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study perio hi gher magnification of a

phot om M@gﬁllaﬁhp?‘ﬁc@ﬁ%wnf’w%ﬁﬁf%e pitting of a pKel microcapsule at
day 30, DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention
is dor emw@mmlmm@ﬁswlaatqmﬂlsmtwm@Wmm of ghhdus 1.8Hdo 2.0% wiv.

t herapeutics which

The algmaie solution of step d) compnses an alginate concentratl on of about 0.01 1o 1.7% wiv.

In a sixth aspect, the invention provides.a method for encapsulating small molecule, protein or_ DNA
therapeutics comprising the steps a) dispersing the therapeutics in a solution of alginate conmining a
high proportion of manruronic acid -residves dissolved in isotonic saline; b) crosslinking the
25 maunaronic acid residues by incubation in an excess of & cross-linking agent, such as a lomM-
120mM solution of caleium chloride (preferably L10mM), 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 an average molecular weight of 10-40 kDa and 2



~has inproved bibstability when the encapsul ated cells and

- therapeutics are inplanted into a subject. 10 This inproved

bi os-tability enables the encapsul ated cells and therapeutics to
remain wWithin a |living body for longer periods than is currently the
case which will result in inproved therapeutic delivery and thus
treatnment efficacy. The encapsul ation systen1conprises a.

bi odur abgo@ydggg%g%agxod} ISOWRRIIS BY cfaj_ngdl 18 Whifinel & o gg&fnﬁého?x%fabcmo 02

mannur onl € acl inate Is a chari de conpose uroni ¢
(G and TPﬁér*i’hw"oﬁerw OQE vV} ’%k@@“b&‘%i’*ﬂ s, (%m@f&b]ﬂlﬂgmy@%ucaeppimg
bonds (segnath ma@x&ﬁtng BS@E thelaPedtic QbtSinih): caphliBs 5B%dpQ) %b&t@@éﬁ ﬁ@ﬂmﬁé
contri but efﬁﬁgﬁl rq:i tp certa ‘%é}r&%n%/ cal characteristics._of

pol ysac REFFHE 2 DURESh 2F & i ?fﬁ?egfw-f?q?én%wwp%whewm
cat i gni aht palycatiass hivtkBel.-1algi nates high in G due to a nore

net wor ked structure resulting froma(l-4) bonds, are nore brittle

Wi th a MhahghoRl ashle agsfeiw 443 ) 1 &L%a&ﬁ@9§ﬁiﬁe%ﬁga:%rc%nmng%¢we%owg % 1o

nore |inear 14) ecrease crosslinkin

great er BPESP (@Pwu‘é’ﬁ’ﬁ af”ér’-‘?ﬁ“i}’éfr er&f%%! betiypasrabeuFOU te gbawh 8‘?%“9@? orfeably
Vi vo. 2%ehids abdub S0RIMES6R TORY Bt &R pRIFNILH 8SrvBer FROSI% LiN70% manmuronic
conpri si n% (p %h mannuroni ¢ acid al ginate, specifically containing
bet ween Ot ®"80% t o 95% nmannuroni c acid tesidues, and a pol ycati on,
ot her than poly-L-lysine and having an average mol ecul ar wei ght of

10- 40 | tibs el B P efi skiped SaERyisesfal@gingte concaprationf ahaur htoyio LAY wiv.

pol ycation is poly-L-ornithine. Preferably the high mannuronie acid
cont ai niThg aklmgiesaludorcaistepid) soruetseenmghibotidon EOamtonch QB 00BN AU, T indy,
acid residues, nore 30 preferably between about 50% and 70%

MANNUI O G Ak Gk WRS invadddn RSHAR £1RABN o RRINGER: & «2RA @9@5{93 r
and 70%ma nuroni ¢ .acj d resld es. In a preferred enbodi nent, the ?1
mannut ofPEIERA ] %P@F’ﬁfafné g aﬁiﬁ'@&fb SPyEETRe PO Enting ag elieghy qpmgspunt o s Al

appr oxi maﬁtahgng%drotapsm& df they invenkigh o fHid hremalb bWiteidowa céiislsebiyie Wah@peutic
In addi ttl':ahf}cﬁi: fie SOIR: g.&b%gng@a@ REERERLLINER' | D0 TRy e o

cal cirum chlori de an era t he conposition
conpri s ni annuronj c acid algi nate.5_ at oncentration of,
Coout  aaeb SR APGOU HETE AT ARSI FTRe. s o
concent redditm iafanodnbml, HORAIIng achumats, dcﬁu%'lsﬁig&faﬁ#;ﬂéﬁnyg ab efftclad Ymount of the
calciu ess, t n_about, 1% an sodi u
chl ori Ijnél%gJ?Q 'glc%gﬁ%}{é%ngr&ét | gﬁﬂ&% éf’fetggsl H}Q’E%t{r? "abe ma? wherel & gt&er%eé%c '
mol ecul &t gerueberainporeginganid disgﬁsg@éfalﬂélmtl han about 400 KDa,
preferably greater than 10 about 600 KDa. The high =inn& arid

cont2ai ningn aingi Mpéce, the delehiont ﬂrew{ih“sap%tdf?agaigm‘mé bmegmﬁg B&WM%’Q&L 3004hd
may .Co I I: 0 etween_a 10 .and. about
d0vo " Taeoet 35 BRSO Befhel B 3 borRlepl AP eR S P e
i nventi mpargﬂanf@rrﬁw)m?mewm@mansm@%&n m@hgat‘@na The al gi nate source
is purified and contains less than 1 endotoxin unit/m of 1.7% (wv)

al gi nat Bhe E@rRpet ptpooime bﬁthalxﬁmmhﬁbé edrainBteRall €% ﬁ:bjb&t.am '@uﬁ'&f“
use in th Lnv ntlon in ude Kelton V K/%
Homever{'seg#\lye%'tsﬁé}rm |elh € W’ rﬁ ?‘&Jﬁgﬁﬁ S‘Bﬁ g °§°‘m’ orse,
conf&nt QB Whachgoat m Crimgie m) mc:aw beheusiecgsula prepwations epmadisefcells that

use in {dpdngaRatic hgéﬁ%ﬂ &Hsa raintBGa bl PR JIRYe DRl g %%n&ﬁis&@ctdzin%n affotht

when di ssgl.ved in
. pol ycat FBHeE t%wwqer%"p‘éﬁft%’ﬁ apping 96 thet Tgepentalagamnido ﬂ%&bjeéham effective

amount of a particuler agent will depend on factors such as the type of agent, the purpose for
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conposition of the m erocapsules of the invention. It has- been found
-for the first tine that a 25 polycation having a pol ydi spersity index
of less than about 1.2, nore preferablY | ess than about 1.1, together
with the high mannuronie acid aliginate, results in superior
m crocapsul es which are highly stable and can remain in vivo for |ong
periods of time, and certainly for nore than one nonth. Pol yeatonic
agents conprising a high polydispersity index and therefore including
-a W de rairgeisoiionshavarerpe ef discasy & askrown it brineclsated gam Thest of #idk in the art will
rai cr oCapSipleas detddti®: difhcdvaQuBiist 0 be caused by the | arger MV
nol ecul es being unable to diffuse into the alginate coat resulting in

a weak cgating. The. smaller nmol.ecul es n the other. han can ,
i fuse. T Poseapyne op ede MG PRFERA R RS tS S anBer Srem Pt of
t he cor etharisltodg phadetegedting imlepdnderd slaimst inelwdisdhibaiciane theAequotbsieeided hy that
Wi th 4 ltlel%].l {neeQd{ &ﬁg%li%gedg{g\ég Bﬁgén?éutla%ér %\%ﬁt&t@:s AL q%%reg n?.m tin
superior m crocapsules. or exanple, en the polycation is
poly-L.-am d-tine the preferred avenge MNfor the polycation is from
“bet ween QESQ%ﬁﬁﬁxkﬁgFTﬁ%P%AﬁW§¢§rabIy between 15 to 30 KDa and nost
preferably around 20-25 . KDa_ Preferably, the poly-L-omthine

wi || confheiinventiciyeilitnoR(08% deberived vl kefgerivavd g figuid\bOthe i@ oipanyiog dd®ings in
| ess and o€ preferably < about 10% of nol ecul es having a MV of 10
KDa or |ess. The invention further provides bioconpatible

m cr.ocapsul e repar ed. usi t he coppasition.af fhe inventi nd
Conpr 1 o1 e LB E T Bl SR R ek ERRB 6 Roerhiie s e 0d Ay
wi t hita cheitoterperiupsnd [thediendrabgarmue dplgntedparddiced ipsdr yih teflocation of the
Ni b/ cat | QBSnd\@WLRAkA50: BRINGRSLALSI ty T ndex of less than 15 about 1.2
form ng 'a sem -perneabl e menbrane, and an outer |ayer of high
mannuroni.e acgid al gi.ngte. The high mannuroni c acid. al ginate ma .
Conpr 1 s B2 S LB 5t e TR PR e Uy BisgPlons of the
- pr ef er ablabofiylorgicaio bigh59nifioath §ut b&E¥nsay e preferably from about
50%to about 70% and nost preferably from about 60%to about 70%

rrﬁl NNUOIHigur&i2h chotwe alggﬂ&&nixa&smﬁa valy@ gpg?!}e};iéﬁﬁ@ '_I_m E@E@ﬁoﬁf&h@aﬂoﬁyﬂm@?%e
the quter lLayer nay be the.s or .’ erent. e core |layer may
conpﬁfs3“%#@#%%F3m§8?6%§§H*S?E§69¥83§ﬁﬁﬁﬁﬁﬂ%ic aci d residues and the
outer |ayer nmay conprise alg%nate conposed of 10-4Q96g%ucqronic_acid
r esi dueF18WS2HE™e aUPBRIREIVE FEY%s EISHIIE§E Bgeof Phi)enyde awsprpiendy afgingincoo-
sal t s ofabédmgiony oup consi sting of Age, Al3+, Ba2+, Ca2+, Cd2, Cu2t

Fe2t Fe3, fr, K Li4; M, M2+, Nat NH+, N 2+, Pb2+, Sn2+ and Zn2t.
Pref er alihyd NghoGabk MRLARCHDA Phdsk Bit-0S + A0S tfvh»;id' sl Q%E? Jhe
‘cross-lin inggggent I N prefe?ably In éxcegg, é% éﬁgﬁg%gp#$% ﬁ%ﬂtov
120r aM cal ci chl qride. re preferably 110 cal cium 30 _chl or | de.
The ol JRBIET Arie i b et S WAt Cr e FIGRRERE GF GRFot SRUFL it or
chi tags artifirant: algmbie typehi t osan gl ycol, nodified dextran, |ysozyne,
poly-L-omthine, salmne sulfate, prolamne sulfate, polyacrylim de,
pol yacr yidurd §lendeR-tRELBRACHkYERSY @lifddity (ATRhA YleARTOUM AN @ for the 60-day

Pol ybut JrelEr grrB b Reer nprant it kynviNog! REGrmntdeneis pbi

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

period;



5 Brom de (80120). Pol y-3-chl oro-24tydroxypropylnet haeryl - exyet hyl

. di met hyl ammaoni um Chl ori de, Pol ydi al |yl climet hyl aranni um

Pol ydi al | yl di met hyl anmoni um Chl ori de, Pol ydi al | yl di met hyl anunoni um
Chl ori-de-co- Acryl am de, Pol ydi al | yl di rnet hyl anr noni um

Chl ori de-co- N-I sopropyi Acryl arnide,

Polydlnethylanlne co- epi cht hrohydri n, Pol ydi nmet hyl am noet hyl acryl ate-c

Acryl
ol ydl VR A GRS F IR Py dechsanserngl i HengseHypwi ribsiogk
t e, Pol yetinyditsive atfide|l] 8k 0 WRNIGY (0B NBLG] ekERiepFat ahydsd:n Modi fi ed,
Pol yet hyl enei r ni ne, Pol y-2-hydr oxy- 3- net hacryl oxypr opyl
Tri hyg; i .
ri met hyg; %@%ﬁm]ﬂa&f&gﬁa Ry %ﬂﬂﬁé&rﬁ ?’3 ﬁ&%%&x#@%y%pﬁéfh&dgmam

Trimet hyl ar nnoni um Chl ori de Pol yhdrox acryl oxy

et hyl  AHRRSYFYHR- OHILGE PR, PP pyd idermavst ﬁ@ﬂ ystudypenoi and

(Quat ernary), Pol y2- et hacryl oxyet hyl tri nmet hyl ammonh3m Br om de,

Pol yrii etfigwee QIMWxM riapniEthiph afaphotoiticrograph to show the surface pitting of a pKel

Br om de/ g t hyl di et hyl am noet hyl i net haczyl at e- co- Acryl am
de, Pol y- I](1-&Q1lrnstﬁﬁ ?aFcQL%ng nyI pyrl di ni um Brom de,

Pol y4- me | - [ m_Brom de, Pol ynet hyl ene- co- Guanl di ne
Hydr ochl %&ébé#%ﬁ%’gpg{ EIE INVENTION
Pol y- N-vi nyl pyrrol i done-co-Di rnet hyl am noel hyl - Met hacryl ate, and

Pol Y- 4- Vil presests imypution ieditepled iorem ensppsOatior sy faritving cells and therapeutics which
Pol y- 4- wxﬁﬂe&a&m&:&m&%ﬁm&u%&l@él@%ﬁ&m utics &%ﬁ@@' Lgtota@?mm

poly adQ |C agent_ IS -L-omthine at 'a conce trat|on

0. 02 arddsigP "i%wmhﬂt}? ﬁnﬂPk‘érﬂPﬁ tReRTderd oqlls andthaspsptipy oirepain within e living

renove tbhdy for Gingsr padiuls GienliOvRfeniid/he RAE WBShivall sV iBimpelwWal e R g &anve;y

|ndex of than 1.1. Specifically, the average MW for
t he pol y-{{lﬁ%ﬁﬁﬁlnﬁggﬁ 1 ycationic agent is frombetween 10 to 40

KDa, m)re preferably between 15 and 30 25 KDa and nost preferably
around Qe biagslaloDR st BbrIRER Gt B sfm,ln%%

abovg 40 eKDaa%gln e rermvrerggby dllal ysis ah%l oth b oﬁégéﬁl&wﬁl‘(@%

Pr ef! r aBi%PHE?Wol y- Lonai t hne used in the present i nvention

conpri ses .l ess than about 20% of m)l ecul es having a MV of 10 KDa or

| ess an?dm)re I | ess t 0% of ecul es, ﬁ(

KDa or 8 %ﬁ ecrcr?emcfx’ a? mé"“c FEUPEre a‘BgE ed by (M)‘“"
pol yeat pesh$- %xceﬂﬁﬁbqnnse(se@he bbmﬂensencmﬁlgmesm Thesetlt pRxhere altinemere MRkies
of bet WegRd@ ROt aik: G ARL: éﬁ%&n@&s%ﬂ?’e% oy B (HAgS Sy haé-BE@n Bl BP6E 8 time

t he orgwﬁl(a yer may be solid or ymeri se
&

agef ‘HFW%P"HBPI YorrElked. ﬁi&ﬁfﬁ ldgh G‘fé) et %F@%W‘&F@Wﬂg@m@fmg
alr e Sodfouwnol-ty Binds, artm&EDTAtd wvith & Iﬁglh&l%m ndadiug :il@haﬁzﬂo@é\t}ﬁi air& Bgh in Mf
aglnat 0 int grnal structura or
3 Ot g AR ) sPBEaROLURL G SRRl I RO i s o

m er ocamﬁféblemm@amubbWémw%men@one in the prior art by not
carrying out the chelation step'so that the core is solid (see US

6, 365, 385, for exanple However, the use of a hlgh mannur oni ¢ aci d
conti n *ﬂﬁ e Provct dTven “t“h@"’?ﬁi@sr %&%Iﬁaqaiﬂéé coNPsHE % high apannimyie atid alginate,

t oget hegpetfitdilytcbatatiig WRfwedn RBLYCIRA® HAX inlbndoRe |a?ﬁ€'r§§?&fe§'én¥ d PR%id!

l ess th ni.fica i ncreases the durabili

m croc a%gcﬁ Iljae&él pgi\ygih 2 whe ﬁm# l?%’mecﬁ“@v?fﬁ’e‘ Tolpqular eislied 1 éﬁo E‘Pé |aa'% # Blydisppraity

m cr ocaipdex| As<1dt . Rréferapy dseprilydatioreis tpolyrl-omithing. sheﬁw%gr e sighlmimﬂﬁ&:@; {crr

further [}@,{éc a y b rat|00

Iayer oﬁgﬁgl i ngltglé1§ %o%n%r;s b?c&%gﬂd%ﬁ?céog )eéﬂc% -5:621 apout o 7¢ ac’[ o3 fﬁt 8
Hei e m%sﬂﬁ@%'aﬁi’%ﬂ éf’/w@ BTt eenggres add r%idgwn audemps préferably between

poI ycationic agent is about 1.2:1 to about 1.4:1 by weight. The

formed m crocapsul es swel |- approximately 10% or greater in vol une

when placed in vitro in physiological conditions for about one nonth




20 caused by surplus dival ent cations causing an Gsnotic--gradi ent

. leading to water uptake. This can be problematic and lead to the
deconposition of the m crocapsul es. This problem can be overcone by
noppi ng up -t he excess cations with anions (as for exanple in US

6, 592,886). 'However, in the present invention, the use of a high
mannuroni ¢ add containing alginate.together with the use of a

pol ycati on agent havi ng a pol ydi spersi.ty index of |ess than_ 1.2

resul t s ot BHend J8Va mannyrqninclh Radise 103 RETRTG CRpefimsn thet lfigh mannuanic

i nvent i QBidiaSeiktitddyihé b@iaBoR B’ ih@SEd bﬂﬁipbbxhﬁhtdfﬁqrfﬁqsq b@&v&lgm,ugbfcﬁsly
descri be aajjuleels SO “mtiﬁﬁ swel | %‘;Tesufac
I

rni cr ocZp&ti7el Bhareko, diigg, °?‘8Pﬁ5@8f‘ teRIESF ‘"‘éem‘?’hﬁ’éy "Scbld*fﬁﬂc‘m‘
m cr ocapadti @Saxﬂ&ydz{uu chibgde. CaefprabBEthe | bcsmmmeﬁe b&xﬁpdmtlimgmn&z{n&roﬁm [a€id alginate

| ayer.. The cel patur al ur.rin r

engi Reered %°§F(T“§m %fcot@{ gé& % S9e gl; Gt %mo?absﬁ’ ﬂ?u Sggelpo :"a]rcﬁfm %{‘nﬁéif i
cl ust er sowehEtior dbtf ahmt tllﬂ% ge cnﬁ:putcdﬁ%J slimfﬂgb!;@fabbut it3¥%etcalciminl shloride at a
hepat 0CbSmeddSHLANRGLY 116N oAfum EAGRA 1. bRk +#zas 2k bl Y
cells, c rorra in ce ondrocytes and any otner ce type capable
of secreting factors that would be useful in the treatnent of a

di sease or condition. For exanple, the cells may be islet cells
capabl e Tot ageqe etobroyiat weiphtioff thesddindte £ greatehéad seat 4001KDx brefuoitdbhetes than
The ;gel |g, g fernatively conprise hepatocyte or non-hcpatocyte
cells capa of secreting liver secretory factors useful in the

t reat ment of I|ver di seases or disorders_ 10 The cells may

al E er ?atxthyejglxlneagmamwm@ewtma aI‘gﬁ:la{&zsecﬁ%ﬁQﬁb ﬁtsp&%mcamﬁ s?ﬁlﬂﬁrenuen may
pl uitar ce I‘OWD Cl Irocyt es n (0] er cC

P babl o s PR R Bt ot ke st oot A, Al Shetpio TG in
nt ur Onakhedigmasesiubinde meeRdricntieol fiemdeseas ehovAl . Zhbtutef:1.s di sease,

epi Ilgpsy, i hntington's di sease, stroke, notor neurone di sease,

arnyotrophie lateral sclerosis (ALS), nultiple sclerosis, aging
vascul aflg|plgigssouRp fIaEing AR coRmns 1§§ AR EndopngiH R/ Oélls'fé’aé‘é’v) alsmate

trauma Q&mhﬂbdﬂiﬁ’coh@ﬁr&aﬂ)h QvalRbI¥ WSOM%E@%- Rhrauseif (R preset &ﬁfcigfontIE@udc
present an crons

B o or b oy O e e SO Cnie G R00 AL~ B oDl o Bt
i n di ametiécontanthr sotble M:6fretaptan o esades a rabnutkrid 06 vanith tROBesednensonl N
diaggter_ 20 It is 'expected that the rnicrocapsul es of the present

invention will be able to remain functional in vivo in a Subject for
a si gni Thedgpatpeny bareorH¢ine afd véder digiohied if b7% G} sdise.gr eat er t han
one nont h. The functional duration of the Mcrocapsules nay be

control Led e tir e of the fqllpw ng 25:-nethods: by varyjn
he. pol Vi SPLS-GE yregf (el BHERTE MAGE HRetorin He. THeiel aae) pstons
out er | eymmpsitiof of ke micorcarsalps Wi ahe iyenziany iinbast been thainel fop thet fisntime that a
content r gragf |

cal %? Fi I %cla%%?h%v&%% é:o %%{%H %{F oeljfﬂésghiggéﬁouk ?ﬁ%&e p%feﬁbqgﬂgs ad z%}'lout 11,
di st ri btegstber voth W%Ww i al@fmwh@ﬂﬂ@ |uy@m@mqmn@m@@etms whlch are highty

stable and can remein in vivo for long periods of time, and cextainly for more than one month.

Polycatonic agents comprising a high polydispersity index and thercfore including a wide range of
- 30 MW species are shown to result in inferfor microcapsules. This is thought to be caused by the larper
MW molecules being unable to diffuse into the alginaté coat resulting in a weak coating. The



by varying the concentration of polycationic GhAréacted contamn nant
.with concentrations fromabout 0.01%to about 0.25% (W w); by
varying the uniformty of the polycation concentration, creating a
gradi ent across the internediate |ayer of the mcro capsul e; by
varying the anount of cell-surface interaction by coating the
external surface with inhibitory agents such as surfactants including

| ' 127 . antisfibrotics, = and ot i tabl ts. Th |
or esont THUZAVGROPHICHE 0 PBOH MBS S LD o P BT B AP ARy efpgeing and o

bl ocor r ippedtialy ietotheaoeaap displos ©fls ddteadswitin the tore oapslysdting widi & lisie@npe
a) diss } . hi %WO- id containing alginate in isotonic
sal i ne; %Ei Sp a;l/c?h%mte e ‘lwgg‘%)%\s/@%hg?pgegﬂ% é"mé"ﬁﬁlﬁ‘on of step a)

through a4 air- or frequency-based droplet generator into a stirring
sol uti o : 4 nki- = 30, - .
i nu?es_@z’g%af SRR PR BRI L R e %€%°%2§§ﬁ"r§°gffﬂ%e°lv°atl°n
coat i ng it Femgemeey ol es wwre sreipbh) bejfiveen 18 1l FParnrbros auwfereplatround
aver age zp@segud ar wei ght of 10-40 kria and a pol ydi spersity index of
| ess than about 1.5, such as poly-L- 15ornithine, at a concentration
of 0.01 to 0.2%w"',, (preferably 0.05% w v), for 5-30 m nutes '
(pr ef er @pdryratllp, té paly-Esmithihe \@if phythingk ol 2088 ofithgtuled BMRY DIV o8 D4 or

al giypat i o . out 5-30

i o Fep RS ot el R M Bloglh S8 iod SRS IEER BB, 07 hg the

m crocapsul es; 20 wherein the high mannuronic acid containing ‘

al gi hat §hb §RentdA BERP ProfldefBidcdipatible G o SANR. bl QL8 Bl iti

~ contai ns_bet ween aboutiiI 50% and ?fgguh 95&?§mmﬁr%pq§dd r%si_(fg’ggfs‘?"”‘{fﬂfe
pr ef er aFYy Wé‘ecﬁmg’éﬂ%ﬂ"%gs‘” B FEREPEh R Bleigie srpsuliie b agpfipnic

70% androspEtkigy efer abingrabibat 1:50% 0l catas balis paPNYERNY et Of less than

[ ' ' ' [ - pal v- Lel. R I o
ol oipat BT SAREE Sub aS-RE ELbAR, g APhe Bk Rl R e el

about 1.0%to 2.0%w v. 25 The alginate solution of step d) conprises
an al gi mas 8ish aeRRbiiahii@ AigalaeaBAH orthrd 6bR abokt %o t?é-ab?ﬁ%?ﬁ% manuuconic acid

cross-1linking age e ected fromthe gaup |listed above and LS
prefer aﬁﬁsé‘l‘&"g 8’(?&"’%3?’0%‘?% a@ﬁﬁt 3&%&? BRI PY GemorePracTRR Y fromy AP 208 o sheut AP
pr ef er ald/men prefiratdy hat weran 66t cudbot070sdambrinic 26%sidugg or oni ¢ aci d -
res'b?iues.- 5 The al ginate of the core |ayer may be solid or may be
depol ynerised by a chel ation agent to forma hollow core as described
above. Thealpinais bied i the eme layer aug itermster byevmards te sawe hodiffetntpr epar i ng
m er oeucapsul ated cells conprising the steps: .10 a)i ncubating |iving

cells with a f0| ution of, a|13h mannuroni ¢ acid contajning al ginate -
di ssol 1,/\45 core layer may comprise nate compased of 50-70% mamuroric acid Tesiducs and the outer

 layer may comprise alginate composed of 10-40% glucoronic acid residues.
The cationic cross-linking agent may be selected from salts of the group consisting of Ag®, AT,
BaZ*, Ca®*, Cd®", Cu?", Fe?*, Fe™*, HY, K*, Li*, Mg?, Mn?*, Na*, NHY, Ni**, Pb%*, Sn?* and Zn®*,
Preferably the cationic eross-lirking agent is calcium chloride. The cross-linking agerit is preferably
in excess, for example from 15mM to 1zme calcium chloride. More preferably 110mM caleium
30 chloride. '
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in isotonic saline; b) spraying-the cell-alginate solution of step a)

. through an air- or frequency-based droplet generator into a stirring

solution of an excess of a cationic cross-linking agent, such as

about 15mMto 120mM cal ci um chl oride (preferably 110mV), for about

5-30 mnutes (preferably 155 to 10 m nutes) to formgelled

cell -containing capsules; c) coaling the gelled cell-containing

capsul es of step b) with a polycation baying an average nol ecul ar

wei ght cfhel@iv@ticnboagantdnay treotelpdied Fomghe groimdensistifg picshwosah ghiatnag:, chitosan

preferabh coeotqehfﬁem %Q!u%% 1§3bayheC ORERAIG RN Qfmiad i Qftbntife Osulidl,
y 0_05% w'v 30 t

w v, (préetera f'or bet'ween 5 to about m nut es

(pr ef er aixporBwise, Flysetviimidesp-momegiopphyiinghylampegiung bgmide: Rolvalgemivg

Ehe fcel I%ogal ﬂﬁ%, F};Ff}%rgﬁﬁp%&%&%n@deﬁfb@@d §a§9yllalf;@£c§[-_ t Bxﬁtl’??d‘n‘ﬁ)@tht PlathtHoBEm
preferably_ abou m nu a e)collectjn e cell-containing.
i cr coapise, GH2PE r?ogﬁéc@vg%ﬁ#ﬁ?wg@aﬂﬂm%@%%j o ROy | o
sane or mhiythBidndhytnthogion) aPagihednsefrrnboiuln S0hile Rbeddlyl@ibdfylammoni
mannur oni cid, resi ues,RR;ggéan%%uaetmeen uiﬁé&? to boug%%é%zm
more 25 PIEFETREAES weett 4k élm Y10 about Q‘?‘ %

and
pr ef er atfolydipetyeen:-abpishlordiand 709&%&ﬂhuﬂwmnﬁ®ﬁ@§$xﬂamﬁm dues; Zanthmide,
wherei n . I%gﬁi' p :%H#J LG NE | e '&g?@£
step a) %}g&t{r&?@i}e{%ﬁan a %@%‘gf&% cﬁ]cente%%%on‘ (3)’% ag%ut Y t gg%%%w V.
The H giﬁ?&g’gﬂswﬁwdéqmw Myylifieds oy ptadenciine Pl Eowotaeepiorymsmy! -
of -g?_outTrQae@;yla&gm&im?f/?%ﬁ?eI%{@hﬂ@x@ﬁgb@c@; aﬁ‘é:? Ivsﬁnﬁ&@!dﬂhfnbf ; 'xfl@mocmoﬁde,
genetic engi neer e i ch. nmay he i r.m Si e ce
ana or - dabereRaEpErebeniay Py pa Fitenfadeti sy S s MlgBrirLpdy-
cell's, Hepataeyteshyiriewhdrahodel| s Buotideas cRolyséibeploayedyludadiiviynmoniun
proult arﬁ&nxﬁxﬁ&b@nﬁ&f‘r O NB1f ey ity Bamife B !MQ%}&&@R@?QM@?N hely-1G8dily1-2-
type capabl € of secreting factors that” woul d be useful 1nh the L
t r eakSme rnyipprigingns Saaidyr Pebyrtaciyhvinyipyedisym SPrgide.n FolvmpidtnsgoGuadine
tlhle s?rr&m_ ml b@it?:, f!&)l}a/iﬂy%ﬁ?& ePélyﬂ(cjx;&tl @fd{m’eﬁd&-lbiﬁlethylax}ﬂinoe}hyl—l\f[@t_hacry}ate, and
allo-tr spl.ant atian r fram Lffer species, .faor use in .
Keno- t r?ﬁbﬁ{?\aﬂﬁ%ﬁ%ﬁmb%ﬁwg%?@gngagd Pl P e R R e
the core alginate |ayer but can alternatively or additionally be
cont ai Nefl.abil Mgl dﬁd?ﬁa@&h@%g&k X B@S{-S.—{Jr@iﬁ'gﬂe T D QohdMERbh U7 tetbleb'®l02% and

met ho 0 abl dé

provi des a r coating non-degra e cell I very constructs
20 0.1%wv.

Poly-L-ornithine is preferably purified to remove the higher and/or lower MW species to give a
polydispersity index of preferably less than 1.1, Specifically, the average MW for the poly-L-
"y omithine pelycationic agent is from between 10 to 40 KDa, more preferably between 15 and 30
25 KDa and most preferably around 20 to 25 KDa. Any molecular weight molecules below 10 KDa
and above 40 KDa can be removed by dialysis and other known metheds. Preferably, the poly-L-
ornithine used in the present invention comprises less than about 20% of molecules having a MW of

10 KDa or less and more preferably less than 10% of molecules having a MW of 10 KDa or less.

30  The intermediate layer, which is formed of polycations around the core layer, comprise a semi-
permeable membrane of between about 10 and about 80 pum in thickness.
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15 conprising the steps a) imersing the non-degradabl € cel|l delivery
.constructs in a solution of alginate containing between about 50 to
about 95% mannuronic acid residues and isotonic saline; b).
crosslinking the mannuronic acid residues by incubating with an
excess of a cross-linking agent, for exanple a solution of about 15nM
to 120rnM (preferably 110mM cal cium chl oride, for about 5-30 m nutes

(preferably 5 to 10 mnutes) to forma gelle Qat.i. ng; further
coat i ng FRaeigar pPEe oue BIRTTRUR ©liger E’fﬂég aﬂe seq hﬂ%l“?%éf"in@ﬁe‘ﬁéﬂ/@%a
an aver Qﬁﬂoﬁﬁ&r@cﬂiaa{pldmwhﬁablef:helﬁmﬂﬁgch&% satidmaitrgiodngdiDaper si ty i ndex
of 1ess than 1.5, preferably poly-L-omthine at a concentration of
about 0.02 to 0,1%wW v, (preferably OMc% W v), for about 5 to 30

m nut es I(lp ﬂeﬁgrtaht yhelBiomiof theatginated(degepipk) sangsalubfilisanthe &itgha sretwdatipg
for e

coat ed non d adé‘ﬁﬁréeb?’cg(ﬂfg%lgl rver gqg{)g%?%dtl ct s% gﬁ%raﬁg%sgf at P%%m 5
final i mveroerod Mepeewmnémpewwmmahﬂmrsgm & is sglig ?S%W

constr U%t w%@&@ma) ¢ PRLWLCA! h0Msd & NQEh BRbYrdail Sk B&}t&ﬂﬂ%@ algngic RAHR
sol ution o ste nprises an altg?nate concentrati.o about 0%

to 2. 0%UHPPCarTHes 05%”5% TSR BEmen WReRE WERal T OtHRYYTERY g&ma&ﬂ’é?eéﬂ
concent riadek @18 thabDR kighifddntly Ancteagdbthe dufdbili onthel ederadpdolee eealvhen the core

delivery con o be, selected, fr t he 1,St,l

ol 18 15 SRR prione o et Eare en s Raf BT PR i core
i ngr.owt Husrderdtdred staigliel«nd dekbibitvdi ng 30 constructs, as would be
appreciated by a Skilled worker. 16 The non-degradabl e cell delivery
construct may conprise living cells which may be naturally occurrjng
or genetlhe FHOPE kA GTR APREF RISt rohE Bk FEEF iSORY 76l R EPIUESd Ry et

cell clusters selected fromp islet cells, hepat ocyt es, neuronal

cells s roi ds, pl exu |tutar .
5cel ]I% %glﬁé%}?r%% I&ﬁed % r(‘)a(t?%e’rthecg fyea ‘9"6% apa %butcl is)eocar‘beo het by

fact orswel@at woul d be useful in the treatnent of a d| sease or
-condition. The invention further provides a nmethod for encapsul ati ng
smal | nol ecul e, protein or DNA therapeutics conprising the ste

di sper si*Hg formed prapoppBlts el aﬁpfawgﬁwfn%%ﬁ%&e%f%’gﬁmﬁ%m%ﬁf TO’I 0 in
aCI d al g;hmcueglm s&itend firnbi g @hofibath 2aHoRe | SvR)linglod ftrbalsula i4 theught to be

cr ocl. P Rmr Rty iRk SR oo PESREM Akl pARIERRR Shiunpaiy, s canbe
cal ci u mpaiblcm‘aud wd(imdetb eha@lcsvmﬂplsmf thé prcredopuiess This paibisut ca8 b pyompre by
to formyg ﬁk%ne% tzmn,eeeget@ahsmc%; @z'u@xkr@s ﬁﬁ@ﬁé}hﬁé in €l &%ts's@)g bheeaelih af

t her apeut COI’lt al-ni_ng capsu es wth Catl on havi ng, an aver age
mol ecul &FeSHEiiRraaGs thegusa (ot jactieh alﬁawfamﬁeeé &P%@P@ Plgipaty ﬁ‘iﬁéf!%“ Hith g use of a
t han 1. Solygkef @éﬁbiaﬁn@@lpw&mq‘r hitheofdéss maﬂﬁ 0ot il fadrisepluo taalcind the

0 02.to 1% I % ar bout t

o ﬁ*ﬁﬂ% ort B Feh Sl bR e lnoy SRR by R B2
capsul esoroerhrmyedﬁ‘mﬂnﬁ and 30 m nut es and e) col | ectl ng the
t herapeutic-containing rni crocapsul'es wherein the polycation is not
pal Y- LI ysi ne,. The al ginate sol ution_of step al) conprises an
al gi nat he gntedelia pisrocarsiispise Pormpdhas gv Posebtnpspralzgd%e al gi nate.
sol ution of step d) conprises an alginate concentration of about 0.01

0,
L2 aF o B R S B S R BB i compri
al t er namhelly omtma@d:rtgbmaﬂlyyengmem&ncas bt wheylterin tHedoubisingld qilnatdér
| ayer. i |
t or apet] s SRAAL A the Sop By WP IR B BRRELDS Bburticaty sut o
contained within the (polytationic) i nLer nmedi ate | ayer. Exarrpl es of
suitabl e protein therapeutics incl ude erythropoletin, insulin, CNTF,
BDNF, GDNF, OH, and others, as would be appreciated by a skil I ed




In certain aspects, it may be desirable to utilise an al ginate that
.contains from between about 50%to about 90% rnannuronic acid
residues, and in certai-n enbodi nents, a range of from between about
50% t o about 70% mannuronic acid residues, and preferably between 60%
to 70% mannunani e acid residues. Likew se, it may be desirable in
certain aspects of the invention to apply the final alginate 5
coating in a concentration of -from about 0.05%to about 0.20% w v. As
nent i onedoibuleus el RifuiEy cely clypinalii osUS CReaerYier 2R pber calpppy fangple of
the al gi Rak@nLRab Bl wiBy bdfsefltl REthefdatidnt ¥f Rk @F cMdidopnger than
about 10 mnutes, and may in certain cases require about 1 to about
45 mnutes for each step, while in sone applications of the :
| nvent i ofbr eR@Efle,Ghe tdle IRyShccRRt Bl chbResri:afrered haflinasEraY fop theGfeafnlAi
about_ 5 %gﬁabout 20 m nutes each.- 10 The invention further provides a
met had of W&Iiorating or treating a disease or condition in an

ani mal ,. i ncluding a human, conprising transplanting an effective
anount t z i NiNg.-nNaj ' i ' .
ai d ani T2 A8 AiEARLAY Budth 03 Rh A ARR b RepRlooh ot WR Bledlthf tver
ef f ect i escraPryaiRePE BYeht it Spatwenaf livey disesses odiliseder® or condition. 15
The invention further provides a nethod of aneliorating or treating a

di sease Qr condition in an animal, incl]udjn huran, . conpri sj n
trankhl a i?Fg(S d’?iiyei(’)l?eﬁ’@f‘i’%’é BT “Bfe 83%981‘3%&%? L HISBJS’ Bitultiry cells,
i MMuUNOi Sdhkaicdity calie horaing:y@e aidshyntirr cdignpdidfaeceing neerbhal Ecyrs useful in the
construct, i ti LNt.o.sal j s rei . sal .
seor et o trefent 8 AR WBBaLTLRIE B PR Sl AR S80S olipes
sai d 20 Hintiagiow's discase bl oietor TRerohadiesnss amydtuopkin deterpl slpfagis <ARS rewhiols
- of  anel | PRkisNGiQ! vidfaldsBbe MEISSRERy Hhir SPREUAd, Ahsb? s 3eRD B ha or injury
i ncl udi ng a human, conprising transplanting an effective anount- of

t he- Pher@PJEFEFRUSEHE™i ni ng nai crocapsul es- of the invention into sajd
animal, wherein said therapeutic is effective at aneliorating or
treatin i I ' it ol ‘ £ treatmoen
the i or s abrArSREce: B picaal fillon By 48 obBR STRKT DG, Rkt Wity

be adni firgfeeblydhs miapraningrare takreemebivg 10 land) & PO0s pliqrprsi irdiameter, and more
t her apeydfer=89 b@vedn@bbe 566 bercidoRicagahashetne di sease. For exanpl e,
in the treatnent of diabetes, a single nL of rnicrocapsules would
contZi n approxi mately 10, 000-60,000 is islet equivalents and

appr oxi rMaisetgectd Maht mie. micricapsalea pf th: @gestu ihvinth® willfbeaibleod rpedin gchmdyin

wei ght i.at o a_-subj . [ r.equir. unt. of .ipsulin t
R R

may be transplanted within the tissues of the body or within
f1 ui-d- f ifpl echcBRAC 8GR deiBe BAGYoaniits Gy BeQntsllel B9 JHB S nARPEORS kb&ing
int rrmsq(gh accessibility and efficacy. For exanple, if the living
cel 2 wWiReHioASt he m crocapsules are p islet cells, they may be

t r anspl ant edby wartifethppslydispredtly of fe klgiaatekdngt ed i the fgerellos ombrtldyetsRE the
- m crocapsul e&ﬁcgpsgﬂoroi d plexus 5 cells and are for treating
neur ol ogi cal di sordets and any therapeutic agent secreted by the
cel I's nmust by Yarviegthe e praiteincenitent efahainap andiineater dligimad lavarsr oundi ng

t he brain, sggd@ﬁ{ggﬁlmlog&er@ymgq@eg)l anted into or onto the
I :

brai_n. ternatively, the_m crocapsul es may be fornul ated for

or aPPor t opi BAAHRTHTaeRS ad; dTribYYan of raqiecylar yeight of fiepolRRiPnCGETE n a

t her ageuti c B oa?m'g\t& ageartration & palgcmmabnmrebecai' ' E:@nbzalﬂ'iﬁiﬁaéi)\ﬁﬂﬁgﬁdcﬁﬂ&aﬂons
provi des a use i nat e I ni ng between about and about
95% rrannuronﬁ%mgl%:oiug&?@%?oa%ggt%wg&ﬁgl ycation in the manufacture of a
m crocapsul e preparation for use in al éo- ‘or “xeno- transpl antation

applications. 15 Such m crocapsul es ma conprise living cells
conprising naturally occurring or genetically or genetically



gi ves exanples only. EXAWMPLES The invention consists in‘the-

- foregoing and al so envi sages constructions of which the foll ow ng
gi ves exanples only. The foll ow ng exanples are included to -
denonstrate preferred enbodi mnents of the invention. It should be
appreci ated by those of skill in the art that the techniques
disclosed in 5 the exanples which follow represent techni ques

di scovered by the_inyentar to f%ggtion,mell in the practice of the

i nvention, ard ‘PRI B8 EEEE of e pRYeAigN soeITetion STSBHYS & Sradirnhaigss the
for its practaeeedidebpes theliiosesghleski || in the art should, in |ight

of the present disclgsure reci s ' e. .
in the speci plly ¢ ento |°naé%qu§?\§£iccﬁgl§¥a§e %%%ﬁt%ge %%@ﬂ%ﬁ%l %ﬁ%%a?ggfl%&g with
| i ke or si mi lizhibipas agemtswivch gatsudfeyants inalyding @inceties Bi7y auti-Ghmitisse ek odfr
the iqnvention,. Eggé!\/PLE 1 Intraperitoneal Stability of

Al gi nsr;t e- Pol 331# hirne M crocapsules in Rats. An FUR and SEM Anal ysi s

Material s and methods Study Design 15 Monodi sperse al gi nate-PLO
M cr oc apfdl sseMehRnfi@iHed thefides QMdhodithf 9ERRhs thY BRSoRpatiBle It BpsaiRdor
0

injected into the peritoneal cavity of Long-Evans rats. Prior t
transpl 4Rt BFBRD CORREISIHGRG Y s were characterized in vitro for the
rati o of mannuronic acid to guluronic acid (MG Ratio), endotoxin and
prot ei n Pevel s,disgplsivggihigh mapmerrirpicdcoitairingeisyhte in isptorie saige; 30, 60, .
and 90 days, capsules were retrieved fromeach animal. The geonetry
of tive rotri evegrgmpshd dissoh@d aipises shdioand steh @) capst| wivet deqeatyimed
for Jchenical infegrit Fouri.er-Tr n roscop
(FT1R) and sur f%ﬂ et CQr{cp %rl motg};%L %‘F“écsé’ﬁ’ﬁ?{ﬁgﬁel’} %‘8{5% %ir;lg‘r(glrlm%rpjgsc6’'pﬁ'%gn(qS%T\fib.out
Encapsul ati-on NMailspingtes(prederably & tahHimpuyrer)th Sanigoited oppaylesll | zed al gi nate
was purchased from5 sources either in raw or purified form 2

sour ces dper e 2xofin@vhél gélled reafiules foff & 6p fu vAthhy pdiyatismBatRCin ivefagé SRRcular

bel ow) and the other recei vied raw and supsegent.l rif.ed
isi g a- ol vent 8l PRIID KBy REFE G TRty APy SHASSIE gk FYibl Bipy
was di ssol ved iomithirg, @ aivbrrotiagion ECON sl GE%onvatrdeféaly xS wiv ot 15-30
successi vely Rt ES bt Ve IR, anes (5.0, 1.5, 0.8, 0.45, and
0.22 umfilters 1. pﬁﬁvvas I%vvered gradually to 1.5 and the
precipitated al_gi,nate shed three. tir in.Q Q1IN HCl+ .20
e . U chiBr ot B e S Ry s g s R 3 e ©
times during a b8Gvemt rhgtS-ekpowies Erefetahiyvirdoiveas > sibld miguted)f andr
returning to neutral pH, the organic extraction was repeated and the
al gi nat @ was preendcpigd @é aikrbdapaiddanol , filtered, washed with diethyl
ether, and |yophilized for at least 72 hours. Prior to mcrocapsul-e
for mgt | Qiherci the Hig h%ﬁﬁe%ﬁ%mﬂéiﬁﬁflﬂéﬁ'ﬁﬁe b i]rsé;%’a? W) 504 dlde QPGiibebht and
cal ¢i um and magnési um free phosphate buffered saline (PBS) (Q bco,
USA)/ an@%ﬁ%% %?@HW/%IW.W PRepREuEenic acid residues, prefecably between S0 and 90%,
moare preferably between about 50 and 70%, and most preferably about 60% and abour 76% manwuronic

acid residues; and wherein the polycation is not poly-L-lysine.

The alginate solution of step &) comprises an alginate concentration of about 1.0% to 2.0% wiv.
25  The alginate solution of step d) comprises an alginate concentration of about 0.01 10 1.7% wiv.

The cross-linking agent may be selected from the group listed above and is preferably about 1 10mM
calcium chloride,
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5 for sterility. The al gi nates 'were designated as vendor-purified

. medium G (VPM3), vendor-purified low G (VPLG, purified Keltone LVCR

(pKel), purified Fluka (pFlu), and purified Manucol (pMan) based on

t he approxi mted G fraction specified by the suppliers. Kehone and

Manudol al gi nates were obtained from ISP Corporation (USA) while

FI ulca was ordered from Sigma-Al drich. Polyonithine hydrobrom de (MV
= 5-15 KDa, Sigma-Aldrich, USA) was dissolved in cal cium and

rragne3| umfree PBS and sterile filtered i nrediately prior. to capsul e

f abr i catlibefinalAkigingt lseating peefpstly abntains beragambsut | eddughiongd4alghcatnic acid

chloride,;godiumcitrate, and sodiumchloride, were purchased from

Si gna- Alcfr and were made as sterile solutions on the day of

encapsul ation. 15 Encapsul ation Materials: Al ginate Characterization

Al gi Bat gge \eerreteaa@a{exeaeqaﬁ g b@sc)lﬁro'r gy wﬁepbﬁmﬂse%% hQattinShlA e it 2

i mpor t ant chem ca pro erties including nucl éar nmagnetic resonance

‘spect r oSy TR Ov&i sconmetry, and gel perneation

chr omat ogr aphy (GPC) The relative IeveI s of protein and endotoxin

were al determ ned f each oI ution.. 20 NM?? trosco

NPR opd bt eSSt s Hiey e L aen T T s PR S Corer O

t o gul utermeps:aci d resi dues in the carbohydrate copol yner. Sanpl es

were partially hydrol yzed to reduce viscosity and all ow for t he

appnopr ispt e mesabis ied; @0s MiRa a8iu§SE high etk agdad al@hdSksolved

Briefly, 1. 0%%0w/ 5 al ginate was brought to pH 3.0 and nmi nt ai ned

under ref | ux2dt" “r 30 minutes. A Buchi Rotavapor (Switzerland)

was used to renmpve the majority of the water while the remai nder was
| yophi | Pxed tR¥ESNDP selbelgmpitesitiossfisien #) Hepeeht denir-dprsBeiuemsit beed droplet

rrig,/m) i ngederdiof mid itk LRNABE oW\BY ScBat ay.-.zaﬁelm@ &oe_lﬁnmig%er&w&h(a%‘a{?ou:

MHz at 900)...T ef f ive i f t he water
peak downfi el &Bﬁé k&'f@gl‘:q‘f' %@Rﬁ%&&%ﬁ%’ﬁ@ f‘%‘r %f’httg gor*awfaﬁ@refcmbly
Br aker XW N-‘NvHZ. mingtes) 8(fous ediet! oel hreasinie dapmleay ea under these peaks
-(8-,--5.7 ppmfor 01, 5.3 ppmfor ML and GVb, and 4.9 ppmfor 005).

The ratgp ofcotaa@g @6 gmewte%oﬁmﬁ \chyfderes hvstém Wihea peiyeeion MR, Fveli30
was calculatedl o]} t racti,on. ? S eerunlntrl | cate

t hr oughout tH® %‘?aécé’éggw ‘Ie‘—‘;l‘ibd{%p"é’étarpé}g’ ’Gbn%';s‘ F’g‘lﬂ tesEfR - 5SgurteRaly Pelo
FUR was used-atrithiohed at @nenivaidnzafndbalt ai2e Ut Bdwho (@kfeably| (Q5taneg, for
(El- ATR) acGRiaRsyo il ﬁ'hnﬁ@?@ﬁe@@‘ Bu A ghfighe povder or

I yophl | ized m-crocapsul es wer ZnSe crystal unti I

s fully cover d 100 SI sure vvasa lied to the sanp :
Scafl 1 Pom FE0RTEaa el hn e reebo RSP eR g o T BUPF DR TR0
applied to tm'eum@cﬁﬁmbtgatmpemmutemu tative assessnent- was nmade by
measuring the area under peaks of interest with the. Perth-El mer

Specfruesm S sofitenng gé &) confaihidy %)mﬁh,aglgggﬁerl ze and quantify the effect
of increasing PLO on the resultant spectra, PLO Al gi nate was

5o SobPegR SRS bolln i Bonf PRGN b el e st el e 04
sanpl e, thabPE‘Og’ééliamnmmcnﬂCéﬂ—lzﬂ@lduﬁs ppifarddyl betwetopbaft 040 e pbat §oVatere

al i g810t Srefelds] alae B0V CaRL e d
Attt Ol oML

t haned BHE“SH resydyiessang E&??%W%a%’weap isinetPRyL-lygies- | a
honbgeneousl y opaque sol ution was obtained. Next, sanples were

f | ash- f Thgatgnatesolutigy piktepia) F@g@ﬁ&m@lmme&qonlofdmm I f%edl2 0%he's.e
dry sanples were run in triplicate with spectra averaged over N=32
scans. Viscometty 20 Viscosity was neasured using a Brookfield
Cone/ Pl ate Vi scometer. The gap bet weepy the cup and the spindle was
set for 0.013 mmprior to each run to elimnate noise related to
sanple level. 1 nL of 1.0% (W'!) alginate sanple was added to the



30 Al ginate sanmples were dissotved at a concentration of—~0.17% (WYV)
.and 50 pi, was injected into a Waters (USA) U trahydrogel Linear
Colum affixed to a Perkin-El ner GPC apparatus with an |Isocratic 250
punp, 101 Oven, LC30 Rl detector, and 900 series interface.
Calibration standards used were poly(ethyl ene oxide) at nol ecul ar

wei ghts of 932, 571, 177, -and 70 10a dissolved in PBS buffer also at
0.17% (WV). Using Nel son Turbochrotn software, M", M, and M, were
cal cul aﬂ‘b@dgﬂrﬁescﬂmmf S'er Asgompripes g Rlginge ceregrﬁee%?f abewrﬁi TSN Y-n

nol ecul ar- wei ght species, was calculated as Malin. 5 Alginate Protein
Cont ent Thetdls fmydieeciaﬂﬂlry cE&:@:hﬂ@.bB cr&ﬁtﬁ&llﬁﬁng&z&sreﬂ’ﬁ‘.ﬂ!ﬂmwbdl by thiaén B formo of

RCA Pr ot ei Pi k d

Cpor: i SR R Rt P e SPHEFR N £ HEISh
about 958{qronhl odils Sﬁ;:h?é%c@kﬁﬂid)plahglceﬂst emmyp:leﬁs chvereffdi delis, eblor@yocBies 400 any
and 2 Pem . %'\g?c in%g%@éugg MedeD e %b@omrbgiuggtﬂr;ﬁggeae&%& of m%egsé or

at 3 el oped reagent was detecte
96- wel | criditon. vvlth a UV-Vis spectrophotoneter at 562 nu and
quantified against a |inear standard curve Wth bovine serum al bumi n.
Endot oxi n Content The Li nul us Arnebocyte L sate (LAES) C!@EPIOOO
Chr orrog &8¢ tellf JaY b Bplaied fromdlesrme easose feal eARSt 7R LS (R 2P - TSR 7
the t ot @bm&{ﬂﬁﬁrﬁﬁbﬁbcﬁ@ﬁbﬁﬁ&uﬂfcnﬁ-hﬁs&la@hﬁmﬁ es under study. 1.7% (WN)
rrqbes were incubated at a 10-fold dilution in dH20 for 18 hours at
50CrTor endotoxin extraction and reacted over a defined tine course
agai/nst Tht exild aredrefonils sentaingdong (B di coEnigivaierryepbu dercaltewat vainer addidenaby

a Beckmppgdipiilei &k hmgg&gg M @espect raphot oneter. The assay had a
detecti oncrange o‘i‘ 50 EUa/i%l_a E2er0 Al ginate M croencapsul ation A 60-cc

syringe was used to collect 30 nL of 1.7% (WV) sterilized al ginate
sol uti omht dtentis fuadibd PREideo at Methbd dbrecdatibdnbiRgddablt:r @it ddfivery constructs

_encapsul atig ( [y! i

roughl yc?f"?ﬁm%g/ i Q‘!eé:/as) useéig%h?'rﬁ% dte{%gas%%l ut'i gn%r oughg‘% h@gan%’t%uz B of
Vi brat i plginate coBainipg beixierpatony 5090 8bd 5% mmm@ldjieﬁlfi’asem: isetonip S%hh@ b} -
i nher entovdiseasit Ynaﬁﬁm{vﬁl@ aéﬁ@-f‘ésﬂﬁ@s !ﬁfl iHubAnS w88 laH ek QBFof atclﬂﬁgﬁnkmg agcnt, f'or

parameters.were_varied sli nee ed t in o
Perati BHmPRASIYG of Sorchmmpat i Frotony e elppe. Fe opou-00
an appl iedt UWipfe@iribipfs . &ppd axiiured) Etbyfoﬁn o dellednobtingi 6) furthat boatifig RO galibd
100 ,pM CaCl2 w th Soh Wl 0 Ut

rgl;lmc %rsteéysﬁl m%f-'{ eé’g}ca ol Ha g“dlg‘ra\ée@%g méié’c(rh‘}ar w(?l%%{ 5?50 49 Kpg and o

cr OS
react edpvwct!wen.stm e bf 850895 139 P(GW!@)I}' POl fagpithig afp ﬁwmm Pﬁﬁhe'ei 0y t@

washes b RyBuiNpFIRRIPb 0852)w/), BRABES 4 hd FMnuRS (HeteIPID nRHht S d) afilying 2

outer alginate coat sthen pl.ied by stirring the, capsules in
0. 05% alfig! ﬁ@t’@‘ﬂrca?m’g B’g‘?’f‘asf%" BEYE P %%%P‘é’é"%ﬂ)g?’éy Pragg coated

twi ce agei-degiadatiORS! ldHl’wfe@r corEapas)| #d ayeitdating the fAnal 1mm1.u101solat0ry membrane
25 | coated non-degradable cell dehvery constructs; wherein the polycation is not poly-L-lysine.

The alginate solution of step a) comprises an alginate concentration of about 1.0% to 2.0% wiv.
The alginate solution of step d) eomprises an alginate concentration of abour 0,01 to 1.7% wiv.

The non-degradable cell delivery construct may be selected from the group consisting of hollow-
fiber membrane devices, flat sheets, porous scaffolds for cell ingrowth and other novel scaffolding
30  constructs, as would be appreciated by a skilled worker.
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prepared fresh and brought to 37C in linL aliquots in sterile PBS
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Al ginate materials were characterized prior to-encapsul ati-on based on

. their

respective MGratios, protein and endotoxin |levels, viscosity,

and nol ecul ar weight. The results are shown in Table 1 5 below Table
1. Pre-encapsul ation al gi nate characterizati on. Manufacturer
specifications are included for conparison. Mol ecul ar Wi ght (KDa)
Al gi nate Type Source Specifications P& Ratio Total Protein Ccowit

(pg/ nlL). Endaotoxin Laval (avrtilL) Viscosity (CP) SUM AC VPMC N A Low
Vi scoskyMsEian aspgoisey may beldcszmble t6 utihise an alginate that Contains from between about 50% to

10

15

20

25

3¢

about 90% manmuronic acid residues, and in certain embodiments, a range of from between about
50% to about 70% mannuronic acid residues, and preferably between 60% to 70% mannuronic acid
residues. Likewise, it may be désira’ole in certain aspects of the invention ta apply the final alginate
coating in a concentration of from about 0.05% to about 0,20% wiv. As mentioned above, the times
for spraying, coating and then applying the alginate coafing, may be substantially shorter or longer
than about 10 minutes, and may in certain cases require about I to about 45 raimunes for each step,
while in some applications of the Invention, each of these steps inay be performed for = period of

from about S to about 20 minutes each.

The invention further provides a2 method of ameliorating or treating a disease or condition in an
animal, including a human, comprising transplanting an effective amount of the cell-containing
microcapsules of the invention into sald animal, wherein said cells secrete a therapeutic that is

effactive at ameliorating or treating said disease or condition.

The invention further provides a method of ameliorating or treating a disease or condition in au
animal, including a human, comprising transplanting an effective amount of the cel]:cdntairﬁng
immunoisolatory membrane coated non-degradable cell delivery construct of the invention into said
animal, wherein said cells secrete a therapeutic that is effective at ameliorating or ireating said
disease or condition. ‘ ‘

Th_e Invention further provides a method of ameliorating or weating a disease or condition in an -
animal, including a human, comprising transplanting an effective amount of the therapeiltic-'

containing microcapsules of the invention into said animal, wherein sald therapeutic is effective at

ameliorating or treating said disease or condition.

In these methods of treatment, the microcapsules or coated delivery construets of the invention miay
be administered in an amount thar would deliver sufficient therapeutic so as to be effective against
the disease. For example, in the treatment of diabetes, a single mL of microcapsules would contain
approximately 10,000-60,000 § islet equivalents and approximately 1-10 mL microcapsules would
be implanted per kg body weight into a subject to secrete the required amount of insulin to control

blood glucose levels.
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The microcapsules of the invention may be transplanted within the tissues of the body or within
fluid-filled spaces of the body, which ever is the most appropriate in terms of accessibility and
efficacy. For example, if the living cells within the microcapsules are B islet cells, they may be
trausplanted in the peritoneal cavity. If the living cells with the microcapsules are choroid plexus
cells and are for treating neurological disorders and any therapeutic agent secreted by the cells must
be in contact with the cerebro spinal fluid swrounding the brain, such microcapsules may be

implanted into or onto the brain.

Alternatively, the microcapsules may be formulated for oral or topical administration, particularly

when they contain a therapeutic bioactive agent, such as an antibiotic.

The invention provides a use of an alginate containing between about 50 and about 95% mannuronic
acid residues and a polycation in the manufacture of a microcapsule preparation for use in alto- or

xeno- transplantation applications.

Such microcapsules may comprise living cells comprising naturally occurring or genetically or
genetically engineered éells 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.
Alternatively the microcapsules may comprise a therapeutic agent.

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 ali
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.
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EXAMPLES

The invention consists in the foregoing and also envisages constructions of which the following
gives examples only. The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well in the
practice of the invention, and thus can be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and still obtain a like or

similar result without departing from the spirit and scope of the invention.
EXAMPLE 1

Intraperitoneal Stability of Alginate-Polyornithine Microcapsules in Rats: An FTIR and SEM
Analysis

Materiﬁls and methods

Stucly Design

Monodisperse alginate-PLO microcapsules were fabricated from 5 different types of alginate and
injected into the peritoneal cavity of Long-Evans rats. Prior to transplantation, the materials were
charac;terizcd in vitro for the ratio of manmuronic acid to guluronic acid (M:G Ratio), endotoxin and
protein levels, viscosity, and molecular weight. After 14, 30, 60, and 90 days, capsules were
retrieved from each animal. The geometry of the retrieved capsules was assessed and the capsules
were analyzed for chemical integrity by Fourier-Transform Infrared spectroscopy (FTIR) and
surface morphology by scanning electron microscopy (SEM).

Encapsulation Materials: Source and Purification

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 HC1 + 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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the water peak downfield to reveal the peaks of interest for integration. Bruker X WIN-NMR was
30 used to measure the area under these peaks (§=5.7 ppm for G1, 5.3 ppm for M1 and GMS, and 4.9
ppm for GGS). The ratio of the area under GI 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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FTIR Spectroscopy

A Perkin-Elmer Series 1600 FTIR was used attached to a horizontal attenuated total reflectance (H-
ATR) accessory for all measurements. Alginate powder or lyophilized microcapsules were placed
onto the ZnSe crystal until it was fully covered and 100 psi pressure was applied to the sample.
Scans from 4000-650 cm’™' were acquired (N=32) and ATR correction was applied to the resulting
spectra. Quantitative assessment was made by measuring the area under peaks of interest with the
Perkin-Elmer Spectrum 5 software(35).

To characterize and quantify the effect of increasing PLO on the resultant spectra, PLO:Alginate
was precipitated together with the concentration of PLO at 80%, 60%, 40%, 35%, 30%, 25%, 21%,
17%, 10%, and 5% (W/W). To achieve a homogeneous sample, a PLO solution in dHzO was
placed on top of frozen alginate alignots, Using probe sonication, the PLO was gradually reacted
and precipitated with the thawing alginate until the entire mixture was thawed and opaque.
Sonication was carried out until a homogeneously opaque solution was obtained. Next, samples
were flash-frozen in liquid nitrogen and immediately Iyophilized. These dry samples were run in

triplivate with spectra averaged over N=32 scans.

Viscometry
Viscosity was measured using a Brookfield Cone/Plate Viscometer. The gap between the cup and
the spindle was set for 0.013 mm prior to each run to eliminate noise related to sample level. 1 mL
of 1.0% (W/V) alginate sample was added to the sample cup and distributed in a thin layer across
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 2
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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used were poly(ethylene oxide) at molecular weights of 932, 571, 177, and 70 KDa dissolved in
PBS buffer also at 0.17% (W/V). Using Nelson Twbochrom software, M, M, and M. were
calculated. The polydispersity index, or degree of polymorphism in molecular weight species, was
calculated as M,/M,.

Alginate Protein Content

Total protein in alginate samples was measured by the Micro BCA Protein Assay (Pierce, USA).
Following spike and recover experiments with roughly 100% accuracy and dilution lineerity of
about 95%, 1 mL 1.7% (W/V) alginate samples were diluted 2, 5, 10, and 20-fold and were
incubated with the working reagent for 2 hours at 37°C for development. The developed reagent
was detected on a 96-well plate with a UV-Vis spectrophotometer at 562 nm and quantified against

a linear standard curve with bovine serum afbumin.

Endotoxin Content

The Limulus Amebocyte Lysate (LAL) CL-1000 Chromogenic LAL Bndpoint Assay (Cambrex,
USA) was used to quantify the total endotoxin content of the alginates under study. 1.7% (W/V)
samples were incubated at a 10-fold dilution in dH,O for 18 hours at 50°C for endotoxin extraction
and reacted over a defined time course against standard concentrations(36). Endpoint product was
analyzed on a Beckman-Coulter DTX-880 UV-VIS Spectraphotometer. The assay had a detection
range of 1-50 EU/mL.

Alginate Microencapsulation

A 60-cc syringe was used to collect 30 mL of 1.7% (W/V) sterilized alginate solution that was
affixed to the Inotech IE-50R electrostatic encapsulation machine (Switzetland), A syringe pump
operating at roughly 8 mL/min was used io feed the solution through the nozzle vibrating at
approximately 900 Hz. Due to the differences in the inherent viscosity of the various zlginate
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 minntes followed by 2 washes in 3-(N-morpholino) propanesulfonic acid
(MOPS) buffer. An outer alginate coat was then applied by stirring the capsules in §.05% alginate
for 5 minutes and the coated capsules were washed twice again in MOPS buffer. Capsules were
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Scion Image, the calibration image was used to set the appropriate scale and capsule diameters were

measured approximating the maximum diameter and minimum diameter in case of spherical
deviation. For simplification to a 2-D parameter, % cross-sectional uniformity was measured as the
area based on the smaller radius divided by the area based on the larger radius X 100. At least 100

15 capsules were measured in each group at every timepoint.

Animal Use
Male Long-Evans rats weighing between 250-350 g were housed in pairs and kept in a controlled
environment with a 12:12 hour light-dark cycle. All animal use and handling was conducted under
20  strict standards that either met or exceeded NIH guidelines. In addition, all procedures were
approved in advance by the Brown University JACUC governing body. There were 5 animals in
C, each material group (IN=5) within each tiraepoint (N=4) for a total of 100 animals in the study.

Rats were anesthetized transiently with 3% igoflurane gas and 1 mL capsule volume suspended in 1
25 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 tecovered 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.

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

capsules were retrieved under microscopy using a transfer pipette and PBS to collect free-floating
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(1 standard deviation) Cross-Sectional Uniformty (% Wall Thickness
(t4m) (1 standard deviation) VPM5 596 0.7 100 18.4 1 0.7 VPLG 694 1
0.5 100 19.6 1 1.5 pKel 7662.2 100 19.71.6 pFlu 670 0,6 100 18.4 1.4
pMan 660 1 10.6

15

20

capsules from all quadrants, Location, abundance, and gross-appearance were documented, Next,

pooled samples were characterized using image analysis, washed, and flash frozen for lyophilization.

Post-Explant Capsule Characterization

Following a 72-hour period of lyophilization, capsules were analyzed using FTIR and SEM for
surface chemistry and morphology. A similar procedure was used for FTIR as previously described
for raw materials, except lyophilized beads were visually inspected for integrity in order to limit the
analysis to the external surface of the capsule and not the bulk, and to confirm that adherent cells
were flaked off to minimize tissue interference. Rounghly 20 capsules were placed onto the ATR
crystal to complete coverage and spectra were acquired at 100 psi. Multiple spectra from different

capsules were acquired to confirm homogeneity of the sample population and combined.

Samples for SEM were placed on aluminum mounts lined with adhesive-coated carbon discs and
were sputter-coated with a gold-palladivm target under vacuum in an argon atmospbere. Coated
specimens were examined on a Hitachi 2700 at an accelerating voltage of 5 to 8 kV. Digital capture

images were used throughout.
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Cl unpi ng of capsules 56.4 1CDa Cells central position and not
protruding into capsule wall C unping of capsules 15 Extrenely Low
MWV Speci es: A poorly perform ng batch of PLO of expected MWV of 23 KDa
was subjected to dialysis using a dialysis cassette with a nenbrane
nol ecul ar wei ght cut off of 10 KDa ( Pierce, Slide-A-Lyzer D alysis
Cassette, Gamma Irradi ated, 10K MZCO, 12-30 m, Rockford, IL 20
61105, USA). Superior capsules were obtained with the PLO batch which
had beenpgied, e thetrit: dvRRIRNG dAivResiderififto hglanthtig) 10 KDa. See
Table 5. Table 5 Optinmal Capsul es obtai ned using PLO w t hout
extrenely | ow nol ecul ar wei ght species PLO Average Mw Position of
encapsul ated cells _ Integrity of Capsule 23 1CDa Lot 821( Fill

*31C 1- 1K wi-th | ow My species 50%of capsuleswth -cells inth
peri pherdlziae eRismss My on t perasupestipealnal|WalhBhicknesopad capsul es
cel I cliyah@fifl PROkidddfa bdidioh) PURBRSIHyRR! || (Foakehd abaka) Wi thin 40-
50% of lcapsules 23 KDa
VEMG 596 £ 0.7 106 184+0.7
| VPLG 694 £0.5 100 19.6415
pKel 76622 100 1974 1.6
C, pFlu 670 £0.6 100 18414
pMan 660 £ 10.6 100 18.0+2.7

Pre-implant capsule morphology was characterized by well-rounded, smooth surfaces with
homogeneous size distributions within each sample population. Cross-sectional thickness was
constant throughout the perimeter of the capsule wall and no gross defects were noted in any sample
group. The most monodisperse capsule population at the experimental onset was the VPLG group
10 with only 0.07% variation while the pMan group varied the most but only at 1.6%. No obvious
morphologic differences, aside from diameter, were observed between groups. A representative
sample of a starting dose capsules (VPMG) is shown in Figure 3 in a phase-contrast micrograph.
Here, the symmetry and monodisperse nature of the capsule preparation is apparent. This is highly

representative of all groups at the onset of the experiment.

-

Gross Observations and Geomeiry of Explanted Microcapsules

Capsules implanted into the peritoneum were found localized to the omenta, porta hepatis, intestinal

mesentery, and pelvis in all groups at all time points. Occasionally, aggregates were found in close

proximity to the liver or the posterior abdominal wall, In the latter case, capsule aggregates existed
20 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

25  the pFlu and pMan groups, which continued to become more apparent at each successive time point.
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25 Mol ecul ar Wi ght Pol ydi spersity: An analysis of the polydispersity
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showed no surface gross itregularity indicative of stability loss. In this group, there was some
internal opacification present starting at day 60, For comparison, representative micrographs
immediately following explantation on day 60 are shown in Figure 4.
CO
Capsules were measured to characterize the change in diameter as well as cross-sectional uniformity,
or concentricity, over time. The data are plotted in Figure 5. The cross-sectional uniformity, shown
in Figure 5A, was initially 100% in all groups, indicating that the starting preduct was completely
concentric. Over time, this value drops notably in each group although the VPMG group maintained
15 over 90% for the duration. The change in cross-sectional uniformity can be affributed to the
deformation that occurred as the material degraded, losing stability and becoming more susceptible
to physical stress. The magnitude of this change was greatest in the pMan, pFlu, and VPLG groups.
The change in diameter over time is shown in Figure 5B. All of the groups showed a small increase
in diameter over time, with the pMan group exﬁibiting the most significant increase, to 108% by 60
20  days. The change in diameter can initially be attributed to swelling of the hydrogel matrix but, as
- cross-sectional uniformity decreases and some groups undergo deformation, this too affects the
C, overall diameter. This is likely the cause of the large increase in the pMan group. Finaily, the pKel
group, which exhibited a reduction in diameter between 60 and 90 days, supports a degradation
mechanism leading to capsule deflation.
25
FTIR Analysis of Explanted Microcapsule Surface
ATR-FTIR was carried out on the surface of capsules from each group at the time of explant
following Iyophilization. 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.
30  The spectra geperated 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 em™ / 1640 omr™” and 1550 cm™ (alginate COO™ and polyormithine
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COO / Amide 11 respectively) were used to differentiate the surface chemistry of the outermost
layer. The other peaks related to polyornthine exposure, for example the —-NH peak at 3062 et
and the ~CH, peak at 2920 cnt”’, were of lower intensity and thus were more difficult to obtain

repeatable quantitative results from integration.

The relevant peaks are shown in comparison in Figure 6. The peaks are displayed over time from
time O (fop) to 90 days (bottom). In all groups except for the VPMG group, the small shoulder due
to the Amide IT component of polyornithine on the surface became a distinct second peak and the
PLO peak at 1640 cm™' emerged, indicating surface erosion of alginate and prominence of PLO on

. the surface. In the case of pMan and pFlu, this emergence is clear by day 30.and reaches its

maximum amplitude by day 60. pKel and VPLG provide additional stability as the Amide II peak
does not fully emerge until day 60. Importantly, the VPMG group maintains a consistent surface
chemistry as evidenced by the Amide 1T shoulder at day 90. Its amplitude does increase slowly over

time but a fully discrete peak is not observed.

To quantitatively characterize the changes in these chemical absorptions, the area under the alginate
—COO" and polyormnithine —Amide IT peaks were integrated and compared over time. The ratio of
the area under the alginate peak to the area under the polyornithine peak was calculated and is
displayed in Figure 7. A relative stability index can be assigned to this value comelative of the
amount of alginate degradation on the surface with the assumption that the amount of alginate on the
surface compared to the amount of PLO on the surface is related to the ratio of these two peaks, toa
point of total disappearance and a emergence of the PLO carboxylic peak at 1640 cm™. The utility
of using this index as a measure of how much of each wall is present on the surface is exemplified
by the fact that bulk PLO:Alginate samples demonstréted linearity between composition and this

ratio, and these capsules are composed of distinct walls of alginate and PLO.

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 peales over 90 days (Figure 6)
is directly reflected in the index caleulated 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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VPMG exhibits a slow, continual increase throughout the time period to 0.4 at 90 days. This
gradual increase in the relative proportion of polyornithine functional groups to alginate functional

groups is linear and may be indicative of a surface erosion mechanism.

5  IExplanted Microcapsule Morphological Analysis: SEM Awalysis of Explanted Microcapsule
Morphology '

Lyophilized cohorts were coated and the surface was scanned using SEM. Bulk capsule analysis

was initially carried out at a magnification of 100-200X followed by microanalysis of the surface at

1000-2000X., High magnification jmapges were acquired at 5000-15000X as required and as

C’) permitted by material. In cases of degraded materials, it was often not possible to achieve such high

magnification due to damage of the material by the electron beam. In some cases, debris from the

tyophilization process was unaveidable and was included in certain images.

Intermediate magnification images (1-2K X) were used for the bulk of the comparative analysis and
15 are presented in Figure 8. In general, these findings support the gross morphologic observations
from phase-contrast light microscopy and the FTIR analysis of the surface stability,. The
magnifications used further allowed visualization of micro-pitting on the surface and slight changes
in morphology. All groups had extremely smooth surfaces over the first 14 days followed by the
appearance of surface defects at various time points. pMan and pFlu both showed extreme
20  degeneration of the surface by 30 days with continued erosion until 90 days. The small holes in the
surface at day 30 became increasingly larger and discrete alginate and PLO layers were separated,
C{ The initiation of this erosion probably occurred between day 14 and 30 but was not capiured
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
25  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 attifact 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

30 probable that such gross deformation would be masked,

Example 2: Characteristics of the Polycation PLO (poly ~L-omithine)
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The polyanionic core of calcium alginate requires a polycationic coating to contribute to the strength
and the semipermeable characteristics of the biocompatible capsule. The polycation exists as a
mixed population of molecular species of varying lengths and hence of varying molecular weights.
Studies were conducted to determine the preferred molecular weight species of PLO, Biocapsules
were made as described in Example | using different batches of PLO to obtain capsules wherein the
encapsulated cells or beads were centrally placed and the capsule wall not compromised.

High MW Species: As summarized in the Table 4 below, biocapsules were optimally intact when the
composition of the PLO did not contain high melecular weight species above 42KDa. PLO of
average MW of 42 KDa and 56 KDa produced unacceptable capsules which adhered to each other
forming clumps.

Table 4 Optimal Capsules using PLO of low Molecular Weight

PLO Average Mw Position of encapsnlated cells Infegrity of Capsule
23 KDa Cells in central position and not protruding Pockets noted n 2% of
Fill: SLO1674 into the capsule wall, only 6% of capsules had | capsules, No clumping of
cells in the periphery but none protruding onto | capsules
capsule wall

42 KDa Cells central position and not protruding into | Clumping of capsules
capsule wall

56.4KDa Cells central position and not protruding into | Clumping of capsules
capsule wall

Extremely Low MW Species: A poorly performing batch of PLO of expected MW of 23 KDa was
subjected to dialysis using a dialysis cassette with a membrane molecular weight cut off of 10 KDa
( Pierce, Slide-A-Lyzer Dialysis Cassette, Gamma Irradiated, 10K MZCOQ, 12-30 ml, Rockford, IL
61105, USA). Superior capsules were obtained with the PLO batch which had been dialysed to
remove polypeptides of less than 10 KDa. See Table 5.

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

PLO Average Mw Position of encapsulated cells Integrity of Capsule
23KDa 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+HEK 5% of capsules cell clusters protrude into the
with low Mw species | capsule wall
23KDa Most cells were central and not protruding Pockets noted in 10—
Lot 32K into the capsule wall. Only 10% of capsules 15% of capsules
Fill ¥3K*HK had eells in the periphery and tn 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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Purified alginate with the highest levels of mannuronic acid residues (VPMG) and a polycationic
agent having a polydispersity index of less than 1.5 produced microcapsules which are superior to

15 other prior art microcapsules, as well as to the other purified alginates tested, in terms of capsule
geometry aud their durability and functionality in vive.

INDUSTRIAL APPLICATION

20 The compositions of the present invention are useful in the formation of immunoisolatory
microcapsules for use in delivering living cells capable of secreting therapeufics, 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

25  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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2A conposition as claimed in claiml, conprising fromabout 50%to
about 90% mannuronic acid residues, or fromabout 50%to about 70%
mannuroni ¢ acid residues. 3A conposition as clained in claim1 or 2,
conprising 87% of a high nmannuronic acid al ginate. .104A conposition
as claimed in claim1l, wherein the average nol ecul ar wei ght of
poly-L- omthine is between about 15 and 30 KDa, or is between 20 and
25 KDa afd cémidalend.{lesen, thimid208p@fA BMBI Stadyl afthe@inglositi spendiSeguende of 0
KDa or | ess.
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nol ecul ar wgﬁgﬁﬁﬂﬁﬁ%%O&ﬁgﬂﬁﬂﬂﬁﬁa and a pol ydi spersity index of |ess
than about 1.5. 7 A bioconpatible mcroscapsule as clainmed in claim
6, wherein the high mannuronic acid al ginate has an average nol ecul ar
mei@ﬁt of greater than about 400KDa and the poly-L-ornithine has an
average nol ecul ar wei ght of between 15 and 30 KDa. 8A bi oconpati bl e
m crocapsule as clainmed in claim®6, wherein the cross-I|inking agent
is 25cal cium chl oride. 9A bioconpatible mcrocapsule as clained in
any of clains 6 to 8 wherein the core layer is depolyinerised by a
chel ation agent to forma hollow core. 10A bi oconpati bl e m crocapsul e
as clained in any one of clains 6 to 9, conprising living cells
within the core layer. 3011A bi oconpati ble mcrocapsule as clainmed in
claim 10, wherein the cells are present as single cells and/or cell
clusters selected fromthe group consisting of [3 islet cells,

hepat ocytes, neuronal cells and any other cell type capabl e of
secreting factors useful in the treatnment of a disease or condition.
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12A bi oconpatible mcrocapsuie is clained in any one of clains 6 to
1, having a dianeter of between 100 and 2000 m crons. 513A net hod of
preparing m croencapsul ated cells conprising the steps: a)

i ncubating living cells in a solution of high mannuronic acid

contai ning alginate dissolved in isotonic saline to a concentration
of between about 1.0% and 2.0% w v; b) spraying the
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mannuronic acid alginate in the core and outer ayers is the same or different and contains between
from about 50% fto about 95% mannuronic acid residues, and wherein the poly-L-ornithine has an
20 average molecular weight of 10 to 40 KDa and a polydispersity index of less than about 1.5.
7 A biocompatible microscapsule as claimed in claim 6, wherein the high mannuronic acid
alginate has an average molecular weight of greater than about 400KDa and the pely-L-ornithine
has an average molecular weight of between 15 and 30 KDa.
8 A biocompatible microcapsule as claimed in claim 6, wherein the cross-linking agent is
25  calcium chloride.
9 A biocompatible microcapsule as claimed in any of claums 6 to 8, wherein the core layer is
depolymerised by a chelation agent to form a hollow core.
10 A blocompatible microcapsule as claimed in any one of claims 6 to 9, comprising living cells
within the core layer,

30 11 A biocompatible microcapsule as claimed in claim 10, wherein the cells are present as single

cells andfor cell clusters selected from the group consisting of [ islet cells, hepatocytes, neuronal
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cells and any other cell type capable of secreting factors useful in the treatment of a disease or
condition.

12 A biocompatible microcapsule is claimed in any one of claims 6 to 11, having a diameter of
between 100 and 2000 microns.

13 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 a) 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 poly-L-omithine having
an average molecular weight of 10-40 kDa and a polydispersity index of less than 1.5;

d) dissolving a high mannuronic acid containing 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 cell-containing
capsules of step ¢); and

e) collecting the cell-containing microcapstles;

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

14 A method as claimed in claim 13, wherein step b) comprises stirring in about 15mM to about
120mM calcium chloride for between about 5 to about 30 minutes; 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 | to about 45 minutes; and in step d} the final high mannuconic acid alginate coating
solution ts applied at a concentration of between 0.02% and about 1.0% w/v for between about 5 and
about 30 minutes.

15 A method as claimed in claim 13, wherein the poly-L-ornithine has an average molecular
weight of between 15 and 30 KDa.

16 A method as claimed in claim 13, wherein the poly-L-oenithine has an average molecular
weight of between 20 and 25 KDz and contains less than 20% of a molecular weight species of 10

KDa or less.

17 A cell-containing microcapsule prepared by the method of claim 13.
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