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neur odegener ati ve di seases of the central nervous system (CNS) include 10
Al zhei ner's di sease (AZ), multiple sclerosis (MS) and Parkinson's di sease
(PD). Inthe United States and Europe al one, the incidence of AZ is
estimated at 8 mllion; Ms at 0.7 mllion, and PD at 1.5 mllion. There
are of course nmany ot her diseases; epilepsy, Huntington s chorea, stroke,
and so on. At this tine all available treatnents woul d appear to be
palliative rather than restorative and the inevitable progress of these

di seases is slowed, perhaps, but not reversed. 15 The assunption that

neur ones cannot regenerate has constrai ned past approaches for treatnents
of diseases of the central nervous system Furthernore, therapy of the
central nervous system (CNS) is nore difficult than for, the renai nder of
t he body i ﬁ%&é becguse of the "blood-brain barrier"” -which is a concept
used to de&d il a (Xenotansplanidar CNE.therapy of sone materials
including therapeutic materials fromthe systemc circul ation. The barrier
20 resides, in functional terns, around all (normal) capillary structures
within the CNS. Morphol ogically, altered pinocytotic behaviour and tight
junctions of the endothelial cells are characteristic. Introduction of
foreign suldBEdddes directly into the CNS, such as into the 300CT2003 WD
00/ 66188 2 PCT/ NZ0O/ 00064 ventricles is a good deal nore difficult,
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perfusion gACKGROUND

Significant neurodegenerative diseases of the central nervous system (CNS) include
10 Alzheimer's disease (AZ), multiple sclerosis (MS) and Parkinson’s disease (PD). In the United
States and Europe alone, the incidence of AZ is estimated at 8 million; MS at 0.7 milbon, and
PD at 1.5 milion. There are of course many other diseases; epilepsy, Huntington's chorea,
stroke, anﬁ so on. At this time all available treatments would appear to be pallative rather than

restorative and the inevitable progress of these diseases is slowed, perhaps, but not reversed.

15 The assumption that neurones cannot regenerate has constrained past approaches for
treatments of diseases of the central nervous system. Furthermore, therapy of the central
nervous system (CNS) is more difficult than for, the remainder of the body in part because of
the "blood-brain batrier” -which is a concept used to describe a functional obstacle to the entry
of some materials including therapeutic materials from the systemic circulation. The barrier

20 esides, in functional terms, around all (normal) capillary structures within the CNS.
Morphologically, altered pinocytotic bebhaviour and tight junctions of the endothelial cells are
characteristic. Introduction of foreign substances directly into the CNS, such as into the
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45 injured rat brain is raised as a response to injury, "resulting in an increased transport of the

peptide to the wound”.

An increasing number of conditions of the central nervous system capable of responding to
therapy are being recognised. It is interesting to note that cerebrospinal fluid production is
impaired in a number of such conditions and furthermore it is possible that there is a loss of

50  paracrine factors such as growth factors, in the case of specific diseases.

In many cases the indicated therapeutic agent for a restoration therapy or the like is a naturally

occurring cell secretion, for example a polypeptide (such as IGFII) rather than an exogenous

substance such as an antibiotic derived from a fungus or bacterium. Substantially continuous

application throughout the entire CNS over a long period is acceptable in most of these
55 treatments.

Within the patent literature, Patrick Aebischer and associates have filed many patents dealing
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aut oi mune di seases such _as MS, PD,” 85 and certain diseases, 1ncluding

defi ci enci &&e givapiadef he diffgrensiated veryctde callspf thetohatsidl plexgieed PD nay be nore
global than is currently appreci ated. The known defects in and around the
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i ncl ude anyshgneficial nodification of the disease process, 3 0 O CT 2003
WO 00/ 66188 4 PCT/ NZOO 00064 including palliative, restorative, or
proliferatj ting on neural tissue, glia, or vascular 90

el enent s. mﬂmm "trophic" and "growth" factors interchangeably. By
"rejuvenation” we nmean attenpts to reverse changes in a brain comonly
consi defedAt meurological disease” covers any disorder of the central nervous system. It may for

example be a global neutodepenerative disease, such as ageing, vascular disease, Alzheimers
disease, or the more bocalised Parlc!nson‘s disease, or the autoimmune disease multiple scierosis
(MS5), it may be a result of an injury, such as a stroke, anoxia/asphyxia, or physical injury such
as from a blow to the head, it may be a result of exposure to local {eg meningitis} or systemic

80 toxins, and it may be neoplastic. It may be genetically based, such as Huntington‘s chorea, or
a disorder of metabolism such as lysosomal storage disease.

There is a group of “global neurodegenerative diseases” including AZ and others, affecting the
elderly, the usual pattern of response to acute injury (such as ischaemia), affecting any age
group including stroke victims and car accident victims, autoimmune diseases such as MS, PD,
85 and certain diseases, including deficiencies of metabolism, of neonates and fetuses. Indeed PD
may be more global than is currently appreciated. The known defects in and around the basal

ganglia may be reflected elsewhere.

By “restorative effect” we include any beneficial modification of the disease process,
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105 havmg a beneficial effect on the neurolog;ca.l dxsease into the brain of the recipient mammal.

Preferably all the living cells are derived from epithelial cells of the choroid plexus; alternatively
some of the cells may be derived fom other tissues of the choroid plexus or from other
sources.

Preferably the pharmaceutical composition is modified so as to be capable of survival following
110 its introduction within the brain of the mammal while producing the therapeutic agent, so that
treatment over an extended period can be applied.

Preferably the living cells are encapsulated within a biocompatible capsule, the wall of which is
at least partially composed of a semi-permeable membrane capable of admitting metabolites for
sustaiming the cells, capable of blocking access by factors of the immune system of the recipient

115 mammal, and capable of allowing an effective amount of one or more expressed products to
exit from the implant.

Preferably the ingress of any substances capable of controlling the rate of release of the
therapeutic agent is also permitted.

Preferably the biocompatible capsule has an inner layer comprised substantially of a laminin or
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Preferably the donor mammal is 2 non-human mammal.

Conveniently the donor mammal or at least the living material is free of infectious agents and
preferably the donor mammal is from a stock kept under germ-free conditions.

140 Optionally the at least one living cell has undergone subsequent modification in order to
increase the production of at least one product capable of having a beneficial effect on a
neurological disease, so that the recipient mammal may experience a beneficial effect.

Optionally the living material may comprise cultured cells; that is, separated by one or more
generations from an initial isolate.

145 Preferably, treatments such as bFGF may be used to selectively enhance growth in culture.

Therapeutic agents include but are not limited to the naturally occurring peptides IGF-II,
VEGF, TGF-alpha, NT-3 and bFGF.

Alternatively the living material comprises cells having a modified complement of genetic

material capable of either secreting novel peptides
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central nervous system the |ocalised area being known to be FI able’to
benefit i nSUFEGalhs aggessingea ksl JeBigrle.aplacinssetleast afpostign of the implant within the

ventricle, and optionally removing the implant after a period of treatment.

170 In a second broad aspect this invention provides a kit of materials for surgical impiantation of
an implant, as previously described in this section, in the central nervous system of a recipient
mammal, the kit of materials includes means for providing a sterile site, means for obtaining
surgical access through the cranium to the central nervous system, means for haemostasis,
means for placing at least one implant in an intended position, a container holding implants as

175 previously described in this section, means for closing off the surgical access site, and means
for dressing the surgical access site, so that a risk of introducing a slow virus infection during

the operative procedure s minimised.

Optionally the kit of materials is restricted to means for placing at least one implant in an
intended position and a container holding implants as as previously described in this section.

180 Preferably the implant is surgically implanted into a ventricle of the central nervous system and
preferably into a lateral ventricle by a frontal route so that the cell products expressed fiom the
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200 In a fourth broad aspect this invention provides a method for causing at least partial
rejuvenation of a brain of a mammal by means of xenotransplantation as previously described
in this section, wherein the method employs implantation of an implant of choroid plexus cells
derived from a fetal or neonatal mammal into the brain.

In a fifth broad aspect the invention provides a method for treating injuries to the central
205 npervous system; the method including the step of inserting a pharmaceutical composition
including living tissue (as described previously in this section) into a CSF-filled space within the

central nervous system.

PREFERRED EMBODIMENT

The description of the invention to be provided herein is given purely by way of example and
210  should not to be taken in any way as limiting the scope or extent of the invention.

DRAWINGS

Fig 1: Diagram of an encapsulated choroid plexus celi preparation. (Example 1)



| Fig 4: Photom crograph of an encapsul ated choroid pl exus cell prepaiﬁtion

| Fig 5. Diagram of an exanple dialysis tube inplant for a choroid pl a€T 2003
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235 fenestrated endothelial cells of an almost continuous layer of capillaries.

The account of which we approve conceming the circulation of cerebrospinal fluid is as
follows: The choroid plexus comprises a well-folded sheet of epithelial cells supplied with an
extensive capillary bed, together with “a weli-developed adrenergic and cholinergic nerve
supply” (Lindvall M et al, Acta Physiologica Scand Suppl 1977; 452, 77-86). Most CSF
240 originates within the choroid plexus tissue as combined ultrafiltrate and secretion, while a small
amount originates in subarachnoid and perivascular spaces. This circulates unidirectionally
through the cerebral aqueduct or aqueduct of Sy]vius into the fourth ventricle, then through
the median foramen of Magendie or lateral apertures of Luschka, then into and around the
brain and spinal cord. The fate of most CSF is reabsorbtion into the blood at the arachnoid
245 villi and through capillary walls. In the adult human about 430450 ml of CSF is produced
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central nervous system, such as during early postnatal life, presumably depends at least in part

on a trophic factor.

270 It would appear that placement of an artificial choroid plexus comprising active epithelial cells

behind 2 mutually protective bamier within a ventricle would provide a route for the

introduction of substances into the CSF without having to cross a blood-brain barrier. Initially

we have explored those substances naturally produced by choroid plexus epithelial cells.

Known factors include: mnsulin-like growth factor (JIGF-II), transforming growth factor alpha 5
275 (TGF-a), retinoic acid (RA) which may be an essential trigger for neural differentiation, perhaps |

nerve growth factors (NGF), and possibly, because these factors are present in the CSF, vaso-

endothelial growth factor (VEGF), and fibroblast growth factor (FGF). The choreid plexus also

synthesises a variety of binding proteins which act as directed carmiers of trophic factors.
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preparation of choroid plexus secretory cells suitable for encapsud GOCDHI0I

and tests. Al procedures are carried out in "GW" licensed facilities,
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290 (2) Thmqtmfmﬂnwmrm dal secretory cells are then separat ed from

cel lul ar debris and undi gested tissue aggregates by filtration and then
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exanpl e may be checked.for .viabili by .dye, ch, ion. (5) The secretory
functionalit EF‘?“cDﬁ%"Eifé‘aaa@PhE E’ﬁm’\ﬁ\(‘ﬂﬁgé‘"&% ag“ﬁl‘%ﬂ"ng the "conditi oned

medi a" ved fromth dhor oi d pl exus cells. 2 and Table 1)

F
Furt he%got et thentact chpropdakisecietony: pells, Ats) thens separated) g’g?“ Q‘?h“é@@)fm@’%teﬁbl lity

to produce |tsheldggrgated bY iAo akddn dpediedced S@umame»daﬁﬂg(ipmsﬂﬁhewcl ude
any particular step to effectively exclude cells other than epithelial

cell's: ther™ &y PRy KRNI {%Pe“fquml%m%gﬂ adried 2hdumen sem abumipg  he

|'i ke co-exi Sind 195¥niciRRwIBpiSMPdiA. ar in vitro growh patterns, and may
interact. There is a possibility that useful inter-relationships between

choroi d epjj gk b me%énﬁn@mteatﬁhsrev&eﬁlph&s Wich mexwé R‘ém&h%mn%%m may
be exploited in order to make a nore effective I'nplant. 0 O CT 2003 V\D
00/ 661278 in the attachment of the celis to the inner surface. A preferred t:eatment comprises previous

exposure of the well to a 0.025 mg/m] solution of laminin (Sigma L2020) for 2 minutes.

(This is notably more successful in terms of surviving cells, which have spread about, than

agarose).

{4) After a predetermined period of culture, typically 24 days at 37C, the cells are harvested
300 and for example may be checked for viability by dye exclusion.

(5)The secretory functionality is checked using an m vitro culture, using the “conditioned
media” removed from the choroid plexus cells. (see Fig 2 and Table 1) Further tests may
include functional tests such as measures of the ability to produce IGF-II or TTF.

Note that this example procedure does not include any particular step to effectively exclude
305 cells other than epithelial cells; there is a possibility that fibroblasts, endothelial cells, and the
like co-exist, may assume similar i wvitro growth patterns, and may interact. There i a
possibility that useful inter-relationships between choroid epithelial cells and other cells not

from the choroid plexus may be exploited in order to make a more effective implant.



PCT/ NZOOr 00064 Assessnent of neurotrophic bi oassay technique for testing
condi ti oned nedia from processed 310 choroid cells. For this expedih@fit2003
cells of the Sks cell line (a neuroblastoma) were plated into a sterile 96-
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A dopamine uptake bioassay technique for testing conditioned media from processed
320 choroid cells (see Fig 2).

For this experiment, mesencephalon (Mes) cells - which would include glia and neurones -
were isolated from E15 rat fetuses and incubated .in MEM plus 5% fetal bovine serum. Next
day the cell media was aspirated, the wells were ninsed once with MEM, 400 microlitres of N2
media added (including selenium, progesterone, BSA, insulin and transferrin) and 600
325 microlitres of RPMI media was added, containing conditioned media, to a final concentration
of 0, 20%, 40% and 60%. The RPMI includes 10 mM nicotinamide and 5% human serum
albumen. The cells were incubated for 36 hours and then standard dopamine and GABA
uptake assays were performed. The results are illustrated in Fig 2, showing that dopamine

uptake rises as the concentration of conditioned media is increased.
330 Encapsulation of the choroid secretory cells

All procedures are carried out in GMP-certified aseptic conditions. Clumped choroid cells are
suspended in a suitable sterile solution of alginate. Preferably the alginate is assured to contain
minimal lipopolysaccharide and endotoxins. Preferably the alginate includes a substrate material
such as a laminin, or the like, in order to assist cell settling. The alginate coating of the
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WO 00/ 66188 12 PCT/ NZOQ 00064 335 suspended cell clunps is then hardened
and rendered insol uble by exposure to calciumions after suitable 3$00CT 2003
di spersion. The electrical charge on the alginate coating is then
neutralised using polylysine or polyomthine. The encapsul ated material is

then furt d wth alginate and hardened. Figure 245, exanpl e
cell / cogtﬁf)r?gle‘g#ucture 100. Here, dugps of cells 101 B(%g?& n o‘?"guid 340

102 Wi BBS N saspbridled 0¥ GRRARY B theadRardbRe® bnd RYiBEred isNBIE By RipdsRtth eSiudOidns 104,

105 whi ch rlﬁ% be EI ernati alcgjtélate, pol yorni thi ne, and al ginate 'l ayers.
Pref er abl y 2PHSHH g 0 Bifefiechitcal gt on ihroilgrrie FaRg Jithen wauaised uintand 4
ar e phot onipekPgiiest o RMNInG ITHRCnbRsugk® Bidtefiil i€ Heh FrBRF Soatddhit alphdtd) and

al gi nate and coHt ai ning choroid epithelial cells. The encapsul ated cell

cl unps ar e DBHERE cultured further in physi ol ogi cal conditions with the

addi tion of_10mM ni coti nam de. 345 Thus a suspension of cell dunps each
around 50 MEEchdoVHagFamelesell { coatpg siructuge %P&nﬁewpwﬁoﬂhdphﬁ@émhw

CONpPOS 340 0Nt aitGLw SitaR! xﬁad%blﬁxp@frhiire‘?dl_lé}farstohio@aﬁh%SOFM.”W. s wiig HBSke
conveni ent node of delivery. Per ggfs delivery can be by infusion through a

spi nal t apAltematng pleipar, polyamithing, anc plgipate TaxesspPsisebly the Aanegnosh dayer atdpast
choroi d pl gneltdesiBe@itli FgurésO3 tabd 9 ﬁé%ﬁi&@@@%@&nﬁ?%@hﬁ%ﬁﬁ%
us

t rophi ¢ substances including the known itens |isted previousl p

unchar act ePPEcH: pigipHe @nd feqigpiag chemidaepithelial sltseTheoencpapistet ‘Bﬁ/ cympgpareet y of
peptides, thar&hiedavHeg i pRREdHGI Bnditohd WHENEE 288tbd 8 GGhMS nilkbtinkhiGe.

central gervous system by a paracrine mechanism Sonme of the effective

t r ophi 45 udopshMERenpign el sl clumps prch armed 5 gumensiin digmeter ssmads. I EPLWAYSI n t he
use of  exflrainfacdutil) BmPaiddhowhith RCE Wnlpld SusPirSiBR drathid Qfpel B3 v hé AN eer ed
cell line. Note that 355 endogenous growth factor binding proteins nmay play
a useful p&pavepentmede phdeliveryonPariaaps dgliveni gag be e igfugion Hhough erspinflr M t he
ventricl e takvhifest tpepforndCti On Wi thin the parenchyma of the CNS; exanples
being 1 G--BP2 and possibly follistatin, G+BP. EXAMPLE 2 Thread-|ike single
| P} ant s A, hihos® WP oA ardiBASAORLP HERR A Bf R BASE SUBARLSE Afeff

gl obul es 360 containing cells. For exanple,” 1f a single globul'e breadks,
the cePPl Wpehic mbsageep dncudingatbe dnown [ifeme) lised pregionslc (plHsansharaieriseda tropdic

| mmunol 0gi ¢@lor QIR Cls! Ao I’ RIS & £ Varkedf smaeaﬂgééﬂ%hérébgeg&&ng“a Behidfia Y D€
carried by the cells. A'So, neurosurgeons are understoo 0 prefer to use
t hreads bédiaease oniibs calls of thel eentalinstvonysystepulyas piragping meshanisoh Seme gifidiet s

and drai na uggng-' ' theter SO o] e 0 r-an
ventri cl es.gﬁescgﬁgi ca %ug% ni qﬁgvglibgragtyﬁtejﬁ?al@%g% ’gﬂr%d'sllg%ée@ﬁs‘@gh?gs%%l of
these are weiracts cfinma sl pathcall, opmurinigi pigany rrbamae ¢ngipeered sethdiner Mpkgthao t he
I nvent i ' | %Hﬁ 'éﬁfﬁ‘ﬁ,ﬂ L.ani.f i . ' .
t echnoFggy efé%gésl%olg?%réwgh ' i rgwéx ?ﬂa9'ﬂia§r ) 8k m%s Btren'ggﬁj 'fo(i'%!mymg

the growth factors from the ventricle to the site of action within the parenchyma of the CNS:

examples being IGF-BP2 and possibly follistatin, GH-BP.

EXAMPLE 2

Thread-like single implants are for several reasons preferred over a loose suspension of globules
360 containing cells. For example, if a single globule breaks, the cells within may be released with
adverse consequences such as of immunological rejection, or transfer of latent virus infection
that may be camried by the celis. Also, neurosurgeons are understood to prefer to use threads
because they resemble existing tubular implants such as shunts, and drainage and monitoring
catheters for use in the intracranial ventricles. Surgical techniques for the placement and later
365 removal of these are well established. An ability to remove implants according to the invention
i likely to be useful. A significant amount of medical technology exists (e.g. "Medtronic”,

California) in relation to shunts, and drainage and monitoring catheters for use in the



California) in relation to shunts, and drai nage and nonitoring catheters
for use in the 300CT20(13 WO 00/66188 13 PCT/ NZ0OO/ 00064 int racrand&I0CT 2003
ventricles. Therefore, exanple 2 conprises conpatible objects for the
delivery of xenotmmsplants in the formof living cells within selectively

per neabl e {4 6/51'98 Such tubing 370 conprises a kind of dlfeplﬁﬁglmgq“ N

i npl ant abl e "device that carries eithet3dan inner surface

| am ni n i nineheefial tvontiO e CPhekdXste C&hﬁlﬁletz%ﬁﬁ?éés%mﬁinblméééﬂ%r aae%wehyof
hol di ng protected choroid pIexus cells as describ ove, which can be

left in pl 3ROQUEGSPlags o, the RER ;o divig opilsr vistpa selertively pempaable [utine. Spsh arhine

i Vol V@70 heorisiidel a BhE 6RYEHOSIBE, fnﬁn@ubiel devlc@nﬂt &aftle8 it G Ghel QirfaBd lining of
i ntracrani al operation; however eﬁét. possible to performit under a
PEIDC

| ocal i nst &% 1B ofilek i infucgthe %‘l‘éé%f ]&ﬁ‘?} ih@‘?éieh?%g progReted sheroids nor e

conpat i bl e plénisttetss® dbsdrikha\u8bvePivilich &RWRNSH BSlace RPY/16Hz pehSd 6f fefRbSmafiBy! d be
m ni msed. Surgical techniques for the inplantation of a conposition

accordi ng @ hie syswswdm Banshf Fmeaﬁsasq@mm an® Eﬁ@)eﬁéﬁé&’fok @an@dc.laaﬁﬁr al

ventricle, and preferably froma fiontal, parietal, or occipital approach.
The occi pi PRETALIRDAGTERVAT ithmpy, e rassibley to |negferm) i umche andocyl inplead ghg gerémE! of a

380 | aB®y abndamdtc] sdCnendd Inevvﬁm&&a.erw%m %&b&bﬁ'@h afOOideiopifle Beimtm

deposited. (It should be noted that in many of the conditions consﬁéered
as appr opr PRVer yhsre qost shawdske minimigedlat nent, stereotaxic techniques are
difficult if not inpossible owing to the brain becom ng distorted). An
exanpl e aﬁ@Wﬂd‘P@Pl%ﬁobeﬂJG ireRfangasiop of 4 ecompesition agcdsding] Itteth@fmwmtysansbet ype

hol | fib t I t
tgugﬁ\evr | m@"dgg‘?toﬁ?@é‘g’g’. ce ?I ]F%gﬁ é’é‘I“é i%gnﬁ%éb assom ét [ ons ot
coat ed cel besipgal agpropahl aFhecerppitdl approaghcbeing mérator dvasm lmevnrdeﬂ:welexm xistof a

' » f. t han of
requir ”Ia nh et QIWRY boXeed :Irhﬁlgir %@bﬁoy@ﬁ]g&?@f ﬁcﬁdé&)g% Bg%{ﬁ(at i

the fi |ch can 'be stronger r've end,
and an | namanx/efehel obyyditipma reonsideragh axc laprroiaenfoir this mofltmmenbeetarmcheved
Fig S sho S 18if b v S | et
501 and t ﬁgclglggrg délﬁg" | sfnhgﬁfpossse%l ed‘E| ggﬁthg%ﬁﬂlgg?%égo{l%&%?tﬁ a%%%t he
fibre incl etifdal gheroid| may c@@dise apss of ebumombhlmweah@lloweﬁhml doptainingefteei gs 3

4). | I
convent i oncite) OpsRMi ek il bEd bifiel o Jolh, RGO M £ fapll?
of mat 883 alassocmpnsstufrogatecabeﬂs npmamlatmmbnfanam thatygabe thie maqcahjhsraemrement
distributeg do H@{ | c&o%%ﬂhdgé %%s&laé&nefag:}eleg%é lopmevﬂbépg§rh1rsﬁ &in 6%-]05%8‘ jron.

mnimal |it a cannu toth
ventricle, Pafec@lmm ﬁbma%atawdveaendomdaﬂnrieammﬁrdlhmmanpbmm thé implarg may
conpr ehensi I ' | al s,
scal pel s, gegr?%sr%m%wéj ﬁg %Irsﬁ i a or oﬁlt g?ﬂ?ﬁ?“ﬁ%&aaﬁ%@%@‘é‘ﬁ% %gﬁgql
crani um t oand the castirer enid lmémttsemds;t)éi Thg permiehtde] porgjon @€ thesfitirel riechydes pidbular

dressi BG5S capsules 508 holding active cells (see Figs 3 or 4).

Implants may be distributed for use within a container holding a conventional liquid lLife-
support media as 8 well known in the art. A kit of matenals for surgical implantation of an
implant may also be distributed in order to facilitate a sterile, slow virus-fiee operation. A
minimal kit of materials might include a blade to guide a cannula into the ventricle, a cannula,
395 and a container holding implants. A more comprehensive kit would also include drapes, skin

preparation materials, scalpels, haemostats, a drill for obtaining surgical access through the

cranium to the central nervous system, a blade guide, sutures, and dressings.

EXAMPLE 3

Selection of cheroid plexus cells capable of expressing a given balance of trophic factors, to use
40G the term in a broad sense, is preferably done by selecting a particular species of mammal, and



EXAMPLE 3 Sel ection of choroid plexus cells capable of expressing a given
bal ance of trophic factors, to use 400 the termin a broad sense, %ﬁ 03
preferably done by selecting a particular species of mammal, and Q&JP

2003 WO 00/66188 14 PCT/ NzOQO' 00064 age of mammal fromwhich the cells are

to be har o that the cells of its choroid plexus unction
as requi ré?&n%geﬁage may be anywher e 1f4 om per haps m d- g&fﬂﬁﬁgﬁ% bef ore,
when a ch Qbfjm%ﬁfépﬁodﬁrhicﬂ%é Bk 3R 16 e tGhd &uPQFﬁs“&Bﬁa bibhs- The

out put of the choroi d |l exus - in terms of trophic factors - chahges

during deVAF¥fenstionps Fﬂ%rﬁh%@@@@%@%&@@aﬁm mitbgestationpesrtisions a
year aft ermhctschowtaqtlexa@tslmmﬁibw tcPebRhéte mpw}&.tavﬂé iR oag,%@seﬂe Mbhiy after

birth. Accordingly, nodification of harvested cel in order to mani puI ate

their prdffePti-e8 BEHf fephi¢ ifctoron C@F“ﬂ"hé“@iﬂ/ﬂ?"@mmt of tisybiaint thoehgBt i on
of genmsi CoefBdoA 4nd! fof Mps'ﬁyeﬁ%ﬁW%ﬁ%aﬂW%Y%mﬂé’%WtobﬁroE tances

when such steps are indicated. (Restriction, such as neasures to adapt the

cell's to f¥lcHienPiRh. tMoprdmely e mpdibgatiop 9fcharyserod cells inl prdariyo masipulitedthsito f or
in this i nyeRiteos BerAHS RN HRL dSirdtasenfol %&oaﬁaod b %ﬁé’b%rﬁitéml B‘M) B

i nvention may also be applied to cells taken from a "hunman source. y
be possi bl B0t e¥pegishsHPWRVEL JRafe Mag de| ipstaneesiwheneshch FEEPE 8%t requsqrcbt@@tr@uom hor oi d

pl exus celdygh fsOheddtBs fohadft tHERAL (ARERIA Withes bRy b9 po2t ReuRiy

conpensating for a disease wherein inborn errors of netabolism gﬁ ect the
CNS  viHEr elpring this invaptiamnbesepse @1 ftas histalower pQ2 mrmnertly Risyinvetion may alsdési r abl e

conpounds, gpGked4thScefi® TRER a%ﬁ,ﬂmpgﬂg%ctns 429" beOhEhIe OB boist t%\f‘eﬁ&d’lﬁ' n

that fail to secrete desirable co onth rain si
" bl ood- br aﬁl?ﬂl%érqﬂﬂ@amdfmmfeﬂr@bmb@ nles g¢llsifor Wsm@omnot@nmlmgdescmscb&ses or

for other @epehisar omPashny AFhfbsRe ws@mﬁbo@é BRgd Qfﬁglﬁg&ga rfgtg{]'tt?é ERsY

EXAMPLE 4 Thi s exanpl e descrlbes the use of a vascu anlca
const ruct i Wierein the smplanted cplls| mitabalise) and waeireby | gogsuntee anlﬂ@tfﬁbtﬂemm%m(ﬁ e |

chor 0i 4] 5Pl @¥igSnsate Swifd ;{rt}f}ﬁcﬁ%&%ér ERLn ey Mfthat%fdofsh&étg'des%ﬁ Jnd?ay be

| ocat ed el sewhere in conveni ent, preferably su cut neous or
i ntraper i t@nibepraiy 4de ofitep ?atnogmen ba}na’né%ltsonwst@d!sb@t indwnsoaral stotagy giscased a

vein. A LU JidGeucdpUile B0n.45E8h oI A5 ApeRbAlyls, | S connect ed between

the artificial organ andaventrl e or to carry the

cer ebr ospi ke output fromthe device into the central nervous
425 systeﬁ%&ﬁglﬂ ness of this approach is in part based on the

possibility that a relatively large volunme of choroid plexus material,
wel | vascuTlay iemle dewyritise thceqsei okd vhsnuhnqaqblmechdmumrsu-ummwntlsastoﬁarmrh CSF

fluid @Bd Jmﬁ dé@%lﬁﬂ:t@lle fgr é&ﬁ%]é}ﬁé”m 'Cal?gfgtl?fﬁg?sfﬁi%f 8(#‘8%‘ tha,t in

nature the C exus OVGI’ I es an array
exudi ng flhlllday be located elsewhere in the body at a convenient, preferably subcutaneous or

intraperitoneal site and surgically anastomosed between an artery and a vein. A tube, like a
shunt as used for hydrocephalus, is connected between the artificial organ and a ventricle or
the like, to carry the cerebrospinal fluid-like output fiom the device into the central nervous

425 system. The usefulness of this approach is in part based on the possibility that a relatively large
volume of choroid plexus material, well vascularised, may be required to supply adequate
amounts of both CSF fluid and trophic material for some neurological diseases.

Given that in nature the choroid plexus overlies an array of capillaries evidently exuding fluid,
it may be useful to construct an implantable module including an artificial semi-permeable
430 filter element exposed on one side to a flow of blood at an effective pressure, having on the
other side an accumulation of choroid plexus epithelial cells optionally attached by means of an
artificial basement membrane including a laminin or the like to be washed with the transudate,
and a conduit for the transudate plus growth factors leading to the ventricular system of the

brain. Preferably a filter 5 included in the outflow so that cellular material is not swept into
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It may be useful to construct an inplantable nodule including an artificial

sem -perneable 430 filter el enent exposed on one side to a flow of stliﬂﬁfgﬁj

an effective pressure, having on the other side an accunulation o

pl exus epithelial cells optionally attached by neans of an artificial

basenent npgbias& I ncluding a lamnin or the like to be W;ﬂmmsh t he
a ac

t ransudat e, nd a conduit for the tre;hsudate plus growt ors | eadi ng

to t heqdsentneiventias. 163y 88 peskiblens cithdrabistrulll 6f B @ldeYth@ oflis k&S inl tBe hiaghisided in
the outflow so that, cellular m%t erial is _not swept into 300CT200 WO
00/ 66188 18BHCH TF6, RropEnsuy, Iided asye of decactual chaugid plexpsh dn; PRFtice s e t her

construct, may bé Sorfeikefirdelein GihinSsintS £ oskiBle  rABasd loF hididzedit facRiORRMafd Fbdi C the
extensively folded nature of the actual chgroid plexus. In practice, there
may be sont®FERF FFIFRY the,dmining hlaod diythe e oL floyy & smeflespdauseiningss n proxiding
factors bagiswetidd dghifisan lek@ssive ldueint et fusd bR koE B¢ sightl R Bl opsinid hhe rate

of flow.is small, and usefulness in c;)rov-i ding protection a%ai nst an

excessiPe YOEhE (e dpid mightoampass bgod: ASnictirre Costrghdrvich o ARablreafipeing. | n a

440 wor st edétal thBmbhdd Fdniigb o 6RATHLSKR RUGRE. in Ak B6hdaY P Md Phreg@MitCe,

al so capab| e,ﬁf receivi ng external commands fromtine to tine, may be

i ncl uded i Bt Efiefh Spqhy pontrR] msansofy the JOgwWR rexlensEs, fnnefvation; feseivesy bath iy tsnt r ol
means i s t@cuidhavandht 88 Sécviory Ble b Ak icBdloid by ed both by the vascul ature
and by the secretory cells of the choroid pl exus. COVWERCI AL BENEFI TS or

2 i ot or GOMVEFCIAL RN TS PP ROV ANPAGES ol "di cease or o'
di sease, causi ng degeneration of the CNS or parts thereof, may slow down or
hal t t d?%ag@ne%?gmal Fempasiien \pf this dayention; Wwher pminisiared i petisnts o eTingr abl e
personal , E6fiPheurdIShi@C BRAMN 6r PCAREI:! Susitf dEpiRGfdon tahe ¢NG & pafh AeRlofl

pl exus cells nmay even reverse the disease process by providing restorative

treatment BRY pBe%idpwy oftplinfcadipenty e w pallistiyefragtmento This denrererss cansislesblet hei r
processes. pdribnAO8RIal BRE &DfcSic HER AN W bR i se b THoloid ple¥isABILHbEY SvelrST:

| presumably indirectly. In others, it may provide factors that are no
|l onger nat B¥eFe {heplideaenpropess dy forovidingn fesigative iredtment ofyapssiblyi wimwating mewy

agai nsisg’ f ekl of ne@dsdsA8dAt it Plocessddd i N some cases these factors nmay be
provi ded only by choroid plexus cells of fetal or neonatal origin. 455 It

be th e vl j ' J |
TRy e {haln Lot P e S b BNy AR S CSP] bKGRAb el 1o

relatively aged brain; I'nstances the use of ""new chorol
reverses (edemsoitranayxarevide) fagtatscthitngre aio langer mgturally qaessntcio . suffigent festityotot he

carri ors) Phar SRR opR, AR} chusn Wbl TN G (RS el I HEBE Y 7 SO

conpr i si ngprvifled gni/snehonid plexus cells of fetal or neonatal origin.

455 It may be that future applications simply comprise a rejuvenation of a relatively aged brain; in
which instances the use of “new choroid plexus® reverses (to some extent) subclinical ageing
processes.

Injuries to the central nervous system may benefit from trophic factors (and possibly also
carriers) that can be produced by cell preparations such as those comprising this invention,
460 inserted into the CNS.

Finally, we wish to reiterate that the description of various examples as provided in this
specification is merely illustrative, and is not in any way to be taken as limiting of this
invention as set forth in the following claims.




460 inserted into the CNS. Finally, we wish to reiterate that the
description of various exanples as provided in this specificatio

nmerely illustrative, and is not in any way to be taken as Iinitingﬁgicgﬂmg
invention as set forth in the followng clainms. 300CT p3 16 W claim:

An inplant, for inplantation into the Braln of a recipient mammal sufferlng
froma neurol ogical disease, charact@Pised in that the i npl ant conpri ses
living ceg‘éq collected fromthe choroid plexus of a mammual, at |east sone
of which fmir e choroid epithelial cells, said inplant being capabl e of
expressing at | east one product, having a beneficial effect on the
neurol ogi cal disease, into the brain of the recipient mamal. 2. An inplant

as clai med. i nagligipihi forCRPlaAGEET ine the! thaik Rak raé}ﬁer{tlﬁ{anmalvsakférﬁ.gaﬁ&n a
encapsul ated within a bioconpatible capsule, the wall of which is at |east

partially connpsieglcOtistass QrabloFisbRAT that ﬂi%'??ﬂf;lﬂx'&%oﬁgﬁ lelngt:elmmléckedng
netabolites for sustaining the cells, capable of bl ocking access

factors of theonMKENBodKS bRRIsOS 4 %ﬁﬁcatne&pkommhmhaMsQﬁmmr&dof
al lowi ng an effective anount of one or nore expressed products to exit

from the inpl gfthelia? celﬁnsdld'THlp@dﬁE béisg &b@dl@@l@xbﬁss‘ﬁlgadt 'iga%ong bRUAG RLinggd i N

that the bioconpatible capsule has an inner layer including an effective
amount of a | geHeREill effeltn iR MeRiobgRET iR, A the brﬁh%?ih@?écnp?éﬁ?ﬁxtaﬁlﬁ{aﬁ for the
living cells thereby providing orientation and support for the cells. 4.
An implant as clainmed in claim3, characterised in that the bioconpatible
capsul e conprises a globular contai nnent nmeans capabl e of holding |iving
cells. 5.2An Anapimphant zas dpigiedeld ¢lainc|lajokeapcretitedr & that i hediving célbt aehe

bi oconpati bl e capsule conprises a tubular contai nnent nmeans capabl e of
hol di ng i vi nepcgrsulaged wikhan jaryivcampatibisetapeule dhapial of fwhidhais eatrdeast partidliyn a
ventricle of the brain of the recipient mammal, so that the products
expressed fropmescd oplaammirngymeableemembrend capsblesefimadmigiigomstabsliteshéor cent r al
nervous system 300CT7003 17 6. An inplant as clained in claiml

char act er i sedsvsiinitgthe edils, dapablenef blasking acpess byfrasers bf benmmbne system of thepl exus

of a fetal or neonatal nmammal haV|n? a selected age, so that at |east
recipient mammal, and capable of allowing an effective amount of one or more

expressed products to exit from the implant.

3. Animplant as claimed in claim 2, characterised in that the biocompatible capsule has
an inner layer including an effective amount of a laminin; the laminin serving as a
physical substrate for the living cells thereby providing orientation and support for the

cells.

4.  Animplant as claimed in claim 3, characterised in that the biocompatible capsule

comprises a globular containment means capable of holding living cells.

5. An implant as claimed in claim 4, characterised in that the biocompatible capsule
comprises a tubular containment means capable of holding living cells; the implant
being capable of placement within a ventricle of the brain of the recipient mammal, so
that the products expressed from the implant may access at least some regions of the

central nervous system.




sone living cells have a predictable capability for expressing at |east one
product capable of having a beneficial effect on a neurol ogical dsgq@i?mu
7. An inplant as clainmed in claim6 characterised in that at |east so
living cells have undergone subsequent nodification in order to increase
the production of at |east one produiﬁ capabl e of having a benefici al

8.

effect on a neurol ogi cal disease. contai ner holding at |east one
inplant as clainmed in claiml1l within a container, characterised in that
the container also includes a |iquid nedia capable of nmaintaining the at

| east onegi nMplaafinplaft & cldidéd el TP drbndref 0 iR thelt W 1ivh c%r1é<£rte @Jen fRkerials
for surgical inplantation of an inplant, as clalned |ﬁ clarm1, 1nthe

central nervoue chySIdNRE ofa foB bitieBRtal HRRTIR haﬁ.tgazr{%iéfcéa ia%ee,go i Mb?otr the kit

of materials includes neans for providing a sterile site, neans

obt ai ni ng sur girkAlivin@ GEIRSBavk W HEERABID Qafbfiy WP dxBrebis GERLK Bhe 'Ey%d\éf}us .
for pl ant in

system neans for haenostasis, neans acing at 1east one’'iInp

an intended pefpable @ havihg@VRAHREEFRAI MlroldefBal ARtk @S claimed in claim S8,
means for closing off the surgical access site, and neans for dressing the

surgical access site, so that a risk of introducing an infection during
the operative procedure is mnimsed. 10. A kit of materials for surgical
i mpl ant at Yon & i@plagtpsclaied inglaim ichendctenised im ther &, least stamedlovting defleblavien t hat
the kit of materials includes neans for placing at |east one inplant in an
i nt ended posi WRd§rEoRh eibaequen medifisatidnon drdeq td npreasn s preduction oftad léast @keai m 8.

product capable of having a beneficial effect on a neurological disease.

8. A container holding at least one implant as claimed in claim 1 within a container,
characterised in that the container also includes a liquid media capable of maintaining

the at least one implant in a living condition for a time.

9. AKit of materials for surgical implantation of an implant, as claimed in claim 1, in the
central nervous system of a recipient mammal, characterised in that the kit of
materials includes means for providing a sterile site, means for obtaining surgical
access through the cranium to the central nervous system, means for haemostasis,
means for placing at least one implant in an intended position, a container holding
implants as claimed in claim 8, means for closing off the surgical access site, and
means for dressing the surgical access site, so that a risk of introducing an infection

during the operative procedure is minimised.

10. A kit of materials for surgical implantation of an implant, as claimed in claim 9,
characterised in that the kit of materials includes means for placing at least one

implant in an intended position and a container holding implants as claimed in claim 8.




