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Background . - Many clinical conditions, deficiencies, and di sease
states - can be requled or all evi at ed by supplying to the
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living cells. In many cases, these factors can restore or
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Background
Many clinical conditions, deficiencies, and disease states

can be remedied or alleviated by supplying to the patient
16 a factor or factors produced by living cells or removing
from the patient deleterious factors which are metabolized
by living cells. In many cases, these factors can restore
or compensate for the impairment or loss of organ or
tissue function. Examples of disease or deficiency states
15 whose etiologies include loss of secretory organ or tissue
function include (a) diabetes, wherein the production of
insulin by pancreatic islets of Langerhans is impaired or
lost; (b) hypoparathyroidism, wherein the loss of
production of parathydroid hormone causes serum calcium
20 levels to drop, resulting in severe muscular tetany; (c)
Parkinsonism, wherein dopamine production is diminished;
and (d) anemia, which is characterized by the loss of
production of red blood cells secondary to a deficiency in
. erythropoetin. The impairment or loss of organ or tissue
25 function may result in the loss of additional metabolic
" functions. For example, in fulminant hepatic failure,
liver tissue is rendered incapable of removing toxins,
excreting the products of cell metabolism, and secreting



" treatnent of certalin cancers

~ excreting the products of "cell netabolism and secreting.

-2- essential products, such as album n and Factor VIII. Bont enpo,
F.A, et al., (1987) Blood 69: 1721-1724. In other cases, these factors
are biol ogi cal response nodi fiers, such as |ynphokines or cytokines,

whi ch enhance 5 the patient's inmune system or act as anti-inflammatory
agents. These can be particularly useful inindividuals with a chronic

parasitic or igfegti pup é&@é?s,@&'cﬂaé{s a 1B Pn PEndiSPhUk oF OYT i

esirable to supply trophic
factors to a RPHRIRM:  Fshich 8% hbfve(b?ﬁﬁlhBlaQ@oF9 ot72hsdVRA-| i ke

gromh factor-one or -tw (I1GF1 or |GR2). I n many dlsease or
deficiency st the affecte ich normal ly
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specific 15 nataxbifiers, shehedy bhympheokines dpneptokines, Fehich exhapke,
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hor mone (P Inr |ons I'n"serum cal cI um
[err] cells irrgerts. Ehesefae b%lE@Etb¢uléﬁbﬁrhﬁﬁguhoiﬁaln91ﬁééaﬁéﬁe 20

production of WIEh”arbhfbﬁf§p9£§851@1é|Hﬁtﬂﬁféeﬂﬁohg aesdake, HShHCASS-
Traditional the utic aggio ches to the % tment of such dlseas
cannot conpen ﬁﬁ? hgilc L phe; YERRLReRF PReCREFAAN FRRERESr o Fﬁese
- fluctuations. mayFi&sexbnpdeslnmbheceptsdpplpatnephléofadtabstEs ancl udes
25 daily 'fbegéé@?%g{ ué |40 nd P8 %PQ&E‘R”f&éEBPtor i O0PERSR i Re for ”‘e

rapi d, transi Fons in seru | ucose Ieve S produce f or
exanpl e, strergrerth fageorrere fnjttve (bilovrdEGgath conpensatlon may

| ead to conplications of the disease state this is 30 particularly true
in diabetes. Jarret, R, J. and Keen 1976% Lancetgz%:loog-lolz.
Accor di ngly, %W?We‘%’c?%‘i%r%’fh‘&%“&ﬁ%ﬁ%t ghates, the affected organ

or tissue is one which normally functions in a manner
responsive to fluctuations in the levels of specific

15 metabolites, thereby maintaining homeostasis. For

' example, the parathyroid gland normally modulates
production of parathyroid hormone (PTH) in response to
fluctuations in serum calcium. Similarly, 8 cells in the
pancreatic islets of Langerhans normally modulate

20 production of insulin in response to fluctuations in serum
glucose. Traditional therapeutic approaches to the
treatment of such diseases cannot compensate for the
responsiveness of the normal tissue to these fluctuations.
For example, an accepted treatment for diabetes includes

25 daily injections of insulin. This regimen cannot
compensate for the rapid, transient fluctuations in serum
glucose levels produced by, for example, strenuous
exercise. Failure to provide such compensation may lead
to complications of the disease state; this is

30 particularly true in diabetes. Jarret, R.J. and Keen J.,
(1976) Lancet(2):1009-1012.

Accordingly, many investigators have attempted to
reconstitute organ or tissue function by transplanting
whole organs, organ tissue, or cells which provide



reconstitute organ or tissue function by transplanting whol e organs,
organ tissue, or cells which provide . _

-3- . secreted products or affect metabolic functions.  Moreover,
transplantation can provide dramatic benefits but islimted inits
application by the relatively small nunber of organs suitable and

avall abl e or sgb2btea0prbluct s0RChieectifchainlil FiRbrlibnsITuNOSUPD! cssed
in order to avert | nmunol Ogl cal rej ection o he transp ant whi ch

results in | oM8¥§PVEFandpRRFPL &ﬁEFFBH 5AR Brevide dramatdier benefits he
transpl ant ed bussis aﬁmdeb551nlﬂteaappllcata&ﬁsbythﬁet&éu%Qh%%hy”%&hlﬁena'”

patienta | hpfipef!8e  SrBaHeoRutkabilt ant: Bla'tInn1a" corl BratEyng. 1
gaintain aSpagenparaln Lhei patientippunetsbe imauposSuppzessedsdlnsbrderakto
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rocedures 15 is npl.antation o I'SS physi ca
Earrler mhlchrﬁfpﬁtﬁlPBmﬂBFFf8§|GﬁaBFPABPﬁ|§HF§t1ﬂasFBd evenﬁueﬁuals and

secreted prodnetsoshst olfl enk tbanephhutaa tissaBdopDLegukar QBfQSBQFS of

I cal ct |et of _devic tect tiSsues or
Lgrrgozggbrodﬁégﬁg a£§§|5§?85P6 UEP¥Fr5ﬁPPﬁB ?Hﬂggé°§92t R¥havéong peen
expl or ed. 1¢heBerlﬂdIQﬁetemeuaeusnufar ﬂhéfnememnder oliather patiehtagascul ar
di f fusi on Chaﬂpféﬁlmé”tri¥a§gubaﬁh un P%Qgi gﬁﬁ&'gﬂpgﬁgggg and

I npl antati on of m cr oencapsul ate (1984)
25 Wrld J. SBeintainsa. Bat¥ﬁE§e1Be§Pcé@mHEPéuERVP§$€ﬁe§ta§e fOprQV|d|ng a

significant asupstentbalhpetiolido®ftimelransplantation, as they would
alleviate the need to mai ntain the patient in an i munosuppressed state,
and woul d thereby allow many nore patients to recieve 30 restorative or
ot herwi se benkfdesirabianaptennathbye toasuohﬁtganhplaaeaﬁiodOpﬁbcédhkésor

Lissue whigh £aubgleng 1an¥9§¥§oﬂ089 Héf&?s%lrhtwgﬁggnéé?@ﬁ N8 RBYRiGAl,cen

transpl antati on ues ese a p
satisfactory P%FrbﬁﬁvVH%ﬁﬁ Vihy-atlevidhfifusien efinoutvhents, Awasthod of

del i vering amaﬂ@fiale ORAAt s&tEELOA PLEELEts, BUESHBHERSthaUEB1Ra18PZYMES
and hor nones, 'afd léggféglggfectors of immunological rejection. A
variety of devices which protect tissues or cells

20 producing a selected product from the immune system have
been explored. These include extravascular diffusion
chambers, intravascular diffusion chambers, intravascular
ultrafiltration chambers, and implantation of
microencapsulated cells. - Scharp, D.W., et al. (1984)

25 World J. Surg. 8:221-9. These devices were envisioned as
providing a significant advance in the field of
transplantation, as they would alleviate the need to
maintain the patient in an immunosuppressed state, and
would thereby allow many more patients to recieve

30 restorative or otherwise beneficial transplants by
allowing the use of donor cells or tissue which could not
have been used with the conventional transplantation
techniques. However, none of these approaches have been
satisfactory for providing long-term transplant function.

35 A method of delivering appropriate quantities of needed
substances, such as enzymes and hormones, or of providing



-4- ot her needed netabolic functions, for an extended peri od of time

is sti'l | unavailable and woul d be very advant ageous to those in need of

| ong-term treatnment. Summary of the Invention 5 This invention rel ates
to a bi oconpati bl e, i mmunoi sol atory, Lgplantable vehicle. The instant
vehicl e Is suitable for isolating biologically active cells or

substances frg gh%?enlé%%dsm@t%tb%qtlcv%dﬁ%}l@ﬂssmfofﬂh'rp\ﬂ%nded g i at i on
into an i ndivi The 1 nstant vehicle_is 10 co iﬁg of (a) a core which

contai ns isol 2fedite 18 stillounayvaidable, V&T¥edi um or

i mobi | i zed wadbahtageounshwdy e.gsdsemm imeecnruf (tha-tannr chrreditp ity
peri pher al region ("jacket") of pernselective matrix or membrane
whi ch does not contain isolated cells, which is 15 bi oconpatible, and which

is suff|C|ent§Mmm@m!ugﬁ_ghﬁalnzgnﬁsakated cells in the core from
' rrrrunol ogi gl nﬂp‘gﬁtﬁ.saqlﬁventlon 'ipé'l"dt%s tt*i'ﬁat Yilfcompiitiieal * refers to a human

or ani subj ect defined herei.n, the term"dual nmtrjx

veh| cI es" ref éWumlts@lmWeHMHl@t\ﬁqlﬁ ¥ebdiqleconThen i instadte

fext er gal fJ aCEqE fsmfta%l_ecefldrs 1§dlaQﬂeageklﬂig?inﬁlﬁta1]IW%ct1vdrTﬁd]i])s @re is
orned of a oge i ch is.cross-Jinke 0.4 r

suitably in t%é:'ﬁs&amc&s rr°6°dt§'|9 o Yo th&F ofiegFdv eI'I‘iueey‘:l(i'&ﬁi'% d‘b% aﬁcl&ce“l?‘fl%y

be formed 25 iimpdpertddrin intca ashdadtividnaid t Mhedmstant Medicls oss-

linking. ‘fie %ﬂ%ﬁ@edcgfe (a5 %Otcd}"ec‘%ﬁﬁq'ﬁi 'dbﬂt'dl’i&d 1t§2>1ateé h& 014 er

j acket by neans osite 1ronic rges anot her. enpodj ment., . t he
ext er nal Jack@ﬂﬁh?q(EQEﬁfﬂﬂe@11n at”%gqﬁﬂﬂmﬁﬂﬁqylﬁﬁe%mmﬂbﬁﬂiQﬁF withjin

linked to theac r%dlﬁtnfdﬁrlbb’ & @) ab@wm:gmdmg oﬁ@dt&gﬂméﬁ]ei n,

:lecleﬁa g;th\tM 234 squ)} rd"f:gg: et!' J}e tf.epermselec%:.ve mAtY ik Co%:' renbkaHe form

which does not contain isolated cells, which is

15 biocompatible, and which is sufficient to protect the
isolated cells in the core from immunological attack.

Herein, the term "individual" refers to a human or an
animal subject.

As defined herein, the term "dual matrix vehicles" refers

20 to such vehicles with a cell-containing core and an
external jacket free of cells. In one embodiment, the
matrix core is formed of a hydrogel which is cross-linked
to a hydrogel jacket, suitably in the form of a rod or
other shape. The hydrogel jacket may be formed

25 independently as a sheath around the matrix without cross-
linking. The hydrogel care is not necessarily linked to
the outer jacket by means of opposite ionic charges. 1In
another embodiment, the external jacket is formed of a
thermoplastic material which is not linked to the core

30 matrix by chemical bonding.

As used herein, unless otherwise specified, the term
“cells" means cells in any form, including but not limited



-5- _ tocells retained in tissue, cell clusters, and i ndi vi dual | 'y
| sol ated cells, unless otherw se specified. The core of the
|nnun0|solatory vehicle is constructed to provi de a suitable |ocal
environnment for the particular 5 cells |§gLated therein. In sone

enbodi nents, the core conprises a liqurd nmediumsufficient to maintain

the cel | S td- el Q‘H&in’ﬂ@ ﬂﬁrttlé?éﬂélr |délslu'éﬁﬂt%zfé3r and NRintaining
transforned cells, .such .as ot her enbodlnents t he_core

conpri ses a g&nW%%éW &?%q%ﬁﬁlﬂrsﬂe?%ﬁj&tﬂ%zﬁt&% SRR ified.

t her eby reducing the formati on of dense cellul ar aggl onerations. The gel

matrix ma be s r i 0 ts
Cor es madg of a%hm%g’ ogeq%f éi%/rll%gn g'lrneocipsa%ltd(’:ou ar‘+e;/H %ll%m’b% eg%ffﬁfé@e&e‘?
mai nt ai ni ng cmosn@re & Sudabie diocadn@envirament fopthemarsicelah as
the cells isn 'o::'ﬂlqts'S i¥oleAE M Rin. O AUMRD AmddH It D ﬁ?é |Sord he

matri x shoul d be of sufficient VISCOSIt to maintain cell. dispersion
Wi t hin t he SPEPLisesOR i1danid, mediu Qﬁc%QH¥|§Rﬂ¥ﬂﬁnﬁﬁﬂﬂ(ﬂﬁﬁzo can
contain substamﬂﬂ%\Mﬂnﬂqumanuuﬁesnanawyaﬁﬁiddnar1yfgumﬁaumh(joﬁhe i sol at ed

cells. These su an or the utrlent urces,
extracel | ul ar§n lﬁ’%ﬁ"&ﬁ%‘ %%ﬂ (ﬂﬁ?ﬁ% grcﬁﬂ El:lo(f]s2r| '?110
regul atory sub@me&b@lmrﬁ@pul dheorcagfe fmdmlsns 26 gi:'dcmlgx odiich or
Qerr] canf ehgmypin e A0 QItIS Ritds tHd l&m@rm sby re dil.{bin

previously existing devices, the core and j acket were Vi aqoni C
bonds bet ween tHSpdormaticm afydenss wedlalar jaggamesatignsmy Ihe gelhe

devi ces of RhaatWis nid3t & cthpisedt oft hyddbye VI ehidtitHdelhlhOfmatrix
charged i nner core material and an outer jacket material of the opposite

charge. (2) TRITRERSEEE “0f Lim and Sun (U.S. Patent Nos: 4,352, 833 and
4,409, 331) included an internedi ate | ayer of poly-L-lysine (PLL), which

i's positivelycehasOgdaed @f ldhydrogel matrix are particularly suitable

15 for maintaining cells or tissues which tend to form
agglomerates, such as the cells in islets of Langerhans,
or adrenal chromaffin cells. The matrix should be of
sufficient viscosity to maintain cell dispersion within
the matrix. Optionally, the core of the instant vehicle

20 can contain substances which support or promote the
function of the isolated cells. These substances include
natural or synthetic nutrient sources, extracellular
matrix (ECM) components, growth factors or growth
regulatory substances, or a population of feeder or

25 accessory cells or O, carriers such as hemoglobins and
fluorocarbons.

In previously existing devices, the core and jacket were
linked via ionic bonds between oppositely charged polymers
in one of two ways. (1) The devices of Rha (U.S. Patent

30 No; 4,744, 933) wvere constructed of a charged inner core
material and an outer jacket material of the opposite
charge. (2) The devices of Lim and Sun (U.S. Patent Nos:
4,352,833 and 4,409,331) included an intermediate layer of
poly-L-lysine (PLL), which is positively charged, to link



(/

- 6- t he negatively charged core with the negatively char ged j acket
materi’al . The elimination of a PLL layer is advant ageous in that PLL is
believed to be fibrogenic in the host. PLL may al so have unwanted grow h
effects for 5 sone cells. Also, the jacket6ef the device of the

i nvention can be controlled for pernsel ectivity better t han t hose made
with PLL. thehaegatiiatelyf chardessicane wiltihc [the neaatd vely gharged)

whi ch may be tJfaemaae%ﬁﬂaa.t OfTHeh%l(ch[ﬁa%dHiBbﬂO% J;fhdllfa‘ Ny In ei t her
case, the matérjal used results in_a_ , surround |n |§heral i on

which is per m@dvadtiageous iny dhaty Ry is é’fﬁ}%% °‘3‘?'n*|"he1 acket
may be fornedthectlostar owrLd. may alisd Wawmuinwantréuergmﬂtrbwﬂﬂms)rfor

alternati v%l 2 t’snogéeée éléet my be tjh5 e&té %o O hass dé lgteeh df éﬂbe core

matri x. cas rﬂatlon e ehi €1 & of e preéesent
i nventi on doesnvetntlorrmn e mﬂrmmlslaﬁ fopp eErms adientde ity thettar e bei ng

present in an ¢y hd gl imdady it pri.t he j acket. Preferably, the core
and external jacket forman interface 20 free of "ionic bondi ng" between
opposi tely charged polynmers and free of an internediate |ayer of the

type used Mheprjiadkeds toﬁﬁmre)qam:drﬂs vehdiile Hendiade rof er smattenann
lonic interact Qn, of a of ane char, |ve) and the
j acket (or an™ %Irﬁfyegﬁm ofaszgq’c?p‘i()(?%s tg’eck%’%r e. or e j acket
al | ows pawagdnfffm.andes ejther a:ase,prmmemhama:l suaeai mulmsawentx
the passage Oladriicifiiding O PeIGer M HRHRAL WHICH |6 ddimeuiddunrll ng or
peripheral region is prdduced 1n-such a nner t i't Has 30 pores or
voi ds of a_prgBQHQNHQFkP AR gmmynadsolatory . result, the vehicle is
per nsel Iect I Veg‘h%@a@)dé&?:ﬂa@% bed ffrin@de m&afd iy N tﬁﬁd esgrasl vhgm@t f
particul ar vehicl e e determ.ned i rt t he e and .extent o
I mmunol ogi cal hﬁﬂ&ﬁﬁ :gqqgﬁquﬂﬁﬂtéﬂ} Rﬁqgi t@he Jaéﬁg% may b
15 directly cross-linked to the core matrlx. In either case,
formation of the vehicle of the present invention does not
require polymers of opposite charge to the core being

present in an interfacial layer or in the jacket.

Preferably, the core and external jacket form an interface
20 free of "ionic bonding" between oppositely charged
polymers and free of an intermediate layer of the type
used in prior art microcapsules. Ionic bonding refers to
an ionic interaction of a core of one charge (positive or
negative) and the jacket (or an intermediate layer) of
25 opposite charge.

The jacket allows passage of substances up to a
predetermined size, but prevents the passage of larger
substances. More specifically, the surrounding or
peripheral region is produced in such a manner that it has
30 fores or voids of a predetermined range of sizes; as a
result, the vehicle is permselective. The molecular
weight cutoff (MWCO) selected for a particular vehicle
will be determined in part by the type and extent of
immunological rejection it is anticipated will be



-7- encountered after the vehicle is inplanted and in part by t he

mol ectil ar size of the |argest substance to be all owed to pass into

and/ or out of the vehicle. For exanple, materials can be used to form
pernsel ective nenbranes or 5 hydrogel matrices which all ow passage of

nol ecul es up to about the size of Clg, 4 conponent of conplenent (about
400 kD), a pr N y; Of tedYdR4 Vi rrent
attack conpl exér?éf&é‘ﬁél]’!;éﬁi %ﬂ?%%:eéﬁg %?%n%eslé%? Y él Cilgpcan

freely. It is %h%anlﬁ?m%%rb$hz%opfd?h?pk?ﬁ%%$%c$¢b§¢?&ﬁ?|%%sb%ra%%ﬁﬁ?@nes

whi ch al | _C’W:&Welﬁ’io NDhELOY ESut Pof C’!:.lti’é’C’ifléh:léil'@e$I Zleo@fexample,
I mmunogl obulin G (apout 150 exc ul es. Further,

menbr anes or HRFTGERLS (FRR I’P%\I‘I“ﬁ%§j %E’ﬁg%e’f)‘?s%?‘é%h'f%smﬁ‘bbf%nﬁﬁoﬁf t he
size of 1568i rttyttng:j@b%atri\d:ésbwmicﬂ Dok Passagdecofisedlecnl gsvepyto

| arge substanc, so bloconp % %f cﬂ#h ?Q€b£%8A&H€dof“c$$$femeyteﬂéﬂéﬁ€9“t-

The jacket is a I't does
detrimental hot20 rkBpons epretein| vequived cEer (the 2esemblyeHrthe t he

i mpl ant ed vehlé% i@ Eomgesméht attd&RPESEPLEx. Neth hemgosﬁstaﬁceacket
elicit unfavor ti ssue. responses.  such as fib 05|fy dd|t| t he

ext er nal surfdi%p§§ﬁPTE§s%*%£}%ﬁ ARSI i PRS chr e nhhnkf ?ﬂﬁ?
is particuarpossibbdl €of pornnpérnsal eoti s mﬁtttmeseﬁecmeﬂbsanes ﬁhxch

xample. the e L0, ULEECEE mo16AT0E BUUCL Mapdlt PEhE ds Oho GO

dependi ng on tachmen surroundlng tissue-is
desi rabl e. Themmmnmmgtwb@bnml@uf@b¢@h b&% b@boa%@ excludecl®rge®dr desi gned

to be particul@] ¥cqPes OPr Fat€née! ﬁQmsﬁsnwpéamsf&@@eﬁgt@nseﬁssmow _
The jacket of the present vehicle is furt |nnun0|sglatory That is,

it protects cdP?ES39etPk ’E‘B}%"uleso‘f‘ptﬁ‘é %ﬂ?'&lﬁh?r%ﬁ?h‘é i mmune syst em of
t he i ndi vitsial infunoglebabih e ysboat elj oo nkbpntan. bétusieds snlylyeby 35

preventing harf;f%eS§G§é€§88359fsﬁg§ éQdéXifg?JQflfogg excluded in this

embodinment.

The jacket is also biocompatible. That is, it does not
elicit a detrimental host response sufficient to result in
20 rejection of the implanted vehicle or to render it
inoperable. Neither does the jacket elicit unfavorable
tissue responses such as fibrosis. In addition, the
external surface can be selected or designed in such a
manner that it is particularly suitable for implantation
25 at the selected site. For example, the external surface
can be smooth, stippled or rough, depending on whether
attachment by cells of the surrounding tissue is
desirable. The shape or configuration can also be
selected or designed to be particularly appropriate for
30 the implantation site chosen.

The jacket of the present vehicle is further
immunoisolatory. That is, it protects cells in the core
of the vehicle from the immune system of the individual in
whom the vehicle is implanted. It does so (1) by

35 preventing harmful substances of the individual's body
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fromentering the core of the vehicle, (2) by nininizing cont act between
t he i hdi vidual and inflammtory, antigenic, or otherw se harnful
materials which may be present in the core and (3) by providing a
spatial barrier 5 sufficient to prevent ipgunological contact between the
i solated cells and detrinental portions of the I ndi vidual 's i mmune
system Thf VQbeﬁdLenetertqu&gese?Ee ofi RtheNkiebicle, dl(gl)l ngy aiednfirzing he
m crocapsul es o I m an un Cl 210: 908- 910
[1980]; 10 Suff°MKaft PREWREDs the %H?}No‘fib‘&; f‘§‘5iA infd %f’% 38]) by its
out er j acket wlmtdbenri:mrm plthierexdlisles haamfatl ]maaqee'o.tals who.u:hsm dfe t he
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E-egi t 15 3 ‘?;o%'é a%ﬁ J%a q’gt grll::u proj €ct from t he core

portions of e capsu ated ce

t hr ough thé psafficient]| o ﬁ’e'eIV&Péir mrquméwlb@qma@q Redwear, te ci t
inflammatory 5egaaRees cna® and laaes:&méﬂmneo&ﬁwg of thEhis m crocapsul e

t echnol ogy relles Q t he pr.esence of nt| bi ve |o bonds
to formthe Bﬂj‘@gpﬁﬁllé‘m“&? FYStem- of %16%1 at%h’l'ee
m crocapsul es mlvens:li:mem‘s Hl@m@ﬁtsued)rﬁztumrttfeolrdmau}psulesmmrﬁm | on

due to conpet 0 or e i-oni n s i ha R d1h ¢ dy o

t he host aft er%ga%stq e(LS'lH’l FDrrﬁl %n dt g‘orl;'lt' ’Ttl%gsl—eﬁ"régglaemq mi r%lrbm@%c?tt&/

rel ati vel yonoSunonifc Myac Methods Enzyme 1aays e A3 735 fﬂ’ﬁreﬁ?t% d:ri-98ﬁ]f)ur12mer

gg\éggt flget of tﬂ&te %‘Ue‘icajl&%ﬂeﬁtslvflﬂlch éﬂ&r@se&.@%tt Idaaqtrsth icahridte prigyddiei 1
ity to contai,n more cells in_a sin evic a 0SSI

m crocapsul e CYESIGEGF the comge sthe GRS S5 °§e&1 M ﬁ‘ﬁb@‘}#)g(ﬁrzfc‘*:et)

Cﬂ.n be Imade 3Erom ethreydu@;ﬂvamiargex Wamfpatjjo&fseromﬁtenuapsu]dte$lmm a

t her nopl astic rﬁq a [ I&[%i

conposite, sugh”%tq% %Q’% pe:rlr?gleye? eel%ﬂ: er mpléagg{er t’hr Vi

mat ri x- f||n5ed1pdy§gna §ayer1andngmereby be more likely to elicit -

inflammatory responses from the host's immune system.

This microcapsule technology relies on the presence of
potentially bioactive ionic bonds to form the
microcapsule. By virtue of their ionic nature, these

20 microcapsules are susceptible to deterioration following
implantation due to competition for the ionic bonds that
take place in the body of the host after capsule
implantation. This problem is minimized by the
relatively non-ionic macrocapsules of the present

25 invention. A further advantage of the macrocapsules of
the present invention lies in their capacity to contain
more cells in a single device than is possible in
microcapsule technology.

The surrounding or peripheral region (jacket) can be made

30 of a hydrogel matrix or of a different material, such as a
thermoplastic membrane. It can also be made of a matrix-
membrane composite, such that a permselective
thermoplastic membrane having matrix-filled pores, is
formed.



-9- Sui tably, the ext er nal j acket may be fornmed 6f a - thernoplastic

mat'erfal known to be bi oconpatible, such as t he ones descri bed herein.
In addition, other jackets whi ch have been used in the m crocapsule
field may al so be 5 used herein, such as ayginate, suitably cross-Iinked

W th a multivalent ion such as cal cium The i munoi sol atory vehicle

Ihs Esef:ﬂ (i'i) shCit%llyvertn@ ext\utrmlr Fagkedf 3@9' ol ffrormfe@dwﬂaf i ncl udi g
i gh nol ecul ar rodyct § n_indi al_in of the
10 (b) to pro&P&Emﬁ g@% |31f%ﬁ5WWb ¥ % °°°m94%§a%%nj ‘ﬁ%S% agr
t he renoval otheaomes deskstidedeherein.Thdn mmmhuo@mmamm a
multiplicity g iefl hveS %%Qn useld'3h %EE!?? %é%ﬁeaﬂléﬂdp '%y

ectiv nee

vehicle is Sufficien rovide an e anount of
substance &r uged herein,asuchdias adaiinaker,ysidably gresfddakad stigh by

t he i nstant vghhghglwglgh&pgb&agbgﬁ as Halc8imi.eval . I n one enbodi nent
of the preferred invention, which is particulary useful with islets of

Langer hans, both the 20 core and the surrounding or peripheral region of

t he | NSt arheV dhimtin® izcd atydyo yelhd clehiieh usefule (e teadeliver a

conposi tion h g I If f erant, .CO ooz

I nvention rel glgg% Gt heg’fi g%ﬁ% a% ?}%ﬁutét%n rl%@l % hlgh E}&lar

i Mmunoi sol at oWgightt Preductsy ftior an zyd@m@miemn neqs \%ltéleé"rl AnY9Rd by

coextrudi ig fr@{jﬁ %o proiBdeCircdided aeéttratb'iﬂqre FRAES O @d @ Which form
the core an

surroundln ogﬁgerlpheral r.egi_ons dltlons
sufficient tolg& {the, & shavialy %dir 1’#?53‘%3&71 aﬁ}ceerﬁrr sor(s)
. of the Furroguﬂmngn@tﬂyﬂwwﬂumuﬂelunyﬁuidgﬂujMﬁluﬂpnﬂuauynufrugﬁlsw.sdbh
particular a nt.a i e "&fin the cells
in the core a?ﬁglatt qﬁéiﬁdg%giqﬂ ghe nDnent %ggggrnatlon(#r% e vehicle,
ensuring that S&ﬂfél@me@brrmoernm\@dﬁ) antefifestive anqumh af theneasded
adul terat 9@ dugagabeiedlornFudictith WliaH Gndividual. A further

advantage offered by the instant vehicle is practicality
of retrieval.

In one embodiment of the preferred invention, which is
particulary useful with islets of Langerhans, both the
20 core and the surrounding or peripheral region of the
instant vehicle are hydrogels, which can be the same
composition hydrogel or different composition hydrogels.

This invention relates further to a method of making a
biocompatible immunoisolatory vehicle. 1In a first

25 embodiment, the vehicle is formed by coextruding from a
nested-bore extrusion nozzle materials which form the core
and surrounding or peripheral regions, under conditions
sufficient to gel, harden, or cast the matrix or membrane
precursor(s) of the surrounding or peripheral region (and

30 of the core region). A particular advantage of this
coextrusion embodiment is that the cells in the core are
isolated from the moment of formation of the vehicle,
ensuring that the core materials do not become
contaminated or adulterated during handling of the vehicle



-10- prior to inplantation. A further advantage of the coext rusi on
proce8s is that it ensures that the surroundi ng or peripheral region is
free of cells and ot her core materials. The perneability and 5

bi oconmpati bility characteristics of the sqg%oundlng or peri pheral region
are determ ned by both the matrix or rane precursor mat eri al s used,

and the condi l{ﬁ?ﬁ | he edfe | f fadred. I'n
a second errboéi nent o? t he %ﬂ%ﬁ met d\ifﬁhe 10 1| m’runm sqol atory vehicle
is formed stefRextrysion,pipgess is ‘Fha"'c hik | SRARKRS FBA% YRS ehi cl e bei ng
made incl udes sﬁurrourka/ﬂ{gf)gﬂr p‘éﬁ‘:ﬁplféﬁ‘ﬁﬁlﬁqibﬁhfs idatetl eells, andie core

can be for initiall round| erl pheral mat ri x
or nenbrane cé?rﬁlfe' %%e 'pI [ 1@%%%?§I§P8Conversel y, the
sur roundi ngp orbmowwllltmhammemmeotathtbeSlprmmdﬁelmg end t hen
DipeawWih  pddfpA DIl of WAL %e&h&&wt@y bSkh e ﬁ@éﬂ*a&ror

with naterlalé) e core .e., core

material s). THReREANRS ePl’l'%c‘Slé%fPredn#‘Fﬁ%’cRﬂfF d‘%fimﬂﬂ%rtl’t%a‘fmi‘%tk%‘?%

material s ar e iey aiifloh ¥é GRfekix or |herXie & efdwmed. material is
used, the vehicle is then exposed to conditions which result in

formati on of the core. This invention relates also to a nethod of
delivering a Z2n A cdezprdlemvodiinentorofl tiee | preseme tmdthod, orhé nmunol ogi c

function iy a -' ' 'ggfg ' t r oplyet ered
nmet abol i ¢ ]Fbunc'}[ I on. o1 n 1nmu téx:k) a‘?%? @ Péﬁ{\%ﬂ %ﬂp‘?lsep rese?\f&ln%/éent i on
is inplanted i¥k othmemmunqwmm ‘(?%#‘é*? deeing d&a@?\eul"é%‘i‘%%n?) usi ng
known 30 techmiesger é@?@%@n@é‘ﬂaﬁ%eﬂﬁédlé@laté& PEI1s cul elie core can

S0l ated w thi rffgr'rﬁe%ca”“taf%%f% andTORE SReStndiSs on RAEERRSHEE. (he
desired produatgtgixoror memu'émmaﬂnebeiemssemblemwroamB;ledf products are
rel eased 3p; byg (G4 SMBT$d CELhverddfY, POSS LELYHING SHIpOHEhEEal
matrix or membrane can be preformed, and then filled with
the preformed isolated-cell containing core material or
with materials which will form the core (i.e., core
presursor materials). The vehicle is sealed in such a
20 manner that the core materials are completely enclosed.
If a core precursor material is used, the vehicle is then
exposed to conditions which result in formation of the
core.

This invention relates also to a method of delivering a

25 biological product or altering a metabolic or immunologic
function in an individual in need of the biological
product or altered metabolic function. An immunoisolatory
vehicle of the present invention is implanted into the
individual (referred to as the recipient), using known

30 techniques or methods and selected for the particular
immunoisolatory vehicle and site of implantation. Once
implanted, cells isolated within the biocompatible
immunoisolatory vehicle produce the desired product(s) or
perform the desired function(s). If products are released

35 by the isolated cells, they pass through the surrounding



or perlpheral pernselectfbe menbrane or hydrogel matri x into the

recipient's body. If netabolic functions are provi ded by the isol ated
cells, the substances to be nmet abol i zed (e.g., degraded or inactivated)
enter the 5 vehicle fromthe recipient's_ppdy and are renoved fromthe
reci pient's bl oodstream Thus, this Tnvention further relates to a

hod of I
met hod o eﬂc i ereb@e%é@iéb&@é‘%ﬁ&ﬁ@féﬁ@ Sr h,f@iwgéf%aﬁﬂy

i npl antable v protecting the cells n the vehicle
from i nunol o’d?%ltlh? tlé%‘klw?’é‘i ppody- If n‘b‘F"éﬁH’P‘éﬁl‘F nE¥nGhionsi 3Faual .

(Although slczrrq:irmm asyl e 1solre%]gmtc@miatms ShbétEncemube besponlses |
e. . cyt0| aple.t { he es OCa
or . Ci rculné???%ojrle‘?/ee SP%T the %g]au%% a%%e%r@égigg?eﬂ Hg%%ufﬁ§15 to

have detrigrervetiicld cireon the recipient te|bedyrand amor@m’éeldffnmathack

by the reci piyggitisi d AU S BYSE SR S4¥, frompotentially deleterious
I nfl ammat ory responses from the tissues which surround the I mpl ant ed

vehicle. In the core of the vehicle, the isolated cells are maintained
in 20 abs:J! ta?i@sj ogiels méwﬂgmtfufftaéﬁiﬁenaﬂ@@rtomeﬂedhod osubfstances
or netabolic tlons C jver t reci pient _eye Qr

ext ended peri Pt Y e ﬁf# "bio c??@?ﬁ%%ﬁeto %@?l§ﬂga€35¥pient

with dangercnmmplantabdamnnhmmks;theWepm proQécEimeftEEsce1b$|wntbinthe
Fi gures 9.1 tyr\ﬂ?ﬂﬂff e O Lo ﬂhﬁux‘i&i’&ff@é‘i Zété’%cffaf@érd?%iﬁ ences in

t he perne Inate matrices Torne nt conditions
to test sm|ﬂ¥ﬂp¥ﬁn§%@|%E@Prﬁﬁeb@@hYldualslz%%thgﬂgklﬁﬁmﬁ doy smalaFPupAr

represent ati Glefht hﬁéd%ﬁ§ @f the lmmmé@e@@oﬁe& pé éhecj}ﬂﬁﬁihéﬁiﬂ ity
of i nmmunoi sol at e vers rotected jslets nta xltrg for four
ki';"elci? |

weeks. Fi gur &3 %ﬁ@?? %Lﬁ?% Tﬁﬁ%ﬁ%@%’w}?ﬁm%i ca?ﬁﬁu 372061 8 ory
vehicl e havin@umcmwwtnggllewehsnafrthesadsﬁﬁshameespmneamotahkeh endagbf a

pernBeIecigVetéfﬁgggmﬁé§§iﬁéntal effects. The isolated cells are
protected from attack by the recipient's immune system and
from potentially deleterious inflammatory responses from
the tissues which surround the implanted vehicle. 1In the
core of the vehicle, the isolated cells are maintained in

20 a suitable local environment. In this manner, needed

substances or metabolic functions can be delivered to the
recipient even for extended periods of time, and without
the need to treat the recipient with dangerous
immunosuppresive drugs.

25 Brief Description of the Figures
Figure 1 is a graphic representation of the differences in

the permeability of alginate matrices formed under
different conditions to test solutes of various molecular
sizes.

30 Figure 2 is a graphic representation of the results of a
perifusion test of the functionality of immunoisolated
versus unprotected islets maintained in vitro for four
weeks. Figure 2A depicts the results obtained with an
immunoisolatory vehicle having a hydrogel core matrix and

35 a peripheral jacket made of a permselective thermoplastic
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-12- menbr ane. Figure 2B depicts the results obtained with an

i mmundi sol atory vehicle having a hydrogel core matrix and a peri pheral
hydr ogel | acket. Figure 3 is a graphic representation show ng the
total 5 anobunt of insulin released, and t _anounts rel eased during
the first and second phase responses in th perifusion test also shown

in Figure 2. F qﬁﬂ!
dual -matrix i m’runm so ator &é 2B %é@f ﬁ%%srure %)%htb%at letrrle%lal ts
obt ai ned wi t h imgnynwiselatomny rvwwmﬁm@ Mmemb ¢¢mrm¢§ni&t@n9

vehi cl e. & 188K Hoer$1 hyd T j&keeentation of the decrease in
pl asma gl ucose l'evel's observed en 1 munoi sol at ed xenogeneic islets are

i npl anted into streptozotocin- 15 induced diabetic mce for a period of 60
days. The Figurwi > datargrapii el reprsesentest Dén tsteowing i 'gueatd:'oanl

described 14) QUAUME St inowt 1k AW &aded > 2d ARl s GESELI SIS

insulin release 1n usion experiment usi | MIUNO1 SO atory
vehicl e 20 coﬁlmmmgih%tfimfet@d (ﬁe“éw@d msgme&pmﬁmsm|m in

Exanpl e 5, re%ﬁﬁf&ﬁiﬂ%e@tpﬁé&dsﬁwﬁeﬁﬁdﬁ% np Vi Vﬁguré%ca@ﬁieeged
wi th glucose, wth and wthoutlégﬂegﬁ I.ne stimul ation. re6

is a graphic rdlt &S FPH he ?P%EP?N%&%E}EHQER%QP}%
observed. when vemitke sidiEijure 3@Erigeiets tid afeswlts Icsml:ﬁlﬁ@di wnﬂo

muno sol S orps 7S SHBEE e Y SR Mefinld nfmRingso Gy | n°

Exanpl e 4. :ﬂ?hi%ﬁﬁe 7 is a graphic representation of the perneability
of an alginate matrix to various test solutes. Pernmeabilities were

tested after storage in, Hank's ) )
Figure 4 is a graphic representation of the decrease in

plasma glucose levels observed when immunoisolated
xenogeneic islets are implanted into streptozotocin-

15 induced diabetic mice for a period of 60 days. The
immunoisolatory vehicle used was of the configuration
described in Example 5.

Figure 5 is a graphic representation of insulin release in
a perifusion experiment using an immunoisolatory vehicle

20 containing rat islets, of the configuration described in
Example 5, recovered after a period of residence in vivo
and challenged with glucose, with and without theophylline
stimulation.

Figure 6 is a graphic representation of the decrease in

25 plasma glucose levels observed when immunoisolated
xenogeneic islets are implanted into streptozotocin-
induced diabetic mice for a period of 100 days. The
immunoisolatory vehicle used was of the configuration
described in Example 4.

30 Figure 7 is a graphic representation of the permeability
of an alginate matrix to various test solutes.
Permeabilities were tested after storage in Hank's
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-13- solution after 16 hours and 160 hours. The change in
pernmeability is due to |l eaching of CaJerr] fromthe matri x. Figure 8
is a graphic conparison of the response to gl ucose chal | enge of rat
islets isolated within dual 5 matrix inmujaisol atory vehicles with either
t her nopl astic or alginate jackets, following a period of residence in

vi vohi n di scog@a&hwa&}g%@hqa PO 'sfalatna 160 MurE. gs)rfhe chanlﬁ'egurre 9is a
graphi c representat .of t.he partia r.est or no

behavior to r?&é'ﬁte?&%i Yldse>gs'§r |tr?er}teélclh9"ign(?fé(? Pa EPﬂ‘sgﬁgl F'ggrg'é‘ﬁavi or,
foll ow ng i npl antation of an inmunoisol atory vehicle containing

adr enal chrong%%g&ﬁg%lli |ng%a% % @%##é%lggTBQEathe igyp | acket of

pernsel ective plastlc ure |s a aphlc

representatlogl@b0§heCMGdAEMSGy°f rnﬁigﬁﬂe¢n9n5@44§991WM$h$n 3hic acid

! 35' oan L%t Sﬁafrlaatlﬁﬁﬂﬁ{ﬁ'SQI%&d ? ﬁﬁjeﬁ Wﬂtlﬁ&%ﬂe&? Mnﬂiﬂlbdﬂﬁlbﬂw ne
adrenal chromaffin cells i ot ai ne i ca etter
than the ot hePh &dgdhake Jagcketsy, 19 é'“Pl e&"tﬁdagﬁ eI’se‘ﬁ %8 i on of
t he nonfastingivo ip @stoyidans eetmigeneictrenipiehted Jeptinearipdaysift er

I npl antation of type 2 acrylic copol yner hollom1fibers cont ai ni ng

either 1000 rat islets (A) or 500 rat islets (B) inplanted either
i ntraperitone®igureci% dised) anaprd o yepnresantadiion Qﬁuéﬁ*@s)Partlal Figure 12

I st a gr alohl tC g%gt?%@%tlt%ﬂ Qil"f ?{ortﬁaq Mt %lé?it%vn.or tﬂ&%d&ﬁiﬂ@&ﬁtw di abetic
rats inplanted w rat islets encapsul ated .i.n s eet

Det ai.| ed B@%cﬁﬁ@ﬁ%ﬁTQQtﬁyﬁ¥I%ﬂﬂﬂﬁﬁQNP qﬂJ@h eégi g}ng

bi oconpat i bl e impTamiatdlcl @fy an 1nmﬁhidﬂsa>l%ﬁdnglx&ﬁmlé (mg'ttaarming
|nplantat|on|£y¥%nal chromaffin cells in a core matrix, with a
surrounding jacket of permselective thermoplastic

membrane.

15 Figure 10 is a graphic representation of the mean body
weight changes seen in gquinolinic acid lesioned rats.
Rats receiving immhnoisolatory capsules containing bovine
adrenal chromaffin cells maintained body weight
significantly better than the other lesioned rats.

20 Figure 11 is a graphic representation of the nonfasting
plasma glucose concentrations of diabetic mice after
implantation of type 2 acrylic copolymer hollow fibers
containing either 1000 rat islets (A) or 500 rat islets
(B) implanted either intraperitoneally (circles) or

25 subcutaneocusly (squares).

Figure 12 is a graphic representation of the effects on
blood glucose in diabetic rats implanted with rat islets
encapsulated in flat sheet devices.

Detailed Description of the Invention
30 This invention relates to a biocompatible immunoisolatory

vehicle suitable for long-term implantation into



-14- i ndi vi dual s. Because of its bioconpatibilitg; the vehicle S
suitable for long-termisolation of biologically useful cells and/ or
substances fromthe various protective systens of the body. As used
herein, the term"protective 5 systens" rgfsers to the types of

i mmunol ogi cal attack which can be mounted by the i nmune system of an

I ndi Vlt dual in ﬁndlmfaﬁatl@ I fKiic’hEiséf/QiE Gl lﬁddﬁﬁpﬁﬁlmhfu}d, tmae)t\iugncle .
rejection nmechanis uc e fibrotic respons or.ei

response and dth& mifﬁ’ése 5 r}ﬂ%ﬁﬁr& N aists e%e’s"pﬂ)rﬁ:’gfe %ﬁ]tqglcc%fhﬁg%%%{l%]éd
by the presenceldis ardyox gubstamqes:tfnom tthe marmmaimtdmhyve | mpl ants
of the vehicl er

I nvention %&sﬁegiﬁdf(r?gﬁh%a ‘ﬂ]y fgﬁg Lf?s}(ﬁjer t% ttﬁyee m)nt sle‘?‘{nec;'ﬁ]\'/\{)e
and in manp csystems" nafeys thethe ycemes |of mqnmgll@lt REtAgk Which
thte Cur[ﬁnt '@é@ﬂt tﬂé;@ndiﬁwféae %beit%nﬁfne fsyﬁ_#féni Cdiean Siﬂ&niiauiﬂ;mr(?n
entire therapeutic dose of a ubst ance fr S e. qr just a few (less
t han 10) i FhcHhitdhe dnstank I‘S"’i’éi]ﬁ S HTP %\Pé%recd % ‘i@‘%ed her ei n,
the term "bi o&@ﬁuﬁﬁmﬂm ercﬁfaa-rrs:@, anidie@s wile fibrotic ttesponse; vehicle
and its conte §ﬁﬁp [ tq T qﬁﬁ? ' t he

I mpl ant ed rE|c'%:tea cle sg)adcﬂ s}’e{ sgrE:dorﬁei-I ]'F%P t%’%"éaé\]/g?f(:tl rélﬂr#éa/n'%&%ty

ef fects ofl® haasrpnse whidusan hedinduced, e fhemresenge mf 2 fEeKe imal

for a signifiaedteridny ﬂﬂmlddal?s‘i asbliy J Onrrp) dries P e GRewicle
protective responses fromthe éggg te or fore| n, bod fibrotic

response, aﬂﬂ(ﬁﬂﬂﬁﬁﬂ?ﬁﬂ??e§5?3)35nﬂ S0t n
cytotoxic or $ﬁﬁamﬁ(fuﬁdﬁxdnaxmty(ﬁhrxgténtéﬂuthaﬂntﬂmee monthb|im vivo

\C/gmglntesofulc?s%go elrﬁcgﬂlptceag é%o‘%‘ tit%ﬁréke:f DI occﬁ%’{ %ﬁand]?co'tnwnued
functi onallis y the wvehicishiaf é'-hﬂ)rcpfxm%gy mwfommmay t1§/e mnme%m%nce of

undesi r abl e S%%ﬁr&eeﬁq@lél@é ) deEi vl fﬁceexmlr@rtheraﬁaa@f@m@sé reMmat he
vehicle itself. Thus, brush surfaces, 35 Iolds nter] ayers or other shapes
or structuresﬁahﬁﬁqqqﬁ]from a 51ngle or Jjust a few (less than 10)

implanted and easily retrievable vehicles.

As used herein, the term "biocompatible" refers

20 collectively to both the intact vehicle and its contents.
Specifically, it refers to the capability of the implanted
intact vehicle and its contents to avoid detrimental
effects of the body's various protective systems and
remain functional for a significant period of time. 1In

25 addition to the avoidance of protective responses from the
immune system, or foreign body fibrotic response,
"biocompatible" also implies that no specific undesirable
cytotoxic or systemic effects are caused by the vehicle
and its contents such as would interfere with the desired

30 functioning of the vehicle or its contents.

Important for biocompatibility and continued functionality
are vehicle morphology, hydrophobicity and the absence of
undesirable substances either on the surface of, or
leachable from, the vehicle itself. Thus, brush surfaces,
35 folds, interlayers or other shapes or structures eliciting
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- 15- a foreign body response are avoi ded. The vehicle-form ng

materifals are sufficiently pure that unwanted substances do not | each
out fromthe vehicle materials thensel ves. Additionally, follow ng
vehicle preparation, the treatnment 5 of the external surface of the vehicle
with fluids or -materials (e.g. serum I ch may adhere to or be absorbed

by the vehi cl g i U SUENLIQd B Tade!livd faca. DIRO U1 D1 d ¢ty

avoi ded. hi's 1 0 pertains to a ne ating or” 10
protecting i naterddlelane suikisentdy qure thaterunyanted fsypgtances

i munol ?9: cal & K. 1elth draim%&ﬂeﬁn@waiiﬁ% ﬁiiﬁéridaisﬂ&ilfé_iise%né@l i on )
are useful to de]iver a w de range o cel lul ar_praqducts,,.including hig
nol ecul ar weuﬁadltlﬁﬂ%}iﬁﬁsf°£1§hﬂ?qrﬁﬁqﬁé;ﬁﬂpﬁﬁP Qﬂ’tﬁhﬁntEﬁﬂﬁé#J%o
15 provi de eadetheteaattErma X sutfiaares db the iveliickkiatiths utinids asr t he

ST o T G5 Nl Bhere 06 g,

i nstant vehicle |n@I

) arrety actors nor| y
vari ous or gandYorthe wehitles argprsubsagiantinsimpailc #elkCkR| i vered to a 20
di abetic pati ¢iloc ¥ {1 artdvwsiaed/ffering from Par ki nson' s
di sease, or Factor VIII to a Type A henophiliac. O her products which
can be delivered t hrough use of the instant vehicle include trophic

factors sughias iarventiopnoalso partains o mmetiad dfinsoR[ytiang &5
neur ot ensi famJd suid | \er

i nst ant ve]'rqjl cgﬁ%%ﬁﬁ@sl%%no%dg%&%fs r ;Eslp%%’séeé)’rmocﬁ ?cﬁl'eﬂrés/re I?{antg%/ﬂﬁs

| ynphoki nes arfaytigmunalogicahtattates ffhemreihad@nd sshiclr) @€l the may

al so be deljineifift RAGIich itd Rasian Wi delBea useddl raxtyé net ude
fose Lover 05 R0 SOl A0 i o ST ESR L et abiect eo, 2y
hor mones or grprdducts, ftactan sindiheliugl dhiaieediref Usedm| amd/fdie toeat nent
o ancerl  HE Y affedi ol 1| AL E 05 906 a0 Sgpger
vital metabol ias fahetitemavalk @wh harmful substances. Products which can
be delivered using the instant vehicle include a wide
variety of factors normally secreted by various organs or
tissues. For example, insulin can be delivered to a
20 diabetic patient, dopamine to a patient suffering from
Parkinson's disease, or Factor VIII to a Type A
hemophiliac. Other products which can be delivered
through use of the instant vehicle include trophic factors
such as erythropoeitin, growth hormone, Substance P, and
25 neurotensin. Another family of products suited to
delivery by the instant vehicle comprises biological
response modifiers, including lymphokines and cytokines.
Antibodies from antibody secreting cells may also be
delivered. Specific antibodies which may be useful
30 include those towards tumor specific antigens. The
release of antibodies may also be useful in decreasing
circulating levels of compounds such as hormones or growth
factors. These products are useful in the treatment of a
wide variety of diseases, inflammatory conditions or
35 disorders, and cancers. The instant vehicle can also be
used to restore or augment vital metabolic functions, such
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- 16- as the renoval of toxins or harnful netabolites (e.g.,

chol esterol) fromthe bl oodstream by cells such as hepat ocytes. The

nmet hod and vehicle of the instant - invention nmake possible the

i npl antation of cells without 5 the concog%tant need to i nmunosuppress the
reci pient for the duration of treatnent” Through use of the

bi oconmpati bl e } 'f&%@%&iyofeﬂbfiﬁs QPnﬁgfﬁfﬁistEabolﬁﬁéé'?E'&

subst ances can be restored mal nt al ned ext ended peri ods of tine.

The instant vefpel} %s§%§°%bnf§?ﬂ e bherdshreant by ofelle| SUCRRH t hat

lﬂ)l antation Qieﬁatocy‘fﬁéﬁm eTNGthG‘EEo%aﬂn@evélﬁélélﬁﬂtthé phsetafde an

e ectl ve anbu 0] t neede U anhngce I ctlion.to N
Chdi i due . THOSREiSh Adfe RSTEfhTe PhA R Pant 0T PBe | Se s yithut .,
15 inventi of comeréerconitant coeed vibd cimmunosuppress théei veciptentyfartive
noi ety, eithergpys Q‘Fﬁoﬁnof‘ éf&é‘tﬂent. %H&&Rruémf’ J:héed within a

hydrogel or extrace matr| x, _and surroundi ng or  periphera
regi on of bioeeupatible Hﬁﬁ???l%ﬁlﬂﬁﬂﬁya“%h{?b%kek?m%ﬁﬁﬁﬁsﬁﬁegfnot 20

contain isol atﬁ@drﬁﬂd:\hﬁarv@lhlsbtaﬁcbs OENBé | PéStored a\ﬂdcﬂalntaiﬁeduférm ent

|1 f
bt bk, ot Rt Eiacs réelogl G Bine s . Thn, insFoRE YERTbISIRAY Fedn
active noixoy asmuatlpkue;tze¢f cellsthsuchubbaanrnplmhtahldﬁ of aapable_of
exerting a bi %%?éfﬁ'¢¥hi‘éfé UaRf EECEuFPPBient L €6 ?P&Yl&% éfﬁéﬁﬁvé' In

whom a vehicle I nvent1 on contal n I ol ogically active
noi ety is | MPPRRE e@g #%%s“e?¢@ﬂt%#h$t%¥%¢oﬁ¥c§P¥? enite abiaty”
enconpasses cejh@ividhassues which secrete or release a 30 biologically
active solute; cells or tissues which provide a netabolic capability or

'3

function, such as the renoval of specific solutes fromthe bl oodstream

or a biol ogi cdlheg biocampatviblebinmmweisoltétasy avekricyeeoftthbehinstantor,

hornpne, OisbiPﬁ&@“ﬁf&nrgéﬂﬁp§§egngéfigrcore which contains a
biologically active moiety, either suspended in a liquid
medium or immobilized within a hydrogel or extracellular
matrix, and (b) a surrounding or peripheral region of
permselective matrix or membrane (jacket) which does not

20 contain isolated cells, which is biocompatible, and which

is sufficient to protect isoclated cells if present in the
core from immunological attack.

For purposes of the present invention, a biologically
active moiety is a tissue, cell, or other substance, which

25 1is capable of exerting a biologically useful effect upon
the body of an individual in whom a vehicle of the present
invention containing a biologically active moiety is
implanted. Thus, the term "biologically active moiety"
encompasses cells or tissues which secrete or release a

30 biologically active solute; cells or tissues which provide
a metabolic capability or function, such as the removal of
specific solutes from the bloodstream; or a biologically
active substance such as an enzyme, trophic factor,
hormone, or biological response modifier.
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-17- Wien the biol ogically active noiety within the core of the

bi oconpati bl e i munoi sol atory vehicle conprises cells, the core is

constructed to provide a suitable |ocal envi ronnment for the continued
~viability and function of 5 the cells isolf45d therein. The instant vehicle

can be used to i nmunoi solate a wide varitety of cells or tissues,

spanni ng the rgfge iﬁé’%ié‘iédié%ﬁfré‘é‘éi%%léﬂ?hﬁﬁgfn tnedeafedsﬁttﬁsl I's

or primary tissues rou nconp| et el erenti at ed feta or

neonat al tlssd§E°°?¥P%ﬁ&#£% éﬁ?h}?%ﬂs?%WHﬁﬂs%%l?ﬁ 1$. cthe

| i nes. Vedor é rﬁlsé&ﬁsﬂeﬂweéd St@rpﬁ@%idélmesuﬁtebn@slocal advant ageohsl y
i sol at ed mﬁthln a. vehi cle havi a_ ligui cor e, s For a, . C12 cells
(whi oh’ Seor o ShBESHERE B8 O Soontiiiea vERbF11 (0 ofE Findrion ge
treatment o llﬂ'x@an«llsomtsl@teﬂthQsml atBhe winstant velhicle @anskecore
conprises a Nuiddenio Ml SP1d 0O Wi dONAMEP Bf celidbf EoUEGEs Ol

additional factors fo sustain ce vI abi function, such fetal

bovi ne or equifRanning the range Sﬁﬁ‘?’&bf‘}nl’ﬂlg @%&aﬁ%dcoﬂ‘b%%a‘é?'
matrix flolr rreld dép@denﬁy@hpn@loﬁ\kpﬁh?ﬁ%btiu@és % hehposgh i ﬂﬂc@iﬁpléﬁel‘:ﬁ“ S
in cell clu fer " here refers to a three

i renst onal - nelUEE TSR THEALIE nrRRAtAT CE1ftSsnr sFo AndRerageriork i s
in the for¥Q ofi@g&n&fﬂstmmﬁ¢meﬂ)mbm @5 oélhat tmespreferably but not

limted to gels being greater than 90% water. Cross-1linked hydrogels can
al so be consi dered solids because they do not flow or deform wi t hout

-appr eci abl e apAmMeFAnRsioedseells orRpbbsl inemsaxdi B or m hydr ogel s

fall into tmﬁméf&hém 1961 PP GPEEh D ém&zﬁ@pén@ﬁi .aTheghiast
cl ass carries a q? ne atlfe g?&gg %gf ? %ﬁﬁfsééke nate nd
The second cl &¥F%arri s epb gl %’8“3? a
extracel | ul ar ame rhe_re:‘mrmhm stsuod wseful fml'l'elgentmmltmmt nofi. Exanpl es
of comer gl Ipa AVAId S &n) can be isolated within a vehicle whose core .
comprises a nutrient medium, optionally containing a
liquid source of additional factors to sustain cell
viability and function, such as fetal bovine or equine
serum.

20 Suitably, the core may be composed of a matrix formed by a
hydrogel which stabilizes the position of the cells in
cell clumps. The term "hydrogel! herein refers to a three
dimensional network of cross-linked hydrophilic polymers.
The network is in the form of a gel substantially composed

25 of water, preferably but not limited to gels being greater
than 90% water. Cross-linked hydrogels can also be
considered solids because they do not flow or deform
without appreciable applied shear stress.

Compositions which form hydrogels fall into two classes
30 for the purposes of this application. The first class
carries a net negative charge and is typified by alginate.
The second class carries a net postive charge and is
typified by extracellular matrix components such as
collagen and laminin. Examples of commercially available
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- 18- extracel lular matrix conponents include Matrigel[err] and
Vitrodgen[err]. By way of exanple, cells which do not require an
anchor age substrate are those which are able to formclunps or 5

aggl onerates and thus provide anchorage ferg-<ach ot her. Exenpl ary
clunmping cell types are pancreatic islets, pancreatic beta-cell I|ines,
Chi nese hanst extxerel Y UG matrﬁldmpm@@rhmﬂudﬁwﬂhﬂicjeﬂ.‘te&ﬁi These
cells are ! encl osed in a negatively charged matrix such as 10

kit

al gi nat e. asts generally survive well in a positively charged
matrix and are thus suitably enclosed in extracellul ar- natrix type
hydrogel s. Cergyivay@lf dxadifsl er&ms whidh!!dd Mot addiive Y Hidrage

overgrow t he spac avallabl wi thin the c re if ot do, not exhi bit
growt h arrest sqﬁ?sq"raiiﬁé”i'%otrl%ﬂ% "Hb’t‘?r}'& bg]‘ig/‘br‘b]vbﬁp%r‘?rest upon
confl uence,5 s @agylomeates @nd nohicse pnd\eaiemmma:ize for ieamdhidethemn. Hle
interior of thg \ﬁgh?al gé%ﬂgg 0 y suffice
to limt continue pro]Id}?psﬂglcoen 11 examﬁ }m%eoag?oge éf

pr ecur sor PagiaReadiic hetrergeld ddaeshutChiness fansten cwu;memmhg

condi tions. | rdies cas @dz@(&yrmﬁlcﬁ:\arﬁﬁx ce gl Oglﬁﬂese cdild 4, mslowy
after |nplantatuﬁqif C%E§EUWI ons are scavenged from the surroundi ng

tissues. Alteritdt |%fﬂ?ﬂq1iﬂ‘ﬁﬁlfya&t!ﬁ’§93%rmas§q%|%ﬂ‘iﬁ PHf

di fferentilai (aigmnaﬁma |ncorporated into m crobeads of a sl ow y degraded
pol ymer such as pol ycarbonate, and cosuspended with the

product -secreting cells. For I nstance, NGF or FGF can be used to

stimul ate PC FAibgshlastsdigenanaklyatsuwry ivel weddniimte pasitivelyicmrged

Qther cells, Ratiriiilaiid Yar¥ itHe fltab1y éﬂél%é”e%l i ktradd) £ to
each other and for,m dense a égcmeratlons whi ch devel op central necrotic

regi ons due t ®atHFd* &HYRS ogelit-ceL8HRAIN KL hMRgRenhEP oxygen to

cel | s enbeddediultiply rapidly and could overgrow the space available
15 within the core if they do not exhibit growth arrest. If
the isolated cells do not exhibit growth arrest upon
confluence, substances which induce quiescence can be
included in the interior of the vehicle. In some
instances, a hydrogel core may suffice to limit continued
20 proliferation. For example, a hydrogel matrix precursor.
solution can be included but not exposed to polymerizing
conditions. 1In the case of sodium alginate, a hydrogel
will form slowly after implantation as calcium ions are
scavenged from the surrounding tissues. Alternatively,
25 growth inhibitory factors, or stimulators of
differentiation can be incorporated into microbeads of a
slowly degraded polymer such as polycarbonate, and
cosuspended with the product-secreting cells. For
instance, NGF or FGF can be used to stimuléte PC-12 cell
30 differentiation and terminate cell division.

Other cells, particularly primary cells or tissues, tend
to adhere to each other and form dense agglomerations
which develop central necrotic regions due to the relative
inaccessibility of nutrients and oxygen to cells embedded



-19- wi thin the aggl onerated nasses. These dense cellular - masses can
formslowy, as a result of cell growth into dense col onies, or rapidly,
upon the reassociation of freshly-dispersed cells or tissue nedi ated by
cell-surface 5 adhesion proteins. Cells or,tissues which are highly
nmetabolically active are particularly suséﬁ%tlble to the effects of
oxygen or nutr, 200 tly f e nbedded
in the center &%}gn'g%}% é?%#ﬂ?me ‘f/any %én%ocr?%ees?l%%se% egglﬂﬁaﬁor mal |y
are sustai ned MASSES ean LB $1GW1Y heals a cxesblt ohicebbi@NPYER iBtets of

Langer hans andyéli&néd1&hi&anf & e&ld By ar@pmrthé%eééyoclaﬁwﬁl bfve.
Cells or tissues whjch exhlblt t hi behaV|pr st s |sfa torily
in vehicles comfsityfisper ?ﬁi; rﬁﬁr?&s%%?égeé{ﬂég% t ¢ 0 TRNBbHRFF ze
the cells 1% diesiore, p:tdmaéﬁbs' présklyiox timswescelsicl amerhrgnhtyand

ouygen 10 {he R HLLHICEL Y ERALD SLOaPLLGUEL RS Secopclifel EHODALI 2170

hydrogel matri er FUneT producr ng or
preserving furefifesks of Q#Nq%no@ran%tn@emhdd%prs%@b@oappa@%rdeﬁeShertly

nai ntai ni ng 20, gesy Mokt Sm LG SpbEdAed | £ Eﬁetéﬁhtéﬁ|@feﬂncﬁéé§omerate.

Mor eover, the presence of e core matrij x al nai nt enance o% ﬁy
uniforn1distri Y CE%P?stfﬁs%ﬁﬁstﬁﬁ%Fh n?ﬁm%%}YSaﬁﬁtﬁ?ﬁ HReQeRYcl e
(i.e., thaeordensé rcapillareVieeds, sexhibiy tinis deeligebsr pobslety of the

i ncl uded 25 cqﬂ; %gﬁha?% aé@eé&@%+ fL%ﬁ$$ afpvgﬂé$ﬂfgu§r%$§a?€1$¥f£99§l
cores pertain e encapsul ati on 0

Al ginate or otsersHyivegel Cehds oe tx&§@@%dﬁh¥ﬂ%u%ﬁhhbibﬁ%hls behawiervel y
di viding cell Spépf@ﬁm exﬁ'&@@%'é@i@ﬁacf&fipw ik 6&?@9@@8&@&9&9@%

generation of the ge t he encapsul at e . cells are spppwhat i lized
within the gelh¥i%P QEﬁvma rEe (¢ %roﬁ%%%ﬂcﬂﬁ??ﬁﬁ°c%m?°ﬁ+¥+§?oﬁh§tﬁ§?
| ocal i zed re@aror tlﬁ\ﬁepaﬂwi-ewlﬂareéérvmg the netcessisé£rsutfientssande

produced 1t {1 Beb e, B0 Sen UL SR bE GRLRCC 45, G0n0 RNt BRI ! e
absence of a(ﬂhQ;xmm¢bxllzlng hydrogel matrix further performs the-
additional function of producing or preserving functional
units of a size and/or shape appropriate for maintaining
20 desirable characteristics of the isolated cells.
Moreover, the presence of the core matrix allows
maintenance of a uniform distribution of cells or clusters
of cells within the vehicle (i.e., the core matrix
prevents settling and decreses mobility of the included
25 cells).

One particularly advantageous use of hydrogel cores
pertains to the encapsulation of actively dividing cells.
Alginate or other hydrogels may be included in suspensions
of actively dividing cells to be encapsulated. Following

30 encapsulation and generation of the gel, the encapsulated
cells are somewhat immobilized within the gel and new
cells produced during cell division stay localized near
the parent cell. In this manner clusters of cells are
produced within the core. Such a growth method is

35 advantageous in the case of cells such as the beta cell
derived NIT cell line. In the absence of a core matrix



these cells tend to grOM/attached al ong the inner walls of t he

encapsul ati on device, with very few cells grow ng feely within the
cavity of the device. Gowh only on the wal I's of the capsule leads to a
cell population size that 5 is restrictegdwy the surface area of the inner
capsul e wal | as opposed to a population that grows to fill the

?/e'hi cl el cavi ty:he‘&%erla]:eah@ R it iqi@wdﬂita'dhédﬁ%].@mhge,the ivaldr giamthsh afs n?
onger Imte 0 the In er surlLace er screte eres o
NI T cells ar eq‘ﬂ? rn SRPE ﬁaj?vdtce[' 3’r Yer, Rgﬂwt |dr$gﬂ1 I ficantly
| arger total cfelellypopd:lm dmet mmwmmm i rGrtd\eth onlabsgm dtheof
alginate. wa1BeCd RHd AN GRds 1Y Gl Pohuldiiol il diatue

fragnents mhlch can be to a glven vehi |s I mted by

t he appear &ncdsofresdmiched &y §ies syrifince area,of rtaﬁnlcmﬁr fqaergﬁwrﬁs. I n
one aspect of wahq iakslopposed lﬁB/%ntpdijhlatﬁl%rU&Qfdﬂ gHoueNtePfe s e

fragments or ce clusters t c n be | gced wi t.he |nnun0|solatory
vehicle is ind® b&f@'& tﬁ?vd'rté’pam |’1§ &%“H% At IS HRERe
di f f usi onal clcmiactgarmmh ds r@erlemydry nﬂmﬂed tedahe p.tmma:raiapsum the

tissue fragnenls daa S'R%f‘tﬂe‘iss isdrlL é:iir‘%;rgégnfo?;% ﬁ%dtdlﬂs;t

optimally to about aneter

i npl ant ed10 & Iqlif“ﬂ@g’ﬁ-@géﬂ@s cerep| Fesarldizg da Ias significantd 25
di ffusional fQakgere tHereparced if Qfopiﬂ.@ttﬂﬁﬁ@llﬁirﬁ/ that! SMAGH GBS G Ithe
(e.g. pancreatic |slet% or. adr.enal chromaffin cells) by enzymatically
di spersi ng th@bF'§§ fe, %ﬁ}Q5 le cell and small cell aggregate
suspensi ons, foll owed by controlled reaggregation to the inproved 30

di ffusional fetm, aMee A Heef t ess
of pronoti ng ceIJ1n éhus:perl ng%ﬁfcelﬁog%%%ﬁr z}r s?q: q;lrg
obt ai ned fr omf¥agmeatisy whdslr Cang beydloadedatisdo a %{Y@W a@m@i@ émlm;ne

i slets whipgh gie ﬂm@asw ithed aPptdirante ¥f TEtraQl WEkrDEREREI RNd
subsequently reag at.ed

-21-
according to JEUgds EEAENtR - e ifaMfe@FPete of the instant

invention, the useful amount of tissue fragments or cell
clusters that can be placed within the immunoisolatory
vehicle is increased by preparing the cells in a form with

20 improved diffusional characteristics. Generally this
means preparation of the tissue fragments to a size less
than 75um diameter and most optimally to about 35um
diameter or less for vehicles to be implanted
peritoneally. Aggregates or clusters of cells in improved

25 diffusional form are prepared for spontaneously
reaggregating cells (e.g. pancreatic islets or adrenal
chromaffin cells) by enzymatically dispersing the tissue,
to single cell and small cell aggregate suspensions,
followed by controlled reaggregation to the improved

30 diffusional form.

Herein, the term "“aggregating" refers to a process of
promoting cell clustering. The cells which form clusters
may be obtained from naturally occurring agglomerates,
such as pancreatic islets which are dispersed into single
35 or small-clump suspension and subsequently reaggregated



cells may be obtained originally as single cells or snall cell clunps,
and then aggregated to formthe desired cluster size. Such cel

clusters will generally contain 5 about 3 - 400 cells, dependi ng upon cel
si ze and aggregation characteristics=2hypically, the cluster

contai ns about 10 to about 50 cells. The use of reaggregated pancreatic

islet cells i gcgordinggdeusheomethodsydesardhedope®lernasiisiely, the
characteristi gg1wst fial thléedwa%& @Hdﬁiafltl rasnsiulnijl%t cd1aly lor Y¥small

R ted |.et t h

et ance. . 5005k CLENER ARE A TRHRERRtRAIRE JOTE HHY YRR o

capsul e of claserxisizieel y Shéhc melrll ch-lmﬁtler(sZ%lddngene)ramry cmrttaaiat |
capsul es cgnt gb@u@g 3| sl eato? ceéeig%r e%#éqx&ﬁgau?cﬁecﬂﬁ 1 Oerlfér;dﬁan an intact

islet may be as small because nore efficient
packi ng. Mor eagpregaddon chagaetiexdsiiicons FYPdwallyo? the flmsteare fiber to

be toler ab%ﬂt‘éhh@ﬁ‘boh%‘i‘d & abRRAOI0C o::“e(lrl%S Byd udeh of toOl er ance
for | ower outside err]. has at Ieast two 20 _advagnt ages. Flrs&6¥

smal | er capsuF&399FEIREFs, PancEgatic dsdsh setishdss
i.e. i ncreasedn&uﬁmq prop@is idiyf fuistidn) dhiagacterdatics wdithein tmiearcaizwl

Second! , | AR5 G20t 00U ISR LS lag LA a1c0

subcutaneous Foca I oNns used SUCCess presence of
al gi nat e nat r et 1owr ther vses mfe§ntarldtert W@psul%sggr Fgar dastiancenot500 non-

reassoci ate t pehdiqatidd TRINS YiR1Y generd1dyndleciithles anddbuxe dap! i ved

of nutrients and% QX ancreati C islet cells still retain
functional i tyayna%"@é?alé?ﬁ% ST %%g%dgﬁsélwlﬂﬂydcosém rF‘?Tﬁ%ﬁa%r mal
fashion foll owapguaesymtmdus@erwlmsa&éargga@yaw it a sizeCalnal fgrom
dispersed isI AS IaF I prior to
| oadi ng |n o] t &ﬁig% Q%E agéggg 8% é%%aﬁe%% sﬁ%g t he

met hods descr llbadtBSblsy:aBISiet of loaleeteéimerﬁ-angor l;@ozga efifdcimgithods.

The optimal aggeRiaLe ai'l%%sf QA 1loWet! o, SotbSidEBLLESEiBEECLo be
-22- cluster which'still maintaind the desired physi ol ogi_cal,

characteristi &1 eTH§eﬁaFPthHF FesuLtant, mesyokdCecoxnes.  BUight tifen be
added to the eeollk¥anaed folic 10wl kalttiside P, ifas at least two

20 advantages. Firstly, a smaller capsule size may be used
to contain the same number of cells, i.e. increased tissue
density within the implant is better tolerated. Secondly,
implantation sites with known reduced pO,, such as
subcutaneous locations, may be used successfully. The

25 presence of the alginate matrix further insures that the
aggregates will not reassociate to large cell masses where
internal cells would be deprived of nutrients and/or

oxygen.

Pancreatic islet cells still retain functionality and
30 secrete insulin in response to glucose in near normal
fashion following enzymatic dispersion and reaggregation.
Cells from dispersed islets are reaggregated to the
desired cluster size prior to loading into the vehicle.
Reaggregation can be.accomplished by the methods described
35 by Britt, Diabetes 34: 898-903, or by similar methods.
' The optimal aggregate size for islets is the smallest size



coextruded into or | oaded into bioconpatible 5 inmunoisolatory vehicles. I|f
necessary, nmatrix formation may then be induced. In preferred

.enbodi nents, cells are reaggregated overnight at 37[err]C w thout

agi tation. The devel opnent of aggregatgeg,is nonitored by Iight

m cr oscopy until aggregates achieve a size of 25 to 75[err]mpreferably

10 35[err]m dipaBt&F - whiéﬂUé@lﬂﬂcﬁ9§ﬁ£éﬂk§dtﬁégdééiﬁedspﬁ?Qﬂologlégﬂed to
the cells to a concentration of fromO0.5 2%

i ncor por at ed |?R%F%%ﬁ?€+%§1°?he Thei BatEix or matEéﬁl%ﬂrF}“ﬂeE%£§5F9lsand
pol ymeri zati ormag theéhcbd ddded tontmesceblsf ahé théi combinatiaéh| may] be

15 P | b f h
Fnstant | ven FORRFEASd, FBEE HE afediba trtb PLORERESRLENS DL o ooy
reasons andsr etmmagoib$opatoeytvehieles. | tIf neggssany:i netrbx fiocratiop

enpl oy as sourgs gl%npﬁé”?ﬁducedw'iHrﬁfefé‘PfQE| émaadméﬁfcyl | ¥e2 08t aok! ed
hereditary an evel opnent al background gresence of unwanted virus,

bacteria and o¥PRITFRFABIANQVAEDIGRE |2k 323C n¥H Bﬂth%gltatbQB of TBBeci fi ¢

pat hogen free @eveIOpH&hot bt agyrégates D8iBhitoRedebgntigheniiorbbodpyf or
t he establishnen

d f f h f :
gnot obi oti c 2§u%é+hsa%?ﬁe%?sggdigﬁgﬁeﬁh%P%%%eI%fE2$ ggeg?ﬁﬁ?ﬁﬁgggrﬁﬁ%¥ J.
Med. 42: 42810 Ma3Skmvdidndteret hiquidlgs¢rosetinkeddaiainate isntisenm Free
Research 61-64, &E&atog?ﬁx cgiféstoana?Hgénﬁgftlgﬁtb?”ﬁfoﬁcﬁrgdtBaE%OH

St andar ds publlcat on Nati on ne Accred ting Agenc
Inc., Conrad, ¥e@ecellspareningprpeyated intexvehiclesn §F§0VEBHF&PH are

materi al s whloaealedsyﬂpﬂééegéaﬁypnaﬁe poeyhenttationfl ishéndaekat bg cell s.
For exanple, extracellula ﬁ g@ §R£E¥m01 3$§ ents can be i ncluded to
promot e speci f FIMEETE2RANR F RoNEETrBntBr . isolated cells. A
conbi nati on of ECM conponents which is 35 particularly suitable for
fostering { P% % FEL B N5 b 1 with the veh ox23-
types of ce Is |§M% e elﬁﬁ%%e%tma © &3§5Y wé E Ve lc&ﬁ
4,829, 000. The %@@elmatank éaﬁeptbvndéoa var%egérme¢i096raseiaﬁﬁﬁlens
rel easabl e SUbﬁéﬁﬂﬁé@uléﬂéfyaﬁeasoﬂé0&&& taskehs Of PatYEAtrsgebayorit
substances, or fo
ay sometlmes be useful to employ as sources for primary
cultures, animals of carefully controlled hereditary and
20 developmental background. The presence of unwanted virus,
bacteria and other pathogens may be limited through the
use of specific pathogen free or gnotobiotic source
animals. References and methods for the establishment,
care and use of specific pathogen free and gnotobiotic
25 herds are provided by Maniats, O0.P., et al. (1978) Can. J.
Med.42:428, Matthews P.J., et al., (1981) Recent Advances
in Germ Free Research 61-64, Tokai Univ. Press, and in the
National Accreditation Standards publication of the

National SPF Swine Accrediting Agency, Inc., Conrad, Iowa.

30 Optionally, a matrix core can also contain materials which
support or promote the function of the isolated cells.
For example, extracellular matrix (ECM) components can be
included to promote specific attachment or adhesion of the
isolated cells. A combination of ECM components which is
35 particularly suitable for fostering the growth of certain



5 natural "or synthetic subst ances whi ch enhance or inbrove t he supply of

nutrients or oxygen to the isolated cells. Thus, it can function in a
manner simlar to the bone marrow ECM whi ch has been reported to behave
as a sl ow rel ease reservoir for nyeloig |ineage-specific growh 10
factors such as granulocyte nacrophage ch y stlnulatlng factor
(gmesft). _Gordq_ﬂm ?f c,eélfé is éa%% nmar?’ Su. éhe
core matrix cafmTunction as serv0|r or act e.g.,

prol actin, or Rakeny fo. 4 829«50@6%4!1 gone cmatzylx @WW%@Q& aory

substances SUGhedervéiSr LW SEPTUB 1Y &%ﬁés”éﬁﬂé ét%éflaﬂa'éfl eudn & the
reti nobl astona gene protein or nutrient-transport enhancers %éof%%
d

per f | uor ocar bSHECYW i FAFLRNS A FRWhFeguly tFURFEANES g
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be i npl anted ienhancers (e.g., perfluorocarbons, which can enhance the
concentration of dissolved oxygen in the core). Certain
of these substances are also appropriate for inclusion in
20 1liquid media.

Additionally, a population of feeder or accessory cells
can be coisolated within the vehicle. For example,
hepatocytes can be coisolated with endothelial accessory
cells, Cai, Z., et al., (1988) Artificial Organs,.

25 12(5):388-393, or mixed with islet cells, Ricordi C., et
al., (1987) Transplantation 45(6):1148-1151, or adrenal
chromaffin cells can be coisolated with accessory cells
which provide nerve growth factor (NGF), a substance
needed by the chromaffin cells. In the latter case,

30 fibroblasts which have been transfected with an expression
vector for NGF can be used as accessory cells.

The instant vehicle can also be used as a reservoir for
the controlled delivery of needed drugs or
biotherapeutics. In such cases, the core, rather than

35 containing cells or tissues, contains a high concentration



recipient. In such instances, the vehicle containing I nunoi sol at ed
cells’is inplanted in the region along with satellite vehicles rel easing
controll ed anounts of, for exanpl e, a substance whi ch down-nodul ates or
inhibits an 10 |nflannatory response fromjhe recipient (e.g., anti-
inflammatory steroids), or a substance which stinulates the I ngrowt h of

capillary bedspfitKe. sé‘ﬂeé@é’d Cor bibBkéPipeutic. Iﬂeaaaieguﬂsil ng or
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immunoisolatory. It is produced in such a manner that it

is free of isolated cells, and completely surrounds (i.e.,
isolates) the core, thereby preventing contact between any
cells in the core and the recipient's body.

20 Turning first to the permselective nature of the jacket,
it is formed in such a manner that it has a MWCO range
appropriate both to the type and extent of immunological
reaction it is anticipated will be encountered after the

.~ vehicle is implanted and to the molecular size of the

25 largest substance whose passage into and out of the
vehicle is desirable. The type and extent of
immunological attacks which may be mounted by the
recipient following implantation of the vehicle depend in
part upon the type(s) of moiety isolated within it and in

30 part upon the identity of the recipient (i.e., how closely
the recipient is genetically related to the source of the
biologically active moiety). When the implanted tissue is
allogeneic to the recipient, immunological rejection may
proceed largely through cell-mediated attack by the

35 recipient's immune cells against the implanted cells.



5 The MACO of the surrounding region nust therefore be sufficiently | ow
to prevent access of the substances required to carry out these attacks
to the core, yet sufficiently high to allow delivery of the needed

pr oduct to the recipient's body. It wphkL therefore be apparent 10 that

the MACO need not be strictly restricted to a range whi ch excl udes
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weight substances.

Thus, in appropriate cases, the peripheral or surrounding
region can be made of materials which form permselective

20 membranes or hydrogel matrices allowing the passage of
molecules up to about the size of Clg (about 400 kD), the
largest protein required for the assembly of the
complement attack complex. Therefore, any cellular
_product or metabolite below about the size of Clgq can pass

25 freely through the vehicle. 1In other cases, it may still
be desirable to exclude immunoglobulins. In such cases,
materials which form matrices or membranes through which
molecules which are equivalent to or larger than the size
of immunoglobulin G (about 150 kD) cannot pass can be

30 used. Cellular products or metabolites which are smaller
than about 150 kD will still pass through the vehicle. 1In
still other cases, where the patient is immunosuppressed
or where the implanted tissue is syngeneic to the patient,
a vigorous immunological attack is not likely to be

35 encountered, and passage of a high molecular weight



I n anot her aspect of the invention, it has been found that a nol ecul ar
wei ght cutoff for the jacket considerably hi gher than that previously
contenpl ated may be enpl oyed while naintaining the viability and
function of the 10 encapsul ated cells. -26-This permts the macrocapsul es
to be used in applications where the cells secrete a substance of high
mol ecul ar neletule Mpay the sdesipede, Enntheseabatter wasespl wateénials
cutoffs in ex f 0) | t 000
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kD or nore may be, enp I n, atcor danc resent _i nvention.
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region (jacketpatéPi&19rwpElt impeddreniceisdage of oRDYbVERy i Dargé factors.
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based upon heT$o% an%ﬁﬁ1i§§9909%69%£ atible with, and accepted by, the

ti ssues of the recipient of the inplanted vehicle. Subst ances are used
whi ch are not r CLpi : : t L SOl | 0i |y
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h are ... .jodestly hydrophopigc ,i.e. those
havi ng a sol ubftt %ﬁ??ﬁﬁ%ﬂ&ﬁ?ﬂééﬁ %%??ﬁ%ﬂgyna%éaﬁﬂ?%ﬁlﬂg,°€tt%?. (1989)
Pol ymer 1¢Harethoaphs Slated. ceTbdin Wl ey & Sons, NY, between 8 and 15, or
nore preferably, between 9 and 14 (Joules/nierr])[err]. The pol ynmer

subst ances are_chosen to have a solubilitf par anmet er -| ow enough so that
they are sol ulThis (Pe¥HiEs cthe macrocapsules to be used in applicatjgns
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the present invention.

Turning next to the biocompatibility of the surrounding or
peripheral region (jacket), this property is produced by a
combination of factors. First, the materials used to form

20 the vehicle are substances selected based upon their
ability to be compatible with, and accepted by, the
tissues of the recipient of the implanted vehicle.
Substances are used which are not harmful to the recipient
or to the isolated biologically active moiety. Preferred

25 substances include reversibly and irreversibly gellable
substances (e.g., those which form hydrogels), and water-
insoluble thermoplastic polymers. Particularly preferred
thermoplastic polymer substances are those which are
modestly hydrophobic ,i.e. those having a solubility

30 parameter as defined in Brandrup J., et al. (1989) Polymer
Handbook 3rd Ed., John Wiley & Sons, NY, between 8 and 15,
or more preferably, between 9 and 14 (Joules/m?)!2. The
polymer substances are chosen to have a solubility
parameter low enough so that they are soluble in organic



are adequately stable when exposed to physi ol ogi cal i conditions and
stresses. There are nmany hydrogels and 10 thernopl astics which are

sufficiently stable, even for ext ended periods of residence in vivo,
such as periods in excess of one or tweyears. Exanples of stable
material s i nclude al ginate (hydrogel) and PAN PVC (thernoplastic).

Second, subst eswkgentecand stEphrhigh témowjhcsapthabl thap vitlnpaxh 'amny
vehicle are eidheg, glﬁefn;]?xtoﬁé’f‘su n fane. PYSQOE B6&1 ePtM&éﬁcQérEﬁHuld

irritating, or 1nmuno tances, or are exhausti vel £UFI | ed
renove such b‘haﬁfﬁ%l°%u¥%‘?’a¥1%é%ucm}éhh‘érm°hﬂﬁl?%r% t

manuf act ur e a%mﬁwmﬁoﬁdﬁws VA Céz Prhe ST even 20n | tipé aanbeén@e, ogr eat
care Is ta nto vent the turat|0n or.conta | N
el e w Ve Adente woihe Bt i0a 6t Egt ARG LA P1vd Vnicn

bi oconpat i bi | iis.contemilated fde the epavticebdr gimmnoisolatoryveehicde 25
ol uding 11 ¢ U oo e T 5B FedHCTedodBdliShs Hidbt be chébeN| dRSCHT

optlnal i nterface e ti1ssues recl pi ent ter |np ant ati on.
Thi s par anet erang |adeguatelyfstable When texposed € iRhy$iekewitakti on. For

exanpl e, 'fcéﬁlﬁt\!ﬁkﬁ§|&:c\l\ﬂ stréSsede ithére &@élﬁ&waﬂay&ﬁagéysoanahe 30
recipi ent, |ts surface should be s enbedded
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t he vehicle or suc nent
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cells fromco e recipent
substances or are exhaustlvely purified to remove such

harmful substances. Thereafter, and throughout the
manufacture and maintenance of the vehicle prior to

20 implantation, great care is taken to prevent the
adulturation or contamination of the vehicle with
substances which would adversely affect its
biocompatibility.

Third, the exterior configuration of the vehicle,

25 including its texture, is formed in such a manner that it
provides an optimal interface with the tissues of the
recipient after implantation. This parameter will be
defined in part by the site of implantation. For example,
if the vehicle will reside in the peritoneal cavity of the

30 recipient, its surface should be smooth. However, if it.
will be embedded in the soft tissues of the recipient, its
surface can be moderately rough or stippled. A
determining factor will be whether it is desirable to
allow cells of the recipient to attach to the external

35 surface of the vehicle or if such attachment must be



Certain vehicle geonetries have al so been found to ldtspecifically elicit

forei gn body fibrotic responses and shoul d be avoi ded. Thus vehicles
shoul d not contain structures having interlayers such as brush surfaces
or folds. In general, opposing vehiclegurfaces or edges ei t her

fromthe sane or adjacent vehicles should be at 15 |l east 1 nm apart,
preferably greataidedan Zn mpenmtterisired qr sfpongsyl e awrfadamay nm
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anti-inflammatory 30 steroid can be included. Christenson, L., et al.,
(1989) J. Bloned. Mt., Res. (23):705-718; E?{istenson L., 1989,
bh.D.. thest s, GPDRLIISHIS FEdiRtrIRs Aate RISE RS douiid €0
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include cylinders, "U"-shaped cylinders, and flat sheets

or sandwiches.

The surrounding or peripheral region (jacket) of the

20 biocompatible immunoisolatory vehicle can optionally
include substances which decrease or deter local
inflammatory response to the implanted vehicle, and/or
generate or foster a suitable local environment for the

- implanted cells or tissues. For example antibodies to one

25 or more mediators of the immune response could be
included. Available potentially useful antibodies such as
antibodies to the lymphokines tumor necrosis factor (TNF),
and interferon (IFN ) can be included in the matrix
precursor solution. Similarly, an anti-inflammatory

30 steroid can be included. Christenson, L., et al., (1989)
J. Biomed. Mat. Res. (23):705-718; Christenson, L., 1989,
Ph.D. thesis, Brown University, incorporated by reference.

Alternatively, a substance which stimulates angiogenesis
(ingrowth of capillary beds) can be included; this may be
35 particularly desirable where the isolated cells or tissues



| rmune system of the individual in whomthe vehicle i s I npl ant ed by
preventing harnful substances of the 10 individual's body fromentering the

core of the vehicle, and by providing a physical barrier sufficient to
pr event detri ment al innunological contpgl between the isolated
noi ety and the individual's i mune system The thickness of this
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speci es as, oITHe dthixkhdderefithis region generally ranges between 5
and 200 microns; thicknesses of 10 to 100 microns are
preferred, and thickness of 20 to 50 microns are
20 particularly preferred. Types of immunological attack
which can be prevented or minimized by the use of the
instant vehicle include attack by macrophages,
neutrophils, cellular immune responses (e.g. natural
killer cells and antibody-dependent T cell-mediated
25 cytoloysis [ADCC]), and humoral response (e.g. antibody-
dependent complement mediated cytolysis).

As discussed above, the type and extent of immunological
response by the recipient to the implanted vehicle will be
influenced by the relationship of the recipient to the

30 isolated biologically active moiety. For example, if the
isolated materials comprise syngeneic cells, these will
not cause a vigorous immunological reaction, unless the
recipient suffers from an autoimmunity with respect to the
particular cell or tissue type within the vehicle. There

35 are several disease or deficiency states which have



speci es than, the prospectlve reci pient) may be avallable 10 The

|nnun0|solatory vehicle allows the inplantation of such cells or tissue,
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cytol ysi s ¢f ppe Eﬁﬁu‘h%&%t acl:%!J.JyS v%&u}tgﬁf‘éﬁﬁov}é'ei&% t?ﬁ)l@ﬁ‘%‘{‘éut eveS of

the present invention, preferabl | ogeneic ti1s n wth
xenografts, iBuch geddispioxr ttd-sd"éleirvé’rltrli’é%’cfe@ congamjfrant aeadhtei ght

p;gducts 0¥ tQPﬂhﬁbbdﬁp%%@%thbfreﬁlplenﬁ. ﬁherefore& thﬁalnstant

- 31- unc pertaini,ng to hi cul ar sulhst ance
provi ded t hat V@k’ i@af“ stlg:né’@?sﬂe’g&s?éft %t "f"f:o?dllé‘tqa dé*als
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Clg, or t ri s&€ phagocyt’i ¢ or cyto nst ant

|nnun0|solatoﬂypﬁeﬁléﬂébﬁﬁ@ﬁ Ny Gt trpsispdantad with,humam danare
harnful subst agaegsandnt h@9|080|ﬁfw%(i- &®lalnS about 'Ehlofbo @mﬁa}ﬁ%fﬂadaver

|nnun0|solator vehi_cl e ca e _used f, 0 t.he even from
al | ogenei ¢ or XGRBGERBPES: Sﬁcém(?r ava:&aé& rtg‘(fu FGE G5 ange
of nol ecul ar ¢raasplantsjch The sspply, oﬁaﬂwnqmwpardmmenmnabavnmsIeuk|n 3,
20 islets is far greater; if these xenoislets are
appropriately immunoisolated according to the instant
invention, the diabetic condition of a far greater number
of patients can be remedied. The type and vigor of an
immune response to xenografted tissue is expected to
25 differ from the response encountered when syngeneic or
allogeneic tissue is implanted into a recipient. This
rejection may proceed primarily by cell-mediated, or by
complement-mediated attack; the determining parameters in
a particular case may be poorly understood. However, as
30 noted previously, the exclusion of IgG from the core of
the vehicle is not the touchstone of immunoprotection,
because IgG alone is insufficient to produce cytolysis of
the target cells or tissues. Using the macrocapsules of
the present invention, preferably with allogeneic tissue,
35 but even with xenografts, it is possible to deliver needed
high molecular weight products or to provide metabolic



-~ erythropoietin, albumn, transferrin, and Factor VIITT, I n anot her
enbodi'ment of this invention, nethods are 15 provided for the treatnent of

di seases caused by neural degenerati on. Exanples of human di seases which
are thought to be associated w th neurad,.degeneration include
Al zhei ner' s di sease, Huntington's chorea, AIDS-related denentia, and
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are based on the prem.se that specific insult may dam or kil
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post-  synapidmpritid Phagdtit i)or B ENOM ARd118; Fheingtate subj ected
to the insult., Factors known tothmﬁkgve . . heuronal viability include

basi ¢ fi brobl SRR N F LYo Ve iBLFAASR & RTYRAtE Y kanrier

brai n- deri ved betiwesnt tfifdse harnfarll Gubstances Grd rehk isslateahscel lsnd
Subst ance P. . . . - 32- I.n.one, ani mal
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and synptons anal ogous, to those oftpatlents suffiering from _~ Huntington's

di sease. Bot h 4 NS Ny (RAHathyrqidh horfidie s hterleykin 3,

characteri zed dxythmopeidtain, allRurions trerasteryin orams (Fadtsowfvimt or
control . Furthernore, one of the early synptons of Huntington's 10
di sease is | oss of body weight (Sanberg, P.R et al. 1981 Med J Aust.
1, 407-409. I8 mraobhesf femthaodd igrentalafo theien invention, methods are

15 provided for the treatment of diseases caused by neural
degeneration. Examples of human diseases which are
thought to be associated with neural degeneration include
Alzheimer's disease, Huntington's chorea, AIDS-related
dementia, and Parkinson's disease.

20 Animal models for neurodegenerative conditions are based
on the premise that a specific insult may damage or kill
neurons. In some cases this may even lead to a cascade of
neuronal death which affects trophically interdependent
neurons along pathways responsible for specific brain

25 functions.

A strategy for treatment of neural degenerative condition
involves the localized administration of growth or trophic
factors in order to (1) inhibit further damage to post-
synaptic neurons, and (2) improve viability of cells

30 subjected to the insult. Factors known to improve
neuronal viability include basic fibroblast growth factor,
ciliafy neurotrophic factor, brain-derived neurotrophic
factor, neurotrophin-3, neurotensin, and Substance P.



the model system (Sanberg, P.R et al. 1979 Exp Neurol 66, 444- 466.

Quinolinic acid is also found at abnormally high | evels in AIDS-rel ated
denenti a. 15 According to the present invention, trophic factors are
provided to the proper brain region by inglgnting a vehi cl e contai ni ng
living cells which secret an appropriatg factor. Suitably, the cells are

factor, basic fibroblast growh ) 1er [ .uni;

trophic factor ¥hfaglitapage aoalededmyinolisdconsifi,niseclingected s to be
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encapsul at ed aHun8anp%pnift daseasgppreprharackexiiaedr bysdapageeteont neur al
degenerati on apg@gbakeHedebBaPy ForSaBpactsS8EShotor cbht@BALher enbodi ment
of the invention, the ani mal nodel I nvol ves | esion of the
finbria-fornix. In particular, neurons of the septohi ppocanpal system
are axot onm zedFurthermore, one of the early symptoms oSSHuntinghbﬁrsleadS
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Astrocytes i rtalized (e.g. . by.trans t he Large -
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Preferably, thkevelksiarRIDS-tebatbfadenenbialb have been genetically

engi neered to 10 produce reconbi nant NG-. The fi brobl asts survive best in
a-core conposed of a matrix material which m m cks extracel lular matrix,
such as colPagdacerdingi ipnthe presentninyenhpiongetrophhe factors are

surrounded by gRovided to the proper brain region by implanting a

| _ | ui b _
factor. basic FibPos Aciratotenel, 2PE, ReRiRakaenerafie e tit R 40,

vehicle containing living cells which secret an
appropriate factor. Suitably, the cells are adrenal
chromaffin cells which are known to secrete at least one
20 factor, basic fibroblast growth factor. Other as yet
unidentified trophic factors may also be secreted by
chromaffin cells. It is to be noted that this embodiment
of the invention is separate from the use of chromaffin
cells to secrete the neurotransmitter, dopamine, for the
25 amelioration of symptoms of Parkinson's disease. Nerve
growth factor-secreting cells such as fibroblasts
engineered to express NGF represent an alternative therapy
for this quinolinic acid induced neurodegeneration.
Schwann cells prepared from myelin may be encapsulated and
30 implanted in appropriate brain areas to prevent neural
degeneration associated with Parkinson's disease

In another embodiment of the invention, the animal model
involves lesion of the fimbria-fornix. In particular,
neurons of the septohippocampal system are axotomized



I mmunoi sol atory jacket which allows the diffusion of 15 oxygen and
nutrients to the cells in the core, and al so allows the secreted NGF to
di ff.use through the jacket and into the body of the recipient. The
vehi cl e i npl ant inhibits the death of_ﬁgolinergic neurons as assayed by

t he nunmber of neurons which contain choliné acetyl 20 transferase (ChAT),
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by conti nuous _delivyery of NGE to specific Qrai_n regiaqns.

D3as 0 e prbrehlasts, sl baye, Beem gepetiraldy shgidsered to i de
vari ety ofLoshpresueed recomnbinantn NGE. SThiealflidroblaster istirvive pestarin
consi deration_i I ' art d_qurat.i on_f.qr. e vehicle
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mgration of §RBibits the death of cholinergic neurons as assayed by
the number of neurons which contain choline acetyl
20 transferase (ChAT), an indicator of viable cholinergic
neurons.

Fimbria-fornix lesions also cause behavioral deficits in
the animal subjects of the model, most easily observed in

25 tasks involving learning and memory. It has been reported
that chronic administration of NGF to rats with fimbria-
fornix lesions accelerates the animals' behavioral
recovery (Wills, B. et al. 1985 Behav.Brain Res. 17, 17-
24). In the present invention, implantation of the

30 vehicle containing NGF-secreting cells provides a
practical way to deliver NGF continuously to the
appropriate brain region of the lesioned animal. By
analogy, the vehicle of the present invention offers a
practical form of regenerative and/or prophylactic therapy

35 for Alzheimer's victims whose conditions may be
ameliorated by continuous delivery of NGF to specific
brain regions.



vehicle(s) fromthe site of I mpl antati on, such as spherical vehicles
smal | “enough to travel in the reci pient's blood vessels, are not
prefierred. Certain 20 shapes, such as rectangl es, patches, disks,
cylinders, and flat sheets offer greateB4structural integrity and are
preferable where retrieval is desired. The instant vehicle nust
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one di nension, wth, a maxi rum depth 800 nicrons being,
spherical vehicles small enough to travel in the

recipient's blood vessels, are not preferred. Certain

20 shapes, such as rectangles, patches, disks, cylinders, and
flat sheets offer greater structural integrity and are
preferable where retrieval is desired.

The instant vehicle must provide, in at least one
dimension, sufficiently close proximity of any isolated

25 cells in the core to the surrounding tissues of the
recipient, including the recipient's bloodstream, in order
to maintain the viability and function of the isolated
cells. However, the diffusional limitations of the
materials used to form the vehicle do not in all cases

30 solely prescribe its configurational limits. Certain
additives can be used which alter or enhance the
diffusional properties, or nutrient or oxygen transport
properties, of the basic vehicle. For example, the
internal medium can be supplemented with oxygen-saturated

35 perfluorocarbons, thus reducing the needs for immediate
contact with blood-borne oxygen. This will allow isolated



preferred. One or several vehicles may be required to produce the
desired effect in the recipient. The thickness of the imunoi sol atory
vehi-cl e jacket should 20 be sufficient to prevent an inmunoresponse by the
pati ent to the presence of the vehicl eszgFor that purpose, the

vehi cl es preferably have a m ni numthickness of 1[err]mor nore free of
the cells. cellili 6F obPssYes reo NEfet&ingviablet whible pl fOENiAstanche a5
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shoul d not occinclerposatedfhexneindbpareferénce. @ktesnaetveMn garr oundi ng
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|nnun0|solatory v present invention ficient size
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macr ocapsul es have a core of a preferable m ninum vol une of about 1 to
10[err]l and eé?“ o] easi r t val ue
I n excess of q@S EP Pnuéﬁeaéﬁ?%%c%fgfe%r é%gb#%ﬁéfgrn$%§g§§ﬂg?és are
general |l y Ej Eelhs aranpresentctheuvebicle wilikrhaye ajmagimum

15 depth-to-surface distance of no more than 2 mm in at least
one dimension, with a maximum depth of 800 microns being
preferred. One or several vehicles may be required to
produce the desired effect in the recipient.

The thickness of the immunoisolatory vehicle jacket should

20 be sufficient to prevent an immunoresponse by the patient
to the presence of the vehicles. For that purpose, the
vehicles preferably have a minimum thickness of 1ium or
more free of the cells.

Additionally, reinforcing structural elements can be

25 incorporated into the vehicle. These structural elements
can be made in such a fashion that they are impermeable,
and are appropriately configured to allow tethering or
suturing of the vehicle to the tissues of the recipient.
In certain circumstances, these elements can act to

30 securely seal the surrounding or peripheral region (e.g.,
at the ends of a cylindrical vehicle, or at the edges of a
disk-éhaped vehicle), completing isolation of the core
materials (e.g., a molded thermoplastic clip). For many
configurations, it is desirable that these structural



15 encapsul ated in mcrospheres to provide a therapeutic dose of

I nsulin, for instance, the nunber of m crospheres nust be increased to

such a l.arge extent that significant retrievability becomes inpossible.
Addi tional ly, an i ncrease in the volugg of tissue placed within a 20

m crosphere requires a corresponding incre 8% in surface area. Wthin a
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with rlerr], as the vol ur encapsul atedlt1ssue vol une I ncreases, the
required capsupermselective SRrponndings ¥ cPeriPReralcEedieR-for nutrient
25 diffusion to the encapsul ated tissue quickly becones | npractical.
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than a 10 | arge nunber of m crocapsul es. The macrocapsul es of the
present invention are di stingui shed from m crocapsules (Sun, A M,

supra: Rha, In Geérms Wb réat bevaki Yidy 03B cbyspheresaparet genérally
moroapeul ¢S 18p LIS i SidrShieally A Shack MERL 15 LAY 1
order to ehBureneapsulated in microspheres to provide a therapeutic dose
of insulin, for instance, the number of microspheres must
be increased to such a large extent that significant
retrievability becomes impossible. Additionally, an
increase in the volume of tissue placed within a
20 microsphere requires a corresponding increase in surface
area. Within a sphere, because surface area scales with
r’ where as volume scales with r?, as the volume of
encapsulated tissue volume increases, the required capsule
size to provide sufficient surface area for nutrient
25 diffusion to the encapsulated tissue quickly becomes
impractical.

Macrocapsules in the shapes of cylinders or flat sheets do
not have these limitations because volume increases more
proportionately to surface area such that the diffusional
30 transport of nutrients and products for increased amounts
of tissue can be accommodated by increasing the surface
area without unweidly increases in total vehicle size.
If, for example, about 10,000 islets are required per kg
body weight to restore normoglycemia to a diabetic



viability, necessarily linit the nunber of cells per  capsule to fewer

than 10[err]. The instant invention also relates to a nethod for
maki:ng 20 an i mmunoi sol atory vehicle. As noted previously, the vehicl e
can provide for the inplantation of diverse cell or tissue types,
including fully-differentiated, anchofﬁﬁ@fdependent, fetal or neonatal

or transforned, ,._.anchorage-i e t I.ls ' s to be
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geonetry; (2) mikinig ofaiiotdgapsuiles), tire omderito drifure celbcosity
requirements fé¥aé¥¥f%§¥‘%Eﬁéééé¥kf§“ﬁfﬁit the number of cells per

capsule to fewer than 10%.

The instant invention also relates to a method for making
20 an immunoisolatory vehicle. As noted previously, the '
vehicle can provide for the implantation of diverse cell
or tissue types, including fully~-differentiated,
anchorage-dependent, fetal or neonatal, or transformed,
anchorage-independent cells or tissue. The cells to be
25 immunoisolated are prepared either from a donor (i.e.,
primary cells or tissues, including adult, neonatal, and
fetal cells or tissues) or from cells which replicate in
vitro (i.e., immortalized cells or cell lines, including
genetically modified cells). In all cases, a sufficient
30 quantity of cells to produce effective levels of the
needed product or to supply an effective level of the
needed metabolic function is prepared, generally under
sterile conditions, and maintained appropriately (e.g. in
a balanced salt solution such as Hank's salts, or in a
35 nutrient medium, such as Ham's F12) prior to isolation.



| oadi ng; and (4) pre-inplantation assay and qualification requirenents.
20 Wth respect to the first of these factors, (capsule size and
geonetry), the diffusion of critical nutrients and nmet abol i c
requirenents into the cells as well as di$3gsi on of waste products away
fromthe cell are critical to the continued viability of the cells.
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experinental 10 observations. For a cylindrical vehicle of 900 m crons
out er di anet eﬁoqmﬁlmqmﬂmtf@qmq)@rﬂﬁmlnga\ﬂhey g ref] cells 50

mMHg) , the optamdRint ‘btﬁa'tl%@de W ‘HEﬁlsadéi‘i R HE %he cord 3P e 20%
preferably 1 - .15% nopst preferably about 5% of the vehjcle volune. (If
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These cal cul abigd¥8ng; and (4) pre-implantation assay and qualification

requirements.

20 With respect to the first of these factors, (capsule size
and geometry), the diffusion of critical nutrients and
metabolic requirements into the cells as well as diffusion
of waste products away from the cell are critical to the
continued viability of the cells. Since diffusional

25 access to the contents of the vehicle is limited by
vehicle surface area, surface to volume relationships of
various shapes and size vehicles will be critical in
determining how much viable tissue can be maintained
within the vehicle. Among the metabolic requirements met

30 by diffusion of substances into the vehicle is the
requirement for oxygen. The oxygen requirements of the
specific cells must be determined for the cell of choice.
Methods and references for determination of oxygen
metabolism are given in Wilson D.F. et al., (1988) J.

35 Biol. Chem. 263:2712-2718. The oxygen requirement for




al so take into account t he partial oxygen pressure at the site of

i npl antation. At inplantation sites where the oxygen pressure is |ess
than the peritoneum (e.qg., subcut aneous pQ2[err]20), |ower |oading
densities will be 25 required. Inplantatiopsinto arteries (pO2 95mHg) and
t he brain (pO2>75 mMg) will aIIOM/supggrt of greater tissue vol une

por unit vehi o} g o0 bg() ACRAE! GeERNAGYIBA! PBcopp1od e PaaTbnkrBHEREENCT
1t ahgeh abghi 8 PO eppplef dLe et TR s

spherical, are a poSsiI bl e sim
cal cul at ed form?@e%% eecg@bhtng|§gr ¢@fﬁas1pnaa|haaa§ngrtuégmw | conS|der

not only t@@fﬁoﬂhéiﬁé'QﬂébuéoﬁﬁféﬁéﬁttﬁéSVEHicQESQalEeaﬁ&hﬁissue
consi derati ons ven ond factor (cel

e
division), if ¢ tmﬁ@FlchEFbctEH&aPEeéxgchﬁchgaEE Bei 6XPE<tedi di ng
while 35 in5thelabhlttp,ofhbslébeyemnél1noatnumberooﬂ|veﬂécmas|bf t hey

fill the availabrge Eﬁﬁgef19ésugﬁh'cgﬁf?ﬂ gléﬂsr03§tﬁr the met

-40- cont ac 1 on | caflng
cells, the geoﬂ%@ﬂ?eanﬂ Bi ze(398%he ThﬁS@SePh D-wnﬂﬂsﬁéchﬁéséhsso t hat

conplete fillipRseithbe ¥£hrétEnolo §0reF$k|knﬂQét'ﬁéﬂci@aé%@rh¥iht9” of
critical nutrignts o.diffusional |im¢{ eneral , vehicles

t hat will b%h???l%ﬂf?Blﬁﬁﬁ?PﬁeﬂgﬁeﬁAVﬁlleVFEh ?XPFEQB@gﬁFFI be no
more than 260 ebsepvnations( oOBSrs&ceéydindsicllt Wehiekél 6f 900NMmibBeonst eri or

surface. pref cTabED fiafiéted PHSTERCLR Thee B BECTERRRET) cVLLYS (RERN
cells. |ﬁ5g%9|emalﬂg) f otheepptinal tepatteedliovdivindeisi ml thehrange

vehicle, such g8 ghregeiésn §§&érasﬁg%eat1§%lanSLtclsi»Lferam?ndbage kgke,
t he appropriate_cell densi { i W | e [culated from the diffusional

consi der at i onsP¥ i Sh@dvaRiGhgvEolume. \WIf F§§5e6?9§61?h@e¥ﬂl?BcFaéPor
(viscosity1®f reig¢th itreweuldlBaveeal solumdessi 106mmicc Ry ipi®widd chd% of
the  vehiclexpl UE-GRE 8 YifPL&e BHLaCEiinSY K1AGTE LPndllS e.q. to
support compérable amounts of tissue, would require a
volume of 1,047mm’. For a cylindrical vehicle of 400
microns the optimal cell volume is between 35-65% total
20 vehicle volume, and is preferably 35%. These calculations
also take into account the partial oxygen pressure at the
site of implantation. At implantation sites where the
oxygen pressure is less than the peritoneum (e.q.,
subcutaneous pO2%20), lower loading densities will be
25 required. Implantation into arteries (p02 95mmHg) and the
brain (p02>75 mmHg) will allow support of greater tissue
volume per unit vehicle. Other vehicle configurations,
such as disk-shaped or spherical, are also possible and
optimal cell volumes may be similarly calculated for these
30 geometries. Actual loading densities will consider not
only these diffusional considerations but also the other
considerations given below.

With respect to the second factor (cell division), if the

cells selected are expected to be actively dividing while
35 in the vehicle, then they will continue to divide until

they fill the available space, or until phenomena such as



concentration range woul d have consi derabl e viscosity. 20 Introduction of
cells’in a very viscous solution into the vehicle could be prohibitively
-difficult. In general, for both two step and coextrusion strategies,

di scussed bel ow, cell loading densitieggf higher than 30% w || sel dom
be useful, and in general optinmal |oading densities will be 25 20% and

bel ow. For fragmRact Annlibiti®n limitS fuWdrafivision.n ®dier to preserve

the viability of .interior cells, .to ohserve the sane ner al. gui del i nes
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bet ween vehicl811 be filled to confluency with cells or 4lissue will be
preparation and inplantation. Faor instgnce, it may ortant to

Q g he | np
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in vivo i A0wi A0 gells angpamorenpreserapliyn hess dhads Sy celdsest abl i sh t he
efficacy of the biologically active noiety within the vehicle. 10
Vehi cl es containing*;heenniety of interest can be . construcked and

anal yzed usi ng"nB8BeY&Jgt £AF. calisynot expeched ¢ fHodide mitdiin tdq nst ant
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det er m nahigONapovel, the efficacy of the vehicle on a per cell or unit
vol ume basi s.

With respect to the third factor (viscosity of core
materials) cells in densities occupying up to 70% of the
vehicle volume can be viable, but cell solutions in this
concentration range would have considerable viscosity.

20 Introduction of cells in a very viscous solution into the
vehicle could be prohibitively difficult. In general, for
both two step and coextrusion strategies, discussed below,
cell loading densities of higher than 30% will seldom be
useful, and in general optimal loading densities will be

25 20% and below. For fragments of tissues, it is important,
in order to preserve the viability of interior cells, to
observe the same general guidelines as above and tissue
fragments should not exceed 250 microns in diameter with
the interior cells having less than 15, preferably less

30 than 10 cells between them and the nearest diffusional
surface.

Finally, with respect to the fourth factor
(preimplantation and assay requirements), in many cases, a
certain amount of time will be required between vehicle



20 Fol |l ow ng the above gui del i nes for vehicle |oading and for

determnation of vehicle efficacy, the actual vehicle size for
inmplantation will then be determ ned by the anmount of bi ol ogi cal
activity required for the particular appyLcation. In the case of

secretory cells releasing 25 therapeutic substances, standard dosage
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20 Following the above guidelines for vehicle loading and for
determination of vehicle efficacy, the actual vehicle size
for implantation will then be determined by the amount of
biological activity required for the particular
application. 1In the case of secretory cells releasing

25 therapeutic substances, standard dosage considerations and
criteria known to the art will be used to determine the
amount of secretory substance required. Factors to be
considered include; the size and weight of the recipient;
the productivity or functional level of the cells; and,

30 where appropriate, the normal productivity or metabolic
activity of the organ or tissue whose function is being
replaced or augmented. It is also important to consider
that a fraction of the cells may not survive the
immunoisolation and implantation procedures, as well as

35 whether the recipient has a preexisting condition which



whi ch produce a sel ected product are known to those skilled in the art,
or can be adapted from known procedures with no nore than routine

- experimentation. For 25 exanple, islets of Langerhans can be isolated from
a | ar ge- ani mal pancreas (e.g., human ofsporcine) using a
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Techniques and procedures for isolating cells or tissues
which produce a selected product are known to those
skilled in the art, or can be adapted from known '
procedures with no more than routine experimentation. For

25 example, islets of Langerhans can be isolated from a
large-animal pancreas (e.g., human or porcine) using a
combination of mechanical distention and collagenase

" digestion, as described by Scharp, D.W., et al., (1989) in

U.S. Patent No. 4,868,121. Islets may be isolated from

30 small animals such as rats by the method of Scharp, et
al., (1980) Diabetes 29:suppl 1, 19-30. Similarly,
hepatocytes can be isolated from liver tissue using
collagenase digestion followed by tissue fractionation, as
described by Sun, A.M., et al., (1987) Biomat., Art.

35 Cells, Art. Org. 15(2):483-496. Adrenal Chromaffin cells
may be isolated by the method of Livett, B.G. (1984)



Addi tionally, reconbinant cells or cell lines can be engi neered to

provi de novel products or functions and conbi nations thereof, using a
wi de variety of techniques wel | known to those of ordinary skill in the
art. 30 For exanple, fibroblasts can beggransfected with an

expression vector for the chosen product (e.g., nerve growt h factor,
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t hese ce articul ar _.qdvant age .of .a ‘cel | bank is
that it is a $UOPLE WheanmE@ﬂn§eﬂféﬁ5Fb@q= %ﬁ%n?tﬁﬁTLwe or batch of
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techniques for the immortalization of cells are described
in Land H. et al. (1983) Nature 304:596-602 and Cepko,
c.L., (1988) Neuron 1:345-353. Candidate cell lines
include genetically engineered beta-cell lines which

20 secrete insulin such as NIT cells (Hamaguchi, K., et al.,
1991 Diabetes 40:842), RIN cells (Chick, W.L., et al.,
PNAS 1977 74:628-632), ATT cells (Hughes, S.D., et al,
1992, PNAS USA 89:688-692), CHO cells (Matsumoto, M., et
al, 1990, PNAS USA 87:9133-9137), and beta-TC-3 cells

25 (Tal, M., et al, 1992, Molec. and Cell Biol. 12:422-432).
Additionally, recombinant cells or cell lines can be
engineered to provide novel products or functions and
combinations thereof, using a wide variety of techniques
well known to those of ordinary skill in the art.

30 For example, fibroblasts can be transfected with an
expression vector for the chosen product (e.g., nerve
growth factor, erythropoietin, insulin, or Factor VIII).
It should be recognized however, that expression of a
recombinant protein in a cell type which does not normally

35 express the protein may lead to unregulated expression



25 repl acenment |nnun0|solatory vehicles. It also allows sinplified

testing protocols which assure that inplanted cells are free of
retroviruses and the like. It may al so allow for parallel nonitoring of
vehicles in vivo and in vitro, thus allygw ng investigation of effects or
factors 30 unique to residence in vivo. In all cases, it is inportant
that the cell gndeht nagudiot beC@eeira®le Forheerehiisl medieanot contani nated
or adul terated. Lf. a vehicle having a matrix core is . desired, the
cells are n1x8893ﬁ88F18P§r||e condi ti ons,
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cell lines adapted to growth in vitro, it is particularly
advantageous to generate a cell bank of these cells. A
particular advantage of a cell bank is that it is a source
of cells prepared from the same culture or batch of cells.

20 That is, all cells originated from the same source of
cells and have been exposed to the same conditions and
stresses. Therefore, the vials can be treated as
identical clones. 1In the transplantation context, this
greatly facilitates the production of identical or

25 replacement immunoisolatory vehicles. It also allows
simplified testing protocols which assure that implanted
cells are free of retroviruses and the like. It may also
allow for parallel monitoring of vehicles in vivo and in
vitro, thus allowing investigation of effects or factors

30 unique to residence in vivo.

In all cases, it is important that the cells or tissue
contained in the vehicle are not contaminated or
adulterated. If a vehicle having a matrix core is
desired, the cells are mixed under sterile conditions,
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(1971) U. S. Patent No. 3,615,024, which is hereby I ncor por ated by
. referénce, fulfill these criteria. A preferred nenbrane casting
» solution conprises a 30 polyacrylonitrile-polyvinylchloride (PAN PVC)
copol yner di ssolved in the water-m scijd e sol vent di net hyl sul f oxi de
(DMBO). This casting solution can optionally conprise hydrophilic or
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sufficiently t
Anal. Chem. Soc. 112:7832-7833).

If a dual matrix immunoisolatory vehicle is to be formed,
the surrounding or peripheral region can be made of a

20 hydrogel selected from the above-listed matrix precursors.
If the surrounding or peripheral region of the vehicle is
to comprise a permselective membrane, other precursor
materials can be used. For example, the surrounding or
peripheral region can be made from water-insoluble,

25 biocompatible thermoplastic polymers or copolymers.
Several of the polymers or copolymers taught by Michaels
(1971) U.S. Patent No. 3,615,024, which is hereby
incorporated by reference, fulfill these criteria. A
preferred membrane casting solution comprises a

30 polyacrylonitrile-polyvinylchloride (PAN/PVC) copolymer
dissolved in the water-miscible solvent dimethylsulfoxide
(DMSO). This casting solution can optionally comprise
hydrophilic or hydrophobic additives which affect the
permeability characteristics of the finished membrane. A

35 preferred hydrophilic additive for the PAN/PVC copolymer
is polyvinylpyrrolidone (PVP). Other suitable polymers




portions of the encapsul ated cells woul d not penetrafe t hrough and
beyond the layer. Cells penetrating the PLL | ayer are potential targets

. for.an immune response. Al 30 these capsules i ncl udi ng those discl osed by
Rha, al so suffer the followng additig 453 limtations: (a) they are
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layers for a & \@s,gdernal substance. In contrast, in the instant

I nvention, the |dent|ty of the core mat.erial does not pl ace strict
Ilnttatlons on the identity of the outer jacket material 15 or vice versa.
This all ows tImn ratprrefdrmdd tembodiment, thellomse i® swerssiededdoycxording

t t

acket < 'ty B¥gdillatibid i dad) qﬁéfiasﬁp%?éf%%??w&%f r
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bi oi nconpati biljt flbrogene IS, {gh |cleeéh i on than do the
macr ocapsul es & l%r?e' ts"t‘hv q'orF aéﬁ’b%’?%al syst ems
are 25 known t4g 744 ea3ct vsttrh, N by eadprvbyt het ) otrhe; d:nmpﬂsete required
for the i qtsegr )Ic}'flu(gl ) PG gpﬁ;! efsronFLt!'lbee ghfe fc?f’ l e tissue
reactions e capsul e. not |s |% a brotic response.
Thus, if ther aadayrocapsanhe brangk () tthe etméﬂmﬁss Bferthe foutey slayer pf
the macrocapsule. Both qualities contribute to the
immunoisolation of encapsulated cells in the present
invention. The microcapsules of Rha were formed by ionic
20 interaction of an ionic core solution with an ionic
polymer of opposite charge. The microcapsules of Lim and
Sun were formed by linking an external hydrogel jacket to
the core through an intermediate layer of poly-L-lysine
(PLL) .

25 In the microcapsules of Lim and Sun, the intermediate PLL
layer was not sufficiently thick to guarantee that
portions of the encapsulated cells would not penetrate
through and beyond the layer. Cells penetrating the PLL
layer are potential targets for an immune response. All

30 these capsules, including those disclosed by Rha, also
suffer the following additional limitations: (a) they are
round, and (b) the formation of the outer layer is
dependent upon direct ionic bonding or polyamide linkage
with an inner layer or core substance. The disadvantages
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30 sufficient thickness, if the PLL | ayer begins to degrade, or if
encapsul ated cells are entrapped within the external | ayer sufficiently
. close to its outer surface, the - mcrocapsule can trigger a fibrotic
response. The term "fibrogenic" is usdd@-herein in reference to capsul es
or 35 materials which elicit a fibrotic response in the
- 48- i npl aift zouod shape Ands @irest: Hondicebondimg betaeeny polymanst of
t he i munoi so 0 ni ¢ macrocapsul e .of the present
I nvention mayggte orﬁgg%éﬁ!gﬁggg%ér of ways. 5 In one enbodi nent, the
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i nst ant enbodi I oSS of the core naterial with the jacket

material is ad@@#&eﬂehe§IHQ£IﬂhsnﬁwiﬁﬁdqﬂﬂﬂﬂufRﬁﬁ%ﬁl°lﬁﬁ°?ﬁ9|9ﬂﬂ MFhen
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pr ef er abl yocalldmirmed Ttd lddiye camd-ejgpucikmet qmgsmrfahhﬁecexﬁemmnf@tsmm w
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Not abl y, the SSstan veh e I'S not rect, 1 oni ¢ bondi ng
bet ween ani onisgikgt@nce .c ol antF@AS e rin Qje’s't,srq Jr‘H’QB‘ Wony,the

4,744,933 | (Juhti€h of dle déve Watdhi) ddd aict phed esteickrect 25
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their oppas teixyxolwgmi:smi etfrds alliews tihes tmattemidlo dfhethe | tnner

di stingui shed,f a of f%?“ bot h
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associ ation i qun el opmlt:ésy anshrary o and ithe Rpter - This
embodi nent My Redikit k& fd BOfecdted on the basis of 1mmun01solatory

properties, biocompatibility, and/or manufacturing

20 considerations.

The microcapsules of Rha, Lim, and Sun have a greater
potential for bioincompatibility, fibrogenesis, and
vehicle deterioration than do the macrocapsules of the
present invention. A variety of biological systems are

25 known to interact with and break down the ionic bonds
required for the integrity of microcapsules. PLL evokes
unfavorable tissue reactions to the capsule. Most
notably, this is a fibrotic response. Thus, if there is
any break in the external layer, if it is not of

30 sufficient thickness, if the PLL layer begins to degrade,
or if encapsulated cells are entrapped within the external
layer sufficiently close to its outer surface, the
microcapsule can trigger a fibrotic response. The term
"fibrogenic" is used herein in reference to capsules or

35 materials which elicit a fibrotic response in the



/

m crocapsul e or a nacrocapsul e but, for reasons set forth herein, the

macr oCapsul e formis preferred. - 49-
. The,instant vehicle can be fornmed either by coextrusion or stepw se

assenbly. Techniques for coextrusion whiclag- can be used to formthe

I nstant vehicle are taught in copending U S. Patent Application Serial
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configuration appropriate to produce an I mmunoi sol atory vehi cl e whose

shapg : s agpr qahr lonlee ftémmq.eng; |m‘%b@"§@ rigeq:i_—effortdwf hcn;;l lexrdss4leinking .

i mobi | i zed and t per abi | i and stre of the matrix | Wi
surround thenm? Ibéfg r}(}%‘zlae Eﬁ%g‘qﬂ en@ @Iieléshﬁagbgly, a
stellate, or mludttnﬁaa}wd: momnaidop, ashealciusst edim,cem:ﬁm:' &yl .
The wi dest ap f s- rgggrbs i,tyqa he m
di f f usi onal 815’? %eq'aégrboprl zi'tqg&tﬂget e vé’ﬁ ﬁ‘ip He? orr%r |&ncl u rrru
t he net abol i ccﬁééésld-ﬂ img i $heqcareds dipped dnkes, a zﬁﬂ}utlct%é’fmat er| aI s
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the corr espon% %@qu?&yngfz%&ﬁfﬁcfefrte&'dn&ﬁ GRS ?‘%kce nt to
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preferably calcium. The core and jacket may be formed of

20 the same or different type of hydrogel, provided that both
have the same charge. Notably, the instant vehicle is not
formed through direct ionic bonding between anionic and
cationic polymers as described in U.S. patent 4,744,933
(Rha, CK, et al, May 17, 1988). Herein, the term "direct

25 ionic bonding" refers to the type of chemical bonding in
which two oppositely charged polymers are attracted to one
another because of their oppositely charged moieties. The
instant embodiment is distinguished from that of Rha
because, in the instant embodiment, both the core material

30 and jacket material have the same charge, and their
association is via an oppositely charged cross-linking
agent. This embodiment may be in the form of a
microcapsule or a macrocapsule but, for reasons set forth
herein, the macrocapsule form is preferred. '
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- 50- | npl antation. Furthernore, the nature of the coextrusion
proceSs is such that it ensures that the surroundi ng or peri pher al

. region (jacket) is free of the materials in the core, including the
cells, thus assuring that these cells 5 Mﬂié be i munoi sol at ed when the
vehicle is |nplanted into an i ndi vi dual>?The perneablllty, nmol ecul ar

wei ght cut of f C Vi r
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It is recogni Zehht Heaught tiheré. Sy %. Nang7 (e hoeo al.'%ulll%wielmdﬁa}sh@g the
determ nat i on[%j :ﬁ%ﬁ:{ heelPEE V! afhél‘edg@icét}ﬁé’éf fﬁés@e@%é‘f@'@ﬁﬁh‘@lon

menbr ane. ng. upon the meth use sonmewhat dlfferent MACO

esti mates nay W%&% Rl Jymen 1Rf each Ro¥R ahbnner anpgd outerhB§INGs {ne
current i rwnta?sk op# AT & By eEontiect & to seerile chanbersenporidelivery
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inder the spectd 1056 Sote Bnd, NEFOPEHET AvEIOF HetefidB o, TaErREkLEE!

under the spec?
MACO det ercamabe ovf amy Mﬁlqmamnmpmprmttferprvmwe an need to

be cali brat ed ﬁﬂﬂﬁﬂ@fséfﬁ%&%ftﬁﬁﬁﬁcfél%ﬁﬁ%érgﬁéﬁﬁ is a ﬁf@ﬁfi&ﬂeaﬁéoﬁﬂéng

to nmethods known to practioners in al -matri x

i munoi sol at orfjetaretie peeds ofthe c%}b$h%?eb%aimmﬁ?l1§z?6r%%ﬁ thee
pernmeabi | iiy Gbedh@abili€yl4RaNStPEndEl 6K €@ etk ewniakedwbyladj usting

the Concentrqgééghqéhemfr|§opr§§éﬁgfé'uegd Aozglé ggglge circular,

elliptical, stellate, or slot-shaped. Optionally, the
nested bores can be coaxiél. The widest aperture of the
nozzle must be commensurate with the maximum diffusional

20 depth appropriate to the vehicle being formed, including
the metabolic needs of the isolated cells or tissues, and
the materials of the core and peripheral regions. Upon
extrusion of the core and peripheral region materials from
the inner and outer chambers through the corresponding

25 bores of the nozzle under conditions sufficient to gel,
harden, or cast the matrix or membrane precursor(s) of the
surrounding or peripheral region (and of the core region),
an elongated vehicle of the selected shape is continuously
formed. The length of the vehicle, and therefore its

30 volume or capacity, can be controlled to produce vehicles
of sizes appropriate for the particular use contemplated.
An immunoisolatory vehicle formed by coextrusion in this
manner is particularly preferred because use of this means
ensures that the cells in the core are isolated from the

35 moment of formation of the vehicle. Thus, it also ensures
that the core materials do not become contaminated or
adulterated during handling of the vehicle prior to
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-51- al ginate), and/or the concentration of gelling agent (in t he
case Of alginate, a divalent cation such as Ca[err]) present in an
- imrersion bath into which the materials are coext ruded. 51f an
i mrunoi sol atory vehicle with a sur roundi ngqr peri pheral region of
t her nopl astic menbrane is desired, the pore size range and distribution
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aqueous ph&se whdiehy sthsl charthee matnix e mepbrane ishfammednai nder of the

pol ymer or copolymer is precipitated to forma trabecul ar support which
confers nechani cal strength to the finished vehjcle. The external
surface of Theh Sareitaudeds vehiglas ywayeRs farReDhy it %Mzﬁ%‘%@

under which t hatliss dored il \Wathermopdeatieror hklrgyeski jadketed ($uah,
exposed to th I ' e e %£#1 -like
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a snooth [sames aire atii ffeneavth hardy age laydyi cho mask s eerqss ol inked to
saturated W t R MG YrneaP Yy ndti ch results in an 35 internediate structure).
Again, it mﬁllabe readily appreciated that this nmethod of form ng the

In reference to the permselectivity of the membranes and
gels of the instant invention, the phrase "molecular
weight cutoff" (MWCO) is used. It is recognized that
there are many methods available for the determination of
20 the molecular weight cutoff for a permselective membrane.
Depending upon the method used, somewhat different MWCO
estimates may be achieved for the same membrane. 1In the
context of the current invention, MWCO refers to the
results of the empirical determinations described herein,
25 using the specific markers described under the specific
conditions of the determination. Other methods of MWCO
determination, to apply to the current invention, will
need to be calibrated against the protocol of the instant
invention according to methods known to practioners in the
30 art.

If a dual-matrix immunoisolatory vehicle (e.g., an
alginate matrix) is formed, the permeability of the
surrounding matrix can be determined by adjusting the
concentration of matrix precursor used (e.g., sodium
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surrounding nmenbrane is free of the cells in the core whi ch are desired
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peri pher al reg‘%{c{lﬁ%r%xtoéer#%%? '{T%(&a‘ié c%%/%r%#%yy%@glggecg%%db %h%%fgé?gpee?i 1|f")¥1er al
regi on materi Harying dthpssokids conrtentof cthe csolibier 0L dPrSCRr$oni ng,
Cnto o prefor malERAT U ENE R AdUlY | SoMPLORFI TS el i, Composition?h,
into a preforned hi oconpatib]e j | ,

Lbove. T 18" G R ot it IR Rh Tt oF  Sriopa by (19 byding a
menbr ane canlhydraﬂhﬁl&ﬁtoﬁiﬁydtbpﬁ¢$ﬁ¢fuﬂd&tfvéat% tie ckastingv || form
the core (for J , [ il , S t se in
such a manner %@%’ c‘é(?e‘l'ngﬂléhrréatlg rtgfgs ap?%@%%@rrp Aej’te %’c‘#%‘}séd%gfge

vehi cl e can tRAre sige g@psakse ded@diusted hthivarpingigt®out t he

formation Hydr SFHSL TBE £y Xof Ttife B4 du) MHERHSPor NEE Sfhél paen Present
'n the corles. Ail‘l;peircna t]'.}}’,el'ellie acgjsaéfrt]g_ soc:;llfé]iegrg -5{1{:1 ec(:jomprise a polar

organic solvent containing a dissolved, water-insoluble
polymer or copolymer. This polymer or copolymer
precipitates upon contact with a solvent-miscible aqueous
phase, forming a permselective membrane at the site of

20 interface. The size of pores in the membrane depends upon
the rate of diffusion of the agueous phase into the
solvent phase; the hydrophilic or hydrophobic additives
affect pore size by altering this rate of diffusion. As
the aqueous phase diffuses farther into the solvent, the

25 remainder of the polymer or copolymer is precipitated to
form a trabecular support which confers mechanical
strength to the finished vehicle. The external surface of
the vehicle is similarly determined by the conditions
under which the dissolved polymer or copolymer is

30 precipitated (i.e., exposed to the air, which generates an
open, trabecular or sponge-like outer skin, immersed in an
agqueous precipitation bath, which results in a smooth
permselective membrane bilayer, or exposed to air
saturated with water vapor, which results in an

35 intermediate structure). Again, it will be readily
appreciated that this method of forming the
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- 53- ~matrix core can be forned by nol ding, then sandw ched bet ween
sheet $- of pernsel ective nenbrane and seal ed or clipped in the manner

. descri bed above to conplete the i solation of the core materials. 51t
is also possible for a single, continuous dr ogel matri x to provide
bot h i mmunoi sol ati on and support or rﬂﬁ#%l | zation. For exanple, this
can be acconpl.ished b i ncl u the | sol at cells wthin the vehicle
distributed i ﬁ“‘&“’d't?rk%’rﬁaﬁ%yg fgtléﬁte a?dtﬁﬂrﬁ%eéaﬁ 3"}‘%@?1@%5?2’[ Phe
peri pher al regurrdﬂhdﬂng\mdmhﬁanesaérﬁreeﬁoﬁtthe cellsmin [tleeda= | s.

| munoi sol at Oloh 18 h'a‘}l %eq_.-.fu% Yq be qaéoLf & b 2 S@fge Illﬂ‘“‘?H‘?'f 5?# d{ogel

ways. First, a mx suspen ut’ion
mat ri x pr &he slmdl‘mhltt#i idgn d@mﬁhﬁha@hmq s fedadnpla be 15
extruded fromthe nozzle of a sinple extrusion device. In t hi s manner,

the cells are forced |nto the core regi on of the for vehi cl e.
Al ternative y ThehSWrdacsd é%lﬁ' Vcﬁohlrﬁ])& ‘{%ﬁﬁrﬁgeq&t]r’tjﬁf? rgn
the core | unemhefther trmeﬁﬂi-m:m Mz ke M|;iaszsmraﬂé<nrmmeé,y akel i vering
a 20 streantof a t r

&gt)e%%ned q EHE l'fa%tg'her aﬁj tr?é %}Mlee iasv\ﬁgltal%écf bove

cal cium chl ori roug e perip noz e sur ace
and per|pherySMTﬁaﬂﬁ\RﬁnthQEbath[ﬁﬂqnnghengd|Qu#ert5hkanﬁ(ﬁAﬁ/RVQaWlll

suspended cel g if¥rheq, ﬁﬂ@:é&y qf tr?e‘S d&ﬁ@ A viatnad!si i i d %’é’él?rh of .

t he inventi on, the ‘cell's are forned reaggregating natural cel
clusters 10 ispapth 1ﬁﬁ@ﬁ§ﬂﬁﬁn§ﬂ¥34ﬁel#ﬁﬁ packi ng per unit volune
as descri bed supra " Such reaggregated clusters are preferably

ol 0w thin e dmpi ety VBbTS, 0 A o 20Red BB, O
_ stepwise manner. For vehicles wherein the core comprises,

in addition to the cells desired to be isolated, a
hydrogel matrix, the core can be formed initially, and the

15 surrounding or peripheral matrix or membrane can be
assembled or applied subsequently. The matrix core can
either be formed by extrusion or by molding. 1In a
preferred embodiment, a patch- or sheet-shaped vehicle is
formed by stepwise extrusion of calendered sheets. 1In

20 this embodiment, a sheet of core material is layered onto
a sheet of peripheral region material, then covered by a
second sheet of peripheral region material. The edges of
the vehicle are then sealed by crimping, compressing,
heating, sealing with a biocompatible glue, or binding

25 into a preformed biocompatible impermeable clip or

combinations of the above.

Conversely, the surrounding or peripheral matrix or
membrane can be preformed, filled with the materials which
will form the core (for instance, using a syringe), and

30 subsequently sealed in such a manner that the core
materials are completely enclosed. The vehicle can then
be exposed to conditions which bring about the formation
of a core matrix if a matrix precursor material is present
in the core. Alternatively, a patch- or sheet-shaped
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-54- The new y-fornmed i mmunoi sol atory vehicl e obtai ned by any of the
nmet hods descri bed herein can be maintai ned under sterile conditions in a
. nonspyrogenic, serumfree defined nutrient medium or bal anced salt
solution, at about 37[err]C, 5 prior to ipggkantation. Lower tenperatures
(20[err]C - 37[err] 0 may be optimal for certain cell types and/or

culturing CR&EE 1k 088re Q:Qﬁrbéofé.‘dﬂédt smaﬂé@auhw andnnsdnamched
COprOSI ti ons consistent. w

S Tornat | vel y SeRUSeRnParete AP rReERpBrELLro heTbt AR 0t seRteRogtn, i1 a
cryoprotectivecpyppédsinhtne mangeycéesorihpedbabaventor pompletlei khe t he

mat ri x (Fajottl%p%%gg%X;ﬁgtsggi8%}888LF%;§Q Iantation Proceedi ngs 21:2638-

2640). In such € 1S before use and equili brated
under sterile conditions as described 15 above. | mpl ant ation of the

bi oconpat i bse ieﬂyéoéiebaﬁeé¥15§2'fbﬁ a 51h§1alseoaeaﬁaaﬁadhyaéebeitef"e
condi tions. General I rmrunoi, sol at Qr | anted at a

site in the maFEE¥pt%nPrgvbeﬂbeﬁPcﬁmmPPPlﬁgﬂﬁﬁﬁﬁﬁpPBﬁrF3g§°5§IPGery of
20 the secret eiimpobillizatiohuncFopnekamphe,r ehipi eah bedactomplished byt s

Lo the |l ant gdcsehiRgobn! 13HSargalclL Ohofin eng! LaRigsgess Lo the

vehicle for repl acefen consi dered preferable
to verify thatdlstrnheteélna anngcenZGGcmgrndhenﬁeabehtcFbefGﬁ@puoﬁuch

properly 2§ bOEHaEeéﬂ epaeﬁpﬁLESi Fagiant 8kl fhe 98RA¥IeOisliFa@ROBE the
tests well known I n € art  can be uSed for _these ses. . For

exanpl e, an EL}EFP?éﬁiﬁﬁﬁ FehkEd ImmPﬁﬁ&ﬁS%BFBEHtvﬁgéﬁgfg ehr &hdfogr aphi ¢
or enzymatic afadiire canObebmaaES&M apetehst tab whgssecFéret,promicturan

R e

moni t ored over® e sample 8
fron1the reC|ppEﬁcuaﬁdraswaychglshdﬁnser thamhthenvenﬂaﬁndwpp 1ﬁowCB@ be

further |15t Eatedaly £hgn thefﬂbhgwbnafeaaaﬁhgie ehicelisbn BRvibe.ben
vieved as |n1€£2g manhgraHXhe cells are forced into the core region of
'

the forming vehicle. Alternatively, the cell-matrix
precursor mixture can be extruded from the core lumen of a
nested-bore nozzle, while simultaneously delivering a

20 stream of a gelling agent (e.g., for alginate, a solution
of calcium chloride) through the peripheral nozzle,
whereby the surface and periphery-of the vehicle
polymerize first, thus forcing the suspended cells into

the core.

25 In one advantageous application of the invention, the
cells are formed by reaggregating natural cell clusters
into a form adapted for increased packing per unit volume
as described supra.

Such reaggregated clusters are preferably characterized by

30 improved diffusion of critical solutes to and from the
cells within the cluster in comparison to natural cell
clusters.
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- 55- Exanpl e 1: preparation of cells for inmmunoisol ation Cells
~derivéd fromcell lines or fromprimry sources were mai ntained in vitro
. prior to imunoisolation. (In sone cases, cells can be stored

cryopreserved and then thawed 5 and accl i+sg-ed in vitro.) Conditions for

i ncubation will vary for specific cell types, but will be readily

ascertalnablemhmtﬂawiy%ﬂqﬁMeﬂjmmmuﬂuasnﬁaﬁany(Mahkpkﬂ)ObtaﬁneﬂthmnanXMt|ne

experinmentati Aggls of

Scharp et al. uprh?) ané{g# mal nt al neé’ g?[ée)'ﬁ %g]ﬁ%%éa%}%o%ere of 5%

CJerr]-95% aistenile conéédﬁms:mu%mqwmr%mqn SATUR TR AQLingd 4 s

512 qe BCO)r?utlxslt% Eitzs e Q[M tﬁhldSﬁ'fdéH (élhtﬁz sohdeidry, Fiﬂ!ﬂ?ﬁbut Mﬁe
onor seru siets were maintained in cul ture usi ng 5
24[err] C f &% TRE AN RN o1 ’%&"’?’Trﬁf mRer At Q"J(:))& ‘%e g%f‘r@d

Lacy, P.E. et m@ be lﬁ:?d]i)mal f dic | gt 130 4IP3k s I%ncb’rolt culturing

I mrunoi sol at i et ﬁ‘g, ﬁg:rgse swirling
the Petri di s%bn&lﬁder?uspzoﬁe ﬁaﬁ% @%‘; anced salt so ’Fél%%] (HBSS) .
The was heddmpas it ians Q@!ﬂﬂsﬁi’e&fﬂédﬂﬁ‘h gaod feel brivriaki iy Fap@HEES t o

yield the fingle hil&d. d@(ﬁéﬁhé@ﬂéiﬁ,d ma, f\%ﬂ‘i@rh canlmnaey St S ¥ ved
vehi cl e cont ai ning, t he. desi red nu priate size

[o
and shape ¥®r ihphignid |Wr°geré'nd1fsuﬂ)s‘éﬁ(@?ﬁ°*fee‘§b‘#%t?%?%f "ﬁ P BTl yceni a
to a dlabethglyceﬁuh\hahE&een ﬂﬁnarpaﬁdtnﬂcﬁn@ne#ha|mqﬁrhw (Rédjatoejor to

25 i i sol f
The Taror s RmPlaR 4T iad ) HAlRAA A4 ORh AR lie 21580381 1OT,
of the vehicl €6#)ch cIj’uISjJCFhrﬁtcase: |'¢Ise fYehicks imdthawed gfore use
Exanpl e 2: fordfRd i Of i By &P ahndat ré%lf@ cond it Dhid A e des®F EBEG AT

wei ght cutoffs n alginate thin filmmde froma solution of 1.0% w v
sodi um al g’iﬁlatqrpQ‘fFH[err]Ovvas cross-linked for 6 m nutes usi ng either
(1) a 1. 0@6(m/v) or (2) a 2.0% (wv) aqueous CaCl[err] solution. The

e oo o AR 16 S M A o 1 O G080 P £y Lo R fe O 2V

down bl ade wit earance nmersing 1 n gueous
Cad [err] iplaksoperfarned wndentsteniie neomiitﬂw ng GemeRdly.

the immunoisolatory vehicle is implanted at a site in the
recipient's body which will allow appropriate delivery of

20 the secreted product or function to the recipient and of
nutrients to the implanted cells or tissue, and will also
allow access to the vehicle for retrieval and/or
replacement. It is considered preferable to verify that
the cells immobilized within the vehicle function properly

25 both before and after implantation; assays or diagnostic
tests well known in the art can be used for these
purposes. For example, an ELISA (enzyme-linked
immunosorbent assay), chromatographic or enzymatic assay,
or bioassay specific for the secreted product can be used.

30 If desired, secretory function of an implant can be
monitored over time by collecting appropriate samples
(e.g., serum) from the recipient and assaying them.

The invention will now be further illustrated by the
following examples, which are not to be viewed as limiting
35 in any way.
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- 56- cutting die. The disk was placed in an Am con stirred

filtrdtion cell and used to filter solutions of several mar ker sol ut es
. under a pressure of 10 psi. The concentration of the marker solute was

measured in the 5 retentate (C[err] = avBPage of initial and final

retentate I

The rejection 3 ' F - ’ ‘ 5
R=1- C[err]téibsraerlﬁédTﬂnsm aeimlmnaeahorhfremcpnpmervl§Ouepestwere

woul d have a ?ﬁﬁeﬁiﬁéﬁ' ﬁtvféfé R@EQrCEBVE@@ﬁh¥1s8m§§mﬁhch kincggﬁhetely

passed through g ave a coeffticlent The hydr oge
resul ting fron¢§§?sma§eb gnean| bet storedockyrrreseryedaangpshensthaneds

corp.) (rejgctipa 888i1h5t€3t1§QV§tré5)tOCQnﬁﬂiloﬁhefbfdﬁﬁéﬁbat@6ﬂ|ﬁhng
from(2) was nearly

S ran sol Figure 1
descri bes pern%%BYlf?? ﬁPe h@lfmﬁeﬁ}dgggﬁﬁs gggtﬂéia gefﬁ?ﬁ%ﬁ?ﬁg add?tlonal
sol ut es. Bovi nas&ertainhblel to( Bhdse skillhdBinchbei saksfelVowangnnBl2 (I CN

Bi ocheni cal S>ﬁ89e LRAE] 6 m&fxgggplﬁg%ﬁkeﬁhe%gm; of\p%ﬁgé}h%s

(Sigm). proxi m are given 1n esl s
on the Figure.were obEaanpdebs therﬁﬁth@ﬁsopfaseharpnﬁtrF% (§22£é) and

'nﬂunO'SO'@6OrMaYﬁEbEhSdZEtAGa@@SQhuhhoatﬂﬁsﬁﬁéténb£|9%”&0?95% air in a

h I I I S, d d t
Condi 1 ons. - MeALURcPPNELEEIBENCFOR BRCBLREECREPED, SFess | RoBLR F385
(lGI BCO% cul Itu: ecmsd?y)l se?ppeldménaéuadmth setramvde.dil uesd v/v podledt h Ithe
alglnate solutlLo o _a llna nce (0] t
9 Th%qupgtd°n°rsﬁ§ gﬁg EE&%&E g ﬁg%ﬁfgghghnghech&thg Isle

suspensi on. I on~Was ex roma single ch
extrusion nsingePehrd dlﬁh@éﬁ@t[éﬁfp 5arhpreﬂe§ernéneﬂgpﬁaﬂedﬁopfuons

wer e CrOSSIsnkeﬂﬂéaDQ&esrdZnGIeo)tﬂadmhéﬁoaoae £8Byai BLBY et. hATORhbH2§
islets forned e core was 5 aced in a 2% 3 3lnate sol,ution, The_core

was then drawnSEengec2PapPAg—313 i PRIgrotanitBEngisPaREAR el PS04SR Sons

| arger then th@ere collected, concentrated by swirling the Petri dish,
resuspended in Hank's balanced salt solution (HBSS). The
washed islets were resuspended in a sufficient volume of
20 HBSS to yield the final islet density required to form an
immunoisolatory vehicle containing the desired number of
islets, of an appropriate size and shape for implantation
and subsequent restoration of normoglycemia to a diabetic
individual. This method of preparing the cells prior to
25 immunoisolation is thought to remove antigen presenting
cells from the islet tissue thus diminishing immunologic
attraction to the outside of the vehicle which could limit
its function and duration.

Example 2: formation of hydrogel matrices
30 with different molecular weight cutoffs

An alginate thin film made from a solution of 1.0% w/v
sodium alginate in H,0 was cross-linked for 6 minutes
using either (1) a 1.0% (w/v) or (2) a 2.0% (w/v) aqueous
CaCl, solution. The sheet was made by placing a film of
35 1liquid on a glass plate using a draw down blade with a 0.2
mm clearance, then immersing in the aqueous CacCi,
solution. A disk was cut from the film using a 47mm



-57- core and reextruded into a second crosslinking bath of 2%

al ginate, surrounding the core with a jacket fornmed of a separate

. cell-free layer of alginate matrix cross-I|inked to the core. The thus
formed macrocapsule was cylindrical 5 wth dinensions of 30 nmlength, 800
nm core di aneter, and 1 nmmdianmeter c to jacket. The core vol ume was

15 mm The citqlt%g%eai nelg_r%%lé]élﬁss @‘ﬂ"%‘*tﬂﬁ J}P Iﬁni’é&‘r”& rre&ract I on

of 10. 6% of the core ornmati on o
dual - mat ri x 1Eiktmatsioviealy ankhised 4y ﬁ:b"e*iﬁrf BBt ions, Qﬁ/o%%‘!‘t}f#bn of

sodi um al gi natnf‘aﬂ)&ﬂomﬁlméyuﬁﬁiezsaé i BYeessukdBf 1156) ;m\dl\la@ﬁe vas pr epar ed
under sterile conditions, erllékéus fSlon Sancrea |c | lets in

CRML1066  cfiansentrakion s‘bfi & e, A%, AEARYTRG AN SN 5 i ¢ h
t he al gi natse &du&nmef(cc, | évenhgeoofemhﬂ.aﬁ.amnanﬂ f:.nal%'etgnnate in the

Lﬁ;ﬁ%efuzfenmcog%e&% % I Sl %?L;lsg%e{ﬁl on eVI ce ?dté:é | Ig{;ez'[l on

descri bed preheustejeatieon mmfibmxenﬁ leeﬁclhdw@@hmmm@l@ilw

m crons and t al bore of which has a di aneter of 600 m crons.
The out er chanber 3f device was | oaded with asolution of sterile
1% sodi um alglnate |n PS. TheRtTpt ot M€ nozzl e was i mersed in a

bat h containing a 25 sterile solution of 1% CaC[err] in PS, which induces

th | | f b | i nka f

ool yi ons. Yho Witsr el tehicth T 1% 1PRARRRRE * S ed cianid RIS R, o
this bath, germ:reeﬂﬁngtemtcmn | nucarsd y::onvé:tseﬂ_,mlcme\glwtai@ cis i coiupletely

containing a GaI&dLY :ﬂ}atr 3!91&" fel 6&2&1'1?‘3@@'4'%%?&%&36@ &.

surroundi ng reglon glnat X free of Islets e outer
di ameter of t¥he hds %ﬁl%efﬁ%eﬂ)dlmt@?n%ﬁable P2 cRPR KRs

1.0-1.05 mm B@cﬂﬁﬁl(pﬂﬁﬁtsdﬁr\ﬁ@s QGort e) (r €10 scée Bf 1] @it | eqZdD

islets The t ot al re u rr The vol ume, of the
i sl ets)wasl%%td? 0[ hseo)t r{r‘xey&vaoge?'l resultlng terorl (2) was nearly

1mpermeab1e to the same Dextran solution. Figure 1
describes permeability of the two hydrogels to the
following additional solutes. Bovine Serum Albumin (BSA;
ICN Biochemicals), Vitamin B12 (ICN Biochemicals),

20 a-chymotrypsin (ICN Biochemicals), Apoferritin (Sigma).
The approximate molecular weights are given in parenthesis
on the Figure.

Example 3: formation of a dual-matrix
immunoisolatory vehicle

25 A 2% solution of sodium alginate in physiological saline

(PS; 150 mM NaCl) was prepared under sterile conditions.
A sterile suspension of pancreatic islets in CRML1066
(GIBCO) culture media isolated from adult rats was diluted
1:1 with the alginate solution, for a final concentration

30 of 1% alginate in the islet suspension. The islet
suspension was extruded from a single chamber extrusion
nozzle into a 1% CaCl, bath. Once the alginate polyions
were crosslinked (approx. 2 min.) and the core containing
immobilized islets formed, the core was placed in a 2%

35 alginate solution. The core was then drawn up into tubing
with a diameter approximately 500 microns larger then the
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- 58- core volume. The MACO for 1% al gi nate was as depicted in Fig.
1. However, the MACOwi Il increase with tine simlarly to Fig. 7 due to
. cont.i nued Ca[err] displacenent. The alginate of the core was

cross-linked with the 5 alginate of the | gﬁg The rel ative

thi ckness of the surrounding region was dlfled by adj usting the speeds
at which the t f r res
of the normars 4 reslFGaS| LESa JEMANTCEELE RS LRCEIBE 20

t hi ckness decrmt% sumumdma Wl?ﬁmwl%r% ircket formeds@fdawval l

thi ckness i ncregsgch tékﬁﬁﬁikfieé|18&éf“6¥ alglﬁﬁﬁilﬁi%f?irﬁ&éééeliﬂieQOth
nds o

th d h t n
hor e oee an pFe hg e ° ine s, EATER CidéToCRRETe  RDoRELAdT AL

al ginate 1% batith tdmensncmstcm’ 3@ miflo Xeaidtles r§obati. cdhe diameter, and
| TNl S0l at Ory e oS8k | GNEh YRS LT ABGE Lo voBbE LEs 1SS,

cul ture nmedi um prior | 'an matron ©

matri x, pernsdhgtgare Conmm(&n@ﬁ' mm%wms)tytw@#mm@ wlamext r u5| on
20 A suspensi ofrfht i o £ Se4 Tof %Kt RHBAE d6%e PFSDEREd as  described
in Exanple 3 and | oaded into the inner chanber of the coextrusion

devi ce. The outer chanber was | oaded with a nenbrane casting solution

conprising 12.EXanpievd: FHddilon eHNQ@Gal<emateiwet hyl sul foxide). The
tip of 25 xthe imnrmei sekatotyevelpslé ilmacbetrudiced di stance above,

or imrersed | 2 RLLeAN AP Ao Aok Hdlfare 1A WRILEMOLiA BT 0

PS, which induced ni'ng or core matrix,
and sinul t aned®Yy 150 nfNa_l) twas m%ﬁ#ﬂ'% WdQMesmxl%gC@Mhti@nsr nto a

30 pernsel ect 'A/Eét!&@[@%s peYes Bt &6 f QParerdFEE: is16b8r st ermpsives of the
vehicl e were detern1ned ;Ei]Eﬁqlf t he zIe had bee bﬁOSI i oned above

or bel ow the SH¥ERe m R YRR tedohell above
t he batsh a«nmmangmaw selatiowe, Mmmchtﬂlrﬁﬂ-l)cmd:enamSSon of

ani sotropic nqﬁp 'H%éé]fhr%ﬁ?”&SfégIéﬁéﬁ%ﬁ%{én?" | eat hery) externa
u e

surface was forme when nozz

The islet suspension was loaded into the inner chamber of
a nested dual-bore coextrusion device of the configuration
described previously, the inner bore of which has a

20 diameter of 500 microns and the peripheral bore of which
has a diameter of 600 microns. The outer chamber of this
device was loaded with a solution of sterile 1% sodium
alginate in PS.

The tip of the nozzle was immersed in a bath containing a

25 sterile solution of 1% CacCl, in PS, which induces the
hardening or gelling of alginate by crosslinkage of
alginate polyions. The materials loaded into the chambers
were coextruded into this bath, generating a continuously
forming alginate cylinder containing a core region of

30 alginate matrix-immobilized islets and a surrounding
region of alginate matrix free of islets. The outer
diameter of the jacket was 1.2mm. The inner diameter of
the core was 1.0-1.05 mm. The total islet volume of the
core was 0.8 mm’ (200 islets). The total core volume was

35 25.98 mm’. The volume of the islets was 3% of the total
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-59- was imersed in the bath, a nenbrane-bilayer with a snooth
external surface was fornmed. Alternatively, when the nozzl e was pl aced

. above the bath and the fiber exposed to high RH air, an internedi ate was
formed.” The materials 5 |oaded into the ggggbers were coextruded into this
bat h, generating a continuously form ng~Cylindrical vehicle,

comii 0 < CBEger GG1GRe"" A1 LS FBLTY TGk e ap! ShBiniansh

sur r oundi ng sen1pernea ng-a
relative thickRégs &f tH@Wﬁﬁﬁﬁwaﬁbemﬂycﬁnﬂiiieénﬁyeaseavﬁﬁ§tthethe

relative vel ocswlmargyt {:BSFQQ f yogukheo cohe&a&edaeadesaispwceﬂeﬁtsarrpI e
3. The ends of _the

were seal ed usin S Si r to those
described | n tFRScBRUAtARG BESthRACORe MBSI FEaBRoL LB8RHAPIEE KB® 07/ 461 699
filed Januasy 8lgififte bBetheadhckegs. of whi ch are herein incorporated by
ref erence. The I mmunoi sol atory vehicle so formed was mai ntained in
sterile PS, a balanced salt solution or tissue culture medi um prior to
i npl ant ati on. Theorekakpve thirknessi of thecsnrraundipg pegion| wesi ve

nmenbr ane '””U”ﬂbéﬁkiéarByVSBbﬁkﬁlhﬁ %ﬁé”g keadi RY" whlch”tﬁbhﬁﬁtﬁéiﬁis t he
i slets were susgended in_a ol uti,on, and "hand & ? ed"

nat e
into preformed¥ retﬁEFﬁBﬂFQsFFethPFo%PFFbéP BgFﬁBhﬁré r PRYESaR € ends
25 of the fibenezpkee SEnl génbyad aenflowt iannthé bese andreaspdlywaalglue
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function of 1Lmmobilized, I mmunoisolated islets in vitro rat
i slets i mmunoi $oPaPédmine hirn EBELEBARRPE| £he cy}dindercwere £ralee: RYds
described in Edapping 8handy®indbr FhiEtxihi gusdeedle zehseléamwallginate

thernnplasigc ngﬁgtéhen in a sterile 1% CacCl, bath. The
immunoisolatory vehicle so formed was maintained in
sterile tissue culture medium prior to implantation.

Example 5: Formation of core matrix, permselective
membrane immunoisolatory vehicle by coextrusion

20 A suspension of rat islets in 1% alginate was prepared as
described in Example 3 and loaded into the inner chamber
of the coextrusion device. The outer chamber was loaded
with a membrane casting solution comprising 12.5% (w/w)
PAN/PVC in DMSO (i.e., dimethyl sulfoxide). The tip of

25 the nozzle was either positioned at a fixed distance
above, or immersed in, a bath containing a sterile
solution of 1% CacCl, in PS, which induced the hardening or
gelling of the alginate core matrix, and simultaneously
induced the hardening of the casting solution into a

30 permselective membrane. The exterior surface
characteristics of the vehicle were determined by whether
the nozzle had been positioned above or below the surface
of the bath. When the nozzle was positioned above the
bath and exposed to low relative humidity (RH) air, an

35 anisotropic membrane with a rough, coriaceous (i.e.,
leathery) external surface was formed, but when the nozzle
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vehicl es as descri
) whlch are hereln 1ncorporated by reference. The

immunoisolatory vehicle so formed was maintained in
sterile PS, a balanced salt solution or tissue culture
medium prior to implantation.

20 Example 6: Formation of core matrix, permselective
membrane immunoisolatory vehicle by "hand loading"
In other cases, the islets were suspended in a 1-2%

alginate solution, and "hand loaded" into preformed

thermoplastic hollow fibers using a syringe and the ends
25 of the fibers were sealed by a combination of heat and

polymer glue precipitation as described in copending

U.S.S.N. 07/461,999. The MWCO of the thermoplastic jacket

was approximately 50 kD. The hydrogel matrix was formed

by incubating the loaded fibers in a 1% calcium chloride
30 solution for 6 minutes.

Example 7: Assessment of viability and function
of immobilized, immunoisolated islets in vitro

Adult rat islets immunoisolated within double matrix
vehicles by the methods described in Examples 3 and 6.
35 Matrix liquid core vehicles with thermoplastic jackets



Vehi cl e di nensi ons were 800[err]n1C1D., 55[err]n1mallithickness, 2cm

fiber 'l ength. Just under 20% | oadi ng density was used. In the case of
<« liguid core capsul es, al gi nate was not included in the cell suspension.
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Insulin release was measured by the method of Soeldner,
J.S. et al. (1965) Diabetes 14:771. The results of a
typical perifusion experiment are shown in Figures 2A and

20 2B. The challenge and baseline concentrations of glucose
used were 300 mg% and 100 mg%, respectively. No
significant delay in either the onset of the first phase
of insulin release following glucose stimulation or return
to baseline secretion was observed with immunoisolated

25 islets. 1In addition, a rising second phase comparable to
that of unprotected islets was seen. Expressed on a per-
islet basis, the total amounts of insulin released by
immunoisolated islets were similar to that for unprotected
islets. These results are summarized in Figures 3A and

30 3B.

Example 8: Comparison of in vivo performance of

xenografted islets isolated within vehicles having a

thermoplastic membrane with and without an internal
35 hydrogel matrix

Rat islets were immunoisolated in either matrix or liguid
core thermoplastic vehicles as described in Example 6.
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results of 7 such experiments are summarized in Figure 4.
The absence of significant fluctuations in plasma glucose
20 1levels in these animals should be noted. The recovered
immunoisolatory vehicles were inspected for evidence of
fibrotic overgrowth, and were assessed for the ability to
release insulin in response to g;ﬁcose perifusion. None
of the vehicles had become completely encapsulated with
25 fibroblasts, however in some areas three to five layers of
fibroblasts around the exterior of the vehicle were
observed. Recovered immunoisolatory vehicles released
insulin in vitro following perifusion in response to
glucose and theophylline stimulation and histological
30 analysis revealed viable islets with evidence of insulin
staining within the 8 cells. The results of the
perifusion experiment with glucose and theophylline
stimulation are shown in Figure S.

These favorable results contrasted sharply with those
35 obtained when rat islets were immunoisolated within a
PAN/PVC membrane without an immobilizing matrix. For
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Example 9: Assessment of the restoration of
normoglycemia to streptozotocin-induced diabetic
15 mice by implantation of immunoisolated concordant

xenograft islets in immunoglobulin permeable vehicles
In vivo performance of the double-matrix immunoisolatory

vehicle was assessed using the rat-to-mouse concordant
xenograft model for restoration of normoglycemia to

20 streptozotocin induced diabetic mice. The vehicles were
prepared as in Example 3 and have significant permeability
to 2,000 kD Dextran (Figure 1). Therefore, these vehicles
were also readily permeable to IgG (150 kD). The results
of this experiment are summarized in Table 2. The animals

25 were divided into three groups: group 1 consisted of
seven control animals into whom 300 nonimmunoisolated
islets per animal were implanted at the kidney subcapsular
site. Only one of these animals showed amelioration of
hyperglycemia for more than 12 days. The mean duration of

30 normoglycemia in Group 1 was 14.0+3.1 days.

Group 2 consisted of thirteen animals each implanted with
300 rat islets immobilized in an alginate matrix lacking a
surrounding cell-free region. Graft function was lost
within 24 days in 8/13 of these Group 2 animals,

35 indicating that simple immobilization conferred no
advantage over the Group 1 controls. The other five
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- 15 . 104*-, 104*- *Nephr ect ony for
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20 menbrane Nwﬂﬁlﬂéléeiémhbﬂ8d5ﬂo¥£bgl cemlzhﬁnfﬁﬁ'ﬁhﬁ &@gftnpggnted into a
di abetic BB rat Thlé strain nown to_be a _rodent nodel for
ype

m m cki ng Tﬁeaﬂ?ﬁpn&ﬂﬁ%gaPQbQFe§°rWﬂ81¥€ﬁW&Pe1ﬁaSr°uP 2
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hi st ol ogi cal anal ysi s. Exanpl e 10: Assessnent of the survival of
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matrix lmrru-rsronﬁ@taigwtyebmﬁbsmeeaawcﬁgn a aha‘ﬂvﬁa&gﬁd rat islets vere
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group 3 was 65.8%+15.1 days (n=10). Fibromatous reaction
15 to the recovered alginate vehicle was minimal.
Histological analysis of recovered immunoisolated islets
revealed viable islets with evidence of insulin staining
within the 8 cells. The immunoisolatory vehicles used in
this experiment also demonstrate the functionality and
20 biocompatibility of vehicles which are permeable to high
molecular weight proteins such as the immunoglobulin G
protein.



After 21 days of resi dence in vivo, the vehicles were 10 renoved and tested

in vitro for glucose-responsive insulin rel ease. These results are

« sumari zed in Figure 8. Fol | owi ng basal stimulation, a statistically
signi ficant rise in insulin release fromthe inmmunoisol ated islets was
measured when stinmulated with 300 ng/dl gT‘%ose. A return 15 to basal
insulin |levels occurred when gl ucose re#ggagdlto 100 ng/dl.
Thernopl astic vehicles with al ginate cofes gave simlar results.

Exanpl e 11: | npr3iRHIVAL o2 IMMINQISGLATED (XENQGRARTS cIN (REABEEIRtMICE 20
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were cultured in"Ham's F12 with 25% horse serum’ over ni ght during which
time limted reaggregation occurred resulting in a volunme average
aggregate size of 5*Naphrectomyetord3retitval of iEAldtoraEtover ni ght
culture, aggregates were pelleted by centrifugation at 250 xg for 6
mn. A 2% solution of non-

A vehicle of the configuration described in Example 3 was

prepared; it contained several hundred islets ahd had a
20 membrane MWCO of less than 50 kD.

The vehicle was implanted into a diabetic BB rat. This
strain of rat is known to be a rodent model for mimicking
human Type 1 autoimmune diabetes. The vehicle was
recovered after a 21-day period of residence in vivo. The
25 immunoisolated islets were found to be viable and
functional, as determined by histological analysis.

Example 10: Assessment of the survival
of immunoisolated islets in a discordant

xenogenic recipient
30 Dual matrix immunoisolatory vehicles containing

immobilized rat islets were prepared by the process of
coextrusion from a nested dual-bore nozzle as described in
Example 4. The conditions for the gelling of the matrix
were chosen to yield a hydrogel matrix permeable to 2,000
35 kD blue Dextran (as in Figure 7), thus the vehicle so
formed was permeable to immunoglobulin G and to Clq.
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Example 11: Improved tissue viability
by controlled reaggregation

20 Purified canine islets, prepared according to the method
of Scharp and Lacy, U.S.S.N. 07/059,125 and U.S.S.N.
07/364,976, were dispersed into cell aggregates containing
from one to 50 cells according to the following protocol.
1000 canine islets were rinsed 3 times with 50 ml of Ca++

25 and Mg++ free Hanks medium containing 1 mM EDTA. After
the final rinse, islets were centrifuged into a pellet at
100xg for 8 min., 10°C. The resulting pellet was
resuspended in 5 ml of the same medium per 1000 islets.
This slurry was agitated for 8 min. at 24°C using a hand

30 held micro-pipet. At the end of 8 min., trypsin and DNase
were added to final concentrations of 25 ug/ml and 2 ug/ml
respectively. The slurry was further agitated by repeated
pipetting for approximately 5 min at which time
microscopic examination indicated that the largest

35 aggregates consisted of no more than about 50 cells. The
digestion was quenched by adding 10 ml of cold DMEM with
10% new born calf serum per 1000 islets. Aggregates were




model of Parki nsoni sm 10 Bovi ne adrenal chromaffin cells were recovered

from ° adrenal glands according to the nethod of Livett B.G. (1984)
«» Physiol. Rev. 64 1103-1161 by col | agenase di gestion and naintained in
culture for 10 days to ensure | ack of bagcterial or fungal contam nation.
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fi ber was visuall i nspected for_regions with good wall norphol ogy,
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di vided into 4dcemtt DRGgEELoN 0RE P50 Sgl £68 & heigndsa 2% Qélﬁ{@foﬁestf'ﬂaﬁ-
wth a conblnatlon f hq$v% spl vent, an

Spr ague- Dawl ey F%ﬁ% hg}'ﬁ?%%t‘f'%ﬁsa‘a%ﬁ?p{?]é?%u??net te > Hake a
6- hydroxydommﬁa&u%ibn}¢ﬁ§51stanrmfsu%sah@imata|gm@.8% tiddag we/e)tested

Tg[e?\eglrrgrml thenﬂie&t?fgdiglfé%S ngerstedtﬂ%/a%épé]a‘ﬁai%e&ag glnﬁmlﬁthy\gﬁ: Scand.

. Suppl . 367 65-form @ agEresAkes evRNly (Aigneresd frhronglout stuesvisdous
- 68- Aponor R 118, | NERE 651 d £\ge P@I\K}!‘ Gfa® A4St {@4 Py F §SPPPS€e&  into

turning away fr of the 6 CH A- i nduce Ieslon The extent of
such rgt ati )c/)naﬁ O]:%R q}% b%ﬂ:?ﬁ 6 g thRneR rﬁ%ew}ilﬁfﬁ:}éc"(?%ri”&%'ﬁl%‘ésﬁ%ed to
moni tor the extexrkedfddwn heo Iaslm el iﬂmﬁodtagéemmin 8dil$|$m 84Tr¢]m0ﬂnﬂé@VI ded
by the t | eks.after the

|xduct i on o% erDHJl ] nsoxﬁllgélnl %Of%éfna s rl]'ééc%?svsego Sr i AFBRYSY ot a?o?n‘f)’f‘ants
of either contTell Wiginldters of Gimsuelcontimind i slwety -wast fnjected
vehicles, and Wi dt1as¢ NsdRst£0 AN/ BWRE KUY PEAVER 1 &lg¥R ek dhe

intervals. ends of each fiber were sealed as described previously and

the fibers were stored overnight in Ham's F12 with 25%

20 horse serum. Prior to implantation, fibers were placed
into fresh Hanks without serum for 1 hour in order to
remove serum residue.

After overnight culture, 1/2 of the vehicles were
implanted into the peritoneal cavity of normoglycemic rats

25 (2 vehicles per animal) and 1/2 of the vehicles were
maintained in in vitro tissue culture. After 2 weeks,
implanted vehicles were removed from the peritoneal cavity
and subjected to an in vitro glucose challenge along with
control vehicles cultured in vitro. Explanted vehicles

30 exhibited insulin release that was as good as or better
than that seen prior to implantation indicating functional
survival not only of insulin release but of glucose
sensitivity. Following glucose challenge, the alginate
core of the vehicles was "blown out" and the tissue was

35 stained with PI for viability. Although each aggregate



These results are summarized in Figure 9. Prior to I npl antation, al
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Hunti ngt on' s Ekampbe.12: 3(Pabjakbixestoratior Shrmoter Dawl ey rats (N = 23)
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mai ntalned |y fyeded o |, a%ﬂwélﬁ%em% ture| #6K P9 BagLotbabnghriuncal
contanlnatlon S hromaffin cells were washed 1n serumfree
nmedi um by lack of bacterial or fungal contamination. Clumps of

15 chromaffin cells were washed in serum-free medium by
centrifugation and resuspended in 1% alginate solution.
This cell suspension was used to form a matrix-core,
thermoplastic membrane immunoisolatory vehicle by co-
extrusion as descirbed in Example 4. The aqueous

20 precipitation bath comprised a solution of 1% CaCl, mixed
1:2 with tissue culture medium for a final concentration
of 0.5 % CaCl, in the bath. The fiber was incubated in
the bath for 6 minutes to allow the alginate to gel, and
was then transferred to a petri dish containing Dulbecco's

25 modified Eagle's medium (DMEM). The fiber was visually
inspected for regions with good wall morphology, then
spot-checked for the presence of chromaffin cells. It was
then divided into 4 mm long sections by sealing the ends
of the sections with a combination of heat, solvent, and

30 pressure.

Eight Sprague-Dawley rats received injections (10ug/5ul)
of 6-hydroxydopamine (6-OHDA) into the substantia nigra.
They were tested for apomorphine-induced (0.1 mg/kg)
rotational behavior at weekly intervals. By the method of

35 Ungerstedt V.U. (1971) Acton Physiol Scand. Suppl. 367:69-
93 and Ungerstedt V.U. (1970) Brain res 24:485-493,



centrifugation and resuspended in 1% al gi nate sol uti on. This cel
suspensi on was used as the bore solution for 10 coextrusion in 15%

. PAN/ PVC: DMSO sol ution. The coextruded fiber containing chromaffin cells
was collected in a bath of 1% CaCl [ eLgh-m xed 1:2 with tissue culture
medi um The fiber was left in that solution for 6 mnutes to allow the
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15 receiving immunoisolated adrenal chromaffin cells
exhibited a significant 35-40% percent decrease in
rotations which remained stable throughout testing; this
indicates that the implants significantly reversed the
effects of 6-OHDA-induced lesions. The animals who

20 received control vehicles did not show any reduction in
the number of rotations.

Example 13: Prevention of neural damage due to
excitotoxicity

This example sets forth a method for prevention of neural

25 damage due to neural excitotoxicity in a subject by
implantation of a vehicle containing cells which secrete a
trophic factor. This animal model of neuroexcitotoxicity
is considered analogous to the types of neural damage
suffered by patients with Huntington's disease.

30 Subjects:
Male Sprague-Dawley rats (N = 23) 90-120 days old and

weighing approximately 225-250 grams were used in the

following experiments. All animals were housed groups of

2-3 in a temperature and humidity controlled colony room
35 maintained on a 12 hour light/dark cycle with lights on at
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mmlateral to the site of placenent of the capsule. The I njection site
for quinolinic acid was: 0.3 mmanterior to 10 Bregma, 2.7 nmlateral to

. the,sagittal suture, and 5.5 mMn ventral fromthe surface of the brain.
A total volunme of 1.0 ul was delivered, and the injection cannula was
left in place for an additional 2 mniREs to pronote the | oca
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alginate to gel, and was then transferred to a petri dish

15 containing medium. Fiber was visually inspected for
regions with good wall morphology, then spot-checked for
the presence of chromaffin cells. Capsules were made by
sealing the ends of 4 mm long sections with a combination
of heat, solvent, and pressure. Capsules were then

20 implanted stereotaxically into the brains of Sprague
Dawley rats.

Preparation of quinolinic acid:

Quinolinic acid (Sigma Chemical Co) was dissolved in 2N

sodium hydroxide and diluted with phosphate buffer at pH
25 7.2 to a final pH of 7.4 and concentration of 225 nmole/1

ul.

Surgical procedure: _
Rats were anesthetized with sodium pentobarbital (45 mg/

kg) and positioned in a Kopf stereotaxic apparatus. A

30 sagittal incision was made in the scalp and a hole drilled
in the skull for placement of the macroencapsulated
adrenal chromaffin cells. Capsules were placed in a
capillary tube mounted to the stereotaxic device and
lowered to the following coordinates: 0.3 mm anterior to
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chromaffin cells. The striatal neurons of the enpty capsul e group
showed | ack of netabolic activity as - denonstrated by the absence of

» stakning for cytochrone 10 oxi dase. Furthernore, all aninmals showed

si gni ficant decrease in body wei ght (FE7g- 10). In contrast, the
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esion: Adul t ngah 88R30LE" PRY @Y +EALE g&%@eﬁéﬂt%f\ﬂ%? 24 %55;%; hetpged by
I ntraperitoneal , kectlon of ent obar bi t ol

Uni | at er al flﬁﬁaﬁﬁ f8nsite f°Fe§P6991W§#6 pEifloWasd By 3atwi ioFf tiche
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medi al part of tggﬁgarleta§Pcorte

comyi ssur e,
corpus col | osUf 568M ﬁgsur%agﬁnﬁ%lghg PEFFE %ﬁﬂaﬂplvgﬁiele as
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of 5 each an,fglLe @BLGQBegdagiﬁgﬂgicﬂlﬁ&nheeghﬁoiB&Sﬁ@%&akhe 18-39¢-
diffusion of the perfusate. This procedure resulted in
15 the formation of 3 experimental groups: adrenal capsule/
quinolinic acid (N = 8), empty capsule/quinolinic acid
(N = 8) , quinolinic acid only (N = 7).

Body weights were recorded on a daily basis for 15 days
following quinolinic acid administration.

20 Histology:
Thirty days following quinolinic acid administration,
animals were transcardially perfused using a peristaltic
pump, with 0.9% saline (50 ml/min) followed by 1%
paraformaldehyde/1.25% glutaraldehyde in 0.1 M phosphate

25 Dbuffer (4°C) (800 ml/30 minutes). The brains were then
postfixed for 2 hours in the paraformaldehyde solution
prior to being placed in 20% sucrose for 24 hours. The
brains were then frozen and serially cut on a sliding
micotome into 30 um coronal sections. Sections were then

30 processed for cytochrome oxidase histochemistry and
adjacent sections were stained for Nissl.

Results: The presence of cytochrome oxidase was
considered indicative of metabolic activity, and thus of
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a two-site enzyne inmunoassay. Encapsul ati on of fibroblasts. R208F
and R208N. 8 Infeonbbaati sthernedrenscofit tewyroungryhich-Fegaivedd 5
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15 1loss of body weight.

‘Conclusion: The neurons of subjects which received
chromaffin cell-containing implants were protected from
excitotoxic damage caused by quinolinic acid.

Example 14: Treatment of neural degeneration

20 This example sets forth a method of treatment for animals
with a fimbria-fornix lesion. This type of lesion
produces neuron cell death and degeneration of post-
synaptic neurons and behavioral symptoms indicating
deficits in memory and learning. The degeneration of

25 cholinergic neurons produced in this animal model are
considered analogous to similar effects seen in
Alzheimer's disease in humans.

Surgical procedure for production of the fimbria-fornix
lesion: Adult male Sprague-Dawley rats (250-350 g) were
30 anesthetized by intraperitoneal injection of sodium
pentobarbitol (55 mg/kg). Unilateral fimbria-fornix
lesions were performed by aspiration of the fimbria,
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and aspirated with a 1 cc syringe into a pre-sterilized PAN PVC hol | ow

fiber.” Fibers were cut to 4 mmlength, and the fiber ends were heat
.sealed with a sterile surgical 10 cautery. ChAT | rmunocyt ochemi stry.

After two weeks, the animals were sacrificed, fixed by transcardi al

perfusion with cold hepari ni zed phy5|0739|c sal i ne and 4%

par af or mal dehyde_in hospha uffe e dlate

fi soect od 15 PEFBBL. FPEBAR, B R, ParEi PhuERSLEaPRrbRL snETRR: Shehkya2

25% buf f ered shitppseaspalit compisfuveencerpusoneliesumguand overlgingerr]m
fromanterior ¢ongashes! 8orPlx? cu%g%anendeg;ae asCAEEBELpEACHEBE VoI €

collected onto es or ate presentative_corona
sections were @@spFB%EsEEﬂC?Gr1Pﬁﬁuﬁb€y%ﬁ§héﬁ¥§¥?§ &éFﬁﬁa& ¥eRbEiGAg of

anti body tosragaé&hfdnindald, [6riéftead) petpéndheubast to- BHedinteraur®AB
net hod. Sectionf%mere nDunted and neuronal cell bodi es count er st ai ned

with cresyl viB ChAT- positive cell bodies were counted in the
medi al septum and 25 vertical di agonal band region ipsilateral and

contral ateral $p.L0gatEsho8r BENYBGE EDBepEN ?Erﬁ@&%gct198r88§18§"Osum

and the decuss ni f1cant
prevention of f?#ﬁ{%)weéﬁlPrePaFEGUE%ﬁoﬁh§a§r$b3€FveUeFnstP§1P§ce|V|ng

5298N 8 Capsuk@échnléﬁeE(@SE&QS&5 1bbe)oI nnlssﬂyamuﬁebatefypxnhpvbe to
eliver a hjigh-nmo ar, we p.a , o

| munoi sol éorﬁoﬁ%ﬁYﬁ?EslﬂeégmﬁFgﬁg?ﬁﬁ£B 1ﬂﬁn&DV§ég Hgs ext§§ﬁe606hrough
hybri dona ceIIanpamdubangspnnaerebpdwlthosoypenBSDMaﬂunﬁgroaubonoﬁ$

fic f t fact
?gi?' Ic ?%N % g§g£€§éé? 8t ﬁ&n?olvne wa éfor a spooth skinned

m cr opor ous ho%$@ﬁ¥f$%§f36¢)tﬁg°vlh@ ggégugbrthe bﬁ¥ﬁsna§h§r§§$§1tlng
(Pl asmaphan; Eﬁkﬁér wae calgéeeéddiaﬂstsrnonsopéehhewétéﬁrbaeﬁ 300 microns;

its NV[I)wf% abf 1, 000k gge.qus of the vehicle were seal ed as

descri bed Y%%ﬁ%ﬂﬂ? LF%F Kt€97/ 461, 999. The vehicle was inpl ant ed
Genetically engineered fibroblasts. R208N.8 and R208F rat
fibroblasts were a gift of Dr. Xandra Breakefield, Harvard

University. R208N.8 fibroblasts were engineered to
secrete NGF as follows (Short et al., Dev. Neurosci.

20 12:34-45, 1990). A retroviral vector was constructed from
Moloney murine leukemia virus. It contained the last 777-
basepairs of the coding region for mouse NGF cDNA under
control of the viral 5' long terminal repeat. The vector
also included a dominant selectable marker encoding the

25 neomycin-resistance function of transposon Tn5 under
control of an internal Rous sarcoma virus promoter.
Transmissible retrovirus was produced by transfecting
vector DNA into PA317 amphotropic producer mouse
fibroblast cells and by using medium from these cells to

30 infect ¥2 ecotropic cells. Virus from the ¥2 clone
producing the highest titer was used to infect the
established rat fibroblast cell line R208F, transformlng
it to R208N.8. 1Individual neomycin-resistant colonies,
selected in medium containing the neomycin analog G418,
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under the renal capsule of a nobuse, where it was all owed to reside for

14 days. The vehicle was thereafter recovered and found to contain many
- cell.s, over 50% of 10 which were viable as determ ned by the excl usion of

i ndi cator dye (pl). The rel ease of TNF- spe;éflc ant i body into the serum

of the recipient nouse was nonitored by ELI SA. The results are

summari zed belgwe expanded and tested for NGF ﬂf@ﬁﬁbéﬁé& and secretion
Titer of TNF %Pe0|f|c Post | ant ati on Anti body 1n vivo
sitRdn

0 y a two- %MR%C% noassay. 1
10 .2 30 20 6

28. E_ﬁ_%wm- RZ‘%%O and R208N.8 H

i munoi sol at or§ibroblastsrwene i dissoqiated ovpth dfatyps incERTA; |amdant i body
rel ease. 5 gddpended "at "a ‘densiti¥ P! i@ ceylsyuangaua 'ﬂmﬁ%@t ! _CI’_n of

encapsul ated islets, , Preparation of islet_containing capsules:
types of 30 a&Qn @Wd}ﬂ)lwl‘ﬁﬂlwqﬁmied o | Mel kg Iy pr 1V Bkeogen™iry pe
2 f |hber S, Wer e ebpitditdd witle £ of sl dyrisdedirto 2 ﬁfd-mrﬁmﬂF@%ng
techni que wit scrl ass i ber
I\/Enbrages vo{bwgﬁf ﬁow st mer %ﬁi&l‘bﬁ%l%‘% ‘grﬂ“(“,a* not gy,
Wley, New 35 e kﬁllm:t' EndH8Erehedl-ddaled hwititry | sttexrbl@osyngicaked
was pol y( qjyl ng;e co-vinyl chloride) ( Merr]=100, 000,

a

N[err]:30 000 as sured by si ze-egxclusion chromat ography;
CytoTherapeutlcs Inc.) dissolved in dinethyl sulfoxide

- 75- ( 12w Imunidiey e s tepol mméelso&wwmw,s ﬂk@p@ﬂhmalrl]s ]
s ough the el Sl e PO IS AL BLE Lo Moo o PUIRELS TESHD
an air gap, r@aﬂannn}aedzphy51olog1c saline and 4% paraformaldehyde in
phosphate buffer. The brains were immediately dissected
15 and postfixed overnight, followed by immersion in 15% and
25% buffered sucrose solutions. Frozen sections were cut
at 25 um from anterior to posterior on a cryostat, and all
coronal sections were collected onto slides or into
phosphate buffer. Representative coronal sections were
20 processed for immunocytochemistry using a monoclonal
antibody to rat ChAT (2.5 ug/ml) with the biotin-avidin-
DAB method. Sections were mounted and neuronal cell
bodies counterstained with cresyl violet. All ChAT-~
positive cell bodies were counted in the medial septum and
25 vertical diagonal band region ipsilateral and
contralateral to the lesion, between the genu of the
corpus callosum and the decussation of the anterior
commissure. A significant prevention of ChAT(+) cell
reduction was observed in rats receiving R208N.8 capsules.

30 Example 15: Use of an immunoisolatory vehicle
to deliver a high-molecular weight product to a
recipient

Immunoisolatory vehicles were prepared by hand loading
350,000 hybridoma cells producing an antibody (iostype
35 immunoglobulin G), specifie for tumor necrosis factor



5 fenestrated outer wall fypical of fibers made by aJary-met Spi nni ng

technique. The type 2 fibers were nmade in a anal ogous fashi on, except
-the.air gap was replaced by a hum di fi ed at nosphere, resulting in a

snoot h out er surface. 10 Rat islets were isolated frommal e

Wstar-Furth rats as described in Exanpf€~1 above. The Islets were

I mobi | i zed n_al at e nd enca sul at to cmt 1l.,or type
) Tbers. 550 6MNEDoEnTS| & i Fergth oFce Redieabegrane) o{BEjnig ¢ *Pe,
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subcut aneousl vy, cEl i S ning a
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A control immunoisolatory vehicle maintained in vitro
25 exhibited similar antibody release.
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Example 16: subcutaneous implantation of
encapsulated islets

Preparation of islet containing capsules: Two types of

30 acrylic copolymer hollow fibers, designated Type 1 and
Type 2 fibers, were used. Fibers were formed by using a
dry-wet spinning technique with a spinneret as described
in I. Cabasso, Hollow Fiber Membranes, vol 12 of Kirk-
Othmer Encyclopedia of Chemical Technology, Wiley, New

35 York, ed 3, 1980, pp.492-517. The acrylic co-polymer used
was poly(acrylonitrile-co-vinyl chloride) ( M,=100,000,
M,=300,000 as measured by size-exclusion chromatography;
CytoTherapeutics, Inc.) dissolved in dimethyl sulfoxide




5 subcutaneous sites with either 1000 or 500 islets. The recipients
becanme” hypergl ycenmi ¢ again when the fibers were renoved at 60 days.

~Hi stol ogi ¢ exam nation of the renoved type 1 and type 2 fibers reveal ed
that they were bi ocompati bl e. 10 Exangle 17: controll ed reaggregation
of rat islets Rat islets were isolated’>di ssoci at ed, r eaggr egat ed and

encapsul at ed exa le; 11, wit Pt seal ed

fibers were noflgg%giﬁgwfb S 11c %???{&ﬁgf %%%%Egéﬁd&+%pp%ﬂ %dl hour

prior to inpl anthitéough uﬁeEmmtex twheZoﬁnthengptnpsnebsand vapep wasand one

1 cm  capsy a@r&w@éﬁ%ﬁ@ ifn€Ahuba! - Type 1lRbFiSw ELBetbSRaLal od
0_an pé?

and reaggregat oxI nat e st ze of he reaggr egat ed
cells from yWaer | theeughean Qbﬁd%ﬂprnfﬁsﬁbﬁhng ghcth 20

I ength capssl efeﬂé@&ﬁéw&i c@per| wsl Br ey ieab! 6f of ibers Mbadé abyl agdry-wet
nor nogl ycem a in, rals

fo
fabrication of ?*%R%%% ?e? eater “@Nﬁéﬁgﬂ?af gﬂgﬁﬁﬁlﬁ?ﬁg Eggﬁséﬂt?c
mat eri al s and analmgbuswaSMBed,|exe¢pttth£ alrf@apomasgrgpbeeddrhy aThi s

| ncl uded aut OGlaas 108 | £EAbLEALEEN rELCHE PAY! 14281 ERBorhNogter ! |1 zat i on

and /or umsteri| ation sting so ution was prepared
usi ng a monoact¥¥¥aC8O copol ymer with an average nol ecul ar wei ght of
10[ err] daltons whi ch was di ssolved in a water-sol ubl e, organlc sol vent .

Th t ut 10. 0% w/ i h t. Th
poﬁyﬁg? Qégbpr bﬁ?ﬁ? % vrce hﬁ%ﬁ$€§%g£$$%lﬂgi%§%§%€ n€u5F90¥aF§n??s uge
to remove any descrlilad in Example 1 above. The islets were inmebilized

e O 9T Pt L 8o REhd | RS BLAEEed "ABS DULK £ypOLVEE efipet No

manuf act ur er. ol yner soI
2 fibers, 550 or 1000 islets per fiber, as described in

Lacy, P.E., et al., Science 254:1782 (1991).

15 Implantation: The encapsulated rat islets were implanted
intraperitoneally or subcutaneously in mice made diabetic
by the injection of streptozotocin. Non-fasting plasma
glucose concentrations were dgtermined three times weekly;
the diabetic recipients had concentrations greater than

20 400 mg/dl before transplantation. The loading density was
70 islets per centimeter for 1000 islets and 35 islets per
centimeter for 500 islets. Twenty-six mice received
fibers intraperitoneally, and 26 received fibers
subcutaneously. In each group, 14 mice received fibers

25 containing a total of 1,000 islets and 12 received fibers
containing a total of 500 islets.

Results: The intraperitoneal type 1 fibers induced and
mantained normoglycemia for greater than 60 days in seven
of nine recipients that received 1000 islets and in all of
30 the recipients receiving 500 islets. None of the
recipients of subcutaneous type 1 implants of 500 islets
remained normoglycemic for 60 days; three of eight
recipients of 1000 islets were normoglycemic for greater
than 60 days. Removal of the fibers from these three



then dried and redi ssolved in 100% DMSO to forma 10% w w polymer
solution. This solution was passed through a 0.2 5 um sterile nylon f![ter
*and col | ected under aseptic condi tions. Next the casting solution
was uniformy spread using a casting bar over a 1/4" glass substrate at
a casting tyhi ckness of 125 um In ordé®to cast the f|In1 the 10

substrate, held [ I ne,. er e stationary
csting bar i n% &u)el'%ﬁlr%%c%p ug.t%legnn%b lenllce %Fhé" %3\731 q"d'ic eC| pitation
bath was bet \/\E’é‘ﬁnﬁpgantﬁl of raty n@mettlselmas:lhmg:m 2 (fﬁlhemlprto*daicced:an be

any material andWiiaGhtRHSEIN ndrfc Y der al ifi | ?Eéﬁ% Qﬂ? iif om the
15 substrate Brlor to conpl ete preC| I tation. Simultarneous

spr eadi ng, reaternfhas 0% otned n§de |1r’i’_tt6'324ﬁré-rt|°]nea_l @IWat er

resul ting Sn Bubcumahabu@sn sﬁftefﬁhﬁllth' mhe}‘rou{mw or 500 YIRS, oplmg? .

sen1perneab|e I th t rnsel.ective la pear.in

skin on the qugﬁgﬁlggggigécfgﬁaﬁypﬁﬁﬁﬁgﬁﬁgFFaF@?%Sf“%ﬁ@ %@ﬁb sﬂﬁ?ﬁﬁl m

was I eft rempNedbath6Podaysur Histbdogic examimatisin oEnitheneemoved

properties haiﬁgpaeﬁnaﬁée%&r?beby £35k248! 5:%%‘319 o %attot;h@ rd €moval .

The fil mwas en carried " through a series of rinses Fémove any

resi dual sol vBAPCEMPRGiPderesi due that may conproni se the conpatibility

of the final product. These rinse baths were conposed of sol utions that

caused no [ ' nDdlflcatlo to the |n|t|al

menbr ane. ?he :

MITi-Q purleatloﬁlsystwﬂrandsmdatbdftdussscahted teagqrg?htnﬁmk@ﬁaiﬁl

mn. The mate n ke d to /v punctilious

et hyl aIcoholégﬁgpgﬁiaegeerEsgPﬁegéﬁedmﬁﬂ ﬁghﬁgﬁgegg Owgtﬁ tered, for a

m ni mum of 60SKFRBtAAR thet Feadeddfibrrst wexe QPﬁgeXM§eQSt90§Iermgl dh t he

filmin two sefiteet anl ﬁéﬁélhélBOEBE|on1y 1 hour prior to implantation.

- 78- gal EEhbatQ m&t Iunes % nLerr flberdfor a_m ni num

of 60 min eacﬁ er two ong capsu es or W cm and one 1 cm
capsules were implanted in each rat.

Islets were dissociated and reaggregated to an approximate
size of 35 um. All the reaggregated cells from
approximately 500 islets were loaded into each 4-6 cm

20 length capsule. Implanted capsules are capable of
maintaining normoglycemia in rats for greater than 60
days.

Example 18: fabrication of flatsheet islet
encapsulation vehicles

25 Aseptic materials and methods were used in all the
following procedhres. This included autoclave
sterilization, EtOH sanitization, UV sterilization and jor
0.2 um sterile filtration.

Casting solution was prepared using a monoacrylic

30 copolymer with an average molecular weight of 10° daltons
which was dissolved in a water-soluble, organic solvent.
The casting solution was 10.0% w/w polymer in the organic
solvent. The polymer was precipitated once under sterile
conditions prior to its use to remove any residual
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Results: The final wet-as-cast nenbrane thickness was between 30 umto
75 unrwith a hydraulic perneability of 5 0.475 cc/mn/cnferr] at 5.0 psig.

. Rejection coefficient data i ndi cated that the nmenbrane excl uded
subst ances | arger t han approxi mately 108 000 daltons.
Encapsul ati on and i npl antati on: Sterile, cast 10% . flatsheet nenbrane
soaki ng in saly ﬂéFg r q§§$r' PPOY 61 283 € I

“islets were pfggg?e ag éi%ﬁ?ﬁ#?%hégrA‘ 6§a§g?nch g%%et ofpﬁggﬁﬁeﬁ%ggne
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a strig of Sloublen Wﬁ@rﬁuﬁbmﬂiééi%wm.%ﬂ'h?ogglmﬁﬂ?o fomrlsfub!éyw/w
pressed to forma crease I ng # SC e ade, .the 1" wde.strip
b “doubl o menonEE et EreY Tys SeFiElon as berEed eirouaaCars o
strip was b cked sterije byybor £ihlitendanditcohlectied sumdersasephiycsci ssors.

The squar eSoNB{Ei&ght in saline as they were cut off. The tip and
bott om of each square were connected by the fold 20 conprising one side.
| medi ately prior to |oading, a square was |lifted out and pl aced on the
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SO g sol ution

1% ungel | e um al grnate sol ut1on was prepare meki ng a

2% al gi nat e 3Cth®|skabionaryesing hay nintai Bheprecipiratien urath- whi ch
islets were cutidirpslel | 6f etnél SFé@iEi SAtioy N@ch Kes | etwee Xpgl Dy1/4n
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with spreading, the casting solution was plunged into 24°

C water resulting in precipitation of the polymer forming

an anisotropic semipermeable membrane, with the

permselective layer appearing as a thin skin on the quench

20 side (away from substrate) of the membrane. The film was
left in the bath for four minutes to insure that membrane
properties have been adequately established prior to its

removal.

The film was then carried through a series of rinses to
25 remove any residual solvent or toxic residue that may
compromise the compatibility of the final product. These
rinse baths were composed of solutions that caused no
marked physidal or chemical modification to the initial
membrane. The first post bath consists of water processed
30 through a Milli-Q purfication system and was left to soak
for a minimum of 15 min. The material was then removed
and placed into a 70%v/v punctilious ethyl alcohol and
water solution, which had been 0.2 um filtered, for a
minimum of 60 mins and then removed. The final stage was
35 soaking of the film in two sequential sterile normal
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Islet/alginate slurry was aspirated into a 200ul pipet tip 5 and then

evenly spread across the inside of one nenbrane | eavi ng about 1/8 inch
. gap,along all edges of the square sheet. Spreadi ng was done rapidly as

al ginate slowy crosslinked due to Ca¢eg+] diffusion through the

menbr ane fromthe underlylng CaCl[err] solution. 10 Once the alginate

was suffici entéqlme)sbathﬁ(edltlm yolunes of 2 anly/cwtt §iberafionrya aiprioam - 2

mn) the othery é g? flat sheet device was fol ded over to forma

tip to the eet sandmnch Care was taken to elimnate air

bubbl es. 15 The two sides of the nenbrane were seal ed using an inpul se

Be?t Seaggrl\é\méls@%éﬁ" i‘l@ﬁtf{jﬁhﬂ\@é@-“éss@és@r&aéﬁﬂfaﬁ@hﬂ@ickneééeﬁi’sreaChed
et ween 80- err .. Each g incly

i ndi vi dual | y i%?%#%fgc‘w VBRI iy MheYH y‘g’e%\”e’rcvﬁ?me%]?eéé\gﬁfﬁom on
the 1/8" st§i mafwmm/mﬁd:xgﬁ adt s.m@sdcj.rremmlahnmeefafmmgne data

Ater seal! NG, dibc Hol B RO S Lnd " LERAEH Tusotahian 1ardet 4 M1

Sso as to further CT 0SS Vi C€ Was nk's
sol ution untu|thanﬂavEQQXtmatelxm;Q%¢%DQ dlkens. 25 Flat sheet was

I nplanted in the perltoneal cavity of a chenical 'y diabetic recipient
Wstar-Furth rat i ne jncision thrpﬂgh t he Skl and into

the peritoneal® ncag%%&??Hg%fa?%el@P%ERFEﬁ}Q%d ratS 1afa§ﬁe%? i npl ant
was pl aced in fletsteet mé:ybgawépsmidn@ beadaliee geasi phepdredvash f orceps

and gent| g aMAELISdpbte 1488 LhORhlOftea S01L00 OLrlloralril! e

pr oxi mal to t he " pérTtonea onea cavi
cl osed by sut fiektpws: A 6 by 8 inch sheet of wet membrane was foldedi nal s

were studied f@jerlonlayese Pt WHKié "BxiNesides facing so as to create

a strip of double membrane about 1" wide. The fold was
carefully pressed to form a crease. "Using a #10 scalpel

15 blade, the 1" wide strip of double membrane was cut off
from the rest of the sheet. The double strip was picked
up by one end and cut into 1" squares using scissors. The
squares were caught in saline as they were cut off. The
tip and bottom of each square were connected by the fold

20 comprising one side. '

Immediately prior to loading, a square was lifted out and
placed on the 1lid of a 3" diameter polystyrene petri dish
previously wet with 1-2 ml of 1% CaCl, solution. The
membrane was unfolded and each side was floated on the

25 CacCl, solution with care taken to assure that the solution
did not flow into the tip of the membrane.

Previous to this, islets were allowed to settle into a
pellet, and resuspended in 1% ungelled sodium alginate
solution (solution was prepared by making a 2% alginate
30 solution in H,0 and mixing this 50/50 with medium in which
~ islets were cultured). Islet/alginate slurry was gently
mixed by stirring and aspirating. Slufry was prepared at
the rate of 500 islets in 25ul alginate per sg cm useable
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devi ces were explanted. Bl ood glucose |evels dropped from 375 nmg/dl to

150 ng/dl within 4 days of inplant and remai ned there until explant, at
. Whigh tinme glucose values 5 rose to 275 ng/dl (n=2). Hi st ol ogi ca

exam nation reveal ed viable islets i Mmopglized in the al ginate | ayer

with less than a nonol ayer of cells attached to the outside of the

menbr ane. lGurface area on a single ﬁiﬁbﬁ#&éﬁﬂfae. Thiobe ednates to the
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i nventi on desowenjuaneersheet These and all other such 15 equivalents are

I ntended to be enconpassed by the follow ng d ains:

- 81- WHAT 1S CLAIMED | S: . An inplantabl e i nmmunoi sol at or )
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conprising livjn | ' 0co forned of a
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Gfensiasd
surroundlng sald core torned conpat | materi al free
of said cells ﬁﬁQﬂeﬁh?rﬂPQ§ﬁ¥¥¥kﬂI@thEF@@Ptlon- sald j acket having a

nol ecul ar wei ght cutoff bel ow the nmol ecul ar wei ght of subst ances

essential for | 0gi cal 15 r ect of t cells tt
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direct ionic bon
flatsheet sandw1ch. Care was taken to eliminate air

bubbles.

15 The two sides of the membrane were sealed using an impulse
heat sealer with a 1/8" heating element set on medium heat
(temp reached between 80-160°C). Each edge, including the
folded one, was individually sealed by activating the heat
sealer while pressing down on the 1/8" strip of non-

20 alginate coated membrane along each edge.

After sealing, the device was soaked in 1% CaCl, solution
for 4 min so as to further crosslink the alginate. The
device was held in Hank's solution until implantation
(within 2 hours).

25 Flat sheet was implanted in the peritoneal cavity of a
chemically diabetic recipient Wistar-Furth rat by making a
midline incision through the skin and into the peritoneal
cavity of the anesthetized rat. The flat sheet implant
was placed in the cavity by grasping the sealed edge with

30 smooth forceps and gently laying the device, free floating
on top of the gut pile proximal to the peritoneal wall.
The peritoneal cavity and skin were closed by suturing.



20 of an internediate |inking |ayer. 2. The inmunoi sol atory vehicle
of daim1 in which said core and jacket are forned of the sane type of -
hydr ogel . 3. The imunoi solatory vehicle of daim2 in which said
hydr ogel conprises al ginate cross-1linked w80l a 25 nultival ent ion.

4. The immunoisolatory vehicle of Caiml with a core ,vol une in excess
of 1[err]l. Animgls yprej shuddrdofaroey daise| atowhdchi wirenfleei n said
vehicle is of gu{fitekeqbral agpladtdd’abBhobi Houcbak 1evals3ard from

i npl ant ati on. The

Cav s - §2- .
i munoi sol at or 37 9eMPEAL &P &9 mE{ Al Wikhdn 4,03Ys of dppdant.alg ocied
fromthe groupremaihetii thept untilli explantpr atuwhighcélime gddcesal values

chromaffin gel apti hody- cpeting cells, fibroblasts, astrocytes,
Beta cel | I?negéseSEénggghpﬁég% agné?ér ovary cells. 7. The

i mrunoi solatory vehicle of Caim1l1 in which the cells are derived from

a cell bank. HistoBogitht bXEMIAREILA! PeVedtBUChRaBleCign@tl i N Which al
of the cells are djspdsedq at a_di stance. no %&gaten hhin 10 bput 800[err] m
a Z#Hb

froma diffusi ofRPPL ,ngge_m the adgingte AA¥EROMIGPRALESF FOANCPe of O aim
1 in which saiflonolayeekef celbet aeeachedutoSthedo®sidecbEnthiehi ck.
10. The innunokaggggggy vehicle of Cdaiml in which the

10 £ EQUIVALENTS W,
Those skilled in the art will recognize or be able to
ascertain, using no more than routine experimentation,
many equivalents to the specific embodiments of the
invention described herein. These and all other such
15 equivalents are intended to be encompassed by the
following Claims:



erface between said core and jacket are free of an 15 internedi ate | ayer

.of fibrogenic material |inking said core and jacket. ° j Iy :
'/ immunoi sol atory vehicle of daim1 in which said core i nﬁmﬂfw!wmu%lllll
about 10[err] cells. 12. An immunoiggqlatory vehicle fors | *
20 biologically active product or function to an individual, t he
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said jacket having a molecular weight cutoff below the

molecular weight of substances essential for immunological
15 rejection of the cells but permitting passage of

substances between the individual and core through said

jacket required to provide said biological product or

function, said core and external jacket forming an

interface substantially free of direct ionic bonding and
20 of an intermediate linking layer.

2. The immunoisolatory vehicle of Claim 1 in which said
core and jacket are formed of the same type of hydrogel.

3. The immundisolatory vehicle of Claim 2 in which said
hydrogel comprises alginate cross-linked with a
25 multivalent ion.

4. The immunoisolatory vehicle of Claim 1 with a core
volume in excess of 1ul.

5. The immunoisolatory vehicle of Claim 1 wherein said
vehicle is of sufficient size and durability for retrieval
30 after implantation.
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16. The i mmunoi sol atory vehicle of daimi12 in whi ch said j acket is
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9. The immunoisolatory vehicle of Claim 1 in which said
jacket is between about 5 and 200 microns thick.

10. The immunoisolatory vehicle of Claim 1 in which the
interface between said core and jacket are free of an

15 intermediate layer of fibrogenic material linking said
core and jacket.

11. The immunoisolatory vehicle of Claim 1 in which said
core includes at least about 10* cells.

12. An immunoisolatory vehicle for providing a
20 biologically active product or function to an individual,
the immunoisolatory vehicle comprising:

(a) a core comprising living cells dispersed in a
biocompatible hydrogel matrix, said cells being capable of
secreting biologically active product or of providing a

25 biological function to an individual; and

(b) an external diffusional surface jacket
surrounding said core formed of a biocompatible material,
said jacket having a molecular weight cutoff below the
molecular weight of substances essential for immunological

30 rejection of the cells but permitting passage of
substances between the individual and core through said



- cﬁfi required to provide said biol ogical product or function.

22. The imunoi solatory vehicle of Caim2l in which the 15
. bioconpatible matrix is forned of a hydrogel. 23. Jmm”m""a""m " ||||
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di ffusi onal a%frﬂﬁaitcﬁuf%ﬁ@%t@dlﬁﬂudiﬁq efs b kgt 107eEelllist,
vol une. 25. The |nnun0|solatory veh e of Aaim21 in which said
cell clusters are selected fromthe group consisting of 25 pancreatic
i sl ets, adrenas.chrrhefimmuneisclsttukry neeHicle of k=i img irelwhichetshe
26. The i mmungj oI tory ve i G : cket is
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an i ndigvi qual , ffee iﬁﬂﬂﬂ&’ié&iﬁ&@’ vl Sl SOId S B in Whlch said
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nnlecular wei ght of substances essential for inmunol ogical

10 15. The immunoisolatory vehicle of Claim 12 in which said
jacket is formed of a hydrogel material.

16. The immunoisolatory vehicle of Claim 12 in which said
jacket is formed of a thermoplastic polymer.

17. The immunoisolatory vehicle of Claim 12 in which the

15 interface between said core and jacket is free of an
intermediate layer of fibrogenic material linking said
core and jacket.

18. The immunoisolatory vehicle of Claim 12 in which all
of the cells are disposed at a distance no greater than
20 about 800um from a diffusional surface.

19. The immunoisolatory vehicle of Claim 12 in which said
core and said external jacket form an interface
substantially free of direct ionic bonding.

20. The immunoisolatory vehicle of Claim 12 in which said
25 external jacket is a non-spherical shape.

21. An implantable immunoisolatory vehicle for providing
a biologically active product or function to an
individual, the immunoisolatory vehicle comprising:
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15 core biocompatible matrix is formed of a hydrogel.

23. The immunoisolatory vehicle of Claim 21 in which said
molecular weight cutoff is above about 100 kD.

24. The immunoisolatory vehicle of Claim 21 in which said
cells are formed by aggregating naturally occurring

20 individual cells or cell clusters into an improved
diffusional aggregate form adapted for increased packing
per unit volume.

25. The immunoisolatory vehicle of Claim 21 in which said
cell clusters are selected from the group consisting of

25 pancreatic islets, adrenal chromaffin cells and insulin
secreting cell lines.

26. The immunoisolatory vehicle of Claim 21 in which said
jacket is formed of a hydrogel material.

27. An implantable and retrievable immunoisolatory
30 vehicle for providing a biologically active product to an
individual, the immunoisolatory vehicle comprising:
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of (a) conpri seells sekuetepenve agydwbhefactohich is coextruded with the
solution of (b) into an aqueous nul tival ent cation solution.

29. An implantable and retrievable immunoisolatory
vehicle for providing a biologically active product to an
15 individual, the immunoisolatory vehicle comprising:

(a) a core comprising cells from a cell bank, said
cells being capable of secreting biologically active
product and said cells being dispersed in a biocompatible
material, and

20 (b) a surrounding external jacket of a biocompatible
material free of said cells projecting externally thereof,
said jacket having molecular weight cutoff below the
molecular weight of substances essential for immunological
rejection of the cells but higher than the molecular

25 weight of the said biologically active product.

30. An implantable immunoisolatory vehicle for providing

a biologically active product or function to an

individual, the immunoisolatory vehicle comprising:

(a) a core comprising living cells dispersed in a

30 biocompatible matrix formed of a hydrogel, said cells

being capable of secreting a selected biologically active

product or of providing a selected biological function to

an individual; and



i
......

ff§he met hod of C aim 34, wherein the solution of (B) 10 conprises a
hydrogel matrix precursor, and the cell suspensi on of (a) (ﬂ"ﬂlﬂmumm
solution of (b) are coextruded under conditions for the:f Il""n

hydr ogel matri x fromthe precursor. -8688. The met hod of &i mt34% s
wherein the solution of (b) 15 conprises an al kali netal alglnate and the
cel | suspensi on @4) (a@n extermakadiffusienal tﬁulafaeczojaa@kerueqf nonnt 0 an

aqueous cal ci t hﬂ&r in 34, wherein
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20 copol yner diegamratible hydeeged materiab, \gaid aJﬁFli having @nsi on of
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40. A neth of formng an |1 npla le and refrigev nnuno S atory '
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t duct; b
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around sai d c@roVifejisaid kimtegical pFeduckier HARSEEPN nedi um said

j acket hydrogel being of - 88-
sufficient thlckne to, prevent cells fr 0j xternal |
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vehicl e, the
external jacket is in substantlally flat or tubular form.

33. The immunoisolatory vehicle of Claim 30 in which the
jacket is formed of a hydrogel.

15 34. A method of making an immunoisolatory vehicle
comprised of a core comprising living cells dispersed in a
biocompatible hydrogel matrix, said cells being capable of
secreting biologically active product or of providing a
biological function to an individual, and an external

20 jacket surrounding said core which is a biocompatible,
permselective material free of said cells, comprising
coextruding:

(a) a suspension of said cells in a biocompatible
hydrogel matrix precursor sufficient to maintain the cells

25 dispersed therein, and .

(b) a solution of a biocompatible jacket wall-
forming precursor material from a nested dual-bore
extrusion nozzle, wherein the suspension of (a) is
coextruded from the inner bore and the solution of (b) is

30 coextruded from the outer bore of the nozzle, under
conditions appropriate for the formation of a
biocompatible matrix or membrane from the solution of (b).
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46. A nethod of providing a selected biologicall tive r ct_to a

patient in ne ‘fzf?eqr fn,'aq-ﬁ)]rﬁ)rqtgi comg ea%tﬁr?:gaa]ﬁm]bl t%eet%%a%fﬂglfn?%%

patient an i miicilsdisitapextrudecdiwidile the tsmlutdon st (hr tinto & ains 1,
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bi ol ogi cal |y active produ y sal ogically
- -89- active product is secreted fromthe i munoisolatory vehicl e
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suspension of (a) and the solution of (b) are coextruded
under conditions for the formation of a hydrogel matrix
from the precursor.

38. The method of Claim 34, wherein the solution of (b)

15 comprises an alkali metal alginate, and the cell
suspension of (a) and the solution of (b) are coextruded
into an aqueous calcium chloride solution.

39. The method of Claim 34, wherein the solution of (b)
comprises a water-insoluble thermoplastic polymer or
20 copolymer dissolved in a water-miscible solvent and the
' suspension of (a) and the solution of (b) are coextruded
into an aqueous liquid.

40. A method of forming an implantable and retrievable
immunoisolatory vehicle, the method comprising the steps
25 of:
(a) forming a core comprising a plurality of cells
capable of secreting biologically active product in a
biocompatible hydrogel medium, and
(b) forming an external diffusional surface jacket
30 of hydrogel material around said core in direct contact
with said hydrogel medium, said jacket hydrogel being of



gbe set forth in Claims T, 2, 4, 7, 10, 12, 16, 17, 25,  and 27, wherein
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. 15 of substances essential for immunological rejection of the

cells but higher than the molecular weight of the said
biologically active product.

43. The method of Claim 42 in which said jacket
biocompatible material is formed of a hydrogel material
20 and said jacket is formed by extrusion.

44. The method of Claim 43 in which said jacket hydrogel
material and biocompatible hydrogel medium comprise
alginate. '

45. The method of Claim 43 in which said jacket is formed
25 of a thermoplastic material.

46. A method of providing a selected biologically active
product to a patient in need thereof, comprising
implanting into the body of the patient an immunoisolatory
vehicle of the type set forth in Claims 1, 2, 4, 7, 10,

30 12, 16, 17, 25, and 27, wherein the cells secrete said
biologically active product, whereby said bioclogically
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! 50. The nethod of C aim49 wherein said neurodegenerative condition is
" caused by neuroexcitotoxicity. 51. The nethod of d ai mmmmnllﬂlll"”“l
. sai¢g 10 neuroexcitotoxicity is caused by glutamate or gl utangll
anal ogs. 52. The nethod of O aim49 wherein said neurodégeherative® *

condition is Huntington's disease or Al DS&9 at ed denenti a. 15 53.
The nethod of C ai m49 wherein said neurodegeneratjive condition is

-~ chol i nergi ¢ n@Gtdvel®FafcH iigh secreted; £rom dhe ipmnaisglatamd wher ein

sai d neur odeggpriailie/Snto tHFatitht 's Aodiai mer' s di sease. 55. The
met hod of Claim49 wherein said cells conprise 20 cells which have been

genetically engineered to secrete reconbi nant nerve growth factor.
56. The net hod7af @ aietht@ wiepriavisHing eeldelented metdbaltior fungtidne

group consi sti 0 r ls.C Tyl C Yo s | I ells,
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by the cells within the immunoisolatory vehicle.

10 48. A mé%hod of provfﬁing a selected biologically active
function to a patient in need thereof, comprising
implanting into the body of the patient an implantable
and retrievable immunoisolatory vehicle for providing said
biologically active product to an individual, the

15 immunoisolatory vehicle comprisiné:

(a) a core comprising cells capable of secreting
said biologically active product and dispersed in a
biocompatible material, and

(b) a surrounding external jacket of a biocompatible

20 material free of said cells projecting externally thereof,
said jacket having molecular weight cutoff below the
molecular weight of substances essential for immunological
rejection of the cells but higher than the molecular
weight of the said biologically active product, said

25 jacket being unexposed to serum prior to implantation.

49. A method for treating neural degeneration in a
patient comprising implanting in the patient an
immunoisolatory vehicle comprising:

(a) a core comprising living cells which secrete a

30 growth factor, a trophic factor, or both said cells being

dispersed in a biocompatible matrix, and

(b) a surrounding external jacket of a biocompatible
material free of said cells projecting externally thereof,
said jacket having a molecular weight cutoff below the



t 59. The nethod of C aim 58 wherein said conponents are 'selected fromthe
* group consisting of collagen, laninin, 5 glycosam nogl yc_z?]lns,“uu Jﬂﬂjl"ﬂﬂgﬂ“‘ll
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59 wherein said gl ycosami nogl ycans are_gglected from t'he group
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cel I s proj &t ivRhisderinte ythepaient 's shody | te kbreatthe mewoakcul ar

wei ght cut of f deejetyerdtei vd sonertisy. wei ght of substances essential for
I mmunol ogi cal rejection of the cells but higher than the nol ecul ar

wei ght of the substances secreted fromthe cells whereby the secreted
factor is rel ésed Theomdtiod nolircisin 4 Dryhereelifi® ndlirodégenétaeive S

body to treat 4 l: 25 enerative condition.. . 62. The nethod of
Cl ai m 61 wher gér%ﬁislal If\lelugracfa sgeéﬁ’ege’?%}ra??’&%?%t%%%?%t ed with
Par ki nson' s di sease. 63. The nethod of Cl aim61l wherein said neural

degenerati on is3 CautRd feHEH 'PEXA 4 9 BY Werein saia _ S
-92- %31 The nethod of C aim 61 wherein sal neuroexcitotoxicity is
u

caused by faeexstAtaxifty is faHsR% by glutamate or glutamate

analogs.

52. The method of Claim 49 wherein said neurodegenerative
condition is Huntington's disease or AIDS-related
dementia.

15 53. The method of Claim 49 wherein said neurodegenerative
condition is cholinergic neuron degeneration.

54. The method of Claim 49 wherein said neurodegenerative
condition is Alzheimer's disease.

55. The method of Claim 49 wherein said cells comprise
20 cells which have been genetically engineered to secrete
recombinant nerve growth factor.

56. The method of Claim 49 wherein said cells are
selected from the group consisting of adrenal chromaffin
cells, Schwann cells, glia cells, or astrocytes.

25 57. The method of Claim 49 wherein said factor is
selected from the group consisting of nerve growth factor,
basic fibroblast growth factor, ciliary neurotrophic
factor, brain-derived neurotrophic factor, neurotrophin 3,
and alpha neuroprotectin.



65. The nethod of C aim 61 wherein said neurodegeneré{ive % condition-is

Hunti ngton's di sease or AlDS-rel ated denenti a. 66. Tf]m Hmmmlml "l“l
. G aim61l wherein said neurodegenerative condition is chpli E il i 11 18

~ degenerat i on. 67. The nethod of C ait8¥41 wherein saidi -
neur odegenerative 10 condition is Al zheinmer's djseaseg. 68. The net hod

of daim6l wiei Fhminethad oL HRin49 wharnein daidh hineonpatible

genetical |y engivisef ebript i @ racd ERATEY idtir HElcsmpgrmts f act or.

69. The nethod of Caim61 wherein said cells are 15 selected fromthe
group consi sting of adrenal chromaffin cells, Schwann cells, glia cells,
or astrocytes.59. Thé melitdreifharlaim Gaivhdédeirhasaid compbrierttorares
selected from IvSt i f | C.
fibroblast gr ost\é)‘re%‘3 %ﬁ.ﬁﬁgﬁ@ar‘i}%&r&ﬁ%ﬁﬁwﬁ ac o%g?br}'aiigﬁﬁfgﬁ Ved
neur ot r ophiskc fHMGASAHNADBENEHNE n ProtRogiransh £ angstinctelastin, 71,
The met hod of JHRids&hrdeaidyrecge d bi oconpati bl e matri x conprises '

extracel lular nmatri x conponents. 72. The nmethod of Claim 71 wherein
sai d conponents are 25 selected fromthe group consisting of collagen,
| am ni n, gleocos Fnenatcah of TIHiMo By ovtrexredin waniectin, el astin, and

m xt ures theregf . -93- Iﬂﬁ]
Tt hod of O a¥FPRARinSglusang are selected from the grblip condistinld |
group consi st iafghyaluronic acid, chondroitin sulfate, heparin, and

10 heparin sulfate.

61. A method for preventing progression of neural
degeneration in a patient comprising implanting in the
patient an immunoisolatory vehicle comprising:
(a) a core comprising living cells which secrete a
15 growth factor, a trophic factor, or both, said cells being
dispersed in a biocompatible matrix, and
(b) a surrounding external jacket of a biocompatible
material free of said cells projecting externally thereof,
said jacket having a molecular weight cutoff below the
20 molecular weight of substances essential for immunological
rejection of the cells but higher than the molecular
weight of the substances secreted from the cells whereby
the secreted factor is released from the immunoisolatory
vehicle into the patient's body to treat the neural
25 degenerative condition.

62. The method of Claim 61 wherein said neural
degeneration is associated with Parkinson's disease.

63. The method of Claim 61 wherein said neural
degeneration is caused by neuroexcitotoxicity.
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dispersedi|1zhénxnéxﬁmt¢ﬁﬂxn¢&tywisucausma by glutardie aos uylwtiamate
external jacket bi oconpati bl e material free of said cells

proj ecting exi%ﬂ?IQQy'thereof sai d jacket having a nol ecul ar wei ght
cutoff below the 15 nol ecul ar wei ght of substances essential for

i munol ogi cal G%ﬁ‘&tﬂn&éh&i dfectLim %P%h&&fﬁrsémrhéﬁh?o&@%éﬁ&é‘hve

wei ght of the sald |olog|cally active product

treating di%ab&@Eition pht iRIRTingtopF | L SRASYRTAIRBTERIATRYI anting in

the patient araedtkntdainoi solatory vehicle conpri sing: (a) a core
conprising living cells which secrete insulin, said cells being

di spersed in a bioconpatible matri x, and (b) a surrounding
ext ernal | ackef6 of 'Hle)imzthm&mm@laﬁun&lwhateime%aiﬂ meMxicdeyénerative
proj ecting ext éﬁ%ﬁﬁ ecul ar wei ght
cut of f bel ow t.ﬁfrﬂi’ié rfte]géuetgéo}/\le?% of substances esseir:ﬁ)al for

I munol ogi cal rejection of the cells but higher than the nol ecul ar

wei ght of the substeHe afetesd ed£dcld D 6 hewlesté Bn WI&QYeﬁ‘f’odé@ehéﬁdtiﬁei S

rel eased L]; mé hrgaditn{runm SO tor vehl é into the patient's body to
treat dia ° 1A 71(')r ’o%"r%“f’%g a biologically active
pr oduct or functlon to an |nd|V|duaI conprising inplanting into

the individualgs, boglye anﬁbﬁﬂ%’%#s@i w1 Vv%‘éféfn saf@"PE1 B4 "Gomprise
(a) a core conprising |i1ving ce I spersed In a -
cells which have been genetically engineered to secrete

recombinant nerve growth factor.

69. The method of Claim 61 wherein said cells are
15 selected from the group consisting of adrenal chromaffin
cells, Schwann cells, glia cells, or astrocytes.

70. The method of Claim 61 wherein said factor is
selected from the group consisting of nerve growth factor,
basic fibroblast growth factor, ciliary neurotrophic

20 factor, brain -derived neurotrophic factor, neurotrophin
3, and alpha neuroprotectin.

71. The method of Claim 61 wherein said biocompatible
matrix comprises extracellular matrix components.

72. The method of Claim 71 wherein said components are

25 selected from the group consisting of collagen, laminin,
glycosaminoglycans, proteoglycans, fibronectin, elastin,
and mixtures thereof.



bi oconpati bl e matri x formed of a hydr ogel , said ceIIs 5 behng capabl e of

secreting a selected biologically active product or of promml”nm - '
, sel ected biological function to an individual; and II"""I""M
external jacket surrounding said core forn®3- of a bi oconpat bl &

material free of said cells 10 projecting externally thereof, said Jacket
havi ng a mol &cul Bhe viegined cof of abe| DAy vherebn esaidr melght of

substances essgijésdan Hhod mmogféaéeted:@éaleﬁoﬂftﬁéegrouﬁeébﬁsbytm
permtting pas gh¥ﬁi substance bet 5% € gf ual apd corg through
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77. The netmxhepafimtsmfﬁat@.mhich said inplantation is per f or med
subcut aneousl y. 78. The nmethod of Caim?77 in which said cells produce

i nsulin. 20 79. The nethod of Aaim77 ip whi ch §aid cells are
actively di%i dihg Bnaimplantable amd rteievabbe nmaneiae¥atonywhi ch said

cells Conpr'SGVehléﬁéeféroﬁréﬁﬂQﬁﬁ aﬁsblolo%lgéllfmaéﬂPbén%ﬁ@aﬁct to an
|nnun0|solato&¥ vehj cle rovi di ng {ve product or

ogl ca
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- 95- cells projecting externall|y thereof,_said éacket hayi ng a .,

(b) & surrounding external jacket of a biocémpatible
material free of said cells projecting externally thereof,
said jacket having a molecular weight cutoff below the

15 molecular weight of substances essential for immunological
rejection of the cells but higher than the molecular

weight of the said biologically active product.

75. A method for treating diabetes in a patient
comprising subcutaneously implanting in the patient an
20 immunoisolatory vehicle comprising:

(a) a core comprising living cells which secrete
insulin, said cells being dispersed in a biocompatible
matrix, and

(b) a surrounding external jacket of a biocompatible

25 material free of said cells projecting externally thereof,
said jacket having a molecular weight cutoff below the
molecular weight of substances essential for immunological
rejection of the cells but higher than the molecular
weight of the substances secreted from the cells whereby

30 the insulin is released from the immunoisolatory vehicle
into the patient's body to treat diabetes.

76. A method for providing a biologically active product
or function to an individual, comprising implanting into



mol ecul ar wei ght cutof f- bel ow the nol ecul ar wei ght of subt ances
essential for immunological rejection of the cells but in e

. aboyt 100 kD. 5 82. The imunoisolatory vehicle of Caim 81 m"m,m,mll””m
cells are allogeneic to said individual. _g,.83. The i munoi-sol &t oty

vehicle of Caim8l wherein said cell's secrete antlbodles

the individual's body an immunoisolatory vehicle
comprising:
(a) a core comprising living cells dispersed in a
biocompatible matrix formed of a hydrogel, said cells
5 being capable of secreting a selected biologically active
product or of providing a selected biological function to
an individual; and
(b) an external jacket surrounding said core formed
of a biocompatible hydrogel material free of said cells
10 projecting externally thereof, said jacket having a
molecular weight cutoff below the molecular weight of
substances essential for immunological rejection of the
cells but permitting passage of substances between the
individual and core through said jacket required to
15 provide said biological product or function.

77. The method of Claim 76 in which said implantation is
performed subcutaneously.

78. The method of Claim 77 in which said cells produce
insulin.

20 79. The method of Claim 77 in which said cells are
actively dividing Beta cells.

80. The method of Claim 77 in which said cells comprise
islets of Langerhans.

81. An implantable immunoisolatory vehicle for providing
25 a biologically active product or function to an
individual, the immunoisolatory vehicle comprising:

(a) a core comprising living cells dispersed in a
biocompatible matrix, said cells being capable of
secreting biologically active product or of providing a

- 30 biological function to an individual; and

(b) an external non-spherical jacket surrounding

said core formed of a biocompatible material free of said
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cells projecting externally thereof, said jacket having a
molecular weight cutoff below the molecular weight of
subtances essential for immunological rejection of the
cells but in excess of about 100 kD.

-05=

82. The immunoisolatory vehicle of Claim 81 wherein said
cells are allogeneic to said individual.

83. The immunoisolatory vehicle of Claim 81 wherein said
cells secrete antibodies.



