THERAPEUTI C HYBRI D | MPLANTABLE DEVI CES Background of
the I nvention [0001] Cell replacenent therapy is a

WEe@Rigi4og) potential treatment option for a w BPEI/US2008/001433

10

15

20

variety of diseases. Many clinical conditions and

di sease states result fromthe [ack of factor(s)
produced by living cells or tissues, including, for
exanpl e, diabetes, in which insulin production is

i nadequat e; Parki nson's di sease, in which dopam ne
production is decreased; and anem a, in which
erythropoietin is deficient. Such conditions or

di seases may be treated by cell/tissue inplants that
produce the mssing or deficient factor(s). [0002]
However, many challenges remain in the field of cel
repl acenent therapy. The viability and functionality
of transplanted cells is conprom sed by, for exanple,
| ack of mechanical protection, |ack of necessary
factors, e.g. by inadequate vascul arization or by
inability of the vascular systemto reach parts of the
transplant, and anti-transplant host imune activity.
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cells. [0003] PCT Application No. PCT/MX99/ 00039,

publ i shed as PCT Publication WD 00/35371, the entire

di scl osure of which is incorporated herein by this

r eBackegroend dfi the lmemsion devi ce for xenotranspl antation

of islet-Sertoli cell mxtures. This is a device in
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transplant are deposited in its stead. [0004] The
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inadequate vascularxzatlon or by inability of the vascular system to reach parts of

the transplant, and anti-transplant host immune activity. Thus, there is a need for
methods and devices that optimize the viability and functionality of implanted
cells.

[0003]) PCT Application No. PCT/MX99/00039, published as PCT Publication
WO 00/35371, the entire disclosure of which is incorporated herein by this
reference, discloses a device for xenotransplantation of islet-Sertoli cell mixtures.
This is a device in which new capillaries are allowed to grow through a cylindrical,
perforated metal mesh, which contains a non-completely occluded plastic (e.g.,

Teflon® or GoreTex®) plunger. An open space of approximately 1 mm is defined



Sertoli cells are derived fromthe testis and express
FasL (Fas ligand). These cells are thought to confer
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m croenvironnment, to allow for prol onged survival of
other cell types transplanted Pnfo the testis.
Intratesticular transplantation of cells such as
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En C%llﬁlg 8% pigdq humang ﬁo‘feékaepqtﬁxglql g}s&g\@fn,tagcd)[f the above-proposed

cylindrical device is that the deposited cylindrical column of cells will be too thick

for the nutrients from the new capillaries to reach the more inwardly disposed
cells, before the full thickness of the cellular implant will be fully vascularized by
the peripheral capillary bed, so that these cells may not thrive and/or only a small
portion of the implanted cells may survive until adequate re-vascularization occurs.
[0006] The host immune response may be prevented or minimized by

encapsulation of the implanted cells with biocompatible, semi-permeable, immune-



exanpl e, a macrostructure scaffold, a mcrocapsule, a
nanocapsul e, |inked extruded capsul es, or any
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vari abl es, including size, volune of cells contained,

and strength and di ffusion chaPacteristics. [0007]

Encapsul ated systens al one, however, do not provide
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i 194071t Pfelcawlat@%yﬂtqmg/al@me HowRVEss é@eamregldﬁ dhe igeplanted cells
nost..severe c 0

c elwlm lgpg t?{mr %%éic'alngcail g%ﬁ%ﬁ?ﬁe dﬁl%)?e ﬁortt {]) gcetn%ewlth exposure to

UN@eEEERRBS Soraprdsdiamiané peisalnef a&ﬁonglothhq;lg'a&al inbultsn ghel dapsules
dependent di abetes [0009 It.is also n ohj ect. of
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prod
severe cases of disease state for which the cellular therapy is indicated (e.g.,

hypoglycemia unawareness and labile diabetes in the case of insulin dependent
diabetes).

[0009] It is also an object of the invention to provide an assembly that facilitates
the addition of factors to favor engraftment and function of transplanted cells and
tissues, before, during, and after re-vascularization of a biological material implant.
[0010] It is a further object of the invention to provide a receptacle for implanted
biological material that favors cellular survival by providing mechanical support

while (a) maximizing exposure of the transplant to new capillaries growing within



thereof (such as, e.g., anti-inflammuatory,
anti apoptotic products and/or growh factors such as
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| ot eprednol etabonate, flucinolone acetonide, etc.),
| GF-1, 1GF-11, HGF, GP-1, Exefdin-4, |NGAP,
| ysophyl I'i ne, pentoxyfilline COX-2 inhibitors;
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avoi ding the requirenent for long term system
reservoir), either external, extemally accessible or internal, to locally deliver one or

more agents, such as immunosuppressive/immunoregulatory molecules and/or
selected nutrients and growth factors that promote survival of the transplanted cells
and preferably regeneration and expansion thereof. As will be appreciated, the
local delivery of selected nutrients, factors, cytokines, drugs and the like will
facilitate establishment, maintenance, and long term survival and function of
biological material, e.g. transplanted cells, while minimizing the side effects of
recipient immunosuppression.

[0012] The invention addresses the problem of transplant rejection by optionally

providing localized immunosuppression/immunoregulation, which will allow for



I mmunosuppression of the recipient patient. The
i nvention al so addresses these problens by providing
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material, such as, e.g., those that favor cel
engraftment, growth, and funct Pon. [0013] In certain
enbodi ments, the biological material is a conposition
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that conprises a nicroenvir onmsnt fa

[
an @nd from hehosipropReysieay Eraesylaion %fr tg tfg?g(%db}%af
\ﬁéfg%]:bﬂr ﬁlﬁrgglé&gﬁf heLd folf %vérﬁ%l:ﬁ%ﬁ%%‘ o34 |119Qi1§1%§uppresswe/

teri I'very system for del i'very of
Ondmaundbsgalatetyrsubstisces ipot dnpslantc y’Iﬂmlennasplam@eHS are further

or TS PR BY Kb mECHea AR B PE PTG Gep ofn some
Co%oﬁﬁgerﬁg‘ thdBiotlspid a8 Tarckle c@kﬁbhye%rawnﬁaﬁfe Rfesespbulatedand

punp or ot reservol r (includi ng slow sustained
reImmcmutatedj@éls/tlss;mdhgs)romwbmbﬁt i ons, micro-
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cytokines, and immunosuppressive/immunoregulatory molecules directly or

indirectly to the implanted biological material contained in the device. The
delivery system such as a pump or other reservoir (including slow/sustained release
cartridges, coatings, encapsulations, micro- or nanospheres, etc.) may be external
or externally accessible, which would generally be preferred for ease of loading of
different media cartridges; or internal, e.g. subcutaneous, preferably with a loading
port and remotely controllable delivery-rate device.

[0015] Loéding of selected agents, preferably by a replaceable/disposable

cartridge in an externally accessible pump or other delivery system selected from



cartridge in an externally accessible punp or other
delivery system sel ected fronthose nentioned in the
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si'des pancreatic islets are onS| eréd
0 neely, efgalaied T e¢lls T i setag ehghrefened to ggndrichllpgs sopjant "helper
bO|IS and f

and ene t betes. the
nyerie) el pesideironie chelipennd o b benRtiR SRR siaigshment,
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t herapy systerrs Ti ssues and cells
i mnhphhmiloohs deljved e therapeuticreéfeapeut i ¢ benefi t, e g.

b essing a therapeutic,factor in, vivo.

of l@@% festfts Batgtim BORRLS. P Lorstieh Ghe i RTR Pl gssue
t 0 typfedio ﬁht@hg@ﬁ%ﬁ%ﬁ eniQp MBtAB s M, i@ Rir tRAliKE Oiabeles the
dlsease (M nquez stellanos et al., J Neurol
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R b S, R s
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celal.sJ Meyroé Mauassr@ﬁsj/cbrand»eh Ipr,ess (Zﬁﬁ)ﬁae) gtoawthdwemone to treat
dwarfism (Chang et al., Trends Biotechnol 17:78-83 (1999)); factor VIII and factor
IX (Chang et al., Trends Biotechnol 17, 78-83 (1999)) to treat hemophilia; and
erythropoietin to treat anemia (Rinsch et al., Kidney Intern 62:1395-1401 (2002)).
Many more beneficial cell produced factors or cellular/tissue activities may be
imagined. The implanted tissues or cells may express and/or deliver more than one

therapeutic factor, or may comprise two or more cell types delivering one or more

therapeutic factors. The implanted tissues or cells may also or alternatively



therapeutic factor, or may conprise two or nore cel
types delivering one or nore therapeutic factors. The
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al ternativel yexpress and/ or deI i ver an agoni st,
anal og, derivative, chinera, “fésion, or fragrrent of a
ther apeutic factor to deliver a ther apeutic effect.
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delshl?(l Ir 8 fhe frﬂﬂ%ﬂlteﬁ leﬁtefs ®F Eells%&)h Qéﬂvegwﬁl@érhfeutlc effect through

at i ons, may be genetically engineered to do
soa bffmioglexlmhaal lurﬂ@dkfaaiblogu@aas aeelleyurfate- bflkqdn@ctor

nx&@l pglﬁlrﬁrtséélllea X cFﬁsS‘pgg l)xgﬁiiuéq‘j‘@adgif &t ﬁld ralpgutlc effect, without

t h%@ﬁfﬁﬁ%b&iﬁ@zﬂﬂfn@ rorr}ﬁb)DBé é‘&hbalfya&{gﬁliééred t6 dane! MeF example, the
enbodi ment, the biol ogi caF> material of the invention

rrawi@gtsalsnatets@leﬁ ttliwallnwyntm ey cemphiserrstle fepgdesied with expression
te Eg%g%%{}ﬁfﬂ e&ggég ége é ﬁ%ﬁ)reetﬁgrraﬁ?tﬁ%coﬁltﬁ/oqrhelﬁéf Eell fachors In another

per ce ors n anot

enkatbotBitnt, the eldlxb%aéa) ghaerial BAtiRrihedntioh rdyecdnsiseedsertinlly of
may consist of cells transfected with expressio

veseby Gansfretedowith BXRIeEH RN Wictor that PHRIFERAG EUR gbeé?peutic
helaB 0 u?kgr JAGLALR, I§léﬁ h@?( ﬁécﬁfngﬁt, RYbiB®elcAl Material of the

cons | ve or In areg manner, e.g., In
I eSpvension Myh:onklstgpfmlls tramhfd:mcbwﬁh ierpitebgo v eabers thas grpress one
or tissues to whi th hybﬁld devic

[ O0BEToN Frestvat CAbeH FRORCel O SEgPRAFos Py BF 1
no Qoﬁﬁltbﬁ‘\béﬁr in §H‘E£hl£‘t@& Sftinhey, @rg bh adspohgeab bidbgtalahod@ators in

be encapsul ated of non-encapsul ated, as descri bed
beltbmblopdmmqn drrtissuasgo evmddﬁhrrélmblsd dp‘flp@rs xposedpl ant ,

2Ol S 0PSB GRS Bty St non

V' 2Rilhlat Viofpical thalrRY nthe Hére‘ﬁbﬁfshlawal drimom-dnogpsaliséd, as described
environnment. As well as providing structural integrity

andetechani cal strength, such encapsul ation can

rur t { 6f the'biological
(b, BRI b agoal ol ot

f e&ﬂ&teﬁzﬂ cah bt bﬁcdp@ﬁlhtedlimda@bmlcampahlﬂe aserial 0 mmdrowk eiability

in many different
and to provide protection from the host environment. As well as providing
structural integrity and mechanical strength, such encapsulation can further protect
the implanted biological material, e.g. cells/tissue or products thereof, from the
immune response of the host. Encapsulated cells are embodied in many different
forms, such as, for example, a macrostructure scaffold, a microcapsule, a linked
extruded capsule, or a nanocapsule. These forms differ in many variables,

including size, volume of cells contained, and strength and diffusion

characteristics. The particular set of variables may be selected by the skilled



forms, such as, for exanple, a macrostructure
scaffold, a mcrocapsule, a linked extruded capsul e,

we@eoogosEmocapsul e. These fornms differ in many PCT/US2008/001433
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vari abl es, including size, volune of cells contained,
and strength and di ffusion chaPacteristics. The
particul ar set of variables may be sel ected by the

tS h 'ch?ﬂpﬁ@% 'g%fg%?@&%%&erpeiﬁn%lg }:\qg{ The el ﬁﬁ%ﬁg (?I%cﬂfg?{ﬁl&ﬁ location and
t heliegherapewtid factopor fictdrabeing delbeiray ud elciwaefi thel particular patient’s

of the particular patient's condition and needs.
[O@Q‘qutlﬁlé‘ﬂ‘ep%ﬂﬁllsy, cells are encapsul ated so as to

of ‘(ﬁ%ﬁj’r Bréeidoly %ggf‘?xrg%%ﬁj’shﬁéd s had O;Béi’iﬁe%ﬁﬁ’f}ange

lents an pro ucts an rel ease of
t hceha'petetlstmsfthaitadipw exiobange Mnum;atsaalnd@ebulecbmlaodm@tand

ne effector cul e from enterl e ca sul e
L 0B8Iggee H TR T B A P oG Aot AR Eector
de\fﬁ&&zulé’&fﬁ&ﬁ eHﬁ)‘m@Qhé’éh’iﬁME@“ zed for receiving
i npl ant ed bi ol ogi cal material, V\,hl ch may be

end&wil akta, the omyentieh mpy be eshofiieddn aedevisenyyhighanay be

I hi
aseugs e o R0 S B bEEGERGA RO HER o5, 2

| eaptapRited! cofiprsiaguy @lﬁmld\éﬁnﬁhg%d rm@h@mkdﬂl}f shi¢lding an
nmedia to sald space; and a punp or a reservojr f

su@Hjagentispacep peahasi anengerééws %aﬁsenbky for a%lgeﬁﬁm&“ﬁﬁeng at
de\fea%? W‘X iRt osft res%ﬁ\%%d/dr cdwi! R of WebiAd 's&ﬁlspﬁ’d(e and a

non-cy rca pes, or rices or assenblies

CWﬂuﬁdfcbeﬁHes@Wom msmyh intediai, opéraisMpesupla'mm wtcha;seembly The
the device may vary base e hi ?1] i cal n&rt e }:{1
to dsxice mayie Gqny shers, He W@F‘S éﬁ op-cy}indrigal shapes, or

%%flcésrb% A QOS¢ S lidiR al &m&imyhnﬁﬁéal %Kﬂi’é’@' The $idpe of the

ed practitioner tan assess the shape(s) preferred
f ordevive mayt vanyl baked mpl the hiol apidad )nate{r@tl) wotbe implaeted.ghe intended

enbodi nents, . the devic i
e N S S S T
o Poththt eéided
OOC;%SB?%QIO%%%\%?% meln%\?vﬁégg)ﬁﬁelﬁgrzﬁ etiha‘r: e aIIi | ofewgh(t:auon(s)

gr d0024r olmg:lertammmbpdn[ngm e flevieeisisinardpshenerehgcylindrical

t he, device is

delsy }CBé‘SSﬁrWeéﬂ% éa %fcah%gﬂ cati ongt?b%?E%&g%%ﬁB}ied as PCT

( puRlblishesh WO bb/3537A9! @nvhiBiuhéw capillariesNoe alliSved to grow through a
2006/ 0024276), in which new capillaries are allowed to

gr dueshhr ough a nmesh. In this embodiment, a fluid
mir"()t)%]d RSRETR dmbsuiRAEARHAEHetif R milar to the flask-shaped device

described in U.S. Patent Application No. 11/185,011 (published as U.S. Patent
Publication No. US 2006/0024276), in which new capillaries are allowed to grow
through a mesh. In this embodiment, a fluid manifold assembly is attached to one
or more distribution conduits (a "sprinkler system") that provide media locally to
the device content.

[0026] In certain embodiments, the device is a cage-like device, which may be
cylindrical or non-cylindrical, in which new capillaries are allowed to grow
through a mesh. In this embodiment, one or more distribution conduits provide

media locally to the device content.



or nore distribution conduits (a "sprinkler systent)
that provide nedia locally to the device content.

WO 0®R0374h certai n enbodi nents, the device i s BCT/US2008/001433
cage-1li ke device, which may be cylindrical or
non-cylindrical, in which new €apillaries are allowed
to grow through a nesh. In this enbodi nent, one or
TDF ot g . . ,
¢ 0o ah Bl SUORRAS, B AU Rt BB -
de¢leteene adipLompletey entlbsing awadjasdnsmegl imteegpate. The open nature
non-conpl etely enc| osi ng an adjacent, e.g. inn

er,,
sp&EHhe coflehapsopronisies Besalsr spnfareasFa todReghee e dipnspianted cells.
9 ¢AhGEr, FHY oﬁfsﬁaﬁﬁﬁ)\; ofg QteY %iflﬁrb?oﬁ Sem&BlsAREREEd by the

cell's. Further, e col ape allows for greater .
5 di fifansplamedéelfsadn diis embodiateat the/cdiheonprises fHeadistebiution conduit.

cells. In this .enmhodinent, th oil. conprise he .
i S O RerB AR S BHSTOP B R (F OPE delined by the coil
di $idyl 448 pravide PR [Rally tthB deliee somem. def i ned by the

coil "may al so provide nedia |locally to the device

cof0@%] . Ihoenrsah embodimends, iheddydet men cemMprsfaAnjale@iraaped

conprise gn euter coin-s ed, fr ] f -
o Gt ieRh B v SRS mRHEE RlebiE Mhter@P G Teflpfimor

10 COIGIEREN®, noRQdmsemlyaineloging @l adfdcegt, . R epae that.cgn be
i nner, space that can _be vascul arized after inp]ant. .
| n vesubargap afiemistilanto ke thiy ebediment opf BnmoghdlggW&HP? gonduits
pr :j’%‘é\ﬁ&e i fajoéa?&%'ﬂé{e %&i(%%nge%‘(.' ce content. [0029] In
certal n enbodi nent's, the device nay conprise a nesh
"sooR]" Ialcermintenibodimaits,ahsdévice mey asmptiserd math tapooge”

e e ce cqment by eclpent coniar o e Gan
15 NO Q:Qgimigg t?lhﬁ/%aﬁgﬁéé)ﬁl?&%yth@ gﬁ@l"i‘ P®he Soofige dletHenk maibe Gldn-
nmay d I h

€ nmade o I ocorpat | e plastlc mat eri al Suc

as coafplaelfehcloseddny 23tepes9.g. adish widnmay bedugss of 6

B S SRS LR OB ohRTs RS s ctees
medh a1imAeAd $har Bdddién BRMPRark OTH BI¥ emBbABGHL, bile nyiof

the above enbodi ments, the device may contain a
nontgripitiamedopduise provridegngslia ngaly ththe device apmtait ed wit h

th i ce.  After ri ' far
20 L a0 Biaoliof Bie BePe bira Mot B e ey Mfaih Fnop;
degosifpletélf@cpiud uiRy thoe iy ieipbare withdhd devicepatefeer a period of

formerly occupied by the plunger be filled wth .
t heimg Biabyiqval foradedupats vageplpraZatioy ggtyﬂeaﬁﬁ?ae’@. an% around the device,

the plunger may be removed, and the space formerly occupied by the plunger may

be filled with the biological material to be transplanted.

25 [0031] In any of the above embodiments, the device may include a delivery
system that facilitates delivery of, for example, drugs and nutrients/growth factors
to facilitate the establishment, maintenance and long term survival and function of
biological material, e.g. transplanted cells. Such a delivery system may comprise,
for example, a pump/reservoir, a port, a fluid or slow/sustained release assembly

30 that may be a manifold assembly, and one or more distribution conduits that
provide media locally to the device content. Such a delivery system may also

comprise, for example, slow-release coatings, slow-release (optionally refillable)



[0031] In any of the above enbodi nents, the device nay
include a delivery systemthat facilitates delivery

wotrshorsexanpl e, drugs and nutrients/grow h fBCT/o82008/01433
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facilitate the establishnment, maintenance and |ong
term survival and function oT H ol ogi cal material,
e g. transplanted cells. Such a delivery system may

ggxléﬁ%ges,s{r 4 V9)§91 Jeem 9*’ %Jsﬁﬁ&rey g%{ois/v/ sgﬁ?ﬁégg&?é se

SUS alne ease” asse

rraeoﬁlpbsinmﬂtfomnulaﬁdnme kadwiri eledxrts(sed, bigt,ildS. Patent
conduits that provide nedia locally to the device

c oRubligationiNgs. Wé@?%@ and, J0QRWMIP98) - so conprise, for

, 181 I
( owg Eallﬁf}ﬁ %_\)F ?{el ?@géathr [ tgset;h ! €+t%\%i§ (ieeefocra gescgwmg
m bicdegical nnaerdap hfmy%mpﬁlsewbmastr@ambid nna’;td:Msech as PET (or, for
( Sekample ooy esh pATBAIS B Bt Do hxdseracaby B 24z
:qujmgﬁg&tlgg 289 %@con{pggﬁg]mdt&la@ Ty‘ﬁe steg&da\bﬁ’}‘{ the biological

Iments, the adjacent space recei vi ng
bi olatgriatsto bmthplahtEdmay conpri se a bi oconpati bl e

ma ,al ch PET r

G 55 45 Ry S Bl e YRS e nsptned
| mpy 1@£l|rﬂélerlélhﬁro|ﬂgﬁ Q‘&fmadllh%}bﬂd aBYieE uaﬁvemayysiv@n sesded
with the biological materials to be transpl anted

[ oaj@g}ulatnd angznqapsulmd soprpwidsdshinerredsaid fagiarsruigh gpw/sustained
? ﬁ:rélger egﬁrag ehts]t? rlg Q§R%§ghl%gdf?ﬁeglltﬁo gbﬁ‘tﬂuoﬁ@i&ﬁl @éhverybof media

evi ce Ivery system nma

f Okfﬁ;thﬁﬁ@gjsdi)d f&&&@nsmleaiaﬁsblmw)cﬂlsi gy beeteplaeey bpfadmamstratlon
factors wth sl ow sust,ai ned rel ease characteristics.
| n ot dessiliequers iUt said fagatsi nuous 1 ocal delivery of

c el‘i?@ﬁag}h%y' gg}esa%'oge Eﬁ% 'Erﬁ:nEsotHer}gcthsatB%@laaﬁ‘ﬁﬁgtered may be

be’ r aced m nistrati on of | ess
f r epdified, logy. Lthrcmfghﬁﬁi/létamtanﬁclus{ldmEﬂﬂ:hdrmc&ibyorofnzymgtlcally

Do TP HES. U hak LGRS bFoeH AL PR AV the

Ch%g&&éﬁek'}ﬁe@f) y SZdeRdel cdlid Mal 8Blplt6 nTRInSiké GRwarsted Bystdtaic effects
said factors are netabolized readily upon |eaving the

spa;awedéiyltheﬂact!mt he device. This may help to mnim ze

SO AR S EEBe AR R 08 AREAS o

f u rtéth&*to&@élﬁfatesﬁaﬁxphﬁhbﬁ fnd/0r fetitdvial bBthe devine froles p@uibnt
and/or retrieval the device from.a patient. {003%
C

| n [am]oflntaw of B aboxrsmP iEenss, theriologispbpatesipl may
r% 1a%t‘.edr§ﬁ¥1 Jl)l%-step or a two-step procedure, as described below.

[0037] The invention may also be embodied in a method for implanting
biological material in a patient, comprising: providing a device for receiving
biological material, said device including a mechanoprotective surface defining an
adjacent, e.g. inner, space and a system for local delivery of media.

[0038] In a preferred embodiment, the invention may be embodied in a method
for implanting biological material in a patient in a two-step procedure, comprising:
(1) implanting a device for receiving biological material at a selected location
within the patient, said device including a mechanoprotective surface defining an

adjacent, e.g. inner, space; a plunger occupying a part of the adjacent space of the



inplanted in a one-step or a two-step procedure, as
descri bed bel ow. [0037] The invention may al so be

wermsdiaes i n a met hod for inplanting biol ogi caPCT/US2008/001433
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material in a patient, conprising: providing a device
for receiving biological matertal’ said device
i ncl udi ng a nechanoprotective surface defining an

adjacent, .e.q. i I . S cal
delRERng stV oy SRR el S ek B B O e

t hemhfimesippedssive yinder growal ifsdor media pRtdid ddjacsnt space and a pump
i nplanting biological mterial in a patient in.a .

t WOT 8 eSSTYRIIPE a‘gf%em, e(élaﬂ?ﬂerag}Vﬁgf; CO(up;edi tﬁ-ﬁplg@ﬁeﬁg)l&; and allowing
devi . RIE i i ca i al . .

e R KL Bhaph sl oS ooy b ch v
e bhdogipalahstetialwengpuisirac foraehmpleng selactedi}issmefcell peadyct within

i nner, .space; a plunger occupying. a part of the
SRR el 2 BLBSL (2CEUE 18, 8 PR B o fast one o
se laﬁ(i‘ltnhﬁﬁllo&gg)%s'sﬁ(f%rah%r ?}o&tﬁfﬁﬁtoﬂﬁgdigfto said adjacent space.

I mrunosuppr eéssive and/or growth factor nedid to said )
adj[6e3Nt Alernatiahy the pyamticormay besmbodied iff @ methgslfor implanting

medi.gq, operati.vely caupl.ed to said assenbly: .and. . .

ol oasp gl maetial i RHRRY A ang-sLeh RIOSNE: SRTPURRE imRlating a

I eNRVicB%ort 186eiPing HISIbgidAldm At S H1IQE aRElete 16datioh @athin the patient, the
mat erial conprising, for exanple, a selected

t i slevist dwiludipg 8 crashangprotestiverrarfaey deftning apadiacaphspacegnd an

by the .pl unger.,...and .sel ect i l '

R B R I

t 0 B@wh fabjoaaRAa 8 RaKedjdcORIPhcerider purhp veh yesetvolr for such

i nvention may be enbadied in nmet hod, fﬁr j npl.ant i ng_, ltob
bi oneshia.oRFrakelyGonpled fo Hegsegnably, Whersing %b's’ﬁ%cal matetial to be
P OREANIE is HRMBLAGH gk ik BBlignt | ng a device for -
recetving ol ogrcal material at a selected |location
Wi t[0040]t hig spadci eemtiodithbnes,cbawh eethioseinumihiely the device is cylindrical in

T O S e L ASEoded 1 B0 35 el i

{stdJTORLLHRS SSIUHE 2 AME QB dUBVE bR Rt 19 REH Haded in
sai asé? acent s aclg’ and 21 punp ebr a resuervoi r lfor Iguch

nedioatacopithahd well pf & dupére dintsomerembodiraenss,suchpethesain which

t he, bi.ol.ogi cal. material taq,be deposited i -,

| b ERCa SR Dt PP SHE BL Y GesrrBUEd i hod for

t haEfRldmtinghEheviiEendavioCep 6 diéldtetiprocedure Bs &dvaribed Abuwe, such

invention may be enbodied in a method for inplanting

t hehaldyineunointpdalatowy/IBMBOSYPREPRSLVSIAERNtS AFcRY e kiveged to the

descri bed, ahpve .that it is not placed in contact

Wi tlﬁ’ptlﬁgeq/\@f)ﬁ)gb?al g}éf%mn%n. In some enbodi ments, such as

t hgeedijn Whicefirt digbatimients, the implannidcatéal may b Hapexanirie,

i nvention may be enbodied in g nmet hod for .
intraomental (1n an omental pouch), subcutaneous, or intraperitoneal. In such
cases, the output of the device may be into the portal system. In certain
embodiments, the biological material comprises a cell/tissue or product thereof
providing therapeutic benefit to the patient when implanted.
[0042] The invention may also be embodied in a method for implanting
biological material in a patient, wherein prior to disposing the biological material
within the space defined by the device, the biological material is encapsulated to

provide a means to distribute, give structural integrity, and/or immunoprotect the



i mpl anting the device in a two-step or one-step
procedure as described above, such that
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delivered to the inplanted biological material. [0041]
In certain embodi ments, the imd ant |ocation may be,
for exanple, intraonental (in an onental pouch),

Su Q&ﬁ 619%8#{ eg{bodmlérﬁ? etf)%fn%[b%éal P‘L&lﬂerﬁﬂ‘lJ E?mﬁﬂﬁsa ceil'/'{fssue or

out’p system In
C e picriubt @aiwﬁ providing t}tel’@ebnoba@fc o thmjah&entaﬂlheman‘;pﬂam@h

a cell/tissue or, product th ) di t hy t
beAi43] tuaetlawaﬁ.r@#m%ﬁéﬁ i metigd 4oy g ©
' nY)ch) Lol R%idlis g ggﬁelﬁnaﬂéye Ahi BicodiBA1 MMerfifMdisposed in the

I'ng bi ol ogl rraterla In a patient, whérein
pr |smcetdeﬁdechbpﬁiertg:vtda@ompoﬂscng lfaralxamptee autalogﬂus Hueterolheous

space defined by the device, [ e

D bt esatio ot renotarecoalisGrmie; o icels g bE defidtrom
St hEdveF Bdsuk BF BRI fiVing ABEIOTh TBNORRY Bk @€ hoh-hem@hhlsan or

In certain enbodi ments, the biological material

C ompAniIs@$ansorigin,| nlanlgm@ @igipophuwan priginesslf o rpn-glfaglhe cells

thera eutllé cP(ﬂ S& uhwog%vhte e}te tegrt n%\hgenn {glg ﬁﬁg&ﬁ‘g}‘%m adult

f orstehmm@npﬂlmrmlﬁfe%u@@ti cBIﬂ’d oF hainortahaemus ,eifiong other cell
wherei n the biol ogi cal material di sposed in the spa

ce
deftypead Stsyn cells ey serapissape selds derpied dsogmperd blood, amniotic

autol t
el BRI G BRGNS, WRURIZRTU, Al BRRIR G anfihe ke
C adah‘éeziiolbglasluﬁateﬁalfm@ymllso vomngrife mmmbﬂm&mmejﬂtlse akaye’dtsted cell
of non-nanmal i an or lian or| non- huns?rg gi fth
or tmﬁaﬁl%lpglgalrfna%mlﬁ &R COmise QRpoSt §PeBté y ot the
1l types.
G AP oREhTed pelpts &33‘3%%"03%‘9%%‘89% AR LB ary
d| fferentiated cells; or imortalized cells, anpng
ot Rief Deistriptiguens theDeawings | s may conprise, e.g., cells

derived fromcord blood, amiotic fluid, nenstrual
bl qoa44]pl Hmsaamd othkmobjeets snd ed\{agatageg/oﬁtﬂnsopbmt@@t@,ll berfgore

the Iike. bj ol.ogi,cal rial [1Seq. .:
bl S P TE eL ff RRRP o i
Bi QleQGiftidh o@‘%eeﬁﬂe%nﬂ efehed eXxenepladyQinisudifaents ef tHe invention,
consi st essenti al t he above |isted cel] types, or

maytakeoria |091.1Juo¢thlh‘élthmeﬁﬂlé@n&@ﬂawnﬁ%spébw highj ef

ti t
b 048 TR A TF agelBhtR P 4% DA RoBRH ALE R pump
CO%&&ilﬂhénibﬁdﬁhgtﬂwﬁhvaﬁttbnappreC| ated by view ng the
foll owi ng nore detail ed
[0046] FIGURE 2 is an exploded perspective of an embodiment of the flask-

shaped device of FIGURE 1.
[0047] FIGURE 3 is a perspective view of a plunger component for the flask-

shaped device according to an alternative embodiment of the invention.

[0048] FIGURE 4 is a perspective view of a cage-like cylindrical device
embodying the invention.

[0049] FIGURE 5 is a perspective view of an embodiment of the cage-like
cylindrical device of FIGURE 4.

[0050] FIGURE 6 is a perspective view of a plunger component and a cap/plug
component for the cage-like cylindrical device of FIGURE 4.



description of the presently preferred exenplary
enbodi nents of the invention, taken in conjunction

wWowak/091ae8 acconpanyi ng drawi ngs, in which: [ OOBGI/US2008/001433
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FIGURE | is a perspective view of a flask-shaped
devi ce and punp assenbly enboddd g t he inventi on.
[0046] FIGURE 2 is an expl oded perspective of an

e i . .
oG T ETAORRE, 7 o AR 1N BEp Rl L hebtyine the
c?mpaneam for the fl askshaped devi ce according to an
alternatiy nbodi ment of, the inventio 0 FI
2 100337  FIGHIRE B iza nerangesive devtgkea ?"f‘RéH%Rﬂ[d ik eapbocying the
deyﬁ&ﬁugybodylng the invention. [0049] FIGURE 5 is a

perspective view of an enbodi nent of the cage-like
cy [0053] | FAGURE P Gea clbsd-LyspEiSpettive 0350 pf the CoREshapeddeyice of

ﬁg%ge vi ew of a plunger conponent and a cap/ pl ug
for the cage-like cylindrical device of

H63a) 4-HIGVRE 16 i%p?odea p@fkﬁé&t véffaatehibddiherdt of the coin-

COI|-S aped devi ce_enmbodyi ng the invention. [0052]
FI @hJREd@CV@CafBIﬁ@BE& ive view of a coin-shaped device

SE?@%QF%J&%W B o om slR rbBodtmEp Lot Boin-
. sh ‘Hkvﬁk&jRE}@REJQS an expl oded perspective of an
enbodi ment _of the coinshaped devi ce of F|.GURE 9.

[ ocb@@ﬁﬂ FIREGRIRE 12 issa parspectivie view ofrsnopesrike dedrhempedying the

Lo R GURE 121 o & por apecti ve view of &

Spqoesy | IKEGURY i 8 éharaedyhegntés of aventstgprhybfidAsvice as an

oot i TN TR PR I
Sl oL A U | T 5 Bt

( 2)h,ybn&| devigbisildft deplacefdrs slu&ctlentrpepbdaoétlfrmrto allow for the

S Ufrg(lzlgllegtnttlss gsrtlo %%b%ﬁ 1‘[t énrgestar? vascularlzatlorn (;tqﬁe walls (3). Ina
subsequent step, the plunger is removed from the device (4) and islets implanted
into the lumen (5) (new figure 1)
[0058] FIGURE 14 is a graph showing the non-fasting glycemia (mg/dL) in
chemically-induced diabetic rats over time after transplantation of syngeneic islets.
[0059] FIGURE 15 is a graph showing the non-fasting glycemia (mg/dL) in
chemically-induced diabetic rats over time after transplantation of syngeneic islets
in a hybrid device of the invention.
[0060] FIGURE 16 shows the representative histopathology of an explanted
device from rats receiving syngeneic islets into prevascularized hybrid devices.
[0061] FIGURE 17 shows a representative hybrid device implanted in the
subcutaneous space of a C57BL/6 mouse. Appearance of the device from the skin
>80 days from implantation (A). Incision of the skin allowed exposure of the

subcutaneous space and of the device showing intense vascular networks around

the connective tissue embedding the device (B).



recipient tissues to enbed it and start
vascul ari zation of the walls (3). In a subsequent
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islets inplanted into the lunen (5) (new figure 1)
[0058] FIGURE 14 is a graph shidwing the non-fasting
glycema (ng/dL) in chem cally-induced di abetic rats
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th@r1 ?e fromthe skin >80 days frominplantation
Inc sion of the skin allowed exposure of the
su l{ﬁﬂﬁ%n dO0YRIP2AC &5 atabilecumhasiziteg the susiiahitimg ofrallegeneic islet
vasgﬁkar networ ks around the connective tissue
enBEi ng the device (B).[0062] FI GURE 18 shows
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1 SHENRECHOHE  00RT AR kL 003y ) T 20rich s
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'”ﬁMﬁMﬁuﬂﬂéeﬁﬁkRﬁrhﬁnﬁ s. Hi stopathol ogy of the
grafted tissue in hybrid devices received 18 days
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SRS RlEfe SFUDM B P8 oL g
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into immunosuppressed recipients. None of the animals achieved stable nonfasting
euglycemia during the follow-up despite transplantation of 7,000 IEQ, while
displaying euglycemia at fasting. Removal of the hybrid device or withdrawal of
immunosuppression after 80 days consistently resulted in increased glycemic
values.
[0067] FIGURE 23 shows the effects of conventional immunosuppressive drugs
given at the time of syngeneic islet transplantation on the engraftment and graft
function in rats. Control animals achieved and maintained normoglycemia long-
term, whereas animals receiving rapamycin, tacrolimus, or both showed only

partial or primary non-function while under treatment. Withdrawal of

immunosuppression did not improve graft function, with only 1/4 animals in the



structures in the hybrid devices with mninmal or
absent nononuclear cell infiltrate (I ower panels) and
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red = insulin; blue = nuclear staining). [0066] FIGURE
22 shows glycemc profiles of Y2vi s rat reci pi ents of
aI I ogenei c islets in hybrid devices under systenic
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tacrolifrus al one returned to nornoglycenm a, while none
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COrgpiaBRGbxrisibneflafibgad §uﬁﬁﬁzﬂ|1ﬁ eitbsé BXPUILIMLY. apy in
rodents. ! 0070! FI GURE 26 shows al Iggenei qraft
surl007{H| 23 shpws allogeneic islet gra a

immunosuppression in rats. The graph summarizes the nonfasting glycemic values

surviva unéereloc

of a control rat (receiving local injections of saline) and of two S1P agonist-treated
rats. The control animal rejected the islet allograft after completion of the weaning
protocol of systemic immunosuppression (solid circles). Animals receiving daily
S1P agonist injections via the injection port for localized immunosuppression at
the site of islet transplantation (in the hybrid device) maintained graft function
until removal of the graft-bearing device (arrows) that resulted in hyperglycemia.
[0072] FIGURE 28 shows the histopathology of allogeneic islet grafts from
explanted hybrid devices of animals under local immunosuppression. The control

animal rejected the islet allograft after completion of the weaning protocol of



I mmunosuppression in rats. The graph summarizes the
proportion of survival (actuarial Kaplan-Meier curves)

wo@boos®dmEs al | ografts after conpletion of the WeerUszP08/001433

10

15

20

25

30

protocol of system c i nmunosuppression. The data in
the brackets indicate |ocal tréatment via osnotic punp
for each experinent aI group. The use of |ocal delivery
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devi ce expl anted on day 46, nore than two weeks after
di seeivien senerdly infiltrated wiflsmenemiciaaroelisuUppeTaasslsh a pattern

| Eﬂ%\%%t%q |“r'118{)?rgs eaﬁugd%cglf’olng%io?x%rg&& u\;/glsl\’ P#gé&%‘ﬁslet structures were
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(Figure 28B ght panel ). Furthernore, islets in
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pr ghicbs&s(FG)Liewhewn at a sadd lmee M delaf waalslobgemeﬂ m function, and
decreased insulin requirements and lowered FBG became evident on day 20 and
was maintained through post-operative day (POD) 42.
[0076] FIGURE 32 shows the fasting c-peptide, corrected for FBG, for baboons
5P55 and 5P56. The highest c-peptide levels were observed on POD 17 for both
animals, but 5P56 maintained positive c-peptide through the POD 38 time point.
[0077] FIGURE 33 shows histology results for baboon 5P55. Insulin-positive
cells were clearly detected (stained green) but were low in number. Vasculature is

stained red subsequent to lectin infusion in the circulation.



islets and sustained rel ease soft steroid beads in
hybri d devices. After the weaning protocol of systemc
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animals with | ocal soft steroid beads (SSb) nmintained
nornmogl ycenia for at |east an ®dditional 1-2 weeks
(ongoing) . [0074] FIGURE 30 shows a hi stopat hol ogi cal
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provided, but the holes could be slightly smaller or bigger. Any other size that

ef }{).Féipheral wall,

permits adequate vascularization for the specific device location and therapeutic
regime is envisioned as being part of the present invention.

[0081] In one embodiment, during the vascularization phase, a plunger 20 is
disposed within the cavity defined by the mechanoprotective surface 16 to define a
vascularization space or gap with the wall of about 1-2 mm. In this regard, it is
preferred that the size of the device be limited, preferably to less than 1 cm
altogether in thickness, more preferably, less than 0.7 cm, whereas there is 1 to 2
mm of capillary ingrowth all around the plunger, inside the mesh.

[0082] Referring to the illustrated embodiment, one end of the cavity 18 is closed

during the vascularization stage with the head or cap 22 of the insert plunger 20



time of inplantation or in a second stage (after
pre-vascul ari zation of the device), and an external or
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delivery of, e.g., selected nutrients, growmh factors
and i nmunonodul atory/i rmunosUp]per essi ve substances to
i mprove vascul ari zation, survival, function and growh
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insért plunger 20that is selecti vel%/ [ s(ﬁosed wi thin
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t hen@aamqpyotzetwmsnmf@fw aed/phidie ghmerbi dmay be coated with a

p?(%i.}lt%bg ?wt ﬁlécrflan L@}%) of a?%f%lfy(}i%nﬁér %ﬁéyrg%ﬁa%%\ﬁﬁ shifable drug(s)

manih ek thetdr(s) €é bise a8t4asldleg1hld&ﬂ o upigla®fl drag delivery system,
operatively coupling the rranlfold to a conduit 28
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can simply be removed in its entirety following the vascularization stage leaving in
place the "sprinkler system" defined by the conduits 30 of the manifold 24. A
suitable end closure, €.g., a plug corresponding to the external (lower) portion of
the plunger, is applied to the device to close that end of the cavity following
deposition of the cellular media within the cavity defined by the vascularized bed.
This plug (not illustrated) can have little recesses for the extremities of the

conduits 30 of the "sprinkler system" to lodge.



are provided for distributing nedia fromthe nmanifold
cap into the cavity 18 of the device 12. [0083] Each
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substantially uniformdelivery and distribution of the
media within the cavity. Thé’ﬁﬁ%rbperforations may be
uniformy distributed. In the alternative, the
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systent” to | odge.[0086] In the alternative, a manifold

as sergitallyiascessed anshthen skidaplypdisplaersfremavithip shetayity o A be
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FIGURE 2. In such a case, the end of the cavity

op898%e Anuitghlemsdia mawbe deliyisresa tayg! %Wﬁ%@ap pbmegiand the

a fnie{&ﬁ&pil%ﬁg & fﬁ%ll%at@ %xfl(%aﬂ)ﬁﬂre p@ﬁ}%ewahl th regcrﬁ'@, with reference
to the alternate plunger embodiment of FIGURE 3, the assembly could include a
delivery system with conduits 134 built into the plunger 120, so that they can be
used to deliver media to facilitate removal of the plunger 120. Such conduit(s) 134
may also be used to deliver the biological material, e.g. cells/tissue and/or products
thereof, at the time of slow withdrawal of the plunger 120. In this case, the
biological material, e.g. cells/tissue and/or products thereof, can be progressively
loaded while the plunger is slowly withdrawn.

[0090] Conduits 134 can be provided so as to alternate with the receptacles 132
for the conduits 30 of the "sprinkler system", e.g. three conduits in the plunger 134



devi ce. Moreover, to provide for delivery during the
vascul ari zation stage, in accordance with this
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fluid or slow sustained rel ease mani fold assenbly, an
exanpl e of such a plunger bei mf described bel ow with
reference to FI GURE 3. [0087] Referring again to the
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rrakl ngi use of the punp_14, to di,stribute tgey sel ect ed
tvégqrrl@O isrepreety I teslemat ve -2 pabers fie Rjpnggsdoes not

pr %&%Pﬁo‘%? g@ﬁggir qulgrod Bﬁt %@%#h%ﬁﬂfb%ﬁhﬂ& of FIGURE 2, the

receptac e cond ItS vere medi a
W biologva rnsaiemzrlae/ gl ced)lu)ttlsmfe anldéor rpecnrhptsathd:reef aray beadelivered to

distributed on the outer surface of the

W b dpitecomcs the 5l 1S tramuit PR g B el soffected to
capifipgyy formation, may pass through the mesh to the
surroundi ng tissues. [0088] Once the vascul ari zation
hagd0091 f ilo |ae<m:rda}n0p ot amgleat embledingng n@the left!?glonsthe device is

o AP SnRaiRptc Fh f I geR auf e o 1 GRS dldRFproducts

t r IngedramiEwvitRsut a8y Plurget Stsdctirs s Taug il {ag erﬁb@diblfehﬁ the first,
thereof, is then disposed within the cavr ty

pr oV~ EWUWI@W}@QG Wmlﬁtéd diut thgaparifpl Pﬁﬁ@g@)}y 24 and conduits
I&hg@;ﬁ 8ngﬁ?cﬁ"s%¥kf%? a)gs? r{\'v %feeéijll l%e? Cli’ei%h tlpeeﬁﬂiﬁ%ﬂe& Bﬁ)loglcal

e'new cC Itate renova

Of nii&rifd M tofitriedts ahd g Wik @a:lt@irs, whilfavefisg eascelatiaatidrethrough
alternate plunger enpodi nent of FlI GURE 3, the assenbly
co &h@dqlwermfefa&weewb &p PRAUQEGHTARITH conduits 134

buirh i] nt\ﬁh&%gl ﬁhﬁ%ﬂ?ﬁ o490 isHrol4Rd, atnlaer¥m6§&i Rloussd

to[d rver acil'rtat'e renoval of the plunger
12&asc$|ﬂmr2anmndhre bppes) enltif theagevadesio timeeaftoe duitablylelopedwith, e.g., a

a&ﬁegl@oqgr' "5% [OSPTP?éJaPi ﬁgkggfogﬁr%fge%%gfﬁ?}gg%}onsﬁi above, and
t h@h@é&l‘ §1ropl:%9rg 15 ﬁké\bis@, sGitshRy clob@l. brik&ie€, ainti-inflammatory,

mat eri a | s/tissue and/ or products t her eof
canmbmnpsw@seﬂey@ﬂ qthr:rce@aerd/mmméeq ey p¢ deliered using the pump

s AR SO . S P

CO'lﬁ’Mb%@al?rQat@ﬁalt hes wilpbé apreviatéd, she géneraﬁl)gﬂattthlm&mnﬁguratlon of
condui ts in the plun 134i nterposed v¥1th the fou
S Ipym

c ortheifieviceniibytessto rg?) Aelivereet thy apmients fxamithg pry F%&llalaﬂes to

Th t he plunger would thus allow
fofth‘g H{p%sltg (tzqgltlédll gernfé whil e the plunger 120 is

rerfo093]. Inrcetthie emhticeliments e fleskgshapeddevace ¢rmtgphs bigéagical

do enslatgr?atll that is encapsulated.
[0094] “Cage-Like” Device: An embodiment of a cage-like hybrid device
embodying the invention is illustrated by way of example in FIGURES 4-6. The
hybrid device, which may be cylindrical or non-cylindrical, comprises an
implantable device 12 containing a therapeutic biological material, e.g. cells/tissue
and/or products thereof, either at the time of implantation or in a second stage
(after pre-vascularization of the device), and an external or externally accessible

pump or other reservoir similar to the one described for the flask-shaped device,



i ncorporate conduit(s) for cellular deposit, as in the
enbodi nrent of FIGURE 2, the biological material, e.g.

w@eiBeIuPEsue and/ or products thereof, may be PEl/Usy®oga1433
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to the device once the plunger_is renoved by using a
smal | catheter connected to a<%yringe. [0091] In
accordance with anot her enbodi nent of the invention,

th | (¢S | hblologlcal
ma %r?da/l g&edf’g?'h'gg%lﬁ(g%ﬁ%tg Eéﬁg% Yklp?agﬁg%%&t s thereof,

an ﬂnﬂduhhmuﬂulatmyy/phmmgasrupptesmw su‘mstan&mm 1mpm\temascular1zatlon,

enbodi t, the f t |
orr?‘l%f"lé‘g‘e Thsattonad svinghiahe saaied bistSeirel helitiRl 15830,
gxgﬁﬁﬂ&ﬂlé c?e@lces‘l@rlhgl:ﬁgf‘sg agx?%ccﬂaﬁ% oté%'h% shifdde, 63 @Rarhple, a

e | npl ant ed terial with nutrients
anpogxusvmbslﬂakﬁ autss, pemiphbmal allok6, dgfiniag @oladjacentt ¢-gninner, space

t hrou eliv t h

{ aet ey oS mirahesarfin gl BBt AUARRAYS saas
angdi6® @Qﬂlﬂgné@ﬂd Vv ABrovuas el RirfoZaions fo pid@ﬁie@%cﬁaﬂb@if for
the device is thereafter suitably closed with, e.

Teﬁotqm‘étﬂ)g angratnentex @mysr&mﬁ%wélsmpdeé?and@r@nbeéWe ‘Thus, the
i s p[:{f Wisemgg ?’? gegg? g 1@(?—8 it I, i) ? %Hb %181%55 O(ﬂ“?ﬁ‘ér@ Preferably

anypei70b InaFens OBy, wayl'@'ﬂb?(@ﬁl m,)aeaﬁnlm ste(el metinedth holes around
agent s/ nol ecul es may be delivered usjng.t

di $09 imjgroas may DetrmeVideghibubihg @Eséﬁaldobeg%lygpgwmgﬁer or bigger.
Zgr}‘vl\} lqttﬁeg?&g)ze tRatt ztg g@aé%g&lgﬁzﬂlgﬂ F@he ﬁg&;ﬁ"id @vice

e ‘appr NE genera
conddagion ahd dfereq:feutldﬂ ecgitay iscanvistortedial lbteg tact dftilee present
del.ivery of the nutrients fromthe new capillaries to
t hé"8HBRI t ed blologlcal material. [0093] In certain

b:TEWQl . afl%'ne teﬁﬁ)oﬁ{n?e?tf] %je %\'Shl‘éﬁzﬁﬁﬁtﬁ}ia% a flunger 20 is

materi a encapsul at ed.
" CalippokddkeithiDethié czenty/ueﬁend)byj thmnccl@homomgee surﬁa@e 16 to define a

hybri d devi.ce enbod he 1 nvention i

Dy VAR IS of KT A 8 401 1 (PG EIGLRE o) tn
Whigel ré?ayci bfslsﬁayéfbﬁéd ttﬁa{he%izermh@&éwéwd Gdlted, GReRrabBE® less
an 1 nplantabl e device 12 cont ai ni g a therapeut| c

bi dsha:gl calaltogetbei inlthickness, roeteinspierabi;desaand}. 7 srpdihetegs there

sed%ﬁgo %t”?ﬁté’ f%ﬁ‘ﬁt tg rg%ﬁ;@gg{ogb%fﬂ éérof'ﬁs;ﬁi% thd'mBsh.
v

dev)ew]. Ry toxhesmbddimentiliwstraadd iy FAIGURES bhnad @,me end of
or other reservoir simlar to the one desc L B
t hehe eaydty-is plopediduring the Vﬁwlaaléﬁtﬂ%%g%f“’la’é g head §%ap 22 of the

Sellgsceheﬁuﬁ]égr ho@idtSs scERMER dighs&d Rithiithe cavity connected to a

conduit 28 operatively coupled to a pump or reservoir. The delivered media are

pumped through this conduit 28 to the distribution conduit 30, which then
distributes the media into the cavity of the device. The conduit is advantageously
micro-perforated for substantially uniform delivery and distribution of the media
within the cavity. The micro-perforations may be uniformly distributed. In the
alternative, the micro-perforations may be scaled and distributed along the conduit
length in a manner to compensate for a decrease in pressure along the length of the
conduit in a direction away from the manifold, to ensure uniform distribution of

the injected media as described in greater detail below.



i mmunonodul at ory/ i nmunosuppr essi ve substances to
i nprove vascul ari zati on, survival, function and growth

w@boosle74p$pl ant ed bi ol ogi cal nmaterial. The i npPERUsDE001433
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device 12 includes a nechanoprotective surface, for
exanpl e, a porous, nmesh-like otf et peripheral wall,
16, defining an adj acent, e. g i nner, space or cavity

éu #?()U“Ij o rnfffﬁb%ﬁ]cp% RLES Eﬂal\( ﬁ'{ L Ge deﬁvﬁ?rc{f %‘hg;eg)\?sv, factors,

so as to allow capillar _
t hicotoginet, I"c&ugsa ahd tiat likerthrdugh mmndmt atruataeytherméshdnémptective
pronmoti ng en%@aft nment . of tra(BspI ted cel)ls, as

de§lé'if’f“%§eatﬂld1‘?é PiHBEDAL Previde PSR ,a,§u%g;e pgdia, such
pr e? ar ;‘& y 4%%1 [}308{19 mg P NaR8CvifH §f1 Bfe:dr) sﬂﬁ'&:ﬁ)r(s) to also act

m cr By way of exa
st ab aldagdesltveat Systesh pazrttdmldnkyl welsenathe dﬂ‘d06[$(fllm mmam;edmy

or BBt e gt boditientift Sy FEIR HIGRRES SHt gty dRecrPlunger 20

v as’rﬁdl'ﬁ&fs azlaﬁglﬁﬂilﬁaﬂ’ "redeB@cI%FﬁCdlgﬁo@edjﬁ)\f 'sEl@ctll\fb‘Py?\§lﬁd31|Bl}alfédelv1ng the
therapeutlc reglme i s envi si oned elg art of the

pr eseditit 3hdening ba vaf@:@gsqatwm stogre mame wiger @b eamgimply be

t he vascul a 0 ase

wt g aechn e DR TruRRE el REind Rk 1A AR Bhce the
SUF'§}ﬁrﬁﬁ(lé¥@y§t@md efined by tlﬁsc@blﬂliit B(laAl suftalspefd closugao, c.g., a
with the wall of about 12m’n'§)see FIGURE 5). Int

r eQAEROTTeSPeNLling tor the eXigmah owen Pogioreoidhe ph@garel\? .ae&w&eto the
a @e&%g 1o AbEd &5@8{ ?fttﬂe E f%h@&lngghdﬂ'eﬁb%{lgﬁ BF{Hé%%llhl'ar media

ness, nore era I'es wher eas
t hevi¢hih shelcab/ity ﬂefrmdjlﬁy mapflakduwryzed bed.oThis pdlig caanrhmrnd little

t he plunger, . inside the nesh 009 efe to,
enﬂ%ﬁfﬁs u. far q“il’ F’?fliiﬁr?lgf th ﬁg@q‘k‘iﬁgﬁ@ﬁ& E?Rﬂ‘ erS e‘@nif’ @pge
t hﬁlgﬁ@ﬁ'et %Ijérgg ﬂ:lle%ﬁglleq}gah?lg st NYRBLnASd dediveRa bettHQ wump or

cap 2 the i nsert plunger 20t
i s rewhart thvaigh the sq.miwtcttmctulm as ddemed agresyary o des;ra@cbb t®

d 28 el
7 e SBRUBRF temeatRit ot aditiedias e TBRI P sontt 39-s
corglidhise2 th 1‘69&10@ oS tHel ﬂlh‘ﬁge@ N0 A EHeél respedtivaricetaélB 8D for the

di stributes the nedia into the cavity of the device,
Theooduit) e ddmmﬂkmcshageﬂ m@\taysemacyﬁbmﬁéxf ther rgeeiagleand be

suY gfs&rla}ltltlfzﬁ on ¥li}enucgtllt{e: o agee loﬁ.tn %Qde@ 'wi #l{lh ! da@ﬂy Qhd tcLéZ)ending

r o- gerforations

unidpeh mﬁe/stheSéﬂdaputae)dfodnatleQn@J peass tabdbughethe tnhesh to the
m cro-perforations may be scaled and distributed al ong
t hesugeneling tlﬁséﬁgt h in a manner to conpensate for a

dec[bﬁﬂﬁe AR e AP B OPh IR GO E T prBhres R, the plunger plug is
surgically accessed and then displaced (slid out) from within the cavity. The
biological material for transplantation, e.g. cells/tissue and/or products thereof, are
then disposed within the cavity 18 previously occupied by the plunger 20.
[0101] To provide for delivery of media during the vascularization stage, the
plunger itself may include an infusion fluid or slow/sustained release assembly, as
illustrated in FIGURES 5 and 6. A suitable media may be infused to travel
between the plunger and the new capillaries to facilitate removal of the plunger, for
example. The assembly could include a delivery system with conduits 34 built into

the plunger 20, so that they can be used to deliver media to facilitate removal of the



conduit in a direction away fromthe manifold, to
ensure uniformdistribution of the injected nedia as

walemsdtaesl i n greater detail below [0097] It sSPOUUS200%001433
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noted that in addition to delivery of nutrients,

factors, cytokines, drugs, andHe like through the

conduit structure, the mechanoprotective surface

an e

cui élﬁ\g }ngﬁc}n&ggg#sgéﬁg ﬁéy gfésg)be'mé(%fb de%Q/@lt ﬁlg b\MlBQicé!

I MpiggiEteg oli/issigiahdiol prodiuog (th:f)rétﬁf}:;latt the (tls)e ctfcsloaw swthdrawal of

act. as a drug _delivery system particula when. t
o JRCRUREST20; 48 b Aos e rolp BB P e DB PERAIF Y Loaded

il reRd W’?F@tﬁd?a% 6, the insert plunger 20
|nc %e gﬂfl ngllgtgudl naI1 receptacle 32 disposed for
sel[en2] ve!andsits d3dtan bepreivided go ahity adtemiié withOhetacepigele 32 for

th { T 20
S1 1 Pt 30 b s PRk Bt Bty MO PR G 1 tRr 134
Va%lﬁ:}a%sé@@hh% &Iea&)%dh@% oPthel "@%@Me@lesyfstéﬁl" SPMlusicdted. The

syste def i ned the conduit A suitable end
cl ¢wa pencaﬁt;s 184@f thQaplphgﬁg veaud dnslp@H@Iergr Q%uqueéklpe‘ilnglwvhlle

|on of th unger
e heRboB a8 erfoveh” O B fost &, EP A h pller does not
dep@sirpdrate c@ﬁdﬁut‘(@) foelélullar depesit, ahéf\bibhjgﬁball hﬁtaﬁi‘ll iday be delivered
defined by the vascul arized bed. This can have a
|i tte fhe dexicegca thefplungends terovedrby Ysige atSﬁ@%c“@Hmﬁrtcoeeﬁcted toa
of % ﬁ "sprinkler systen to | odge. [0099] During the
vasCul®ti zati on stage, nedia can be delivered by the
PuUITP103] rWhere\woplungdd20 ligbrotvhiedpmnﬂlehtovsd falkiwing vascularization,
deened necessary or desirable, to distrjbute the

se|ﬂ@¢:?1eeal and @it 4he devioras shereatiensuitally ¢losechyilghe #Zeflon® or

gﬁﬂh Tex® cloSGe s or ke El%?ur@ rd@§1%9 @6 A médiRontl YPSRY arPthe

e respective receptacle for the conduit, the

delsux@waé dperenlg & hikiewiser mvteblsr@lctseév Fhersafteroanti-frflammatory,
receptacl e and, be distri but the o r,.surface of
BN RGP veapt e AeAESERIPTYEIREY DR i pump or
t N iRy 3R Wi £SO (HB kR0l BN dI@Butibn Ssrgiuitt 30eto the
mesh to the surrounding tissues. [0100] Once the
vast,ranlspiamtzdibwé‘vglb@lsnaé ] o caslbAispredgeios peasuctsibereof.

(s Hpgﬁgu cglp %H{r (—i:rﬁ at:hﬁéa%e ik S&e%gcleﬁirs] glgtit) o%gulgﬁf({al 64

mitd%bbﬁhofi 6f the badls@althatdigin, e.g. cell s/tlssue and/ or
product s Ehereof are t hen di sposed wi hln t he %v té{

18 [91Q§]| o‘lgz,(plySbgg Bevigg: %gmgp@ﬁggpo @001 9113@)5% yprid device
Pr Q) f tFIBURE 7. The hybrid d
vascu alrn Pglgt Oq@%kls‘%%teg bly hrng (?fue%é{gp ﬁlgltn sl}eII%fU ma)z [ n(e:l Kdré evice
an dorfprisésan Mplaxdalde dshoa\kmusmmg;meﬂheraebmasboh@mﬂrbia;qnal, e.g.

as . . . . :
cells/tissue and/or products thereof, either at the time of implantation or in a

second stage (after pre-vascularization of the device), and an external or externally
accessible pump or other reservoir (not illustrated) for delivery of, e.g., selected
nutrients, growth factors and immunomodulatory/immunosuppressive substances
to improve vascularization, survival, function and growth of the implanted
tissues/cells. The implantable device includes a mechanoprotective surface,
shaped like a coil, for example, defining an adjacent, e.g. inner, space or cavity.

The mechanoprotective surface does not completely enclose the adjacent space.



illustrated in FIGURES 5 and 6. A suitable nmedia my
be infused to travel between the plunger and the new

weapsidars es to facilitate renoval of the pl unper/psi008/001433
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exanpl e. The assenbly could include a delivery system
with conduits 34 built into tHe pl unger 20, so that
they can be used to deliver nedia to facilitate

By BL o IR MO 8, s BUSDNARIL Kl AL TR0l
c elvhsthitar dsdi forgirotmoting egtaftinsntt dferamsplantad célhse ag desenbéd
sI ow W t dravval of the plunger 20. In this case, the
F‘E?g‘}bé ‘material can be progressively | oaded while
ﬁiﬂmq{? thib §m§58’i¥’ﬁe¥u Whd &ﬁf ed bkt RZlopfBdiVetsarfddmay be a
e provid so as to alternate vvlththereceptace
32 distnibutioe con«hdtJB@ f(ﬁﬁledﬁntbtae:o'ils % pwiiap or resystogrdeliversgnedia

ondhrEa pencats 25 O hE R nR Fond B SRS gh tnbodeifes ne
i lnké%ﬁar mc%d Jbﬁnd e cﬁ&lﬂ%‘f thé déﬁée 0fhd sndaltuo s@FanRebikly

thus allow for solution/cell |oading while the plunger

20 niigrorpanfovased fqrmubﬁentmlwgmnfann\dehvm @nd digtrehusionted the media
pl unger .does. necor porat e. conduit r

e R T B SRR Eio RS Mo s BlrolsB bl n e

t haltek@uli e tiaRré-perfblaibgehay be sedled/adl dl}z‘trx%ﬁteﬁgtl(alg the conduit
smal | cat heter connected to a syringe. [0103] Were a

pl lengét inzomprnes t@ cerapensaigdar # derscase 19 BIESBUE Algng the length of the

va ' ' e
{ RESHARL 50p  PRBTE e RSN R gringon of
GotlecTigjeCctel] mddis big éeseﬁbed)m dredeer detaibbelewdevi ce 36, as
msntl oned above, and,kthe su gi cal qOﬁem ng is. I|k Wi se

su. (VUG y Teshouldioe Adted et ineaddiian to-defivrx prapBiopts, factors,
m&}% TeB RirG 'aff@h eq{ke‘%fntb%?h %ﬁﬁﬁ@ﬁ&%ee&eqﬁych%protectlve
del'fvered ustng t

e punp or other reservoir
di stufadeutndbbr wheapluhgerr(ﬁmrénd@ﬂ)aw bk etatddowith onmam additipnally

30 to the tr nt ed bi o] ogi cal

cercpEpin suiieblieh Srbaut POUPREPUF popaRs IBiEagd wit

e | \ I '3 @rﬁ' &dérly wh

bg??f‘%“’ﬁg%lossf’{fﬁﬁ@%?°taﬁ§%‘éﬁﬁ O e Aiagaly when
C@lnd desficepe ditst Doplasted. An enbodi ment of a coi | - shaped

tf@(@llrpl | ring tﬁ% &ﬁ%@l#ﬁz\a{ rg"st%eo In?e dJéa\li}isog é&glggnrﬁ?%gvt‘ﬁé/%ump or

i Wmtm&@eh@udﬁrtm@ﬁ thOfinduhisiigctard f3aicamed nbceskirploe désiable, to
material, e.g. cells/tissue and/or products thereof,

of dhttiibuse theifelopiegunestia imaidearetand e dsyics thrgughsthe ggnduit 30.
st zigﬁpi afé e the 9as\/:ﬁlsafl%tf({/d FRSL iy 16 &%l CRE pludger plug is

r na “or eXt
surgically accessed and then displaced from within the cavity in a rotational

manner. The biological material for transplantation, e.g. cells/tissue and/or
products thereof, are then disposed within the cavity previously occupied by the
plunger 20 together with other factors, drug and/or nutrient releasing formulations,
and other agents as deemed necessary.

[0110] To provide for delivery during the vascularization stage, the plunger itself
may include a fluid or slow/sustained release manifold assembly, as illustrated in
FIGURE 7. A suitable media may be infused to travel between the plunger and the

new capillaries to facilitate removal of the plunger, for example. The assembly



accessi bl e punp or other reservoir (not illustrated)
for delivery of, e.g., selected nutrients, growh
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substances to inprove vascul ari zation, survival,
function and growth of the inpPanted tissues/cells.

The i npl antabl e devi ce includes a nechanoprotective
surface.  shaped. || il fop . L nj
o e STt Qo X FBAR 1 RShE BLAGATD, 5o

megHag@epfi bt asdd torletived media cofsilitat reanowll of tieyplamger @8e Such
the adj acent space.Capillaries are thus able t i) gr ovxf .

e. genduséydémaalsq Bopisdde delper s trloltoalcaf@mealé ,§ 8. cells/tissue
va r . .

¢ RFLbss ko ATRS 80 ARl bt gL o i
enmbaxd] thre biologibal matetialstaa e gpragedsaebploadetwhiletheyplfingee is

ooy BB A SOY s IR, BE GhnGeLafail usgfhorue
SRR 351 ddpldr JRp SN el Hiol3Bicahtehal a8 beWehil el s 8%

to

t he msdig Into and around the cavity of the device.
Thdeionaugetthé pluagemis regediyyusinga smpléedthetar eanneeted to a
substantially uniformdelivery and distribution of the
meN™ &% thin the cavity. The micro-perforations may be

unidranM A feir Hidlofidhiadatetifl Hab Bedtl divarddity Ehe ddikee, anti-
m cro-perforations may be scal ed and distributed al gng

t hinflaoraatory, immynhsuppressive anether agcatyipelssules maybeelivered
bR B A B ARSI S o o e
uniedplarmédbioldpidal atatafal tdie celli/esuedndpridactashereof.

described in greater detail below [0107] It _ should bhe, .
o TTd 2 ngCain Shanra) Bivice: HePRbERYdY oh boinshged Inorid device
fa o ok -dE j .
Coh8bRisf M O, NS B gl atrs 1 e
antiyorid tévdcgtampeses @hfimplactablbattyicedy doatainag e dhespantior

may. addi ti onal l.y contain a syitabl i a,.such .
bi %%8%1i%t@1ﬂg?-§@IS%tW@wg gaoc&c{éﬁgérﬁ?t& ng%%raglsy & the time
dryg (rﬁ?l/afll%ﬁsﬁ’ B{Itsﬁotérﬁiaak%@a@é‘éona%ta%e dafug pielhstarayization of the

syste particularly en the device is first )
i mdkwine)pdnd fupaxieinabor ¢xternalleaceassitle armpar ogher sgsgg@ir (not

[ | d by.th i
C R B Rt oot patsttrre RUTRE pME el ES R O,
de %ﬁﬁﬁb&odﬁﬁt&&m&%@ﬁié@ﬁvé ehistinees feEdipRovevastdlarization,

around the device through the conduit 30. [010Q9] %ce
t heusvaead funetionsandagrowthsolsthe fmplawigd biolpgisy maalsd: Thee

T i e S
shaped frame, 16, defining and non-completely enclosing an adjacent, e.g. inner,
space or cavity 18.

[0113] As illustrated in FIGURES 9 and 10, the adjacent, e.g. inner, cavity may
comprise a biocompatible matrix material 40 that is implanted with the biological
material. The matrix material may comprise, for example, PET or other

biocompatible materials, which are preferably biodegradable. Before implantation,
the matrix may be seeded with the biological material for implant. Capillaries are

able to grow through the matrix material to promote engraftiment of the

transplanted biological material.



manner. The biol ogical material for transplantation,
e.g. cells/tissue and/or products thereof, are then
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pl unger 20 together with other factors, drug and/or
nutrient releasing formulation®® and other agents as
deened necessary. [0110] To provide for delivery

dur t vascul ari zat i @n_st. ithsgl.f
T (e i SR deRif i RGHIERS s> cener
assexiet yegidisofi tht usihrshhpell duffabd COREmME. thé\distrittusioh eonadi 30. A

may be infused to travel between the (?I,unqger aH_d t.he,
neRUBREITITesEryaik 14 delivers mediatiropgha gandwt 2§ todhp dishaRution
for : : i L V&N

e AT SR SRR B AR g o e
so dethiaée. The camluite3Ous advantagdelisly ericroepkirforated facubstamatialy

val of .th 20. h dyi. t 134 .
o Mty bR s s L e PRy
c e'(g)'e%fa'ti%gyﬁl\%g B¢ &gffoﬁm%faﬁsu&&e 120k alteinatile thé MEcrof
sl rawal o he " pl t he

w W th t plunger 20. In this case,
bi perfgiatiahs may be iscdled amd distriputegradeng the cgnduitdlgegthiim iameanner to

the plunger.is slowy withdraw. |In,th ernati-v.e, . ..
e. GoRPERRRL AEpRARArIIgE D PRIBERLTPECORI R a diretion
conatron tHeGharfiRJ1d,Ub 3hsH€ BAFim dishbubibf loPdieGiected media.
material can be delivered to the device once the

pl UL iAs WiestatediinolIGIRR athsreain-shepehdeese warfedhesd
t ringe. [Q111 ol ogi. o FeC
poshmiit § &gt e a6 Fellile E1iCK P BicBld @ Bfwribusion

I MYdAQEUPRr essi ve or ot her agents/nol ecul es nay be
del i vered using the reservoir and distri buted

O g R e e S s
bi ol agi ' i .
) S gl s 0 g v

a chitibsthmpeadiy B0 itd thtavinsplared biblogigaltrhaedialvent i on i s

i1l ustrated by way of exanple in FIGURES 8-1 1. The.

hy ﬂplmqe\ﬁmge—&r%f .’ b@gegﬂgv fmaniaast 8 aamr@s-]% déFice of the
CO']{:@éeH{ i9erRidnN€ §IRREHeH HyRi4) GixaRAIplRIAGIURE 12 The hybrid
cel'l s/tissue and/or prodicts thereof, preferably at

t heleviceeomprisespinampdaritahie Henicp b2 eonthiairngye tharagewtccialpgical

stage (after pre-vascularization of .t ' .

an TREEAnGE ST ER At & Br@bt ob eIl SEpfitiion, and
I eSRre%Rirhial (0f ektetral Iy HcEcxbid) purdp oflethev@Edtvoir (n@ ilustrated) for
selected nutrients, growh factors and

i mdshverydfl ag-ossledtechpisnispErewsh fastosyard ances to

AR PRl PR o0t
survival, function and growth of the implanted biological material. The
implantable device 12 comprises a sponge-like mesh element that may be seeded
with the biological material before implantation. Capillaries are able to grow
through the mesh material to promote engraftment of the transplanted biological
material.

[0118] The mechanoprotective surface is perforated sufficiently so as to permit
capillaries to grow through the perforations to provide a vascular bed for
promoting engraftment of transplanted cells, as described hereinbelow. Thus, the

perforations may be, e.g., 100-1000 microns, 300-800 microns, or more preferably



i mpl ant abl e device 12 includes a nechanoprotective
surface, for exanple, a coinshaped frane, 16, defining

wapasngngonpl etel y encl osi ng an adj acent, e. gPCT/DRBNG/001433
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space or cavity 18. [0113] As illustrated in FI GURES 9
and 10, the adjacent, e.g. inhrfet,” cavity may conprise
a bioconpatible matrix material 40 that is inplanted

\é\ﬁot#gOhBS n%:gx%ngg)ﬁ?g%e}});@fte%@ﬂe a LG1OR S deX T8 @ﬁ%ﬁlglé@ﬁ‘ound

ri'se, tor e of “other bioconpati
rratsleo inéit®ons whiyde mowdded, duethaibojeskboldagr dightly emaBafarbegger.
i mplantation, the matrix may be seeded with the .
bi e fthersizedhatReaIts adequaisivasgularzahen Firthe spesttie dayice
to ) .
en it B Rl O NG KAl R P D e BT e presen:
matmeventbn. 0114] Referring to the enbodi ment
illustrated in FIGJRES 8-10, the center ."axle" reqgion .
of I9F19) S oA STARIUTRS AR Aoy ioedPRE CORriY SR TR aF Fesfrvoir tht
COREINdrs fedidAhRIHER aQond&is &Y MRl dr midke dpdtfii@ich dBRELAs (similar to
through a conduit 28 to the distribution conduit 30,

whitladse sheswn ¢t Hherabpye-descrihed devd¢es), iwhielnthen dismbute tre media in

cavi 18 . of th evice...The condyit ]

c e oo s o ARR oIl i Hie atflul G e gepgriaseousty
uninfiefompeirate@ For subskaflidly indsti@alioérytang digedb@ion dftheimedia
the cavity. The mcroperforations may be uniform

di stithimthegnesh slemens. dihe anigrerpertoratians r‘i‘u@k‘?"o‘ﬁé@@ﬂ}égi%@ted- In
may PR S AVEd B M -ﬁér c%r?l"('(?rﬁqngj %‘&afelaeanﬁ_‘?i'i’k‘iffbﬁteél &fodk fhe
In ensate f1or ec

a nmanner to conp rease in pressure
al epgdiihengrigtaimainet trecongpeasité forma decrhiasent prossueangyng the
fromthe_ mani ;&Hd, tQ ensure uni formdi s&)r' buti on of.
t hdength aEwe GoRit in 2 fiemclisp anay oy e yaniield. o epipeniform
11,545 i kce may further conprise a
fugﬁ%ﬁﬁgfoglnﬁtﬁggg%%%%%%i litate delivery of nedia to
t hgOH10§t rTheunesirelernemtunsy BOnor-Gudptelyf erelosedbly ahgaridisk or

O 85 S BOL B o ARSHRRG AL i o
andrefof® AUt GETH®, olgintlhab Eﬂlﬁ?%ﬂﬁi {?gl]ﬁ%lm larid0 tO the

transpl anted biol ogical nateri 'Sponge- Li ke"
De\[0123] Ahftemibydantatinn effthedeyiess gatifinflammatorys dmgrunopgppression

present invention {s illustr. ) ' .

P SRR Rl TS Y e B TR 1 vi e
dedigiBbdtdorceunidait i the tranbplentad bldlogicdlingdtagilcal

material, e.g. cells/tissue and/or products,thereof,. )
at [0R21t i Insonre qnmgdgﬁgrgﬁ,i the dewdgfot the invention is pac aged'in a sterile

packaging optionally including a label and/or instructions for use of the device.
Preferably, the sterile, prepackaged device is ready for use according to one or
more of the methods of the invention. Devices of the invention may but need not
necessarily be associated with a biomaterial when the sterilization step is
performed. As the skilled artisan will readily appreciate, when one or more
biomaterials are associated with the device before it is sterilized, the sterilization
method is preferably selected to preserve the activity and/or viability of the
biomaterial. Alternatively, devices of the invention may be sterilized before they

are associated with a biomaterial according to the invention.



an external or externally accessible punp or other
reservoir (not illustrated) for delivery of, e.qg.,

W@ ei0809RMs nutrients, growh factors and PCT/US2008/001433
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i mmunonodul at ory/ i nmunosuppr essi ve substances to
i mprove vascul ari zation, survi4fl”, function and growth
of the inplanted biological material. The inplantable

deya 1 ' - i K d
ey 231 5 dn SEIBE B SAONREhs fhe TEFRe S Bl npldifld alrcady
i midaded atithahe bickgyitd] atdtasal aorevidbthe Hiaogicahmaterialugédedta the
mesh material to pronpte engraft msnR% of the

h
t r ARSRIAmpERL0D) Q%éli‘ec%ﬂ“%a_t*’éﬁhf"é‘l any[Rb4nesf styiggure. In such
TeERRBARN S fle Hﬁggﬁ-?:?s%ﬁlafi%atﬂﬁ{gé}ﬁﬁé}tiﬁgmﬁwﬁf biREL or

so as to permt c aries to dgrow throug
pesfoov/sitstaims] releager avsérdblyand aeodiin 0, tecisd-calledr 'sprinkiergystem”,

engraftment of transplanted cells,. as described

oA HErEI TR AT pel i e e nu s and growth
10@:10Q0w AN C29B8ng 38 uRPiQatidrCthRiigh tE déTRedy of factors such as
pref er abl y400- 700" m crons. By way of exanple, a

st ahglbgenic ackars. mesh with hol es around 500 microns nmay

e 5y e PO B L o

vaglevilcardrzaink @ afl Of thdWloRpRal inakridbmay be keptaded avittdmche device,
therapeutic regine is envisioned as bei ng@pa_r,t of the

pr @t amt tinapener pest-implentionn Inseneaasprg otich@Ag gion o geplacement
devi rj . VOl t delivers

e P R RRRIERT e, 3o R BB BRIN A sy D51 o
conoilgs]s Ihshyof dre dbové bimbediatentsnthienme¢dhenoprotective surface or mesh
above-descrj bed devices), which, then djstribute th .
medra b AT %Fﬁ’cﬂl?eéﬁ 8GRl p?b(@?eﬁeg ﬁnye?téﬁfeﬁwtaglﬁ thsferig]dipt qul provide

Th %érgg%?(?ﬂg]i Ft?/?)lll}??; efﬁ@ﬁggﬁ@%?%' ahy ¥uitatle RAGHOLANGRIH &cording

sub 1 form Ivery and distribdtion of the
medé thevthedpeuticneedemivrdéramedequatihye favioc the-preduation o dres

may, be unifaorni istribpted..ln the. alternative,,.the.
 dnesopstie siat dhibe SRt gl mafiioR AR L & bip R

t hg, GONQWetprb@A&d By ifipRniBRERY. TiusCORRIeNRS ey tR] fit example,
decrease in pressure along the I ength of the conduit

i n ahowli T tckS eentimeteys i longthisad wddthi dihis wewlddga fypical range for a
T Y8 B B e RO v
a dh&Hinpr HoWeedr, Bbgp devicehmap ba degired desimpMritationnafihepatocytes,
made of plastic materials_such as, Teflon(r) an .
Corfemeseptnle, whre entolme oL #ile o Be g@glapﬁgs% 8“1%‘{%1 thpflesired
therapeutic effect, such as to support life, is greater (e.g., in a situation of device
implantation for bridging between liver failure and regeneration of the native liver,
or between liver failure and allergenic liver transplantation). In these cases, the
device could be built to house up to 100-200 ml of cell/tissue volume, therefore
requiring larger dimensions. In the case of islets, the total packed cell volume
transplanted could be less than, for example, 15 cc of cell/tissue, and typically less
than, for example, 7 cc of tissue, 5 cc of tissue or even 1 cc of tissue, depending on
the state of the implanted cells and the patient..
[0126] The mechanoprotective surface 16 preferably has rounded edges so as to

be relatively ergonomic, to be comfortable to the patient while implanted, and to



[0121] After inplantation of the device,
anti-inflanmatory, i nmunosuppression or other

wW@o®sns4ndl ecul es may be delivered using the peapUs2uds/001433
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distributed via the distribution conduit to the
transpl anted bi ol ogi cal materi%l .” [0122] In some
enbodinents the device of the invention is packaged
&Q,?J n
nl%l?é’ étk'er%a g@%%ﬁgb i6h. oﬁlgée %g%\!vgsefel\rl ILHgié gssﬁaneaagggP/hndrlcal
t her ﬁ(breéylirﬁlxlcar bmpkrazg@dndﬁwomassembrl)eaﬂcyylfrdrlcala& non- cyhndrlcal

TS BiRvided ha 68 A P wEMe DHU RhgloBtusasd tisese
neﬁ%%ﬁl% Z)’ LtaBE ASTiBAlehBTentd, tfetbt&s Qhﬁﬁﬁﬁcﬁﬁ sespehiand

steri ation’step Is perforne heS|IIe

ar vihreamedial tb thieeaﬁe wsheggthe eutrmnts dehhand byehonewsagllaries will
bi omaterials are associated with the device before it

i sNQY%PH i zed, the sterilization nethod is preferably

sel@eypd AWl l?esaﬁf&\‘@cdtg& 1@6&1’b¥$dﬁﬁén@§w{tﬁ’ b p\Sf&Q'du'térXNdPIf or mesh

the bi omateri al ternatively, devices of the
i nelentent mhmdggrtmo%noeoslm ofdbe pettowall ohmpskamell deteraingtteaisize of

1 oo B P AP BRSBAD. FRRUENSRUL O e mesh o
| MBbRBRY R detfinddoadeing tohhé tegd Iapbl@cgﬂu@ﬁbfﬂ’&i@fca@ulated

or with the biological material |oaded at the time of
i nPPweR siruchireof t he devi ce, without any plunger

st réjﬁhgr FI‘P ehm%oﬁ%éﬁtsefﬂﬁpgdn%%ﬁ)suntet&gg %)Ir IZIB%S Zt”?]gef?xfelc}i aé the

arl za ase omtt

or résbwv&usﬁgiuﬂefm Eﬁadlsecafsthe aasea;rbduyl capniorqﬂnghjlhave&aength suitable
so-call ed "sprinkler system, are ill used to fee o
théorth?)ﬁgml@aof:@aﬂ@gmﬁg 1§ PORORY ean%@fw%snfgge%mple 10%

hgﬁ(}gl | efrl of ﬁ% df@gicle ewhfly Hﬁ\h R Erk Airh &R drRith 1A IRose of

ctors such S angi ogeni c factors.
[ OftA4gordus lamiy' af dd:dmaaecbrlmessae'rm@t&smhit sa,ddbloohb@stcalmg elements

mat erial nay to t evi ce orre or | qof .
t h&ayi k5| RsgYH sff t 5@ ec‘ffﬁghﬂolg“i‘%eﬁi ineRlield; BRYS %tﬁ end cap in
demagg at any tine pre-or post-inplantation. In one

aspect, such addition or replacenent could take place,
e. @01290 hiroergbodimenigdbascobiain %Jellung@rrlyntsgﬂs@relrﬁo fa)iz!}}ngms

kb AR RABE RS SRR ot ot o

anyne@hiprétedthalBuerac@l @ butdh ehétadiratttioh redueed d@as to deﬁne a gap
di mensi onal stability. The surface may_ be any suitab

| eﬁ@thhth&ﬁ‘ér fagied tlfhe pbengermay howeverdayp arskiplil Aidfera aéaneﬁhan the
0 s R PR LB O i, o

mahgaimplle the evalle o Hunger mayl tegilightly tapered in the insert direction
and/or may be grooved or surface treated to facilitate removal. The plunger may
be solid or hollow, although solid (except for manifold conduit receptacles and/or
its own delivery manifold) is preferred for dimensional accuracy and to minimize
the likelihood of media passing into the inside of the plunger and then potentially
decomposing over time. The plunger may be made of a material such as plastic,

e.g. Teflon® or GoreTex®; a degradable biomaterial that may be angiogenic; or a

degradable biocompatible material that may be angiogenic.



factor to be provided by inplanted cells. Thus, the
devi ce may be, for exanple, about 3 to 15 centineters

w0 pooBeYmyP$ and wi dth. This would be a typical Panys20H®001433
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a device containing cells that deliver a therapeutic
product (e.g., islet cells deli%ering insulin).

However, | arger devices nay be required for

[ atyj . . . . .
TG oith 3B RO AR S vl Hlar BT Frye #BELGR I Biclopica
t heiza@eil s depekiteaicin, thedohicea shet thickn@p@f thd vaseylar lsed formed by the
greater (e.g.,.in a situation of devi c}e}fi rrgl antati.on

f oengapsigtionoble fewie 12 gaq corillanyesoutidhrough o AEung ot

t h%é@ﬁ&do\b?ot}eétﬁ%rsurf%e P@P 585 bih rgaﬁy%ewe‘ﬁ tR@fhechanoprotective
al'ergenrc li1ver transplantation).” I'n these cases, the
degirdsceciddnd thephmigént 20t ar 120uthe spacibg bdifg-d2@emiried @tcording to
cell/tissue volune, .therefore requiring larger .

di srESBEments RS figaythg end Useqidhe pheabsyiet dgyisg e ghe

Cellan ¥Rk 4Bmbhass Bf ARLREh&PréteBiBid R8fcd Bitlthe iplinger are chosen
exanple, 15 cc of cell/tissue, and typical var I'ess

t ham acdoodanes aithi the voluge anfl thickaagereqpired, af. frpmsabeubt to 15 mm

1Syt 858l PRI JERERIL 2 oo 2t o (he

MEGHEIQPITREESrH MR eSHIH AcemB&lipkRf 67t Invehition, tspdecture for
edges so as to be relatively ergononmic, to_ bhe

coretestingplvesaudartied tpdefinan respvpis fprmseeitingpiolggigal material and
tom ny r'?li%aﬁin?%l‘?%?épﬁ%gﬁﬁ% LAk f8tion %?ft%eagbl%gic F{Mﬁ:}’iﬁf within the
ma aggume ny ARRA rical or non-cyl 1 ndril ala orm or

anyhybal de¥icOtoapieRtimplanfing yHei destidedmkhedsody of the patient with the
non-cyl i ndri cal

forms, provided that the conduyit 30
of Plger (Whea Rﬁ@ﬁ@ﬁ&?@ftﬁ}%@ﬂ o 8B t%@e‘nﬁ#g?négf)otecme
suich BBl oYefihs b%ﬁf) ?orr’cié%ﬁé ﬁgﬁﬁwg{ FhE HhBlant location may be, for

I MuUNosSuppressi ve agents, her nedia to the core
whexemplegintmabmiental G@nchehénta pedchyy hepatic nsalvcatapdduls ainfrageritoneal,

T Ny
th Qhéjﬁ]&rtaq %%I%f:emp @4 BRifErYedmbRBmEMS Sthe WablanOlocaRsiis Wot |

determ ne size of the neo-forned vessels in the
vadouwdwsctdad. For this reason, the size of the nmesh or

por Vo pe determ.,ned.accordin .z .
ooUBrL e b Rate S G BhPHb phiEis el E vien
[ 0XABbcdiRgabp tictRRirgl dckish of etpatients| boslyagd aapscubdr bed
pl ugs 36 geflned at the respective lon

( %%;udinaL end;

of dewelopein the gap heteveem the Riungsr and theanechanorzpigetive surface by

sui t.abl i a[r T oW n. Thet

U RGPS A0SRy Bho DD iy,

| enggrowali of escalarizativn stdpelreayhize/faniitdtedinserdasecd by delivering

di mensions simlar to thots? of . . .
suitable factors through the manifold structure using the pump. In addition or in
the alternative, the mechanoprotective surface and/or the plunger may be coated
with a suitable media, such as a biocompatible polymer impregnated with suitable
drug(s)/factor(s) to act as a drug delivery system.
[0133] Subsequently, once the fibrocollagen layer has been formed, a partial
incision is made in order to expose the plunger access end of the device in order to

remove it. If deemed necessary or desirable, suitable media may be delivered

through the manifold structure to facilitate plunger removal. When the plunger is



the porous body. If deenmed necessary or desirable,
additional fastening elenents may be provided to

WG piosawi4ys secure the plunger, manifold, and/ orP@L/082008/001433
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end cap in place. [0129] In enbodinents that contain a
pl unger unit 20 or 120, said‘ﬁluﬁger is preferably a
solid conponent having a shape general ly correspondi ng

AledOf é%&ﬁ%@gg@g@r@g i% ver {2 dRGS st]'rgab@évj\nfor ifiplantation of

eac drréc ron re A
S ubfodegical hitenid] tigagh theyopening\ie rhemmea Tshlerbgrﬁbgryal material,

di fferent shape than the oute h ective .
S UMPRETRY COTABRSE O ROBSIFF RSO OB R OERD agior PFHE%““‘% slls, and

eX 3K gna}t' HP%%H énﬂrgleEﬁtsmelfGﬂﬁ‘ér sQféte?ll hr%‘&;gt}’onally a

tapered In the insert direction and/ or may be grooved
or cslturg amelmm selteted iroadcardante with thetype af celrﬁmd)epmpigmd is

alispored dn e repedie afine e SRack i BHASHYY feblayp! of the
rfamJng&d)Tnesmsrogfc%r fa%ﬂ)rfp%du@idg%ﬁé aftah camastnvagyRnd to
m nimze the assm into the

i nsﬁmsmlamzﬁé t]@rsumgaeri thgbiotdgeaal fﬁ@tOéns alaﬂorlapddwdbﬁpétsqnﬁg
< St SOl BT ncd B BB Ry DR Bl s

bl ahdbesdleded ﬁlﬁhelﬁtﬁﬁn@ growtll ifagen itlet fmﬁhtaterengrla@lMtlse
bi oconpati bl e material that may be angi ogeni ¢. [ (Q130]

| n trangrbaniterberlls and PRITNERLLYL SUPRORUFRENCEEQN{eXPANsiqRe dor example,
];rpaé/eoetc{%ﬁvplje tﬁ%hgﬁ her%‘ﬁf]dl‘%"ﬁ“rgeQ‘%E‘*é‘ye%od.l’ﬁeég%%d’ local

devi ckn e vascul ar

t hdelevieaps s&ledtecbﬂutﬁénﬁshbctdmr r:;ztekﬂaas aimlgx amd thedike, will facilitate
gromrh through or ound nog ctive surfﬁ

16 Qr@ﬁswagmarhv ﬁﬁ‘ﬁtlﬁ%P @p aﬁ? SR AHEH TP BRI g e side
SULHRGE of Refiich A BUIRREssRA, OF 120, the spacing

berng eter accor ng to the requirenents arising
fr ¢od3dhe Tdredieugayaff sumble n’@d]@S\ua thedtind ev slow/sutained release

transv e di.nensi.on of ,the nechanoprotec S r

o dSET D YR eaHEn et Spe Bapeateae el fedpl e

VOlhi1Bgied GndibiifkaR@ pPovigskUffeRtlve %c@lrzeﬁﬁﬁﬂﬁtﬁb@&ﬁ réssion tdFeduce
mmw th a separation or gap of about 1 to 2 [0131]

| n oaprshdanejectivn by the hoptioumwnsiysiom. tBreapspsush idrrﬁcte@ he

procedure for crea
B e S e

f agibdundéippeeskiondndyeridnbe weqtiited] orangy belreguired onlfy shbet term peri-
brologrcal material within the hybrid device conprises
i mptaasrlagon My BetqaEed At %l&@ﬁ%@ lgyer desep semaated fip pyrrently

theol %@&?ﬁ Pﬁ(ﬂﬁﬂo Yds€iof) THE 3093 86kl HeHfer®d may be controlled

adjace noprotectrve
so that, to the extent the immunosuppressive drugs are transported via the new

capillaries to elsewhere in the patient's body, the concentration would be such as to
reduce and preferably to minimize any adverse affect on the patient. Further,
tolerance of the graft may be induced by any method, including but not limited to
the delivery of immunosuppressive and/or immunomodulatory factors (including,
but not limited to, Treg cells and the factors listed below) into the device for a finite
period of time, e.g., during the initial post-transplant period. When such
operational tolerance is induced, delivery of immunosuppressive and/or

immunomodulatory factors may be reduced, tapered, or stopped entirely In



surface to define a gap for tissue ingrowh. The
i npl ant | ocation may be, for exanple, intraonental (an
we@e@abgi49pouch), hepatic, subcutaneous, PCT/US2008/001433
i ntraperitoneal, intramnuscular,_or renal subcapsul ar,
wher eby the output of the deV|%% ‘may be into the
portal system In preferred enbodi nents, the inplant
0 ' [hSng [ d
Sl o CANBERNL B 1 3ot TR RIS n e
f i anothed dspeetncdbly ardielarzed mathimthieidemice foefdre theateiviatis gnplanted
boga/ nd a. vascul ar bed develops in the gap between
Bt ¥5nd the nechanoprotective surface by
gé% OfEﬂcQﬁ‘suﬁdt%Q}ﬁh@ﬁ%ﬁn%%éi Alate?fd] I b SAPatible, immune-
sue’'ingrow h. The tissué€ ingrowth or
5 vaspcoibcarwezmatemi rsa)a@lethmalyummuteﬁbc heedafos gmpyunesuparrseign, either

Xﬁ? / ? sulllltable factors through the manifold
strS ?’B?@ 195%8%e punp. 1n addition or in the

al {e1Iwft IRmpldl9 BBRE M1ABHPicph isuimev A Whl Faectian &f eanspidnted
pl unger may be coated with a suitable nedja, such as a

b| o€ ku|db pgens fopvescularization 6 &.d VRGH, ani-inflgmanatory agents
¥%§ f‘o{lléﬁ ) l%;?op%%fhn%t zhlglu? { ldgu&i@ iy AXT? Xﬁtreﬁgl%km-lo (IL-

ubsequ I broc ayer

10 beﬂl)) fal}ftﬁﬂdantﬁryﬁbafnt(maiT)l pentsxyiiling glhmﬁﬁonmo%(ﬂeg prednisolone,
expose the pl un% access end of the device in o éj(%(
t o desarosthasone, Ipfeprrdankaiabrnsiss 8ygipolone geatppidp, &ic.), 2

sui t
B3 T B S S B T
pl wdsigmhce:-ar@mgedoleaﬂene(@\@,sthel Pawerbtix ﬁemﬂtdm Eh¢rég et al.,

deflned an for | ant bIO|O I
i R g Sk 2, S dainaAid st i s e

15 b g@ﬁk%llLr@ﬁﬁfﬂlﬁb gloBlliss AindRY 2 FRIBK pRReif! (2§ AAGESist-type IL-
ess nt i al bi ol ogi cal factor produ0|ng cells, and

whilSkrebutad oymolgm trainunegtbowlimandyer absionmretein; and (3) plus or minus

" Faebyen s | o TErH0 et Pt SRR BBy Bt
' S AABRASE Fusibrt Profeihd) SmhR GRNEALES galetimetapimérbcansibadies and
left enpty by removal of the El unger._The bi ol ogi cal

f a@pmrnqm tsdiyoiphgeyie petivation matkerd (R ge #BRil );1adhesion molecules (e.g.

20 QLT RGa o) PR TRIE A G P e 0GR of SERAG 4 °
| “:I}dﬂﬁpﬁ(b@@éd SE(S%l \Iﬂ7Al]|nfd 150 8 G@lﬂﬁa?ﬁ ¢Dab) ﬁﬁ 0y E]];SNAnllﬂka)molecules
sel ected nutrients_and growt t t t at
surlli35a) [LdE-tand IH%m%Cﬁp‘%ﬁ?@aewaf%l 1 ’&Sﬁg éPf?’i%lﬁTS:’ 9%1 AL-17

SURBIEILE RIS 01 SOLRIAEDANs s fp ST ot Baiocis
apmnhddLat medeptbloamibodles and aptamers; etc.); immunosuppressive agents (e.g.,

25 0ATP, calcineurin inhibitors (e.g., cyclosporine, tacrolimus, etc.), protein kinase C
inhibitors (e.g., AEB071, etc.), inhibitors of proliferation signals (e.g., sirolimus,
everolimus, JAK3 inhibitors, etc.), inhibitors of nucleotide synthesis (e.g.,
azathioprine, mycophenolic acid MPA / mycophenolate mofetil MMF,
leflunomide, FK778, etc.), glucocorticoids (e.g., prednisolone, dexamethasone,

30 loteprednol etabonate, flucinolone acetonide, etc.), inhibitors of lymphocyte

trafficking (such as sphingosine-1-phosphate receptor 1 modulators, etc.);

inhibitors of cell surface receptor activation (such as depleting or nondepleting



delivery of selected nutrients, factors, cytokines,
drugs, and the like, wll facilitate long term

waosioyabs and function of transplanted cel |l s wWET/8S2008/001433
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mnimzing the side effects of_recipient
I mmunosuppr ession. [0134] The ﬁ%llvery of suitable
medi a via the fI uid or slow sustained rel ease assenbly

£ hanfhtfics S AL 80, BROCHS R GARLE S hoPiRREN 1 ¥RARGEIOBLIIN ATG,

ef hagbinvRal-COB|, b.léﬂﬂultﬁiﬁﬁlﬁ ﬁaumalﬁ;s&blﬁmmtacb bagilicieaby belatacept,
preclude rejectigon by th ystem Because

s u @wna@theléi é’dogrﬁﬁ@ﬁaébﬁgr Mé\éF,oFrF Y A otbers e by een
pélgé ﬁ&h 5%&5 s%llateds%l : eg&: etc. ) or tr%nsport-enhancmg

nos TESS nay not %e re
r e(@&llch ael p@nﬂtybrcﬁiafhdn Rl%ﬂ)l'prpdudti Iaaah gmvahtfact(ms (ergy 1GE-1, IGF-11,

re i i‘h) rlg}%( r doses conpared to
é

suppreSS|on The doses

i 0?@1573[ ciﬁ lohx %ﬁl%@dfﬁ?éﬁt hfie GO uﬁk Efhns&s bhgternt furéik&l and

extent 't he |nnunosuppreSS|ve rugs ar e transported Vi a .
t hdumion of priahsdarited cells iebxidided A R (ATR. @éﬁPerclss ATP binding

body, th

DO Ry BTN A MR AT SRRl G LEAER At on
patvbﬁaty of kbl 1¥1RE. PLRIreEcpisi€ arfknblid tebefitivdlved ine
i nduced by any method, includi nggbut not limted to

t hémgainefeflampatoryacesep pFlass pA&P anegngple of exerting an anti-

onodul at or r
¢ oo MEPEAET 6 by kB0 iztelfc BiY BftanRighol Horibh BE ATR on
deViafigud @¥lls @ffheﬁhirﬁulﬁes’}fsﬁdl mfplicatﬁ?& in eflammation ang tiskee
initial post- transpl ant_ period

h t )
t oldestaictien; Admnsteatipn qj@ﬁ”l{}’eqyyteg*wai ﬁg%&%?g:gﬁggﬂ a device
an%’f He dlhmfb%mgéabﬂé ¥r i a({ﬁ'h%ﬁatfm 19?0&1@9&@%%@ 1nh|11?1t T cell-

apere or s entirely T nanot aspect,
ar enddidted rejadioheif mlneetrmsp}agtedeiwses eltthe mentibe devi ce.
cells . are tolerized wt

th
de\ﬁ‘w] 22 he; erorq:g g.gimegg)dis g? F}}ﬁ)}ngﬁleté(al may glspbg combme?i with
patdtl?erﬂtdewﬂ:gélg‘lﬂ mEheaP 4l &lHanee Bhe tdih firGhveinddunction of

material wth a bioconpatible, imuneprotective
mattemsplintadyelsurkdrexamplel thiedevichwandemethpgs of this invention may be

|rmun p i on, either stem.ca I

[ OFSBPERaH i Pt B e 16 B uBboinDER i cels for

f ungnkMlAntQire reABS Pty Mld’eﬁhhﬁ)rbﬂdéﬂ%eﬂmmcﬁ(ygm to the cells. In
vascul ari zation (e.g., VEGF),. anti-inflammtoyy, agents

( e. agotheaﬁpboqlmpnh|t]mfgansp£p§bf5:ﬁ3g1qqt ppetreaécpdpwg a device that prov1des
L P EBM Mo A, B el S ARy e

( e.afe plapécdisini devlicenthat provides hyperbaric oxygen to the cells, wherein said
device is implanted in the transplant recipient. Methods for administering
hyperbaric oxygen therapy are known in the art. See, e.g., Juang et al., Cell
Transplantation 11:95-101 (2002). A
[0139] The devices and methods of this invention may be used to treat disorders
including, but not limited to: diabetes, amyloidosis, immune system disorders,
inflammations, chronic pain, arthritis, hypertension, disorders of the nervous
system, metabolic disorders, endocrine disorders, lymphoproliferative disorders,

myeloproliferative disorders, myelodysplastic syndromes, stem cell disorders,



dexamnet hasone, | oteprednol etabonate, flucinol one
acetonide, etc.), COX-2 inhibitors, TG--beta, etc.);

W@ ispymbvect i ve/ anti apopt oti ¢ agent s/ nol ecul esPCT/US2008/001433
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t ol erance-i nduci ng nol ecul es (e.g., the Power-M x
described in Zheng et al., I'nmithity 19(4): 503 -5 14
(2003) or wherein said Power-Mx conprises (1) an

%pll otcy{e(cﬂ%(l‘ragrts ﬁlgﬁ'&: LBl {’abti(g-ﬂ‘(aﬁ ieof h? ytes or

agom typ at ed ol'ytic
I mmmagdsqkluimmcahdi/smﬁela ddusé lenk@niak elhmmatﬂilkeﬁ)asplmmgnancws
m nus rapanycin) 10 and

| L- | L-10 f
coé‘?rleﬁﬁﬁ caicHIopa, RS ﬁ@rca@én@%lr?bl&%t%ﬁﬁggl onﬁ%&ﬂ@éﬂa etc.),
f u%gﬁ@hgxro%l?rh{"%g) ﬂﬁitﬁrlsgp h‘g?b‘é(ﬁl%dlsﬁf"lg?ﬁ{ fatufe, graft versus host

apt ant es an ahmers to | ynmphocyte
ac diseadei (GVIDpvEmr-scdlasige dlsmals)de eftivesirom proitreosplay

§ ﬁégﬁé?ﬁ%égg ’(%gléﬁ )ﬁﬁgqggiw? b é%h‘(‘}%ft] lées I ge%lalva%pﬁlpas lung and

L F'ﬁ%art é&ﬁ‘khca%@ﬁs)%@th@lt disordefsBAdidek®s F@l‘i&t FJll€Bé recognized by

L- 35- 2-, ‘and | L12-receptor-targeting anti bodies
andhfamlémbprs?tltmmr -1L-17 antibodies; anti-IL-17

anﬁ&ig{c@jr elggtghgoﬁlﬂu dﬁlg%g%t) th%heoﬁ %ggcgaxﬁq {elflafco mE\E;rlses cells,

et Gho ellls THAYITMRRE CRB b)(e&np’ll elBIeS cdlB, Bepatd@4dds, endocrine cells,
cal cineurin inhibitors g. clos orine,

t admoinggysteratcells, thyspisk C@illﬁ, RASH &glés enth?l!ﬂl £eilss bpre parrow

AE ,
ALy AR S PRI S s o
I NRyduld bé ﬁec@ﬁnlﬁed?byéﬂiei sttitlesyppadigioher. (Riotpgical material may comprise

t hi
%f%épéxgsemgpsr I neenpng henolél ecsp%gf-} %pl\ég,tAq:r/n)lagy goorgps?g alm%ftoef these cell
gl [ has
ot bt FpiARcttls maf b Mok SOUAE, aRERAES NS ous
i nh;ybgetnercs aldxigehymphuospbgeneuaﬁhayknngbe( é@rmdémm cadaver tissue or

PR i fispus, BPP Eeliel 8" PO G R DBy o se or

as fSBREET TRE cOlls AAP @@?hﬁfﬁo%@%ﬂllﬂﬁﬁlﬂeﬁﬁ tpdtdng Sir @ifferentiated
proteins including b not limted to Th nmogl obul i n,

AT@mhrmrocmnabnm@n callss primanyrdifferentiated ¢edlls; or immortalized cells,
dacl i zunab i 1iximb, bel atacept, canpath-I|H,
Pr c?ﬁ‘?oéllgn?lé% ?Xp “r, MW, FTY, LEA, and others, etc.);

oXye Ag ENEfitthen ﬁacrdagé BRSIRGt (s ofate abatarRat It 010 gical
per oxi etc.), or transport-enhancin

permqttgm @@@ymprpx@)r cgps&ﬁﬁéqegtla ghg J (cf g}g(ﬁ% s that have
e t C f g%r%fé;%!]\y {'n%lglula’ted . Ionvxérﬁ ﬁ‘es4to %CE onESFmore

e ag nt t hat
en hhﬂapaltllcwﬁ@ctl‘s @hrths paitvanv aliclasaa ﬁascmitd therapkutic factor. In certain

fa\fr?err]xfppl ggﬁtafgg 1ncvevlucl?1 tf1e bio olg%af ren%teﬁla-lfcérgén ng islols E?Lg.rllgerﬁans for
insulin production, the amount of cells generally desired for the treatment of
diabetes referred to hereinabove is about 6,000 to 12,000 islets per kilogram of the
patient's weight. In the present invention, these may be combined with one or
more helper cells or cell types, e.g., Sertoli cells, in order to immunologically
protect the islets from host immune-mediated rejection. In addition, or in the

alternative, cells disposed within the device may include cells that produce



and activation of P2X receptors, which are ATP-gated
cation channels present on a variety of cell types.

wo20asnegept ors are known to be involved in PCT/US2008/001433
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i mrune/ i nfl amrmat ory processes._Thus, OATP is capabl e

of exerting an antiinfl arrmalt’or%/ls effect by antagoni zi ng
the pro-inflammtory action of ATP on various cells of
the i t . . g , '

t1 SubfEEE, A 3| R RE T Al ol IR R briRfoid and

sy phertiyesid| cgllgramiomgadthers.(e. g., through a device of the

i nvention) may, alone or .in conbination w.th her
agdti4] ifzawmethee@mq%é@%?réav o) ey g etirereq by e transplanted
t 1 pFOnRRke b d i) edtBCorfeBF Gk OB inmilég ucdgih,

devi ces and methods of this invention nay afso be

c orhjitimegoistih iF axtdre¥ [1H dractoe EX glmuinogho tioda burh itt; nevriotransmitters

I t - vival d f ti.on qf 1 t ed | | .
For e e, N DB AR AT G ER: BTG s GherBiprin
a0 RSirfePARAE) @Bindbhiind) YRE hEAY IcKol ey gﬁmh Rt G8 ¥ucH &5 ee
enbodinent, the cells for transplant are treated with

a @ewtdaﬁ“a@thlafgb@gb\b?aiesleﬁ)'%b’mwtmﬁhéﬁ(%@m (BBNH)eneyeotraphin-3
o QS AT HES TR NED

t 0 linBRIefi®€d RéEBropHid FRERCENBBIdingR¢ diffdtentiaebhs for
transplant are placed in a _device that provides

hy pesterdeikerairyaehiters fapter CPY/LIF) rrideimnl gapwthdadire EGR):

i i )
T s o BRI Pl RS ROl FOFR i

t helefivéd griSeeh f=t@. (PDORNprie intdbitors Gadhl asSubstaptealnt at i on
11:95-101 (2002). [Q139] The devi ces apd net hods of

t hi°§teFl?R}é‘ﬁtqe§r¢Yr¥8WIB’ég’ Gg@ap]glas,tqréglfeghaﬁgq; glgpgor.les suf:h as

! ma{‘é%ﬁgi’d %%899& oWth ﬁgm??]'ie; HhABRSASdul BV QicH@S bfanulocyte-
i ne 'system di sorders, I nflammtions, chronic pain,

ar toiacrdphage bylpey stmslating fabiterd CMGSH)f nduemnduleions lymphokines;

BRSS! RGeS, SRR, SRS SRV T GPAET gone or more

di SRErEshSic tASsQHY S @stckfirations AOWRIRh tisdyaiRe pRiduced and released
di sorders, phagocyte di sorders, histiocytic disorders,

abrfommttie delle snd theegbyt fhom dlye ladrigdrdeyicgs & @pg)ptig}t@gmﬁictated by the

cell disorders cute | eykem as..chroni ¢ I 1.8S.
raegalaneEn sy BEte Teafl R ol g e Abirically by
neypoflingd pravitisiepal cel |l carcinoma, etc.),

hypot hyroi di sm hypopituitarism hypogonadism, %aft, )
failPl43, lgsame epliogigensdhe Hespgalec jas msulin-Tike or insulin-
veng 'Lﬁgtglgpﬁdti\(fftyq Er? @é&‘?eﬁn ebA&inehise HethdapStic factor is insulin. In
pr 8 an plant “chenot herapy (such as excessive

bl eeghingmbodfraérits,|the therapedtic faotlr iss preelitsoaforimufgnsabia, such as

preproinsulin or proinsulin. In certain embodiments, the therapeutic factor is an

insulin chimeric or fusion protein.

[0144] In some embodiments, the transplanted cells naturally deliver a
therapeutic effect, e.g. by naturally expressing or delivering one or more
therapeutic factors. In some embodiments, the implanted cells are genetically
modified to deliver a therapeutic benefit; e.g. by transfection into the cells of one
or more genes capable of expressing in a regulated or non-regulated manner, one

or more therapeutic factors.



heart conplications), and other disorders and diseases
that woul d be recogni zed by the skilled practitioner.
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material conprises cells, the cells may conprise, for
exanple, islet cells, hepat dcf’tses", endocri ne cells,

i mmune systemcells, thyroid cells, nmast cells,

endotael i I / r I

nolERE' 18 soELirBp RS, MR e paRle fBetolEl B clEicl fhom the
t hixhplanted delbeduectoakiiiezeipt bfja sthrmulak ot signlalfraae thethoshéerg.,

Bi o]l ogi cal material nmpy conprise or ¢ nlsi st .
esSkanegeain Bloed leypls obghicasss éowrrews@g? IGHSRRlPEA8RL st
of . ichfsi%&ﬁflg n‘fcﬁééul%s}’@t@.%: The inplanted cells may

be, tor exanpl &, autologous, heterol ogous, syngeneic,

al [@igéheiln some embndipemes, the thérapeutmyeffeet chenprised régudation of

d ti f [ Vi ti , | 1.
PN iy eByin re Dlgpd off osi FrabadRSs s s pftcc
no@oﬁgfﬁes rdf\Ratfd] diSz108%e REeRIiHHADPALEN! In S¥HéL driddRbnts, the

totipotent, or differentiated enbryonic or adult stem

c ethesapepti¢ nffeqt cdimprisesangilatieniotlev¢ls of one pmmprer ath¢rAuejogical
cells, anon tot her 061” tgﬁgs. .kot141] To further

i nESBRLSE TERHARry BIps DloRd SEMSPAPRIL ¢ ' eat nent, t he

bi pd 1@ cah somE embadiniehys, pEEPI0l detivery iathe Siybrid device, the
essentially of factor-producing cells that have been

geaells/ssue.\produsithereot angipr Rihstnon-eeliarduelogical watsgalsanay be

e e g TR o KHREUL e o R b PRI BhteriSHA improve
err}v%'ﬁltt?][ahs/o'r ) Wﬁividb p?dstecthind‘r@g itloaahosgan‘érdmﬂlemﬂﬁp wedles

i slets_of Langerhans, for insuylin production, the

= BUHIGE STRRtHS! Jariaios Goy RNy A e R LT RER Sesh

di @gcga%&?la{i&{ Edrd tetcpihla%lglaﬂﬁzg@éﬁs EOnPRe Whnfin@ @& pbfse of the
12, S r ok m of t h I n

ets per Kilogr e patient's weight.

t hdogr esent i nvention, these may be conbined with one

or | per. cells ell t e.q.. Sertoli
cellws?i %6‘?’8@? P e'irﬁ‘ﬁ{?ﬁ glreoweéﬁp‘f%jio&%?wg TS afelsl ets
fr eacRPhtiblRNUNSot TRRHRESWtH RicTahdtRh ofithe BEKEpldnGd cells, and

in the alternative, cells disposed within the device
nayeduse) mhémize|dr slitrhedte pn bumves [AspeRsadRe thepatignty Materials and

? k%%#@gﬂ%g%ésﬁﬁ#%ﬁe (S:%rlg?/\{vtsl}/klg)mgh tt(t)l? %gt? ?o%irgﬁlhﬂaterials used

EX ¢adn@bpsuldihaneudd, buf @ehot Bmibd ¢d) mayrabmatteialswatkeds alginate
by the transplanted cells include, but ar

0o (Sumet abe ) eobReleqslil V14 bl GBS Ten G gl nf EBSLELFR:

E:g’?@{)i l\érl% llr%.’St(t'fng??Malrﬁ%seH &AY |55 50 BﬁJe%‘ BB 1¥9-89 (1989); Lanza et
al., Transplantation 59(10):1485-1487 (1995)), agarose (see, €.g., Tun et al., Cell
Transplant 5 (Suppl. 1):S59-63 (1996); Shoichet et al., Biotechnol Bioeng 50:374-
381 (1996); Iwata et al., J Biomed Mater Res 26(7):967-977 (1992)), collagen (see,
e.g., Puviani et al., Int J Artif Organs 22(11):778-785 (1999); Ratcliffe, Matrix
Biol 19(4):353-357 (2000); Jain et al., Transplantation 59(3):319-324 (1995)), and
elastin (see, e.g., Geutjes et al., 4dv Exp Med Biol 585:279-295 (2006); Berglund
et al., Tissue Eng 10(9-10):1526-1535 (2004); Lu et al., Biomaterials 25(22):5227-
5237 (2004)); natural-derived materials such as Biodritin® (seg, €.g., U.S. Patent

No. 6,630,154); mimetics such as PureMatrix (see, e.g., Ramachandran et al.,



such as dopam ne, gamma-am nobutyric acid (GABA),
glutam c acid, serotonin, norepinephrine, epinephrine,

wapasagavy/ | chol i ne; growth factors such as nerRET/USI908/001433
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factor (NGF), brain-derived neurotrophic factor
(BDNF), neurotrophin-3 (NT-3),3heurotrophin 4/5
(NT-4/5), ciliary neurotrophic factor (CNTF), glial

Cr BiodhPEAqIS 24 R I8 PAORLTRAM € A0 BOAENEN(2) 135164 (2005);

chO ere ion fac ema i

f ad¢t af. QDE/;M Elg 1Hp l-zjem)rra]l O9g{QO®ﬁ)thmabber et(aﬂEGF)B,zomed Mater Res
insulin-like fibro

{ ack ey 2060h op sty i RAYT S dUGh BYRaD GaRd ) (ee, e..
( P%:t}in bRt 4. 'Efgiggbrto%ﬁe%@(ﬁsl I%Qbfsltl@fr@@?ﬁ Chenetal.,

catec am nes nor phi ns, endor phi ns
enIBaphmkmnls 25hkir)rmﬁé-§20§31¢200é3;, Fpécuhlrmylrajl Bidwetegab 23(9):1797-

o AH0A G Bnasy Opeise e oSk s Roe ol il / Biomed

( C¥hdraFRes 1@@9{19 '199-@3@(90@7) KXIF@J&QI‘F' .ﬂ%m&tﬁ %'Pb?ﬁn Ed

cofactors; bodi es; ]pt aners; nz Choi ce
of 13¢8:986- %ﬁr(éOQG)eEHp@fua oBzf)&chmls’iz@am @ 177 187 (2006)),

ti th d
¢ abtehens P PERE Reby Y SRR TSR, [ FugPR
th@(ﬂﬂ?'@ﬁ&a CIE: @l&h@&ﬁdlsm -1138- lnaacdzom)‘) Xhﬁtl@ﬁ} BwrWaterials
bei n reat ed, and may be readi I%i det er m ned

enﬁﬁr‘ﬁoéeﬂlm}@%@ﬁ)t Qhensl 414, Bipdsact i1 Doer847 @99b), qripombinations
50 éur?onr{figl b OB e{!ﬁ] BiOSLR z%‘gﬂioir7§3(§a§z%%fsz'°/@%%0063 . Chandy ctal.

rnsul’imregu ctivity
enbef OBRis ,23(1r)es9t4km36(9999); Créoks eval.,i/Bibmed Mater Res 24(9):1241-

Sfé@gi BB gl VSRS A i 2
?ﬂﬁ)‘]‘l IR cellt{ﬁncéﬁftfoﬁirﬂ RIRRIIR @ateflglec&ﬁﬁfsé?ﬁ&l&(ét’hylene

I'S an | nNnsu |nC|rrer|c or usi on protel
[ OgMbl)l(ﬂEék)nm eertandembndmentshﬂletmans phaderiad donsi$ts gssentially of

Eg:pg waR// egglg yge I(ﬁ]a&ge ’b%q%{}{e‘%?]ﬁ ugl%ltétsots ﬁm}réy material consists

th L8 061S (PEG).SoMe enbodi nents, the
%Ifgﬁl?]g%;l[hgg gltyarz(gen%etl cally nodified to deliver a

t he{ﬁkﬁﬂé utIn@‘etw:l@mhodlreelgS thy matrignmpietiel eomprisepalginate. In

? Z @lﬁﬁacﬁl gal%gﬁllﬂ%ﬁ n?fé eﬁ%ﬁ?xe%a%gﬁﬁcgpglsgkggeéﬂglﬁg ?E ﬁgldaﬂe. 4n certain

t hhiRgithdres, ftl@&ﬁm@frﬁc hekAb] conbisswTalgedi nent s, the
t herapeutic factor(s) are released fromthe inpla

cel[PES1dudnisemeteambodiaerys, thy matrit maigrialks used Eqrgﬁ%ﬂPSFlnaBﬂﬁl may be
Lgec ngrglscall§' glt?rag t(]? Q&ﬁgiﬁsfuh({hopllapéglex stefsé? b RAbiGLHORTE the

I'c signa
encapsulation matrix. Further, the materials may be chemically altered to allow

attachment of therapeutic factors or other molecules that associate with such
therapeutic factors (i.e., receptors or affinity agents) (see, e.g., Kim et al.,
Biomacromolecules 4(5):1214-1223 (2003)). Therapeutic factors may be
incorporated into the matrix via covalent cross-linking, emulsification, ionic
interactions, specific affinity interations, simple entrapment, and any combination
thereof.

[0152] In one embodiment, anti-inflammatory molecules are tethered to the

surface of the matrix to reduce the host inflammatory response to the implant.



chem cal signaling nolecules, etc.). [0146] In sone
enbodi nents, the therapeutic effect conprises

wo eg@alogit4pon of insulin levels in the bl ood. | NPCEUSR0$1001433
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enbodi nments, the therapeutic effect conprises
regul ation of gl ucose | evel s i3 tthe bl ood. In other
enbodi nent s, the therapeutl c effect conprises

regu n.Q
" Bk AblaRy ol idEYEh Ao o 3R iR IPLS ARG B BeifeftRisone,
[ O¢drtikoll preﬂﬁffﬁldﬁﬁﬁ@dﬂpfﬁﬁlﬂblsetammaw ﬂnolndhineweetynudntamdtdtlsers),
hybri d devi ce, s/tissue, products thereof, .. .
anHﬁ%ﬁlel{lﬂrhé {Tirah eenpiant Oflo O plphe TGRS Ay irofyline,
t}%yﬂqh ? X2 Hlﬂ {of@lintBALIKIRT & 'aﬁidéGnls dpeptide (IRAP),
co ati it to

e rraterla s U0 | nmpr ove Vi
pr interteukin-00 €ldt-i @ alpha manharyjms (AARY; T(Bﬁrbsta; antb@dml tp IL-1,

asp vi din stru nteqrit cell distributi .
anPRTRYH &éﬁgﬁﬂp{l@@g -tiss %g %(fﬁ mplgm it Shhibitors.

Pr ¢ %ﬁthér%ﬁd@lﬂh@tﬁt Sdrac8l18r hae (EC1) MBLEaEleS W%@llagen
of the host. [0148] Materials preferred for the

entaedwirdVi mioin, fibxdinaefin; o hgnanegbicmﬁpamtb Ipeptidgs are
not nterf re th.the.funct o of, t ransp
corestbeiiind pR ekt i NS R tafk oAl BOBR M-

regpge in the patient. Materials and nethods for
encapsul ating cells are well known in the art,

ma{@k5341 dn @gré@nfeWOémm gneapsdlatedicellsmay twtth@f%%@ for

ol Sebribler QimaB¥ith e TEABEHCS Ry Eqb BB, Sh g ARl
FEBf&nhcﬁdt@bﬁl@ Z{rl:bmb%ﬂbﬁﬁthéﬂe%? 3ThesyHoimydidfer @t mahy yariables,
Bi ot ech Bi oeng 33:79-89 (1989); Lanza

L,
Tr ancdysing iz, \Bhime ef ells conamed gapd S(trfgs‘g’;%n,% diffusige

Tun et al., Cell Transplant 5 (Suppl.
)%@g@&gg tcjs_996) Shoi chet et al., Biotechnol Bioeng

50{@54] 38bné EABEJimdmahabielogital maleriblotodet ivplateders

o S LD g st i
Ratd@l/l'cé gfefe% rirsvide %ecﬁﬁﬁé‘a)l 11&5 it§3d t}(ezlg@Q)klcalJ ﬂllaférlﬁt prevent
al ., nspatatlon 59(3) 24 (1995)),

el ahtmmng amks:luetegng otﬁlsrtt]l@lggleal mpterialpgnd Bap a}gedzog;p@qse a

igggazfgcgsi Qr=Cs, ni i Beg&)}_ %]%ﬁgér}egfs Thlé?l% rl%r)gtr@zgoﬁtructure
25(@atol@2rmdy varut (LRRftd by fatdeeedsibiletyiof esty gai gid mitsents to the
such as Biodritin(r) (see U S. Patent No.

6, 68lds fhsthest frempthe %lsfa%%th%cq%tﬂl@wat rix (see,

RN Mth Ao B B8 &@gepggﬁéﬁéﬁ%é&%fo%g@hs include the

injection of matrix materlals and/or the biological material for implant into molds,

followed by the initiation of matrix formation such that the materials take on the
shape of the mold. Matrix formation may be initiated by methods including, but
not limited to: temperature change (Yang et al., Biomaterials 15(2):113-120;
Sefton et al., J Control Release 65(1-2):173-186 (2000)), photopolymerization
(Andreopoulos et al., Biomaterials 27(11):2468-2476 (2006); Kwon et al.,
Biomaterials 27(7):986-995 (2006)), covalent crosslinking (Geutjes et al., Adv Exp
Med Biol 585:279-295 (2006); Orban et al., J Biomed Mater Res A 68(4):756-762
(2004); Hada et al., Blood 68(1):95-101 (1986)), or ionic crosslinking (Zmora et



Ma et al., Tissue Eng 1I(1-2):101-109 (2005); Yanaoka
et al., J Bioned Mater Res A 78(1): 1-1 1 (2006)); or

waysleudE pol ymers such as poly(lactic acid) PEEHES2008/001433
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e.g., Watanabe et al., Biomacronol ecules 3(5): 1109-1
114 (2002); Chen et al., Biomat®rials 25(1
1):2065-2073 (2004); Fukuhl ra et al., Biomaterials

27%9)4310%7?%@1%%&39{/3@%0%6 94 L stal il o Biopaterials 26(18):3919-

aI 39281 (FB0S)E Defending Bashelarlichiion A6 A3Bix(RA6ML; of Kbngpaffold
al J Biomater Sci Pqlym Ed 17(8):925-939 (2006);

EI may berdegraded by Shesusrasndisedissis gavp) ormay. rfsarni };5.

pol%gfé | ene glycol) (PEG (see, e.g., Contreras et

al ur'gery 136:537-547 (2004); Panza et al.,

Bi §oks6gr ilaksothdr dmli(ﬁﬁm]:nt’],&tb t(idkb@@)il; mXiedakis eabap,sulated in

Bi omat er i al S %ﬁi 403-4 %2005%?8

s e Capsa B ShiprEaR oS a5 DRty SHEgHe ifdhapmapigsEteiure
€. eaffdi®e rzﬁfgn?ﬁ from%pﬁfﬂ%ﬁﬁﬁﬂe@l §m¥lfl§1€e@rs 1® %£6 than 500
(2006) ; Chandy Organs 23(1):894-903

( 198eomeire ak@ameteal Thi sjlrats)ﬁhe dvawm distares bety(egy thejengapsulated

(158%%( 1%98%) i"lfg‘ieuenldr‘fl%%}vffgpﬂleg%boﬁ% CT cgapsg'??e1 :sh%gl; ?Jrio&l (fng the

mat@plagled CONPIsi sefS-pRahddbes, MHef e @blj@@n)ex(;ﬂﬁ@a oxlygen, nutrients,
certain enbodi ments, the matrix material consi sts

esgadpther smald)fnoémuye(sewﬂyﬂl@rh@stgqrytr@mperetplzus)aﬁaph oftet ai n

Sg}%ﬁg {eeﬁ eceg %ﬁéé faéﬁ@ﬁ%{mé?%%?ﬂ 8 Ee)rr?e{ng%’ %uch as immune cells

errfaﬁdihﬂlﬁmdses it peevemtedi x material conprises al gi nat e.
In certai n enbodi nents, the matri x ferial con ﬁ )
C% t 1ncrease

es & alThe microgepsHamay fihe Spmprise BIOBEIN GTBAEY
mat.Ly) %fla%ﬁftgr F% e)&%gﬁé %ﬁ@nﬁ’éro@dp@?l@@ﬁ% cdn%x@&r]x ok Vet BIRding agent

enbodi nent trix materials used
encagisas mﬂmomyoxb PTMetn inatehse the bey g lﬁv)elékmughqut the

functi onal f th I t f.t
o diteamsl e viERphathe epEPIRRI RIL "y be
chgpiss! | oAb mRdhddd Bkd RYpralit@chivestap&ies i 1h6]’ud@ @Ut aré not

factors or other nol ecul es that associate w t

t hémapadum paralick air Soyi(Sun et 3le dégshasts Lrgymak 1‘37nﬂ5y580 (1988);
SRS Hols S R OB ARFLCBS

l nQEé\QﬁfsEd &dhll, Ak G CEIB Blabd Sxbsvit dmmobidBéortchnol 32(1) 41-53 (2004);
Cross- I|nk| ng, emulsification |on|ﬁ i nteractio

s peniet alaifstRifing 9 GUBPLDRSAIsTS GOR3)ecTBHEHIGRHEM Tinsigl., Cel
anyl"rgf%';%;ﬂ @t(Sﬁgpﬁ W@@{B (1996); Iwata et al., Diabetes 38 (Suppl. 1):224-

225 (1989)), and centrifugation (Crooks et al., J Biomed Mater Res 24(9):1241-
1262 (1990)). Linked capsules can be generated using common extrusion methods
or adaptations on the parallel air flow and electrostatic droplet formation references
provided above. Microcapsule matrices may be further stabilized by cross-linking
via photoinitiation (Cruise et al., Biotechnol Bioeng 57:655-665 (1998); Lu et al.,
Biotechnol Bioeng 70(5):479-483 (2000)) or other methods (Dusseault et al.,
Biomaterials 26(13):1515-1522 (2005)).

[0159] In an exemplary embodiment, the biological material is encapsulated in

nanocapsules. Nanocapsules are typically smaller in size than microcapsules and



[0152] In one enbodinment, anti-inflammuatory nol ecul es
are tethered to the surface of the matrix to reduce

wao bh@sheads | nf | ammat ory response to the PCT/US2008/001433
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i mpl ant. Exenpl ary anti-inflanmtory agents include
corticosteroids (dexanethasdhép Corti sol,
predni sol one, |oteprednol etabonate, flucinolone

. i e Lot
" PO EroufiEh BhRRIR or aUhRter SEUIL Frtei ki bermegble

| i asdochpsubeshetiarah bk ithih ian @ nafsiet2r (i), bffe@ive]y minimizing the
i nter) eaki n-1 receptor antagoni st

tide (| RAP
i nparicediiance aed pliqwing §r optymal gxqt eagt pf ?I}?@‘i mligw)b,etween the
¥$@%ﬁ%ﬂéte@ CEALAR 8 hb& cnbirormertWifle 0 AETHRtacieb arger

a, anti-tissue factor, and conpl enen
i nimimuhecals dnd annibodies. enbodi nent, extracel | ul ar

mat [ nol ecul es such collagen type | or 1V,
a0 NaeauEs ot S produgtttins SenpRfoR it ests 064 o

pe BIchﬁl?aﬁEl@ mdd&r?d] RRSuRb adimle Ed1EosdElLReLodel b NehaRL I i X
(Beck et al., Tissue Eng 13(3): 1-1 1 (2007)). [0153]

| nbinsomphatible mederiateinchide dutap ool imitgd éesinody (pthyleng glycol)

th of .. for, £Xx le, a Cr [ .scaf f

i Creah lshte. 2 R g BoRESP AR RIg MBirRERI:Rafie. n one
Capfmbb@imedt, tEOBicoAphtiE nlabeiat 0dmprists PEG, il giRatel] dridéor
in_many variables, i1ncluding size, volume of cells

coRiedriia®. ranother emrdingnt the blogempniiklp maeriab pontiste s,

Lo%g’s@xﬁiilﬁr &3%@,”&?%%{5551{ orté‘igd}?ﬁﬁ’@%h GROhEBE RS dfnsnt fhe
e 1 npla te are ncabsu ate IN a macrostructure

s c dfdcomgatila erigderial wonsiste oS BBGT aligiimten find/beBlodoitin®.

devi ce preferably provide mechanical .integrit o the
bi $016d c LiommmpR fschniaups TN o dporingrpatoserl layprsgn cell

of k L 4.al. ih1Se.ca7_

! PRI, SRS il 0 sy 10677 5

si £2004); Remea esdlr, Biomaterigls2fl 141505l 168y 20MN)yXtwut al.sBiomaterials
0 IS SEE BV AED T ALE 805519
sc @ﬁ%?;q\/[it[rg £b3], BiopRRaREY (MY SU8SE3 s @2(11%?)_? frakfadical cross-

macrostructure scaffolds include the injection of

matinkbngr@nase etlad., GallToensplan: 830129313041 (192DeHilket glodnn NY
i mp) i it Ll owed by the ipjitiati f
i SF e ot SUSR TR it b i/ Blafibq pgrer Res

shap@)ab41he6rpl B0);Nuffonset RIOLNEbA1E5T Redtsb 65(1R2 )X 1 78 B8b (2000)).

by net hods inqluding, but not limted tp:,gpnperatu;%
chd®f] ( Yasgrtain embodimgnisdhebiplogical maerial is{‘nanoggated” by

G5 fﬁgg%lgﬁ Bﬁh{a})%gﬁg Bid £ bo-glg!ﬁ&%%@d@%t%azp 1%/Bac#3 olution, wherein

(2 neri za
the droplet size is controlled by parallel airflow.

[0163] In certain embodiments, the biological material is nanocoated by water
soluble molecules that are selected from the group consisting of: poly(ethylene
glycol) (PEG); poly(vinyl alcohol) (PVA); poly(vinylpyrrolidone) (PVP);
poly(thyloxazoline) (PEOX); poly(amino acids); polysaccharides such as alginate,
hyaluronic acid, chondroitin sulfate, dextran, dextran sulfate, heparin, heparin
sulfate, heparan sulfate, chitosan, gellan gum, xanthan gum, guar gum, water
soluble cellulose derivatives and carrageenan; and proteins such as gelatin,

collagen and albumin.



(Andreopoul os et al., Biomaterials 27(1 1):2468-2476
(2006); Kwon et al., Biomaterials 27(7):986-995

W@ 208037498 coval ent crosslinking (Geutjes et alPCT/B82008/001433
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Exp Med Bi ol 585:279-295 (2006); Orban et al., J
Bi omed Mater Res A 68(4):756-762 (2004); Hada et al.
Blood 68(1):95-101 (1986)), or ionic crosslinking

(004 S P i Pt

Deu&r]desregt miventiven, dppivateasdlable mdh@:ultmtoomprmpely(ahyleﬁe glycol)
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cells and the surrounding envi ronment. The
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produce m crocapsul es i nclude but are not Iimted
parﬂallcinelonalapetbmdw e(t@Lmh@”s) aiter,lewmt lh(ﬁHlermztyﬂ@lkm 10 (IL 10),

S0 gAY IR UAG; B SoRR iR Ber Bk Ta o B2 inhibitors:

f oj 4 A6 (IRA Beidt&r 1Bk e 00 BbE0); Alpha 1-
B SR tBbniSl popt it U R erlsakE 0 BP0 dlpha

Ti sntieymig(QATBISHE- blet)a gﬁémvl@s (@ Ho3) interasen-gammag and ENF-
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( 1 28@20elluRi ehab&{ECH) aadlécutes(sGelp aksolrgemtype 1dr BV plagtnin,
Mater Res 24(9).:1241- 1262 (1990)& Li nked capsul es
calﬁbb@eﬁ%é}féf%@nﬁﬁ YN BIRBACPEPIILSi B INtatRRErisd gp the surface

ad%@ﬁr?etﬂn (8 tl,o{g?,re ak bel Tighke HAgOM (Rl Bl E7spRst ati c

dr opl et rences

EXAMPLE 1: Regulation of Glucose Levels in Animals Implanted with a

Hybrid Device Comprising Islets of Langerhans

[0167] Lewis rats were rendered diabetic with intravenous injections of
streptozotocin and used as islet graft recipients only if nonfasting glycemic values
were 2350 mg/dL on whole blood samples. Half of the animals were then
implanted 40 days before islet transplantation with a hybrid device of the invention
in the subcutaneous space of the infrascapular area. The pre-implantation

facilitated embedding of the device perforated walls into the collagen-rich and



provi ded above. M crocapsule matrices may be further
stabilized by cross-linking via photoinitiation

w@ @sgsaIet al ., Biotechnol Bioeng 57:655- 665 ¥APO83008/001433
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Lu et al., Biotechnol Bioeng 70(5) 479-483 (2000)) or
ot her met hods (Dusseaul t et al*? Biomaterials 26(1 3):
15 15-1 522 (2005)). [0159] In an exenpl ary
e [ I e Rea '
S Harid iR AL ip L DBl iy BREDER 4 sl of
Si g dehade cﬁh&imwﬁeﬂm@ plodgaryto prm/patsneb@ieent tissierfrine obstructing
ceII or a cluster of cells. The sem -perneabl e

Bl e shell can be as thin as 1 nanoneter (nm,

ef F(ﬁ“s*sLV@ Y¥odHeid m&ﬁ agrettn& Jaaafeuq;y Iﬂetﬁsmvam the art. A
Pof

opt i mal exchange of nol ecul es
bepmahmbtsmrewmmd& ataach ofethlesmami suhlectlsoatd the Teflon® plunger
envi r onnent ile stil]. limtin | a
i mian Eerpeyadgromm gnirpalisy a?téémpl[aﬂ‘%édyl f}\éﬁésilﬁsupgglg&aﬁﬁna”

be .phodHEROa @fn%%?@l%'ﬁlbt@ @3,b00 IEQW@FeSdeﬁf)sﬁéd into the

bi oconpati bl € material around a single cell or a
cl netvascwérized| space lvﬁéayeth@pb\omrpatanm@s rmplemieélv@th the device,

| nc'é;illde ?.xglt s[xg tnlglf%anlﬁm tﬁgj rg(evfcgl %Q%IQX lvx%nee 111%1)(1&8!1 }ilrectly

bl AcQRRabd AR oas gpdaabetlféeﬁfrmhpuler arbzil one enbodi nent,
t he bi oconpatible material co rises PEG, al gi nat e,

and0169] BiAdtaritransplantation, thgyrimals’ glvses lg¥sls wefq-,x@omtored daily.
bi | t.eri ' 0
a: ig’rlg: %gfﬁ%ﬁs & tewg'i% p!)agllrtedf\?ﬁl? ;s%tsc‘:iﬂﬁﬁé ﬁ\g{ﬂh&lt ke ngefvuf) Egmly 30%

andy or [ er e
t hachieegiaigeaiol K}lcemiﬁazifeﬁ’r itxahsplamstlcst (seoFighfed 4)ally comttast, in
and/ or Bi odri t| n(r)

t.ech d
T oAngusgmEIARgd HaiRbe APce dgBTaThg et ShHALEq apEeer)”
[ I
A A Sl RS T R Pip s
21 Figuts 55,]sohﬁ4ec( A6€)0)Remével ef thalgraft-Brayimgtdsvicas €arrows) resulted
§|6 1rfr 8%51?%% g%))@frg%lg‘%gqtléo {02% er acfhg? Q’t grrnallza‘ilon of
%S R IRERNE PhlBesArbsSdie BIRSfupddon 6£9RE) ﬁnpliﬁt&ﬁm‘t@dﬂeC al

l'inking (Cruise et al., Cell Transplant
8( @)e\@%ﬂmd(d;cg@g) Reeﬂplqntseqf ssingeneigrigletq(3 AVQAEQy iin #hg liver also

B| 2 Z‘chf%t %{,sa%éf@l%bf{%?a%dfg%ime§Qgég%e%ﬁé&o%o@%emf; (glgure 15,

Conibtted biselliRgy EDEwtSs Wire\ekptahfdd >GBAAYY Jrom @neeaamslpmmatmn and
cert ain enbodl ments, the biol ogical

néﬁw&@'tedoﬁvo@%hff deviiens %StSF?I%ﬂdg‘Vﬁlafr&i&‘ilﬂae an%rgaw@ and
ne%hs;gmés %(it Pnﬁ?r@: %ﬁ Irlfqﬁg%r@msfel&ewere%%&%d

(Figure 16a and b) with intense insulin 1mmunoreactivity (Figure 16b) as well as a

rich vascular network (Figure 16a and c).

EXAMPLE 2: Dose-Dependent Reversal of Diabetes in Animals Implanted

with a Hybrid Device Comprising Islets of Langerhans

[0170] C57BL/6 mice were rendered diabetic with intravenous injections of
streptozotocin and implanted with a hybrid device of the invention in the
subcutaneous space. Incision of the skin >80 days from implantation allowed

exposure of the subcutaneous space and of the device, showing intense vascular



[0163] In certain enbodi ments, the biological nmateri al
i s nanocoated by water sol uble nolecules that are
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glycol) (PEGQ; polyvinyl alcohol) (PVA);
pol y(vi nyl pyrrolidone) (PVP); ‘b?bl'y(t hyl oxazol i ne)
(PEOX); poly(am no acids); polysaccharides such as

gle)%t {S’goltqrﬁs %\JAX@ g%oé&bﬁ?cq% %s%gbgri%'dgi .etg% rﬁ%’\héi‘gﬁgme 17). Titration

hepapaimais vathdncredsingmanbers ef Symgegriosleta(iifai, ogomnd 2,000
guar gum vva er soI g@l e .cel | ul se derj vatives an

cankQ @’QFFaIPFr Bosiung (erislas infg)thg p an%alarlag%hybnd
ande gl BuUg Qve[erlﬁer dn?lafi‘xta@iroﬁf N Reh ﬁf‘ﬁggfenﬁi"‘fhequé Rediabetes
nanocaps es use n accordance with the present

i nreversabmas tependentarposshaitidpesites dasaloésslegonpri se

pol y(ethyl ene glycol) (PEG. In another preferred

enbodi nent, the water sol uble nol ecul es consist of or

COWMI@E@“‘I‘r%J@IaﬂVﬁNl ¢h AHiRAR K ﬁﬂte)i WiE@Hybrid
[0165] I'n ano; pref erred enbodi nen

nprigingf1s m_gﬁamgﬂhmmthomwnhﬂumw&mw
in ent| on,u the wat er sol ubl e ol ecul es conpri se
al é-%’f—'é"—m&‘-’her preferred enbodi ment, the water
soljoPiig MvAs wteseforRaisEd afabetic Wﬁhimtsdveﬁsﬁsaﬁjelcﬁbxhsyofof
al ginate. [0166] In sonme enbodi nents, "activ

narstreplpseIPes. @aﬁwsﬁwhfcﬁ@ewetéf@aelﬁmg%. tb%lelilqrxylgally -diabetic
ol & n%l? Wehed m%ﬂ]gntg 1 RYIE 3 fhe i %ntgﬁ‘nqm%ubcutaneous
ant - ol ecu es can be tethere

su rsb@&&)faﬁe tdﬁ%smhtar ¥rea0 The gue-emplantatios facilithied nfnﬂ)bdxdlylg of the
res onse to the encag)%\l at ed bi ol ogi.cal,, mat eri.al

HSAPEIP SR 1 D GoRE A S URe Cof i GEpes of the
ma?gﬂ)f%ﬁt d{%ﬁ?f‘% HiLtihbane Q&ﬁ?‘ﬁg Lt drPeddQieCRhtained a Teflon®

ary antr-in nmat ory agents i ncl ude
corpglunges teeprovets rédpixaintitshafromegbstoetingstbe Space

D AR Sira BB S5 FUPRE R 1) 80 s aonor s
' ntv%rle el dapdfied!iktol thd necﬂla@é’iﬁarﬂzed@gadeﬁbpﬁiefhy(bﬂ&'ﬂ)awces using
| ysophyl T'i ne pent oxyfilline; COX-2 inhibitors

i ntthe trethqdn discrléc@pt Brample dg flosstransepmiagion hatpf the animal

rep SR Bl sl S8 i 8B B8 kS e on e

TNﬁﬁgm%lethHnbplbht%ﬁbhe (230 and camiktingradlskokmis (rapamycm
inhibitors. In another enbodi nent, extracellul a

natadnmm@m@ bieabeatiags asEmelks eprpyyed s £y K qvep oth¢r day
%Qﬂggﬁerihlpc[ ARG (Fges g@.r ﬁkn s%ir(%’/ SLCNGil§s RHlife@h&other half

re I'ncorpora on ‘[ ace
remained untreated. Untreated subjects 1nvariably rejected islet allografts within

12 days of transplant (Figure 19, open triangles), while animals treated
systemically with sirolimus and tacrolimus invariably showed sustained graft
function for >80 days (Figure 19, solid circles; Figure 20).

[0173] Devices were explanted at the time of rejection (approximately day 12)
from control animals and >80 days from immunosuppressed animals.
Histopathology of the grafted tissue in explanted hybrid devices showed loss of
islets and fibrosis after rejection in control, untreated animals (Figure 21, upper

panels). Explants from animals receiving chronic systemic immunosuppression



of the matrix (See, e.g., Beck et al., Tissue Eng
13(3): 1-1 1 (2007)). EXAMPLE 1: Regul ation of d ucose
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Conprising Islets of Langerhans [0167] Lewis rats were
rendered di abetic with intravéfods injections of
streptozotocin and used as islet graft recipients only

i f '
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t r ampadt @msaécttedh sysltehﬁlcamrrrrmloSuppgésﬂmsm ibleverlgsafiveent and function.
nonitored daily. In animals that were inplanted with
islets alone (w thout the device), only 30% achi eved
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nd [E ikl a
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(nanfast,in |l yc c val ues <200ng/dL) after
trM&MMe 15, solid red line).
Remoym) ofo m@ssgﬁ@ﬁﬁ% £8f EdiFeftRtial Sfstdndic i AWRINOE GRS RA on
in pronpt return to hyperglycema, therefore

consletramgreftrodniand fienchion nmpnemcu@nlzg# hyhrydcdaricesy we gagied out
E’?%@ﬂé@gﬁ%t ,;tg%gsﬁpanlatl%ﬁ hén%cgl r‘f diaB‘Pﬂlcaﬂéxgg rh@ttﬂatwr@e treated

evice syngenelc 1 s

( 3. vitHeitHatta éiafhyt:hﬁoﬂ th(yrehmah Qﬂoﬁdﬁ@\hﬂdommma) asodescribed in
di abetes and sustained (long-tern) nornog

( Fikyample 3, stayting 8@npihgday ph t,s}et trppsplaniatiofs f%r %Yén {Ragtrol
>80, HANS rd e Y tRfatrh& RN AR SASNA A PlEurdd following islet

transplantation (3,000 IEQ), control animals achieved and maintained long-term

normoglycemia, whereas animals receiving either or both immunosuppressive
drugs showed only partial function or primary non-function while under treatment.
Withdrawal of immunosuppression did not improve graft function, with only 1/4
animals in the groups receiving either of the single-drug treatments achieving
normoglycemia at later times. These data suggest that the conventional systemic
immunosuppression used may adversely affect engraftméﬁt of islets into a hybrid
device, and that this may lead to substantial (and possibly irreversible) loss of

functional islet mass.
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(Figure 16a and b) with intense insulin
i mmunoreactivity (Figure 16b) 4% well as a rich
vascul ar network (Figure 16a and c). EXAMPLE 2 :

a7 aPSaRR <SPtk e et bRREhR otk hdtBliBps on syngencic
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Transp ant Viability in Animals I nplanted

Hy IsnggksObei eoantdoatpmi with gapaglyeinsmay exasathererugh effws h or

wi t hout System c | mmunosuppression [0171] Lewis rats

were rendered di abetic with intravenous injections of

st 'E@Q&NHQIE’S‘ Tramiplateeiabilie o ARimSisTmplanted with a Hybrid
transpl ant ation, the chem car | y di abetl ¢ ani Ml S wer e

i RS S PR B i
peﬁlﬁjeét&hﬁ‘}f swaptozotobind Fobty dagh befgemisket trhn@lmhtatlon the rats were

wel | -vascul ari zed  ti ssues_of .the reci, t Durin )
thil@p{amﬁé withhe hybrid deviee ffhe invsntion withaR E%geé aﬁtﬂagﬁ%%dewce

Eﬂe%g&)taﬁ%%) cela®d cgi‘%s%i‘ InAFfﬁhg}BE gntAlid ﬁéig id1£6917,000 IE

obs ructing t ace. eneic IS
( apsland frahEMstZr Pith taEDwelre ﬁwn‘dkpd)samed o tthe nﬁm@!ﬁcumizsd

were then d siited. into,t eova riz spaces
thépﬂgfsp? Hlegr@f?rlé@wa%.aﬂﬁ Ftﬁre?‘ % ?‘T%%E‘“Pﬁ gltkose
Ex3oRiiEwdre thGtifordd @RPisaRt@itieann E&aﬂnble@fl dnlds. astral
subjects were treated systemcally with

i rrmmsxdamptnm gll\apimagje mcsived systemis ioymuenpsupprgssisin freptment

E : g:gg angt,]o a smglg %oge m)duapoql t(r:e(%irt]rgler%tvlnﬁgT cellscfef)f%hhgﬂﬁtl-
lymphocyte serum (ALS) given intravenously on day -3. Starting on the day of
islet transplantation, systemic maintenance immunosuppression with mycophenolic
acid (MPA, 20 mg/kg) was given daily orally for at least three weeks. Pilot islet
allotransplantation under the kidney capsule of diabetic recipients showed that
sustained graft function for >60 days could be achieved under this regimen of
chronic systemic immunosuppression, whereas control untreated animals
invariably rejected within 10 days from islet implantation. After at least two
weeks of treatment, systemic immunosuppression was tapered and discontinued,

while the local immunosuppression was maintained. For example, a typical
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remai ned untreated. Untreated subjects invariably
rejected islet allografts witHfi% 712 days of transpl ant
(Figure 19, open triangles), while animals treated

e B ol B Y (MR Sndi 68 QLRSI BRI MV for
19twe obnsdcwtivealags ovﬁ1 q@8-day2firiod] Q’I@l&b 2Béllustmsesvamreaperimental

explanted at the tine of rejection (apprQX| I
12PrHPRANOE BARTIGI SYFFRA EOTBRRPSUBRTCEHGSCHRIYRF W E Vi 18caf Bltended

[ sed ani mal s. Hi st opat hol ogy of the
R

tisSte in explanted hybrid devices showed | oss
of [0K718¢t Statidg bnko]ne)éa}sofaﬁlb'eurarrsp]aatatmn,rammab@&ﬂorrc{:qwed local

untreated aninals (Figure 21 per panel s
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val ues. ese data In |cate that prolonged survival
i sltiett imlariablyatjested idingiabdvithin @ weds fivndtwidisonteration of the

obt ai ned .under system CPJ ?&s;uppresm on, and al so
hi gmt?famm}%n% s (FigaePhe i npact of sel ected

SY$ M) C Th mgﬁﬁméﬁé%ﬁéh 1 16¢al fhmaneduppidIsioh, ameals
functi on. E 4. Effects of Conventional Systemc
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fNre r%eb?? %@g%@djt 9001 t51d90&Th& Pk ¥y SL AR dsEs kWP RE Sred Rfave

immunosuppressive effects. Local immunosuppression with this approach resulted
in a significant prolongation of islet graft survival up to 60 days (Figure 27), and
the obtained preliminary histological results also confirm the effectiveness of local
immunosuppression alone (Figure 28). The control animal rejected the islet
allograft after completion of the weaning protocol of systemic immunosupbression
and showed only areas of fibrosis with localized foci of mononuclear cells
indicative of allograft rejection (Figure 28A, right panel) and displayed absence of
insulin-immunoreactivity by immunofluorescence microscopy (Figure 28A, left

panel). Animals receiving daily local immunosuppression via the injection port
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conbi nation) as described in Exanple 3, starting from
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animal s received no treatnent. As shown in Figure 23,

fol lowing islet transplantatid (3,000 IEQ, control

ani mal s achi eved and nmai ntai ned | ong-term
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EXAMPLE 7 Hlstopatholo&al Assessment of Islet Allografts in Animals

Implanted with a Hybrid Device Comprising Islets of Langerhans, with

Sustained Release Local Immunosuppression

[0181] Six weeks after implantation of hybrid devices into C57BL/6 mice,
DBA/2 donor islets were transplanted into the prevascularized devices without
systemic immunosuppression. Local immunosuppression consisted of
cotransplantation of Cyclosporin A (CsA) polymeric nanocontainers that allow for

the slow release of the drug over a period of approximately 2 weeks. Control
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transplantation, all animals received systemc

I mmunosuppr essi on treat nment tdﬂ%rSting of a

si ngl e-dose induction treatnment with T-cell depleting
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weeks of treatnent , syst em C | Mmunosuppresst on was

t apmmauie a¢rgtion scaingeneie dmplantedsellvlar gradtalin hybrid devices.
i mrunosuppressi on was nai ntai ned. For exanple, a
typi cal weani ng protocol of system c treatnent
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[ uppr essi j ' | . . .
| iOAET PR 580 i SRR JHEoMACR, (R0 FHIREShybrid device tha
t r hashéearivpldnded inadni omdraalglonch sieciaiamehhlimaa primate, 2 baboons
TS B PR FoeBbDO R BB
Conti . AR . ‘ o .
SR UL B GRS EDSERI SR
debed duyd ptibetopigleptrarspéant impdreert togprévasclarizboths alte. One day

region of the rodents, and they were connected via a
PE Frigblgle KARSRARL, bR RRr RSP WSS Y OIS the'babodhs, 10
[ ?ea% n%ﬂg/n?dgtl&ﬁﬂid 9SG POBI 116, -, aR@+2{ FRIMPA mP&¥hhenolate

groups recelving vari ous I nmunosuppr essi ve

agemfetilsR@ BIBxn POP -¢xBaP! Ganddbsigafierhs oregk R prsk €02 mg/kg

(2 t epr.edno bonat.e, (0.2, .0,

o6 3M B ERAGERT RoB 10 BBkE i n il propBl Ryt of 4-6
ag@p/mst., WoR uded. Liorf the 6yAdigol fiLmonias M tnh@k  Daplizuntatal V on POD
nunber of aninmals, this local treatment all owed for a

cl ehandXmegfke bW eyerya) weglisdhereafiar formtotal o soges. P §orperke

. ! . . . iy
ORI HLPOpL 1 G0 ARG Db
Sy siigiain tronphriesdppf £5-80 ap/ni [ apd 002 /kg FK506 IM BID starting on

POD -1, adjusted to maintain trough levels of 4-6 ng/mL.

[0183] For each of the 2 baboons, islets from two donors were combined to
achieve an islet mass of 15,000 islet equivalents (IEQ) per kg recipient body
weight; for the cynomolgus monkey, a very low islet mass of 3,327 IEQ/kg was
implanted from one donor. The results of in vitro glucose stimulated insulin
release analyses suggested that the baboon islets were sub-optimal, but the
cynomolgus monkey islets were excellent. Baboons were immunosuppressed with

thymoglobulin, mycophenolate mofetil and FK506 (see above for details on dosing
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port-a-cath (Mn-Ue Muse Port, Access Technol ogi es,
Skoki e, IL) connected to the itplanted device. This
approach all owed an approximate ten-fold increase in

h 1 . . _ .
ne 2y Aiaa e SERAAH Rohlhg VRSHARTRh DhgfRie, rapamycin
| esnd FKS06 ($ee abysd foridetatlo paslokingand iiming)e Fasting 4rol prst-prandial
[ nosyppr essi ve effects, Local i munosuppressi o

wi DipacraTecoss W&@ﬁa%ﬁﬁ%lb&qdﬁﬁ%ﬂ@ &3 MREHFRated with NPH and
pr ql.ang@tih inozISJ{eé & graft survival up to 60 days
(Figure 27), and the obtained prelimnary histol ogi cal
red0184 dledesvinfivorfunkBor vaes obtained deisbabbon 6856 (Figure 31).
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M Ghérs R Y deflydl FenciidA, arldederaaseteindulinRitigdifernte atd loweged
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porﬁ}%@ hersanecayident op day 20 pad was maininined thypugh pestraperRbke day
unt f ri devi [ 2
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st raam}ﬁﬁglt wﬁ’%mﬂm?lﬁF‘%{\Si’sﬂ%ﬁ i cRibonoeeb I tap 8 time point.
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nmononucl ear cells "(Figure 5 B, right panel). ' _
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i nsul i.n i munoreacti vit iqure 28B,. | ef nel .

| e RSP Spes e bR R el REEV el gumber.
6 Thi¢ 495 Medtht théNelHall isédth&mhyRd g o bl RIMEFKWO0b Rombination
Hybrid Device Conprising Islets of Langerhans, wth
Sushrimmeundsippeessionodl it wasrlsadyippiraiesivmatigthojymphocytes

Chenmicall y-di abetigc Lew Vi ecei ved

7 g iecer aarherfPlefioh Bidipt B BRRIEIRCR. I e
hy qoi85]demii¢ fsthe kit UpwIiseshass, thegueis minimahaiiddred of
of a single intravenous dose of Anti Lynphocyte Ser u1r1n

( Alfgpetinn fgnihecysomalexs maskenivhigk Was jmpunpypgressed with a
tr I t g j i :
e PGB0y S RO L o2 i
i MAsRhSMpP befmiesn Atalse time of explant, however, well-preserved insulin

positive tissue (stained brown) was clearly observed (Figure 34). Unlike the
baboons that had undergone a rejection response and had only sporadic small
clusters of insulin positive cells, the observed islet tissue in the cynomolgus
monkey appeared normal.

[0186] This preliminary data clearly demonstrates that islet tissue can survive in
a device placed within an omental pouch site in a nohuman primate, strongly

suggesting that implantation of an adequate mass of functional islets that are



achi eved by co-transpl anti ng sustai ned rel ease PLA
(pol ylactic acid) m crospheres containing -4%

wo od08pyEMol et abonate (soft steroid beads, SSeCT/vb1008/001433

10

15

20

25

30

an estimated 60 day release tine). After the weaning
protocol of systemc MPA conttbl™ animals rejected
their grafts, while animals with |local SSb maintai ned
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assist in prolonging cellular allograft survival in
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[0189] Islets are then nanocoated. Isolated islets are suspended in medium
containing 10% fetal bovine serum, then pelleted by centrifugation for 3 minutes.
The pellet is then mixed with 2% alginate at the desired loading concentration
(v/v). The alginate/islet suspension is then extruded via a 20-gauge needle into a
1.1% CaCl, solution; the droplet size is controlled by parallel airflow. Capsules are
then rinsed with DPBS and placed in a spinner flask, fed with fully supplemented
RPMI medium, and positioned within a 37°C humidified incubator.
[0190] The pump is disconnected from the port of the device. A partial incision

is made to expose the plunger access end, and the plunger is removed from the



prior to islet transplant, inmunosuppression was

initiated. For the baboons, 10 ngy/ kg thynoglobulin IV
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nofetil PO BID on POD -1, PCD O and thereafter 2.5

ng/ kg BI D; and 0.02 rTg/kg FK50%' IM BID starting on PCD

- 1, adjusted to maintain trough Ievels of 4-6 ng/ni,

vver e r S
}/1?% n%b nr@ ca he%&j\égl%p?écptg s%%ﬁglfs’ 1fs\/i gcgéérﬁg/eﬁthe nalt(locoated
t hes[letaftd e vbﬁulﬂliedtspdtceqfre\ﬁoﬁhbﬁ GSQupO:dey ﬂl’(g/pkglger The surgical
raparrycmlMBIDonPCD él 0. 025 I MBI D
t hérte rralesed a&mn@h%aown&ﬁh%%ma ?roqa@?ml@v@cgsswle pump is
A r
9&%6103? g 01?0 mal néé?ﬁ&t&r% gg %ev%i‘bglfﬁ%@% 48 pumped
5 ng/t]nrlouglﬁ ﬂﬁ&ﬂe]tnﬁutnoremnkiumi tdthenaidmmadmslets.i slets from
two donors were conbined to achieve an islet mass of
15,000 islet equivalents (I1EQ per kg recipient body

Veigg0A MPIOK, lthe@!ﬁﬁlm lo® ¢u SRRV els In WifithalsAhpIah R w1th a
mass Of 3 g I nmp an e 7 rom one onor.

gdets nsul i n rel ease

< 0453 AL b LS 1 R i ..

10 ex Qﬁlohgnmhdmmﬁaﬁ om&@t@imwi@)s UFHRr @88 81Ckubjekcts are then implanted
t hynmoglobul in, nmycophenol ate nofetil and FK506 (see

ab(WAth 4 é¢v1@mfathc nvsntigleompasios e PHinggn aaitExateple 9, and allowed

L AR RF TRk Rk kT B P BEE 0 46 g

anq0192rp Nnelkts dré folaie] andbs@itsdd-in Bxaiphd 9.bAgadia intidseeis made
were measured daily and the supjects were treated vvlth1

NP1ang e mgmem remqved diomythgddepicgrsdn Exomplg 91 éms asmal
15 41 iy U300 135 U LAl BB AREA BRSO B o

on half tielardmdl subketsne¥io istdteateideposiedin pi&:;de(vwePwM&ther half
Dai ly insuljn/k irements are shown bar, s
f adtit Watﬂlbgqg%ﬁco% 1 P R et ials uBph §EPislevels are
S 'Hul)rﬂforéd)daq}gr IP{s&X Qéic?d Qxlﬁﬁﬁl'é\éﬁfmélﬂﬁnbﬂbhﬂeﬂKd'lﬂglsleh@ells will
onental pouch site islet inplant w thout a device,
t helemonstsate gtteteayeguhatfammfthl@d gluense dexstsetharanimals At mplanted

3” reﬂfﬁﬁ lﬁs( and | owered FBG becane evident on day 20

f'fit ai ned t hrough post-operative day (POD)

42. Figure 32 shows the fasting c-peptide, corrected
for FBG for the 2 baboons The hi hest C- etlde
| eEXAMREE 1dhReguls Ing AL A I IPIARES

butgﬁpﬁgé gggevicgt&,ﬂﬂs.%gmrx&c%pmawdoﬁlewr ough the POD

[0193] Animal subjects (Rhesus monkeys) are rendered diabetic as in Example

20

25 10. The animal subjects are then implanted with a device of the invention
comprising a plunger, as in Example 9, and allowed to recover for two weeks
during the vascularization phase.

[0194] Islet cells are isolated as in Example 9. Half are not encapsulated, and
half are microencapsulated as follows. Islets are suspended in 1.4% sodium

30 alginate and placed in a droplet generator. The islet-containing droplets generated

are gelled in a funnel containing 1.1% CaCl,. The resulting microcapsules are



Based on extensive experience, it appeared that both
ani mal s experienced rejection, and this was supported
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positive cells were clearly detected (stained green)
but were low in nunber. This w& the first tine we had
used t he thynogl obul i n/f MVF/ FK506 conbi nati on for
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adequate mass of functional islets that areprotected
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aroun he rt. The.device remains in the site for
tvvé"'"ﬁg%él ,‘ngﬁ%Fd\ﬂf .rfzgflo@g@?s& arization of the area

surp oy difegistHe i BeNELR inPxatipe 9. hHEIflof B islebarhiocosted as in
connected to an external or externally accessible punp
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VE h h. t he. di stribut i it i di :
V=Bt 18 bieh MEisderbie e s B e BFeh I deviee for
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pancreas of a human cadaver donar,.. The gancxees IS ..
perchihsteg copnesteddp @ spinge, nanocoated islets are deposited in one third of the

devices, non-nanocoated islets are deposited in one third of the devices, and an

identical volume of solution with no islets is deposited in one third of the devices.
The remaining quarter of the animal subjects are intraperitoneally injected with
nanocoated islets alone, without the device.

[0199] After transplantation, the animals' blood glucose levels are monitored
daily. It is expected that the animals implanted with the islets or islet cell-
containing devices are expected to demonstrate greater regulation of blood glucose
levels than the animals implanted with devices lacking islet cells. It is further
expected that regulation of glucose levels will be greater and more long-term in

animals implanted with the device comprising nanocoated islets than animals
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sol ution, which is subsequently heated to 340C. The

pancreas is then shaken manuald% or by machine for

about 10- 15 mnutes. The digested tissue is diluted
PR S UL B0 oihy P Rpaodlel e € BERANTLA slers

|Saro|nb.ter ed, centrifuged at a | ow speed and washed.

The islet cells are separated on a Ficoll gradient

with a COBE automatic cell separator, then incubated
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[0203] Animal subjects (Rhesus monkeys) are rendered diabetic as in Example
10. Three-quarters of the animal subjects are implanted with a device of the
invention comprising a plunger, as in Example 9, and allowed to recover for two
weeks during the vascularization phase.

[0204] Islets are isolated as in Example 9. One third are microencapsulated as in
Example 11, one third are nanocoated as in Example 9, and one third are non-

encapsulated.



and the plunger is renoved fromthe device, as in
Exanple 9. Using a snmall catheter connected to a
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devices of half of the animal subjects. No islets are
deposited in the devices of t¢ other half of the
ani mal subjects. After transplantation, the animls'

bl I . i for I ' devi

o SEE058 . 6 Rihal RUSAGh RNk HRY R JeBld sbraohd Kom th device for
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| evel s than ani.mal s not irrplantgd with jslet cells
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oW BT o RerBim s el bR ol PR unger . as. i n
Exanple 9, and allowed to recover for two weeks during

the vascul ari zation phase. [0194] Islet cells are
i sd} me enrapsulatiorExgdsiise o iMyninagpepragMiorencapsul at ed,

and half are m croencapsul ate s .follows. Islets are
2ot gestBh a0 PO RRE AR e bl e’ n o

dr gph&tn@pRdaadm)devitBmd igdrlincspradsivnng dropl et s
generated are gelled in a funnel containing 1.1%

Cad} o emuapsylatien, denigeHER OSSN ewashed wit h
nor:a|. ' I : | %
polsﬁqrﬁéksdlaﬁgfl&v\%/% Hg{ggéggﬁ%n%%%wﬁ&%égsfbﬁcubat ed with
al @i néadreencapshlavist) ddviae,fimnalnosuppeessionh NS. [ 0195] A
partial incision is nmade and the, plunger is renoved
f r I ANPSORYER, dBVIceo) MIEOHIRECSIONUsi ng a smal |
Calghet Bleof N BEYiEd iffndhos¥iprfi@Rn hal f of the ani mal

subj ects receive m croencapsul ated islets in the
devi ce. The other half receive nonencapsul ated islets

in_the device.. After..trapsplantation, ,.the aninals’

bl s esions fetieral ROhe Reser gty AR R mos.

| MybEg) € da Mt tharkpran@B¥h,afe SRIMRAIY Blobd ghicosORNEI ALLINBhRSed
islets'will denonstrate greater and nore |ong-term

r eglallpt Ttamexifectsidabat the aniowds implasited withthepanggeaied islets will
i npl.anted with th i i S|
| sPsonSipadeistie P Eion R AR L ARIERF AR ANE Smplanted

Aniviil] sidrogicapivistedvot HordetdapsilsteDidts elt Gofgpthies éxpgcted that
Nanocoated |slets [0196] Animal subjects (Rhesus .
ronkgajoneielvese rvels willhserraierand ote,gpgsferm 1n animals

implanted with the device comprising nanocoated islets than animals implanted
with the device comprising non-nanocoated islets or nanocoated islets alone. It is
further expected that, in non-immunosuppressed animals regulation of glucose

levels will be greater and more long-term in animals implanted with nanocoated

islets than in animals implanted with microencapsulated islets.

EXAMPLE 15: Regulation of Glucose Levels in Human Patients Implanted

with a Hybrid Device Comprising Nanocoated Human Islets




10. Three-quarters of the aninmal subjects are
inplanted with a device of the invention conprising a
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two weeks during the vascul ari zati on phase. [0197]
Islets are isolated as in Examd € 9. Half of the
islets are nanocoated as in Exanple 9, while the other
hal I :
2 S A BRSPS b pvenin
ea@bmFﬁsth eslaevhac ﬁavmweanioedecamdmnosu&tp@ ad i, Exasnple9.
Using a smal |l catheter connected to a

syP Ffrf@fébl)’ﬂﬁﬁdéléfétaé‘%jalll%eéﬁlﬁ 05 F¥NEEBHISsi ted in one third
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t he devi ces. 'q% remai ning quarter of the aninal
subpBlaptatign of theidexiSer i t oneal |y i njected with
nanocoated islets alone, wthout the device. [0199]
After transplantation, the aninals' blood gl ucose
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ani rrals i npl anted with devices lacking islet cells. |t

is mwntmmrcompp@mg@plum in theiadiaceeirspace, g5 Utbxanple Jelhe
i n‘ﬁ)ﬁ%ﬂ? left ?%ﬁ% xﬁfe&g (&%ei(so&g’mrgiethgklh&u?a?fz%é%lgsl sl et s

deV| ce CO nanocoat
t haoe1ani Telksiaf@isalateicesyértially Iae dekevibeda ircOrfp Paehngpplication

S&w%%%%%é%xﬁigué@%‘ 37 Betcey i atonber-ds 200 fasrao. The
t

AR oL AR R AL 5 LARRSBEY A  Stuion

d| dbapornt) asd uhen Emnﬂd@yl@ncﬁh&ct@rﬁmﬂhespamp@atls dugteare

coBrenaR g PR gBREne: | o aplsaes SERIER) dadmei

I €CONSenhQ ankiV¥®, OWRSISts d)NAElQI t Tﬁe Hﬁ&%ﬁé@ﬁé&?éals ‘i’sﬂdlgested on ice
phase [0201] ISlet cells are isolated as in Exanple

forEhmarnutes; tiendneubetedah 3¢ 6afos 20 aminpies EXhepancrans ipHien

t 'ﬁ!n?%u%ﬁvés%%r oot Bus e et RN R

| S cEREEugAGt hew @béaagﬁ ICMRLEREY ednire aediure BBy iske celdsare
separated on a Ficoll gradient with a COBE automatic cell separator, then
incubated for 18-24 hours in CMRL-based medium containing 5 cc of a mixture of
streptomycin/penicillin (per 100 ml culture medium), 10 mM dimethylthiourea, 5
mM citiolone, 2 mM L-NMMA, and 10 mM GSH.
[0212] A partial incision is made and the plunger is removed from the device, as
in Example 9. Using a small catheter connected to a syringe, the isolated,
nancoated islets are deposited in the devices and the surgical openings are closed.
[0213] After transplantation, the patients' blood glucose levels are monitored
daily. It is expected that regulation of blood glucose levels will improve upon

implantation of the device. It is further expected that systemic or localized



in Exanmple 9. Using a small catheter connected to a
syringe, one third of the animl subjects receive

wo200809abed i slets in the device; one third rePer/Us2008/001433
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m croencapsul ated islets; and one third receive
non-encapsulated islets. After°&ransplantation, the
ani mal s' bl ood gl ucose |evels are nonitored daily.

B EPASDLE e BRI GR kS PR G FRA n

ofdbhagﬂﬁghweﬂﬁmnbﬁvels than the anlnals i mpl ant ed
with mcroencapsul ated islets or non-nanocoated
| slets. EXAMPLE 14: Regul ation of A ucose Levels in

Con'pr Iﬁuﬂﬂﬁ)kz‘mi rdbéillert of¢hd e Pub ' ifl ABHbififer’s Disease

vIECroericapsur at ed,  Ofr
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i nvention conprising a plunger, as in Exanple
al kellreday provitedeeg-téror thevepeviestenefitrt mgeleheted that cells that have

va cul ari zat i 0204 sl et
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and one third are nonencapsulated [ 0205] A partia

i n@npiaowdlbyma\jeusalh&n@mn}ﬂt is renoved fromthe
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S Umiég S(g%lg H easn‘% hq’?@?ﬁ ng éa%tr?g??@%g e]:‘fxearrn ple 9. The
c 0ﬁﬁl@&fo%dtc@llﬁal‘é)théxﬂmﬁdedlt&ﬂmghatoedmetei|1ﬁb31 devize of the invention.
deposited in one third of the

d
m'h dhedavisp suatereeigxicallpplaced m wi%-'qut regeprticalaippegampal region
t -

RSB RS ORIATSARRML Biag i o popS e, i

S epartas eshnected t@'alg bktegrad up&terilally]ax:oemlaip puingt ilmmunogegulatory
devi ce, no innu ressi on nca sula I. .

de Bt PIONHTHEL BEIOBSUF FHmped Fsouh B earp .d&ﬁ‘ lopycuduits
no ¢ ALRAS %Ql@rfﬁét%fsqe tHe ndHOCENERBI ! éﬁHaﬁE‘mg @ﬁl\ﬂl\ﬁ‘aﬂf of the

i nminosuppression 5. m croencapsul ation, device, no
| mimphstedmels sAfier ﬁueermOdpmewwpsmﬁtl&ntSmﬂe aggessed éor improvement

nosu on 7. nocoatin d
ggq, gglg 1%tl§ougq1aatﬁ%t§ S%ﬁq aﬁg(l) glél-{:nghtaﬁ] Qtate examination
' m@&@t%ﬁﬁéﬂaﬁ?.; PSPchiatr Res 12:189-198 (1975)); (2) face recognition exam
(Backman et al., Psychol Aging 6:489-492 (1991)); (3) spatial memory with

immediate and delayed (30 minute) testing. It is expected that performance on

such tests will improve upon implantation of the device.

[0216] All publications and patent applications cited in this specification are
incorporated herein by reference as if each individual publication or patent
application were specifically and individually indicated to be incorporated by
reference.

[0217] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be

understood that the invention is not to be limited to the disclosed embodiment, but



| mmunosuppression is delivered in the form of
sirolinmus and tacrolinus. [0207] After
w0 candwidat ati on, the ani mals' bl ood gl ucose | PUBUS2088/@1433
nonitored daily. It is expected that the aninals
inpl anted with the nanocoated 3%l%ets will denonstrate
greater regul ation of blood glucose |evels than the
ani o] : .
mo s Sec R A2 Bfentd o OV ORRSRRRABLARnSad copivglent
r egithgentemtsoihclgbed asthir the pisit whd kcape ofj thestppendeddlaimse For
long-termin animals iqplanted mﬁth.ﬂ%gzggvice ) 1db
coRFATRIENG ARRNSEEHY e QoRiigusstion, anmentionsd aboyenihe device could be
W § ' 5 ithout
R ERR MRS PR ANRRIR BIOL o idlal, witho
5 i nproidingtfiemroSisppliass 96 dasenianmbtsonr Egweert inosh afd pjingsoseut using
levels will be greater, and re long-termin ani S
| it oRbkisy i eftirid ot 88 mifafke Gk Fl hisfaaP ToPexample,
| MRLARhAGNY drbwi RERE) GANE YawrRg rb-VaSufariZatiéMitlrbughbthe delivery
Regul ation of 3 ucose Levels in Human Patients
| mof &actazsl sydht ds angiagbnic dadversi ce Conpri si ng Nanocoat ed
Human 1 sl et s[ 0208] Human patients with di abetes are
i mpl anted with a device of the invention conprising
islets that have been isol ated and nanocoated as in
Exanple 9. Preferably, the islets are all ogeneic or
syngenei c. [0209] After transplantation, the patients'
bl ood gl ucose levels are nonitored daily. It is
expected that regul ation of blood glucose |levels w |
i mprove upon inplantation of the device. EXAMPLE 16:
Regul ati on of d ucose Levels in Human Patients
Implanted with a Hybrid Device Conprising Nanocoat ed
Porcine Islets [0210] Human patients with di abetes are
i mplanted with a device of the invention, conprising a
pl unger in the adjacent space, as in Exanple 9. The
patients then recover for two weeks during the
vascul ari zation phase. [0211] Islets are isol ated
essentially as described in U S. Patent Application
10/ 761, 180 (published as U. S. Patent Publication No.:
US 2004/ 0195710). The pancreas of an anesthetized pig
is perfused with University of Wsconsin solution
(Dupont) and then renoved by pancreatectony. The
pancreatic ducts are distended with HBSS contai ni ng
1mM Trol ox (an antioxidant), 1.5 ng/m collagenase and
10,000 units DNAse 1. The di stended pancreas is
di gested on ice



for 30 m nutes, then incubated at 370C for 20 m nutes.
The pancreas is then manual |y shaken for one m nute.

wah@saygest ed tissue is mesh-filtered and centPCT/Us®AS/001433

10

15

20

25

30

at a | ow speed in CVRL-based culture nmedium The islet
cells are separated on a Ficol?8 gradient with a COBE
automatic cell separator, then incubated for 18-24

ho [ sed nmedium containing 5 cc of a

m W}?ﬁté&%{fr%& onycin/penicillin (per 100 mM culture
medi um), 10 mM di net hyl thiourea, 5 mMcitiolone, 2 nM
L- NMVA, and . 10 nM GSH. [0212] A partial ingision,is
made anef‘tiWécepfoﬁﬁ"gf@fV“i‘%mP ﬁ’@)@%al ogigal material, SQuRPTising ¢
Exanpl e 9 Réﬁd &e@tl\%gﬁlrfacé:@éﬁ}ﬂﬁ in 59R08€ 554 e bAd @ system for
syringe, t ol at ed, nancoat I sl’'ets are deposited
in the dsoal desveandf tmiediago ngiteral implented gps therdevideosed.
[0213] After transplantation, the patients' bl ood
glucose levels are nonitored daily. It is expected
that regylaklRp o%lahhqoebheﬂeﬁpﬂaé@yét&ﬁ% fpﬂskdaﬂmar&ve
upon i npl antation of the device. rther

expect edlawisustapesdt ishhage agsemblyal | zedl mTunosuppr essi on
of the patient can be reduced by thus using the

nmet hods and devices of this invention. EXAVPLE 17:

| mar ovengRideice 60 enRirhi2y heretihe @Pstern fﬁi’tHélﬁioi’fﬁfrszs a pump or
Di sease Patients Irrplanted with a Hybrid Devic

Conpr | sﬂ@ﬁgr\N@FfOSé%ldéWdﬁ@ oeélraﬁlgelp/@zml]ed Béthe\ﬁbw} Ob$low/su5talned
nerve gro1 &%?(NGF) to the CNS is believed to

I nprove IEETRTTVe function in Al zhei mer's di sease
patients. Irrpl antation of NGF-secreting cells may

provi de | ong-termtherapeutic benefit IS exp ect.e

thdt cellhs denige oh &l Pe BiRCTERMBE SYTIER f&ﬁgerl 99&?:955’ ! ﬁttlsaséone
port-c o%l@kﬂ)‘ raff fn‘é@iatdigtﬂb'lﬂ{b %ﬁgﬁﬁ? FQfisiriBhtind¥nedia in and/or

invention wll survive |onger an greater

t her apeurtnmdibe edjatent bpatecel | s i npl ant ed by previously
known net hods [0215] BHK cells releasing human NGF are
nanocoated as in Exanple 9. The nanocoated cells are
then | oaquc%eklfbre%lfgﬁy af sRihet ar fdr!h%@ccﬂnﬁ@élh%@ pRingthélement that
i nvéntion. The device is stereotoxical aced in a

sel ect eds demsted incthk Atiapprd spagsalfl theedfivige '@!d whigh igispovable
and the,surgi.cal en ound the port of

t he deV|bc?g gﬁiﬁ%‘)sbtb(g} ﬁltgggl(ﬁ%ééﬁgaq?rgaﬁan external or
external Iy accessible punp. |nmunoregul atory and/or
pro-survival factors are punped through the port to

di $ri bukheglevicsmdglaim %, WY%Fhe\I&Fn&%F@WG&E{”&F@a{ gomppases:
nanocoat(gfl Ceziﬁlﬁsncerﬂgéﬂﬁl';ng survival of the

(b) Teflon® or GoreTex®; or

(©) a degradable biocompatible material that may be angiogenic.

7. The device of any of claims 1-5, wherein the adjacent space is completely

enclosed by the mechanoprotective surface.

8. The device of any of claims 1-5, wherein the adjacent space is non-

completely enclosed by the mechanoprotective surface.



i mpl anted cells. After three to four weeks, patients
are assessed for inprovenent of cognitive function

wo koot est s such as: (1) mni-nmental state PCT/US2008/001433

35

40

45

50

55

60

exam nation (Folstein et al., J Psychiatr Res
12:189-198 (1975)); (2) face retognition exam (Backman
et al., Psychol Aging 6:489-492 (1991)); (3) spatia

empry W , : dela . .
T 0 et RUBRLTA a2 Sl o} fhcohe (P} COpleely
I mpr ove sugoundsiikd metladnoprotedtive Barfateyi ce. [ 0216] Al |
publications and patent applications cited in this

speci fication are incorporated herein by reference as

i f ygach tndi.vi ' i : lhLatioan

ner & ep e TR | E e A hE R2PBR spaRi

i ncor porcamptetdly sneberdsiibemetRibpiotathive sutfle. i nvent i on

has been described in connection with what is

presently considered to be the nobst practical and

pr gfier r egheIRPRAIIBAY of tlhinksS]1-50whetnHe HaMPQA réRAfoif i@xternal
invention is not to be limted to the disclosed .
enbodi menextemallyracedssibofiomar patientswhen thadevice i iganted in the
vari ous npdufications and equi val ent arrangenents

i ncl uded®®#Thin the spirit and scope of the appended
clains. For exanple, in an alternative configuration,

as nenti oned above, the device could be inplanted, , .

wi tlRout Ehealepicaofany obelpimasl-Scwhersintha UIRSOT BFSSTs is anternal
nateriauotﬂggg%g providing for a first phase of
vascul art zatlion between nesh and pl unger, but using

the "sprinkler system to feed the inplanted

bi ol ogical material w.th, for exanple, nutrients and.

gr ddt h FEedsyise ofany ef ?laml-égWﬁ@gﬁﬁa@e dryes Dugthep romprises a
through L iphiBGbARARHER AR B AIGRE &
factorsfaﬂgggﬁé&%ﬁg¥%§guﬁs: 1? A devfce for rec%ivfgba

i mpl ant qutibatol ogi cal material, conprising a
mechanopr ot ecti ve surface defining an adj acent space

and a systemfor local delivery of nedia to materi al

| Mplgant efhel davidR@rARY bE Elaimds 1-FN&hekeM ®i6 dedice istdylindrical.
wherein the systemconprises a fluid or slow sustained

rel ease assenbly. 3. The device of claim2, wherein

the system further, commri ses. . QF QL r
R AT LSRR UEPR e 4 SR ml g o
sl oW sushatiRed assehdis ef admdribilymesh.cagdre devi ce of

claim3, wherein the systemfurther conprises at | east

one
16.  The device of any of claims 1-5, wherein the device is non-cylindrical.

17. The device of claim 16, wherein the device is:
(a) flask-shaped;
(b) coil-shaped;
(© coin-shaped; or

(d) a sponge-like mesh.

18.  The device of any one of claims 14-17, wherein the device is

neovascularized before deposition of the biological material.



m croperforated nedia distribution conduit for
distributing nedia in and/or around the adjacent

Wepmse974%8 The device of any of clainms 1-4, furChes2008/001433

65

70

75

80

85

90

95

conprising a plunger elenment that is deposited in the

adj acent space of the device &M which is renpvable

bef ore deposition of the biological material. 6. The
device of claim5, wherein the plunger el enent

material conprises: (a) a plastic material; (b)

Tefih on( The devicobEAiBXdre) of dMimsA}- 8, hd@redal atfel tdological material is
bi oconpati ble material that may be angi ogenic. 7. The
devi ce Gﬂcaé’ﬁ‘}la@fi claims 1-5, wherein the adjacent

space is conpletely enclosed by the nechanoprotective
surface. 8. The device of any of clainms 1-5, wherein

t heoadj qhedevispat any snensfivtaing!ldt ¥, ywhereih dxeelﬂolbgicahmaterial is
mechanoprot ective surface.9. The device of in any of

cl ai ns 1aBOCO@isdr ei n t he adj acent space conpletely
surrounds the nechanoprotective surface. 10. The

device of any of clains 1-5, wherein the adjacent

spdte ndhedepicebEhryy sfielaiosnids, whereimghé medigreomypises ene or more
surface., 11. The dew}: f cl atms 1-5, wherein
the punpMBHNPEHPRIEIVE 'inglué’ﬂe@%’/‘]r? Y 8FEkt ernal Iy
accessible froma patient when the device is inplanted

in the patient. 12. The device of any of clains, 1-5,
whéRej nTthhelewnpf @my pleaimeol -5, wherpinithe media conppises one or more
patient. aﬁ §V| ce of any of clainms 1-5, wherein

t he dewp{:%S‘frlY} garc (gfmprl ses a tether to facilitate

mani pul ati on and/or retrieval of t he device from a

patient. 14. The device of any , Wherein
t h@3devilde degice pf Plﬁm éhpr 22, svhema ‘@F@és Y oBF &F Moty ot
wher ei n ge or a
mat ri x okgg[ggcg\ryb aﬁo éﬁﬁ?gﬁﬁ{ &ﬁsd?g%gs 16. The
devi ce @fyto@meafvemnaamtdmsagemetoéeranctdwdumnfg egents

non-cylindrical. 17, The devi cehpf cl ai 31
t he dev,l@@qt@suppresswe agents; growth factors; an oxygen generatmg,

releasing, and transport-enhancing products.

24.  The device of claim 23, wherein the agent for vascularization comprises
VEGF.
25. The device of claim 23, wherein the factor comprises an anti-inflammatory

agent selected from: 0ATP, anti-TNF-alpha, lysophylline, interleukin-10
(IL-10), alpha 1-antitrypsin (AAT), pentoxyfilline, corticosteroids, COX-2
inhibitors, and TGF-beta.

26.  The device of claim 23, wherein the anti-inflammatory agent is or

comprises 0ATP.

27.  The device of claim 23, wherein the tolerance inducing agent comprises

one or more agents selected from: Power-Mix, IL-10, IL-10 fusions,



(a) flask-shaped; (b) coil-shaped; (c) coin-shaped; or
(d) a sponge-like nesh. 18. The device of any one of

wW@hkass7448l- 17, wherein the device i s neovascul B€T/ERZH08/001433

100

105

110

115

120

125

bef ore deposition of the biological material.19. The

devi ce of any one of clains 1418, wherein the

bi ol ogi cal material is encapsulated. 20. The device of
any one :

mat er i af %tg&!rqgér? c%lé kl}j‘g agé‘(lmgfﬁh&dée@?lg Feycgteg%& eihfer molecules
cl ai ms imblvedtiatles deliviesy mﬁasdgrails:toﬂ}zmmet@mEBNA-ﬂuke enolecules,
|nnunosggpre33|ve/|nnunoregu atory, agents

devi ce B-3dnyLbE- andiflnk-receptofiageting anH 04*%?:@51 aptamers anti-
conpri s 1%%1186d1g§2 fﬁggﬁgl'zﬁ& ¥ ntib8GE O 4 aptmerSnd anti-1L-

devi ce of clalns erein the factors are
one or bmnabodies agkili-6 réceptov astthddigsi andtaptamers.
anti-inflammatory agents; cytoprotective/antiapoptotic
agents; tol erance inducing agents; inmunosuppressive

aggglt S; THE g\é@@e bRCILRA 93, @H&eﬁ’ﬁfigﬁﬂmﬁ%‘s@bﬁiésﬁge agent comprises
rel easi ng, and transport-enhanci ng products. The

devi ce ofle ot mion &nt selented ﬁomhghlgg@n:;toffagtpvatlon 51gnals including

vascular 25. The, devi ge

cl ai m 2§ %F? 189igs {%L"‘?%‘E‘Pdgheggﬂr& profsdn E‘rﬂ‘ase Efniftbitors,
anti-i nfxﬁrﬂmg of Froﬂiﬂ@rﬁﬁolﬁﬁbﬁaﬁ .aghibitérdlof @AdiBotide synthesis,
anti-TNF-al p sophylline, interleukin-10 (IL-10,

al pha 1.1rgnb1tqr§ 9§§1mp}(om)traf§@ﬂpg))gyfl inhipiters of cell surfac%a receptor
cortlcog&%%_ gs, COX-2 inhibitors, and TG~ beta. 26.

The devi Ce olf) claim 23, wherein the anti-inflammatory
agent is or conprises oATP. 27. The device of claim

23, wherein the tol erance |ndugﬁgg%a nt co?$rises one
or 2fore é@@ﬁ‘(@e gbflamnd, Vhesgin t wiRylgcton qonppisey pug gr more

fusions, Wt R6%: ?«gqutmnam@s@ eAAGRHE OBLP-1 and HGF.

nDIecuIe cules ihvolved 1 n the delivery
of signals to Iynphocytes EBNA- | i ke nol ecul es,

30.  The device of any of claims 1-5, wherein the biological material comprises

a composition comprising one or more select cell types or tissues.

31.  The device of any of claims 1-5, wherein the biological material is non-

cellular.

32. The device of any of claims 1-5, wherein the biological material is capable
of delivering a therapeutic effect when implanted into a patient, wherein
said therapeutic effect comprises regulation of insulin or glucose levels in

the blood.

33.  The device of any of claims 1-5, wherein the biological material delivers
one or more therapeutic effects by providing one or more diffusible

therapeutic factors.



I L-35-, 1L12-, and IL12-receptor-targeting antibodies
and aptaners, anti- 100 IL- 17 antibodies, anti-IL- 17

WO e@ep9mrs ant i bodi es and aptaners, and anti - | LPCBUS2008/001433

130

135

140

145

150

155

anti bodies and IL-6 receptor antibodi es and aptaners.

28. The device of claim23, WRF&in the

I Mrunosuppr essi ve agent conpri ses one or nore agent
select o om i nbibi . . . :

Tt g £50e, PEAS 35 Pl Bht K5t bOfof ABARAue fctors

pr ot ei n ckinpeiseore drhorei dfoinsylin, mhichgom resythifopoietin; Factor VIII;
proliferation signals, inhibjtors of nucleotid .
synt hesF&ctor ki hismaglaBipy QFW BeypaRsuterse Riowgh fagtoys: pain
i nhi bi t bedrs: AR noftY; iRRRinbRGaRRITs; dehiotdduilorsiihphokines;
29. The device of clarm 23, wherein the growh factor
conpri segtolimes;orofantors; agibotissswizparsdnt @pigmersr- | |

| G--11, I NGAP, exendin-4, GP-1 and HG-. 30. The

device of any of clainms 1-5, wherein the biol ogical

maker i alTHe RPicE SE8lafin 32WASkEN ¢ fBEDPIsi aSddgbtememitter selected
nore sel ect cell types or tissues. 115 31. The device

of any dfonzldepawming, Bammaeareingbutiiac peid (GGiEA) ghgaraiciag)d,

[ [lular. 32. A ' -5,
uner oi n SO gergineRRT R e AN ing®

delivering a therapeutic effect when inplanted into a
patient, wherein said _therapeutic,_ effect [

co i ses
r egfl at iThe dsvic g€ glaim 34y whergoes fpelgpise $fﬁ“ﬁ‘rméa°mf6618?ted
33. The i o) ' =5 (A=Y

bi ol ogi cfgq%){'rrr%?veerérgla’%g%?o\f g}r\‘? p};@%gn%edxés rrrlt%)irnteanjbpﬁic fa.ctor

t her apeyBDINBf fiedtsophin{3r(dVI-3)), ngurotreplin 4ipMET-4/5), ciliary

di ffusi ble therapeutic factors. 34..The device of claim

33, meﬁ@pwt@ﬁ@cgﬁ@ob&@fk g[lﬁlecreﬁd&gf C&lVFiB?lB‘Pﬁ'OphIC U
Conpri S&GHNE )‘,JEhdm}E?gi@ﬁi\’;fe'lr?}fdél:tLigﬂ facio e AEMa inhibitory factor

eryt hropoi eti‘’n; Factor 0 Factor |IX,
henogl o{CRF/BIRLepidermak grovth &avseri (EGE) sinsyinpliksgrowth factor

e o D Rl O LR U

anti bodiepgmnzynes; and aptaners. 35. The device of
claim 34, wherein one factor is a neurotransmtter
sel ected 135 from dopam ne, ganmma-am nobutyric acid

( Sﬁ ) ’ﬁ#g&egh@é%g ? éiitirgx’34s %glte?rmh@’ong Qf GRIrO ERIYTS & pain inhibitor

epi-riephr ylchol 1'ne .
selected from: Substance P, catecholamines, dynorphins, endorphins and
enkephalins.

38. The device of claim 34, wherein the one or more factors is a hormone

selected from: parathyroid hormone and growth hormone.

39.  The device of claim 34, wherein the one or more factors is granulocyte-

macrophage colony stimulating factor (GM-CSF).

40. The device of claim 34, wherein the one or more factors has insulin

regulatory activity.



36. The device of claim 34, wherein one factor is a
grom h factor selected from nerve growth factor
W@ DBB)974b8 ai n- deri ved neurotrophic factor 14 OPCBDBIS)§/001433
neur ot rophi n-3 (NT-3), neurot%ﬁghln 4/5 (NT-4/5),
ciliary neurotrophic factor | glial cell
I i ne derived neurotrophic factor (GDNF), chol i nergic
ere I 1.8, Lhahi bi r
160 ('t | e BeliPhol Bt CHEER B LRPYRDY theioROhdTnsuiplike
grovvth hettni. (1 GF), fibroblast gromh factor (FGF)
and platel et-derived gromh factor 14 5 (PDGF). 37.
The device of claim 34, wherein the one or nore
f ag§ orsq ﬁxé deviedbp cl'aﬂﬂ bl %Hérefne(h@ SE@icfermnsﬁ'ﬁbSt ance
P, catechol am nes, dynorphins, endorphins and
enkephal ins. 150 38. The device of claim 34, wherein

1es 200 B JIRGE LR WP SO e

of claim 34, wherein the one or nore factors is
granul ocyte- 155 nmacrophage col ony stinul ating_ factor
( GH¥# CSF)The dlgvicTé clauniddewherein the ang fRctarpeprinsulineprgpi@insulin
or nore fac egul atory activity. 160

41. Theoﬂé\‘ife@@a&? I%SPhn%yeﬁ%O%\her ein the one or nore
factors has insulin-like activity. 42. The device of
claim 34, wherein the one factor is insulin. 165 aj

170 ThéSdevilhe dsvicehpny oficlaippiel-&i wWherpie %ﬁglﬁ%&é%m‘?l delivers
pr ecur S%r 8; nlo?espl& euéc effé@ﬁf“b}d 'vftﬁné’fmﬁ SHifh gi‘flaiog, derivative,
wher ei n °Cfié’ one r0|n ul'in,~ preproinsul in or
a cl eavahirﬁeranmsmonnorrﬂr@m of onélgimdte. thdtapewm\viactersof
any of clains 1-5, wherein the biological materi al
delivers one or nore therapeutic effects by providing
an 4agonipf., de@fé@lo? Gny gPElblYﬁ’st {-¥ewh&Rinme %mlégiéél(iﬂater@él delivers
fragnment’ of oné or more therapeutic factors. . The

175 devi ce @heanynané therapientic ¢Ef&sts ihproviding h@ammﬁogiaé% derivative,
material  deliv 175, one nor g ther apeutic effects
by pr owcafrﬂ‘g‘aaﬁ‘s'é?ﬁo?f fg?gmgﬁgif Yerivative, chinera,
fusion, or fragnent of insulin.

47.  The device of any of claims 1-5, wherein the biological material delivers a

therapeutic effect without secreting a diffusible factor.

180
48.  The device of claim 47, wherein the biological material comprises an
enzymatic activity which activates the therapeutic effect.
49.  The device of claim 47, wherein the biological material metabolizes,
185 absorbs or sequesters a detrimental substance.
50.  The device of claim 47, wherein the therapeutic effect results from a
biological material-linked factor.
190 51.  The device of claim 47, wherein the therapeutic effect results from a cell

surface-linked factor.



47. The device of any of clains 1-5, wherein the
bi ol ogi cal material delivers a therapeutic effect

wowraRoe4secreting a diffusible factor. 180 48PCT82008/001433

195

200

205

210

215

220

device of claim47, wherein the biological materi al
conprises an enzymatic activit8 vihich activates the
therapeutic effect. 49. The device of claim47,
wherein the biological material netabolizes, 185
absorbs or sequesters a detrinental substance. 50. The
degpce Ghedbaiceofiany whaaigisn -5 hehdrbiarthpbiologicad fatertal delivers a
results froma biological material-linked factor. 190
51. The theganeytc Sffe%‘l"é‘mﬁuﬁfgen%é’i‘@‘ﬂcaﬁ’ﬁ’@st her apeuti c
effect results froma cell surface-linked factor.52.
The device of any of clains 1-5, wherein the

bi 6Bogi Tt dewiteof ady diédlaimrBSavhéreimahebioiqgi@i federial is
wi t hout genetjc modifi e devi ce of
any of & %ﬁ‘ﬁ%hﬂe%mW% Eﬂ‘# Vg2 éWe&prﬁ‘%%t? “Gaterial is
genetically engineered to deliver a therapeutic
effect. 54. The device of claim53, wherein the

bi 6#ogi dhk devicepf dhimn (5Hrpwh@rei§1 thebiological material comprises
geneti cal | :aﬁ i neered. c ﬁ . 55. The device of any of
cl ai ms EEBEUC g’regglﬁe?rﬁ‘é %l %l ogical material is a
conp03|t|on conpri sing one or nore of the cell types

sel ected from autol ogous, heterol ogous, syngeneic,
al I56gendihe devige of amopkslaims 181 whereinghe B@logmg mRpserial és a

of any of cl
oL b EE cdnas USHE bPubREo LR ERL TRl .
wher ei n atifogodous) RGircRigonR pgeatic sldganaa-anajz@ndmemns.
58. The device of any of clains 1-5, wherein the

bi ol ogi cal material is nonhuman- derived. 215 59. The

deyjce qfhe %@%cg bof o)abﬁaaﬁns'sl' -5IRERINthE BRo1dYiAI¢ Qﬁﬁt@ﬁdl is

materi al a conpasition conprising xenogenei c cells.
mammahan
57.  The device of any of claims 1-5, wherein the biological material is human-
derived.

58.  The device of any of claims 1-5, wherein the biological material is non-

human-derived.

59.  The device of any of claims 1-5, wherein the biological material is a

composition comprising xenogeneic cells.

60.  The device of any of claims 1-5, wherein the biological material comprises

cells derived from human cadaver donors.

61.  The device of any of claims 1-5, wherein the biological material comprises

cells derived from stem cells.



60. The device of any of clains 1-5, wherein the
bi ol ogi cal material conprises cells derived from human

we awawerIgionors. 220 61. The device of any of BCHUSE08/001433

225
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255

1-5, wherein the biological material conprises cells
derived fromstem cells.62. TH® device of claim®61l,
wherein the cells are derived fromone or nore of 225
cogd bl %g ’deﬁg@ b?l:l'a 3| u\kfﬂereﬁet LéKedre gé F0EBE fhore of
Whart on Y, cyto ropo asts. evi ce

of clai Wbﬁﬂblo&ﬂ]ehﬁhdmd e d sitnenstrual bls»oé,rpiacenta Wharton s jelly, and
enbryoni c-derived. 2 3 0 64. The device of claim61l,

wher ei nCYIEORORIASI el | s are adul t-derived. 65. The

device of claim®6l, wherein the stemcells are

totipotent, pluripotent, or nultipotent. 23 5 66. The
dedBce dhedkaicenbilainmoés whereinttbe steameetlslaresembryonic-derived.
differentiated. 67. The device of any of clains 1-5,
wherein the biological material conprises one or nore

of gshe qekldelitPes ciafh 8¢t @Herferrﬂﬁk stefi] @l1s@ed Adult-derived.

hepat ocytes, endocrine cells, imune systemcells,

bone marrow cells, thyroid cells, 24 0 nmast cells,

.?_ﬁ:g o evﬁil d%YlC Vlgl*m g? yévhgrehfl tg&L.l a&qilssakgc% {16‘(188 elﬁS phﬁﬁ)otent or
bi ol ogi ealitipstesy i al conprises pancreatic islet cells.

245 69. The device of any of clains 54-68, wherein the

bi ol ogi cal material conprises tolerized cells. 70. The
devyi.ce f '

na$8r|aﬁﬁw%g¥wgpgg{ﬁhQﬁﬂ%ﬂ W%EEQEQF? ﬁ&@kﬁ%ﬁﬁé@he

i mpl ant ed blologlcal naterial 250 deliver the

t herapeutic effe he. devi e of ¢

whéei n Eh?éiemr:,s Rhgdi ) §l%hgr WLGEEHBE 0lpFa rEppal comprises
t ypes Sehe ok Gfbr tﬁ:@ﬁt ane&e@?ﬂoﬁi 16 &ils h%?ﬁtb@iltbs

b
cell's, mesenchymal "a ne mar row deri ved
r egul at @nyockinealells, ifimame sgstemtdedk, taine ma@gbemcttlbr thysgd cells,

cells and st el | The devj
wher ei n I{lfr?&ﬁg%ﬁ g?lfss neEyRpE fy§ten§‘é? [Soqnld Sk& & 73,
The device of any of clains 1-5, wherein sone or all

of the biological 260 material is encapsul ated.
68.  The device of any of claims 1-5, wherein the biological material comprises

pancreatic islet cells.

69.  The device of any of claims 54-68, wherein the biological material

comprises tolerized cells.

70.  The device of any of claims 1-5, wherein the biological material is
implanted with helper cells that help the implanted biological material

deliver the therapeutic effect(s).

71.  The device of claim 70, wherein the helper cells comprise one or more cell
types selected from the group consisting of: Sertoli cells, mesenchymal and
bone marrow derived cells, regulatory T cells T, endothelial progenitor

cells and stem cells.



74. The device of any of clains 1-5, wherein sonme or
all of the biological material is encapsulated in a

whemsorpaet i bl e material. 265 75. The devi ce of PCT/EB2008/001433
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74, wherein the bioconpatible material conprises or
consi sts of poly(ethylene gI‘ycGzﬁ ) (PEG. 76. The
device of claim 74, wherein the bioconpatible nmateri al
conprises or consists of Biodritin(r). 270 77. The
device of claim 74, wherein the bioconpatible materi al
cofpr i s@hedevicontlains 70§ whérginrthe belpaicellThemgeve Sertalf cells.
any of clains 74-77, wherein the bioconpatible
material is 275 chemically altered. 79. The device of
Cl a5 M 78he WEGLE bRady e QARFOTPAVALEIR sBRleldr4lIBFRE bidlogical
conprises factors t'hat aid the establishnment,
mai nt enart@jal oy ericopsyplated.m survi val and function of the
bi ol ogi cal material. 280 80. The device of claim?78,
wherein the bioconpatible matrix material conprises
anyi - i nfihd ERCO bY afy26t Qhitns B3, wildteindomiets alifofeheibioldpikcal
wherein at |east one anti-inflammtory factor 285
conpr i soateing ivencaptudated in ppPFomp@itle B@irisl-oi ds,
lisofylline, interleukin-1 receptor antagoni st peptide
(IRAP), interleukin-10 (IL-10, alpha 1l-antitrypsin
(AA3), The-desicaof 8t agivkereinatht biocomipatilsle heateriel gampeises or
TNFal pha, anti-tissue factor, and conplenent
i nhi bi t epasisteobpolgethyfene gycalb&HH)- cl ai m 80, wherein
the at |least one anti-inflamuatory factor conprises
OATP. 83. The device of claim78, wherein the
bi d6onpdthicklceicaaf elim|74cwhereinstbe bexcompeeble maigrialmpmipgises or
factors. 295 Sﬁﬁklreh%§Vice of claim 83, wherein the
ext r aceCPRHP OhBIGA YA Ct or s conprise one or nore of
collagen type | or IV, lamnin, fibronectin, and
ar gi ni negl yci ne- aspartate pepti des. )

77.  The device of claim 74, wherein the biocompatible material comprises or

consists of alginate.

78.  The device of any of claims 74-77, wherein the biocompatible material is

chemically altered.

79. The device of claim 78, wherein the biocompatible matrix material
comprises factors that aid the establishment, maintenance, or long term

survival and function of the biological material.

80.  The device of claim 78, wherein the biocompatible matrix material

comprises anti-inflammatory factors.

81.  The device of claim 80, wherein at least one anti-inflammatory factor
comprises one or more of: 0ATP, corticosteroids, lisofylline, interleukin-1

receptor antagonist peptide (IRAP), interleukin-10 (IL-10), alpha 1-



3 00 85. The device of claim 73, wherein the
bi ol ogi cal material is macroencapsul ated or

wor@sognreapsul ated. 86. The device of any one PET/UBZ0$re01433
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30 or 54-85, wherein the biological nmaterial undergoes
hyper bari ¢ oxygen therapy. 30 7. The device of claim
73, wherein the biological material is encapsulated in

i nked . 8., +:H8; ' i

wher of n AR EAPESOTLeB an RBCRIYES, Rlorferé Butiba, THF
nanoenc ajphd] aitedssud $actdih endlenrhplement iahmbitors88, wher ei n

the biological material is nanocoated. 90. The device

of claim 89, wherein the biological material is

nagecoat Ui : : factor
o1 0201 1ep By TeCob e, Pherlhl e Bl fepll St kil fiRatory

pol y(vi ngmpyisesalAdne) (PVP); pol y(thyl oxazoline)

(PEOX); poly(am no acids); polysaccharides; and
proteins.91. The device of claim90, wherein the
polgysacghardedige bf SRR 78 SKhERR AE bABmPRIiBle Material comprises

al ginate, hyaluronic acid, chondroitin sulfate,

dext r an exttacellukan mstrfix factorsheparin, heparin sul fate,
heparan sul fate, chitosan, gellan gum xanthan gum

guar gum water soluble cellul ose derivatives and
cargagedmiievidd af 8dim BB ewler¢incte ektradelul Sdtrinfretors domprise
the protein(s) conprise one or nore of: gelati.n, ..
col | age®nanamereficallages tynmkorddd laraings, fibropegtipagnd arginine-

wher ei n 0] | matri x material conprises or
consi st sgﬁ}t(}ineb%fg’%g%g?’%bﬁ%eﬁe glycol) (PEG, Biodritin(r)
or 33 0 alginate. 94. A nethod of inplanting

or S5mp1 aerdRgicn o e Pesanh bilGREH G 1. o5
335 95. r@ac?%égﬁ%%upafted SPh RS drkgpRidePLgi cal material in

a patient, ising inplanting a device as in any of
claims 1-5, wherein the biological material is

CaikBe pitheexter of sty ne of o A EER RN i Rl

devi ce iigatk/iRABE@Tes hyperbaric oxygen therapy.

87.  The device of claim 73, wherein the biological material is encapsulated in

linked extruded capsules.

88.  The device of claim 73, wherein the biological material is

nanoencapsulated.
89. The device of claim 88, wherein the biological material is nanocoated.

90.  The device of claim 89, wherein the biological material is nanocoated with
one or more of: poly(ethylene glycol) (PEG); poly(viny!l alcohol) (PVA);
poly(vinylpyrrolidone) (PVP); poly(thyloxazoline) (PEOX); poly(amino

acids); polysaccharides; and proteins.



34 0 96. A nethod of inplanting biological material in
a patient in a two-step procedure, conprising (1)
WO pBayt4dg a devi ce conprising a nechanopr ot eRCT/U82008/001433
surface defining an adjacent space, and a system for
| ocal delivery of nedia conpri®ing a fluid or
sl ow sust ai ned rel ease assenbly, and further

s"TFa SIS dPvEe BB 50 MRAinhe botGs AUARRRNY cBRRES; pror
320 adj acenimm@paf algifaté,Heatlemic acid( Bondesitr sulfate, iex prhnyrgetran

el enent a eposi ting. the biological mterial i

d t 0
the spaé@?% N hgpatifesyifaif Jeparan sHEne. chiasan, gellah gum,
sel ecti h V&L TR s Jatitale;
adj acen%%tggg%%Sg%%. Th ete?rg?ﬁgwlgg)lsgﬁm 96,VE£\;\ﬁzadr ein
t he systamagdeenan.ocal delivery of nedia further
conprises a punp or reservoir for said nedia,
operatively coupled to the fluid or slow sustained
325 I ebgase TR IeViBe ¥f cldfn 90 EhFBInRRE pRfteiflsRESMBrise dMRRIr@hdte of:
the systemfor local delivery of media 355 further
conpr i segslatin, dodlagen andealbirginoper f or at ed nedi a
di stribution conduit for distributing nmedia in and/or
around the adj acent space. 99. A nethod of inplanting
bi 9b0gi qak device bt athirh 89 awp@tinghé bicdomphtile Sialfix material
procedure, conprising: (1) inplanting a device .
conpri s CAMPESSOW capyifian 'mom(gtgvlene bigpD AREGRBioATiHp® 08
adj acent space. a system for |ocal delivery of nedia
conprisiﬁﬁ a fluid or slow sustained rel ease assenbly,
and a punp or reservoir for said nedia, operatively
coupled to the fluid ar st ai ned rel ease

i | ow.s ..
as8&nbl y» mehedsf anhetlgggw&al? matgsal in g RRtcRL, Gpmprising the
medi a addi.ty ik &Sintny! FRYF cRiBs 1-93.
nicropegg%fgﬁgghhgﬁ?gﬁgggégfggkygﬁtioﬁ co%duits for
distributing nedia in and/or around the adjacent
space, and further conprisin L unger el enent in.the

335 adPacent® BsHod.o &ﬂaﬁagﬁ%§rﬁﬁgﬁﬁ§§wguﬁﬂb?8&?%31?%QP“““g
and/ or %?}éﬂﬁné heeRdl 86 BinyITREEME -3, RehegéiM itieehiologlcal material
renmovi ng the prunger el enment and depositing the
bi ol ogi endepusitet inghe denice inrresuspisaleproeasaradabipkesylace after the
pl unger el enent, and.selectively 370 Lvering nmedia
i n and/ SF& BFP&C@HS i) hig etir}ff 8%%3%5.1@84@@8; net hod of
i mpl anting biological material in a patient,
conprising inplanting a device as in any of clains
340 1- 96. whe aiethodmd u@p}ﬂnggg biglogieal @patepal in a patient in a two-step

procedure, comprising (1) implanting a device comprising a

330

mechanoprotective surface defining an adjacent space, and a system for
local delivery of media comprising a fluid or slow/sustained release
assembly, and further comprising a plunger element in the adjacent space;
345 and allowing tissue ingrowth into and/or around the adjacent space of the
device, (2) removing the plunger element and depositing the biological
material into the space vacated by the plunger element, and selectively

delivering media in and/or around the adjacent space.



is deposited in the device during the sane surgical
procedure in which the 375 device is inplanted. 101 .

wo2emendmes of i npl anting bi ol ogical material i nP@I/US2008/001433
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patient in a one-step procedureg conpri si ng:
i npl anting a device conpri si'ng6 a mechanoprotective
surface defining an adjacent space, and a systemfor 3

804k oca ' . [ | & ' ;
o1 807 sadPar s & GLinl5E AR ot Prioql Beflery of media
S paﬁedcﬁﬁrﬂfeir gemsptibes dpuohpor ma¢rvoimifersabd media, opdnatively coupled
met hod of cl aim 101, wherein the systemfor | ocal

del i ver ¥ &€ @iPéSlPW/%“ﬁ@}needﬁlﬁ?qesaéé“&ﬁburrp or

reservoir for said nmedia, operatively coupled 385 to

the fluid or slow sustained rel ease assenbly. 103. The
meBBod dhe mhethad dDGainnhB vdienein itlee sygteneforfenal Helivery of media

del i ver f media further conprise t .l egst,.qne .. .
m cr opeﬁ“’_gt}eéf%‘pﬂé?ﬁ aétl%ﬁsg?'}ei %Ef?%ﬁ%&%ﬁ%me?g‘l (P%}:lgumn conduit
di stri byt NgriBRGhAmediadl dh@or Ao thetdapacasl spaent

space. 390 104. e nethod of any one of clains 94-

103, wherein the media conprises imMmunosuppressive

andfor i,mupo ul at or. wnd 05 T etk

ol $Pm 1Rl RE nPlaRie hRESEG] ot i 2 BaliBh 8 g

I MunoNpeideati@! Yorhpreding g 1) it attirgad dedide doatpeisaipce t o

the graft. 106. The nmet hod of .cl ai m 105, wherein thtfe

del i ver yneshanapsoteetingsiappieiining an adiagest space, a system for local

i nmuno f.ac - I f :
s RS B LN S Ryl sy
net hod ahd alpainp @Gesrvdidfor saldenedia dphetivelyl copled to the fluid or
|ocation is intraonental, s g,cu aneo

P Wi

i nt r apeslAYpRsHIned figaseasen Grein g‘?ﬁé?’“ﬁ’ﬁ&feébﬁl}l dglivery of

405 media additionally comprises at least one microperforated media
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distribution conduits for distributing media in and/or around the adjacent
space, and further comprising a plunger element in the adjacent space; and
allowing tissue ingrowth into and/or around the adjacent space of the
device, (2) removing the plunger element and depositing the biological
material into the space vacated by the plunger element, and selectively

delivering media in and/or around the adjacent space.

100. A method of implanting biological material in a patient, comprising
implanting a device as in any of claims 1-5, wherein the biological material
is deposited in the device during the same surgical procedure in which the

device is implanted.

101. A method of implanting biological material in a patient in a one-step
procedure, comprising: implanting a device comprising a
mechanoprotective surface defining an adjacent space, and a system for
local delivery of media comprising a fluid or slow/sustained release

assembly, wherein the adjacent space comprises the biological material.
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102.

103.

104.

105.

106.

107.

The method of claim 101, wherein the system for local delivery of media
further comprises a pump or reservoir for said media, operatively coupled

to the fluid or slow/sustained release assembly.

The method of claim 102, wherein the system for local delivery of media
further comprises at least one microperforated media distribution conduits

for distributing media in and/or around the adjacent space.

The method of any one of claims 94-103, wherein the media comprises

immunosuppressive and/or immunomodulatory factors.

The method of claim 104, wherein the immunosuppressive and/or

immunomodulatory factors induce patient tolerance to the graft.

The method of claim 105, wherein the delivery of the immunosuppressive
and/or immunomodulatory factors is reduced after the induction of

tolerance in the patient.

The method of claim 96 or 101, wherein the implant location is
intraomental, subcutaneous, intraperitoneal, intramuscular, or renal

subcapsular.



