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" | MPLANTABLE THERAPY SYSTEM 5 Background of the Invention

The technical field of this invention is the treatment of neurol ogi cal

-~disogders and, in particular, the treatnment of diseases and disorders 10

whisch may be renedied by treatnment with secretory subst ances, such as
neurotransmtters, neur onodul at ors, hornones, trophic factors, or growth
factors. Al these substances are characterized by the fact they are
secreted by " source" cells and 15 produce a specific change in the source

cell itself or ina"ta . (d bi ol ogi cal

Boti ve) Dot HE anTEBLE (tnfrapy sff D0 ogica Y o

I nplicated in various neurol ogi cal di seases. Lack of
neurotransmtter-medi ated synaptic contact causes neur opat hol ogi cal
synptons, and can also lead to the | ultimate destruction of the neurons
i nvol ved. 5 Backaround ofgkhgyingention, | ysis agitans,. nore comonl y

known as Parkinson's di sease, is characterized by a lack of the
neurotransmtter, amn hj t Iyhe S€ECONdary
to the destruction ofq@% tSSEQﬁFﬂi téﬁ %t?€g£% % %i?%:ig; stantia

ni gra. Affecttadatmenécos deownldvgacel dlaosde)o@e%hcposxmr e, stiffness and

sl owness of . QyGABRL, tﬂ@thBXE@H}xE LECEPEcfied | SIS avddindaenti a

bei ng often EF&Suntered inver vanced stages of t he di sease.
10 which may be remedled by treatment with secretory

substances, such as neurotransmitters,
neuromodulators, hormones, trophic factors, or growth
factors. All these substances are characterized by
the fact they are secreted by "source®” cells and

15 produce a specific change in the source cell itself
or in a “"target" cell (i.e., they are biologically
active).

Deficits in secretory substances have been
20 implicated in various neurological diseases. Lack of
neurotransmitter-mediated synaptic contact causes
neuropathological symptoms, and can also lead to the
ultimate destruction of the neurons involved.

25 For example, paralysis agitans, more
commonly known as Parkinson's disease, is
characterized by a lack of the neurotransmitter,
dopamine, within the striatum of the brain, secondary
to the destruction of the dopamine secreting cells of

30 the substantia nigra. Affected subjects demonstrate
a stooped posture, stiffness and slowness of
movement, and rhythmic tremor of limbs, with dementia
being often encountered in very advanced stages of
the disease.
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-2-, The direct adm nistration of purified or synt hetic
dopam ne, its precursors, anal ogs and I nhi bitors has been studied for
stherapeutic value in the treatnent of Parkinson's di sease. These studi es
5 have reveal ed various problenms with dglivery, stability, dosage, and
cytotoxicity of the applied conpound$”™ To date, none of these approaches
has denonstrated nore than margi nal therapeutic val ue. Brai n derived
grow h factor also may have potential 10 value in the treatnent of

Par ki nson's di sease since it has been denponstrated to maintain the
viability of stri at #hendirent a@dmipistration of purifigghm®yr ot her

di seases, espgg¢hthbyibedbphRdhen! 1S 1SON LS Ss ARAlodsP i based in whol e,
or in part, on .. . the absence or I|q&1e :§¥allablllayh to target cells
or regions, ofPRibitPrEahap; BeeRi stdieffRpr therapeutic value dm oiiemmpt to
provi de a contheutusatnpptyofOPatkimsios’ ©rdiddwye f aclhyse tstudiesbrai n and
ot her tigs a r ] | & PUNPS have been
used. Howevér ?{%F’kafggggg{jug#?%égélgob{g@%_g’i)ﬁl’?téﬁo@éc r'tain drugs, as
wel | as reser¢§pbilityi nfiogegensandgxtotexicieP i Hdhairmrliifsss of this 25
technol ogy. Feom@%aRBke. 268NaEEE| efoRdiSé Ll tieske apPtRRaRePhatopam ne has
been attenpteg %§ inBIanéing doganine,e caﬁfulate W t hin bioresorbabl e
mi crocapsul esSENPRILIBEGHIIPEE Lha ImanEﬁég CLRRf valug.
92: 303-309). BHewéwnelerdioelr gtbeth3fastst aalwsl ey} depae Gotertiigd from awh )
bi or esor bahl,e I . Qe fo) f.ace eragsion, I C
may be dueHboveéggoégeﬁ9g?gfég#%e% e%%é?gpkf%géh~g FiEedse” sinte

it has been demonstrated to maintain the viability of

striatal neurons in vitro.

Many other diseases, especially neurological
15 disorders appear to be based in whole, or in part, on
the absence or limited availability, to target cells
or regions, of a critical biological factor.

In an attempt to provide a continuous supply

20 of drugs or other factors to the brain and other
tissues at a controlled rate, miniature osmotic pumps
have been used. However, limited solubility and
stability of certain drugs, as well as reservoir
limitations, have restricted the usefulness of this

25 technology. For example, controlled sustained
release of dopamine has been attempted by implanting
dopamine encapsulated within bioresorbable
microcapsules (McRae-Degueurce et al. (1988)
Neurosci. Lett. 92:303-309). However, controlled

30 sustained release of a drug from a bioresorbable
polymer may rely, e.g., on bulk or surface erosion,
which may be due to various hydrolytic events,
increasing the likelihood of drug degradation, and
rendering predictable release rates difficult.



“incréasing the likelihood of drug degradation, and rendering predictable

rel'ease rates difficult. - 3-

_Qhers may be limted to finite |loading of the pol ymer, and may | ack any
cell ul ar feedback regul ati on. 5 The inplantation of cells
capabl e of constitutively producing =t secreting neurologically active
factors has al so been attenpted. Recently, remedi al transpl antati on of
neurotransmtter- secreting tissue has been acconplished using the 10
patient's own tissue so as not to elicit an imune response. For

exanpl e, dopatihers quetiad imidede to findtet Aeaddranaf KBEulla of patients
suffering fr slolﬁ%g A5 K6 My 1HSCang kel18ggr kBBGBRERC In their

striatumw t success. "However, "this procedure 15 is only used in
patients | essreditkpBiPRears of age, as the adrenal gl and of ol der
patients may not contain sufficient dopam ne-secreting cells. This

restricction_limts th sefulne s .qf t r d a renedy since the
di sease nost often aff (ﬁiﬁﬁion g% ge1iE"dapatle of O he

transplantatlmmnsxmtutaﬂﬁiyfnﬂﬂﬁUCIH@emmﬂsﬁe&EeG1n§aneﬁveh°9héé§hYthe brai n
| s consideredycyyd FHAG Y Indd %Q%Q) ’bere‘f'ﬂ %@kb&ewhu Wﬁéééﬁt@fv?urs with 25

bot h aIIografts and xenografts. necessitates the

co- adn1nstrat¥%WPQﬁalrﬁﬁﬁﬂﬁ?lan?ﬁﬁi&ﬂe§§oP@“rpﬁéaﬁ§@15Feﬁﬁ|ch renders their
own set of s £@F@t i et D u e Nh 1 HeRint ficedmpliighedl 18dhg. the

10 patient’'s own tissue so as not to elicit an immune
response. For example, dopamine-secreting tissue
from the adrenal medulla of patients suffering from
Parkinson's disease has been implanted in their
striatum with some success. However, this procedure

15 is only used in patients less than 60 years of age,
as the adrenal gland of older patients may not
contain sufficient dopamine-secreting cells. This
restriction limits the usefulness of the procedure as
a remedy since the disease most often affects older

20 people.

Other transplantation approaches have
demonstrated that even though the brain is considered
»immuno-privileged”, rejection ultimately occurs with

25 both allografts and xzenografts. This problem
necessitates the co-adminstration of immuno-
suppressors, the use of which renders their own set
of complications and deleterious side-effects.

30 A number of researchers have proposed the
use of microcapsules, i.e., tiny spheres which
encapsulate a microscopic droplet of a cell solution,
for both therapeutic implantation purposes and large
scale production of bioclogical products. However,
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30 7 A nunber of researchers have proposed the use of

m crocapsul es, i.e., tiny spheres which encapsul ate a m croscopic
_droplet of a cell solution, for both therapeutic inplantation purposes

and | arge scal e productlon of blO|O%IC&| products. However,

-4- there are a nunber of shortcdmngs to the m croencapsul ati on

approach. For exanple, the m crocapsul es can be extrenely difficult to

handl e, including being difficult to retrieve after 5 inplantation. The

types of encapsulatlng materi al s whi ch can be used are constrained by

the formatiofherepageedsnuBbps| 9fepRofkFeMingh &R st ve in bi oconpati bl e
sol vents. Fuﬁrﬁh&bml’cepsdﬂﬁtﬁﬁnt Bpproathlm tmlr detdmsidnadhesur f ace area per

unit vol une si_ze her only ed a of tissue
can be Ioade& |%§ a§ ﬁ |Saﬁ1§$oﬁég§%T%PY df%élcuftckorgéﬁ%ﬂ %ernati ve
approach haslm@éndlngnbenoendapﬁutultth netchevgpafdd y i nvol ves | oadi ng
15 cells int qn@qlamt&bhersfﬂadtwsa é@ﬁh@%%@fw ShdERides. In

contrast to m(;r cap sul es, macr oca fer t e advant age of easy

retrievabil i #p1C caﬁpBPt&ﬁ? f 8ReuFenshrained ancthe formalint s, especial ly
neur al inpla@&sceH@wmmepolyher20wnﬁﬁﬁtéuﬁtdtﬁséﬁvémmﬁocapsules in the past

has often ls nd._la te eto

unreliable cpgggggp%géﬁggngogngp ﬁéthgﬁggé$rm°r%hc e‘E:apigtﬁatlon have
provi ded i ncddmisedndiffyslional spsface area memrudif evolume eofexi sts a need
for '”Droﬂﬁd1argbﬁe%aﬁbe§pEQEeEheoﬁi?aén?ﬂﬁlﬁ@drﬁ%ﬁ&“éﬁbf*ﬂléﬁﬁbOther

di sorders in articu a need for t herapy devi ces
whi ch can auﬁﬁﬁn P°Fgﬁaa&§ hé 51“9?3 microcapsule.

An alternative approach has been
macroencapsulation, which typically involves loading
15 cells into hollow fibers and then sealing the
extremities. 1In contrast to microcapsules,
macrocapsules offer the advantage of easy
retrievability, an important feature in therapeutic
implants, especially neural implants. However, the
20 construction of macrocapsules in the past has often
been tedious and labor intensive. Moreover, due to
unreliable closure, conventional methods of
macroencapsulation have provided inconsistent results.

25 Therefore, there exists a need for improved
therapies for the treatment of neurological and other
disorders in general, and in particular, a need for
therapy devices which can augment or replace the
functions of dysfunctional areas of the brain or

30 other organs without causing excessive trauma. More
specifically, there exists a need for a method of
providing active, neuroactive factor to a localized



“functions of dysfunctional areas of the brain or 30 other organs without
causi ng excessive trauna. More specifically, there exists a need for a

. met hod of provi ding active, neuroactive factor to a | ocalized

-5% regi on of the nervous systen%of a subject, the correct dosage
of which will be constitutively delPvered over tine. 5

Accordingly, it is an object of the present i nvention to provide an

i npl antabl e, retrievable t herapy device useful for the sustained and
controlled delivery of a biologically active factor to a subject, and
nore particulEgeipn p§ shévnaévauaosmwwm cHkiacteltihfer a biologically

active faCb@rr,re@tgdosagéedfOﬁﬁicuew{m:tl@é EFn < M HE a6t or to a

| ocal i zed re b evbratn of a subject.
- 6- nﬁ& Sfe h&8YFAvEAPFON Neur ol ogi cal therapy nethod
and systens are disclosed for the local and controlled delivery of a

5 Accordingly, it is an object of the present

invention to provide an implantable, retrievable
therapy device useful for the sustained and
controlled delivery of a biologically active factor
to a subject, and more particularly, to provide a

10 device which can deliver a biologically active
factor, e.g., a neurocactive factor or growth factor,
to a localized region in the brain of a subject.



"5 biodlogically active factor to the brain or other organ of a subject
suffering froma deficiency or organ dysfuncti on. A net hod
_of the invention involves 10 surgically exposing an insertion site on a
patient's skull. The insertion site is generally |ocated above a
predeterm ned treatnent site, which siTéflﬂay be wthin brain tissue or
ot her target organ tissue. The precise location of the treatnent site,
and the 15 subsequent insertion site |ocation may be stereotaxically
ascertai ned. A cannula, having an obturator positioned therein, is
inserted at tSummary neferthenInviendiodefi ning a passageway to the

treatnent site. The cannul a generally has an open 20 proximal end for
receiving the obturator, and an open di stal end for dellverg of
biol ogical |y active Newrodogicsgli kberppx: mekhodj prd systems ar The

met hod furt hesi ddMcaEFdeBnNE NGcale a2l Qbhulraumédfﬂémwaeycaﬂnall a once the

passageway efin and .t.he nnula |s esl.r sition. Af ter
‘t he obturat%sbli%ld %‘rﬁ)"@gﬂ' aé:ttﬁ c?c FHiE8 tbse% g g%nggﬁl%?n

bi ol ogi cal | y cmganmnﬁexnsnbmeyt suﬁﬁemuad idogely] ahéeéaqhahaYaﬁbng the

passageway. Eigyh\gyy(ﬂ e is positioned near .the distal end of the
cannul a, the cahnula 1's renoved fromthe passageway, | eaving the vehicle
positioned at the treatnent site. -7-

The obturator may be rg-ndtaRid &F Itmbolhbantlﬁﬁnmubalaéker the vehicle is
initially Iaced n the cannula tq _position the vehicle at the distal
g YBnpcpgtitnt’

end.  Thi rﬁﬁf?ﬁ¥Qﬂéé%é%§ﬁ%Fﬁqg anP“@?&ﬁﬂP@ S¢

skull. The insertion site is generally located above
a prédetermined treatment site, which site may be
within brain tissue or other target organ tissue.
The precise location of the treatment site, and the
15 subsequent insertion site location may be
stereotaxically ascertained. A cannula, having an
obturator positioned therein, is inserted at the
insertion site, defining a passageway to the
treatment site. The cannula generally has an open
20 proximal end for receiving the obturator, and an open
distal end for delivery of biologically active
factors to the treatment site.

The method further involves removing the

25 obturator f£rom the cannula once the passageway is
defined and the cannula is in the desired position.
After the obturator is removed, a biocompatible
vehicle containing a biologically active factor is
inserted into the cannula along the passageway. Once

30 the vehicle is positioned near the distal end of the
cannula, the cannula is removed from the passageway,
leaving the vehicle positioned at the treatment site.



"5 doés not slidably fit within the cannula. The obturator used for thus
positioning the vehicle may be the sane as or different fromthe

_obturat or initially positioned in the cannula. If an obturator is used
tocposition the vehicle, it is renmoved 10 follow ng renoval of the cannul a
to further assist in retai ning the-desired position of the vehicle at
t he treatnment site. In anot her formof the invention, the
15 cannula is filled with a physiol ogically conpatible sol ution
foll owi ng renoval of the obturator and prior to inserting the vehicle.
In this manner, the ftrhédobtusetormmae e |ndrinsettad iado ¢the n positioning

t he vehi cle_at .t he_di st end o £, G |.A : The

vehi cl es useﬁapﬂub?aéfgﬁf ngﬂ? h‘é&lnlé%%%gs ﬁg)kfr%i[aﬁlelyiz%\%earﬁﬁdor{n itrﬁlgl ude

capsul es contahniihg to posibipnathy erhicke fatcttdies dimtade &dpsul es may

i ncl ude an i thgrag},t sg?ﬁéCéQQ&ffxig’ndﬁ){ r%ﬂﬁ%’ZQ@mieﬂeThe t et her
aftle

preferably is o n su

ﬁ' fficient to reach&i?leq@} fromthe
treatnent 8i 6ees nph ghedpbly kit WihimLhe, SAMMWR si &€ The tet her may
al so be a pabbtatatbe ﬁeéa capstines | poed fidriiatg theewmeadrids ealmaye t he

I nsertion site. C e_vehicke.. S [ o1, ] I n the passageway
to the t rbgt ﬁgﬁt Sg{"FeéthIé éggﬁée)rrg%yé%ﬁ%nabeg%zde@uﬁg’qat t he

insertion sitiwsitéadly posibiomedgin hehe annuia t HE an @htarad@rf ace of the

skul | proxi mk (8eBNeo! PSEELIOR the SVéWidde MBS Piremyv@acal stapl es,
bi oconpati bl e hesi ve, and

] - 8- . ad
t he ot her 1RefR3dSvwing; rapeeainef kKiegucannyls tﬁ%ef%qqrec?sisﬂ'st%nénart .
Fol | owi ng pogietke@ning thefadéberay®@hpes ttbén td® thHeaterHtlesidte thehe i nsertion

treatment site.

In another form of the invention, the

15 cannula is filled with a physiologically compatible
solution following removal of the obturator and prior
to inserting the vehicle. In this manner, the fluid
serves as a lubricant to assist in positioning the
vehicle at the distal end of the cannula.

20

The vehicles used in practicing the method

of the invention, include capsules containing
biologically active factors. These capsules may
include an integral tether that extends from the

25 capsule. The tether preferably is of a length
sufficient to reach at least from the treatment site
to the proximity of the insertion site. The tether
may alsoc be a part of the cell capsule itself that
extends above the insertion site. Once the vehicle

30 capsule is positioned in the passageway to the
treatment site, the tether may then be secured at the
insertion site, e.g., by securing the tether to the
outer surface of the skull proximal to the insertion
site by means of surgical staples, biocompatible



“site“may be closed or capped to prevent introduction 5 of extraneous
material to the passageway and the treatnent site. In one
~aspegt of the invention, the vehicle may include an anmount of a

" det:ectabl e marker, such as 10 a radi o-opaque material, to facilitate in
situ monitoring of the vehicle at th8-treatment site. The vehicle may

t hen post-operatively be nonitored in the patient through the use of CAT
scan, MRl or the liKke. 15 A system for providing encapsul at ed

bi ol ogical material to a selected treatnent site is al so di scl osed. The
system may baduhesdveo pndctheeothet heetimsdwdavdikdlele anghtin@wn and i ncl udes

a cannula, .20, 80LULRY 9 0a2i] Pnbi LI GPL1IENA osHia diiyl 2 20 i's
adapted to rggelve he Venrcle, having an open proxi mal end for
recei vi ng t hefosher yebicdadaththe treptment sHeathhdMIGIHIA® end for

delivering thete mighbel B1b8e8NErt £85pER MO Spicventhel itiddudtdion s of t he
type designed for insertion w t bi Tngnd €| ong. a 25waSUba§‘£tfr{:tl'leal | ength of the
cannul a t o JpPEvEFLTBRERES| materipl 1o 1R RISTITFAL WMT 2~ G nto the cannul a
during I nteehitmendfl stkhe.cannula to the treatnent site. The obt ur at or
I's al so adapted to assist in positioning t he encapsul at ed neuroactive

factors within the 30 cannul a. . The vehicl es qf, the system of
the invention can ﬁﬁcpﬂéeaépééFl°€ab§9lénﬁ%%#+&P%1?ﬂ?x%éﬁkﬁ %l e

pernsel ecti veyaqutigic1Haeb zanametaspsdl at a8gectbbbe marker, such as

-9 10 a radio-opaque material, to facilitate in situ
monitoring of the vehicle at the treatment site. The
vehicle may then post-operatively be monitored in the
patient through the use of CAT scan, MRI or the like.

15 A system for providing encapsulated
biological material to a selected treatment site is
also disclosed. The system may be used to practice
the method of the invention, and includes a cannula,
an obturator, and a biological vehicle. The cannula

20 is adapted to receive the vehicle, having an open
proximal end for receiving the obturator and the
vehicle, and an open distal end for delivering the
vehicle to the treatment site. The obturator is of
the type designed for insertion within and along a

25 substantial length of the cannula to prevent backfill
of materials, such as dura, into the cannula during
insertion of the cannula to the treatment site. The
obturator is also adapted to assist in positioning
the encapsulated neuroactive factors within the

30 cannula.

The vehicles of the system of the invention
can include a cell capsule having a biocompatible
permselective outer membrane encapsulating cells



" capabl e of releasing. active factors. The vehicle general ly has a shape
whi ch enables insertion within and novenent along the cannula. In one
form. the vehi cl es are snooth, seam ess capsules formed by 5 extrusion

t hrough a nmultilunmen spinneret. In that form the capsules are forned
froma bioconpati bl e, pernsel ective thernopl astic, encapsul ating a
suspension of cells that secrete a biologically active factor. Exenplary
cl asses of active factors 10 include neurotransmtters, neuropeptides,
growt h factors, and trophic factors. In another form the vehi cles are

hol I ow fi berscdpdpBsl of theidibing aeitdvesEakebirBy CThkSvehidbe The
vehi cl es of the gregent %%ste furt her ggﬁlude a tether egﬁending from
ra Ft gnaples

the capsul e " Bt ha Rfe 3 CR t FBEBREAPTSTEE™ DI 1 owi ng
i nsertion. Theand atdnvzmearey ddorigitthgr alanmwutlla.t h&n oneafeuie, the nmay be

attached by ’Téﬁf’(gf?%’“’ﬁé aé?ﬁo%t?&?ﬁ%%nh’é%&g%%sh?Q?;e_fﬁﬂnlehfgléi n the art.

The term "biologically active rs erel n includes

neur ot r ansn? texEEuSiRh thropahe mulidilygen FPisngErY . s&RotBafn,

acetyl chol i negogh, aphd apduins Y FotaiRd ifRem @l babebmpatiBland
dopam ne. The termal so, i ncl.udes nrecursors, &g%mlsts, active anal ogs,
and active frRgtRigieciive ﬁhﬁiﬂ?diﬁﬁi&Fra OHEPCUPECEBY99® dopani ne precursor

L- dopa and doswesperes bgorotedlrlontdratpisieceeteCal bsod0gtiballlyecret e pepti de
factors such t 4 n %Qani I out-R 1§,8CEQkEork OPOI C
factors an %ﬁe oérérr%tnoers' may egffd;lo ect&;a%fs%l’s g%h\gggli %cFuge?r i nsul in,
Factor VI 110 inrolrie newrozansmitters, newropessd8esing&AUEHr owt h hor nmones,

bi ol ogi cal factors, and trophic factors. In anotfler form, the
vehicles are hollow fibers filled with the
factor-secreting cells.

15 The vehicles of the present system further
include a tether extending f£rom the capsule for
securing the vehicle at the treatment site following_
insertion. The tether may be integral with the
capsule, or may be attached by methods available and

20 known to those skilled in the art.

The term "biologically active factors" used
herein includes neurotransmitters such as gamma
aminobutyric acid, serotonin, acetylcholine,

25 epinephrine, norepinephrine, gluatmic acid and
dopamine. The term also includes precursors,'
agonists, active analogs, and active fragments of
these neurotransmitters (e.g. dopamine precursor
L-dopa and dopamine agonist bromocriptine). Cells

30 that secrete peptide factors such as peptide
neurotransmitters, growth factors, trophic factors
and/or hormones may also be useful. These include:
insulin, Factor VIII, trophic factors such as
erythropoeitin and growth hormones, biological



"respSnse nodi fiers such as | ynphoki nes and cyt oki nes, enzynes, and

anti bodi es from anti body- secreting cells, neuropeptides such as
_encephal i ns, dynor phi ns, Substance P, and endorphins, as well as 5
factors such as nerve growh factor (NGF), brai n-derived neutrophic
factor (BDNF), neurotrophin-3 (NT-3y10an array of fibroblast growh
factors, and an array neurotrophic factors. 10 The term

"sem perneabl e" is used herein to descri be bi oconpati bl e nenbranes t hat
allow the diffusion therethrough of nolecules having a relatively |ow
mol ecul ar weirgisiponiseempdafpeosi sackl s 1iBehdit nethidnsd esydlaldings .t he passage
of those havi 5 at| Lgh e 2 ght . In one
enbodi nent OF&%Hgﬁ%ﬁvéﬁki%h¥§%ﬁgbég ggﬁ#p@#&@%‘%@ menbrane of the
recept acl e pEerEesing celdsnt BPNEOPRPELISS \FURL ASARSERMA L 38 ght excl usi on

of 20 about E3PokbnihBi,SsiBELAARE BXCindesnddpWissSAass wellheasset hr ough of
| arge particles such as . those which ar Caiﬂ%ﬁéfg degradi ng the

neur ot r ansmi £REEO5F s“cpnfﬁrPﬁ@v?h%rﬁﬁﬁ?ofé%. i Y1 Lproducing cell's (e.qg.
vi ruses, ant bradneserdoepl renbtrophid Factous(BINDY ot eases). The

sem per nmeabl I Nox:} made rd : ﬁqgg' sitions
such as a %ﬁ%i‘%@ﬁéﬁl gr?ggf’@gbl?/%C?I‘f%ﬁi??ﬁlempo yvﬂl f}gy | dene
fluoride, poﬁ?§$?#§ne?nﬁoP?uﬁéfﬁﬁné?u§@€9%@ﬁ¥ﬁﬁ£aCtoﬁﬁﬁI ul ose acetates and
nitrates, 30 pol ynet hyl net hacryl ate, pol ysul fones, pol yacryl ates

I 'ncl udi ng jgeryli ¢ copghymers, ADdLISLINAILYES 1q o FRPUNTES e fNd M Xt ures

describe biocompatible membranes that allow the

diffusion therethrough of molecules having a

relatively low molecular weight, i.e., approximately

150 kD, while excluding the passage of those having a
15 relatively high molecular weight.

In one embodiment of the invention, the
semipermeable membrane of the receptacle preferably
contains pores having a molecular weight exclusion of

20 about 150 kD. This membrane excludes the passage
therethrough of large particles such as those which
are capable of degrading the neurotransmitter or
injuring the neurotransmitter-producing cells (e.g.
viruses, antibodies, complement, and various

25 proteases). The semipermeable membrane can be made
of various polymeric compositions such as a
polyvinylchloride, polyacrylonitrile, polyvinylidene
fluoride, polystyrene, polyurethane, polyamides,
cellulose acetates and nitrates,

30 polymethylmethacrylate, polysulfones, polyacrylates
including acrylic copolymers, and derivatives,
copolymers, and mixtures thereof.



rThe.eEcapsuIated cells may include secretory cell's which have been

| sol ated from natural sources, or have been genetically engineered to
.produce neurotransmtter, growh factors or agonists, 5 precursors,

act’ive anal ogs, or active fragnents t hereof. For exanple, chromaffin

cells of the adrenal nedulla, enbrybh+c ventral nesencephalic tissue,

and various neuroblastic cell lines such as PC12 function to supply

dopam ne and ot her active 10 factors, and therefore, are preferred for

i ncorporation into the device. In some aspects of t he invention, the

cell is an allograft (rheeencﬁphhiatedfé@mﬁn@éﬁanaudé\%e&ﬁr&cﬁ@eci es as

t he subject in I, C s, to b t eno raft (i.e.

cells from aﬁ&lﬁgr%cg h??FePgﬁf‘ §5%§$€§f§] P m Raturs S% s|(nvent i on
wi || next beodedaviebbeenngenetdnadlyi emmemre;brtfalnrqduqst rat ed

enbodi ment s. gur‘d@%\‘x@hatﬂarshQEEQththj.:@é‘fst@@ta%’&{iﬂﬁs 20 nodi fications,

addi ti ons, subtractions _can de withou departlng fromthe
spirit or &H@qﬁFsorsvhéCthVEnPPéﬁogFor°%x%ﬁ&ﬂ¥? FrRITREseNt | nvention
shoul d not beheradfl.0 FegUekampde, behtomafLinteelbs of pehd | cul ar device

orobe, IRyl ATAT. LhEby e Ut En ] ik SbncdingRld e oecr b

i nvention i s flsisnerni Iayxdd&scupbadnaerabheatad: ¢edl ahines Su;qh taeat i ng
“euro'og'ca'P%Q&'%h%%%h%% QB §h§S§§edopaﬁiﬁée§nd'6tﬁ$¥“ﬁé&f¥éC'ear that the

i nvention can 30 al so serve del 1 ver™ bi ol O%IC& I active factors to
sites ot hé® fiRgtrorSe SP§|ﬁheée§°fForafﬁePf?§ FRett EoF ot her conditi ons,
i ncl udi ng paiimdotipoafatibh Gheocghe deveéepalnnrs6mefasﬁé&t$rmMnoisolation

vehicles can B ;nveMR'i3N,°ene’ 8e17%80PLE L1188 SPLNE!, r&H A and 35

-12- _
from another of the same species as the subject in

which it is to be implanted) or a xenograft (i.e.,
15 cells from another of a different species).

The invention will next be described in
connection with certain illustrated embodiments.
However, it should be clear that various

20 modifications, additions, and subtractions can be
made without departing from the spirit or scope of
the invention. For exzample, the present invention
should not be read to require, or be limited to, a
particular device shape, material, neurotransmitter,

25 growth factor, or cell line described by way of
example or illustration. 1In addition, although the
invention is primarily described as a neural implant
for treating neurological deficiencies or disease
states, it should be clear that the invention can

30 also serve to deliver biologically active factors to
sites other than the brain, e.g. for the treatment of
other conditions, including pain relief. 1In the case
of pain relief, the immunoisolation vehicles can be
implanted, for example into the spinal region and

35



can contain encapsul ated cells which secrete natural pain relief factors
such as enkephalins, catecholam nes, or derivatives or anal ogs, or
. genetically engineered alternative fact ors. 5
- 13- - Brief Description of the ?NI The invention
itself can be nore fully understooc?’ romthe foll owi ng description when
read 5 together with the acconpanying draw ngs in which:
FIGS. 1A - 1G are a series of schematl c il ustratl ons showi ng the steps
of the present i nventive nethod . 2A, 2B, 2C, 2D and
2E show vari 588 c°“5ﬂ%r‘°n%‘f??x%“’ol%%‘?‘br%e]flt§r Wmhaﬁ%leéené‘ﬁltb‘lréél cal
t herapy devi peth pellief 1factors sucklds ehdephaldefzgnatic illustration of an
i npl ant abl e herap SR ACG i t he system of the
present inve ?E(é)%‘g%ﬁﬂeé g3 é/e{ﬁﬁ tle' %erc’g‘;l%en%gheg%éct &rs in the
respective 29efeyicetly nehgineered rmmgqoém.ors

5



-14- - Det ai | ed Description Di scl osed herein is a nethod
and system for the constitutive and controlled delivery of 5 biologically
; active factors, such as neurotransmtters, fibroblast growh factors and
t he li ke, as well as precursors, agonists, active fragnents, and active
anal ogs thereof, to a target treatneh8~site within a patient. 10
FIGS. 1A - 1Gillustrate the steps invol ved in practicing the nethod of
the present invention. Generally, the inventive nethod invol ves
surgically exposi ng an |nsert|on S|te 10 | ocated above a 15 desired,
pre-determ ndd SSEITT P ) 20 is fitted with an
obturator 30, and the cannula/obturator assenbly 25 is inserted at
insertion site 10. The obturator 30 is then renoved fromwi thin the
cannul a 20, and a bi od&®pdtverEiop VEmetfecprobe Me¥es fuldyis inserted into

the cannul a undistOvde firbe ¢abi €be14Rih @@%@%t?&x@lwnm%éa@ned t he
cannul a 20 '% r%ggyed .k%a¥hng the vehicle é ositign at the
treatment &) t@IEFheT ¥ €~ aCCouREPY{ Bl §aw¥ﬂQ§ D WHiCRirates the
cannul a 20, having an inserted obturator 30, posi tioned through the
insertion site 10 to hhe hargg& ggga5n§g£léét5kléipg$§%o turator 30
preferably is _a blunt-en revent tissue
damage. Th|slﬁ&ﬁﬁﬁﬁéﬁﬂﬁgsoﬁhPWéng thanﬁ§¢352@ff%#¢ﬁ$%?§ﬁﬁ%agemay to the
treatment sitigqventlize mbeh§EQC|f|c | ocation of the insertion site is
deternlneq u5|ng a stereotaxic assenbly including a cannul a mount 14 and
an obt ur at nmount 16. The

FiGs. 2A, 2B, 2C, 2D and 2E show various

alternative designs for implantable neurological
therapy devices; and

15 FIG. 3 is a schematic illustration of an
implantable neurological therapy device according to
the system of the present invention.

Like reference characters in the respective
20 figures indicate corresponding parts.



.15 nmounts 14, 16 are used to sterotaxically position the cannul a

L]

20 for accurate placenent at the treatnent site 12. In a preferred

enbodi ment, an isodianetric stereotaxi c apparatus is used that is
comercially 5 avail able fron1Radioni§f, Burlington, Massachusetts.

The cannula 20 may be of any conmerci= ﬁ}/ avail abl e type. Generally, it
has an open proxi nal end 20a for insertion of the obturator 30 and the 10
encapsul ation cell vehicle 40. The cannula 20 al so has an open distal end

20b for delivering the vehicle 40 to the treatnment site. In addition, the
cannul a 20D D Rpore 26, with a substantially snoot h
interior surface. The distal end 20b may be 15 blunt, rounded, or pointed,

dependi ng on the braip, structure, into whi it will netrate, the
acceptabl e anount of Bh8F1958 A5/ “lﬁqqli‘é’td agén SYJ%%SS‘nSPaer ati ons.

20 theovenstbtult iveait and heomtaruillesl Aeldaeryeof constructed of

pol yt et raf Lugt 08 byl g9y (JE PO ALIJrOr sucksial | ar ow fiction pol ymers to
mnimze the rrsk®o abr asi ve danmage to the vehicles during insertion.

Speci fi cal | yneargerapsipbteer varfihralasth igrevdhyfagtars28nfedfiti on of both
Eﬂe L ns! de agﬂkeyt §sdv|%eﬁi agpt éhcxilrsc?dfgj,_ aatg{dﬂirytisrlg aeh itviae canlnul a wall of

e tip can be enpl oyed. Such low friction ymeric,cannyl ae are
nmore easily Fﬁgg??%gg?ngﬂgaﬁﬁF*¥ﬁnﬁﬂﬁ}QQ§nﬁqﬂ¥ Pagﬁ a t@&ﬂegther t ar get
site) and cabrbetmane $btdewBfhin agerimntt.to permt nonitoring of the

progress the vehicle through the cannula, and verification t hat

there is 1o blood or debris in the cannula that could affect, the
vehi cl e' s bi oconpati bFIG$y1A - 1G illustrate the steps 1nvolved

in practicing the method of the present invention.
Generally, the inventive method involves surgically
exposing an insertion site 10 located above a

15 desired, pre-determined treatment site 12. A cannula
20 is fitted with an obturator 30, and the
cannula/obturator assembly 25 is inserted at
insertion site 10. The obturator 30 is then removed
from within the cannula 20, and a biocompatible

20 vehicle (40 in FIG. 1C) is inserted into the cannula
20. Once the vehicle 40 is appropriately positioned,
the cannula 20 is removed, leaving the vehicle 40 in
position at the treatment site 12.

25 Specifically, FIG. 1A illustrates the
cannula 20, having an inserted obturator 30,
positioned through the insertion site 10 tc the
target treatment site 12. The obturator 30
preferably is a blunt-end obturator to minimize or

30 prevent tissue damage. This positioning of the
cannula 20 forms a passageway to the treatment site
12. The specific location of the insertion site is
determined using a stereotaxic assembly includiﬁg a
cannula mount 14 and an obturator mount 16. The



T-16-7 Pol ymers such as pol ytetrafl uoroet hyl ene not only
mnimze friction but also assure that the encapsul ated cell vehicle's
_surface is not contam nated with netals or netal ions as it passes 5
through the cannula. Finally, the "tapering" feature at the end of
cannul a 20 (caused by the reduced tt#¥kness of the distal end 20b) serves
to verify obt ur at or/ pusher cl earance fromthe end of the cannula to
elimnate the possibility of over, or 10 under, driving the vehicle during
i nsertion. As shown in FIG 1A the cannula 20 is

posi ti oned amoumést Adat A6narsi used 2tei stexokaxicabimasitizm itheer t ed

therein to p%%%%%ﬁg”&begbﬂlacé§;§98h%?§céﬂﬁﬁta§@ EﬁéfﬂﬂégtﬂfHEDW‘entering

the cannula | uring 1nsertion. ‘Alternate nmet hods and devi.ces may be
used to achi &i&esil@i-| afr 8spregerred emb°dlme“t47ﬁ9rﬁﬁégiﬂqﬁirﬁq | ustrat ed

n F'|G 15 ;I%%.eir%%'akg& é@gﬁvhacstbeh@mmrmm 29 donmrendialily t he
cannula 20. IS achieved e . t or nount 16,
or nanuall?_afﬁélggﬁﬁuggoﬂohaglsnléé eﬁu?¥*¢§§§$&ﬁi sactfdi il

emal hs™ a nment site 12, and is
general ly free of extraneous material along its central bore 25 26.

The next step, illustifkedadhulhCoolfay bel&F OdNeScathisddia B1yeel | _
encapsul ati on vehicle 40 at t he Bigat9§n$ﬂ§|$§ 12. The vehicle 40 is
to™5sl b

general |y 30 a¥Ridanteqs¥eeni nE§PERA P RIHTH T he centra
bore 26 of tlmda@vwlfar insarpioheofetthe obturator 30 and the

10 encapsulation cell vehicle 40. The cannula 20 also
has an open distal end 20b for delivering the vehicle
40 to the treatment site. In addition, the cannula
20 includes a central bore 26, with a substantially
smooth interior surface. The distal end 20b may be

15 blunt, rounded, or pointed, depending on the brain
structure into which it will penetrate, the
acceptable amount of ancillary damage, and other such
considerations.

20 In one embodiment, the cannula 20 can be
constructed of polytetrafluoroethylene (Teflon™) or
similar low fiction polymers to minimize the risk of
abrasive damage to the vehicles during insertion.
Specifically, a Teflon™ barrel featuring a gradual

25 reduction of both the inside and outside diameters
and a thinning of the cannula wall of the tip can be
employed. Such low friction polymeric cannulae are
more easily inserted into and removed from the brain
(or other target site) and can be made to be

30 transparent to permit monitoring of the progress of
the vehicle through the cannula, and verification
that there is no blood or debris in the cannula that
could affect the vehicle's biocompatibility.



enmbodi ment, the vehicle 40 is a tethered capsul e cont ai ni ng biol ogically
active factors. In that enbodi nent, the vehicle 40 includes a capsule 42
C-17-, containing the biologically active factor, with a tether 44, or
rod, extending therefrom The tether 44 is of a Iength sufficient to
reach fromthe capsul e 42, at the tT¥atnent site 12, to a location 5
external to the insertion S|te 10, and may be an extension of the cel
vehicle. In one formof the inventive nmethod, prior to
inserting the vehicle 40, the central bore 26 of 10 the cannula is filled
wi th a physi ol ogi cal | polymeospamiciol as gud lttiehT afdweoirogs hytlenel 8o%al i ne. The

vehi ole 40 1 8t)ophORSLL o W1 BN LRI bur dnat Whe, Sl uLi on acts as

a | ubricant ssurée passa e vehicle to the distal end 20b of
the cannul a. emgapsulated cell vehirle Ve SurfAaRe 48 MAtustrated in FIG

{MDr ef g'zl ?r\év' ”%oh@%ﬁih?@%ﬁ?&ﬁﬂ%é’@i‘léﬂ& 4w hichs ast Eex qmrsrsue:sa 20, a guide
e inserte 0 ass it I ng t.he vehi 40 at the

di stal 20 %n&hfﬂugp the cappula: Ti&?iihi;;iﬂ (uﬁiﬁgﬁﬁ? %@a% Fher t he

sane obturat gt 8Heaentihef canhuhél&o (caunadlhymnhamnﬂﬂuceﬂhe cannula a

di fferent ob%gagk o] ch ﬁgglgf% néwzdgyagégg% e i q§,mnre 32 is

pl aced above e cannul a, and 25 the vehicle 40 is
gently pushedbtntetpuépusbﬁra@leﬁéancecﬁ%ﬁ@uthﬁuPQ§1Qﬁ Y% cannul a.

Finally, thecsmn%aiiaoen§misa@ae@lhérmémlltyt gRigw, e 12, as

|Ilustrated In_FIG
0 under, driving the vehicle during insertion.

As shown in FIG. 1A, the cannula 20 is
positioned at the treatment site 12 with the
obturator 30 inserted therein to prevent material,

15 such as dura and the like, from entering the cannula
20 during insertion. Alternate methods and devices
may be used to achieve similar results.

The next step, illustrated in FIG. 1B,

20 involves removing the obturator 30 from within the
cannula 20. This may be achieved either by using the
obturator mount 16, or manually. The cannula 20
remains at the treatment site 12, and is generally
free of extraneous material along its central bore

25 26.

The next step, illustrated at FIG. 1C,
involves placing a cell encapsulation vehicle 40 at
the treatment site 12. The vehicle 40 is generally

30 of a predetermined shape to slidably fit within the
central bore 26 of the cannula. In a preferred
embodiment, the vehicle 40 is a tethered capsule
containing biologically active factors. 1In that
embodiment, the vehicle 40 includes a capsule 42



"30.gaide wire 32 or other device is used in the preceding step to

position the vehicle 40, generally that device 32 is renoved foll ow ng
. the cannul a 20.. As with the obturator 30, the cannula 20 may be
renoved either by the cannula nount 14 or manually. The end

result is positioning of the vehi cl e 4 -at the treatnent site 12.
If the vehicle 40 is a tethered capsule, the 5 tether 44 may be secured
adj acent the insertion site 10 by nmeans of a surgical clip 60 or the
i ke, shown in FIG IF. In that, preferred formof the inventive

nmet hod, the tehbeinﬂégathemhi¢1mgiuﬁﬁxyeaaﬂiwaaﬂastor.r@ﬁmmewed fromthe

treat nent si [ R \TA be used to
seal the %%Eééflon % P@% £revéﬁ¥ |ﬁ%ﬁﬁﬁhctlon of% eftraneous
material thrédghstné anbengtbnstsf kcieny oG repgh froms the The

i nventive Wﬁgsguhé @éef a@ﬁg Préginemd sitd a2, ) adicatieh encapsul at ed

cells into t rarn may be, used, to |ntr uce bIO|O ically active
factors to5o?HEPr§PFuE?uFE§ %Fﬁ?fﬁtﬁﬂu?lq?1 e inventive

net hod, nul t egteng&bhCbEStRE cayl beehisesed on each S| de of fhe patient's
brain. Each vehicle is inserted in the sane fashion, as descri bed
above. An initial scan, such as a CAT scan, may be perforned on the
patient to determ ne In ohe formick the dnvsntive methaset BE#CTsite. For 25

exanpl e, in Ebe%bagt?ﬁgktﬂé%mélée@@e thdedisall baaanPs af specifically
the substantlge gnnula is k ffeéfw1€has 5£¥%§Jf¥§1céf site.
compatible solution, such as sterile saline. The
vehicle 40 is then inserted within the cannula, and
the solution acts as a lubricant to assure passage of
the vehicle to the disial end 20b of the cannula.
15
Alternatively, and as illustrated in
FIG. 1D, following insertion of the vehicle 40 within
the cannula 20, a guide wire 32 may be inserted to
assist in positioning the vehicle 40 at the distal
20 end 24 of the cannula. The guide wire 32 may be
either the same obturator 30 as that initially
positioned within the cannula, a different obturator,
a quide wire, or the like. The guide wire 32 is
placed above the vehicle 40 within the cannula, and
25 the vehicle 40 is gently pushed into position at the
distal end 24 of the cannula.

Finally, the cannula 20 is removed from the
treatment site 12, as illustrated in FIG. 1lE. If a
30 guide wire 32 or other device is used in the
preceding step to position the vehicle 40, generally
that device 32 is removed following the cannula 20.
As with the obturator 30, the cannula 20 may be
removed either by the cannula mount 14 or manually.



) In,FfGS, 1A - 1G the vehicle 40 has the 30 shape of a rod. However, it
shoul d be appreci ated that the vehicle 40 nay have any shape which can

. accommodat e the source of biologically active factor, or cells which
rel'ease active factors, wthout causi ng undue trauma to the patient
during I npl antati on. ¥h&-present immunoi solatory vehicle
can be formed in a wide variety of shapes and conbi nations of suitable
materials. A primry consideration in selecting a particular

configuration 5 for the vehicle when cells are present is the access of
oxygen and nutHd &t resulite iisSpbaiedoathlSoorthéi eshbsle 0l Passage of

wast e netaboliteg; tq¥in %nge aﬁe secreted product fromthe vehicle. The
I nst ant vehi%ﬁ%& Wﬁ#%vid , ifi‘at | east one dinmension, 10 sufficiently
close proximty of any isolated cells in the core to the surroundi ng

tissues of the recipi g 4nd ﬁ%h?@ﬁ@gﬂbh§s¥§f%8£ﬁé¥%& blogdsd reama in order

to mintain the viability a unction,o e Isolate “cells. Tn gener al ,
- the vehicl @ igihefaiéd PayaRensecursdjagiacentstheatesersiance®® no nore
than 2 nmin B by nezagi ca durgithadnclipt BoaorasheuliXept shedn 500

m crons bein g rred. e.or .several vehi¢l RY lred to
produce the g%gﬁﬁgg g&ﬂecﬁn\ﬁ%ﬁﬁé pre?ggr%?eﬁ?sang the PSV&SQFY% FI GS. 2A
t hrough 2E, geaidrad, diheerbedthere 44 @iBowsnthesvehichpl 40t bdl ke

| mmunoi sol at ofgk MV From e THWEmeh? Eite 24, PREYEBEifatapsul e 80A

(whi ch can have an open end) contalnlng active factor 25 secreting cells
i s joined 1% AR L At focapmE2 mgysPg usRd 5P EBRBLnBPBow tether 82 in

FIG 2A can hinsertion site 10 to prevent introduction of
extraneous material through the insertion site
{(FIG. 1G).

15 The inventive method is preferably practiced
for implantaion of encapsulated cells into the brain
but may be used to introduce biologically active
factors to other structures and organs. In
practicing the inventive method, multiple vehicles

20 may be required on each side of the patient's brain.
Each vehicle is inserted in the same fashion, as
described above. An initial scan, such as a CAT
scan, may be performed on the patient to determine
the precise location of the treatment site. For

25 example, in treating Parkinson's disease, the basal
ganglia, specifically the substantia nigra, is
identified as the treatment site.

In FIGS, 1A - 1G, the vehicle 40 has the
30 shape of a rod. However, it should be appreciated
that the vehicle 40 may have any shape which can
accommodate the source of biologically active factor,
or cells which release active factors, without
causing undue trauma to the patient during



" plugged, e.g., filled with a plug 84 or chitosan or the like, and the
proxi mal end can be cl osed by sealing clip 60. In FIG 2B a cl osed

. polynmeric 30 capsule 80B simlarly containing active factor secreting
cel'ls can be sinply sealed to a solid tether 86. In FIG 2C, a cel
capsul e 80C havi ng pol yur et hane seat&8-ends is joined to another holl ow
fiber 82. In FIG 2D, a cell capsule 80D havi ng one

- 20- end that is integrally sealed and the other end pl ugged (e.g
Wi th polyurethane) is joined to a solid tether 86. Finally, in FIG 2E,
yet anot her mgmwxﬂartﬁmh | SThkowpesenpr imnugo bgo bpesryetéhizmlsul e 5 80E

sealed with ret 8 d lojned to a hol |l ow

tet her 82 at%%trly gﬂg%grOX|§aP§ae %%éféﬁi g%g$$%ﬁﬁ%e§ er 82 uses a

hyal uroni c ac:omblq@ltugnsoOtfosmtdbtlhemeeersalsl pl&cerimary s seal ed at its
proxi mal end dy, QldeR a88onlqn selecting a! a§f‘9&\hﬂapec&ﬂ9ﬁ{ufﬁ?§oﬁla” ous

ot her al ternative vehicles can be_Constructed capsul es can

be int egrald Fodedihed vehiglegybanwFehls agarPreseMat ks i HI® 295985 se, the

tethers can lpF bxyyen @na@r nierientsntocehe bespDated éollidecel | capsul es
by glues, frigtion fittin f.usi on_or The | ortant factor is

0y Sonetruct 4 SEARRce 20 e sREePE, BAsEE metebsTieaty, LaPHE Ha
pr edet er mi nedhe saneakﬂﬁnprsduetmtrbmsbhé|zebn¢lsterthEnstanbgrlty 20 to

hi h ired at | at
ST S AT e, T e gt 5 2 1ot

|nnun0|scﬂk&(ﬁgfﬁhﬂﬁﬁﬂtéYbFlpﬁé BF@§éﬂ%tYn9€n%$5n1$%1 fCRlRf¥1 ci ent si ze
and dur abi || thef @oreowpl €he surrounding tissues of the recipient,

including the recipient's bloodstream, in order to
maintain the viability and function of the isolated
cells. 1In general, the vehicle will have a maximum

15 depth-to-surface distance of no more than 2 mm in at
least one dimension, with a maximum depth of 500
microns being preferred. One or several vehicles may
be required to produce the desired effect in the
recipient.

20

In FIGS. 2A through 2E, several alternative

embodiments of implantable immunoisolatory vehicles
are shown. In FIG. 2A, polymeric capsule 80A (which
can have an open end) containing active factor

25 secreting cells is joined to hollow teﬁher 82. The
distal end of the hollow tether 82 in FIG. 2A can be
plugged, e.g., filled with a plug 84 or chitosan or
the like, and the proximal end can be closed by
sealing clip 60. In FIG. 2B a closed polymeric

30 capsule 80B similarly containing active factor
secreting cells can be simply sealed to a solid
tether 86. 1In FIG. 2C, a cell capsule 80C having
polyurethane sealed ends is joined to another hollow
fiber 82. 1In FIG. 2D, a cell capsule 80D having one



“retrieval after inplantation. To be contrasted with such m crocapsul es,

whi ch have a typical maxi num practical volunme on the order of 1 [err]l,

the preferred i mmunoi sol atory vehicle of the present invention is 30
"terned "macrocapsul e". Such macrocapsul es have a 0 [err]] and dependi ng

upon use are easily fabricated to ha0e a value in excess of 100 [err]l.

To increase the t herapeutic val ve provided by tissue encapsul ated in

m crospheres, the nunber of mcrospheres nust be

-21- i ncreased to such a-large extent that significant

relt ri 'eva?i i téh&%@flié@%gi %Q%%irlallqy ggdu{gmﬁﬁal ¥he adthel Nei@ase in tge

vol unme of tissue placed within a . mcros re_requires, a corr ondi ng
increase in # e(eargea.“”\'fs?‘t ﬁPﬁYHré[aﬁa‘B%? b%c%l%yée(gutf‘? a%egoal‘ra%g scal es
with rlerr] wetremseuol Bimaldgl, ednwWFIG.r 2E, aget hanother ume of encapsul at ed
Lissue vol UMt DM SRS 15l Whown! BONDEELiHGPRHI Spoh 2Eei P PpMiLle sufficient
surface area tor nutrient VP Gsion qui Ckl'y becones 10 |%actécal.

Macr ocapsul eBQE sardeshaidch eolyusethaner 88optiihE Ihitkil ntRe have t hese
limtations broaise el 11w eataerneReat Pespothepn@pedyinolsurface area

h that th dif [ | t f tri . ts f 15
?ﬁgreasgd nnﬁﬂ?%‘gf!#$é§ﬂ3°@é%%%§ gg%%ﬁﬁﬁggtéhﬁgéfugggﬁgﬁggggn; tg; surface

area W t hout piug édyto holdcrtdeseelils dot plagehppnficigj gealed at The
encapsul at ed I i £ QW3 Bo20 further detail in FIG 3, _
i ncl udes capsu epleoe{ilxﬁ e(f bvid]th g secretory cell, preferably a cell that
produces bl®logically active factors. In a preferred enbodi nent, the

capsul e 42 includes a fietdjuldd ¥ clearoghaxt eadiogsf obheand integral with
the capsule. alternative vehicles can be constructed. The cell
capsules can be integrally sealed or plugged with
various materials. Likewise, the tethers can be
15 solid or hollow and can be joined to the cell
capsules by glues, friction fitting, fusion or the
like. The important factor is to construct a device
that positions the cell capsules at a predetermined
treatment site with sufficient structural integrity
20 to achieve such placement as well as removal intact,
if desired at a later date.

In one preferred embodiment, the implantable
immunoisolatory vehicle of the present invention is
25 of a sufficient size and durability for complete
retrieval after implantation. To be contrasted with
such microcapsules, which have a typical maxzimum
practical volume on the order of 1 ul, the preferred
immunoisolatory vehicle of the present invention is
30 termed "macrocapsule®”. Such macrocapsules have a 0
pl and depending upon use are easily fabricated to
have a value in excess of 100 ul., To increase the
therapeutic value provided by tissue encapsulated in
microspheres, the number of microspheres must be



" 25 .The vehicle further includes a permeabl e, sem - perneabl e, or

pernsel ecti ve nmenbrane surroundi ng the capsule 42. The tether 44 is
_generally constructed from an i nperneabl e nenbrane material or may be

coated with a material which makes the tether 30 inperneable. 1In one

enbodi nment, the inperneable pr ot ectilve barrier material may coat a

portion of the outer nenbrane of the capsule. Exenplary protective

barrier material includes polyethylene oxides,

-22- pol ypr opyl ene oxi des, silicon, hydro el s, and derivatives and

m xt ures t heinofeased stoutibe 1an§@pﬁ§¢ﬁ@¢e&hﬁ aSignéfieAnber neabl e
menbr ane myr@@i’fe‘fab?ﬂlﬁ% fl?éddﬁf‘ess%%%stﬂmte wi hhdaﬁeamdﬁteahhe cells 5

such as, for exa w rod, sack, or | tip fibers.
The out er nehﬁ?éﬁ%sﬁaynb%hﬁiYRﬂ%ﬂﬁﬂ°Qnﬁﬁ§§W% P ac&ﬁd“ﬁﬁ? Pn8l ude a
sur factant, @ﬂcaagphefélféqaﬁﬁﬁg'ﬂibanpyuppnﬂﬂggogenmeaSacuors and/ or an

ant i - oxi dapt | f;uag%%%g 208 f* ea cgpth%cljeyn%re’caﬁlé%f %ﬁ&@%bg QE‘th her

addi tive E encapsul at,e
conf|guratloaceleshelbktr swhﬂﬁe aSﬂﬂﬂ%ﬂﬁFU§cale§eHBW§r§ anPF FHPIannatory

agents 15 'n%&'éﬁecsftéﬁ@éﬁlﬁﬁm a&s-‘siré vlmeancicAelides, tHexamet hasone,

cortisol, interl ecept. ant.aqoni sts nti bodi t
TGe-[err], téeq“IFﬁ e??%%% f- ?1??LFQJ é;éﬁé ﬁﬁiﬁ; &%oﬁ“%ggﬁg &0
Exenpl ary suaieatﬁﬁtsnuﬂciaﬂe diffusmdh:nnldkkxnhaqngSZO Chem cal s, and
PIuronlcsl€65agrg%t P%ﬁacro §”9h5¥ﬁé éﬁ@d&yﬂﬁ% include vitamn C

(ascorbic vitamn E enpl ary anglo n|c factors I ncl ude
fi brobl ast gcmﬁmndeaetgr éhatn%h%%tﬂrQﬂwﬂpt havget

limitations because volume increases more
proportionately to surface area such that the
diffusional transport of nutrients and products for

15 increased mounts of tissue can be accommodated by
increasing the surface area without unwieldy
increases in total vehicle size.

The encapsulated cell vehicle 40, shown in

20 further detail in FIG. 3, includes capsule 42 filled
with a secretory cell, preferably a cell that
produces biologically active factors. 1In a preferred
embodiment, the capsule 42 includes a tether 44 or
rod extending from and integral with the capsule.

25 The vehicle further includes a permeable,
semi-permeable, or permselective membrane surrounding
the capsule 42. The tether 44 is generally
constructed from an impermeable membrane material or
may be coated with a material which makes the tether

30 impermeable. In one embodiment, the impermeable
protective barrier material may coat a portion of the
outer membrane of the capsule. Exemplary protective
barrier material includes polyethylene oxides,



25 - In the event that the supply of active factors, e.g.
cells secreting such factors, is spent, the vehicle can be renoved and
.repl aced. Retrieval of inplanted vehicle 40 can be acconplished 30 by
pullTing it out of the treatment site by its tether 44. One way to effect
renoval is to use a pair of f or ceps -@R2ter exposing the tether 44 by .

renoval of -23- the cap 62. Cap
62 may be located directly under the patient's epithelial tissues. The
vehicle 40 may be replaced with a new-insert in the event that

addi ti onal tf‘@dﬁfb’rd@I&fwidﬁ%es@e'dﬁ1@6@;@!3)&?5&&)@@155 wh@hin capsule 42
(FIG 3) can alspo q? retrieved if %ge cel gg ﬁ ?dpéoduce t he

bi ol ogi cal | y SRITYALIVes A miztuses, thgregf. &t §AGRI9B8ded to correct
the particul aappiyestiaked drhat the semiperméhblpemembbbeepmayi bavée. g.,
capsul e 42) oMl N MMides 'em'ta%qq ?I:c%mB?QEﬁt @ﬁiz?éﬂfé treat ment

site 12, while the |nperne e port confines the
neuroact|vesf%RﬁQNaﬁ()f°WM%%ﬁWP¥ﬂheab@@ﬂdﬁﬁlé§dof5?ﬁ8'|ﬁ§eWP1tTRéeperneable

15 portion inginekes, a pol yneric material having pores of a particul ar
size (i.e., having a particular nmol ecul ar wei ght cut-off) that excludes
sone nol ecul es from passage therethrough, while permtting t he

passage of others. |n The Luier, membrénef meyobeok 201lyweromsbesiilter from
the insert t(bﬁé“hé§5¥ﬂdﬁﬂﬁe a éﬂﬁé%dﬁ%n%"%WegntwhhhflEﬂﬁa96§§age of |arger

del eterious elenents such as viruses, C onponent | enent, and
various prf BgeRt, sa’laqlf‘&ﬂm\félffcwrﬁar mFoP“ei’&FqBr'@ng REcles with

pores havi ng EheSsped ¥hid aiypeicihipodyiieusi sardbctaam, aboubth8rkD to

additive will depend on the material to be
encapsulated and the configuration of the extrusion
apparatus. Exemplary anti-inflammatory agents

15 include corticoids such as cortisone and ACTH,
dexamethasone, cortisol, interleukin-1 and its
receptor antagonists, and antibodies to TGF-8, to
interleukin-1 (IL-1), and to interferon-gamma.
Exemplary surfactants include Triton-X 100 from Sigma

20 Chemicals, and Pluronics P65, P32, and P18.
Exemplary anti-oxidants include vitamin C {(ascorbic
acid) and vitamin E. Exemplary angiogenic factors
include fibroblast growth factor and nerve growth
factor.

25

In the event that the supply of active

factors, e.g., cells secreting such factors, is
spent, the vehicle can be removed and replaced.
Retrieval of implanted vehicle 40 can be accomplished

30 by pulling it out of the treatment site by its tether
44. One way to effect removal is to use a pair of
forceps after exposing the tether 44 by removal of



“abouf 300 kD are useful, with those having pores with a nol ecul ar wei ght
cut off of fromabout 25 kD to about 200 kD being particularly

preferred. 30. The vehicle may be conposed of any bi oconpati bl e

“material having the desired pore size and being conposed of materials
which do not limt -23- - 24- t he
activity of the substance enbedded therein. Hydrophilic matrices such as
hydrogel s (e.qg., hydr oxyet hyl net hacryl ate, pol yanhydri des, polyvinyl

al cohol, and pol yvinyl pyrrolidone) and hydrophobic 5 matrices such as

et hyl ene vi ny, te ar agticula f The
vehicl e 40 cé%“%?%%?é%'an?agigPoé%.aﬁFyibxagégigér?%E%%ru%&ﬁﬁﬁFQﬁII satisfy
t he subj ect KrtdshiciscepjitbeliedetysshesdysThacvebiclam@ananddade gamma

ani nobut yri ¢ A e WAk iaN nedCEhibe R0 hNEne evaRt NERAE I e, |
nor epi nephrine,. dopam_n enkephal 1 ns, and_endor phi ns. aé%anailvely,

e ] .
t he device dltﬁﬂﬂ@@i&@eﬁﬁPﬁcﬁﬁvéeSHéFﬁﬁ: acet i ¢Rg active 15
derivati ve Diwitthd melapsadiel M@ (FCGOr 3) ocanaylstcbedeetriavent ecfir sor whi ch,

af ter processiyng.inavicdsad B oroA0ME BALI KibYoAB-IPR, fAGERTe N the .
appropriate in Vi'Vo 1ocation. € device may fur i ncl ude an
agoni st of tHadgtan.oexpdiiesr oxgenes naajonger uaeededi e uerretactor VIl 1,

trophic fact ane Pértidnlar d?@fhh&@@gthin and growt h hornone, bi ol ogi cal
response nodifiers, such as [ynphoki nes and cyt oki nes, enzynes, and

anti bodies from anti body-secreting cells. In addition, the capsule 25
may contaixo nultiple aid peymesbdedpoeklion (esgue, capsule 42) of

vehicle 40 is implanted at or near the target
treatment site 12, while the impermeable portion
(e.g., tether 42) confines the neuroactive factor to
within the boundaries of the insert. The permeable

15 portion includes a polymeric material having pores of
a particular size (i.e., having a particular
molecular weight cut-off) that excludes some
molecules from passage therethrough, while permitting
the passage of others. In this way, the diffusion of

20 neurotransmitter from the insert to the treatment
site is allowed, while the passage of larger
deleterious elements such as viruses, Clg component
complement, and various proteases is effectively
barred. For example, vehicles with pores having a

25 molecular weight exclusion of from about 50 kD to
about 300 kD are useful, with those having pores with
a molecular weight cut off of from about 25 kD to
about 200 KD being particularly preferred.

30 The vehicle may be composed of any
biocompatible material having the desired pore size
and being composed of materials which do not limit



" ot her appropri ate substance. ' An exenplary formof the vehicle

40 is a snoot h,- seam ess vehi cl e manuf actured by coextrusion 30 of a
_polymeric casting solution and a cell solution. In this approach a

mul'ti-bore extrusion nozzle is used with the polyneric solution extruded

fromthe outer bore and the cell su§56n5|on coextruded from an I nner

bore. In addition to containing cells of

- 25- ti ssue of the type described above, the cell suspensi on may

i nclude nutrients, such as fetal bovi ne, equi ne or porci ne serum 5

Any cel | s whitdie sgdristidywt o Ivhel sybshbhge embedfie® thereinthat is
therapeutlc:tﬁ}é{g@ﬁyyydegktrlcgglggghan 99d£§§81§0(318d into the system of

t he i nventi“on. "For exanpl e an naturally
produce a nelWsiToRy@khyle methasryaateo E@bYGﬂBYdS}f{?ﬁceﬂ"P%Y‘é#‘b\’hseful

because they arcdndtl,e and tp@IWSBdepirQrb!DEGGEQPr&hd eyd repHwaeic by produci ng
neurotrans be obtained from a

“nunber E%EP é?‘%ﬁbﬁ“&% Bgdﬁ%gyl8paaﬁ§n§hl ﬁe€%$%nﬁ¥? secrete a

particular f a@dridulardyviusefuller exanpl e, tissues of the enbryonic ventral
mesencephal on and adrenal nedul |l a (chronaffin cells) whi ch normal |y
produce dopam ne can be used. These tissues may be an aJlograft or a

xenograft. AIternatP@bWﬁthﬂé é@IFaHBQrﬁﬁlﬁﬁr? v PioW9IeE s 20
cul tured cel ladtives faauohr ahiBRlYill satisfy the S@abjects "grow h factors”

havi ng th%dﬂgééfaﬁency or remedy the dysfunction. These include

gamma aminobutyric acid, serotonin, acetylcholine,
epinephrine, norepinephrine, dopamine, enkephalins,
and endorphins. Alternatively, the device may
provide an active analog, active fragment, or active

15 derivative of the neuroactive factor, or may include
a precursor which, after processing, provides the
same activity as the factor in the appropriate in
vivo location. The device may further include an
agonist of the factor. Other agents may include

20 insulin, Factor VIII, trophic factors such as,
erythropoeitin and growth hormone, biological
response modifiers, such as lymphokines and
cytokines, enzymes, and antibodies from
antibody-secreting cells. 1In addition, the capsule

25 may contain multiple cell-types and cells, tissue, or
other appropriate substance.

An exemplary form of the vehicle 40 is a
smooth, seamless vehicle manufactured by coextrusion
30 of a polymeric casting solution and a cell solution.
In this approach a multi-bore extrusion nozzle is
used with the poljmeric solution extruded from the
outer bore and the cell suspension coextruded from an
inner bore. In addition to containing cells of



“to-stirmulate cell growth, differentiation, and/or factor secretion may
be co-inplanted with the active 25 factor-secreting cells to insure
,successful delivery of the desired agent or factor to the treatnent
site. These growmh factors nay be specific for a cell type or have a
general i zed effect on a nunber of dpéterent tissues. In the case of
neurotransmtter- 30 producing cells such as neurons, growh factors can
act to maintain neurotransmtter production, as well as to pronote cel
mai nt enance and gr ow h. Alternatively, gromh factors nay mai ntain nerve
cell's in a digjfsnentisaled %&%Eedekﬁfiﬁé?cgﬁ$v8rEE§§‘cell
- 26- factors i nclude nérve g act or , an array of
fibrobl ast grSRETSIONMaY( for)iu ﬁlaﬂﬁré@nﬁérlﬁﬁﬁh agripkadl fact or (PDGF),

br ai n- deri vedbhovdweqpleepiine orf aekeinéBE®)m,. and epidermal grow h factor
el ?

(EGF), and 5 ciliary growth tactor, anong rmany. In addition, effectors
of various nenbrane receptors such as glutamate and nicotine may al so be
useful . 5 Any aédﬂsiwhichnaeceetemhherbimingi@mlhy10 precursor,

agoni st, act I Anleaeod gk 18 £hBIABOLL1c € PndsalgRekil ol ool cally

active factor qr .growt ac or having sinijar t er apeli | ¢ activity can
al so be udgda oFmgkéﬁpPécoééPthﬁﬂlbﬂt%IFE?tslﬁﬁﬁbé’ &he precursor of
dopam ne, or imvemdonpti Fer exdmpasgi nEhdScalvsimiy by &gy ugeith n t he

t r eat ment Of“Fﬁ5ﬁ%ﬁ§§“P§09H°?n§§?§§r?grgngwégge5 d%%éﬁther any cells which

have been genet % 20 neuroacti ve
factor, gridmneuremsor, Spcht keildisagoai vuseful because they are able

to respond to the general environment by producing
neurotransmitter as it is needed. Further, cells can
be obtained from a number of sources such as body
organs which normally secrete a particular factor in
15 vivo. For example, tissues of the embryonic ventral
mesencephalon and adrenal medulla (chromaffin cells)
which normally produce dopamine can be used. These
tissues may be an allograft or a xenograft.
Alternatively, the cell may be derived from various
20 cultured cell lines, such as PCl2.

Various “"growth factors" having the ability
to stimulate cell growth, differentiation, and/or
factor secretion may be co-implanted with the active

25 factor-secreting cells to insure successful delivery
of the desired agent or factor to the treatment
site. These growth factors may be specific for a
cell type or have a generalized effect on a number of
different tissues. 1In the case of neurotransmitter-

30 producing cells such as neurons, growth factors can
act to maintain neurotransmitter production, as well
as to promote cell maintenance and growth.
Alternatively, growth factors may mainfain nerve
cells in a differentiated state. Useful cell growth



precursors, derivatives, analogs, or fragnents t hereof, or other active
factors having simlar effector activities are also useful in practicing
.thissinvention. Thus, in such an approach, the gene 25 which encodes the
neuroactive factor, or its anal og or precursor is either isolated froma
cell line or constructed by DNA narfi®ul ati on. The gene can then be
I ncorporated into a plasmd which, in turn, is transfected into a cell,
such as a fibroblast, for 30 expression. (See, e.g., Sanbrook et al.,
Mol ecul ar Cl oni na (1989) herein incorporated by reference for further
di scussi on ofaGtOnSngnvbw¢%lQ@r%ﬁuﬂxﬁﬂﬂ& faghoirp {NGF)on apr @8&@Ures.) The

cel I's which Sfpf%fobléé‘@ ?tabmlﬁ.aédaesaqtqu fgﬁta@'el@'t—ﬁé@tiﬁ‘édcan be grown
35 in vitrountil_ a_suitab

densi IS ac | eve
o7 Growth SaEkoRal TR BRAARAGTICRS PROREORICel 1 such as
hi ppocanpal €ett6ro(BDOND) pbdwdtep Blwimeleradwti & sutodudEGREE @ade e. g.,

Rosenberg tc?iia&%?&§3y%hsfég€ Ftéﬁﬁnégﬁﬁ¥&578 ”%%dQ% %Qpapsulated and 5

i mpl ant ed 'n~proxi as descri bed above.
By the term eﬁfgcbqpatoﬁuvatyouso Jrerbrane rreﬁcepﬁqré fsmw@t i@ni ng of the

vehicle is neiutmﬂsé@dam ﬁb@o@ﬂxé’%éy"@éﬁ Ye2Gidarp1syst ens of the host.
Thi s I ncl Udes a failure to elicit "a detrinental foreign body/fi brosis

response. The vehicle is al so preferably substantially free of | ocal
cyt ot oxic effects, Ih. edditiee, cdny asslbbiie gy rsegyetesl @ a 15 preferred

oo TR ERRu 861 SHOREEEL! okt ibop s IEeiG faquheerbod! mont s

preferably nﬂﬁlﬁ1§e§1raﬂdblﬂb°9e%¢b1¥e#ﬁﬁ#!ﬁnﬁﬁQtOI or growth
factor having similar therapeutic activity can also

be used. For example, cells which elicit L-dopa, a
precursor of dopamine, or bromocriptine, a dopamine

15 agonist may be used in the treatment of Parkinson's
disease.

Further, any cells which have been
genetically engineered to express a desired
20 neuroactive factor, growth factor, or their agonists,
precursors, derivatives, analogs, or fragments
thereof, or other active factors having similar
effector activities are also useful in practicing
this invention. Thus, in such an approach, the gene
25 which encodes the neuroactive factor, or its analog
or precursor is either isolated from a cell line or
constructed by DNA manipulation. The gene can then
be incorporated intc a plasmid which, in turn, is
transfected into a cell, such as a fibroblast, for
30 expression. (See, e.g., Sambrook et al., Molecular
Cloning (1989), herein incorporated by reference for
further discussion of cloning vehicles and gene
manipulation procedures.) The cells which express
the biologically active factor or factor can be grown
35 in vitro until a suitable density is achieved.



“sur.faces without edges or villi. Al though many forms 20 of tether may be

attached, preferred tethers are continuous with the capsule.

. The system of the invention, useful for practicing the inventive nethod
as ‘descri bed above, 25 includes a cannula, at |east one obturator, and a
bi ol ogi cal vehicle. Each of these is-2mstantially as descri bed above.
In particular, a method of treating 30 Parkinson's disease by neural
i mpl ant has been devel oped. The cells can be cells fromprimary
cultures or cell lines that secrete dopam ne and ot her active factors.

Typical factor-secr etk ernafVely Y didth ieudede padaceahgcbeansf fin cells,

. - 28- neurons fr the fetal
substantia nFBFE.a%‘gh?Q%Eﬁ@Pal(ﬁﬁ11§iQﬁaéggﬁﬂﬁgaﬁéfzepﬁﬁégeﬁgg}tignaﬁls,
genetical |y eagpnegued KEbrdeass g.of Ruiseerbera let allypdd 988y be used. Prior

to , |1 | [
col I type | RelpfcS" 2kt £87o-ra) HUP S (EUH ARt P RAp 252 capsul

used is a bhémpbpnhedi tn PRrG P b gl ey AP 1-SQEIE tEB9a kG 1881 | core,
having a wal bst Begkpepeaohpgv€ater than 25 microns. The core may al so
contain a hydrogel matrix or the like. The hydrogel matrix may be any
commerci al ly avail abl e t hree-di nensi onal networ k of hydrophilic polyners
that are either 15 coBgl ehel yeon ?bivoehpatidricksisy rnkedeanty thatthod of

the functioning of the vehicle is not impeded by the

10 various protective systems of the host. This
includes a failure to elicit a detrimental foreign
body/fibrosis response. The vehicle is also
preferably substantially free of local cytotoxic
effects, i.e., free of leachable pyrogens. In a

15 preferred form, a seamless tethered capsule is used
as the vehicle. In embodiments employing seamed
capsules, the number and size of the seams are
preferably minimized, and the vehicle has smooth
surfaces without edges or villi. Although many forms

20 of tether may be attached, preferred tethers are
continuous with the capsule.

The system of the invention, useful for
practicing the inventive method as described above,
25 includes a cannula, at least one obturator, and a
biological vehicle. Each of these is substantially
as described above.

In particular, a method of treating
30 Parkinson's disease by neural implant has been
developed. The cells can be cells from primary
cultures or cell lines that secrete dopamine and
other active factors. Typical factor-secreting
primary cells include adrenal chromaffin cells, and



“therﬁnplastic capsul e preparation may be used, I ncl udi ng hol | ow fi ber

preparation foll owed by filling wwth the cells and pluggi ng and seali ng
. using heat sealing. Alternatively, the capsules can be 20 forned by
coextrusion through a nmulti-Ilunen V;ggnneret. The incl usion
of a tether to the bi oconpati bl e tle should not affect capsule 25
functioning or its bioconpatibility. The entire | ength of the exenplary
vehi cl e, including the tether, typically is 8-10 cm Methods of tether
manuf acture include coextrusion through a nulti-Iunen spi nneret. O her

met hods i ncl w@arohe #ddmt the 6éta13§ubsbamtnbatxilbjm sutAursstigralteudi ng from

the seal ed fﬁ@ﬂp§§hg 1@ng&Eegcﬁgr hgclqﬂ&g ?lone S aiggrrogfgkfhory

fi ber of 80- arnin

chanber of gex@tzaarhmp1aaeiratiefnhrolp€@@tsW @Rk Cal kst ur dy,

- 2?{ | notrtywsoﬂz%yt gehakedl, hepetfﬂal pgeasOf édE1d :abﬁé mﬁltu%a)pg? in a
potting el astomer, such ur et hane siJ.icon eferably prior
to | oadi ng X ¥ St@adazd Itﬁcg‘f‘ﬁéf‘eﬁo?ﬁgmgfh%‘fgn%‘}/ l?%bcf%lprﬁ%?eoe 5
attached to tusediapsul e. Al t hough il{ustrated specifically for
cranial insertionin FIG- 3, the vehicles of the present invention can

al so be inserted into other 10 regions of the body. For ex l e, for pain

relief appl i cat i ongn paey preEpEsedapmbadinent ¢ cbhe nF3PTYH
sacral / | unban, de0iigs thelri@piRistect PARVPVCdeapsubacapsnl at Eikgwid | s such as

adrenal Cr¥&”§§é'é&f¥ﬂéaie, having a wall thickness of greater

than 25 microns. The core may also contain a
hydrogel matriz or the like. The hydrogel matrix may
be any commercially available three-dimensional
network of hydrophilic polymers that are either

15 covalently or ionically cross-linked. Any method of
thermoplastic capsule preparation may be used,
including hollow fiber preparation followed by
£illing with the cells and plugging and sealing using
heat sealing. Alternatively, the capsules can be

20 formed by coextrusion through a multi-lumen

spinneret.

The inclusion of a tether to the

biocdmpatible vehicle should not affect capsule

25 functioning or its biocompatibility. The entire
length of the exemplary vehicle, including the
tether, typically is 8-10 cm. Methods of tether
manufacture include coextrusion through a multi-lumen
spinneret. Other methods include the addition of a

30 biocompatible suture protruding from the sealed
capsule. Another form includes a hollow
immunoisclatory fiber of 80-100 mm in length
containing, at one end, a cell growth chamber of
10-20 mm with an internal plug. To produce a sturdy,



whi ch secrete enkephalins and/ or catechol am nes. 15 The

i nvention may be enbodi ed in other specific fornms without departing from
sthe spirit or - essential characteristics thereof. The present

enbodi ments are therefore to be considered in all 20 respects as
illustrative and not restrictive, the_sg.scope of the invention being

i ndi cated by the appended clains rather than by the foregoing
description, and all changes which come within the meani ng and range of
equi val ency of the clains are 25 therefore intended to be enbraced therein.

What is clal -330- 1.
ber 1
A system for proglaPHS gﬁggeg ?e rema] ?E)?éxa b ]érlal to a selected

treat nent sig8dppgdain ahnnﬁhlpatebmstomﬁqusuﬁhuys polyurethanqi cannul a

insertable 'BEOPBEQ§EWEEMn“‘%Pe@erébi & 1B el idha iRy ivhe an open,
proxi mal en iLntroduction of t e encapsul ated material into the

.
cannul a, andcéﬁ 1§penIngPthser EQEMF orelRs # RuRing maycBfsul at ed

mat eri al i 5t attlhehedeabnehe Sapgulpon reanaI of the cannula; 10

at | east one obturator, the obturator of the t ype desi gned for i nsertion
within and along a substantial |length of the cannula to prevent backfi |
of materials into theAdthaugh Hituskratedrapesifofcally foxannula to the

treatment sit@anddd §RAsaseish iR ﬁﬁcpoﬂ tﬁmlmmlééﬂ%@wsul at ed
bi ol ogi cal materia nula; a bi ol ogi cal

within the
vehi cl e, chﬁ&Fﬁ&k invention c%“c%f?°é%$siﬁ%§?ﬁﬁﬂrﬁf?flﬂ atible
per nsel ecfloveegibes n€nbhanboéycapBot agxamgpke ccidr pain relief

applications the vehicles can be inserted into the
sacral/lumbar regions of the spine to provide
encapsulated cells such as adrenal chromaffin cells
"~ which secrete enkephalins and/or catecholamines.
15 '

The invention may be embodied in other
specific forms without departing from the spirit or
essential characteristics thereof. The present
embodiments are therefore to be considered in all

20 respects as illustrative and not restrictive, the
scope of the invention being indicated by the
appended claims rather than by the foregoing
description, and all changes which come within the
meaning and range of equivalency of the claims are

25 therefore intended to be embraced therein.

What is claimed is:



20 cébable of rel-easing active factors, the vehicle havi ng a shape which

enabl es insertion within and novenment al ong the cannul a. .

.The system of claim 1l wherein the systemis 25 adapted for introduction
into a human brain region, and wherein the active factor conprises

neur ot herapeutic factor-secreting cel Lgg.. 3. The system of claim

1 wherein the systemis 30 adapted for insertion into a human spina
regi on, and wherein the active factor is a pain relief factor.
- 31- 4. The system of claim 1l wherein the biol ogical vehicl e

further conprlses a n%Fr %3gﬁp%g gLPrh%%“g encagsuf? sten1of claim1l

wherein the blologlca eS”an anchorage substrate,
such as a colbisdegiv@lemagieriall &oi ai ﬁeiixaceeqiatre@tm%tnt syl yiido aci d.

6. The:%&ﬂéﬂﬂﬂyifad@ Wb%my??g?h? .the outer 10 nenbrane of the vehicle
conprises a bioconpatible rmsel ective thernop]astic. The

system of claim6 whe@eFﬁnPHéacéPFertapéﬁlEPEOCB %@%EyeF%W%dih "seanl ess
‘capsul e forsrmieh&ntantc&a&rumaemngt hhougbna gudgﬁthneénd)rﬁdn ce, of the

ggfrcgpigitzflﬁi d%é%f%%?%%‘%ﬂeOEnESLsulaP égggﬁ 1ntot% ologically

cannula, and an open, distal end for passage of the
encapsulated material into the treatment site upon
removal of the cannula;

10 at least one obturator, the obturator of the
type designed for insertion within and along a
substantial length of the cannula to prevent backfill
of materials into the cannula during insertion of the
cannula to the treatment site, and to assist in

15 positioning of the encapsulated biological material
within the cannula; and

a biological vehicle, including
a cell capsule having a biocompatible
permselective outer membrane encapsulating a cell

20 capable of releasing active factors, the vehicle
having a shape which enables insertion within and
movement along the cannula.

2. The system of claim 1 wherein the system is
25 adapted for introduction inteo a human brain region,

and wherein the active factor comprises

neurotherapeutic factor-secreting cells.

3. The system of claim 1 wherein the system is

30 adapted for insertion into a human spinal region, and
wherein the active factor is a pain relief factor.

A



8. - - The systemof claim6 wherein the cell 20 vehicle conprises a

hol | ow fiber filled with cells that secrete a biologically active

. factor, which hol I ow fi ber is then plugged and seal ed. 9. The
systen1of claiml wherein the vehicle 25 further conprises a tether, which
optionally I ncl udes an outer pol yneRile coating, such as a

pol yacryl ate material . 10. The system of- claim 1l wherein the cel
30 vehicle includes a hollow i mmunoi sol atory fi ber contai ning a cel
chanber at one end. 11. The system of claim 10 wherein the fiber

has a lengjh of abopfe &Y dtemiFuic1bd® T Whe?BLi Rl 8he3Biological
- 32- 12. The system of cl.aim 10 wherein the cel | growt h chanber

has a | ength ¥hiptrEWEher AAMREises anhptiriens, gediug. 13 The system

of claim1l mhereln t he outer menbrane of the vehicle further conprises a

surfactant. g The %ssc\’e?& P Wikt Mehe¥EhCkRe! B0 RHEEEA10 MBMDr ANE

of the vehicl¥® further 1 S€s an
5 vehicle further comprises an anchorage substrate,

such as a collagen material, a laminin material, or a
polyamino acid.

6. The system of claim 1 wherein the outer
10 membrane of the vehicle comprises a biocompatible,
permselective thermoplastic.

7. The system of claim 6 wherein the cell
vehicle comprises a smooth, seamless capsule formed

15 by coextrusion, through a multilumen orifice, of the
thermoplastic and a suspension of cells that secrete
a2 biologically active factor.

8. The system of claim 6 wherein the cell

20 ‘vehicle comprises a hollow fiber filled with cells
that secrete a biologically active factor, which
hollow fiber is then plugged and sealed.

g, The system of claim 1 wherein the vehicle

25 further comprises a tether, which optionally
includes an outer polymeric coating, such as a
polyacrylate material.

10. The system of claim 1 wherein the cell
30 vehicle includes a hollow immunoisolatory fiber
containing a cell chamber at one end.

11. The system of claim 10 wherein the fiber has
a length of about 80 to about 100 millimeters.
35
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“anbiiinflannatory agent. 15. The system of claim1 wherein the

out er menbrane of the vehicle further conprises an 15 anti-oxidant.

_16. . The system of claim1l wherein the outer menbrane of the vehicle
further conprises angi ogenic factors. 20 17. The system of claim
1 wherein the vehicle further conp3xzses a protective barrier materi al
whi ch coats at least a portion of the outer nenbrane. 25 18. The
system of claim 17 wherein the protective barrier material is an
i nhi bitor of protein interactions. 19. The system of claim 17

wherein the ft‘% pr ot ec; ées§?§£é§n66fn@i§{:haiolvaa&eéﬁptﬁé fdearmthe group
consi sting of pol et hyl ene” oxi d

| ene oxi
hydrogel s, d&FOWAD 9§§mberahésn?x1%¥%% e@%ﬁy 15 & afeue 9d ' oo

- 33- 2qu111met§hg,systen1of cla|n11 wherein the system further
i ncl udes a tether connected to the vehicle to secure it, and optionally,

a tether clip for affixing the tether of the vehicle at an accessible
| ocati on % aft.er i ns&hei egstem of claim 1 wherein the outer

membrane of the vehicle further comprises a
surfactant.

14. The system of claim 1 wherein the outer
10 membrane of the vehicle further comprises an
anti-inflammatory agent.

15. The system of claim 1 wherein the outer
membrane of the vehicle further comprises an

15 anti-oxidant.

1s5. The system of claim 1 wherein the outer

membrane of the vehicle further comprises angiogenic
factors.

20
17. The system of claim 1 wherein the vehicle

further comprises a protective barrier material which
coats at least a portion of the outer membrane.

25 18. The system of claim 17 wherein the
protective barrier material is an inhibitor of
protein interactions.

19. The system of claim 17 wherein the

30 protective barrier material is selected from the
group consisting of polyethylene oxides,
polypropylene oxides, silicon, hydrogels, derivatives
and mixtures thereof.
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“21.

The system of claim 1l wherein the biol ogical
conprises an effective anmount of a

vehi cl e further
radi o- opaque substance to assist with

,in situ 10 detection of said vehicle. 22. The systemof claiml
wherein the cannul a conprises a low friction polyner. 15 23. The
system of claim22 wherein the polynme3- is transparent. 24. The
system of claim22 wherein the pol yner conpri ses
pol ytetrafl uoroet hyl ene. 20 25. The system of claim 22 wherein the
pol ymeri c cannul a has a tapered distal end.

10

15

20

20. The system of claim 1 wherein the system
further includes a tether connected to the vehicle to
secure it, and optionally, a tether clip for affixing
the tether of the vehicle at an accessible location

~after insertion.

21, The system of claim 1 wherein the biological
vehicle further comprises an effective amount of a
radio-opaque substance to assist with in situ
detection of said vehicle.

22. The system of claim 1 wherein the cannula
comprises a low friction polymer.

23. The system of claim 22 wherein the polymer
is transparent.

24. The system of claim 22 wherein the polymer
comprises polytetrafluoroethylene.

25. The system of claim 22 wherein the polymeric
cannula has a tapered distal end.
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