁﬁx%ﬁﬁsbe{ci/d @ﬂ@dﬂﬁm%glc’inate dissolved
m nut es) applying a final" alginate coating t
ElelECPtOl@@ﬁftlmehl ng capsules of step c) for between 5 and
30 mnutes (preferably about 10 m nutes); and e)

0 GEEPUTRILARES oS o g0yl R S5 st oo

ghiriefatorento acsticringsvietionspftae ewess ofi cattoniOessdinkigagedtS Sach as about

TR OGS b ST B R0 ity

8O midies) ﬁ)rfdrﬂgsﬂedweﬂfo@ﬁﬁhilﬂg aptween about 60% and
70% rmnnur onic acid residues. The al ginate sol uti on of

an .al gi nat e, concentrati on of abouf
O 0B e SRSl PartieS SO SRPOB) GFith pbpefition baving a
ﬁ&%lépe&ﬁ@ 1ﬁ<!lbxadfgé§§ W €9 Qﬁﬁ@ltab@tp&ﬁLQfmﬁ’lﬁﬁél tat & cédeehtation of about

The ce naturally occurring or
Al % 9 grafesablad Q506 N kTSt B IO mes (preforably
%ou?h@&ﬁrﬁxté‘s?l | s and/or cell clusters selected fromthe
group conprising of b islet cells, hepatocytes,
neuronal cells such as choroid plexus cells, pituitary
d)  eulyisg a dineloigihdte noaiingl the celhemdpiniog cepsubes @f atay chfdndetween 5 and 30
eti.ng factors that woul d be
uset{;t (Bx%?er%lﬁﬁ?t?&u? nl?[g%féng di sease or condition. The
cells may be isolated fromthe sane species as a
e) cadkecimgthe célbsdntaifiog miswcapsuleb;l o-t r anspl ant ati on, or
froma different species, for use in

wherelrf(tﬁg ?ngr{a%gﬁ:’s% ?ﬂ&%} taﬁ and gfg 1% eéam%a rgﬁ» e%n% gg %?ntéfms between about 50%
to abovml 9586 madninusinic acid adsittdsp Ijb&fbmb]lyebmﬂﬂ Iah@d §0% hio natiohe 90%, more

ot 35 30 S B b SRl B 802, ot 7o

mannur&8D a&it Y&si dues.

The alginate solution of step a) comprises an alginate concentration of about 1.0% to 2.0% w/v.
The alginate solution of step d) comprisés an alginate concentration of about 0.01 to 1.7% wiv.

The cells may be naturally occurring or genetically engineered cells which may be in he form of
single cells and/or cell clusters selected from the group comprising of B islet cells, hepatocytes,
neuronal cells such as choroid plexus cells, pituitary cells, chromaffin cells, chondrocytes and any
other cell type capable of secreting factors that would be useful in the treatment of a disease or

condition.
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conprising the steps a) inmersing the non-degradable

cell delivery constructs in a solution of alginate
woanmi7aueiing bet ween about 50 to about 95% mannBCOMIZ2006/000270

acid residues and isotonic saline; b) crosslinking the

mannuroni ¢ aci d residues by incubating with an excess

of a cross-linking agent, for exanple a solution of

about 15mMto 120TM (preferably HOMVM cal ci um

The cel hha3Hedgolatb@fromhibei$ante spacibd 43U @GipleRt Bise fahlsy idall@trdfdplantation, or
m.nutes) to forma gell ed coating; c) further coati ng

ﬁoma@ffgre@tqueges doyrise Hane-tsmsRIpEIa® with a pol ycati on
havi ng a pol ydi spersity index of |ess than 1.5,
referably poly-L-ornithine at a concentration of
The celg ouprefergdty p@t@nejgb/wwﬁm by pretlgimats lpy b@ggm,wlwynatlf/qjy or additionally
0 referably 10 m nutes); d)
be coma&}ge#m‘d%ntt F . rg}g%%t P{é\]{?e coating for between about 5
to 30 mnutes to forn1innunoiso|atory menbr ane coat ed

on- de dabl e, cel | livery canstructs; de )
The me-‘élBP%tﬁ%ﬂEert Rovides, n}e NS rrg?nrﬁsﬂﬁfi%ﬂ@ C‘e«@a@f‘éwery constructs
egéRdAbIntindght ke hb-gé td1@d15very! Bénsathés Nat 8 sol £
coépn?gﬁnggl Eicl)nﬁo@bls]rtﬁlgzég a) conpr ?s%%dhggbg al gi nate Iéy Biéhs solution o
alginatecoonitaéming betveen afouhddier abpup93% mapngomig/agid reyiduesiagi fsgtagic saline; b)
crosslinggllﬁgﬁé 1 %1’?]15 g@d q%)ou X ?gl} @ﬁ?atﬂl% Vgiﬁ%ﬂfé}c@sf of a cross-linking agent, for
examplena) seldmgt aﬁtd:bhel soeVilto d@ﬂ)mMs@yefmablsrt noociMnmicilre chletide, tfechbout 5-30

mlnutesd Q{%@Eﬁ gl g{'j E)%CO.nS%S)t of hg%{)ﬁa ocfoagng o{':se gg{qer coating the gelled

construét§ @Ff @&E rb)amh @thW’caﬁkﬁi/EévnﬁgC afphgldobpagny @tﬁt&krdf%éi th@$ 1.5, preferably
woul d preci at ed killed wo

poly-L- %whﬂlég# acaBreatTaan Ofc?é’PPR/Q:P%/ to @ ke Wil @rﬁ%gab&vo%?%sw) for about 5

to 30 midu¥dstPreBRABIY 1 &Hs'j&g 1 i REEMalih g Sor B bout 5 to 30

© mg&né[{?rgal +y§e%1ne%r e a?g yF}%[Mri] t hbeél or mac#lgsifng eeenal out>1o

minutescte|fbyn émmnmisqi@bty wembiage soades mn -gagrddable dgll idgliedry constructs; and e)

. . cel | cytes, ur onal u a ol d

1solat1n%ﬁ1 Xfﬁﬂsal 1C o?soY t?rl)ja]%eanrl yra%ee‘f tseﬁ% %ggrraag%l% éeélgcﬁ)lg’ry c%nstructs.
chondrocytes and any other cell type capabl e of

The algswtersehitiog of siep ey ®niphiats amaigidatb eonrsafrationi af abdre 1.0% to 2.0% wiv.
treatnment of a disease or condition. The invention

The alg{nléllfetsrdﬁ}tloﬁ P ¥ ol? gf compr Stﬁhﬁi’o d%lgl(r)latg %(213 %B%%&o%%oé%go&%l tf)h 7% wiv.
steps a) d| spersing the therapeutics in a solution of

The nomdegradabhacailddivery aostudlngpynbt selaitsisbbmetie igroupsonsisting of hollow-

sal i ne; hb) crosslinking the uroni.c_ac d r.e ues
fber mEgoARRE (RSSO e TERUESEUB L B LT K g Lo vel scafflding
construdts, &k &voald e dppreiated bitd dklcafwakaiit 15- 120mv| cal ci um
chl ori de (preferably HOMV), for about 5 to about 30
mnutes to formgelled therapeutic-containing
The nofi%R F@o‘ie cEll cféﬁ@ér %ngtp&t @&n}éﬁ’s@r ﬁ'ﬂﬁggﬂeﬁs GRRUANAL N naturally
capsules wth ycatl on Having a po I spersity
occurringvtegenefcally ssgmde:md cell§in the &frer ellsingleerlly ahd/or erlk dhistees selected from

0,
B islet G1§ Oﬂe%% otcglt%g In%ﬂro%gl ce sl’étuc}g)aso ghdrgidg 'p?‘eéou\sN/ cglls, pituatary cells, chromaffin

cells, chondrocytes and any other cell type capable of secreting factors that would be useful in the

treatment of a disease or condition.
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(preferably 0.05%wv), for about 5 to 30 m nutes; d)

applying a final alginate coating to the
woOhew7apenud i c- cont ai ni ng capsul es of c¢) for 5 ardT8@2006/000270

m nutes, and e) collecting the therapeuticcontaining

m crocapsul es. The al gi nate sol ution of step a)

conprises an al ginate concentration of about 1.0%to

2.0% w v. The alginate solution of step d) conprises

The in®éhtidh fuftBée pfoRTiee N hddithodn foaf et atiﬂﬁ OskndlP mdolecUleV protein or DNA
The smal | nDIecuIe protein or erapeutic is

therapepficsicoppisipg dnttansrs disneisiien thertberapsuiicning selution ofjadpigh mannuronic
acid alg%gte BRI aiR fd Rl .sl%hﬂe cﬁ')?ghﬂdn%nr% I¥niRoRi 9&& 'rc%t es by incubation

hin the outer glna ayer ternatively,
in an em of mwxbselmkms; ggent, piaferably DINA solwtioa peaitdut 1 HreOipdl calcmm chloride

(prefera%?)%J Efbﬁnl\@}i g b8l,lt i & J[z;(ljt %%lf’)‘%t, ﬂ? t ¥<ﬁ£oam ﬁeﬁat%/ th%reapg )E;C%In afrg%g capsules;
c) coating tI&LgellabihErapéLﬁtcedomairﬁﬂg 6@)@&1&5& Wﬁh la@;@lyadtﬁon having a polydispersity index

of Tess it s BTN b B %%af@dcweatr@m Do ke o 0.1% w,

(preferdbry @QTSWWv)a?&e%o%t 5o WYmHﬁeéj edl 4Bk ol Iahgnsaee @aatmg to the
al’gi nat e t hat contai ns from between about 50%to about

therapegiiosordainioe ctapeulesc pH o) ded duang, 3G mainitigs,cand; @) gollecting the therapeutic-
Eg&m a range of from between about 50%to

contai a ough)%&h%annur oni ¢ acid residues, and preferably
bet ween 60% to 70% mannuroni c acid residues. Likew se,

The algirtatenmjutive ofl etsp rhdsineprises aealgiante casatretsonadf abhe 1.0% to 2.0% w/v.
invention to apply the final alginate coating in a

The algﬁga&ﬁsg)ﬂ%t{oﬁtoif g{ég gg%%rﬁﬁgyﬁgg?ﬂE}élgte(%gl@etn&a@(gmo&tabgu (?fl’ % 1Y7% wiv.

ntione for sprayin
and then applying the al ginate coating, may be
The small tm@lamﬂct,airbtyin&meNér th@rapbuﬁogis rprefasblyabouwingdwithinuhe sore alginate

layer bl.}nni;]adnii)émragyéi% QL dc{] ttlo }(,e % alpede \gfﬁﬁg% 1 (.teroaéga}rkl) vl !Layg'l?

the i nvention, each of these steps may be per f or med

e S e, TP o 0 Pt vter s

layer orARY bé’&ﬁdu‘i&i x%hlﬁ ]fé%&bl?gat@nféb fRaRRdfAle 16RRdi tion in an
ani‘'mal, 1 ncluding a hufan, conprising transplanting an

effective amunt of the cell-containing mcrocapsul es

Exampl%g 0{‘ Q.?tabl@\ﬁ?ﬁglh%er%hﬁcssiﬁélﬁdI ety p01 efn@ﬁih %ﬁ\hq: %%I\IIF?’ GDNF, GH,

era ive a
and othaHS‘EdslmLﬂd bm@m@clatecbbuasigllahwdrkdr sease or condition.
The invention further provides a nethod of
aneliorating or treating a disease or condition in an

In certaﬁﬂdldif@éts it MY Bli&serable o/ Flike a6 QIEHALS tHADCIntARSRbMA betwt@n @Bout 50% to
fective anobunt of the cell-containin

about %W@W@m&@@;\ﬂyem;f e CSERIaPIEA AR Adamgecoldleqm between about
50% to 3Bbit %Y mERNRbAL GLid 9@31&1}3?, anll ‘b?éféﬂaﬂl@: YefhRn¥Bbko 70% mannuronic acid

residues. Likewise, it may be desirable in certain aspects of the invention to apply the final alginate
coating in a concentration of from about 0.05% to about 0.20% w/v. As mentioned above, the times
for spraying, coating and then applying the alginate coating, may be substantially shorter or longer
than about 10 minutes, and may in certain cases require about 1 to about 45 minutes for each step,
while in some applications of the invention, each of these steps may be performed for a period of

from about 5 to about 20 minutes each.
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animal, wherein said cells secrete a therapeutic that
is effective at aneliorating or treating said di sease
wonrowmaditpi on. The invention further provides aCmewzhad/000270

of anmeliorating or treating a disease or condition in

an ani mal, including a human, conprising transplanting

an effective anount of the therapeuticcontaining

m crocapsul es of the invention into said aninal,

wherein said therapeutic is effective at aneliorating

or .treating said dls?ﬁge or condition. |n these
The inyeatipp fathsy Drovides memethod 106 amelipisting ot beating 2 dipgasspr condition in an

animal diﬁ'sl'uHﬁQYa RS, dedRishly tdMRpihAHR b Qﬁ‘eéfﬁ)é fount of the cell-containing
adm ni Stered i’'n an anbunt that would deliver
microcapaflps of et invhidicaipistn F¥d soind, whelsin &eﬁd eelly sasredgyai thempeutic that is
th eat nent of
effectlvg IQ%} 1?’0?3%% or ’%I%Q?ngs%[lfdlgeiase cg}cogcglg'géul es woul d cont ain
approx!nately 10 000- 60,000 b islet eqU|vaIents and

The in{ERBom AT ey BRPOUCT GHETPRIBE & SSHREc? dsessa copdition in an
animal tﬁi@luaﬁgtu hﬁﬂa@fﬂ?}ﬁ{ﬁns F 3 plbhtihg 8 eABdtHvel ankﬂt@@ Ql»f the cell-containing
gl ucose Ievels. A ski practitioner would abl e
immungigplptert mepbrage spaied pan- (#megdablp celh éelp\@m cqnsiraet of the 1nvent10n into said
t € r [ I Lr
animal, @ﬁér@igrstﬁdcg ils é?:gllae%ehg rﬁ@ %Ee gg@@%h! if %Ffe&%vé %;ta 1@1I%pattméq{r freating said
d1sease|mangndmwr ocapsul es would be required to treat that
particul ar patient effectively. The m crocapsul es of
the invention may be fornulated for allo- or xeno-

The infehBlorS Bhrétet pidvides tepemdd /Y a6R1ibRAENS v 1EeinY a ldkRadel ot d¥@dition in an
cells. and/or therapeutics. The m crocapsul es of the

animal pgldingon ANy COPIPEASE | ARERIANtS: AR PTREVe pasRisolbthe therapeutic-
contalnf\#hg, ﬁﬂf&{ps‘ﬁies\@f ttlﬂal ﬂlvgﬁtiﬂnquo' dal B RRAGES R sdid) ﬁ}e%@ﬁﬁuc is effective at
ich ever e nost appropriate in terns
amelioradieeersidaiihg sayd disepse bf ¢anddion. For exanple, if the |iving
cells within the mcrocapsules are b islet cells, they
may be transplanted in the peritoneal cavity. If the
In thesd inwethods efaldatmenittthe bli@ocapsilecansated slehveey chtractd optheXtigention may

cells. and are fo tre [ neyr.ol ogi cal di sorders apd . A
be admifiere & Sp o (At i udflet iflgn AR S0 7142 Bp ElFggive against
the dlséé&mlﬁﬁtexﬁm b1, fnh(ﬁe Ge4tBRAILFIRALRR, 4 4iHble nTUbS BiastapsildshRould contain

brai n, ch rocapsul es may be i npl anted into or

approxigigtedy ﬂ@»@%ﬁ@ﬁﬂO PApleteeavinalapts 3nd aem@an@tdddab% tlenigrpgapsules would
§d r
be 1mp1Q§tF:{1 ?Eﬁ&aﬁ v\%g Loael sud) ercé gbloéne%gelte% er a(glé%? Iagltolblﬁtgoafcmsuhn to control
blood gh@emmveslmch as an anti b| otic. The invention provides a
use of an al gi nate contai ni ng between about 50 and
about 95% mannur oni c

A skilled practitioner would be able to test the secretion rate of the particular therapeutic from the

microcapsules in vitro and, for any particular patient need, be able to calculate how many

microcapsules would be required to treat that particular patient effectively.

The microcapsules of the invention may be formulated for allo- or xeno- transplantation depending

on the source of the living cells and/or therapeutics.
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acid residues and a polycation in the manufacture of a

m crocapsul e preparation for use in allo- or xeno-
wonrenTgpéant at i on appl i cati ons. Such ni cr ocapsuPes/NTR§06/000270

conprise living cells conprising naturally occurring

or genetically or genetically engineered cells which

may be in he formof single cells and/or cell clusters

selected fromthe group conprising of b islet cells,

The mlm@@fsmeybﬁﬁ}e iAesHtioA dhayC B hrdnsplitfedawithil GhOitidsues @K ¥ body or within
Il's, pituitary cells, chromaffin cells, chondrocytes,

ﬂuld-ﬁléﬁ%spa?ss Htthe rboém whicly ;?&erc]ép‘é’tblf’éoséﬁl’%r@%@? it dermgcqfppegessibility and

efficacyl NBér é’i@lﬁ?f@: Effth%!%ﬁ/ﬁﬁé céll} Wilfin thEMiTBEpsBEs &redl 5:BAZL1L they may be
conditio ternatively the m crocapsul es may

transplagtedyn itlsepaitoteel egyént il€ tladenng celﬂsn with ﬁmermcrmpm aa¢ slgoroid plexus
cells an? Qe I%r greeginggxgulyolo 1(ia? gﬂg%d%rs da ghe[rJ %ret trS%d a%en? g%{;eﬁ: l%%pt%e cells must

ur es rre O or ecCl
be in cohtattheitAppe ice@bioo @pmalnﬂmdl sﬂlu@hh@lngx fthe bkdne,c:tuchahiprocapnﬂdes may be

) apy or all mhi nations of any two or nore said parts,
mﬂﬂMﬁ@Féﬁ%?ﬁ%ﬂ%?mgﬁ%?ures and where specific integers are
menti oned herein which have known equi valents in the

art to which this invention rel ates, such known '
Alternaivply.vthe enerecapseletimandy ounyated deoepbeatopirahedrainistrgiion, fparticularly

when tergngblﬂ‘é"%hér%pcf%SF bfo%ﬁ\}% a§gﬁesdcﬂ\5§§1{1 hfhigRNsi sts in the

&s constructions of which
t he follomnng gi ves exanples only. EXAMPLES The

entiqn consists in he
The invel i ErhessGr st el o OTE Bivg: ovbas Sl eEE fannuronic
acid residtleY and B@olyedtldihiBe BxaitieR 6 £midi6dapsie pteParation for use in allo- or
denmonstrate preferred enbodi nents of the invention. It

xeno- trapgplangptise applisaiensat ed by those of skill in the art
that the techniques disclosed in the exanples which
foll ow represent techni ques di scovered by the inventor
Such migro¢apmides way weliptise living @ﬂa@phmésiog napveallynoenttingnor gengtically or

s S AT 5o SRIGAL Ll 80 B s s
from ths laeoulpctomiprisihg @ﬁB islét dells, Hepaoeytes, dBlﬂOhﬂS:Hl’lEsuchptB tckaio@lt exus cells,
pitutar (10 e B G cParoy 65 RS By Al S81 PiPe Bbshl, of secreting factors

that wohldhR vSsfulSih ihd ath@f 6k h dWedRdtostBiRgH.t i ng from the
spirit and scope of the invention. EXAMPLE 1

Intraperltoneal Stability of Al ginate-Polyornithine

AltemaM/e% AR gp%uieg nB? 8mp€‘5l3 £l ﬁp&ﬂg: a%él}{l Anal ysi s

This invention may also be said broadly to consist in the parts, elements and features referred to or
indicated in the specification of the application, individually or collectively, and any or all
combinations of any two or more said parts, elements or features, and where specific integers are
mentioned herein which have known equivalents in the art to which this invention relates, such

known equivalents are deemed to be incorporated herein as if individually set forth.

The invention consists in the foregoing and also envisages constructions of which the following

gives examples only.

19



10

15

20

25

30

Mat erial s and nmet hods Study Design Mnodi sperse
al gi nate- PLO m crocapsul es were fabricated from5
wdizbd7amaend types of al gi nate and i njected i ntoPCI&Z2006/000270

peritoneal cavity of Long-Evans rats. Prior to

transplantation, the materials were characterized in

vitro for the ratio of mannuronic acid to guluronic

acid (MG Ratio), endotoxin and protein |evels,
EXAMPLEsosity, and nol ecul ar weight. After 14, 30, 60, and

90 days capsules were retrieved fromeach animal. The

. eo Of t etr)] eve apsu es WwWasS assesse n .
The imRE0 SHEIRE (16 L EHaE Ad AR CRFIaOBs o Pyl the following
gives exz@Mldseonylr ¥RS T&To‘%u'lg; Exat ek &0 @&:‘lﬁdé& &6 BYmérslai) préf@fted embodiments
surface errp olo Yy scanni ng el ectron m crosco

of the igvgptign. Eﬁh@}},@ be wpr@mat%by; those ef skddify the agilapt the techpr)gques disclosed in

the ehaxjﬁgfels T ¢ foﬂﬁ @E&Hnl[ 'te%ﬁgiqﬂésg&?h%wg' %ﬂ\/@? tﬂéjg‘ﬁlgﬂﬁleg) ifulh&mnSV\'ell in the
urces eit nraw or purified form sour ces wer

practiceprfathe deniion, yaud ittfuis edn be comdder¢drio coastitheqirefered (wdes for 1ts practice.

Howevegtejhﬂg)m% 8ﬁ{s‘l?\§}t'h e? %u]'rt] Zsb \gg,:/ﬁrgl?%ltce lved e%@%y}sg@ﬂwshappreclate that many

changesﬂ&trh@éj ﬁﬁaé in Bid §ebific @nﬂo‘%ﬁrﬁéﬂté&vh&%' atk idideloses ald s810lovReh a like or
mM sodi um EGTA solution and filtered through
similar gea%lé%@wéﬁeya%g gomghe spivt angdscopsRiihgisyentiong 1 5,
0.8, 0.45, and 0.22 mmfilters). pH was | owered
ExAamergdual ly to 1.5 and the precipitated al gi nate was
washed three tines in 0.0 INHA + 20 nM NaCl . Using
chl orof arm and butanol, proteins were extracted 3
Intraperfippea Sehikiirgota Admnaie-Rabyernishings WMierogapswes, iy feisus An FTIR and SEM
Analysishaking. Afterreturning to neutral pH the organic
extraction was repeated and the al gi nate was
precipitated in ethanol, filtered, washed wth diethyl
Materials pad methefls| yophi | i zed for at |east 72 hours. Prior to
ocapsul e formation, all alginates were dissolved
Sm@d&@i 5% (WYV) solutions in cal ciumand magnesi umfree
Monodlppmmoﬂghlateldﬂﬁ(ﬁ eniecgmbien evefPBBYic4iGl oo 5 d8Hremnigipes of alginate and
.. sdth haO ter for riljty.. T .
injected P S RSB RER =L P aREh VA "o daior B FPisplaaia i materials were
charactdrVBMB) vitEoLme @1 offth@thutanie Leid Mk BIronie ldi&idf(MBG R%&iob Qdotoxin and
LVCR (pKel g&b purified Fluka (pFlu and 6)
protein %‘mﬁ@ mlscei; nd paeleeklanweight.  difes Mtmibe @“Idr %‘btd%% capsules were
re‘meve&@ﬁ)‘fd EdBhni¥all %e%é@ﬁleﬁ? P the@rfe@&?c%% A\/@ngs@éssed and the capsules

al ginates were obtained froml ation
were anghyzed for dhamivat integrdly ebly fhourierSgnsfomh dnfrad SpectrOSCOPY (FTIR) and

surface gl%légk%ﬁo%yab IS% %S%?ctﬂfo%%ﬁrosé%y\gg ﬁsclegl um and

magnesi umfree PBS and sterile filtered i nmedi ately

Encapszrt)f;ni‘z’gnr atei i Spsg%ugcefa%%rﬁwgt clat(z)or}'z AU ot her

Lyophilized alginate was purchased from 5 sources either in raw or purified form. 2 sources were
provided in purified form by the manufacturer (see below) and the other 3 were received raw and
subseqently purified using a solvent extraction method(33). Briefly, a 1% (W/V) solution was
dissolved in a 1.0 mM sodium EGTA solution and filtered through successively more restrictive
membranes (5.0, 1.5, 0.8, 0.45, and 0.22 pm filters). pH was lowered gradually to 1.5 and the
precipitated alginate was washed three times in 0.01N HCI + 20 mM NaCl. Using chloroform and

butanol, proteins were extracted 3 times during a 30 minute exposure with vigorous shaking. After
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encapsul ati on reagents, including calciumchloride,

sodiumcitrate, and sodium chl oride, were purchased
wobramosgoa- Al dri ch and were nmade as steril e s8CUMNZOE/000270

on the day of encapsul ation. Encapsul ation Mterial s

Al gi nate Characterization Al ginates were anal yzed

using a variety of techniques to distinguish inportant

chem cal properties including nuclear nagnetic

retunnrfg&%%ﬁ&lepﬁ,p@ﬁtdr E’Mra@%fﬂvas Eér e%ed\é!na(%ﬁé‘ﬁig‘iﬂéte 88 precipitated in

perneati on chromat o Oﬁm)l The relative
ethanou @\lﬁéneé saskadowith ndigiy! \%@btfm@l yopkitigedh feyoaid taaglr #3 hegrs. Prior to
microcdpSiile ef@ﬁﬁ‘atﬂ)lng 'aﬁae{lﬁnac,‘tgé ek 1ss&%%l Y )3 /Q/BysoNMgns in calcium and

pectroscopy was-used to eterm ne t
magnesimarifrae phosphae bdff‘bred galina (BB c(Gibdog U’Se“éladdl @ssseditiréueh a 0.22 pm filter

e s B S 4 SRR S a5 R LN vendorpuine

low G (meﬁmrﬂieﬂ K[eﬁSﬂé uvcw r(pKeP %fﬂ& Fﬂiﬂé\ﬁﬂbﬁ 2 dndd purified Manucol (pMan)
dal en et al ( %; Brlely, 0% v)_al gi nate was
based ofthe, gprroxignaiad G- few P SPRg miahYn@e Suﬂa@rs r Keliqne and Mamicel alginates

were obfteeﬁed%ﬁusw t:s@mﬁoﬁwsm l%%@}t@m Kvak &@eieaq%dréﬁglx%aﬁgﬁnch.

used to renmove the nmajority o he wat er whi
remai nder was | yoph| lized to conplete dryness. Sanples

Polyom%{ng galg):gro%l \é\gg éﬁ- W%%%ﬁri%ﬁ&eﬁ)l iy % 0 Vﬁ'e'ﬁl] égnnc(zjalclum and

magnesﬁin&ﬁaé d?BS enp estatlel ridtepdds Bﬁlﬁibd&@ﬂewkﬁﬂbxlt tedapue \fﬂJ]Tcrleatlon. All other
eak downfi el o reyeal ea of .interest for
encaps'ﬁﬂ%g’feaﬁ% el ol KR R 208 0o e P ghloride, were

purchasﬁ/ldl ﬁ@mégi E—Al@ﬁ&ﬁarﬁﬁﬁéﬁ‘@ nfa@e & sferfl® %lﬁ@(‘}nsgn theda¥y d?ﬂ%ﬁéefp%latlon
an

, and 4.9 ppmfor G3). The ratio of the
area under @ divided by the area under ML/ GWb + GGb

e raction. Sanples were
Encap Sl\rﬁ%%;?%}a%wa?ﬁt g%gtet l)r/agfﬂ% ?Za? he process. FTIR

Alginat@peere rans]glqulyuwg:’e viiaty Bf teehni@eesite slisti6 @isi-ibhfortaatschesrchl properties

hed to.a horizontal atten d refl ect
inchudif R oGl sPpe arvromisrs BER FI TR Aot paled permeation
chromatbigrdpki? PBPC). 7Bk 1lativ @ LRBIS BF pfotohe bed PARESEh ABtetildoNRtefMBRd for each
stal until it was fully covered and 100 psi

algmatepﬁ" i8re was applied to the sanple. Scans from
4000- 650 cm 1 were acquired (N=32) and ATR correction
was applied to the resulting spectra. Quantitative
NMRSM&”@Wmnt was made by measur i ng the area under peaks

c}“r?&%?% ?\é&}.\ﬁv‘gdfo dg rarrrngc hg:'rrlgt cg l) o d:?(? ﬁ% ; umc? %uéurgfufc eaé:{d residues in
the carhohyalraterdbpsllyn@r PE@nplBs e pagallyt eylrolppicCib réduce viscosity and allow for
the appEOLp(r)lia’él igeiscr)]l%“gign on NMR as described by Grasdalen et al(34). Briefly, 1.0% (w/v)
alginate was brought to pH 3.0 and maintained under reflux at 100°C for 30 minutes. A Buchi
Rotavapor (Switzerland) was used to remove the majority of the water while the remainder was
lyophilized to complete dryness. Samples were then dissolved (20 mg/mL) in deuterium oxide and
were analyzed on a Bruker NMR (300 MHz at 90°C). The elevated temperature effectively shifted
the water peak downfield to reveal the peaks of interest for integration. Bruker XWIN-NMR was
used to measure the area under these peaks (6~5.7 ppm for G1, 5.3 ppm for M1 and GMS5, and 4.9
ppm for GG5). The ratio of the area under G1 divided by the area under M1/GM5 + GGS was

calculated to give the G-fraction. Samples were run in triplicate throughout the process.
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was precipitated together with the concentration of
PLO at 80% 60% 40% 35% 30% 25% 21% 17% 10%
wanw7®¥%6 W W . To achi eve a honbgeneous sanpl ePC&NZRE6/000270

solution in dH20O was placed on top of frozen alginate
aliquots. Using probe sonication, the PLO was
gradually reacted and precipitated with the thaw ng
al ginate until the entire m xture was thawed and
opaque. Sonication was carried out until a
honogeneousl y opaque sol uti on was obtai ned. Next,

FTIR SpegtipicaBy wer e 1 ash-frozen in liquid nitrogen and

A Perkih-'ﬁfﬁjlgf 8Lk ehy E’Pﬁi W 88 FHARE 165 Yol 2R %ﬁefﬁﬁfeﬂ thtdlreflBctance (H-
triplicate wth spectra averaged over N=32 scans.

ATR) awtessoyrdorrall essomsients. whlginateapnvdsd ou biophilizedBmawkdapsiles were placed

[ Pl a Vi..sconet . The ga ween the cup and,th
onto th ZASE oAl wltiSy S 1Efly sdBFeARt PAY PRGBS iFarille 1'%he sample.
Scans Iﬁ‘ivn& nomafm 6ot serd :&Jqlairétﬂ Oﬁ@%gﬁ?ﬂ R Eﬁ@écﬁoﬁ mltas Qf)pliﬁ:d&%c}he resulting
.alglnate sa e was a ed.to.the sa e u an .
Spectra-fj Qé%/%ti%tmge@asqswaﬁ%s Angdg yrmeashiag the EeBe RS Of fierest with the

Perkin-ElRer ISPe@rufB4 Bitw4:135). excl uded air bubbl es. The spindle
was inserted to assess rotational resistance at a

variety of speeds ranging from1l to 20 rpm Torque at

.0l . [ - % W i AT
R e L LR
was previpitaed itdggthensith aheednaechtiby of REOc 80%e 60%, 4@%) 33%,8080, 25%, 21%,

0 rses the ed. of 1the probe. AU neasurenmepnts vwere .

17%, 100 DS ST T 58 ehite B e Pu Snble LK giTiaein dHO was
blaced SRR EFSHry¥eh Alha®S AiMRE, aUsiAs GRIVE QBAEATING theOFL O whi Yraduall ted
prace Wm?)| and Squr?L vvasq(?nj ec?lg%gi nto a V\&tners? (USA fradually reacte

and pregipitetedy withhe thawiagralgwpignintif the xawirg anigture Was ntheyvedand opaque.

. : . i ,
Sonien Gy PR U5, AL BERRARY ol R, APUGHED: e, ampes
were flaghtrdzeatin Gquid tndineken ded sahediatedy hophilieedhy These dox isaaplemtvere run in
. .. Jool.ecular weights of. 932, 571, 177, and 70 KDa

wipticatg NP VR BREEN7 %80 at 0. 1700 (W v) - Osi ng

Nel son Turbochrom software, My, M1, and M were
) cal cul ated. The pol ydi spersity index, or- degree of
Viscomg@Vymor phi smin nol ecul ar wei ght speci es, was

Viscosi@%&@fn@&ﬁ%dﬂlﬁiﬂ@%%okﬁ@ﬂi Oaefrifie qyi@éo%e@i‘n’gﬁ@ apl@ét@leen the cup and

_protein in alginate sanples was neasured by the Mcro
the spingleawer sst &ir §-048 sy ptipr b eash rusiv) elinfindte oaiseitelapd foesampde level. 1 mL

of 1.0%&?\?{}{)?%%3{&8 %Q&%%a%oa}ﬁld&h td Y %thﬁﬁe 10918 % Ui Ahin layer across

I nea
the bottom of the cup in a manner that excluded air bubbles. The spindle was inserted to assess

rotational resistance at a variety of speeds ranging from 1 to 20 rpm. Torque at the different shear
speeds ranged from 25-95 % within the optimum working range of the viscometer. Dynamic
viscosity was calculated by the change in resistance verses the speed of the probe. All

measurements were carried out at room temperature (25°C).

GPC

Alginate samples were dissolved at a concentration of 0.17% (W/V) and 50 pl. was injected into a
Waters (USA) Ultrahydrogel Linear Column affixed to a Perkin-Elmer GPC apparatus with an
Isocratic 250 pump, 101 Oven, LC30 RI detector, and 900 series interface. Calibration standards
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about 95% 1 nL 1.7% (WV) alginate sanples were

diluted 2, 5, 10, and 20-fold and were incubated with
woheomaéd ng reagent for 2 hours at 37°C for PCT/NZ2006/000270

devel opnent. The devel oped reagent was detected on a

96-well plate with a UV-Vis spectrophotoneter at 562

nm and quantified against a |linear standard curve with

bovi ne serum al bum n. Endot oxi n Content The Li nul us

used wi DEdthflchd 5RO 4tlahbiborffdr HEI0Rs GIOAPDIEN 197 Md 70 KDa dissolved in
Canmbrex, USA) was used to quantify the

Endpoi nt Assoayw(/ X, Xf(rj
PBS byffsr ilsoedddi B%i (WV/Vant Eping drelsgne Taibgelamesofiyvige rMat My and M. were
7 . ' . a 10- . .
k194 PR 3o B OBt Ab L it i, v
calculatedk vy dGthiton and reacted over a defined tine course
Al inata,g%tnfst S %lndard concentrations(36). Endpoint product
& S %ﬁaq‘))/ ed on a Beckman-Coul ter DTX-880 UV-VIS

Total pieEs tifi aphetosmipds. wihRe@ataybhtd Micie BEA Pileihaggy (ierce, USA).
Followigg 3Pk AriiecSE AR RSl B TSBATY 1P e aermiepuyagy dilution livearity of
about %b/grj lh1Z q(_j70/§I(gq}/ tboinit Létai'nﬁfés that dRgedadf 5x ! a%rQl bl€ld and were

not ech I E-50R el ectrostatic encapsul ation nmachine
incubat¢dswiith Abe wardie reageny fomydopusrap 33 $e fart demglopmento ubel developed reagent
] fe e ' I . .

was dedSed ol o YB3t ! £0Y- L3R Bhb BB S uh 2B gpaitied against
a linear dtahf &rd emwe svithrbolvine semheslBunbinvi scosity of the various

al gi nate solutions, these paraneters were varied

slightly as needed to nmaintain optinml machine
EndotofiR€ontehon. The fluid stream passed through an

el ectrostatic ring with an applied current of

The Limypiyp axneheerteylysats (kklarfel+1 Wg Caramengsnist LAb FEndpotnb éhspay Cambrex,
150 85 i, B QR B LA S i 17 )
samples weredncubeley} at @ d0eld dilistion IO(H0 o) .18 38s1(s\at 7P P ehdotodi@ extraction

and reagle ShEa . AR S P PR pb LR pdproduct was

analyze€ @ata BeckntadeToudppDIT A3 oyUVLVIS $p@irbpiRtcindisu| B dsay had a detection
&OS%\;@I inate for 5 mnutes and the coated capsul es

range ofy kg ed twice again in MOPS buffer. Capsul es
wer eprepared fresh and brought to 37°Cin InlL aliquots
in sterile PBS prior to inplantation. Aliqguots were

Alginate Migveiedpsudationr e- i npl ant ati on anal yses. Capsul e

A 0o RREREL ) oy OREOR SRR BT s s v
affixed ktd gietInotech BE-GOReldctrostatiy envapsutationirhdvhisei (Switzerland). A syringe pump
operating ‘at roughly 8 mL/min was used to feed the solution through the nozzle vibrating at
approximately 900 Hz. Due to the differences in the inherent viscosity of the various alginate
solutions, these parameters were varied slightly as needed to maintain optimal machine operation.
The fluid stream passed through an electrostatic ring with an applied current of approximately 1.5
kV and into a bath of 300 mL 100 mM CaCl, with 50 mM NaCl stirring without vortex. After
crosslinking for 5 minutes, capsules were removed and immediately reacted with 100 mL 0.05%
(W/V) PLO for 10 minutes followed by 2 washes in 3-(N-morpholino) propanesulfonic acid
(MOPS) buffer. An outer alginate coat was then applied by stirring the capsules in 0.05% alginate

for 5 minutes and the coated capsules were washed twice again in MOPS buffer. Capsules were
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| mage (USA) norphonetry. Capsul es suspended in PBS
were placed into 24-well plates, ensuring that only
woneo7liayay of capsul es renmi ned on the bottom 8ETMNZR006/000270
well. Using a 5X | ens with phase contrast, inmages with
| arge fields and clearly defined capsule outlines were
obt ai ned. At the sane resolution, an imge of a
henocyt ometer was acquired for calibration against a
preparel HRWN agt BloaBkieo 37MC & i1AN 1B6IS in biafileCPBS Bfiat foGpldieidn. Aliquots
was used to set the appropriate scale and capsule
were re@ingfderare-implaptationanalsgs appr oxi mati ng t he maxi mum
di aneter and m ni mum di ameter in case of spherical
deviation. For sinplification to a 2-D paraneter, %
cross-sectional uniformty was neasured as the area
us V|ded by the area based

di
Capsule eﬁ 'ﬁ'@t%%ﬁtg%r %?gﬁosc%vy)fm%({ﬁag%nq Pi5t 100 capsul es were
Capsulmga&wt@dwasrblﬁﬁﬁfengécbbp pHdse emfa(st hghte:mmt:opyﬁml drBjuntiich with Scion

Tmage (\BSROPROTBEI <CAIeR SpPORIedn G WOF IS 0P OmiFdrates ensuring
that o Jﬂ% lﬁye} Hrl3phey rrellnhﬂlga off Qﬁé‘b&i’&ﬁ Sf Jveliin'[ﬁﬁl é@ﬁ 18R%with phase

li ng vvas conduct ed under strict standards t hat
contraste nmm@s Vit large fistdseandedealydegnediednisweutlings awgai ebteined. At the same

.al | . .
o 5 BT, ABPL /D A0GE L LA, o, 1
Scion linages dﬂ‘cah’mtaﬁom ahaggreasps¢dNoSet ﬂmetabpmpﬂae kedlé m’ebcmpmﬂe diameters were

for a total of 10Q.animals in .the st
measurig g B ey s dB AR RREL. 0k RIS AT g of spherica
deviatioh GFot BlmfliiR&tid to WOl -DNRar Skt B2 el e sd- @cﬁomuﬁi@drﬁw%smsured as the

magnesiumfree PBS (for 2 nL total volune) wa
area bagedpinthe staplésy radivsodigjisled by ghe gyaribsed en dheelargst Eﬂdﬂ’#é{ 100. At least 100

}s were recovered and
CapSUleggg%rlg&gH{ég?%%%g:gmtp te{;& hﬁﬁﬁb{r@t ion of the procedure.
Time O (pre-inplantatlon) material and i nage anal ysis
Animal®gborts were al so passed through a 16-gauge needle. At
14, 30, 60, and 90 days after inplantation, aninals
Male LmEva}mc,rMSf\médn&\mwe@@@%%Q goxase hausedfie peiapand kept in a controlled

env1ronﬂﬁf1{3¥v[tﬁtarl'2 dl&%%)gp pg 8§c‘?€c‘ Cgﬁﬁnﬁ% e 8nd ﬁﬁfaﬁfxé gva¥ ?%nrcrllucted under

te an ect free oat I ngcapsu
strict smhdlardmﬁm @ithe. mbtmatexmdechﬂ)ﬂﬂdgmddmean dingadakitson, all procedures were

ear anc r doc nt e a es were. .
approv B ARE el Bubvs RSO ATE: ot bt DL Weters animals in
each mdté1@ %Fbu‘bQN*'S)/WRth' cadldtimepbint{Ns4) for Rlewat of GBP SHingils in the study.

Characterization Followng a 72-hour period of

| yophi i zation, capsules were analyzed using FTIR and

Rats wepE-Mhds tlﬁé&r&a‘?ﬁﬁm‘l"}h St Yo ffdn @gﬁsnc{ﬁﬁl 199 yc @u?é mlgﬁel% suspended in 1

procedure was used or FTI'R as previous escr i
mL calcium- and magnesium-free PBS (for 2 mL total volume) was administered through a 16-

gauge needle into the peritoneum at the midline. Animals were recovered and returned to cages at
the termination of the procedure. Time 0 (pre-implantation) material and image analysis cohorts

were also passed through a 16-gauge needle.

At 14, 30, 60, and 90 days after implantation, animals were sacrificed with CO; overdose and the

capsules were retrieved under microscopy using a transfer pipette and PBS to collect free-floating
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for raw materials, except |yophilized beads were
visually inspected for integrity in order to limt the
wanelygéddt o the external surface of the capsubPeTazdoos/000270
not the bulk, and to confirmthat adherent cells were
flaked off to mnimze tissue interference. Roughly 20
capsul es were placed onto the ATR crystal to conplete
coverage and spectra were acquired at 100 psi.
capsuleMiobd fll gulpRRs. r Bodation) dbuhd-REE ind GARS WbRHiraHE vedCeitufiRtted. Next,
to confirm honogeneity of the sanple popul ation and .
pooled samppleswere chagagieized pging dpngs aalysisi washgd.ind flaghiragsm for lyophilization.
nmounts |ined with adhesive-coated carbon discs and
were sputter-coated with a gol d-palladiumtarget under
vacuum in an argon atnosphere. Coated speci nens were
exam ned on a Hitachi 2700 at an accel erating voltage
of 5to 8 kV. Digital capture inages were used
Post-Exiphard Cgpaid CRizgte/igatidine- Encapsul ati on Characteri zation
Al gi e materials e characterized prior tpo
Followigg @agﬁ}m peoivdplobepilizatings FapPues defs g8l ees Yol GUR and SEM for
surface RhGhRird aﬁmoﬁﬂﬂwg?x IADsiln@M e cedvit SRS fordHRMRIpR&H BTy described
wei ght. The results are shown in Table 1 below "Table™
for raw matewiads, exeepplyapkilivest heads yeieatwally dspeatest foz itegsity in order to limit the
analysigva)ntlﬂg AT ML burPRE %'fftl'lec ?atp%@ﬁ 2ndhbi ﬁl@ GbluHéj %ﬁd ft(s) {;onﬁrm that adherent cells
conparison. In general, e rough specifications
were flaked pdff edminimiectissanifiatiencer RumghlysiOnedpsuled weteh@aced onto the ATR

esults obtained fromNVR with th cept.i hat th :
crystal Bﬁ\féﬁ’i“ PG iCRUTREC AR SREGHYCTP ﬁc‘éﬁi‘l’eﬂrag r\&@l’%{ci ‘?@Bf*?t%ﬁ?ra trom different
capsuleb Rare RYHie 8 @onfUinShaiddeteityPdF thdsHngAé popuditioAdhe eothBihed.

wei ght, was simlar between groups as neasured by

dynam c viscosity. The 2 commercially-purified
Sample e St ERed bk Bn! SRS an\?\ﬁ&? 'lihé{c}] %th]adﬂg/ﬁ@éjgoa?eﬁo&rbon discs and

VPMs 25 ; VPLG 22 C?)s iTe the al ginates
were syitei-€dagad with hogeddphliediumm ¢argetsindgr Wioyhmr invdnsargen tinesphere.  Coated
specim%a:sfépe eg %ﬁa‘éﬂl&&gopﬁ%%itgcglg %mat%gﬁgg%%gtg%%o%aé%%g ﬂtsol %%@ggigital capture
images Mgtetlsed facughioul. east tw ce t he anount of the ot her

materials. Endotoxin levels trended simlarly with the

hi ghest | evels observed in the pFlu and pMan groups.

The peaks integrated from NVR spectra acquired at 90°C

are shown in Figure 1. This spectrum obtained from

one of the sanples at 90°C, shows the three peaks

descri bed earlier, where peak A represents the proton

resonance at G, peak B for M and GWb, and peak C for

G&. The peak dueto protons present in the sol vent,

HDO, is shown at 4.7 ppm It should be noted that the

entire
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spectra at 90°C, aside fromthe HDO peak, was shifted
downfield 0.8 ppm conpared to room tenperature
woandiuéams to further elucidate the al gi nate peakg2006/000270
Mol ecul ar wei ghts were assessed by GPC and are shown
in Table 1 above. In general, the weightaverage
nmol ecul ar weight, Mwv, correlated well with viscosity
as predicted by the Sakurade- Houwnk equation [h =
RESULKM] pMan had the hi ghest nol ecul ar wei ght at 609 KDa
ile the other groups ranged between 317-534 KDa. As
P’e'E”%?ﬁ’élf,’{’@UCW’”ﬁffeﬂﬂgﬁQF‘al |y synthesized biopol yners, the
Alginat® %a)(éﬂa%(’@&%' dh¥rabRHSE prir tM%Mﬂ)sﬁEﬂ&ﬂﬁa%@d of T{HAIF% ’\%QHV}@@I G ratios,
some variability of sanple polynorphi sm
protein i @ndaterdn gewsts, yisoontty, gtkpbm&hcuhe wegght.ovidss tresults are shown in Table 1
below .distributions here while pFlu and pMan had t he hi ghest
"pol ydi spersity. ATR-FTIR was used to characterize
functi onal groups. In addition to using absorption

es from previous reported findings using FTIR to
Table \élt u }ye-&pgqmg{z:goan@gw}/?dzggr%er M e ‘(\lgg‘?c u%g specifications are

include@qbf todipshidone range of reported findings on
honogeneous | yophilized PLO Al gi nate precipitates as
well as the raw starting nmaterials. This was carried
out to characterize the relationship between the two
conmponents on the outer surface of the capsule for
proper assessnment of surface changes Q\WleculbriWaight (KT e

raw spgctra, sfHown imeFi gure 2a revedl a nynber [of
Aginte |peaks | n bot h Sampl @sowiTahl 8 ‘?m beloayy,| | ists| somd of
e THETr e] BTAR peaks detest ed™T'n these ddfipl es| %Aitl |
associat ed fungtion kug/gi)ouuﬁ%”"% al gi ngte and

VMG BT Al T ety FsgRT 32 sioys tes dirHfiepences;st g

H H —Aaraac mt or oot nartis ol Nt hAa
VPLG CN/A lI b ;| LILILI T TS |J(J.I L Uur Aar|l I I1 C I. T
= f"—"w.,, ,ow.gﬁgr.jggab%fateﬂ?ﬂﬂ h gf*e A*Sﬁo H- %\i@n ?(Z;?S
.| pKe ne edium R . .4,
é(l LowVig:my) and|the cdr oxyl{i'c aci cf portli on gf {’he
onicl Acids (1590 _¢m. 1) Dfferenced existl int

h
| and™@éH 2 AbEAr b4 ons (34 Al di*hat e/|PEO carfar dsplf’@

pMan dvaﬁjf%atlé‘”ﬁl one |BI af a | dfr madhi t udé® Tabl'é>2.| FTIR
pgéaks j¥i® gi nate and Al gijnat e- FLO sanpl es.
Cor r esptedPng flunctional groups |are shown in the |far

ri ght columm. The effect of increasing PLO on the

sag&lte surface is shown in Figure 2c and 2d. The
In genexap dlag joagls pregiicatiorsisypnlied by teshvenufesvienwereginilgy|te thedesults obtained

o 8 RS8R B ATy SRR O8 o

expected_lJ é/ﬁlﬁcb!;iat, an éli@iqatdrhjf snaletubtr iwm@iu,i yascsamniliebetwgernemews doymeasured by
ratio e are unde e, cur f he 1 de, | |
aynamit §RsPh; oFS% 3 CRE GRRRREi b aBEs ¢ B Ioves! PECSHK at 10% and
25°C (VPMGe&3edp; VPLBE 226Uéﬁ)|vﬁulet thé SlgimldsPurificd @A ESFse \Hal §Rrbading higher
as shown in Figure hese
viscosities, respectively. Protem was also relatively consistent between all groups except for the
pMan, which, at 86 pg/mlL, had at least twice the amount of the other materials. Endotoxin levels

trended similarly with the highest levels observed in the pFlu and pMan groups.

The peaks integrated from NMR spectra acquired at 90°C are shown in Figure 1. This spectrum,
obtained from one of the samples at 90°C, shows the three peaks described earlier, where peak A

represents the proton resonance at G1, peak B for M1 and GMS3, and peak C for GG5. The peak due
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sanpl es | ack cal ciumwhile the explanted capsul es

retain it, which can affect spectral shift (35) and
woheo7amend position of the absorption peak. Regarmizees/000270

this observation signifies that small changes in

rel ati ve conposition can be detected with this nethod.

M crocapsul e Characterization Capsules freshly

col l ected foll owi ng encapsul ati on were anal yzed based

to protcﬁi@ ;g@@meﬁlrwe 36 et HIVO, ©G}owh apr. 7t pprhyqpﬁiduldlaé inGed that the entire
ter, cross-sectional uniformt and wa

SPethataﬁPQIGve%%dev@?@ the dPeprakis WAY shifsg O&ﬁépgds% mﬁP@P@wd to room
temperd%le %\ﬁdltul)\ﬂs% %ﬁﬁ?éﬁh@id&@"tﬂ@vﬁl%h%t@?éaﬁé@r e simlar in size

d spanned a range of roug 70 mmin dianeter.
S| mlarly, the range of vval | thickness was narrow
tng from 18. 0
Molecu[ar v% LELEs Were & Sersr?ecr C%%C? and, 4 ar sEown %ablGel a%e}/e f og?neral the weight-
averageRﬁ@eduﬂﬁl vdightC B Saolre]aal \pélDWﬂﬂ )hsmwtycab @f@lﬂieﬁ byzmd Shlslurade—Houvwnk

cquatiofu - KREF GMan o8 Aoy BHh CEEepRG WS PR RDS while th other groups

ranged Bed§Sens B1viBRAK A AK”@)&%ct\é@Swﬁﬁnﬁéﬁfhﬁlyt By&y&theat bioB6lymers, the
perinmeter of the capsule wall and no gross defects

polydlSWéiﬂé/ indexe @r Myw/Mn pf Swpgpsaapiasshpwedrsamervrriabiity) otisasde pelymorphism.

| t
VBRI by RBF RS e and s
hadthegrghagpm@mspdrsitjne nost but only at 1.6% No obvious
nmor phol ogi ¢ differences, aside fromdi aneter, were
observed between groups. A representative sanple of a

ATR-FBIRawhd mad@a&rm&élfaﬁaﬁi{ﬁ@wss 1 BédAonh b UsigpdtBorptib values from
a phase-contrast mcrOﬂ1H Here, the symetry and
)

previouglynisapdgsk Aindingg rusing BT adys aleinagy @p%rr&ﬂycahon Sapsules (35), we
conﬁrm%@ P ahge ot:rtlgi)%?édst?] xg,%lo\ﬁ Hofd, t@rfe%ﬁg gfo?}ﬁ%&f PﬁblAlg{n Qfég[ﬁ dc1p1tates as

at the onset peri ne servat |
well as Geowetstarting mesepklantldes Wiscraotalpsi Itcesha(wp@abelse lrelﬁblloaﬂllleuetween the
two co%%lewtg ho% tg?e E)Italtteﬁ gL?rgatc ttfen%agglﬂg El ?pcfs%egz g%%% rg/entc 8§ Gurface changes over
time. The kaw Spectra,ai;ﬁo“glr mu}iiguletzaakdveﬂl ATBubErNdfSpeaky iobdthamples. Table 2,

below, ﬁ%g f(ﬁ]gﬂa%fg ¢ rvglptf &g | %&q%l 1&21%5@ gz?rﬁllnlge]h@'}a atgfocht]gq:%xgglgnal groups in

algmate‘%ﬁﬁsﬂélﬁatmtﬁ IBLEee 2%)%h§$v§ theafiffdehcs 3K Bti@ANGreds &F interest, particularly
clusters. Only. cd|fosu es retrieved in a free-floatin

in the ogehenil region easspsiateds with i Amadedll Sord of FLEL (1660 2at lua)l@md %he carboxylic
acid poiﬁ%}l%@ HRE GBI @ng 5%93 d&?r) tﬁr&kesqm i he Alngﬁ%M —Hiz absorptions of

ani mal's con oatin
Alginate/@pSuloapateddabighmte dlane hut atoa leasr nhagmtudbed above. At
day 14, a marked decrease in the clarity and round
shape of the capsul es was observed in

Table 2. FTIR peaks in Alginate and Alginate-PLO samples. Corresponding functional

groups are shown in the far right column.

Peak Location (cm™) | Alginate Alginate-PLO Functional Group
3400 -OH
3062 -NH
2920 -CH;
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the pFlu and pMan groups, which continued to becone

nore apparent at each successive tinme point.After 90
wdayw/aé719 npl ant ati on, the pMan group was di f f PCUINZ2006/000270

retrieve as nost capsules were found in anorphous

aggregates of 1-3 with no defined shape or 3-D

architecture. pFlu becane nore anorphous over the sane

time frane but to a | esser extent than pMan. This

1590/ mgapar ent charsge i n nor pholiegy ®a®)ohsepyedoat day 60
in both theg pKel and VPLG roups where|a portion of

t he popul atli on showed def I&Ratdn i n addltion tomld

1550 opacificatijon of the Tnterior. m contras VPMG
group _nai ntjai ned nor phol ogy for the durdtlon of the

1403 experiment land even on day 90 showed no sd0face gross

1167 ‘+egu-arty—i-he-ecative—pf——stabt-ty—toess—n
group, therle was sone internal opaC|f|C$f?9§ 6wgsent

1122 starting at|[ day 60. For ¢onparison, represeni@tive
m crographs! imrediately f(ol |l owi ng expla it ation_an day

1085 60 are shoWn in Figure "4] capsul es were ﬁ@@sdﬁ¥&~pﬁ

1027 Tlldl clbl.Ul |IALSE FIIE blldllgU I T ulralfretrelr a5 P% COH
cross-sectijonal uniform iy, or concentrilc Gver

time. The data are plotted in Figure 5. The
cross-sectional uniformty, shown in Figure 5A5 was
initially 100%in all groups, indicating that the

The eff%&tatﬁt 1h&9asﬂ{goﬁ}:'9tori"ﬁ1% SBRIFR! &lrBky iGN Fi ?ure@éeindt 3dTeThe specira
his val ue drops notably in each group

shown MFM;lrg 26 whowrdeereasineamplitade 9096 pes nehéeddtertbq Pgﬂ Armde 11 absorption
n r. [

at 15505&(%1{El i %2‘%%@#‘?%% %ﬁ&)@ 19?&{618% réﬁ%‘fﬂ aﬁnsbl%laﬁkﬁ{}ﬁ@%% expressed

by the rdéigohithe drealundémtbe smraé) bf theyAmided Ibmsomtmg tcrrtheeﬁdgmate COO" absorption.

As PL(EUSC te\iﬁgtﬁbﬁ,gagh e, Itﬁil trﬁ{gg griﬁeflsesp'ﬁ_p%?l?/m ¢ Lf‘bg%{ldn Qbr% 2d. These

samplesgfa@k' Bl eiuthn@hit BB §Rplhiited ba¥BleS Fetsid & whidkecah SffEQQPECtiashift (35) and
gure 5B. Al of the _groups showed a small increase

the exaftrpoamaﬁ@f &he abyeption peak. \Ragardiess, thiveabseyvelinn dsufies thathgnall changes
in relatﬁ/E (?Sﬁtlo?l bt HEBREd W HRERR I} oo 108% by 60 days. The
I anet er can |n|t|a y be attributed to
smelllng of the hydrogel matrix but, as
Microcs Cﬂ;ct’pnﬁa uniformty decreases and sone groups
ﬂﬁggr Ty & #tion, this too affects the overal

Capsulddi @féﬁil?rcolﬁ&b& foﬂonge leycdpbelaia l&)[%ré)f arial}&edi a]ﬁ@é?d on geometry and
increase in Man _group. Fina

morphajgy 1ok kh bt?ip ety oI Bretpis-araTel bR %ﬁv il woll figkness were

measur&pus‘ﬂ?%/ i%lage? Hd @ a@le@%l(ﬁﬁbatMQFbcH&%mkﬁﬁﬁaﬁ&%%&g sitfflar in size and
capsu eflati on. FTIR Analysis of Explanted

spannedvi gange &P sibly TP én AmReiRT| Rimidaslye thertpege efuvalbiiokhess was narrow

ules fromeach group at the tine of
ngug%ﬁh$an?t$§?9gﬂ§ng | yophi l'ization. As confirnmed

visually and shown on el ectron m croscopy, cells
adheri ng
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to the surface were detached in the Iyophilization
process and thus did not interfere wwth the surface.
woheo7apendra generated fromraw material s i n addiriNZzeeD6/000270
to information reported el sewhere (35) was used to
conpare the capsules over tinme. Specifically, as
nmentioned previously and highlighted in Table 2,
above, the peaks at 1590 cm1 / 1640 cm 1 and 1550 cni
1 (al ginate COO and pol yornithineCOO / Am de |
respectively) were used to differentiate the surface
Table 3 (zcomatri eylugtion of microgapsules,pripr topmplaptation.peak s
related to pol yornthine exposure, for exanple the -NH
peak at 3062 cnf 1 and the -CH 2 peak at 2920 cm 1,
were of | ower intensity and thus were nore difficult

.t bt ain at-abi e Hs—fron
Algmatle Nt 9&"3? on"H)I'he rel ((5:3 3?? %ngﬂ%l are s%ffoﬁc%ess ()
Materizlo Lrpiasfthﬁdm‘dl devidtiony ¢ UnifoFlnity[(29)KS pesstalidupt algedtioner

4 ‘
VPMG gr poPfs+8%cept for tlhé%Q/Pl\/G gr oup, }1&34§r9&1 | shoul der

[VPLG U
S

Pr Amde oTeTt—of pP{ypLI § e o the
ur?%ce becane a di $ti nct second peéi dithe PLO peak

pKel at Iaﬂﬁzdn11 energeﬁlomndicating sUtQﬁ&dtﬁrosion of

Al nea nf

Pl O AN ace- t+hn
PFlu o8 éﬁgﬂt‘opﬁr/hn gnd pFl l;z,jdthi s energeh 4?§4:I ear by day

pMan 30| ghsl:ngaches 1ts E}(j@ mum anpl 1 T ufdeg ¥ oday 60. pKel
and VPLG provide additional stability as the Am de ||

peak does not fully energe until day 60. Irrportantly,

P g n n .
5 SO, DT RO, o g g v
homogefBousl $ize divpibttione withirs ehdhc Ee&@ﬂe pblpﬁ)k\thm oV@bsshdetiordalitthiakness was

constan{%%&?@ﬁ ezgetr{e éﬁ éllﬁac@g)g tlﬁ(\))\ig aa relé:j ﬁgn;ﬁr.? G%U ctg twlelt'eaﬁoltéﬁeln%ny sample

group. Q*ﬁ(? Rt RSdisfehR Rp&ide tiohhe t1R! E‘ﬁ%@ntal%taﬂﬁ the VPLG group
ngg yorni t hi ne -An1de Il "‘peaks were |ntegrated and
with ongspofAteevpristien vihilgghe W@nrg@mmvmedtth@ mpsehuigrdeat 1 4&. No obvious

morpho%g% 8 ?e 8&3"55 LY ﬂﬁ? dt ] Sp Wéf?er oﬁs@ﬁlﬁﬂ cﬂe%%eg &r&hﬂe Retggresentatwe

il at ed ayed in
sample pg hatartmg d(ﬂeaiapd;uletsy(\/iPM@)( 1scsa\nv\dnan d’sgng Beid 4 }ﬂlatshcmtrast micrograph.

| I f
Here, thy 3yneiS 45 iirof fuStae it b tanSile PEBRlRoR iscieopieuy, This is highly

represerititeveasFall o Eaﬁﬂh@bﬁsﬁ@ft‘h@eﬁﬂf&m&%ﬁfaCe conpared to the
anmount of PLO on the surface is related to the ratio
of these two peaks, to a point of total disappearance

G @@%ﬁt&ﬁ%g%% 1660 BRGDQ¥bE Peak at 1640 cm
ross hé utility S?§Q% gths (ﬁ&%¥ as a neasure of how

Capsuleﬁumplao‘fed éte thesegritorieymprere dornddecalibesl touhd ementi,gorta hepatis, intestinal
I e the fa uhk P te.s
mesentea% a% {rVé g cfﬁ)ll grou asra,lt Fﬁ ttlBletrhAEtét? (t:)gcas{‘%)? gﬁ&r %eges[a re%sund in close
pr0x1m1t}aﬁol the 1lﬁ€rd)rtt]iti?§(§stdrmp sbdoaanar\mlb dﬁpﬂ@l%.deﬂfaséj IcSIBSquetggregates existed
wa}( 8 Sl i nate and PLO
as 2-D cakes and 3-D clusters.  Only capsules retrieved in a free-floating manner were used for

FTIR and SEM characterization, which accounted for the bulk of samples.

At day 14, all animals contained free-floating individual capsules localized to the areas described
above. At day 14, a marked decrease in the clarity and round shape of the capsules was observed in

the pFlu and pMan groups, which continued to become more apparent at each successive time point.
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As shown in Figure 7, the ratio of these peaks starts

at a simlar value for all groups (0.25 +0.03) and
wdenongénat es uniformty at tinme 0. The changePCWNzR@6/000270

anplitude of the peaks over 90 days (Figure 6) is

directly reflected in the index cal cul ated here. There

are 3 groups of materials, those that degrade rapidly

by 30 days (pMan, pFlu), those that maintain stability

After 90 823G fGAPRintalbh, Ghe PO FroupRhs Hl’fﬁ&ﬁt fo"t@trleaé gs balhgsul@rvere found
t he duratlon of the experlnent %%8&% of the

in amogphgyh, 3eesasstott bs WMoy slefasd élw@@ eltiteqes- e RER became more
I t

emorbf Py bSO LU Ol ol s chns i

morphqlcrgyr wmebstemedugﬂ@wﬁo tindoth e n¥ed imod VR.G) gbups, Wierel a;mrtlon of the

populatb o 3‘; %r tddﬁ%)ﬁm ncﬁn:]lﬁ alscgdrl]tl %)Prgnl}crl eolp?élfi(\!a[%oﬁro(%QRé %ﬂ&%@c&r In ﬁontrast the

VPMG gdroup snaiisfiaihéd @irpladshymy the durution adfl the e&ﬁex&n&urzﬁﬂc&en on day 90
er osi Qn nechan pl.a

showed) g BHEACE gaTess) 111 PSJ/'%II 1§1dlcnt ed%é\]/l%f ggfglo Sul %&W%\ﬂ%ﬂ” there was some
1ntemal|\/bl9d'cﬁ’1‘ééﬁ§1wp$es%ﬁr a%hggat day OB |F<ﬁre§brﬁ&'ﬂi@6 N}B@E&ﬁaﬁve micrographs

coated and the surface was scanned usin
B3 I b i L

magni fi cation of 100-200X foll owed by m croanal ysis of

the surface at 1000-2000X. Hi gh magnification i mages
Capsuleserae acquiredid chtrabO0Le ths OhxhXe asdlamqm'r nedelhadcrass-sectional uniformity,

or concgletn{r]‘\n}&étogf:dn(tgﬁ n:g}% %%grl t?:lgt g El(gm e%/ %ﬁs%?ﬁegfhaotn% un&"on’mty, shown

in FigufR9A] WhCaitiaflp 1d0% haloaoBwee irdicating tHimtier dtﬁ’un@)ﬁrddhﬁ was completely
el ectron beam In sonme cases, debris fromth

concenpyo Her timasthisyalye deaps sotghly ip sachosraab oy thﬁ,a\éPMG group maintained
over 909 ChoH I d{u'a’u&?r Ui cH ) Ff ordsi tsﬁ:é BE u : %ﬁﬁmﬂﬁ% R 16e2htirited to the

I mges (1-2K wer e for t
defonnatmmhataaqcmeechasahy maserah degtzmdploeme stabiity and-bepaméngmotersusceptible

o o5l TR L SRR S PRLAIB 5L s

The chirge irdiaMenalersinge 19fshd\h€1nsmglﬁrﬁ68 SAlabf the tgmupﬂ'blﬁ)wed a small increase
ni ficatiqns used further allowed visualization
in dianeg pyertge, PYE 1 bVe SETHPRLbEdDE Mog NS RGBSR to 108% by 60

days. W&Bﬁ%@gﬁ/ diabter wnqﬂﬁfanP ad a&ﬁbﬁt&m ¥wéiHHQbhth%lHyHﬁ%SISmamx but, as
over t first 14 days

earance O
Cross- sgmlpﬂadclén@@fuét dscragsey apd dgmetgrﬂ@Spmd@t@ dq#omﬂtlandﬂm:m affects the

overall ggab%t S g% ﬁi@llg mep aggegcgﬁgén Rt eQH?rg%SStlg ﬁle?iﬁgfﬁ%% Sﬁ_ﬁflﬁglly, the pKel

group, indlchsexhibitte mdudtmacinatiameyr B@wbac 60rand @Orckleysl supparts a degradation

l.arger. and di scr.e al ginate and PLO | ayers were
meChanésé’b%ag‘[“gao Capﬁéedﬁﬁag’roﬁtl on of this erosion probably

occurred between day 14 and 30 but was not captured

mor phol ogi cal l](\f[' pKel and VPLG showed a sim | ar
FTIR Apalyyiy elsiplantest Migeipdonside Syrgageon, however the 30

ATR-FTIR was carried out on the surface of capsules from each group at the time of explant
following lyophilization. As confirmed visually and shown on electron microscopy, cells adhering
to the surface were detached in the lyophilization process and thus did not interfere with the surface.
The spectra generated from raw materials in addition to information reported elsewhere (35) was
used to compare the capsules over time. Specifically, as mentioned previously and highlighted in
Table 2, above, the peaks at 1590 cm™ / 1640 cm™ and 1550 cm’! (alginate COO™ and polyornithine
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day tinmepoint reveal ed the onset of degradation in the
formof surface pits. These pits, shown in high
worgTikéaat i on in Figure 9, progressed to snmal PCOIZe&6/000270
that continued to increase in size through day 90.
VPMG mai ntai ned a conpl etely snooth surface through
the duration of the experinent although the I evel of
apparent winkling of the surface increased at day 60
COO /angideull réxpectielyllaver®UsedTi diffefentiatk @hy/ safdck fohehisal dffiBe outermost

|yophi lization process but may be related to th .
layer. 'EI;‘/F‘y%tP_EraPea hEGd tpedyorpiénceerpoie 8y gxanplpdhe 7 Rt af 3062 cm”
and the{rﬁﬁ}?{ b@ahc_sat web& cﬁp‘r s by |H4RS iAdeGyaindt ES Getd fﬁ%rep&iff:i%uﬁ to obtain

at 1t is probable that such groSs deformati on wou
repeataile quantikesie reEulinipde idegral®mr act eri stics of the
Pol ycati on PLO (pol y"L-ornithine)The pol yani onic core
of calcium al ginate requires a polycationic coating to
The reloant pdaksitie showh e campaisgh n Bipdrd fie The pegde ranedioplayed over time from

) chara ristics of the bioconpatib]e ul e. The

time 0 (T UE 0 Fiss GRS Taellserimmcgoun gertag VERKG Bt e gmall shoulder due

to the ATRIAE ITESorBfon¥Ad o pillydrBiRtEhd 6n BROsuRRAS Becafne \AdiXiR second peak and the
nol ecul ar i ght's.” Studi es were conducted to determ ne

PLO pepkat Hoddrcar r emenged.dediratingvsuriaen crayier phalgimptemngd prominence of PLO on
.OC r d ri LN i .
the surgheC W Ede WA e BECIFACIRARLS i HRIPbE iy 86 R roaches it
maximunhemplimdpbyiday 60l pEkl sndoVPhEgusvite additammnt stabilily 5l the ddnide II peak
t he capsul | . not, ¢ om . Hgh | i es:
does noRSly, e Do oy Rh oSS hE S i bl BaliiAns S fiRistent surface

chemistBPid dvadenyed Hit e AnvibE T shbEld&Eas 0.1 BOadplithbeddds Ghalée slowly over
not _contai n high nol ecul ar wei ght speci es above 42KDa.

time bupg liyrdiseiess pegl It obseargedkpa and 56 KDa produced
unaccept abl e capsul es which adhered to each ot her
formng clunps. Table 4 Otinmal Ca sules usin PLO of
To quartitativiehyl dherskcterizanie changex il dinsdl gheinisal MO Gio0s.dbe arpa under the alginate
- rl farmn C f P f . .
—-COO %pe\%gl‘%@h]& e_(gtmelge ?lgﬁeé?ma l%v}c/agel {g’x%l%%t%(g %rgdecgﬁlgngx??%é:%s\%r tgx%. The ratio of
the ared asdeetthe alyirtale pealtetohtha aecamnider theapoly@nithine gatk ofaf calculated and is

displayé?mg%péarg:j &?ei%lvglls@%b@@eiié@ azl?.%isgln%b&%(afc%e géheni: on@elative of the
amount b} ABinaldIRprad MRS BE sGFRS Wil Sth¥BdsBmBRéPIhaEEHe Winbhntlof@lginate on the
PLO bat ch 'whi ch had been dial ysed to renpve

surface gempgredtd tHe smepnt|of SEO; grnihe surfaceds relied tpdhe watig of thepg Bwaspeaks, to a
. . b Al oS . ) -
pint ol o S8R 63, CRhALAEE S s LR FGMRL. The ity
of usingPhiisyinilepay sinbysurelol lmvainpsh of edchtwed] is plrgselitspeths istrfacefis exemplified

o LR e o PR G AP S P o
ratio, ani&th€sdtcepsules BetofipoRaisadistinct Wadlsqfal didaye #fd Hi@capsul es

made with different batches of PLO the nol ecul ar
wei ght

As shown in Figure 7, the ratio of these peaks starts at a similar value for all groups (0.25 +£0.03) and
demonstrates uniformity at time 0. The change in the amplitude of the peaks over 90 days (Figure 6)
is directly reflected in the index calculated here. There are 3 groups of materials, those that degrade
rapidly by 30 days (pMan, pFlu), those that maintain stability to 60 days (VPLG, pKel), and those
that are stable for the duration of the experiment (VPMG). All of the groups except for VPMG

experience a modest decrease initially and then increase to roughly 0.7 to 0.8. The stability index of
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distribution profile of a PLO batch shoul d excl ude

nol ecul ar species at the extrenes of the nol ecul ar
weizag/menge. It is concluded that the optimal PCONZ2006/000270

conposition had a polydi spersity ratio (defined as the

ratio of the average Mv to the nedian Mny) of |ess than

1.5, and preferably less than 1.1. Table 6

Pol ydi spersity (MN M) of PLO DI SCUSSI ON Purified

VPMG axBibitataCsidvi Boritih@alningResd thr@upBbst @F i i@ ke 0ACAAI0 days. This
resi dues VPI\/G and a pol ycatignic agent havin

gradual gagrgase 4ip éhesﬁewv‘? RpeQrtion qfé’é’b’ofrﬁmelﬁlsc%nébgr@gg{sgto alginate functional
groups ﬁ‘lﬁl‘éé&%ﬁ?ﬁ‘%y% 1%&29({%% g suoifte rekd%fontlﬁ%cﬁtdﬁ% prior art

m crocapsules, as well as to the ot purified
alginates tested, in terms of capsule georretry and

Explan%\gﬂk?c&c%aql %}thg ﬁggfgr (ﬁ?gz})onal .S{% Aaalists eysszs f Eégl ﬂ" crocapsule

Morphdlég useful in the formation of i mTun0| sol at ory

.mcrocapsul es for use in delivering | n e
Lyophilzedg %r'[t’wegeefaa@éﬁ%a fpg @b%’%scslgangna SRR dfulc capsule analysi

was 1n1ﬁ£1[-°y" QP dufe Bt zpﬁi’agﬁﬁcatfo%roftlb@-ZbDX%H@\Véd Bf m@r@ﬁ@@@ﬁ oPfkhe surface at
disorders. It is not the intention to |li'mt the “scope

1000-2¢10% hHighviepgriifiestion ittagesabiore peqrited nisdS@Wak390BY anreguired and as
penmttéqulf}y\ﬁle{ egap 9n %E:f% 6F &%trfcgd l?l)(atél % lxlla%% ?9}3}551%1&: tB %chleve such high

vari | oNs are e W t
magnification ddeeto slampge ﬁ)ifthb Imelterm]{ byl tt]neoelec&mndmﬁmn dd sometclams debrls from the

. |
ly"phﬂ’f%%?fgﬁ?a I ngsfi‘g%%{’}l %ﬂ%}n&eg@&d%ﬁgﬁpert ies Of

A yco-Al gi nate, A New Japanese Pl asna- Vol une Expander.
Surgery. 56: 1099-108; 1964. 2. Kierstan, M Bucke, C.
Intermegpée magnifirationampgss (2Kt vetsi used &aithesbulk gfthe| copparative analysis and

are pre %tagglhﬁr%%ﬁ gaggngéﬁé%ég%%%? 1\'81?&5 %ﬂ gden%BQS ﬁgﬁologlc observations

from phaﬂncomrasﬁﬁ light, miroseepy evéstha el TIR ;afalysis | of ﬁheSan‘facA stahility. The
Rever sal ansp l.ant at i on

masnif GG 1, RS RE A Rip B i R Al RTER LIS Dhight changes

in morpk®y. 4All fdups bhy exti:MneMl sMobthesufaces ovet tharfirst 14 days followed by the
Schil fgaarde, R Effe

appearage) o BB Geps %evagptﬁ i PRt odhemand afltbhodnshayed extreme
degenel‘éhgﬁ g{‘ iélg %Hllféd% Ugej’()e(ﬁ@? wﬁtﬁ‘%@hﬁlﬁfed RAREIEBH 90 dRYsCtThe small holes in the
surface at day 30 became 1ncreasmg1y larger and discrete alginate and PLO layers were separated.
The initiation of this erosion probably occurred between day 14 and 30 but was not captured
morphologically. pKel and VPLG showed a similar progression of surface erosion, however the 30
day timepoint revealed the onset of degradation in the form of surface pits. These pits, shown in
high magnification in Figure 9, progressed to small holes that continued to increase in size through
day 90. VPMG maintained a completely smooth surface through the duration of the experiment
although the level of apparent wrinkling of the surface increased at day 60 and further at day 90.
This is likely artifact of the lyophilization process but may be related to the physical integrity of the
capsule over time. The other materials were so highly degraded at these time points that it is

probable that such gross deformation would be masked.

Example 2: Characteristics of the Polycation PLO (poly —L-ornithine)
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5. Hobbs, H A ;Kendall, W F., Jr.;Darrabie, M Opara,
E. C Prevention of norphol ogi cal changes in al ginate

waizer7mdensul es for islet xenotranspl antati on. BCT/NZ2006/000270
Investig Med. 49: 572-5; 2001. 6. Korbutt, G S.;
Mal lett, A. G;Ao, Z ;Flashner, MRajotte, R V.

| nproved survival of mcroencapsul ated islets during
in vitro culture and enhanced netabolic function
followi ng transpl antation. D abetol ogia. 47: 1810-8;

The pol#&fiéhic fore lo®UBiumalgihate Rqa@Ra pSlycdtionfedanl toMonfribléNe the strength
and thesenitperMe10 QRGARRHAHRL &ﬂthgfbu?cro)i?ptaﬁi)lla' daBsul&ISEHel PolPéation exists as a
mixed popliitiSn 8F nbRRGGH E}ﬁ:%s ofth ﬁ%h brldf BEAEODE Pl

¥ ‘molecular weights.

Studies etré ordudRfSo d ten tiks ofPLO. Biocapsules
were matle c%i%@ n E amp ;ﬁ: 1g fdi fba qtal{l c%psules wherein the
encapsu at)'%%e Is gr g?ai,ds Bvue{ (%g:rr]l ra1|11y Pla‘f %ta§18 lgencl:aﬁr enfgﬁz ?01 It IOI%Qisgcﬂ

: 1308 14 1994
Hi hM%S
Cinosétﬂﬁ?r?g‘lr the@?Ir
average MY g dh D adetos kD, aupa%lc%% uaeégiﬂt@tée RA0SH

d i inyt the ve N Ke ?@O‘V o1 rc?ptu@:alll n%ct when the
gl pont@n uéar \ﬁelglpt spgeies above 42KDa. PLO of
g]ﬁﬁpvhgzélbﬁdgered to each other

forming J¢gPs.n secretory responses. Transpl antation. 7 1:
203-1 1; 2001. 10. Wang, T.;Lacik, I|.;Brissova, M;
Table 4Aitiniel Fapsules, usi\ngBEQ)kf)LQw MoleplmcWeight D, : Green. R
| PLO A®Ingh Mok hi , K, FRoifien sf encpsul@ted Aglls enc ags Uliniggriiip pf @wsﬂeerr for
23KDa t he | nmyrel %@P@&M ?’fl‘i’@‘f anéa%@wwhﬁgc i |Flogleets notedzn 2% of
Fill: SLOéfﬂ&t echnd jpto thi %1@ ) 6° psuﬁe,si had Jsans ﬁ: ch]clunwlmg of
Goddar d, | Kf* IR 'y g Omrswm%m\/ CRIPE, A
Zielinsk 1@ ﬂvre ; Gardaz, J. P I\/b5|rrann5F.;
42 KDa Sagen, c%ﬁs d‘é{ val pb&ﬁ&%ﬂd Mr&?uhﬁglm@ ihz U @pslds DOMI ne
chr onaf flicapsmelvhis i nt he sheep subargchnoi d space: a
preclinijcal study for the treatnent| of cancer pain
56.4KDLCel | Tr griefld @mital poStion3ebrobptotrui@Difito 1 Llun(Rénzof @pshey t | n,
C. ; Chuah,castle kalt Van Damme, A. ; Robi nson, K. E.;
Manziel €& nhnm B. ;Q:.nr\f DarpyL J— Ml Gallar I‘L&L

O osu, F. A Vandendri essche, THorteI ano, G

Therapeutl ¢ levels of human factor VIIl in nice
ExtremglygpurMBoSadcien: Armoaps wedpwaing bpich of B0k sxpected M Yeafe3 KDa was

subjectadrerdiglysivhsinge disfysis dasschte vothGememivtstie mplecples weight PGAL of 10 KDa
( Pierce] §lid¢-H8r I yrlen Piglyss Cassetin {ehmmaliradiasedy, 10K, MECChdRep0 1, Rockford, IL
61105, USADeBuparioy capsulbasnwere fabttiond Withithe RLOebdigh ehhpsd! epdlialysed to
removefpelypafitideanf less/thih & KPa. SeaiDabdd S.appr oach t owar ds

al | ogenei ¢ gene therapy

Table 5 Optimal Capsules obtained using PLO without extremely low molecular weight species

PLO Average Mw Position of encapsulated cells Integrity of Capsule
23 KDa 50% of capsules with cells in the periphery Pockets noted within 40-
Lot 82K and encroaching on the capsule wall and in 50% of capsules
Fill #3K*HK 5% of capsules cell clusters protrude into the

with low Mw species | capsule wall

23 KDa Most cells were central and not protruding Pockets noted in 10 —
Lot 82K into the capsule wall. Only 10% of capsules 15% of capsules

Fill *3K*HK had cells in the periphery and in less than 2%

Post dialysis with were cells encroaching on the capsule wall

10KDa cut off

Molecular Weight Polydispersity: An analysis of the polydispersity of PLO batches showed that the
polycation is supplied as a mixture of polypeptides with a range of molecular weights (Table 6).
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of henophilia B. Blood. 87: 5095-103; 1996. 14.
Aebi scher, P.;Tresco, P. A ;Sagen, J.Wnn, S. R
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cells reduces | esion-induced rotational asymetry in

rats. Brain Res. 560: 43-9; 1991. 15. Borlongan, C.

V.; Skinner, S. J.;Geaney, M Vasconcellos, A V.;

Elliott, R B.Enerich, D. F. Neuroprotection by
Based @Dﬂ@p@ﬂ;ﬁﬂ@t 6fl biobgysaied 1ﬂid%X\Uﬁh idiffezerit Ashohbs GO PRIO, Ghe molecular weight
distributigR tirole O5F § TG @ARA. sHIlN eXERRY noletblar %ﬁ&ﬁes5at #80&ktremes of the
moleculkf sizB@4d ngqy coffelud¥d iRl R Eptimat PO c&p6e¥on Md a polydispersity ratio
(defined/8SHENG ? averag \JM@ltJ) Rthedifh M) TRt 8fan 13, afid preferably less than

I ntracer ebr transp antation of porcine chorfoid
1.1. Y
pl exus pr ovi des structural and functional

t dent nodel of stroke. Stroke.
TableGQ%'deg% ng\%/gﬂ%% &Borlongan C V. ; Ski nner S.

- \Igor\nnr\r\l | fa¥a) EI\ \_l -

Sigma g ’_NKL Anﬂy’sns 'l M ddibhdil \{‘/" Mass i uhglven Mﬁa.ngem'lﬁ 4, R-
ReferenceB EMer Do F.7 UNS gratrts ot Tat cnororda pl XS

pi &fve tMVﬁM@j st |der epFd] | 1048 hafd0a 026 aeh3p f| 3¢-441 (<100 >100

e

2533 ;Me;lkmammf 0151 485 412360. | 433014 107 ol 1A {0T N 408 [1H7. |01
3655 T34 [Br o= .00 T159 I 357 1213 T 54'3,“ ?.1‘2»‘4.2’ Z4 o1

3655 PISEANUSs P 1{igPOvVIE: S ehCi 74 QU TPk A1 382 | 117

5666 V| Gr9oeNGaps iikad 1[GAs Of 1.genes | qakl Y &gl fiee e 02 |01

fibroblasts secreting nerve growmh factor. Neurochem
Int. 23: 123-9; 1993. 19. Maysi nger, D.;Piccardo, P.;
Li berini, P.;Jalsenjak, |I.Cuello, C Encapsul at ed
DISCU§SK® i cal | y engi neer ed f| brobl asts: rel ease of nerve
grom h factor and effects in vivo on recovery of
chol i nergi c markers after devascul ari zing corti cal
Purified elginateswitiNéher highestnldvals. of 24anng85icc83¢ rdsdbBus (YRM@Powd ,a polycationic

C. J.Ch P.. L., Devel
sgent b3 A PADEEPESHY FeF el ST RNt S BENLOR) BimeEP Rt yaiet spepsuperior to
other phbhealt ﬁiﬁ&’ﬁ&ap@ﬁlaé rlis \AJelleisOtl&&hG IbthSﬁ pudBddy lpindtes 1e3tedD bdtefids of capsule
2002. 21. Tres S. RL ebischer, P.
geometypAngfagir @H@@B?Lﬁ“étfé‘%f“ﬁéﬂ%m‘ém%m tter secreting cells.

Potential treatnent for Parkinson's disease. Asaio J.
38: 17-23; 1992.22. Visted, T.;Bjerkvig, R Enger, P.
INDUS@PRI&RIAPRRACAFEONat i on technol ogy as a therapeutic

strategy for CNS malignancies. Neuro-oncol. 3: 201-10;
2001. 23. Wnn, S. R ;Tresco, P. A ;Zelinski, B.;

The cosippeitiens lof the ; prasgerinvettion. she bissii €in, the. fdBmbdon @f aimmunoisolatory
mlcrocq%gﬁlg%gﬂy gf S{P: quggpé:%%{rgg;tzqr agaglg(tﬂe @[fg(gtlte%gl erapfeutlcs or to deliver

therapeutics per se, for the treatment of diseases or disorders.
It is not the intention to limit the scope of the invention to the abovementioned examples only. As

would be appreciated by a skilled person in the art, many variations are possible without departing

from the scope of the invention as defined in the accompanying claims.
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1993.

Maysinger, D.;Piccardo, P.;Liberini, P.;Jalsenjak, I.Cuello, C. Encapsulated genetically
engineered fibroblasts: release of nerve growth factor and effects in vivo on recovery of
cholinergic markers after devascularizing cortical lesions. Neurochem Int. 24: 495-503; 1994.
Ross, C. J.Chang, P. L. Development of small alginate microcapsules for recombinant gene
product delivery to the rodent brain. J Biomater Sci Polym Ed. 13: 953-62; 2002.

Tresco, P. A.;Winn, S. R.Aebischer, P. Polymer encapsulated neurotransmitter secreting

cells. Potential treatment for Parkinson's disease. Asaio J. 38: 17-23; 1992,
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pol ydi al | yl di met hyl ammoni um Chl ori de- co- N- | sopr opyl
Acryl am de, Pol ydiinethyl am ne-co-epi chl or ohydri a,

weaborduemd hyl am noet hyl acryl at e- co- Acryl am dePCT/NZ2006/000270

Pol ydi met hyl am noet hyl net hacryl at e,
Pol ydi met hyl am noet hyl Met hacryl at e,
Pol yet hyl enei m ne, Pol yet hyl enei m ne- Epi chl or ohydrin
Modi fi ed, Pol yet hyl enei m ne,
Wadiad) Tth&mg ISEﬂgéthCOy bameﬂéappmhu&f teomidlodyedsrdthietafeutic strategy
Chl or i de ydr ox t hacryl oxyet hyl ,

%Wl%ﬁﬁ?ﬁ M?P&WFP e20 0; 2001
Rﬁhﬂ@ﬁ@ﬂ&egm yﬂ%@lﬁfskﬁ/ ROXkedrb ) Al T8B! Be(emehémp Behavioral
Chl oride’ yi madazol i ne (Quaternary), Poly-
resoteay rfqllomygtrﬁgastmtahanﬂwamﬂf winr@menpstlated PCl2 cells. Exp Neurol.
ERJ’ }359 ryl 8xyet hyl t ri met hyl anmoni um

oride

Ximd Yinstabyll.; oma: hyhmg;rmnet)maum(ttamcw ‘Al €. (Wankc FyZlaov, BeSun, R.Sun,

M | iqﬁq‘g&{nﬁ%qs éte\gil li)ﬁyy r| dl lﬁtnq E}Eﬁ%glaré § into hemiparkinsonian rats: a

gmmce& tRRRBPb &R Qﬁd‘ﬁlsﬂdl/d@idﬁp BhRbbdalysis. Artif Organs. 25: 131-5;
yV| nyl am ne,

@Qﬂy N- vi nyI pyrrol i done-co- Di net hyI ani noel hyl - Met hacry

It . -
%ﬂ 1gdr1eI gﬂlﬁj gﬁgbfgiﬁi\?%r% : E)\é J. Blli‘i}ﬂ% %@THW S?%radatlon utilizing
“fintialr oﬁdat%nAambbinmsiat irmﬁecm‘aircxlvaghmdhsinbund)rai Biotateniaksr 86: 2455-65;
g{)j%st he pol ycation is poly-L-ornithine having an

rage nol ecul ar wei ght of between about 10-40 KDa. 8
BoGIRIRO K.t HODeed SK C vajAr®tdrd, NE ghahf) K. Mhehdidon! K& W.Mooney, D. J.
average nol ecul ar wei ght I's between about 15 and 30

Rearad o8 of pARigYY erigired slednals shddits noteatial appHcatipndprglisgue engineering.
eé’ﬁ}{&rﬁgg lryobg:yd) alpoyei ght is between 20 and 25 KDa

contalns [ess t’han 20% of a nol ecul ar wei ght
erdallesWoDaImeDM dirednasws . B. Hfobhs.c &qﬁ@ﬂma &hOparac Failfgt of bead
in
era]lﬂn onntge gg:lra 111?}' T r?;o%);l?stl% %16 n% cr&@a le?sﬁ o agurlgf 57. 636-637;
%0(0.t o about 10: 1. 11 A corrp05|t| on as clainmed in any

BB 196 G GATENF oM ShPR o BiN AIE os Go. Eist £ alginate

Qérﬁﬁd%ﬁ%tahﬁ b 8rifyl G DEARS WiSroSHERSS] ﬁMikﬁoéhc %ae 2I1 asaelr-s ;2f004.
h mannuronic acid alginate cross-lin

Katlg,gH; d-Brigles- PuKinn & Mgemy, anl.i fewtraties augéhﬂyw@r degradation of
i ﬁ-fydﬁgglsf\?a[ Hﬁoﬁ&ngr &81%& AGFPRAR. Bi rﬁrﬁ@cule%”?l 1320-7; 2004.

Auroni ¢ acl
Eb@rlélYl Bchﬁadhr ,da Hmmafmrep,nchJ ﬁnn&ohd:cgdmadatwm of hﬁirog‘leusmg multi-

nd..ou ers is the _sane ar ept,..and cont ai ns
BRCHSE S aRS me st O MR i o R B o &
DRSSV a8;DelBadh, 1B.WaR Muhilah@e TRC BIR3P6LI R Alginaleatoi®sbsition on the

in claim12, wherein the hi gh mannuroni ¢ aci d
biocompatibility of alginate-polylysine microcapsules. Blomatenals 18:273-8; 1997.

De Vos, P.;De Haan, B. J.;Wolters, G. H.;Strubbe, J. H.Van Schilfgaarde, R. Improved

biocompatibility but limited graft swrvival after purification of alginate for
microencapsulation of pancreatic islets. Diabetologia. 40: 262-70; 1997.

Bunger, C. M.;Gerlach, C.;Freier, T.;Schmitz, K. P.;Pilz, M.;Werner, C.;Jonas, L.;Schareck,
W.;Hopt, U. T.de Vos, P. Biocompatibility and surface structure of chemically modified
immunoisolating alginate-PLL capsules. ] Biomed Mater Res A. 67: 1219-27; 2003.
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34.

35.

36.

al gi nate has an average nol ecul e wei ght of greater
t han about 400 KDa and the pol ycationic agent has an

waver7ageriool ecul ar wei ght of between 10 and 40PED&NZ2G06/000270

A bi oconpar abl e m croscapsule as clained in claim13,

wherei n the high mannuronic acid al gi nate has an

average nol ecul ar wei ght of greater than about 600KDa

and the pol ycationic agent has an average nol ecul ar

@ﬁisg&lén,ﬂ.;mﬁel m@Bﬁlnﬁﬁsraagd).?rQ Plli‘@ii{. Slléﬁyﬁofhh@(:@ﬂipasiﬁ&i gnd Sequence of

m crocapsule as clained in clajml1 rein the

Progste Rosidlepnig Alguates; sabelpdeate eepishy IS

9519%0%99&1, I OB 5y, 1. Pid WosBRZFourfed 2iansoRR infréd tpectroscopy

Fe2+, Fe3+, H+, K+, Li+, M2+, M2+, Na+, NH+, N 2+,

sipdies oBalpinatmBLZreapsulepawith ypryérsnprmpasitionsi b Bawegdsiater Res A. 67
elaied in claim15, wherein the cross-Ilinking

agent™ 18 cal ciumchloride. 17 A bioconparable

Nakagaoap ¥uMurais TiHisegatval 1€, @fisateo rid.; Bduchiyaj g Yagantip TlBaishima, Y.

rei.n the internediate, layer is bet aboyt 10 and . _.
LB GHPB o o DR . Ik e ek VAR b SBBel Higrgterls I Biomed
Matdr ®edsom: 847A355;12908ed in any of clainms 12 to 17,
wherein the core |ayer is depolynerised by a chel ation
agent to forma hollow core. 19 A bi oconpar abl e
m crocapsule as clainmed in claim18, wherein the
chel ation agent is selected fromsodiumcitrate and
EDTA. 20 A bi oconi parabl e m crocapsule as clainmed in
any one of clains 12 to 19, wherein the ratio of the
core layer to the internediate |ayer is about 7:1 to
about 8:1 by weight. 2 1 A bioconparable mcrocapsul e
as clainmed in any one of clains 12 to 20, wherein the
ratio of the outer layer to the internediate |ayer is
about 1.5:1 to about 1.4:1 by weight. 22 A
bi oconparabl e m crocapsul e as clainmed in any one of
clainms 12 to 21, conprising living cells within the
core |ayer. 23 A-bioconparable m crocapsule as clained
in claim?22, wherein the cells are selected from
naturally occurring and genetically altered cells. 24
A bi oconpar abl e m crocapsule as clainmed in claim 23,
wherein the cells are present as single cells and/or
cell clusters selected fromthe group consisting of b
islet cells, hepatocytes, neuronal cells and any ot her
cell type capable of secreting factors useful in the
treatnment of a di sease or
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condition. 25 A bioconparable m crocapsul e as cl ai ned
in claim?24, wherein the neuronal cells are selected
wonramouém9 gr oup conpri sing chroid pl exus cel | SPCT/NZ2006/000270
pituitary cells, chromatin cells and chondrocytes. 26
A bi oconpar abl e m crocapsule is clainmed in any one of
clains 12 to 25, having a dianeter of between 50 and
2000 microns. 27 A nethod of preparing a biocanpatible
CLAIMS crocapsul e conprising the steps: a) dissolving a
hi gh mannuroni c acid containing alginate in isotonic
saline to a concentration of between about 1.0%to
VW&AT&?@%MMHM ) spraying the dissol ved al ginate sol ution
step a through an air- or frequency-based dropl et
generator into a stlrrlng solutlon of an excess of a

1 gch%%osit{g)ﬁ; nchgfrgleng %1§ Fr)l loéc;gn]t gljnlg £ &8 %ﬂsﬂloli%ﬁabou 50% to about 95%
annurpmb matresixiueh and o golgcmhyldvlﬁgepslyﬂsspm@;d}emmf of lesghdrhabout 1.5.
d). .di ssal vi a. hi gh manpuro Cld i nat e
2 ?180% & PR Jn 5128l B OB Do) é@/ 4ot 9% b/ mannuronic
acid resltyt 1. 7% w v and applying as a final coating to the
capsule of step c); and e) collecting the

3 A conpesipen peelaimaddn elaim Eheompripingntaen aboriS8%eleiapout 70% mannuronic
addﬁﬁ%ﬁ@%a'n'ng al ginate of steps a) and d) is the sane or

ITferent and contains between about 50%to about 95%
4 Ancomasition acélainmdsindclam 12 Borfpriétihachigis nednaumeet acid alginate at a

JJpri ses stirring in about
cmmmﬂf§WﬂPf§t§ﬁ8ﬁ? g?@%ﬁﬁﬁ@hlorlde for between about
5 A doshpabigeih as?(QalPﬂeﬂliﬁ Elsin? 9, ARk 7e50fd pBEnmRoit atithalginate.
28, wherein step conprises stirring i.n about

HOnM
6 AapmRasition| ¢laléneﬂom tainhdevhatsothe pplycgtian duseleged from the group
consm’uH% BP'[: ﬁ)sarg E_lpué.nfé% RAfodr I%gjctmh ARfifidd @ﬁhﬂlﬁz@‘l’? 3}0%9 -P-lysine, poly-

rises coat | e capsul es
L-ormﬂun@r nlsatlmlmee mulfateconwehMMl owlfaete, bepokperyliamidet @ohyaetylimide-co-

methacl R PR ety bR R AR bbSiRuRibaiipe. potybrene
Polybutlyaeryf¢-yo-Meihidet bk yenyh brimethpManagemioBemidar (8020y hPoly-3-chloro-2-
hydroxygrfopy E: ac?yli]-ogy% ol 1%ur?elﬁ1yla?n9nol1§1[1)1?n Chloride, Polydiallyldimethylammonium,
Polydiallyldimethylammonium Chloride, Polydiallyldimethylammonium Chloride-co-Acrylamide,
Polydiallyldimethylammonium Chloride-co-N-Isopropyl Acrylamide, Polydimethylamine-co-epichlorohydrin,
Polydimethylaminoethylacrylate-co- Acrylamide, Polydimethylaminoethylmethacrylate,
Polydimethylaminoethyl Methacrylate, Polyethyleneimine, Polyethyleneimine-Epichlorohydrin Modified,
Polyethyleneimine, Poly-2-hydroxy-3-methacryloxypropyl Trimethylammonium Chloride, Poly-2-
hydroxy-3-methacryloxyethyl, Trimethylammonium Chloride, Polyhdroxyproplymethacryloxy Ethyldi
methyl Ammonium Chiloride, Polyimadazoline (Quaternary), Poly-2-
methacryloxyethyltrimethylammonium Bromide, Polyniethacryloxyethyltrimethylammonium
Bromide/Chloride, Polymethyldiethylaminoethylmethacrylate-co-Acrylamide, Poly-1-methyl-2-
vinylpyridinium Bromide, Poly-l-methyl-4-vinylpyridinium Bromide, Polymethylene-co-Guanidine
Hydrochloride, Polyvinylamine, Poly-N-vinylpyrrolidone-co-Dimethylaminoelhyl-Methacrylate, and Poly-
4-vinylbenzyltrimethylammonium Chloride, and Poly-4-vinylbenzyltrimethylammonium Chloride.
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32 A nmethod as clainmed in claim31l, wherein the
pol y-L-ornithine has an average nol ecul ar wei ght of
woetvmeer145 and 30 KDa. 33 A nethod as cl ai medPCI/NZR@icnn0270

32, wherein the poly-L-ornithine has an average

nol ecul ar wei ght of between 20 and 25 KDa and contai ns

| ess than 20% of a nol ecul ar wei ght species of 10 KDa

or less. 34 A nethod as claimed in any one of clains
7 Alcodipositibe he tlainsddeip olgima) FlleteSiBShe pollytatigntis polgdpstmithine having an

wi th pol y-L-ornithine at centration of about
averagedﬁds@)ﬁ%rvv/%htps ctatERiRbor 1 Grif 35 A nethod as

8 @l aiiRAditoR &! @hiMedin MBS 8] WhérBinSthe Riveagd ARIddulAlwdibis between
mannuroni ¢ acid al ginate coating solution is applied
about 153end3¢KReent rati on of between 0.02% and about 1.0% w v
9 onéo %El\ﬁgxg s %Bﬂ-ﬁéd §1 %@% §‘,bx9Hérei§Qh<?5 &Jéﬁ%smolggﬂﬁ anélli‘tqg between 20
as clrained Tn clhaim 35, wherein step conpri ses
and 25 Kippalayd nontaing lesadhain 2@ ofe mmleibar svedghit shealegiofidd EDnoaldssng
ol uti on at co centratiog Pf a§0%5 .OS@bm/v.fog i acid
10 FARPOFIEN & e ay o Rt clalmns Bt S Wsfei fegatie pLmapyronic aci
alginatd 1 pRR)¥atdfibs @bndtdiun® 1 &/ aoat 61, Wwherein the high
mannuroni ¢ acid al ginate solution of step a) and step

11 @ycqmpositien g3 leined Bl aryeensril cies ddaphOi Suther pepptigingytess than about
1% calc?\?lo chf&riﬁ?%/or7s%?(?um&‘id%m c acid residues. 38 A nethod
0

0,
preparing m croencapsul ated cells conprising the
12 &t bipsumptibienvichanpsule tomprivgngekdrs layer af edligh mannwbnic acid alginate

.hi gh nnur.oni ¢ _acid . cont ai ni ng. al gi nat e, di sspl ved.in .
cross kel Wi & SR Piscorp P BEb At I Sholbrent BGofls forming a
semi-pel‘fn@%l@ﬁﬂnﬁrefh% AMd\ein c{tm)erSWeﬁyf)‘ mgiﬁghhﬁarﬁﬁ&fdnioc@m @pibtegwherein the high

agln,ate.so utiron o stepc t rougn an al,r- or .
mannuppig FG SRS s therce Bd YEsTdRYsEDIS thwaéneaorscilffﬁ%@ﬂd contains between

from abd8 50% QatRlit $8% GRS InRlach @R | 1 nking agent to form
gell ed cell-containing capsules; c) coating the gelled

13 éebiocanprarahiln imigroenppelalae slapned ireplais) 1 wheraingbe pégit mgpnuronic acid

alginatyf’i‘eysl a%%vgragg lrr%ﬁécﬁ%e\{/gigﬁtyof' (%295’3% tﬁarn Hout 4(Sd1ﬁﬁa3an§ ’the) %ol cationic agent
di'ssolving a high mainuronic aci d contal ning al Qi at e

has an averdgs afobstular selghtef ietweencl@remdd0iddd.on of about 0.01 to

14 QPP iSRS R e e Siapn 13, nGRRid B tidh bifnuronic acid
alginate has an average molecular weight of greater than about 600KDa and the polycationic agent
has an average molecular weight of between 15 and 30 KDa.

15 A biocomparable microcapsule as claimed in claim 12, wherein the cross-linking agent is
selected from salts of the group consisting of Ag+, AP, Ba?*, Ca™, Cd2+, Cu*, Fez+, Fe**, H, K7,
Lit, Mg, Mn®*, Na¥, NH*, Ni**, Pb**, Sp®* and Zn™".

16 A biocomparable microcapsule as claimed in claim 15, wherein the cross-linking agent is
calcium chloride.

17 A biocomparable microcapsule as claimed in any one of claims 12 to 16, wherein the
intermediate layer is between about 10 and about 80 microns in thickness.

18 A biocomparable microcapsule as claimed in any of claims 12 to 17, wherein the core layer
is depolymerised by a chelation agent to form a hollow core.

19 A biocomparable microcapsule as claimed in claim 18, wherein the chelation agent is

selected from sodium citrate and EDTA.
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e) collecting the cell-containing m crocapsul es;

wherei n the high mannuroni ¢ acid containing al gi nate
wohowtegaoa) and d) is the sanme or different cearaiznee6/000270

from about 50%to about 95% mannuronic acid residues.

39 A nethod as clainmed in claim38, wherein step b)

conprises stirring in about 15mMto about 120MM

cal cium chl ori de for between about 5 to about 30

20  Kibiedodsparabl} Micribpet Acldmdd tshyl dhe ©ff dlaith3 B2 oMY ivdkRin the ratio of
conprises stirrj i n about HOMM cal ci um

step b S ) n L

the coredayes o the intermadiatolayer iaBoRIE 75 togba ik bnveighhutes. 4 1

21 A visL R Bk Iﬁic?dcgﬁs‘ﬂ%é a3 c‘fe{iﬂl%{i‘lr?ﬁm é‘fﬁ%"t‘qaﬂnsc‘ [ffb f@, wherein the ratio of
conprises coatlng the capsules with poly- L-ornithine

the outegdayar oohe mtermadintsriaxet isabowekh:1db ebgut 0.4002B weighbout

2 LR AR R Rl o R L oo

cells wigtiififHeicosSlayg@at i ng the capsul es with poly- L-ornithine
[ f . 05% f 1
5 RSy parmet: s cepebenin & Hreih 6 o s cclected rom

naturalY8EREAg bfteoRefichtl} aRERl Edlisne has an average nol ecul ar
wei ght of between” 10 and 40 KDa. 44 A nethod as

24 Albipopmwbaiablechigtarapaie agreddimicd in ¢lainp?d, wheredn tietchllnare pepsent as single

et e SUTTAETRIRE L AR SEESY i BBt o
cells arodny- dthar et fype eajebde aﬁsmveeinggfectmi wsefill i theetredtmentf of a disease or

d.t.betvveen 20 and 25 KDa and contains |ess than 20% of a
CODAILGHy| ecul ar wei ght species of 10 KDa or |less. 46 A

25  Kebioesinpdatlé ahidRRapstleC bR inkenai M, Whéb@Pthe) ndufial cells are
final high mannuronic acid al ginate coating sol ution

selecteq drogpthe exoum campidtias throid i exust cablss wideitarp. s, ghygmafin cells and
hondréibput 1.0% w' v for between about 5 and about 30

ehon rn‘?nut es. 47 A nethod as clainmed in claim46, wherein

26 $tEpcapacabbpmicespappisyélrigied if anabnhohéainsniAtodks, baving a diameter

OfbetWaCiﬂ}gl gj&@@t e r%ﬁ’ati ng solution at a concentration of
eVl I’G 6 WY ¥ or between 5 and about 10 minutes. 48

27 A m@hbdef @epLingiartistampaiatsly mictecapbule kainpisidBthcGteps:,

\é\ﬁher eilirs]sotht}gg hai %Pghn%‘lr;lrl]lglarggiicc ag | gontaining alginate in isotonic saline to a
concentration of between about 1.0% to 2.0% w/v;

b) spraying the dissolved alginate solution of step a) through an air- or frequency-based
droplet generator into a stirring solution of an excess of a cross-linking agent to form gelled capsules;

c) coating the gelled capsules of step b) with a polycation having a polydispersity index
of less than 1.5;

d) dissolving a high mannuronic acid alginate in isotonic saline to a concentration of
about 0.01 to about 1.7% w/v and applying as a final coating to the capsule of step c); and

e) collecting the microcapsules;

wherein the high mannuronic acid containing alginate of steps a) and d) is the same or
different and contains between about 50% to about 95% mannuronic acid residues.

28 A method as claimed in claim 27, wherein step b) comprises stirring in about 15mM to about

120mM calcium chloride for between about 5 to about 30 minutes.
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al ginate solution of step a) and step d) is the sane
or different and contains from about 50%to about 70%
woammimendc aci d residues. 49 A nethod for coaPCONZ2006/000270

non- degradabl e cell delivery construct conprising the
steps:a) inmerising the non-degradable cell delivery
construct in a solution of high mannuronic acid
contai ning al ginate dissolved in isotonic saline to a

29 AOﬁh@ElBH raat élﬁilgmedfmbcﬂﬁﬂﬁe&, ‘l']%l&%nt ﬁe@)b@%om/pwseslbﬂirring in about 110mM
in ating t onstruct of step a) in a solution

Calcmmc‘%‘?ﬂ QerfPhl&t‘é{?Pn&eéfs%to out G miedtesnki ng agent to forma

30  88htiRsa Esoélﬁllnﬂﬁ in %ialrfl l2'7t Qﬁéreﬁ%éﬂ cr)g:oﬁlBﬁs& @bhtffh the capsules with poly-
construct of step b) w pol'ycati on havi

L-omithine gich enpeeriatipn ofiehweest ahoelég 02¥etn abog;0. 195 (i /g& &r\petwpen about 1 to
nnuroni ¢ acid contalnlng alginate in isotonic

about 49&1??%%[&t 0 a concentration of fromabout 0.01 to about

31 A méthed \as @bvdmag i ylaing 38swhkeréinrnhd polyalt-otrdthpfedths @ @mrage molecular

noi s Iator ane coated non-degradabl e cel
Welghtﬁlg??m %%%ﬁd e) isolating the

32 Nﬁ‘ﬁb‘ﬂh@& 29 |cﬁa‘irﬁéd/ idTeRkE 3newheintlle MOR-URatittahe Mmedverage molecular
delivery construct; wherein the high mannuronic acid

weight elobrtweeni prdi39ikdaz.e of steps a) and d) is the same or
33 di LERLERE AReE A ERINS2 b&'hé%ﬁnth?ng’%w Ia%gr{?htn%al rre%gﬁt av%?aéé molecular

mannuroni ¢ acl d resi dues as c
weight of bétwmed020 wivk2 % Kibasindpobipinsdessrthae20% of p malepulan V@hghlﬂspecws of 10
KDa or gnﬂﬂto about 120nrM cal ci um chl ori de for between about
Y0 about 30 minutes. 5 1 A method as claimed in

34 ol @kMo8Qs AMigeeiin afy @Be BY cLARBP DSBS whikteld b8P c) ﬁoﬁbﬁsﬁs coating the
HOniVI caIC|un1chIor|de for between about 5 toaggout 10
capsulepihipely-Lopnihipeat degnecgiration ofglroptd-@37a (Wiva tpr a1 gjmynutes.

35 gt BOnhGd ﬁ&caﬂ?ﬁ{édsiﬁ%la‘frﬁ@tﬂ RlerbiA6in GRY P%z kRSt B th‘PinYmromc a01d alginate

. -ornithine at a concent ration o et ween out .
coatmgtsohmbo u$ appliedodt @vwonsentigtion ef helmigern BOdo and @oab d;@% %V for between

abmﬂS%%HgB0§30%%n€EyEthOd as clainmed in claimb52, wherein
conprises coating the capsules with poly-

36 mat}tddl ae chiimad dandsint B4} iwhieredd swpoﬂj cﬂmﬁﬁ.%s(ujdp@mg ar final high

10 .m nutes. 54 A nethod as cl ai in
mannureplc 51g1d e&wg? gchattqgesowog} af a gpnpepination oxgﬁ) (};ﬁ%}é pvégtor%etween 5 and

about 10 minutes.

37 A method as claimed in any one of claims 27 to 36, wherein the high mannuronic acid
alginate solution of step a) and step d) is the same or different and comprises from about 50% to
about 70% mannuronic acid residues. ‘

38 A method of preparing microencapsulated cells comprising the steps:

a) incubating living cells in a solution of high mannuronic acid containing alginate
dissolved in isotonic saline to a concentration of between about 1.0% and 2.0% w/v;

b) spraying the cell-containing alginate solution of step c) through an air- or frequency-
based droplet generator into a stirring solution of an excess of a cross-linking agent to form gelled
cell-containing capsules;

c) coating the gelled cell-containing capsules of step b) with a polycation having a

polydispersity index of less than 1.5;
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nol ecul ar wei ght beteen 10 and 40 KDa. 55 A nethod as

clainmed in claimb54, wherein the poly-L-ornithine has
wanoexaédge nol ecul ar wei ght of between 15 andPBO/NZR#6/000270

56 A nmethod as clainmed in claimb55, wherein the

pol y-L-ornithine has an average nol ecul ar wei ght of

bet ween 20 and 25 KDa and contains | ess than 20% of a

nol ecul ar wei ght species of 10 KDa or |ess.57 A nethod

8)5 cl @ibstddng M Gighi MaABuromldesdd rcohniBhe Rilghaté he fsotoale saline to a

gh mannuraoni c acid al gi nat ating solution js
concen%moé Ghast 0015 3 T ot THALCHE Bh Boahsp B ol gell-containing

Capsulegops%w)val{(pr between about 5 and about 30 minutes. 58
hod as claimed in claim57, wherein step d)
@bnprwél@stmgdbb yq:lhgomalmngmwmp@:ﬁulﬁannur onic acid

t t
R s e
differenvedrigids ﬁSmCdbauﬂ'&)d/ td’abam}@%mamﬁuroﬂnalaad r%dkteﬁl 58,
wher t nan ni ¢ aC| I nate. sol uti.on
39 @trgﬁﬁ%g' %ﬁq flgrbc Sg whgrela atﬁ,g rfsp%f,tgﬂltlg Hhe&)out PgmM to about
120mMeNidh eﬁlohﬂ@m@bm&n 2696t 50 Al B0o ﬁﬁl%atémnnur oni ¢ acid
residues. 60 A method for encapsul ating smal |

40 Aomethofes griorediin GHnDRA Whelelipder b cABPHEY YBIRS igiahgt 110mM
. | nmol ecul e, protein or

Calcmn{[)%i rﬁﬁg?gbeéﬁ%ﬁngdbgagﬁ dlggutgl o) Bétel on of a high

41 demettiod as damﬂddn churm aBnwhereial s@prtatcempnw cbategg the capsules with poly-

.di.sotonic s a co t 901 Q%
Lomitfio L ety PR ot PrBeFRapahROT Ao 1ogk YT forgcteen about 1o
about4glngmﬁ34e solution of step a) through an air- or

fre%bency based dropl et generator intqg a stirrin )
42 pHAS dpimed 1a glagn ¢ 1 ool sipL) IcPRRTIRG cogfig th he Gaslepwith poly-
L-ornitGiRé Btea%obl?&ftﬁﬁ&%f agooﬁg@ 05 GARH FHbBE: ®ARRMSS: C)

coating the gelled therapeutic agent-containin
43 dapsthiodsasoflaignadpirbylainn t49 er Abl yberinothehpaly-hgoraithine has an average

molecu?a?r\%%lhﬁ fetgléwééﬁ Jong8%o¥pd ess than 1.5 d) applying a

mannuroni ¢ acld containi ng al gi nate coating
44 (Ai sisthby ed claiméd it claine 48 alvhereint the polyel-oenithirgt hasranodverage molecular

0. ut 1.7% w v to the therapeutic
weight g wﬁe&%ﬂ%@?ﬁ

45 A method as claimed in claim 44, wherein the poly-L-ornithine has an average molecular

weight of between 20 and 25 KDa and contains less than 20% of a molecular weight species of 10
KDa or less.

46 A method as claimed in claim 38, wherein in step d) the final high mannuronic acid alginate
coating solution is applied at a concentration of between 0.02% and about 1.0% w/v for between
about 5 and about 30 minutes.

47 A method as claimed in claim 46, wherein step d) comprises applying a final high
mannuronic acid alginate coating solution at a concentration of about 0.05% w/v for between 5 and
about 10 minutes.

48 A method as claimed in any one of claims 38 to 47, wherein the high mannuronic acid
alginate solution of step a) and step d) is the same or different and contains from about 50% to about
70% mannuronic acid residues.

49 A method for coating non-degradable cell delivery construct comprising the steps:
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capsules of step c); and e) collecting the therapeutic
agent -contai ni ng m crocapsul es; wherein the high
woamTaend c aci d contai ning al gi nate of steps afTazdood) 00270

is the sane or different and contains between about

50% t o about 95% mannuronic acid residues. 6 1 A

nmet hod as clainmed in claim®60, wherein step b)

conprises stirring in about 15mMto about 120mM

gal Ci immah;liny ithte ro@rdepaisige ncelib dulivedy t @ngp@tin3@ solution of high

mnutes. 62 A nethod.as clained in ¢laim6l, vvherelfr{) o
mannurgpig ﬁmﬁ)coe@wgra dgisate isPivRdn iNotgpis selingcm centeaitation of between 1.0%
10 2.0%Ghori de for between about 5 to about 10 minutes. 63 A

met hod as clainmed in claim60, wherein step c)

Bbnpringebating kg ﬁ@nstrn@t ofapfepiakén wi sohitien| apntaining an tehibese of a cross-

S f between about 0.02% to about
hnlqnggfgefgg}fl?%\%%?or be{1 en about 1 to about 45 m nutes. 64
A) net fusilieasoatirg nikd detled | @nsm&3, ofMsepeb) sitlep qlolycation having a
r. oatin he capsules with poly- L-ornithine
pc’lydlsgeirs 1&@ %tﬁ?srgélfar“(g)lng’of about 0.05% (W v) for about 10 -

#) nut gissoldhg /a AEshh @fnASrofilc 2hdi® Cbonfhifih@i Ai3ikde Oh BStonic saline to a
wherei n the poly-L-ornithi ne has an average nol ecul ar

concentygiogHif ’%@f‘é‘éﬁml 0kl abeyt 5i%. Wiseand apelyiiesians faiehrogsdo produce an

I t
immund A o RS2 R B oot MIREL Lol E3nBE. 67
&) net soldtisgs thé almmlousmlatdnm meBhrangheeatech rtomedegradable cell delivery
ol y-L-ornithine has an average nol ecul ar wei ght of
etween 20 and 25 KDa and contains | ess than 20% of a
whbreutherhiyle nghhudpiecdodd c@litaliﬁlgl@gmaﬂ‘e dfeg&ps HBarf d) is the same or
od as cl aine |n cI a‘r}?o 60, wherein in step d) the

differeng a#; FONHBTPERMS A IPEI X070l odi B EPRIEBRIF AFig & on

50  ASm&@BR 4LGaifed ? 6191%@‘ Rt ke b) &ﬁﬁ}%’s@i‘stgnggl{? &0t 15mM to about
about 1.0% w/ v for bet'ween about and about

120mMﬁamm@§hloeée r m%a@télt@ﬂmw mlmt@a m 68, vvher ein
51 Al ﬁ"lgthg%i fn'eﬁ 93 0%91' gd) n&%l ein ol ' & bB“cg {r&g% % fabout 110mM

gln e coating sdlution at' a Sone
calciunaﬂ:ﬁnﬁdeﬂ’o%@z@zwh\abbutrs toebumdd hinatesl about 10 m nutes. 70

52 %{ggtﬁgcﬁg én}%h%% ﬁgﬂ,\gﬂ%glgg%pgz cgmgrlsrgg cggcmg thg gapsules with poly-

L-ornithine at a concentration of between about 0.02% to about 0.10% (w/v) for between about 1 to

constru

about 45 minutes.

53 A method as claimed in claim 52, wherein step c) comprises coating the capsules with poly-
L-ornithine at a concentration of about 0.05% (w/v) for about 10 minutes.

54 A method as claimed in claim 52 or 53, wherein the poly-L-ornithine has an average
molecular weight beteen 10 and 40 KDa.

55 A method as claimed in claim 54, wherein the poly-L-ornithine has an average molecular
weight of between 15 and 30 KDa.

56 A method as claimed in claim 55, wherein the poly-L-ornithine has an average molecular
weight of between 20 and 25 KDa and contains less than 20% of a molecular weight species of 10

KDa or less.
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al ginate solution of step a) and step d) is the sane

or different and contains from about 50%to about 70%
woamTwaend c aci d residues. 7 1 A bi oconpati bl ePCT/NZ2006/000270

m crocapsul e prepared by the nethod of any one of

claims 25 to 37. 72 A cell-containing m crocapsul e

prepared by the nethod of any one of clains 38 to 48.

73 An i nmuni osol atory nmenbrane coated non-degradabl e

57  peahéthl€hd MSiMEdGR BRI Y9! widr6iRah sdp Ay t}feffﬁlanm’tgh PhnBfirodldYacid alginate
one of claims 49 to 59. 74 A therapeut

coating £BiPn db ARRIicAichg cnesnbatipsof etppep P%d: wl gbput FBYhyly for between

aboutS%dQlS%t@O‘ﬁuR&tesC' aims 60 to 70. 75 A nethod of
aneliorating or treating a disease or condition in a

58 dubjedod sowfpimed iy daimnspl sbeieing sep &f tewmpiisee zpphyumg a final high
f. a cell. ont crocapsul e. of
mannurglitc tagﬁz%glg?%e ?%a qgtsgﬁlgg{l gt &g cglét{a?m\lm)g Q%“g%g%(gé)lw \Y %or bnRveen 5 and
about 18 adfigée a therapeutic that is effective at
ing or .treating d di sease or cond

I t
59 2”%5%8%?@ SRR (R 3p% g §f f??’c{lw &8t o aNhﬁregléa%f‘eﬁ%ﬁ inarmironic acid

alglnatecs%ﬂﬁioh'o? Bteh ) ﬁidss’f@fi HGs th% QRRE bBHif@reht ARCRLAMAS fidn 8Fout 50% to about
fective am)unt of "a ther apeutl c-cont ai ni ng

70%nnm¥w¥m@a@@hm@§was clained in claim74 in the said
60 %ﬁ%’cﬁ&ﬁ f rvgi]lgz{bsﬁl% nq% 1{]8[ ﬁl%?e%higc Hl!O?Gll’? If' ﬁ%A Werd %E}ruc elg]gel}tf comprising

1'or at i’'sease or con
the stepgk use of a hlgh mannur oni ¢ aci d-contai ning al gi nate

n pol ycation_ in th manuf ac e,of a mcrocap
& epaﬁﬁw%iﬂg # Al SWIcRIe, PIogIn B bﬁréq%eﬁapaﬁgcmgam? RSfution of a high
mannuréBic AcidS@n@nifs AsBhteBRENEO M BoRlcdaBRMoa snbéhtration to 1.0% to 2.0%
al ginate, a polycation and living cells in the

WV, manufacture of a cell-containing bioconparable

m CT OGf %ﬁﬁ% hd ﬂle[' Satlc @ éen@-@@tlxt%iﬂ{n%t éﬁ?@ it Of ste da) through an

condit n a su Ject n nee erein sa
air- or ﬂraquem:g’ -lmetd &olalet:gemtmtcm intherstipimgtsobitivh af an excessfd@tcrass-linking agent
or treating,said di sease or condition
to form 1 FelaBeye B Sonle B GBRIBE . 01 S mee Dl e
&l gi nedating ehePdliyé BierapRuiic) Sgeat-tiRLiANE Whpsuled@F3tepi ) Witlea polycation
manuf act ure of a therapeutlc agent - cont ai ni ng
having g pely ?“é?b‘l“ge"rﬁfcl?%é I’ to treat or aneliorate a

8 seagfifhg Caoﬁﬁblt hi2fh thnrﬁlrcﬁﬁcpJa@ﬁt coflaill! dalgfﬁ@{ee&fatmg dissolved in
wherein said therapeutic is effective at aneliorating

isotonico galine etgt & Iﬂgn@‘@irdﬁ(m oEabeuto?.0t dadiboitbd. 798 0V/& teetheolierpeutic agent-
contalmﬂé%ﬁgsﬁle‘glo%{%g 'aﬂ claim75 or 78, wherein said |living

’‘bislet cells
e) collectmg the therapeutic agent-containing microcapsules;

wherein the high mannuronic acid containing alginate of steps a) and d) is the same or
different and contains between about 50% to about 95% mannuronic acid residues.
61 A method as claimed in claim 60, wherein step b) comprises stirring in about 15mM to about
120mM calcium chloride for between about 5 to about 30 minutes.
62 A method as claimed in claim 61, wherein step b) comprises stirring in about 110mM
calcium chloride for between about 5 to about 10 minutes.
63 A method as claimed in claim 60, wherein step ¢) comprises coating the capsules with poly-
L-ornithine at a concentration of between about 0.02% to about 0.10% (w/v) for between about 1 to

about 45 minutes.
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and said disease or condition is diabetes. 8 1 A
nmet hod or use as clained in claim75 and 78, wherein
weabw/uemdng cells conpri se hepatocytes and saPdT/NZ2006/000270
di sease or condition is a disease or disorder of the
liver. 82 A nethod or use as clainmed in clains 75 or
78, wherein said living cells conprise neuronal cells
sel ected fromthe group consisting of choroids plexus
64  AehdtBod & distdedlity clafth 63, whdrEias®ipid) c6@blises cofbipthocasalss with poly-
and any other neuronal cell capable of secreting
L-omitien At @rgancaiiation of abape0-P3va (wfvy Sbowr 10BRuIE] on s a

65  ReHEMbeHsCahinftiSRASgin? 52CANS4 t hRlkein the poly-L-onithine has an average
molecular weight beteen 10 and 40 KDa.

66 A method as claimed in claim 54, wherein the poly-L-ornithine has an average molecular
weight of between 15 and 30 KDa.

67 A method as claimed in claim 55, wherein the poly-L-ornithine has an average molecular

‘ weight of between 20 and 25 KDa and contains less than 20% of a molecular weight species of 10

KDa or less.

68 A method as claimed in claim 60, wherein in step d) the final high mannuronic acid alginate
coating solution is applied at a concentration of between 0.02% and about 1.0% w/v for between
about 5 and about 30 minutes.

69 A method as claimed in claim 68, wherein step d) comprises applying a final high
mannuronic acid alginate coating solution at a concentration of about 0.05% w/v for between 5 and
about 10 minutes.

70 A method as claimed in any one of claims 60 to 69, wherein the high mannuronic acid
alginate solution of step a) and step d) is the same or different and contains from about 50% to about
70% mannuronic acid residues.

71 A biocompatible microcapsule prepared by the method of any one of claims 25 to 37.

72 A cell-containing microcapsule prepared by the method of any one of claims 38 to 48.

73 An immuniosolatory membrane coated non-degradable cell delivery construct prepared by
the method of any one of claims 49 to 59.

74 A therapeutic agent-containing microcapsule prepared by the method of any one of claims 60
to 70.

75 A method of ameliorating or treating a disease or condition in a subject comprising
transplanting an effective amount of a cell containing microcapsule of any one of claims 22 to 25 or
72 into said subject, when said cells secrete a therapeutic that is effective at ameliorating or treating
said disease or condition.

76 A method of ameliorating or treating a disease or condition in a subject comprising
transplanting an effective amount of a therapeutic-containing microcapsules as claimed in claim 74
in the said subject, when said therapeutic is effective at ameliorating or treating said disease or

condition.
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77 A use of a high mannuronic acid-containing alginate and a polycation in the manufacture of
a microcapsule preparation for use in allo- or xeno-transplanation.

78 A use of a high mannuronic acid-containing alginate, a polycation and living cells in the
manufacture of a cell-containing biocomparable microcapsule to treat or ameliorate a disease or
condition in a subject in need thereof, wherein said living cells secrete a therapeutic that is effective

at ameliorating or treating said disease or condition.

.79 A use of a high mannuronic acid-containing alginate, a polycation and a therapeutic agent in

the manufacture of a therapeutic agent-containing biocomparable microcapsule to treat or ameliorate
a disease or condition in a subject in need thereof, wherein said therapeutic is effective at
ameliorating or treating said disease or condition.

80 A method or use as claimed in claim 75 or 78, wherein said living cells comprise B islet cells
and said disease or condition is diabetes.

81 A method or use as claimed in claim 75 and 78, wherein said living cells comprise
hepatocytes and said disease or condition is a disease or disorder of the liver.

82 A method or use as claimed in claims 75 or 78, wherein said living cells comprise neuronal
cells selected from the group consisting of choroids plexus cells, pituitary cells, chromafin cells,
chondrocytes and any other neuronal cell capable of secreting neuronal factors, and the disease or

condition is a neurological disease or condition.
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