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i nvention relates to nethods and conpositions for controlling growth
of cells ncapsul ated in a bioartificial organ.
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devices which 10 contain living cells and are designed to provide a

needed netabolic function to a host. " The cells encapsul at ed
in BAGs supply one or nore biologically active nol ecules to the host

t hat may be used to prevent or treat many clinical conditions, 15
deficiencies, and di sease states. For exanpl e, BAGs
containing insulin secreting cells nmay be used to treat diabetes.
Simlarly other diseases such as hypoparat hyroi di sm and anem a may be
treated by using cells which secrete 20 parathyroid hornone and

eryt hropoi etin, respectively.

GRONTH CONTROL FOR CELLS
ENCAPSULATED WITHIN BIOARTIFICIAL ORGANS.

1ld of t Inventio

5 This invention relates to methods and
compositions for controlling growth of cells
encapsulated in a biocartificial organ.

a ound of the Invention

Biocartificial organs "BAO"™ are devices which
10 contain living cells and are designed to provide a
needed metabolic function to a host.

- The cells encapsulated in BAOs supply one or
more biologically active molecules to the host that may
be used to prevent or treat many clinical conditions,

15 deficiencies, and disease states.

For example, BAOs containing insulin
secreting cells may be used to treat diabetes.
Similarly other diseases such as hypoparathyroidism and
anemia may be treated by using cells which secrete |

20 parathyroid hormone and erythropoietin, respectively.

Biocartificial organs may also be used to
supply biologically active moleculeé for the treatment
‘or prevention of neurodegenerative conditions such as
Huntington's disease, Parkinson's disease, Alzheimer's

25 disease, and Acquired Immune Deficiency Syndrome-
related dementia. Additionally, lymphokines and
cytokines may also be supplied by BAOs to modulate the



Bioartificial organs may al so be used to supply biologically active ..

nol ecul es for the treatnent -~ or prevention of neurodegenerative
conditions such as Hunti ngton's di sease, Parkinson's disease,

Al zheiner's 25 disease, and Acquired I nmune Deficiency Syndromne- =
rel ated denentia. Additionally, |ynphokines and cyt oki nes may al so be
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system O her biologically active nol ecul es which may be provided by
bioartificial organs I ncl ude, catechol am nes, endor phi ns, enkephali ns,
and ot her opioid or non-opioid peptidészfﬁal are useful for 5
treating pain. Enzymatic deficiencies may al so be treated by using

BAGs. Al'ternativehpst! ifmihe! SEi€dh| Y other ild166i8REGUASLIRY T emOVe of
elimnate deleterio

S nol’ecul es fromthe host.. For ex | e, a BAQ may
contain cells whi E‘ﬁgﬁf’ﬁaﬁﬁe“"é‘“ﬂ? d?%il??alﬂﬁpvééﬁa/gy f6°aﬁ§f‘gg€+%lt?f'aqancsan be
used to "scavengeinchuflest eatécholamimesy @ndesphins, enkephalins yandus

" macrocapsul " BAQEh@fCok OV orSfon-opioi@ %egt&@gbsﬁﬂﬁﬁ LRI G £ErsY HAS
Pat ent 5, 158, 881) 33 Mandel 15 (MO

, onpe et_al. (WO 92/ 27 _ t al.
91/ 00119), AebF"sCHEF*‘EW?9%?{)'012859233?&‘%|“§51°13"2?Fﬁ§| fox 2539 Rhscul ar
di f f usi on chanber sreatedabysesing BAOs. diAltesinetiveiwbethe biologigaliyar

ultrafiltrati on acti¢BofbEEculdtEhy I AT @1 indREteCdfletéditng al .,
Sci ence 210: 908-910

24 'l 341
575-579 (1988): DHﬂFééggg%ifﬁs‘}’J’ﬁr‘]"i’\%Md“wg /%%:saglef%’.‘f’igd gﬁ%ﬁ“ﬁ’gé .13(70ni t ed
St at es Pat ent coft8ia, é€l)s which produce a Bg’g@ggécghby(;@q:tgve
encapsul ated hg tR8188Ghe that can be used to "scavenge" cholesterol
from a host. . '
Various "macrocapsule”" BAOs are known. See,
e.g., Aebischer (United States Patent 5,158,881),
Dionne et al. (WO 92/03327), Mandel et al.
15 (WO 917/00119), Aebischer (WO 93/00128). BAOs also
include extravascular diffusion chambers, intravascular
diffusion chambers, intravascular ultrafiltration
chambers, and microcapsules. See, e.g., Lim et al.,
Science 210:908-910 (1980); Sun, A.M., Methods in
20 Enzvmology 137: 575-579 (1988); Dunleavy et al. (WO
93/03901) and Chick et al. (United States Patent
5,002,661).
Because the cells encapsulated in the BAO
provide the needed metabolic function, it is desirable
25 that those cells optimally supply the biologically
active molecule that effects that function. Typically,
differentiated, non-dividing cells may be preferred
over dividing cells for use in BAOs because they allow
for the optimal production of the desired biologically
30 active molecule. For example, mény differentiated,
non-dividing cells produce a greater quantity of a
desired therapeutic protein than dividing cells because
the expressioﬂ of'differentiation"specific genes and
cell division are thought to be antagonistic processes.
35 Wollheim, "Establishment and Culture of Insulin-



provi de the needed netabolic function, it is desirable 25 that those cells

opti matty suppty tie—brotogrga-ty act | ve—fotecdl e t hat—efHFeets—that—
function. Typically, differentiated, non-dividing cells nmay be
preferred over dividing cells for use in BAGs because they all ow

for the opt,i..%. %%Jct lon of the desired biologically 30 active nolecule.
For exanpl e, r?gk ferentiated, non-di vi di ng cel | s pr F&TCE9H0G e at er
guantity of a desired therapeutic protein than dividing cells because
the expression of differentiation specific genes and cell division are
t hought to be antagonistic processes. 35 Wl ]heim "Establishnment and

Cul ture of Insulin- WO 96/ 02646 ~ < T

PCT/ US95/ 09281 - 3- Secreting B

Cel | - Li nes, " Met hogiserdt f5ity VDY Lihes, * MethBds223- ;, & ular

replication capacity - c ses as | ['s_di tenftate. In ny cases,
proliferation and Ri {433 e%ﬁc%ea{]l%%ﬁ%ar ecﬁg‘ﬁb‘ FFyrepgl‘éié*?ﬁiWa‘eg%bs,
"Oncogenes i n Cel |dgcreases dsnanlils dififeventidte: f f Tnamanyit¢ases, 13,

Anti cancer Res»d fferdtichl hhd &3%2krentiation are muthigiiype Of _
differentiated él ssue i s dvant ageous because ﬁgﬁﬁzﬁ&t I onal properties
t

of 10 tissue dedir e]f‘lﬁi‘ﬁ‘fco PS5 0 YPFRESNESEAR of t en been
defined by the probusartssl ifatdidn’ eandnDiffetentiatiesy® 13, \Anticahgether

adrﬁntage to the Hﬁ%“gh?ﬁh §QiﬁﬁgPﬁqh5§§§q, n?n-qrviding cells is thﬁp t he
tcﬁr n, | eaggn?gr rr;\nrfa Ippedi gt ﬁ%ﬁ’@slﬂ%’?g?lggﬁggnggé%/g‘h%’%f%%%% f or15t -r|1-e| > 0
reci pi ent host. Adfivanhagdaous becagisef thenfiunctilonal | propertiiss @f suit ed
for use in BAGR tisHie uediGaRs ot ‘iﬁ@B&@gwéﬂoR”ﬁG@'é BAD haS\RE ¥t
bi ol ogi cal Iy acti VoeftrIaDrl %%uelnesaeflirr]leséu Y Eﬁe brlo;erties of differentiated
tissue jin vivo. Another advantage to the use of
differentiated, non-dividing cells is that the cell
number within the BAO will remain relatively constant.
15 This, in turn, leads to more predictable results and
stable dosage for the recipient host. Additionally,
differentiated cells are better suited for use in BAOs
which encapsulate more than one cell type secreting
biologically active molecules. In such BAOs, if
20 dividing cells are used, different cell types may grow
at different rates, resulting in the overgrowth of one
cell type. By using differentiated, non-dividing
- cells, the relative proportions of two or more
synergistic cell types can be more readily controlled.
25 Although in many instances the use of
differentiated cells is advantageous, there have been
various problems associated with utilizing
differentiated cells directly isolated from mammals.
First, there is the potential contamination
30 of the isolated tissue which may require that the
tissue taken from each animal be subjected to costly
and time-consuming testing to assure that it is
pathogen-free.
Second, tissue can be damaged during
35 isolation due to the use of mechanical or enzymatic



20 dividing cells are used, different cell types may grow at different.

rates, resulting in the overgrowth of one cell type. By using
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ol ation
procedures in thém?ﬁﬁﬂﬁﬁqﬁﬁ1ﬂﬁﬂiﬂ&%@tl?ﬁé are ﬁ%EH%&H?%ﬁ ul ations are

not al ways easi | ystandaatciuiat direatltiegulihi wgriabititwibdtweerbet ween
i solations. 5 glhird, ischem a may occur during isolation

causing tissue dalrr%t%leatmn Foyrth, reproducib)e yields.my be
difficult Decause of vaAMFG.oiSchemip BAR ACFEr Juring ign t he
age, sex, health,c&usinguﬂ;sﬁuﬁldamabethe source 10 aninmal can affect the
yield and quality of the ti h, reﬁ&o&ﬂ&fﬁfétyields may be diffilkuie
sonetinmes there is not enouq’ sour.ce tI,ssue to neet proj.e ed
demand for the BARgcausg Of vardakipns; ip Lisgpe4on9rs: ¢ ﬁ\ﬁﬁ'@]l”?

source tissue 15 thensgpe f rm,almaﬂlth,shbenlonayastmuem.d:nmesq!th e
10 animal can affect the yield and quality of the tissue
of interest. o _

Fifth, sometimes there is not enough source
tissue to meet the projected demand for the BAO. This
occurs for example, in a case where the source tissue

15 comes from a small sized organ or where the ultimate
need for tissue amounts is high. If the source of the
isolated tissue is human, there is fregquently a severe
shortage of donor tissue. : _

Sixth, in some cases, it is desirable to

20 genetically modify the cells used in the BAO. Non-
dividing tissue to date has been difficult to
genetically modify in vitro and the yields and
properties of the modified cells may be uncertain.
Thus, because of the foregoing problems, while the use

25 of differentiated, non-dividing cells is desirable, a
need exists for a method of producing and maintaining
differentiated, non-dividing cells for encapsulation in
BAOs.

Because of these problems, dividing cells and

30 cell lines have been favored for use within BAOs to
provide the needed biological function. One important
advantage in using dividing cells is that such cells
may be grown to large numbers in vitro and screened for
pathogens and banked. This allows an almost unlimited

35 supply of tissue for lower production costs. Selection
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Si xth, in sone cases, it is de5|rable to 20 genetically nodify the cells
used in the BAO  Non- dividing tissue to date has been difficult to

genetical ly vitro and the yields and properties_of the
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probl ens, while the use 25 of differentiated, non-dividing cells is
desirable, a need exists for a nethod of producing and maintaining
differentiated, non-dividing cells for encapsulation in BAGs.
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favored for use within BAGs to provi de the needed biol ogi cal function.
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may be grown to Iagge nunbers .in vitr ogens and
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production costs. iewpmavedcharacteristiess/ 0368ddtionally, dividing cells
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cell sorting or ni n e ban
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cells ~and cel |td i irgxraduraniet exwiogoue tecgmheb&nteh@hn@kl¢wg)m&hﬂ:han
differentiated, nopggd yﬂﬂiﬁﬁﬁ]‘%‘i'e% £52€ tAR Ei’i:&rat%géloof “\F!E?ggkﬁﬁﬁx%n or

het er ol ogous reco QWS mnman
alteration of t hengfitﬁﬂﬂ'il@? St cenﬁné‘ﬂo%p&“ﬁi’pﬁgﬁge‘? BtRe BRI é‘ﬁ'&f in
the BAO This - im thwm prroondidess foer aaggeakeer dilversity yobftherapgnhid ¢
10 uses for BAG. uses for Baos. However, as discussed supra, the
However, as discussed supra, the
disadvantages in encapsulating continuously dividing
cells in a BAO include poor regulation of cell numbers
in the device that may result in less predictability in
15 production of the desired biologically active molecule.
While in most cases it may be desirable to
limit or minimize cell growth within the BAO, in other
cases, e.g., where the BAO is implanted in a "hostile"
environment, it may be desirable to allow the cells to
20 proliferate slowly to maintain cell numbers in the BAO.
There is another problem associated with
encapsulating cells in general. A variety of cell
' types have cell adherent properties such that cells
tend to adhere to each other and form dense
25 agglomerations or aggregates, especially if there is no
adequate substrate available for the cells. Such cell
clusters may develop central necrotic regions due to
the relative-inaccessibility of nutrients and oxygen to
cells embedded in the core, or due to the build up of
30 toxic products within the core. The necrotic tissue
may also release excess cellular proteins which
' unnecessarily flood the host with xeno-proteins or
other factors which are detrimental to the surviving
cells, e.g., factors which elicit a macrophage or other
35 immune response. This problem may be exacerbated when
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PCT/U89F/?9§81 B%z)dense colonies of ﬁell growthbor form f?%idl iy e f
creansulated 1 gk, the = Soda S A rame T B el LSS ©
f ewer host suppbeed mediated dyrcelirsurfiece adhesion preyE@ngyn 5
addition, vasyg Peaslys! e BYsARY T & WighhGeBAbblic activity may Bese
dense CeIIuIar nas§g€1gggarf¥rgégcepegble to the effects of oxygen or
nutrient deprivation, and die shortly after becoming
embedded in the center of a large cell cluster. Many
endocrine tissues, which normally are sustained by
15 dense capillary beds, exhibit this behavior; islets of
Langerhans appear to be particularly sensitive when
encapsulated.
There is a need toc have a method and
composition for controlling the growth of encapsulatead
20 cells which combines the various advantages of both
proliferating cells and differentiated, non-dividing
cells. The present invention provides methods and
compositions whereby cells can be proliferated and
expanded ‘indefinitely jin vitro and where the balance
25 Dbetween proliferation and dlfferentiatlon can be
controlled when the cells are encapsulated within the
BAO so that the device performs in the desired manner.
This invention thus allows regulation of the cell
number within the BAO and may therefore provide
30 improved reqgulation of the output level of the capsule.
This invention also provides methods for gontrolling
the growth of cells by controlling cell location within
the BAO, thereby reducing the fotﬁation of undesirable
necrotic cell cores in the BAO. Controlling the cell
35 number and cell location within the BAO also provides
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cel | -.surface adhesion protei A8> 10 Cells or tissues with a high netabolic
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problems by providing methods and compositions for
contreolling the distribution of cells (i.e. cell number
or cell location in the BAO, or both) when encapsulated
in a BAO. The methods and compositions of this.

15 invention include (1) methods and compositions for
modification of the cells that are encapsulated within
the BAO and (2) methods and.compositions for modifying
the growth surfaces within the BAO. :

Methods and compositions for cellular

20 manipulation include genetic alteration of the cells

with a gene which encodes a product that influences

 cell proliferation or differentiation. The treatment
may comprise providing a chemical compound or growth
factor vhich inhibits proliferation or induces

25 differentiation. Alternatively, the treatment may
comprise removing from the growth medium a chemical
compound or growth factor which stimulates
proliferation or inhibits differentiation. The
treatment may be before or after encapsulation in the

30 BAO, preferably before encapsulation. @ Additionally,
cell proliferation may be controlled by irradiation.

Methods and compositions for growth surface
modification include coating at least one growth
surface within the BAO with oné or more extracellular



encapsul ated cell type. This is because the required devi ce . s
characteristics are nore readily determined for 5 a fixed cell popul ation

than for a dividing cell popul ation in the BAO. Additionally, long term’
delivery of biologically active nolecul es can be achi eved. -
Summary of the Invention 10 The present invention addresses the

f or egoi ng VO P36%s by providing nethods and conpositiond 1
controlling the distribution of cells (i.e. cell nunber or cell .

| ocation in the BAO, or both) when encapsul at ed in a BAO The net hods
and conpositions of this 15 invention include (1) nethods and conpositions
for nodi fi cation of the cells that are'eﬁcapsulated W thin t he BAO
and (2) nethods and. conpositions for nodifying the grow h surfaces

mani pul ati on i ncl etic.alteration of the cells Wi a i ch
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may be before or %Jg&'i_:@%%ﬂ'aat W89 b8 4bPivELBAQ Wae hehlivalbebsr e
encapsul ation. . Addi ti'don%le:gé.tb cell proliferation may be controlled by
i rradiation. peptide REd¥e8nd conpositions for growth surface

nmodi fi cation include coati nFnamddd&denona growkln surfage ofc&hgi BAPNCRRe BAO

W th one or Nj® & hieAlfidd@by chemicalEr&Stmeitito inhibit cell

PCT/ US95/ 09281 attachment or to enhance cell,attachment to the BAO's
luminal surface. Further, the growth surface can be
modified by addition of an inert scaffold prior to cell
loading. The scaffold physically inhibits cell

15 outgrowth and provides additional sites for cell

attachment. It is to be understood that the various
methods and compositions for cell modification and for
growth surface modification are not mutually exclusive

wi thin the BAQ mrix molecuYeENQUECcARf, CORROSEdML Hay e eBhkelar 20
ude

and may be used in combination.

20 | ief De iptio; é_ The D ings

'Pigure 1 depicts the plasmid map of a
construct containing a 2.3 kb.fragment.of the murine
Mxl promoter fused to SV40 early region, followed by a
BamH1-Xbal fragment from mouse beta globin 3°

25 untranslated region. _ _

Figure 2 shows NGF secretion (ng/ml/24 h)
after 4, 11 and 25 days from BHK cells encapsulated in
control,'underivatized-membranes (shown as "O%" in
legend) or 1% or 5% PEO~-PDMS derivatized membranes

30 (shown as "1%" and "5%", respectively, in legend).
Cells were encapsulated with no matrix (shown as "no
mat" in legend), a Vitrogen“ matrix (showh as “"vit" in
legend), or an agarose matrix (shown as "agse" in
legend) .




matri x nol ecules ("ECM'). The ECVs may be coated directly onto the

| um nat—surfaceor any Tmer _suppor t W t i m—t+he- BAQO —or—onto

m crosphere carriers ("“nrcrocarriers"). Cells or cell-seeded

m crocarriers 5 may additionally be suspended in a matrix material that
physi cal |y i n@ihi ell proliferation. Further, the mat ri x eria
may be deri v%%é%t h chem cal or pepti de derivati ves FCIUSHN281

In addition, a gromh surface of the BAO can 10 be nodified by chem cal
treatment to inhibit cell attachnent or to enhance cell attachnent to
the BAO s | um nal surface. Further, the_growth surface can be
nodi fi ed by addition of an inert scaffold 5r?or to cell | oadi ng. The
scaffold physically inhibits cell 15 outgrowth and provi des additi onal
sites for cell . . attachmpigurel 8 sRoWd® MEF UWEidaEd Gddn BHK kR 1S | OUS
met hods and conposgj tions f Lfication.an or surface
nodi fi cation are %Eob%u?’ ﬁlaﬁfz%%g%é{xggg%ina{he a%bgseqn%a‘{/e t‘)’g l?sne(?%lra%%g

conmbination.  20matrix (legeng;i cR-ERETO0P: | GIPLM-Me B 4N e '
Figure 1 depicts phasehedTbd HRPafhrdse matFDHS{YddendzONtadjatior®08,2. 3 kb

fragment of the nurine Mk1 pronoter fused to SV40 early region,
folTonwed by a > 29BERAP7RBAr fragrent from nouse beta globin 3 25

unt ransl at ed regi on. - Pigure 4 Shows odlasmei\cAteshodaminesnfran/ 24
h) Crol aftgr' 4, i»_l:xagdcahgaxe. ! o Bika Cﬁ;' g«gﬂ;@"%%ﬁ %tn@il ;is&latiorlx.o/in S0
control, underivatized nepbranes_(sho. | gen r o or 0
PEO- PDVS deri vati %éésnﬁﬁﬂggﬂeg 1§&Q(% & affﬂ%rﬁ.an angéb ?‘}é’s‘?%gct I vel y,
in | egend). * baepd cetechaiapine areleasenh Ranelnd showshHuremckeas

mat" in legendbz %a¥EEh838ﬁﬁﬂérieﬂ@$ééX-(?ﬁEWHbﬁﬁéGT&ﬂibﬂsﬂL—dopaheﬂﬂpd), or
an agarose matrixgf3NOPRLES "BRSEna'iva in 4199 Yena represent L-dopa,
norepinephrine, epinephrine, dopac, dopamine, and
homovanillic acid, respectively. -
- Pigure S5 shows release of catecholamines from
15 PC12A cells at 1, 14 and 28 days after encapsulation in
~ BARAOs having a inert PHEMA/MMA scaffold. Panel A shows
basal catecholamine release; Panel B shows K -evoked
" catecholamine release.  The abbreviations L-dopa, NEPI,
epi, DOPAC, DA and HVA in the legend represent L-dopa,
20 norepinephrine, epinephrine, dopac, dopamine, and
homovanillic acid, respectively.
Pigure 6 shows release of L-dopa from
SV40/DB4-NGF cells grown on Cultisphers™ in the
presence of an alginate matrix (legend: CS/AL) or in
25 the presence of an agarose.matrix (legend: .CS/AG) at
2, 20, 40 and 80 days after encapsulation in BAOs.

etaij escription of th ventio
Definiti

As used herein, a "bioartificial organ" or

'30 "BAO" is a device which may be designed for

implantation into a host or which may be made to
function extracorporeally and either be permanently or
removably attached to a host. A BAO contains cells or
living tissues which produce a biologically active
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-9- - Figure 3 shows NGF rel ease from BHK cell s-- .grown on
Cul ti Sphers[err] in the absence of an agarose matri x (| egend:

n- mat - 008, 0709-n-m or in the presence of an agarose matrix (legend: -
agaro-008, 5 agaro-0709). Figure 4 shows rel ease of
catecholanin@@o?éhﬁmﬁ PC12A cells at 1, 14 and 28 days af tRGIUS9S/09281
encapsul ation in BAGCs having a inert PHEMA scaffold. Panel A shows
basal catechol am ne rel ease; Panel B shows Klerr]-evoked 10 catechol am ne
rel ease. The abbreviati ons L-dopa, NEPI epi, DOPAC, DA and HVA in the
| egend represent L-dopa, noreplnephrlnel €pi nephri ne, dopac, dopam ne,
and honovani I li ¢ acid, respectively. Figure 5 shows

rel ease of cat ect}ggﬂgé%g %Q;rrhgg gqgérggﬂlwtegfeéé&p e hdaxs after

encapsul ation in Vi n in

MVA scaf f ol d. Pagﬁ ﬁ shows
basal catechol aniThe r%ﬁ%a@@&ﬁ‘&llaBtéﬁb%‘ i o3 (host ragipient,  shopid| ani ne
rel ease. The ablbe\bixicompatibdepa, AbEBFdingly gpthe EAAGhdidambtHVA in t he

| egend represent +iqg@,a A e29heREaSP sgeereepaﬂegmﬁfﬁclweo denagine,

and hoananll I c, acid, resp ect|VﬁE¥ ure 6 shows

rel ease of L-ddpa¥ rdiAperabie,qrppet eE%P?%ttﬁﬁﬁ%V(ﬂF [err] in
t he presence iﬁopuraﬂﬂyutqtnayabccur(lﬁgnndxaﬂﬁ!d&)bxnfqnnarianhef a
presence of an agay; e / 2 indi%i and 80 days
after encapsulatlon In;%?%%&%ckhﬁg Qg°u£§‘€§% YS%E%X§%rI gﬁgn of the

| nventi on Detiffius i of nutrients to ﬁ@eu%%%ﬁﬁmﬁﬂﬁ ins vpioartificial
organ” or 30 " BAidtrimentddyvietfeckischaynylise thnlqﬁ:xtéjnction lofplthet at i on
nto a host ofo Wide di° rilaskOpr toﬁyec PO R and

ei ther be permanent r.enovab attac host 3A8 %ontalns
cells or i vi bRy S me\m&n%m CBYap %?)caq’ﬁ’“ he Pao to

surrounding host tissue. .
BAOs comprising encapsulated cells may be

constructed with immunoisolatory properties which

15 hinder elements of the host immune 'system from entering
the organ, thereby protecting the cells contained
within the biocartificial organ from detrimental immune
destruction. The use of a BAO increases the diversity
of cell types that can be employed in therapy. In

20 implanted BAOs, the devices, which may or may not be
immunoisolatory, usually contain the cells or tissues
producing a selected product within a semi-permeable
physical barrier which will allow diffusion .of
nutrients, waste materials, and secreted products into

25 surrounding host tissue and retain the contained cells,
but minimize the deleterious effects of the cellular
and molecular effectors of immunological rejection.
Immunoisolatory properties} however, may not be
necessary in all cases (e.g., if the cells are

30 autologous or syngeneic to the host).

A "hiologically active molecule“ is one which

(a) may function within the cell in which it is made or
(b) may be expressed oﬁ the cell sﬁrface and affect the
cell's interactions with other cellé or biologically

35 active molecules (e.g., a neﬁrotrahsmitter receptor or

&
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- 10 - morecut e that— s, ot herapeuti ¢ effect—on—thehost———Fhe——
BAO, _upon inplantation in a* ‘HoSt reci pient, should . be bi oconpati bl e.
Accof di ngly, the BAO shoul d not elicit a detrinental host response
sufficient togy iﬁﬁﬁw 5 it inoperable or not therapeutically useful. Such
I noper abi I|ty may occur, for exanple, by formation of a - PEVEsSpsL
structure around the capsule limting di ffusion of nutrients to the
cells therein. Detrinmental effects nmay al so include rejection of the 10
capsul e or release of toxic or pyrogenic conggpnds (e.g. synthetic

pol ymer by-products) fromthe BAO to surroundi ng host tlssue

BAGCs conprising encapsul ated cells nay be constructed with
innunoi?olatory preamuthaﬁehhbﬁhmdfé&ﬁru¥¥ &t gEHNmayobet Pelbasédi syune .
systemfromenteri eGll c ai ne
m{thin t he bioartlgggrg e& Egﬁﬁggéén%§¥i 4ﬂh(¥£ i3 hgﬁe Sh? eﬁ??%n The
use of a BAO incre§§§sefﬁec .9@r%|qsparatQﬁtqﬁgqt19$ﬂés°rh§9reaﬁ Belespleyed

in therapy. In 20 iAptRatREsBAS.gl e dfdtirAandtiitit ety hofmbRY, Ngiobth
|nnun0|solatory? “§€ﬁ£$¥ cgptgygnﬁ{gzx;ﬂls or tissues produci ng a
Wi e

sel ected produc 'n & SenT= perne physical barrier which wll
al | ow di ffusion of nut r | dRtusedhereimt anlgss othervisectREcHFLedct s

into 25 SUL r ognldi nﬁhbcﬁ:ﬁm&aﬁwn]ghéaﬁi@ldutmf igPRny Fogmgelih6luding it
m ni m ze the del et 0 S 0 e u u

ef fectors of |nnun§§% #i%fééé %t?%*# rets JﬁﬁﬁﬁdT 3?3?@?9 pro%e% sters,
however, may not band lnﬁe%bﬂﬂﬁisy|1$QﬂdtQﬁﬂ§§the gThej celhe B§¢¢slare 30

autologous or $PNOEALs CihvehPfomGitdduce at least one/biolbgieglLeql aytbedive
nol ecul e” is one “Qbfgcule (a) may functlon within the cell in whichit is

made or

Control of cell distribution WLthin the BAO
refers to control of the cell number in the BAO,
control of the spatial location of cells within the

15 BAO, or both. . _

A wide variety of cells may be used in this
invention. These include well known, publicly
available immortalized cell lines as well as dividing
primary cell cultures. Examples of publicly available

20 cell lines suitable for the practice of this invention
include, L-6 cells, MDCK cells, LLC-PK cells, 8-CH3
cells, C2 cells, by hamster kidney (BHK), Chinese
hamster ovary (CHO), mouse fibroblast (L-M), NIH Swiss
mouse embryo (NIH/3T3), African green monkey cell lines

25 (including cOs-a, COS-1, COs-6, COS-7, BSC-1, BSC-40,
BMT-10 and Vero), rat adrenal pheochromocytoma (PC12),
‘rat glial tumor cells (C6), RAJI (human lymphoma)
cells, MOPC-31C mouse plasmacytoma cells, MN9D cells,
MN9H cells, ripTAg transgenic mouse derived cells,

30 8CT-1, B-TC cells, Hep-G2 cells, AT-T20 cells, beta-
cell lines such as NIT cells or RIN cells, Ntera-2
cells (Pleasure et al., Journ. ueg:osgignce, 12,
pp. 1802-15 (1992)) and human astrocyte cell lines such
as U-373 and U-937.



(b) may be expressed on the cell surface and affect the cell's -
I nteractions with other cells or biologically 35 active nolecules (e.g., a

neurotransmtter receptor or WO 96/ 02646

PCT/ US95/ 09281 - 11 - cel |l adhesion
nol ecul e), ohH;c may be rel eased or secreted fromthe cell in which
it is made a its effect on a separate target c&CrUSPSRIRL et

nol ecul e in the host (e.g., a neurotransmtter, hornone, growth 5
factor, or cytokine). As used herein, unless otherw se

speci fied, the term"cells" neans cells in any form including but

not limted to cells retained in tissue, <etd Tlusters, and

individually isolated cells. The cells used in 10 this invention produce

at least one biologically 2einkdy ce1t8 Ehikemay be used 1nc1ud€0nbrof'-0f
cell distribution withi

m
e Ut O st o). st ah DR Seh fr2 s Hadiiee Sl 10O,
or both. the CNS mf\impamadsi dRjchards| et ahy, tﬂ&ﬁ;@'l |PPt'hP§91°

invention. These ggy3 ud®9l;| Ragoer. aQUD'_ﬁAﬂ 90, pyAijend-sgoeortalized

Cebl 1 o avar 5! L ey eqBEBTREST T S o O

i nventi on |ruﬁZKﬂ$53§06 @GK#QCYNBGK ebigede4419¢¥@Q§ﬂqn9 thedns
cells, C2 cells, @, HyobaKstBlKaina Garesel chrdmiiar cedasy (CHO),

monkey cel | ?ﬁfeé%%}wafd?%%éagcg TRERTa St Y g 1 g e bERg 20"

BMI- 10 and Ver o) ,celX Xdvesnal pheochronocytonma (PCl2), - rat glial tunor

cell's (C6), Rfgl (human |ygia@lkan a168! be- cﬁ@&%éﬁamj RIr%mecyt ona

cells, MBD Ce”E}artlcular method of growth control and differentiation
to be used. For example, stem cells can easily be used
with the methods which induce differentiation by
introducing a chemical substance. Generally, stem

15 cells are undifferentiated cells which in vivo are
normally quiescent but are capable of proliferation and
capable. of giving rise to more stem cells having the
ability to generate a large number of progenitor cells
that can in turn give rise to differentiated or

20 differentiatable daughter cells. Stem cells represent
a class of cells which may readily be expanded in
culture, and whose progeny may be terminally
differentiated by the administration of a specific
growth factor. See, e.g., Weiss et al. (PCT/CA

25 92/00283).

ek -

Myoblasts are one type of cell that may be
encapsulated in a BAO according to this invention.
Myoblasts are muscle precursor cells originally derived
from mesodermal stem cell populations. A number of

30 myoblast cell lines are available which can undergo
differentiation in culture, e.g., L-6 and B~CH3 cells.
Primary myoblasts can be readily isclated from tissue
taken from an autopsy or a biopsy, and can be purified
and expanded. Myoblasts proliferate and fuse together

35 to form differentiated, multi-nucleated myotubes.




MOH cel |'s, ripTAg transgeni ¢ nouse derived cells, 30 SCT-1, B-TC cells,
Hep- G2—cetts—ATT26—cetts—bete— —eeH | Hres—stech—as—NF—eeHs—or—R-N——-

cells, Ntera-2 cells (Pl.gasure et al., Journ. Neuroscience, 12, pp.
180215 (1992)) and human astrocyte cell lines such as U373 and U 937.
WD 96/ 02646 - PCT/ US95/ 098

- 12 - WO9602646 o mary cells that may be used incl ude? 09281
responsi ve neural stem progenitor cells derived from the CNS of mamal s
(Richards et al., PNAS 89, pp. 8591- 8595 (1992); Ray et al., PNAS 90,
pp. 3602-3606 5 (1993)), primary fibroblaspﬁ,_Schmann cells (WO

92/ 03536), astrocytes, oligodendrocytes and tfeir precursors,

nyobl asts, and adrenal chromaffin cells. For exanpl e, one such nyobl ast
cell line is the Gupothbé€rfid longé¥!divides, bt continue toCpkbducen al so

be chosen dependi ng _on.the . partigular neth Qro I d
differentiation: gu?ﬁlﬁepf@EﬁﬁﬁgT%w ?nﬁﬁﬁll fg%&%&ﬁr25§g§9§%§?|§éﬁe used
with the nethods wheadilydeecgendtigally anainegred toj RreedERi ng a cheni cal

substance. General tiergpeit {6 meldcures, Unflithicdscareakadwackbs which in

vVivo are nogmal | | escent but_are capabl e.of proli i

capabl e of givi %g #’f’gﬁg‘#‘b‘:m‘i % SF NS #é\ﬂsnd‘nt emgobigé?Fi ?§ ?%gduce
generate a | arge nthecdesired diolagicaldy active molechrern t YyALLRSES i se
to differentiated gfeZSapathid oLttty dFuBInGg inebl pre-ektstingl s

Gl ture. and whoseERPSTRn AR, PHv TN A, o ors A8y ERE" ERlrbiugea |
admi ni stration of denpé®)§icVerma gpbvak: Y $r4/03d29)¢. .Q;?“V\ef%sait v al .
(PCT/CA 25 92460288¢, 9, pp. 269-74 (1993); WO 93/03768; WO 90/15863.

- The engineered cells may then be encapsulated and
allowed to differentiate in the BAO or the
differentiated cells may themselves be encapsulated.

The choice of cells also depends upon the

15 intended application. The cells within the BAO may be
chosen for secretion of a neurotransmitter. Such
neurotransmitters include dopamine, gamma aminobutyric

'~ acid (GABA), serotonin, acetylcholine, noradrenaline, -
epinephrine, glutamic acid, and other peptide neuro-

20 transmitters. Cells can also be employed which
synthesize and secrete agonists, analogs, derivatives
or fragments of neurotransmitters which are active,
including, for example, cells which secrete _
bromocriptine, a dopamine. agonist, and cells which

25 secrete L-dopa, a dopamine precursor.

The cells can be chosen for their secretion
of hormones, cytokines, growth factors, trophic
factors, angiogenesis factors, antibodies, blood

) coagulation factors, lymphokines, enzymes, and other
30 therapeutic agents or agonists, precursors, active

analogs, or active fragments thereof. These include
enkephalins, catecholamines, endorphins, dynorphin,
insulin, factor VIII, erythropoietin, Substance P,
nerve growth factor (NGF), Glial cell line-derived

35 Neurotrophic Factor (GDNF), platelet-derived growth



Myobl asts are one type of cell that may be encapsul ated in a BAO " s
according to this invention. Myobl asts are nuscle precursor cells
originally derived from mesodernmal stem cell popul ations. A nunber of
30 nyobl ast cell lines are avail able which can undergo differentiation-
in culture, ‘? L-6 and B-CH3 cells. Primary myobl asts can be readily
i sol ated fromd$ taken from an autopsy or a bi opsy, PAREISE28]c
purified and expanded. Myobl asts proliferate and fuse together 35 to
formdifferentiated, nulti-nucleated myotubes. WD 96/ 02646

PCT/ US95/ 09281 - 13 - Myot ubes no

| onger divide, but continue to produce ~ Huscl e proteins. Wile
proliferating, nyoblasts may readily be genetically engineered to

pr oduce t her anguid:C ul § idy%apdar@m kﬂRé%zf qrncr)S behiaduci ng
one or nore genes i nto esire ggl cally

obI as
active ol ecul es.@ mé\eé“' tr°HPé°c§ﬁﬁB?§ ()?Dqﬁ)gr é’ﬁ‘ﬁ trF’EgFHg i nto
pre-existing O‘N'!b-@r)s nengroteophhig-445 ¢ aCDF ALEF f WFGFhe aFGF, odbcatray

gene(s). verm elogl tl{e\éofaﬁkgiiagf ngﬁth fictdrs, cilialbyG . 9. pp. 269-74

(1993); WD 93/03768; WO 9 en eered cell.S may then be
encapsul at ed ahd NeUreRne & 28°5?Ffé?§£§1ax%béﬁ%ﬁﬁﬁ§%§§518ﬁ *t he
differentiated cells nmay tZAénsbbuid be understdiced ditom the foregoingThe -
choice of cells alpad %@ee@ilupaae}:h@ 115 14 SRAabAPRIE ERliisOinvéneisR! | S

wthin the BAO ose for et| of a neur ra sm,tt Such
neur ot r ansmi ttepfg'%cﬁﬂq?dé‘ Emeﬁa Ci?ﬂ}'b a% The aﬁﬁlféBA) -

ser ot oni n, acetydhﬂnﬂqgisplnwraéténalmnkecuIE(SXMruﬂﬂuahms tgh@tanncb30|d
and ot her pepig deraidrormed tbagsnsbiers. Cells can al so be enpl oyed which

synthesi ze and secrete agogjsts, analogs,; derivalives piologically
active molecules have been cloned and their nucleotide
sequences published. Many of those genes are publicly
available from depositories such as the American Type

15 Culture Collection (ATCC) or variéus commercial
sources. Genes encoding the biologically active
molecules useful in this invention ‘that are not
publicly available may be obtained using standard
recombinant DNA methods such as PCR amplification,

20 genomic and cDNA library screening with oligonucleotide
probes from any published sequences. Any of the known
genes coding for biologically active.molecuies may be
employed in the methods of this invention. See, e.g.,
United States Patent 5,049,493; Gage et al., United

25 States Patent 5,082,670; and United States Patent
5,167,762.

A gene of interest (i.e., a gene that encodes
a suitable biologically active molecule) can be
inserted into a cloning site of a suitable expression

30 vector by using standard techniques. These techniques
are well known to those skilled in the art.

The expression vector containing the gene of
interest may then be used to transfect the cell line to
be used in the methods of this invention. Standard

35 transfection techniques such as calcium phosphate co-



or fragnments of neurotransmtters which are active, I ncl udi ng, for

exanpl & " Cer TS W CITr Secrete br oreer+pt | ne—a—depam -re—ageni-st—and—— .

cells which 25 secrete L- dopa a dopam ne precursor. The
cell S can be chosen for their secretion of hornones, cytokines, growth
factors, trop factors, ang| ogenesi s factors, antibodies, blood
coagul ati on facf%ﬁ’og“ﬁ yrrphokl nes, enzymes, and ot her 30 therammnt S
or agoni sts, precursors, acti ve anal ogs, or active fragnents thereof.
These i ncl ude enkephal i ns, catechol am nes, endor phins, dynorphin,
insulin, factor VIII, erythrop0| etin, Substance P, nerve growth fact or
(NGF) , GI ial cell I|ne derived 35 Neurotropﬁ c Factor (GDNF),

pl at el et -derived growth WO 96/ 02646

PCTGUS95{0928&¢h fprecipltaggon, DEAE-dextran tran&ﬂectx?n, %{ fﬂrt(PDGF)

epi dermal gro ctor eur ot r iC 0

( BDNF) , neurotroph‘fﬁl‘i g“ﬁf&‘%“ ﬁé’ch}FFgﬁﬂPﬁriFg”dEﬂq? ttﬁ:@z ‘{iFGZ

an array of ot her fi br oMethodgr amehpiravided, heréinryo SOMbtt!tg)hl c

in, (O st W ufnag g ey S e | o

i i S i i

i ncl ude untrans? or‘ffé"caiucéeﬁ‘i C"ﬂ?a?"g gﬁ%ﬂ“&”ﬁﬁ%‘ﬁ%%?‘?e‘aan be | Fon 3&'541

active nol ecul e( s)pravidseld suppdy oindbifeeentiahedorm-dnmlm

Tlhe ggnesdetnﬁodl " GeriluBY ﬁdlé‘i:eﬁ' %qqgca&usin t%lélcﬁir\]ﬂe rﬁ&%&@%ﬁfg\a&een

cl oned an eir nuc | n ublis ose genes

are publicly ‘T%de%ﬂ th“%é'g H% Q@Ecﬂ§%‘”’f\{ﬁé¥%¥1;é# pe 15

Cul ture CblIectl(nnqn¥ﬂiﬁadmngvaendss wheuebylabll dlstmuhuinonEanﬂsoaddod|ng

the biologicaldy afinber withTh ehe BRoVaLEUbohProlical eiitihd haf are not
reduced formation of necrotic cell cores and reduced
cellular debris.

Control of Proliferation ahd

Differentiation By Genetic Engineering
15 _ Methods and donipositions are herein provided

for controlling cell growth by genetic alteration of
cells with a gene encoding a product that'influences
cell proliferation or differentiation.

According to one aspect of this 1nventlon,

20 conditionally immortalzzed cell lines are used to
achieve growth control in the BAO. Primary cells are
transformed with a gene encoding a proliferation-
promoting product. The prpliferation-promoting gene is
operatively linked to a regulatable prombter. The

25 techniques described by Land et al., Nature, 304,
pPp. 596-602 (1983) or Cepko, Neuron, 1, pp. 345-53

- (1988) for_producing immortalized cells can be
routinely modified to produce conditionally-
immortalized cells.

30 According to this method, cell proliferation
(i.e., mitosis) can be inhibited or arrested by
Qecreased expression of a proliferation-promoting gene,
such as an oncogene (e.g., c-myc, v-mos,.v-ﬁa-ras, SV40

. T-antigeh,bEl-A from adenovirpses). Reduced expression

35 of the oncogene is achieved by downregulatibn,



publicly avail able may be obtai ned using standard reconbi nant DNA

nmet hods such as PCR anplification, 20 genom c and cDNA |i brary screening )

wi th ol i gonucl eoti de probes from any published sequences. Any of the
known genes coding for biologically active nol ecul es nay be -
enpl oyed in the nethods of this invention. See, e.g., United States

Pat ent 5, 049WO%02@fge et al ., United 25 States Patent 5, 08PCTRSISNE]
United States Patent 5,167, 762. . A gene of interest (i.e
a gene that encodes a suitable biologically active nol ecule) can be
inserted into a cloning site of a suitable expression 30 vector by using
standard techni ques. These techni ques = &Pe~wel |l known to those skilled
in the art. The expression vect or COntaining t he gene of

interest may then, gérgggigﬁ cf%ggﬁﬁgihgseéPglﬁs? er aPfiy din the

met hods of this in I on nlques such as
cal ci um phosphat eoggegene exPreﬁH&QRﬂWﬁB@4Ghe BAO is. 1mpla“t° yivo
PCT/ US95/ 09281 in a host. Upregulation, activatibn-or deremr-'ipu'rt &™fi on,

DEAE. dextran ! anghé kg atdibl & pronot ¥y SHLFE! a1 e" 14! EEbvaRAH | o0

may be utilized reirn to con t he
growt h of d|V|§|n3chP?§Pr9%ﬁ§QHﬂF qnyﬂﬁﬂm&ﬁéégbﬂﬁﬂﬁenth5F?P¥H9?¥ﬂ¥ﬂﬁ¥99 and

differentiati on ceslbheprolifertdtcibr Gn vithbovi 8aitableppyomdters are

are ol S0 - proveledé il cen AN ARRE 1] Y100 ACRG, Mot o

non- di vi di ng cel | 8:FnheFBIRPePRigRig FGE@PPSRV&nHrEEPFeHE' $Rﬁﬁn§s\ﬁ
t he BAO are cont rwémhng estild1 g Neuroprotedotsd 8orppl i DN6-e63 NEXS9B)i c ceI |
cores and redygedyng 1ﬁfﬂffgfgn(¥“¥fﬁh)-respons1ve promoters, such as

Mxl (Hug et al., Mol. Ce .y 8, PP. 3065-79
(1988) ; Arnheiter et al., ggll,-sz,-pp. 51-61 (1990)),
retroviral long terminal repeat promoters, tetracycline

responsive promoters, e.g., the 1_9 promoter, and

15 1nsu11n-respon51ve promoters. See also, McDonnell et
al. WO 93/23431. It will be appreciated that choice of
promoter will depend upon the inténded implantation
site. Thus, e.g., glucoccorticoid or IFN-responsive
promoters are useful for implantation in the brain

20 according to this method, since thé levels of
glucooorticoid and/or IFN are very low in the brain.
Thus, these promoters would not be expected to direct
significant levels of expression of the oncogene upon
implantation of the BAO in the brain.

25 In one embodiment, conditionally-immortalized
cells are generated by operatively linking an oncogene
to a regulatable promoter. The promoter is activated
or upregulated in the presence of a binding protein.
Production of the binding protein can be regulated by

30 operatively linking the genelencoding the binding
protein to a tetracycline responsive promoter.

For example, one embodiment contemplates a
transformed cell containing a coﬁétitutive promoter
driving tet repressor expression. The cell

35 additionally contains a heterclogous gene operatively
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thhods—and~CUﬂpUSTtrons*are—herern—provrded —foe+ cont+et+rAg—eetHH——

growth by genetic alteration: ‘of cells with a gene encodi ng a product

t hat i nfluences cell proliferation or differentiation.

According to S ect of this invention, 20 conditionally inmortalized
cell lines argaﬁ achieve gromh control in the BAQ gppﬁﬁ?@”%ells
are t ransf or ned mnth a gene encoding a proliferation- pronot i ng
product. The proliferation-pronoting gene is operatively linked to a
regul at abl e pronoter. The 25 techni ques desiglbed by Land et al., Nature,
304, pp. 596-602 (1983) or Cepko, Neuron;"1l, pp. 345-53 (1988) for
producing imortalized cells can be routlnely nodi fied to produce

ﬁngLéiogg::ybroll%%r té&léﬁgjéMer% mOter°ca§fb§ﬁ?nh| LrE%Ff?ﬁ6&ét ted
by decreased eXP gt%'?’fﬁ'fi o‘fié‘ pﬁeﬂﬁ' quarg? E)SBFBﬁB??ﬁg- ﬁ’gﬂ §Ssfdn 2{1{%

an oncogene (e.g. thzsm@xomotnx;canlapwunrpesvacf by #hant¢§eﬁFPEEF$P#Ton1
adenovi ruses). Redt'ﬁ%é”‘ﬂfﬁéié&‘ ot tedf, kRaneBEPPLIENI Scoehs Eveshune
downregul ation, o ¢ ¢ pinas With Ve tet lowing othe

PCT/ US95/ 09281 ° ‘tet binds w e tet repressor jllowing oXhef . ..qion or

i nactivation of thtrymscxiptich ifactprs to dindgthe SNV BE sPoPmeERI: t he BAO
is inplanted in Viy¥Geording fhéiéﬁ¥§ entiddiGihel | Re 8AtbYéhe Ofs O6nly

der epression of the r | at gbl.e ter In vitro,res

expression 5 of ?’F%rﬁ%?‘f% qﬁﬁ?”#@ PRy igeREeSERE: eb#/‘lllné%'r r#?H ng

cell proliferationcam hetpmnlfign&ﬂHGBAMLaumxﬂr3natae presence of

10 tetracycline.

Several days prior to implantation,
tetracycline can be removed to reduce transgene
expression, and thus correspondingly reduce or halt
cell proliferation in the BAO. :

15 In a specific embodiment using condltlonally
immortalized cells, growth control is achieved using
the Mx1 promoter. The Mxl gene encodes a protein which
confers resistance to influenza A and B. The Mxl gene
is tightly regulated by its promoter.. .In the absence

20 of interferon ("IFN"), the gene is not expressed and
the gene is inducible in the presence of IFNa and IFNS.
Arnheiter et al., Cell, 52, pp. 51-61 (1990) reported
the generation of Mx1l transgenic mice that exhibited
interferon inducible expression of the transgene in

25 several tissues. The SV40 large T-antigen is capable

' of transforming and immortalizing cells derived from a
number of tissues. :

In one embodiment, the mouse Mxl promoter can
be fused with the SV40 early region and the chimeric

30 gene used to generate transgenic mice. The tight
regulation afforded by the Mxl promoter elements allows
one to control oncogene expression in tissues or in
cell cultures prepared from the transgenic animals,
thereby allowing creation of conditionally-immortalized

35 cell lines. '



t hose which can be downregul ated in vivo, including, e.g.,

gl ucocorticoid responsive pronoters, such as PNMF - (Hammang et al .,

Neur oprotocols, 3, pp. 176-83 (1993) 10 and interferon ("IFN')-responsive
pronoters, such as Mkl (Hug et al., Mol. Cell. Biol., 8, pp. 3065-79 -
(1988); Arnheiter et al., Cell, 52, pp. 51-61 (1990)), retroviral |ong

ternminal repR2?Pot ers, tetracycline responsi ve pronBCEPeSnsy. , t he
| ac pronoter, and 15 insulin-responsive pronoters. See also, MDonnell et

al. WO 93/23431. It will be appreciated that choice of pronoter wll

depend upon the intended inplantation site. Thus, e.g., glucocorticoid
or | FN-responsive pronoters are useful & |nplantat|on in the brain 20
according to this nmethod, since the |evels of gl ucocorticoid and/or |IFN

are very lowin the braln Ihg?eséﬁﬁéebf” S THRE! deAat cOf; expect ed
Faver

to direct significant expressi on of thée onéggene upon
i mpl antation of @BSAEFPﬁuFﬁG bpaphls;gpnner can be expgpdednhodi nent ,
condi tional | y-i mamrithmettdally Selﬁftﬁwﬁbgﬁnﬂﬂﬁheéehl Qﬁﬁéstlveéylllnklng

o oo o 1 ISR MG el OP L BrcfUI L,

bi ndi ng pr ot ei’n 8T ‘Pefore:ex %§tﬂm QREQRﬂH%ﬁQF?W'lnEPnQ PRefgerpd
encodi ng the bi nembgdimenp| ocheural osten ateXisy (neurosphpras) veaprbent er .

For examl e, one peapaddeeto ﬁ%&ﬁ@&é’if‘é ice cdrtA1H1AEMEAe Okl 08 2l ni ng

a constitutive promp fef repressor expr ss| on e cel
addi tionally conFéFH lgeﬂe?%P%$ﬁﬁ% methpd) pf Weiss (PQRy /02646
PCT/ US95/ (9281 92/00283). The cond:.t:.onally immo,i:%ai:.zed nebrakeskémw t he

CW- | E promohgy . chiaf E?ng\%'&@éf’ﬁ@& &an thdr® el 2RkGHsH hBed CingPEr At O
sequences, expreSS|on
implanted jin vivo in a host.

- Additionally, if desired, the conditionally
immortalized neural stem cell line can be further
genetically modified to release any of a number of

15 growth factors or neurotransmitter molecules,; according
to standard techniques. Other IFN-responsive promoters
may also be useful in this embodiment.  These promoters
include metallothionein, H-ZKb, H-ZDd, H-ZL#, HLA-A3,
HLA-DRa, an HLA class I gene, 202, 56K, 6-16, IP-10,

20 ISG15, ISG54, and 2',5'-oligo(A) synthetase. See, Hug
et al., Mol. Cell. Biol., 8, pp. 3065-79 (1988).

This embodiment is particularly suited for |
cells to be encapsulated in BAOs for implantation in |
the brain. Circulating levels of IFNa and IFNB in the

25 brain are sufficiently low that transcriptional
activity driven by the Mxl promoter is insufficient to
result in cell proliferation. In the founder
transgenic animals, the expression of T-antigen could
be induced in several tissues, but the natural

30 exprescion of the oncogene was seen only in the thymus.
However, thymic expression of the oncogene is a

relatively common phenomenon in transgenic animals
expressing the SV40 early region. Thus, in the absence
of significant oncogene expression, the cells can be

35 kept in a near quiescent state jin vivo.



this promoter can be turned off by the tet repressor. In the presence

of, t ets—transcription—occurs—becatse —5—tet- bi nds—wth—thetet—repressor——

allomnng ot her transcription factors to bind the CW-1E pronoter.
“Accadrding to this enbodi ment, the oncogene is only expressed when
tetracycline is present. Thus, cells " can be proliferated_in vitro in

t he presenceqﬁ’ etracycline. Sever al daysr"' 1

i mpl ant ati on, tetracycline can be renoved to reduce transgene
expression, and thus correspondingly reduce or halt cell proliferation
in the BAO 15 In a specific enbgginent using conditionally
imortalized cells, growh control is achieved using the Mk1 pronoter
The Mkl gene encodes a protein whi ch confers resistance to influenza A
and B. The M1 gene - o@ﬂe'ryeh%aaliﬁhaé RixbsSuds Ptee | n the

absence 20 of |nterferon " ne i s_not. ex re ed t he
gene i s i nduci bl PRSERVAF ’ﬁ&b%jﬂf tFPaFEF'P]‘aﬁnﬁeF '}f:ér% SYer et
al., Cell, 52, prtedinidues 320 genetdicaddy engu.heegemlbﬁ £Or Jisendn

transgenic mce thfjo exiididvidar prb%%bi-@f og, Ndughd! ForRy REGSSimAL Of the
transgene in 25 “several tissues. The Sv40 Iarg$ Tngntl en S é)abl e
ro '

of transfornimy HRPeAMN TR Pé"’&?tPE d&8FPyBg Fimbe
tissues. et al. | (Umitede statiese Patenke5n083 6T prEmt er can be

fused with the S\@Lgpxeéggieﬂ%@ %n@@daweeﬁh Eh&sé réfdcerserk t 0 generate
transgenic mce he tl

h ulatiqn a orde t ter
el enents al | ows Yp’tﬁﬂel]?" qﬂymr,eg g@ﬁ&égé-ﬁe—“é*ﬁr esﬁ: ﬂ’?‘fl\%i‘hggsh of
cel | cultures pregeiseddwmragulationnigemediatedaby, clrculmllg)y al | OWI ng

creation of cppdidhiiires. ”ﬁﬂﬁk@lr&ﬁﬂtaﬁn nekbs! 18€Sof this normalQy
96/ 02646 detrimental downregu g%éon o% retroviral genes to stop
' or decrease cellular proliferation when cells are
encapsulated within the BAO and implanted jin vive. In
this instance, an immortalizing gene (oncogene) is

15 driven from the LTR. ' This gene will “"immortalize" the
cells while they are maintained and expanded in vitro.
Following implantation, in the presence of cytokines,
‘the "immortalizing" oncogene is downregulated,
proliferation decreases or stops and the cells may

20 become quiescent within the device. :

According to this embodiment conditionally-
immortalized cells may be produced by retroviral
infection or DNA transfection with cDNA containing an
oncogene (e.g. c-myc, v-mos, v-Ha-ras, SV40 T-antigen,

25 El-A from adenoviruses) operatively linked to a

' retroviral promoter, e.g., the LTR promoter. We prefer
Moloney murine leukemia virus (MLV), Rous sarcoma virus
(RSV), and mouse mammary tumor virus (MMTV) promoter
sequences.

30 . 'These transformed cells will normally express
the oncogene in vitre. Successfully transformed cells
will be grown in culture using established culture
techniques. LTR-transgene expression can be stimulated
by the addition of dexamethasone or epidermal growth

35 factor to shorten the amount of time needed to culture



- 18 - In the presence of IFNerr] or IFNB, the cel

| ines produced in this manner- can be expanded - - arithnetically. as with
nost other cell lines. Cell di vision can be halted by renoval of
IFNferr] or IFNB, 5 either before or after encapsulation. In a preferred -
enbodi nent, neural stemcells (neurospheres) can be prepared from
transgeni c mMY@I0¥¥6ai ni ng t he Mx1- SV40 T-anti gen const PGEUSISNIY ¢ he
nmet hod of Wi ss (PCT/ CA 92/ 00283). The conditionally imuortalized
neural stem 10 cell |ine so obtained can then be encapsul ated and

I nplanted in vivo in a host. Additionally, if desired, the
conditionally i mortalized neural stém?@l Iine can be further

genetically nodified to rel ease any of a nunber of 15 growh factors or

neurotransmitter gl eeuhsiorﬁs&%gim By@zfpﬁs@.’ﬂ@aﬁﬁetééﬂmhq'bl@s- Qt her
| FN-r esponsi ve pronoters may al so be useful in_this enbodi nent, These

pronot er s i nEVEAkiReEal £o¥ hi cFRMMR-iRtaTEaron (TFYDYY,  FNFreAnd 1
HLA- A3, HLA- RRhasEbrmifig HpowtliStadt 6B, (TRB) , Spkeférably | Feddrar0

| SG15, 1SGh4, anga383§g%8%ggglé%%§3£ﬁf§¥fgﬁaaﬁ%?Qmp+Hgtat%8ﬂt ﬁktosfpl

Cell. Biol., 8 ofinent 1s
particul arly $ui cap berreduced| by hindaring IFRrAniven FrAREgens

i npl antation in exprbbeibﬁalnsch£h§£1ﬂéH5ﬂqud@gﬂ _gggggggg_gng | FNB in the
25 brain are suffj, y | ow 1 ] _ ) _ LyidL{ ven by
the Mk1 pronot er TS*r : SO 8PAToN. | n

t he founder Mm Zlanﬁﬁralgam eSqS?r-es{élW)df s¢ éﬁPFgﬁﬁ 3but d

be induced in seger ﬁsubutpﬁhezm-mal(maqxpseugeﬁ et ahe,

oncogene wmas %ee&.o(}lﬁ.égggg# Sirméﬁs 2567-70(1437) t@ﬂ‘lge‘éx@{:eéf' ong of the
OnCOgene s a g enorreno In transg ni c ani mal

expressing the sﬂ4g_éaaxy fegiBR: 11988 -absence = of S|gn|f|cant
oncogene expression, the cahySsﬁﬁﬂathe?éemrﬂan bed conditdonadtegnt state in

vivo. immortalized according to the above methods. One of

ordinary skill in the art can determine the suitability

15 of a given cell type for conditional immmortalization
by screening methods well known in the art, including
according to the methods provided herein.

Methods are provided herein for growth

control of immortalized cell lines or other

20 continucusly proliferating c¢ells by transforming these
cells to include tumor suppressor genes, e.9g., the p53
gene or RB gene, to halt or reduce proliferation.
Tumor Suppressor genes, or-anti-oncogeﬁes,-are believed
to be growth-constraining genes. ' See, e.g., Weinberg,

25 Neuron, 11, pp. 191-96 (1993). For example, a wild-
type p53—-activated fragment 1 (WAFl1l) can suppress tumor
cell growth in culture. It is theorized that genes.
induced by the pS53 protein may mediate its biological
role as a tumor suppressor. El-Deiry et al., "WAF1, a

30 Potential Mediator of p53 Tumor Suppression," Cell, 75,
PP. 817-825 (1993). The WAFl gene is also referred to
as the CIP1 gene. Other p53-mediated growth arresting
genes include GADD45 and GADD153 (or CHOP). See Ron

Proc. Natl. Acad. Scji. USA, 91, pp. 1985-86 (1994).
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- 19 - ﬁmnthef—em%ed|ﬁ9ﬁ%—ﬁ&kes vse—of—the———observation
that in traditional retroviralinfection: techni ques to genetically

engi neer ceIIs for use in " vivo, retroviral pronoters, e. g , the long

term nal Spegt "LTR') pronoter, are used. See, e.g., g et al.
(United State 5,082,670). The expression of genes eF

t hese pronoters is typically downregulated in vivo. It is thought that

this downregulation is nmediated by circulating 10 cyt oki nes.

makes use of this
genes to stop

normal |y detrinmental downregul ation of retrovira
or decrease cellul ar profi?ération when cells are

encapsul ated within the BAO and i nplanted in vivo. this instance,
|nnDrtaI|2|ng gen qggﬁ lve r h T 'II
"imortalize" theen(é) ce %L@\f\}t Hecjﬁ?\ﬁgyegr go%alg élsﬁ‘e{cﬂ& é]éf%m e

vitro. Fol | owihREenmiauaus iDRA Qlﬁcpﬁéeﬂrebeﬁeecéﬁ 8 AR i Eﬂgre. the

"imortalizing" oncogene |sgaaay

produced by ret% oviransformedmidh on tumopNsuppresser t gemne \wPreratively

contalnlng an

DIHEE D @€ régulathbleV pi‘Bﬁotér Ha-vge oﬁ\éﬂ Qsﬁl_i'ﬁlilleg en,

E1- A from adenoviruse atlvel Vi anDt
e.g., the LTR pror‘?"oﬁgéa) t\% r &Fert “"-‘-%Foﬁ’éﬁmﬂﬁﬂ" n%:[f "t’ﬁg T wsrltfsn
Rous sarcoma vi rushe tr(mqﬁneam Peudovnreguigtednor Wqumn Wmter

sequences.

the tranBietaely ee1fier Bpd eektﬁréuli NS{ ek | VErRIEIr €SS

t e o &oedne emh@&ﬂhd;i;t{er i hesrEErismses or
stops an e cells Qe U|escen e C
According to this er%ﬂ?'erﬁ‘m%o‘ﬁ’b‘i‘% PfaPF? 1¥”era#m%r?%ff% %’ecel | s may be

Thi s i nvention

an

25

t he oncogene i vitro.. Successfull f or ned be grown in
cul ture using {gnzﬂﬂﬁqﬁt P&y FRARS °“'te§ﬁﬁ?qﬁ§§apfﬁi%?* §85%e expr essi on
can be st|nulatedimpldaﬁamﬁ@nadGhﬁlDﬂovthEXaﬁefhméﬁmﬁﬂ(ﬁ @i dermal growt h
35 factor to shor hijrdgifl atiantandf ekppsBeefcdrt €hé Ut imd:® suppressor

15

20

25

30

b 1.3

gene occurs, resulting in reduced or halted cell
proliferation. '

The tyrosine hydroxylase and erythropoeitin
promoters may be useful in this aspect of the
invention. These promoters are typically
"downregulated” under high 0, conditions, such as those
encountered jin vitro, but are "upregulated" under low
O, conditions, like those that cells encounter upon
encapsulation in a BAO and implantation in a host.

In addition, suitable coupled or
derepressible promoter systems may be used to achieve
the desired regulation of the proliferation-suppressing

gene. One suitable system, e.g., involves use of the

APl promoter and the lac operator/PGK1l promoter system
described by Hannan et al., Gene, 130, pp. 233-39

(1993). The APl promoter is operatively linked to the

lac repressor gene. The lacO (lac operator) and
3-phosphoglycerate kinase (PGK1l) promoter is
operatively linked to the proliferation-suppressing
gene. Addition of exogenous phorbol ester in vitro
induces the AP1 promoter, resulting in expression of
the lac repressor protein. 1In the presence of
repressor protein, the lacO-PGK1l promoter construct is
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- 20 - the transforned cells. By exposing the cells to -- .cytokines,
e.g., gamma-interferon (IFN-[err]), TNF-[err] and transform ng growh
factor-[err] (TGB), preferably several days prior to encapsul ati on and
inplantation, mtosis 5 can be reduced by hindering LTR-driven transgene
expressi on. Bn9§P2e46ne and Gage, Ml ecul ar and Cel | ul ar PAEBISSYM¥Ss o
the Treatnment of Neurol ogi cal D sease, 71, ed. Waxman, S.G (1993);
Seliger et al., J. Immunol ., 141, pp. 2138-44 (1988); Seliger et al.

10 J. Virology, 61, pp. 2567-72 (1987) Seliger et al., J. V'rology,

62, pp. 619-21 (1988). Any Suifabl e ceII can be conditionally
i Mmortalized according to the above nethods. One of ordinary skill in

the art can determ Fggegggdsu&t‘@bﬁ% é’yﬁ:regona&l y._ﬁg gg #&ﬁéti&‘i-

condi tional i nmmof eni_ng mnb P t he
art, including SURPEEFEing sen%r@cwqmdgmm aaaeﬁ'éﬁe?ﬁ phorbo

Met hods are provi éstebejfii @it} mmﬁressommtehnoﬁ.m expressededthe| |
[ines or other 2008RLRRKIUSIMBEGL ! [ dUidifkebBlS Bfg! ERRST 0TI NG {hese

cells to include tunD essor genes, e. g
to halt or redécePEPéPfPEF %P@WF“PPreﬁﬁﬁﬂﬁ Qﬁﬂﬁpﬁ§s§ Prﬁﬁﬁﬁg
anti-oncogenes, are believelccordimg o Gre/vnethodst aasnmgbgeneellsem

e.g., Veinberg, g:rsﬁgEggm?&lw %ﬂ]@éné’%rfck Ay af Fahfé@an{—_§at§oﬂwld-

type p53-activate can su t unor %romﬁh I n

culture. It is thé&FPEéBgtﬁﬁ?dﬁﬁﬁes Thlsl gntdations SEdBFb?%l
medi ate its biol ogscaperatively Rinked wwra xegulatable probetey.et al.

"WAF1, 30 Rat ok S L
pp. 817a825 (f 9§§£E$kd§5gFﬁaoéﬁgél§§§T§gn3{ %R& 2§§h99a éR igﬁ%?%ﬁ.gene

Ot her p53- nedi at eGGQPoWPHlﬁrPGS?H‘W{fssed PR %Pﬁﬂéa@m?ﬂ ntR GRBFA 53
(or CHOP). See RodimplanPatfionNhbila Hesid. Ipwevdss, e8preppioo€an86e (1994).

arrested or inhibited in vitro by appropriate
downregulation, repression or inactivation of the

15 regulatable promoter, thus allowing expansion of a
desired cell or cell line ip vitro. This method can be
used with dividing cells, or primary cells that have
been immortalized. High mobility group chromosomal
protein 14, "HMG," is one example of a gene involved in

20 regulating differentiation of cellg. Any suitable
promoter that is upregulated ipn yiveo but which can be
"turned off" or downregulated in vitro can be used in
this embodiment, as discussed supra for use with
proliferation-arresting genes. In addition, any

25 suitable derepressible promoter system can be used, as
discussed supra, for the regulatiou of tumor suppressor
gene expression.

Another method of growth control uses

antisense RNA or DNA, or their der;vatlves., Antisense

30 RNA or DNA is a single-stranded nucleic acid which is
complementary to the coding strand of a gene or to the
"coding® mRNA produced from transcription of that gene.
If the antisense RNA is present in the cell at the same
time as the mRNA, the antisense RNA hybridizes to the

35 nRNA forming a double strand whiéh then cannot be

gene or RB gene, .
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- 21 - The stramdard—techmoues— or t+ranrsfoermng cel | s—with

het er ol ogous DNA di scussed abpye can be used here. Accordlng
to one enbodiment, inmortalized cell's or continuously proliferating
cells are 5 uﬁgg@ﬁgﬁ@ed Wi th a tunor suppressor gene Operatlg@?ﬁF&”%ﬁ’
linked to a regul atable pronpter. Use of a suitable r egul 1

i nduci bl e pronoter all ows expression of the transgene to be

downr egul ated or "turned of f" when the transfornmed cells are cultured
in vitro, thus 10 permtting expansion. Upgg encapsul ati on and

I npl antation, the pronoter is "induced," or upregul at ed, and expression
of the tunmor suppressor gene occurs, resulting in reduced or halted
cell prol i f er tramslated by rihosomibetbymakenprhytﬁn»qﬂxnﬁnsunke RNA
e e (Sl P R IR DB 6] k118, LiRe2 PR n ﬁﬁraﬂg,ecmn

I nvention. These pronoters are typl i hi gh
Jerr] conditions, °§M]‘a§q"ﬁ§§é’“ to gHdSuRecPedipn. wT’P% PIsf
"upr egul at ed" undesetiimd Zﬂf thecinktantdihventiohi ke tdmmué&ctceﬂdnjet

encount er upon eFLe PR g frb B 3cPALP0Ns LOR! LELN nfbckdi!

I n addition, suita I essi r onpt er e;i may be
used to achieve ©F e dé @PFé&eF§§uP&FPBH189theB W9icaLd si ng
25 gene. One suiRmdtdcalsiComsidegationst| vam. use Plivdivl. , 26§Du1mnmmnter
and the | ac operat P pr sysgem 4b Hannan et al.
Gene, 130, pp. 233- %E ong?igilsﬁgﬁgpatlvely Ilnked to
t he | ac repressor gene. AFESrﬂaﬁﬂ FPaEhbﬁe?%P?ﬁﬁm #n antisense

3- phosphogl ycerat gydrienameodifi§l anpieenser RNA to ebftenta \proliferatdone t he
5[?Lgferat|on supgﬂgﬁgfﬂg geneggge @ggbglggpg;e§§§g%ﬂgu§‘anQQpl ester in
operatively linked to an inducible promoter. When the
promoter is induced, antisense RNA is produced. If the
transformed cells contain a proliferation-inducing
15 gene, according to this embodiment, antisense RNA
production would be halted or downregulated in vitro to
- allow for cell expansion, and upregulated in vivo, to
achieve cessation or reduction of proliferation.

Alternatively, if the transformed cells

20 contain a tumor suppressor gene, antisense RNA
production would be upregulated in vitro and
downregulated in vivo to achieve the desired growth
control. .

In addition, antisense technology could be

25 used to construct any antisense gene to a gene encoding
a product essential for proliferation or
differentiation. Appropriate induction of the
expression of the antisense gene would allow one of
skill in the art to achieve the desired growth control

30 of encapsulated cells according to this invention.

It is preferred to use a regulatable
promoter/gene construct that can be manipulated jin vivo
in the event that. it becomes necessary or desirable to
induce further cell proliferation in vive. For

35 example, in the.Mx1/SV4Q construct discussed gupra, IFN



I nduces the AP1 pronoter, resulting in expression of the |l ac repressor.
protein. In the presence of 35 repressor protein, the | acO P&l pronoter
construct is WD 96/ 02646

PCT/ US95/ 09821 - 22 - repressed, -
and no expregsion of the proliferation- suppressi ng gene occurs. In
the absence 3PIY# ol ester in vivo, no repressor proPETHSISHIS]
expressed, the | acO-PGK1 pronoter is derepressed, and the 5
proliferation-suppressing gene is expressed. According to
one nethod, a suitable cell is transfornmed with a gene encoding a
differentiation- I nduci ng product. 'Tﬁﬁs'differentiation-inducing gene

is operatively linked to a regul atable pronoter. 10 According to this

net hod, the diffepganbbahhdgai Me@usg or sy&@%&c‘&‘i‘!bdtgeiﬁéﬁéémw
encapsulatlon and_in. v ation expre55|on

can be arre?ﬁgﬁeﬁ%l?ﬂhlb*?eﬂg#FﬁﬂﬁﬁlﬁTlﬁ?q&pBFHSFFSPeln vive 1
downr egul ati on, ktbBpgr BAQi may obe | desirakile die dncriegselsel]l cyuwhben e

5[??‘3} erThltgus ?Lﬁggwsa &é&@”éépﬂss gin %he néuloge%ﬁ e@caehhe% Hﬂ:i'eéééh‘icglnl .
Vhat Chave 5%, afReRfraf Tope defirey, Bl lg?s&ﬁzfﬁrm%%%mmf%

protein 14, "HMGthej BA@ne exanpl e of a gene |nvoIved in 20. regulating
differentiation of cells.  Any suitable -pronoter that .is upregul ated
in vivo but mhlchoﬁeﬂobeof Grow{hwaﬁﬂinﬁﬁfegyhtdawuaﬂgulated in vitro can be
used in t hi pyetrs ' xea 1 | o A use wth
proliferation- arrestlng genes In addltlon any 25 suitabl e derepressible
promot er system can be uselcceerding tQh%ﬁ95§§€dm§GBP§ of okhife regul ati on of
tunor suppr essor inventgeng eexmsﬁmabee exposed to a treatment which

inhibits proliferation or induces differehtiation. In

some methods, the treatment comprises prov1d1ng a
chemical compound or growth factor. 1In other methods,
the treatment comprises removing a chemical compound or
15 growth factor from the growth medium. The'treatment
may be before or after encapsulation in the BAO,
preferably before encapsulation.
. The protein or chemical compohnd'used depends
on the cell type and the desired effect. One of
20 ordinary skill in the art could screen a given cell
type for its respons;veness to a selected compound or
protein, with routine technlques.

In one method, cell distributioh is

controlled by a treatment that comprises removing a

25 proliferation-inducing chemical compound or groﬁth
factor from the cell growth medium. 1In one embodiment,
growth factors, such as epidermal growth factor
("EGF"), transforming growth factor « ("TGF—Q"),
amphiregulin, or any other suitable agent, can be used

30 to induce proliferation of stem or progenitor cells,
including cells from embryonic sympathetic ganglia and
immortalized progenitor cells, preferably neural stem
cells (Weiss PCT/CA 92/00283) This allows
maintenance and expansion of a supply of neuronal

35 precursor cells in vitro. When encapsulated in the



Anot her nethod of growth control uses antisense RNA or DNA, or their

deri vatt ; | s a—sthghe-stra

which is conpl ementary to:the coding strand of a gene or to the

"codi ng" nRNA produced fromtranscription of that gene. If the
antisense RNAy nt in the cell at the sane time as t he
anti sense RNA é'gér)‘fﬁftges to the 35 nRNA form ng a doubl e st rSﬁ‘Fﬁ’W’t hen
cannot be WD 96/ 02646 PCT/ US95/ 09281

- 23 - transl ated by ribosones to nmake protein. Antisense RNA can
be adm nistered to cells either via nicroigj?%tLon or bulk addition to
culture nedium The preferred nmet hod of e instant invention is to

transfect target 5 cells with eukaryotic expression vectors. Neckers
et al., "Antisenscabsehtel ofythd&ie maliderdtion-indading gPowthi fattors,

Consi derations", 3. J | pl t,gﬁ.'-'g | 55 hysgol ., 9),
pp. L1-L12 (1993)é€§e ne&¥u§%i)preccof%%#%gfg Fﬁ?%geﬁ%gE?%% t%ﬁ%n anti sense
10 gene encodi ng aAif&exentiabeso either a proliferation- i nduci ng gene

or a tunor suppressor gene Ckie hfeuronalpPraicursby celisdmay be furitihedl e
pronoter. Wength I [,S..1 e ' Py, i s oduced. |[f
t he t ransf o?me %% 'FJS) g%ﬁég{fnéén&%lﬁ% g’?at% ?-%%%ﬁ%gﬁc' n 15‘8‘3?1@,

accordi ng to this eheverheesternnton arawtinen a £ixed snbP8Rrake! d be hal t ed

or downregul at ed | ineldding Oionicallly\enadigedcurespasssach asdpopy-<mrl at ed
Invivo, 1o achiele CaRe gl AL e adiqtleonnaf (RECLLKET 8L T on
ernatively, if e transtorned cells contain a tunor suppressor gene,

anti sense RNA Bifterenbirtinn daye algode induced byt Ereafment with a
downr egul at ed 10 vihembér of Nty FAMTaldIy 46 gomabliRationCwithcat least 1

member of either the ciliary neurotrophic factor (CNTF)

or nerve growth factor (NGF) family of factors as

described in Ip et al. (WO 94/03199).

'~ In another embodiment, a multilineage growth

15 factor produced in the stroma, also termed “mast cell
growth factor," "stem cell factor," “c-kit-~ligand," or
"Steel factor," can be used to induce proliferation of
hematopoietic stem cells. To maintain a supply of
dividing cells jn vitro, hematopoietic stem cells are

20 cultured in the presence of mast cell growth factor.

' To arrest or reduce proliferation, the mast cell growth
factor is removed from the culture medium. This can be
done before or after encapsulation, preferably before
encapsulation.

25 Examples of other multilineage growth factors
that promote proliferation include interleukin-3 and
granulocyte-macrophage colony-stimulating factor. Mast
cell growth factor can also affect cell growth in
combination with other multilineage growth factors, or

30 1lineage specific growth factors, e.g., erythropoietin.
For example, mast cell growth factor is thought to act
synergistically with IL-3 in inducing proliferation and
differentiation of highly enriched murine hematopoietic
stem cells. Galli et al., "The Biology of Stem Cell

. 35 Factor, a New Hematopoietic Growth Factor Involved in



In addition, antisense technology could be 25 used to construct any

anti sense gene to a gene encodi ng - a product essential for. prollferatlon
or differentiation. Appropriate induction of the expression of the
anti sense gene woul d all ow one of skill in the art to achieve the -
desired growh control 30 of encapsulated cells according to this

i nventi on. W096/02646 It is preferred to use a regul at abPETUS9S09281
pronot er/ gene construct that can be nmanipulated in vivo in the event
that it beconmes necessary or desirable to i nduce further cel

proliferation in vivo. For 35 exanple, in the. Mk1l/SV40 construct discussed
supra, |FN WD 96/ 02646 = 26 -

PCT/ US95/ 09281 : - 24 - can be added
local Iy or systergeeal 'c\élhORbBQESEiBHC‘Dg iH.€32RNRegA) BBErease in
cell division in vivg BAO nay e5|ra e to 1ncrease cel
nunber to reﬁﬁhcgoﬁggd(égppg in the BAO ‘or to achieve increased 5

out put of the desired b|oIGglaabtpeacmevnodmﬂixnhus'ﬁmvwmtlonbheoﬂmtpl
Qont rol of & owt lyed)d higeeREhBLoANIn tnEVeA® ey ehemhIveGOBPOUNdS
Accordi ng to anot her Eﬁn nve tlon &ﬁ%&g% g&¥ e?gosed to
a treatnent whm cProviding g; QeﬂiﬁP}f%?ﬁ?? FFPE, H% tion
I n sone net hdohikilks beéatpenlitenwtismsoqnxnduﬁeﬁgd&ffereohéﬂtéam_
compound or gr oy 86iiRhnie! Brol BREr#BLORCEN LIt RE o cat mENt compri ses
renovi ng achemc n‘ggg % ﬁgiowthfacto fro%hefﬁ gedlum
The treat ment rgatY éFaPB' pauFing %ﬁﬂgﬂﬂﬂﬁkﬂﬂ Yo e 2BROF
pref erably bef or &cerkbdss mekhpdn.
10 It will be apprecxated-that-different cell
types may respond differently to various chemical
compounds. One of ordinary skill in the art can

routinely screen a particular compéund-to determine its
effectiveness in affecting proliferation or

15 differentiation of a given cell type.

In one embodiment, cytokines, including,

e.g., transforming growth factor Bl (TGFB1), may be
used to arrest or inhibit cell proliferation or to
induce cell differentiation. For example, decreased

20 proliferation and enhanced differentiation in BHK cells
can be achieved by exposure to TGFS1 and ascorbate.
Similarly, TGF81 can be used to induce differentiation
in fibroblast cells and also as a growth inhibitor of
keratinocytes and endothelial cells. Phillips et al.,

25 "Ascorbic Acid and Transforming Growth Factor-B1

Increase Collagen Biosynthesis via Different
Mechanisms: Coordinate Regulation of Proal(I) and

Proal(III) Collagens," Archijve ioc ist and
Biophysijcs, 295, pp. 397-403 (1992).
30 In another embodiment, TGFS81, serotonin, or

FGF may be used to control the growth of neuroendocrine
cells. The growth of neuroendocrine cells can be
regulated by their own products in an autocrine
fashion. TGFBl1 is an autocrine growth-inhibitory

35 factor for human pancreatic carcinoid cells (BON),




The protein or chem cal conpound used depends on the cell type and the

de5|red‘ETTECT‘“‘fﬂe—uf—iﬁ——vrdrnary—sklFk—rﬁ—%he—art-eeu#d—se;een—a-g;¥en____

cel | type for its responsi:veness to a sel ected conpound or protein,
with routine techniques. In one nethod, cell distribution is
controll ed by nt that conprises renoving a 25

proliferati on-‘??i%@?#&echem cal conpound or growth f act or PEFERISORBI ¢ |
grow h nmedium I n one enbodi nent, grow h factors, such as epidernal
growt h factor ("EGF"), transformng growh factor [err] ("TG--[err]"),
anphiregulin, or any other suitable agent, _Cap k be used 30 to induce
proliferation of stemor progenitor cells, Tncluding cells from
enbryoni ¢ synpat hetic ganglia and i mortal i zed progenitor cells,

preferably neural wii¥e FGFr caeidl Eerblbhsn E’QI/&?:&&‘QEE&;%WW s allows
mai nt enance and e’%&%}{ﬁ}&g %ﬁg%%' y O&n”%gg% HEEH ¥ 1S o

vitro. \Wen enca
PCT/ US95/ 09281 @ the-growth of BON cells can be. rq!prsed by agisition of

these prolifer atlwdﬂmmg %ew&an&asi:orét al.,t*&tﬂﬂﬁdﬂb@ﬂ GRoRl slor
eur ona

|1 di vy di ff
gseczrggﬁsgel : ‘é', Il&qj'o“ &T%élp a ﬁ%ﬁ%ﬂ%ﬁé"?ﬁ“&?f??ﬂerﬁﬁ'ﬁ & eat nent
with, e.g., piﬂnﬂsﬂlﬂgdsﬂer 32¢r Pgr ORBH-3B0 (3993 substrate,

i ncl uding ionically char gedAS%i:iae CBtﬁézpahé&nicals nayy W1td ¥adused
pol y-L-ornithine and the I| ren éﬁ on, may .al so be induced by
Pty

treatnent with a B¢ & 8f thgome 9 FARCES PEast
1 menber of emmhabxﬁh@reﬂnferytmenrorrummmqefdxﬁﬁnrqnyiﬂtpon ofor nerve

growt h factor yo\NGoelial | ¥hekel 8hkRica®S inc1@Ee Ghitfydih ) S-bromoVO
94/03199) . deoxyuridine (Brdu), prostaglandin E, (PGE,}, dibutyryl
CAMP, l-8-D-arabinofuranosyl cytosine (Ara-C),
nicotinamide, and heparin. Mitomycin may be
particularly suited for controlling proliferation of
15 encapsulated B8HC cell lines. See, e.g., Radvanyi
et al., Mol. Cell. Biol., 13, pp. 4223-27 (1993).
Sometimes a combination of chemicals can be
used. Human neuroblastoma cells IMR-32 may:-be induced
to differentiate jn vitro when treated with mitomycin C
20 and Brdu or PGE; and dibutyryl cAMP (dbcAMP). Gash
et al., "Amitotic Neuroblastoma Cells Used for Neural
Implants in Monkeys," Science, 233, pp. 1420-22 (1986).
Serial pretreatments of human embryonal .
rhabdomyosarcoma cell line with Ara~C results in marked
25 growth inhibition in vitro, loss of tumorigenicity in
"¥ivo, and a more differentiated phenotype even
following removal of the compound. Crouch et al.,
"Ara-C Treatment Leads to Differentiation and Reverses
the Transformed Phenotype in a Human Rhabdomyosarcoma
30 Cell Line," Experimental Cell Research, 204, pp. 210~
16 (1993). Nicotinamide (NIC) is thought to induce
differentiation and maturation of human fetal
pancreatic islet cells. Otonkoski et al., -
“Nicotinamide Is a Potent Inducer of Endocrine



I n anot her enbodinent, a nmultilineage growh 15 factor produced in the
stroma, also terned "mast cell gromh factor,"” "stemcell factor,"
"c-kit-ligand,"
of hemat opoi etic stemcells. To maintain a supply of dividing cells
in vitro, hemat

cel| growt'h Mg

or "Steel factor," can be used to induce proliferation

opoietic stemcells are 20 cultured in the presence of nmast
*@?‘“ To arrest or reduce proliferation, RCEUSENPHC |

growt h factor is renoved fromthe culture nmedium This can be done
before or after encapsul ation,  preferably before encapsul ation. 25
Exanpl es of other nultilineage growmh factors that pronote
proliferation include interleukin-3 and ~ 2?gr"anulocyte-nacrophage
colony-stinul ating factor. Mast cell growth factor can also affect cel

C0q@iffﬂféﬁ%fﬂﬁﬁ%noﬁheEuﬂghféh'ﬁﬁﬁﬁﬁ*EE&HM'PJHEFE&E&C or 30

li neage specific growth factaqrs eryt r oi ef xampl e,

mast cel | growthﬁ(‘;J %—ﬁié@g-lm g@/ Agf{bstﬁ a(|]19%3\hth |L-3 in =
i nducing proliferati on and The addﬁtenanofadbemmh&ﬁ @lisp deenc yeportedne
henmat opoi eti c

Factor, a NEM/FE top0|et|c G act ol ved i WO 96/ 02646
PCT/ US5/ 092815 F abtalte"2 € &6 podulate the

Regul ation, " |nt,differentiatiionRes. a528¢cyte pxpcumsqns4:mnﬂgpe neurite
I'n anot her et hOdf&ématélo% 'i@.V%tmOBeﬁQntaﬁa stimPlate|Scilianin ideali on in

t he BAO may be achleved heni cal ound q
factor which %BFPFe§§P|g¥3’67°?’FﬁRJc% *fef e'lscfﬁf"l |on
Any suitabl e prol¢élieniﬁﬁaneﬂhlbmupnglnrv1tr°d|fo#zﬁnekiﬂlﬂr Magrdxng

gromh in

conpound nmay pg
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or example, d m Cel |

WesbHSUfiad Interaction,” Dev. Neurosci., 8,

pp. 182-96 (1986). Similarly, differentiation of
Schwann cells can be induced by exposure to ascorbate.
Further, sialoglycopeptide ("SGP") molecules
may be used to inhibit or arrest cell proliferation.
For example, an 18 kDa cell surface sialoglycopeptide
isolated from intact bovine cerebral cortex cells
arrested proliferation of exponentially growing Swiss
373 cells. See, e.g., Toole-Simms et al., Jour. Cell.
Physiol., 147, pp. 292-97 (1991); Fattaey et al., Exp.
Cel)l. Res., 194, pp. 62-68 (1991). .Numerous
transformed and untransformed cell types have been
shown to be sensitive to some SGPs. These cells
include epithelial-like and fibroblast cells from a
broad spectrum of vertebrate and invertebrate species.
See, e.g., Fattaey et al., Jou Ce siol., 139,
pp. 269-74' (1989) incorporated herein by reference.

It will be appreciated that some of the
foregoing treatments may only have a transient effect
on proliferation and differentiation. In such cases it
may be desireable to provide a continuously replenished
supply of the compound or growth‘factor_tq the
encapsulated cell when implanted in vivo in the host.
This can be accomplished by use of a biocerodable
polymer non-cellular source of the growth factor or




to this nethod. 10 It will be appreciated that different cel
typeSﬂﬁﬂ#ﬁ1ﬁﬂﬁﬁﬂ§ﬁﬁ44ﬂﬁﬂﬁﬁ+jh+ﬁ—varIeﬁs—eheﬁ+ca

ordinary skill in the art caf: routinely screen.a partlcular conpound to
determne its effectiveness in affecting proliferation or

differentiati f_a glven cell type. I n one en%%
cyt oki nes, '@ﬁﬂg? e.g., transformng growh factor BF¢E ,lnay

be used to arrest or inhibit cell proliferation or to i nduce cel
differentiation. For exanple, decreased 20 proliferation and enhanced
differentiation in BHK cells can be achleved by exposure to TGFB1 and
ascor bat e. Simlarly, TGFB1 can be used 4% T nduce differentiation

in fibroblast cells and also as a growth i nhibitor of kerati nocytes and

endot hel i al cel I s goRBbhihialsoft ,ggl co-énca fﬁ;ﬁ@i g ACicki1ard atr edakeendbig

Growt h Factor-Bl I ncre a en hesi s a e
Mechani sns: Cbor&Pﬁa9€°H§§ EQFFBH ﬂ% I VI Sglfpﬁg%ble

Col | agens, " Archi meanstf.- BSeeheelgt;yUnrtbd St&ieﬁﬂﬁmﬂﬂﬁ15229apdpp. 397- 403
(1992). 30 s, 156Ig4§qother,enbodinent, TGFB1, serot.onin, or FGF
may be used to confiol ‘the growth of neuroendocrine cells. The growth
of neuroendocri_ne_cells.ca e fequl ated by their own products in an

aut ocrine as wt h-i nhirtbitory 35 factor

for human pancreatic carcingpgs Cghbei#E808ion can alsd'BeIGoRtestlea
PCT/ US95/ 09081 brofi on ¢ whil e FGF and

serotonin are aut SBFPHERgPERPAUre °fs??%ﬁ?é&?w§/§éiﬁ19%? apse |§h|b|tory
ef fect of TGFBl odrradiakdon;oetd. pf xBfys el wktravidiet () sraddatianiti on

of serotonin. ;JQWRRENYiRE. Sihéh celld WHESjdetad ko irradiation,
10 their progression through the cell cycle may be
arrested. The critical dose rate, or minimum dose rate
can be determined for a chosen cell type using methods
known in the art. See, e.g., Stanley and Lee, Radiat.
Res., 133, pp. 163-9 (1993); Mitchell et al., Radiat.
15 Res., 79, pp- 537-51 (1979). For example, normal human
epidermal keratinocytes irradiated with 5 and 10 mJ/cm2
ultraviolet B(UVB) radiation showed a significant (up
to 78%) decrease in proliferation 3 to 5 days post-
irradiation. Prystowsky et al., J. Invest. Dermatol.,
20 101, pp. 54-58 (1993). Yi et al., Radiation Research,
133, pp. 163~69 (1993) provide a method for calculating
the lowest dosage required to stop cell proliferation
by exposure to x-rays. '

.. Control of Growth and Differentlation
25 By Use of Ex;;gcellg;g: Matrix go;gcgles
Methods are provided herein for the control
of cell distribution in a BAO by modification of a
growth surface with a growth controlling extracellular
matrix ("ECM") (or components thereof) alone or in
30 combination with a growth controlling physical matrix
or other growth .regulating substances. .
In living tissue, the ECM is formed from a
variety of proteins and polysaccharides which are
secreted by cells and assembled into a network in




5 Regul ation in a Neuroendocrine Cell Line," Acta Oncol ogi ca 32, pp. .
125-130 (1993). : : A variety of other chem cals may- al so be used
according to the nmethods of this invention to arrest or i nhi bit
proliferation or induce differentiation of 10 cells. These chemi cals :
I ncl ude n1to cin C 5-brono- deoxyuridine (BrdU), prost andi n E[err]
(PGE[err]), WPHEP2He CAVP, 1-B- D- ar abi nof ur anosyl cytoEF%@

ni coti nam de, and heparin. Mtonycin nay be particularly SUIted for
controlling proliferation of 15 encapsulated BHC cell lines. See, e.g.,
Radvanyi et al., M. Cell. Biol., Bp 4223-27 (1993).

Sonetimes a conbi nati on of chem cal s can b used. Human neur obl ast oma
cells IMR-32 may be i nduced to differentiate in vitro when treated with

mtomycin C 20 aggﬂg %%frtg(ﬁee&%ﬁ@%g’%&b E&}ggegAMfeﬁdbcM) Gash

et al., "Amtoti ast ona

or. Neur al ts i
Mbnkeys, " Sci encBO gggleip;nq_ Wﬁﬂﬁﬂ&?"°le°38?l%PdpPER{%ééikﬁﬂﬂ?wﬁ

human enbryonal suchrhabdhrgnﬂruxtﬂnisuﬂﬂaﬂe n€ibrohedtin C heparin i n nar ked-

25 growt h inhi bi Eh Q Vﬁ%/ PurcerS% LLaeatel t%ei-é‘tin é’&i@aténd a
nor e dlfferentlate ehot even omnngprennval 0 und.

Crouch et al.? a‘“N‘h‘JC 99 Fht l'l_eé’é&?“t Fudt érBﬁ?Fﬁ?ﬁﬂ‘F%df rses
t he Transforned Phanelygeinn atipmrticwllatoneoidagennisla mejoér Li ne, "

Exper i | - a NI C
perinmenta éﬁ’&% ﬁéﬁﬁ-%ﬁ%%  Equ hB16409es - %%évﬂ@rﬂ&'e (NIC

I's thought to in nd mat uratiop of q?néiial
pancreatic isl et SRBPPsdeeyrennat Geld; Eﬂ°1iferat1NPc6P?nﬁﬂ?fﬁ??% ent
| nducer of Endocdififerentiation \\WOI96/a@dG4G3on, acellular ECM when used

PCT/US95/ 09284 in the methods of this,invention‘mgﬁ-influence the
spatial location of cells_encapsulated.in the BAO.

"ECM may be obtained by culturing cells known
to deposit ECM, including cells of mesenchymal or
astrocyte origin; Schwann cells can be induced to

15 synthesize ECM when treated with ascorbate and cAMP.
These ECM components resemble a precursor form of the
basement membrane which support Schwann cell
proliferation. Furthermore, naturally produced ECM
from endothelial cells and a reconstituted basement

2C membrane gel from Engelbreth Holm-Swarm tumor cells
(EHS) supports the growth and differentiation of
various epithelial and endothelial cells. Baron-Van
Evercooren et al., "Schwann Cell Differentiation in
vitro: Extracellular Matrix Deposition and

25 Interaction," Dev. Neurosci., 8, pp.- 182-96 (1986).

In one embodiment, growth control is achieved
by coating a growth surface in the BAO with ECM (or its
growth controlling cohponents). We prefer seeding the
growth surface in the BAO with cells that produce ECM,

30 and culturing the cells until confluent. The cells are
then treated with detergent and NH,0H. The resulting
BAO, with acellular ECM coated on a growth surface, is
then used to encapsulate cells that produce the desired
biologically active molecule. -




Differentiation in Cultured Human Fetal Pancreatic Cells,” J. din.

| nvest 7792, pp. 1459-66 (1993 The—add-t+or—of—dbeAM-has———
al so been reported to infléence the differentiation of devel opi ng

ti ssies. 5 For exanple, dbcAMWP is thought to nodul ate the

differentiati rocyte precursors, induce neurite formation in
PC12 cells, ﬁgbﬂ{mzéﬁﬁ[ ate Schwann cel | proliferation. BarB8hF 281
Evercooren et al., "Schwann Cell Differentiation in vitro:

Extracel lular Matrix 10 Deposition and Interaction," Dev. Neurosci., 8,
pp. 182-96 (1986). Simlarly, differentiatiop of _ Schwann cells can be
I nduced by exposure to ascorbate. | bi d. Furt her,

si al ogl ycopepti de (" SGP") nol ecules 15 may be used to inhibit or arrest
cell proliferation. For exanpnethes éfibbBiment| ECMfisorepared

sial ogl ycopeptide  suisialtiiadaly am tp&agsmgoman ef SLF P AR O IfnaliaRa,

arrested proliferati on expon r oW n cells
e.g., Tool e-Sims et r(ggmen a“éeF‘Ii"GQO‘"-PHyQFHs ag /v SYFpensiony; (I'I‘§9 1):
Fattaey et al., Exp.cell/BOM fragmentsl@fe fhen6Zo€Boid&® linto NiveeBAGS

transformed and yptransformed g (irl% b¥BeEs. QQVEnggﬂceh%ﬁSgM%( &1 Md1ecules

sensitive to some S@Ps. These ce de e e an
fibrobl ast cells frdho¥ Q%Pé&&dsBEEFFGRFﬁF’LV%r?%‘Br%&"e"%ﬁﬁfq nvert ebrate
speci es. See, e.differentdayienh abmparedr toCeéns Riwewrolin chidzentiona.

269- 74 (1989) mcormyr@lg&hge QIIQPQg re{,g;.e?g adrenoco idaidey ke

appreci ated that sone oln on y ave a
transient effect 30KnG¥mitE W&F&PFéﬁeaﬁﬁrﬁ‘PWe?W?Hi ’&RF“‘"’HF @&ses

it may be dad r adldostieRope)VestAibitoaéciaasied Vpren farathicdh whers grpivy

of the conpound or gro agto 0 CaPs el |

I npl anted in vivo |ﬁ‘nt'%&ﬁ% ihotnb ?%Qgence §P accon%#r?%egld byp\q{}e'L alo a
bi oer odabl e 35 pol y#& adon- c'éF‘F&P&F‘cgoﬁFcE"BFa‘Pﬂ%l‘g}WWP‘?%?& & &

WD 96/ 02646 Proliferation and_DifferentiafIEHL&fﬁﬂdﬁﬁﬁﬁbortlcal

- Cells in Culture;" Path. Res. Pract., 189, pp. 12051-
15 14 (1993).

Schwann cells may also exhibit decreased
proliferation and increased differentiation when
cultured in the presence of collagen.

Endocrine cells are also known to

20 differentiate jin vitro when grown on surfaces coated
with a combination of type IV collagen and HSPG. Type
IV collagen is necessary for cell adhesion and the HSPG
induces differentiation. de Bruine et al.,
"Extracellular Matrix Components Induce Endocrine

25 Differentiation In Vitro in NCI-H716 Cells," American
Journal of Patholoay, 142, pp. 773-782 (1993).

vVarious growth factors or chemical compounds,
including those discussed supra, may be added to the
ECM components to further control the growth and

30 differentiation of cells. Growth factors may be
administered to the cells jin vitro prior to
implantation or to the cells in vivo, or both. See,

'e.g., United States Patents 5,156,844 and 5,106,627,
which refer to methods for delivering growth factors

35 using either a co~encapsulated cellular or non-



- 29 - conmpound, or by co-encapsul ating a cellular source of the

growm h factor or conpound, or any other suitable - neans. See, e.g.,
United States 5,106, 627 and 5, 156, 844. 5 Control of Growh By

I rradiation Cell proliferation can also be controlled

t hrough exposure of cells to a suitable dose of i rradiation, e.g.,
x-rays, ultrWP8¢#B64§ Uy) radiation, and the |ike. Wen cetiussmszs:
subjected to irradiation, 10 their progression through the cell cycle may
be arrested. The critical dose rate, or m ninmum dose rate can be
determ ned for a chosen cell type using mnethods known in the art. See,
e.g., Stanley and Lee, Radiat.  Res., 133,3%pT 163-9 (1993); Mtchell et
al., Radiat. 15 Res., 79, pp. 537-51 (1979) For exanpl e, normal hunman

epi dermal kerati noc é@f??iiifﬂu d op %?eSggﬂgt 0f @%fdéﬂfﬂ addixﬁbkra¥hglet
. _

B(UVB) radiation sho a si I cant

proliferation 3 to B %‘3{‘5 may PPrQ&F&YPthe‘Ibr hy gyt J.
| nvest. Dernmatol., &htxidlling peptides( a883rdingi tetkdwn ﬁinhnanmes.
Resear ch, 133, pp. 163- 6%&9%%%@@&@%9&#8&% it (e Bg

t he Iomest dosage re |red tQ stop C eraji on expo ure to
X- T ays. Contt r dfRifh @edniates) cslis g SHFPa?Po TS PR @éé
Extracel | ul ar Matr |m¢éﬁahllye5hinds to certain BbMhmalearlespr{@uigded herein

for the control adfortily, (yﬁtrﬂ Hﬁhgﬁ kB ﬁcﬁﬁﬁ,? ot Bt ifd el @ g ‘.%M

grow h surface mnth rovg‘éme extrace mat ri x

(or conponents ther%Rﬂ5 Q§fQQFs3ch§ﬁB|ﬂﬁ%??ﬁﬂ%ﬁtI1 a grow h

control ling physical matrix Likewiseihhepgrint hascglsatbesn shosmnatoes.

[nliving tissugs (fifevdd ithd YriRin Gerbatn mv@éﬂa;faeﬂrgo@egt 18 Angand
?s and asse

polysaccharldes which are secrete |nto a
network in transformed cell 11nes. Matuocka et al.,

;nQ_Zgnggign, S, p. 357 (1984)..
Basic fibroblast growth factor (bFGF) has
also been reported to enhance endocrine cell
15 differentiation when added along with ECM components.
See, de Bruine et al., "Extracellular Matrix Components
Induce Endocrine Differentiation In Vitro in NCI-H716

Cells," Amerjican Jgurgg; of Pathology, 142, pp. 773-
782 (1993). _
20 Growth factors may exhibit different effects

on cells when combined with different components of
ECM. For example, fibroblast grbwth factor (FGF) has
been shown to be an effective differentiating factor
and a weak mitogen for chromaffin cells grown on

25 laminin. However, when FGF is added to chromaffin
cells grown on collagen, FGF is a weak differentiation
factor and a strong mitogen. This behavior has also
been shown for the cyclic AMP analogue 8-(4-
chlorophenylthio) cyclic AMP. Chu et al.,

30 Neuroscience, 95, pp. 43-54 (1994).

Table 1 is a partial list of ECM molecules
growth factors and chemical compounds known to
influence proliferation and differentiation in
particular cell typeé.



WO 967 02646 PCT/ US95/ 09821

- 30 - ProOXT Tty to —tte x,cnaﬁhat—setreted—t-lmﬂ—EeM———-ﬁ‘b-l-ee-ui—es——
i ncl ude gl ycosam nogl ycans angd. prot eogl ycans, such as chrondroitin

sul fate, fibronectin, hepari n sul fate, hyaluron, dermatan sulfate,
keratin sulf %,‘W;?kam nin, collagen, heparan sulfate prot eWPG)
and elastin. I'n“particular, collagen is a major conponent

vivo. ECM nol ecul es are known to cause decreased cell proliferation and
i ncreased cell differentiation. In addition, acellular ECM when used 10
in the methods of this invention may influencgsthe spatial |ocation of
cells encapsul ated in the BAQ ECM may be obtai ned by
culturing cells known to deposit ECM including cells of nesenchymal or
astrocyte origin. Schwann celTsble¢aECMEMORECHIES, GROWEH FA( Oh%ww_ﬁhﬁn
treated with ascor bafHEMIGAL CQWMPOUNDS INFILENGRNG FROMEERATION o
precursor forniof the basement pifsedaistbEidiisen support Schwann cel |
proliferation. FurtQellduper e, nat ur aGrgatinkhilitored ECM f r onRreliferation Bromgter
cells and a reconst d basenent af rom E r

Hol m Swar m t unorsg ce “'l'sM (EHS) s Qg'r"g%’r? and d%?eﬁ%ﬁl on of
various epithelial and endothelial cells. _Baron-Van Evercooren et al.
"Schwann Cel| DiffdStiation in NOFygbeAMPiS8R ( acel | ular Matrix Deposition

and 25 Interacti Orgibrothie¥. Neur 0SCiGF-88; Cllifsphekshgard®; ( 1986) . Vitrogen™
I n one enbodi nent, growth control kwohaediSGPed by coating a growth

surface in the BAO»)N blas=CM (Or i tg, Q{o&‘ﬂfeh controlling conponents). W
prefer seeding the growt h surface T BAO with cell s%é h;’il’tBG r_r%(%uce
ECM 30 and cut® urewssl stdme cel | s uimminiin; Pentifel Cubti- The cell s 1OTrdien
treated with detergent and NH err] mf?ﬁ”@ ﬁbNGF Fé I Th'acel | ul ar
ECM coated on a growth surface, is en used to encapsul ate cells that
produce the desi r edinman ng cal lam-@ctive nol ecul e. :

rhabdomyosarcoma
15  cell line
Human feta) pancreatic Nicotinamide (NIC)
islet cells
Astroblasts dbcAMP
Swiss 3T3 - SGP
20  Adrenocortical " Collagen
Endocrine Type IV Collagen + HSPG; bFGF +
ECM components
Chromaffin FGF + laminin; 8-(4-chloro- FGF + collagen; 8-(4-
: phenylthio)cyclic AMP + laminin chlorophenylthio)cyclic
25 : . - AMP + collagen
Hematopoietic stem ' -‘Mast cell Growth Factor
cells . .
‘BHK : TGFB-1 + Ascorbate; ECM from E15
_ ~ rat meningea) cells
30  Keratinocytes TGFB-1
Endothelial cells TGFB-1 _
Neuroendocrine TGFB-1 - TGFB-1 + Ascorbate;

(human pancreatic Serotonin; FGF
camnold cells (BON)) : . ,

35 Buman neuroblastoma Mitomycin C + BrdU; PGE,; +
' Cell line IMR-32 dbcAMP; SGP

SCT-1 C_ollag_en.' Ascorbate

The growth surfaces within the BAO include
the luminal surfaces of the BAO, and additionally



WD 96/ 02646 PCT/ US95/ 09281

- 31 - I n anot her enbodi nent, ECMis prepared
substantially in the sane manner in vitro, |yophilized, fragnent ed
and m xed with cells as a suspension. The cell /ECM fragnments are then
co- | oaded int\g t he BAO 5 Cells grown in presence of sonme ECM
nol ecul es ° decreased proliferation and i ncreased PCTAUS95/09281
differentiation conpared to cells grown in conventi onal nonol ayer

cul ture. For exanple, adrenocortical cells, known to synthesize
certain steroid hornones such as 10 al dost ejone, exhibit decreased
proliferation when grown in vitro in the presence of collagen gel.

Fuj i yanma et al., "Influence of Extracellular Matrix on the

Proliferation and meﬂaﬂenbtnbrOQroﬁthkﬁrEuﬁﬂsJ(sﬂch as anCdhherin

Culture,"” Path. Re t p 9
Schwann cel | s may %I ? g%ﬁl %gdec e%geégggpsulégéq %§§§§?|§% aﬁa I ncreased
di fferentiati on when CHFFEP€Gr¥he¥%ém2N(ﬂﬁﬂﬂigebﬁ eyrftagenfor cell

Endocrine cells ar @r@mh-knm_ 60 midfoiifbenidaal @lilowit geeshen grown on

surfaces coatedg P °39F?i9§ti’9”e%3é%ﬂﬁ#e\ﬁ,é§é' @9‘3&@“0' HSPG. Type

IV collagen is necessar | nduces
differentiation. d& BFEFH&tGF Within the BAQ, (@RREGIALIY FRE FRLEBERAent s
| nduce Endocrine b2gomef jeoethi ebhtact ninhibitedy NSevidZad €gpes,df Anerican

Journal of Patholo crhéarr Egrs7Z§%7§gm£4§§E91¥¥ iyallabﬁose c1¥@ih us

grow h factors or en1ca conpou |scuss
supra, may be addeEYFG dexe (Sigma, 3% kRipime ) ﬁ@xFﬁPPh@PCEBHPFB¥e¥%e
growt h and 3aodi ahar enltaspharvef (Bytlsone Gia ,h liogangr ¥THayaberoporous

?3?]2'?%65?30t° thgeﬁﬁhké hEc¥btifr PELO ald glass nlilRoRBEREELE. Orph&sd he
’ mlcrocarrlers are often used for the culture of

anchorage dependent cells. Cell lines which have been
shown to grow on macroporous gelatin_microcarriers

15 include OBHK, BHK-21, L-929, CHO-K1, rCHO, MDCK, V79,
F9, HeLa, and MDBK. _Microcafriers may alsc be made of
or coated with other ECM molecules (such as FACT™
collagen coated microcarriers (Solo Hill Labs, Ann
Arbor, MI)), or acellular ECM, substantlally as

20 described above.

In one preferred embodiment cells producing
the desired biologically active molecules can be seeded
onto the ECM coated microcarrier surfaces and cultured
on the microcarriers in vitro, prior ﬁo encapsulation

25 and implantation. Cherksey (WO 93/14790) refers to the
culturing of cells on glass or piastic microbeads and
subsequent implantation of the mzcrobeads into the
brain of a recipient.

In another embodiment according to this

30 invention, cells seeded on microcarriers may be
suspended in the presence of a suitable growth-
inhibiting matrix and then encapsulated in the BAO.
Such matrix material (e.g., agarose or agar for
fibroblasts; collagen for adrenocortical cells)

35 physically inhibits further cell outgrowth. Such



e.g.," United States Patents 5, 156, 844 and 5, 106, 627, which refer to

met hods—fer—getHvrerng—growh—feactors— 35—using er—t—helb-a—e-e—eﬁe-a-ﬁs-w—at—ed——
cel lular or non- WD.:96/ 02646 +

PCT/"US95/ 09281 o -32- cel lul ar
source of the growh factor. In addition, the ECM nol ecul es _nay. be
derivati zed h control ling peptides accordi ngP W

t echni ques. For exanple, transform ng growth factor-B, 5
whi ch nodul ates cell growth on its own, and which reversibly binds to
certain ECM nol ecules. (e.g. decor| n), fg?m be added to ECM to
potentiate the grow h-- i nhibiting effects of ECM nol ecul es.

Li kewi se, heparin has al so been shown to 10 prevent the growth of both
unt r ansf or med cel | hyaivbgel matiridesf argedesekibbanss, &hjuokmiarinealwo Cel |

structure t ( Basi c

fi broblast growth ?gd'cf}i%rl (%F@F"ﬁ%?ta%ed rlngg% b%%nr?fe%%er ¥ to enhance
endocri ne cel | 15 di f f er enticzordinaghte avathern|-aspesk tof &M onponent s.
See, de Bruine et ainveﬁ't@ﬂﬁ aca%'a'r'éhérm t hl ¥oCoEP@SEdiss a substiduce for

Endocrine Differ N ond n \/ %;[}%atrion w.l%zp Eﬁb‘?, %&%éeﬁ’@é'a‘ﬁkct

Journal of Path o
Gowh factors may cadlri; tntta!:lﬂearteltp &bfeemasrnh F@h SRR Gh ATXAMRR ned

with different compritigeldf may be EgyhvEQEzéﬁaﬁﬂtﬁ,pépﬁ&d&ﬂggﬁuqndhd|bf
factor (FGF) has been 5&3\[‘\%08&: Sn an effective differentiating factor
I

and a weak nitogen YHEH S grown on 25 lanminin. However,
when FGF i s added to chronaf fimthis methbHs geddm ave censpRpded dar 3P 5

weak differentigd i Gfatrices icAipdsedndrdaght088 At Deetizddiwitieha\peptifies

al so sequence that recognizes a cell surface receptor
molecule involved in cell adhesion. Several peptide
sequences have been shown (in 2-D) to promote cell
adhesion. See, e.g., Pierschbacher et al., Science,

'15 309, pp. 30-33 (1984); Graf et al., Biochemistry, 26,
pp. 6896-900 (1987); Smallheiser et al., Dev. Brain
Res., 12, pp. 136-40 (1984); Jucker et al., J.
Neurosci. Res., 28, pp. 507-17 (1991).  The derivatized
agarose matrices of this invention allow presentation

20 of the appropriate molecular cues for cell adhesion in
3-D. The agarose concentration is preferably 1.25% w/v

‘or less, most preferably about 1.0%. We prefer RGD-
containing sequences (i.e. ArgGlyAsp; AA,~AR,; of SEQ ID
NO:2), YIGSR-containing sequences (TyrIleGlySerArg;

25 AAg-ARg of SEQ ID NO:1), IKVAV-containing sequences
(IleLysValAlaVal; AA,,~AA4g of SEQ ID NO:3), and the
like. Derivatization can be achieved using a bi-
functional coupling agent, such as 1°'1,
carbonyldxzmzdazole or any other suitable method.

30 One particular advantage of using agarose
instead of ECM components is that naturally occurring
ECM compénents may be enzymatically degraded over time
in vivo while agaroée'is not as readily degraded. The
use of agarose is also advantageous because it is a

35 defined product unlike materials like Matrigel®, which



been shown for the cyclic AW anal ogue 8-(4- chl orophenyl t hi o) cycli.c
AMP. Chu et al., 30 Neuroscience, 95, pp. 43-54 (1994).

Table 1 is a partial |ist of ECM nol ecul es- growt h factors and

chem cal conpounds known to i nfl uence proliferation and
differentiation in particular cell types. WO 96/ 02646

PCT/ US95/ 092310 9602646 PCT/US9S®281
Table 1: ECM MOLECULES, GROWMH FACTORS AND CHEM CAL COVPOUNDS

| NFLUENCI NG PROLI FERATI ON OR DI FFERENTI ATl ON

Differentiation |Inducer/ Cell Type G owth Inhibitor
Proliferation Pronoter Schwann - 36 - ascorbate; coll agen

(Mitrogen[err]);
Cul ti sphers/agarosgg deﬁﬁgeg ?gaéurttum r cell. line MF trihetWR

Fi br obl asts
ascorbate; SGP
Neur al stem
TG--[err];

ester; anphlregy

or NGF)
cell line
islet cells

10

15

20

25

30

35

TGF- B; dbcAMWP 5

ers agar ose; V'trogen[err]
undefingg) pixsure. Specificablymgidn hag &8ePaFBON]Q
that Matwriiged® Eontains?PPEF, Gulgotent mitogEﬁFrobFﬁny

11 + . A S ;/P orbm
ce ypes garose is aSEI&d éﬂ%ﬁﬁé%q b2

and ( CNTF::L

H&Mﬁ?qSﬁBr?Bﬁ&I°f polysaggbarides. Iﬂﬂ%ﬂﬁi&ﬁ?&s&?con&
hinymichdlgl resteieting cellN awigrartine agircose itself

may inhibit proliferation and induce differentiation.
See, e.g., Aulthouse, in "Expression of the Human
Chondrocyte Phenotype In Vitro," In V o_Ce a
Developmental Biology, 25, pp. 659~668 (1989).

Agarose can be-chemically modified by
derivatives, e.g., PEO-PDMS, to further inhibit cell
outgrowth, preferably without toxic effects to the
cells.

It will be appreciated that different cell
types may exhibit different responsivenéss to a given
ECM molecule, or to acellular ECM from a particular
source. See, e.g., End and Engel, "Multidomain
Proteins Of The Extracellular Matrix And Cellular
Growth", pp. 79-129, in Receptors For Extracellular
Matrix, [Eds] Mcbonald and Mecham, Academic Pree, New
York (1991), herein incorporated by reference. One of
ordinary skill can readily screen. a cell type to
determine its responsiveness to an ECM molecule or to
acellular ECM from a specific source, to determine its
effectiveness in controlling cell distribution.

Growth CQntyo} by.Groyth
ac i o B,

Methods are provided herein for cell growth
control in a BAO by chemically modifying growth
surfaces to control cell number and cell location
within the BAO. Growth surfaces within the
biocartificial organ can'be modified to control cell
attachment to the growth surface. The growth surface
within the BAO can be the luminal surface of the BAO,

15

- ade,




Astrobl asts dbcAVP Swi ss 3T3 SGP 20

Adrenoconical” LUIIdgen —+EnRdoeeri ne Type 1V

Col I agen + HSPG bFGF + " ’ N ECM conponent s

Chromaffin FGF + Iannlnln 8- (4-chl oro- FGF + col | agen

8- (4- phenyl thio)cyclic AMP +_ |l am nin

chl or ophenyl t hi o?‘mnﬁ c 25 _ PCT/US95/09281

AMP + col | agen Henmat opoi eti c stem

Mast cell G owh Factor cells BHK TGFB- |

+ Ascorbate; ECM from E15 S rat nmeni ngeal

cells 30 Keratinocytes TGFB-1~ 37 - Endot helial cells

TGB- 1 Neur oendocri ne TGB- 1

-gGFBt -1+ Ascor bate;or an inté :ihleﬂ@i% heal W$erocarrier or inner suptport
er ot oni n; no S uman neur o ona
M t onyci n C + BrdU R‘]@:‘fe(aa#ai] %Iitﬁe wagﬁrocar @(ﬁ%

SCT-1 Supngnﬂzgyhodihgmcsbacells can be cultured on théﬁhe
growth surfaces wi t hgrddi@nRAO s« ‘and’ subsk§fieht 1y Néhcapd Bfte Gn the
BAO, and additio 2646

Q?|Q$e BAO for implantation. - - 34 -

The BAO membrane may be modified by a number
of different known methods, including chemical
‘modification, to produce carboxylic acid groups, amine
groups, or hydroxyl groups or other reactive functional

10 groups, or it can be modified by absorption. These
reactive functional groups, otherwise not present on
the polymer backbone, can subsequently be used as sites
for further derivatization.

In one embodiment, the luminal surface of the

15 BAO is modified to promote cellular attachment thereto.
Controlled cell attachment to the luminal surface may
be useful in enhancing cell survival. By attaching the
cells preferentially to the membrane, an even
‘distribution of cells inside the capsule can be

20 achieved with fewer cells than that are used in

 immobilization techniques using a hydrogel suspension.
The use of fewer cells results in a lesser amount of
cellular debris. Another benefit is the enhanced
diffusion of nutrients to the cells because the cells

25 are in close contact with the membrane. If the
membrane modification is used without a matrix material
within the capsule, complications of transport through
the gel and adsorption of proteins or cell products to
the matrix material can also be avoided. Cellular

30 attachment may be promoted by treatment of the BAO
‘luminal surface with poly(d-lysine) of various
molecular weights. The poly(d-lysine) can be adsorbed
onto the BAO luminal surface from a pH 11 buffered
solution. We prefer poly(d-lysine) of about 67,000

35 g/mole. o

PCT/ US95/ 09281



i ncl ude other growth surfaces, such as an inner support, that may be-
encapsul ated within the BAQG M crocarriers may provide a
surface for cell grow h. Use of mcrocarriers can allow a greater 5°
nunber of cells to be encapsul ated and evenly distributed within the -
BAQ, especi all for cells that become growt h contact |nh| 4¥ﬁ%ﬂﬂj
Sever al type % m crocarriers are commercially avail atﬂcg

Cytodex (Sigma, St. Louis, M) dextran mcrocarriers, 10 and

Cul ti Spher[err] (Hyd one Labs, Logan, UT) nacroporous gelatin

m crocarriers and glass mcrocarriers. These m crocarriers are often
used for the culture of anchor age depenaent cells. Cell lines which
have been shown to grow on macroporous gelatin mcrocarriers 15

i nclude OBHK, BHK-21, L- 929,1%&1&&"@@% a¥¥Pvatives . glel RGN
MDBK. M crocarriers be made Gogheda i rrpE
ngf‘gf'?? sequelt 7? bArr?Glgatsg ﬂk 2ioch r‘?ﬁ égré?é%ﬂ o HII

nol ecul es (such as PR
Labs, Ann Ar byp 2M)¥Icsa-mre¢amm EeduengsSt &'ﬁyrailﬁ ¥ser
descri bed above. of SEQ 1D Noiia)Rr ¢helaaing EOBGYEGSR cel | s

duci I
gL?outCIhggECM co érFBgﬁ?#f%f&ﬁﬁé]}ées alnve.m%?:beiﬂ Ro: ﬁm QE é@fﬁ%
mcrocarriers in VEKWAV gontaining reegnencas dﬁle@ysgﬁaAFﬁﬁF&nt%§1tﬂ¥A15

Clher Fsey (WO 33/ é%&%x&eisr fiol 9) tnsreferamqi Wesagmﬁzx?ahfgnpacgimmt
astic m crobeads _an | r s Into
P gergéﬁbygx?fkfgwgfgkrﬂfgkéyxf A%ﬁﬁ ?R BS f opeed

t he brain of od ment
according to this beeni foundi b, b%e¢¢¥$¥ﬂ§%ﬂ§inH$ﬁfB#oéarPF@Pgthﬁ? be

suspended in thg pwquqaroateaémé.@@ e @50 \Wxample, RGDhI(hrgGmgAsnzrl x and

hgar for U Pbr eshha. oL TR, N 1o e mBE oot Fof endfier 05 Of

physi cal | y i nhi bi t peptitesr cani beochepimally 9fdiached to th 9@/02646

PCT/ US95/ 09281 membrane, using known techniques. Some RGD {(ArgGlyAsp;
AA,-AA, of SEQ ID NO:2) containing molecules are

15 commercially available -- e.g., PepTite-2000™ (Telios).

In another embodiment, the BAO membrane can
be modified to inhibit cell attaébmen; through
adsorption of, e.g., PEO-PDMS or pcly(d-lysine)-
alginate. We prefer PEO-PDMS modification,

20 particularly if the growth surface is'porous. This is
because PEO-PDMS will tend to diffusg through the pores
and adsorb to the surface as it gasses.through the
pores through hydrophobic-hydrophpbiclbonding. In
particular, low molecular weight.(soofsooo g/mole) PEO-

25 PDMS is preferred.

This embodiment is. partlcularly useful when
cells are grown on mlcrocarr;ers and encapsulated in
the BAO. In this manner, an even cell distribution may
be achieved, cell number may be controlled, and cell

30 adhesion may be limited to the mlcrocarrler.

In addition, compounds promoting and
inhibiting cell attachment can be used in combination.
For example, the luminal surface of the BAO can be
treated with compounds lnhzbztlnq cell attachment, and

35 cell-carrying microspheres, or the matr;x surrounding



- 35-- hydrogel matri ces are described in, e.g., Dionne WO

92119195, T ncorporated nererm by reference. ——— Accerdi-rg-1t0
anot her aspect of this “i“Aivent i on, agarose nmay. al so be used as a
substitute for 5 ECM by derivatization with peptide sequences to affect
cell attachne e matri x. For exanple, agarose hydr ogel s may be
derivatized wt ;éphg%i de sequences of | am nin or fi bronﬁgq"@?’”’”’¥

In this nethod, cells are suspended in 3-D 10 matrices conposed of
agarose derivatized with a peptide sequence that recognizes a cell
surface receptor nmol ecul e involved in_cghl _adhesi on. Several peptide
sequences have been shown (in 2-D) to pronote cell adhesi on. See,

e.g., Pierschbacher et al., Science, 15 309, pp. 30-33 (1984); G af et
al ., Biochem stry, €ite cells @Oif GEREN- 9G4y MeStyreated| whthseompounds, Dev.

Brain Res. romdt ime GO ﬁg&%"&mduttcker et al., J. Neur osci .
Res., 28, pp. 507 1 (199115]93 The erivati zed argse nmptrices of this

i nvention al | ow present at i on In Afotdex I‘F@‘%ﬁ“&ﬁﬁ'a?genﬂ%@&%% ke or
cell adhesion in BAO mayp belltagaddy provddingt anninerpretatedly 1. 25%

w v or less, pP&iiPr f 1. r

cont ai ni ng seque?]ces 1le ﬁ{ﬁgsaw fsﬁ% &%é% }QGSE%E?E s scanold

YI GSR- cont ai ni ng sé?ﬁfb‘fﬁf%%s @T)ﬁqq%“fSelfRFgadhe!é“gAﬂ{'Qr?Yemerr] of SEQ
ID NO 1), |KVAV-comistritmtianyerdds within( khelgapatléaVatompounds
ANerr]- AN err] Of 1%&&13 '}‘Punctlon a?&%iorx of Ehkfne@réﬁﬁf&%ﬁ Hefade e

achi eved using a coupl1ng agent, suc

car bony! di i ni dazol EP%YWW@F d methacrydate) ("BEEMA") One

pﬁrt i cul ar ﬁjvam agm.‘qf(mnu;qm%mydsmethacryuatéeag-ﬁétwmmwnéaé)sd |
t t ’ "

that naturally occufg %{Wg - CMEc2ReRERLS n@xe gcfpggdf%ra%?cﬁé/ egr ade

over tinme In VI VO garose IS no 4s re

use of agarose is SLHEARAAAL IS vBEiQUSccheniga)s °BE~P’E@‘I‘?H§1’ product
unl i ke material s |iivelMatingydhioser Risschissed supra, to further control

growth and differentiation. According to this method,
15 solutions of a suitable scaffold material are
precipitated in the BAO for the desired scaffold.
Another embodiment contemplates culturing
cells on a member which will serve as an_internal
support. The internal support may be made of any
20 substantially biocompatible material such as titanium
or a suitable polymer. . The support can be in the form
‘of a strut or may be designed to also function as a
scaffold, by providing a large amount of surface area
for cell growth. One example of such a scaffold
25 material is a non-woven polyester fabric (NWPF)
(Reemay, Tennessee). There are numerous types of NWPF,
varying in tightness of weave and thickness of the
sheet. Such technique allows precise control over
number of cells in a BAO, as well as the ability to
30 gqualify the cells/scaffold prior to insertion in the
BAO. Further, differentiation of cells cultured on
such a material (external to the device) could be
accomplished prior to. insertion of the material into
the device. Such a scaffold could be modified, for
35 example, with cell adhesion peptides, to induce
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- 36 - I's derived froma tunor cell - line and therefore. an
undefined m xture. Specifically, it has been shown that Matrigel[err]
contains bFGF, a potent mtogen for nmany cell types. Agarose is a

cl ear, thernoreversible 5 hydrogel made of polysaccharides. In addition
to phy NQ¥0Re46 est ri cting cel | outgrowth, agarose itsdCFUSISOBI gy
inhibit proliferation and induce differentiation. See, e.g.,
Aul t house, in "Expression of the Human Chondr ocyt e Phenotype In
Vitro," In Vitro Cellular & 10 Devel opnental Biol ogy, 25, pp. 659-668
(1989). Agar ose can be cherm & Iy nodified by

derivatives, e.g., PEOPDVS, to further inhibit cell out gr ow h,

pr ef erably wi thout c#eﬁ}utﬁa? P?'er %ﬁ%ﬂti??lon. I~\(fﬁi‘l'lﬁmall¥5 the materialt

wi |l be appreciate

exhi fferent
responsi veness. to 24¢s &frength tenthe| BRGt o, T 1'&5%/ a}r&%ltl"l?F’anEEgP?rom a
particul ar sctwmm&e@ ae. gnneEnduppdrErmIdeswhtaddamprpendmg

Proteins O The Ext I d., [ | ul.ar 20 Gowt h",
79-129, in ReceotorJ %,éa%% racel Ph7a6g 5@‘

Mat rj x Ed naI d
Mecham Acadeni @ Pree, New The Bagsiusefial)in thig rf"{"r?@?rlﬁ& gg’ ¢ §7
reference. One of have awdjeaam;yoahl bemipernesbild youtere surfacel membpaneo

determne its respofsid q{keescs sh?r%ﬂnﬁ%”?' ggili_ec&g giq,mg2@°§.gel | phar ECM

froma specific sourc ective 1bl n&contrﬂl I ng

cel | distribution Jjacket peraits the: foEERGier H'nutr:.en
Modi fication in theadive molecules and othkt heelbechesl pmoduddd Mtbrenghf or

cell growth 3%)? . celqﬂ | ”ﬁeBﬁng ng}:ga{,gylgwl fa)ﬂcpg,rgf@iﬁbly

surfaces to con nunber 8e BAO.

In t
Gowt h surfaces wi timpngigolatoryy; ogPﬁl FPE?a?mb‘F%’d?F C’Zﬂ?\%@é: P'I 84 to
control cell - edtheahnmspendedhdngarodfquid riedioim e nghtlﬁlgeﬂf ace

35 within the BAO Gy iiie, @Wdf@g‘é&' matEkgce of the BAQ
It is to be understood that the foregoing
15 methods and compositions for controlling the
distribution of cells within a BAO are not exclusive.
It may be desireable to use several of the methods and
compositions in combination to achieve the desired

eniha

growth control. ' . -
20 For example, it may be desirable to produce
cells that have been genetically modified to include a
growth controlling gene according to the methods of
this invention, grow those cell on ECM microcarriers,
and encapsulate the cell/microcarrier clusters in a
25 BAO in which-ong or more growth surfaces have been
modified to control cell distribution.

The encapsulating membrane of the BAO may be
made of a material which is the same as that of the
core, or it may be made of a different material. In

30 either case, a surrounding or peripheral membrane
region of the BAO which is permselective and
biocompatible will be formed. The membrane may also be
constructed to be immunoisolatory, if desired.

The choice of materials used to construct the

35 BAO is determined by a number of factors and is
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- 37 - or—amntertat—menbrane, mfﬁ%ﬁW|w—w—ﬁma—amﬁ%+————~—
placed inside the BAO Wth the mcrocarrier and inner support

enmbotli nents, cells can be cultured on these structures in vitro and
subsequently encapsul ated in 5 the BAO for inplantation.

The BAO nenbr 3R be nodified by a nunber of di ff er cHEYRSRRIZEL

met hods, including chem cal nodi-fication, to produce carboxylic acid
groups, am ne groups, or hydroxyl groups or other reactive functional
10 groups, or it can be nodified by absorption. These reactive
functi onal groups, otherw se not present on ~ 41 -the pol ymer backbone, can
subsequently be used as sites for further derivatization.

n one embodi ment, {igadibaf! i Udeaq dh Bisnnelfio %Pwigsmdlﬁtﬂ@l:i

pronote cel |l ul ar attachnent ereto. gh ttach nt to
the |umnal surface Y§tous po SFSARd Pﬁlgﬂﬁﬁn 13) §e??ns 7VRET .
attaching the mahkSagrufe e | adﬂspleoJabkeneanahnmeancem%mbranes
di stribution of cel 'fof#ﬁ&'%ﬁ&%@%ﬂdb%rﬁagﬁ ?ﬁh ZQﬁfaEEé,e{!ﬁér&\iﬁ hndypveer

cells than that are use tec

es usi
hydr ogel suspensi®n.include pplyacrydates, dincdpding ag i&ﬂﬁﬁs)'

anmount of ceIIp&xyvihﬁﬁidene%nopbayvbayefch1b31ahecepbhmmexb
di ffusion of nutrie I e ose
contact with the mo *&éﬁﬁrﬁ% PAFEEYIE LQ ESh{rﬁdeé ééflxhibﬂ

rane lon I's used
wi thout a matrix nnl%ﬁ?%ﬂtes' °%%¥H%Q$et t€§ﬁ§§kep°&8ﬁB§EEQf?0ns of
transport through polyplospiazenksqdpolyacoglohiprolesps or cell products

to the mat riE)y t &nﬁf%h%ﬁq§2%o@xﬂyqe?hlgfk{igi aras WelﬁtQQChmnt

may be pronoted sUrface wt
pol y(d-1ysine) of v gp ives, copolymers and mixtures thereof.

BAOs may be formed by any suitable method
known in the art. One such method involves coextrusion
of a polymeric casting solution and a coagulant which

15 can include biological tissue fragments, organelles, or
suspensions of cells and/or other therapeutic agents,
as described in Dionne, WO 92/19195 and United States
Patents 5,158,881, 5,283,187 and 5,284,761,
incorporated herein by reference.

20 The jacket may have a single skin (Type 1,

' 2), or a double skin (Type 4). A single-skinned hollow
fiber may be produced by quenching only one of the
surfaces of the polymer solution as it is co-extruded.
A double-skinned hollow fiber may be produced by

25 gquenching both surfaces of the polymer solution as it
is co-extruded. Typically, a greater percentage of the
outer surface of Type 1 hollow fibers is occupied by
macropores compared to Type 4 hollow fibers. Type 2

hollow fibers are intermediate.
30 ' Numerous capsule configurations, such as
¢cylindrical, disk-shaped or spherical are possible.
The jacket of the BAO will have a pore size
that determines the nominal molecular weight cut off
' (NMWCO) of the permselective membrane. Molecules
35 larger than the nMWCO are physically impeded from



nol ecul ar wei ghts. The poly(d-Iysine) can be adsorbed onto the BAO

| um nal surface froma pH 11 buffered solution. W prefer.
poly(d-lysine) of about 67,000 35 g/nole. WO 96/ 02646

PCT/ US95/ 09281 - 38 - .
In addition, peptide derivatives, e.g., RG cont ai ni ng sequences
(Argd yAsp; Rﬁ?@ﬂ?’P“AA[ err] of SEQ | D NO 2), YI GSR- conecrusssige2s:
sequences (Tyrlled ySerArg; AAlerr]-AAlerr] of SEQ ID NO 1),

i ncl udi ng CDPGYI GSR 5 (CysAspProdyTyrlledySerArg; SEQ ID NGO 1), as

wel | as | KVAV cont ai ni ng sequences (Il eLysVal Al aval ; AAlerr]-AAlerr]
of SEQ ID NO 3) (preferably CysSerArgAl aAr gtys&3dnAl aAl a

Ser || eLysVal Al aval SerAI aAspArg (SEQ ID NO 3)), have been found to be

particul arly usefulg | ul 0

(Argd yAsp; sq_/ré%t iﬂ% me?ngg L' %%éfq@'@&%& E’ﬁ?ré lf' these
pepti des can be ch ﬁ:a}lﬁ F“’Stlf‘&éhéé PB%t ﬁEJB%\'G}‘m undef: RANYEEiYei ng known -
techniques. Sone RAndiAighsyASEn situatdéherwherdh\ i ris desiraphd dhat) —

I I 5
o B30t ol S ARG MO et =

merbr ane can %‘P&dtﬂ egradti fhpopareienlay (Faghans WP&uQﬁOduced
adsorption of, e.g.hy R RRYBsotopaliffdstysubeds : the vehdlcgienabat ¥é prefer

PEO- PDVE nodi fi cat i 2 p Leulgr s J_Q%/%Q us.
This is becauegé’ 1,5‘@5 %Bﬁsg%#? %X#' use rouléhtfg%%&g ER£8
and adsorb to the Siler 220- asTYPiﬁaééﬁstt‘ﬁrBWPthes be%ﬁ@ssphﬁﬁﬁgﬁoo
hydr ophobi c- hydr ophki}i priefedably bétween 9paind cidmikD. owhemestl ar wei ght

(600- 3000 g/ ol s%(% abl%SmERP@Fhé E&ﬁ{;&éi@i’m will also m:.m.mJ.IQ' S

enbodi nent is partlcu ar |
react1v1ty ‘between host immune effector molecules known

to be present at the selected implantation site, and
the BAO's outer membrane components.
The core of the BAC is constructed to provide
15 a suitable local énvironment for the particular cells
isolated therein. The core can comprise a liquid
medium sufficient to maintain cell growth. Liquid e
cores are particularly suitable for maintaining -
transformed cell lines like PCl2 cells. Alternatively, ..
20 the core can comprise a gel matrix. The gel matrix may ...
be composed of hydrogel (alginate, "Vitrogen™", etc.)
or extracellular matrix components. See, e.g., Dionne
WO 92/19195. . :
Compositions that form hydrogels fall into
25 three general classes. The first class carries a net
negative charge (e.g., alginate). The second class
carries a net positive charge (e.g., collagen and
laminin). Examples of commercially available
extracellular matrix components include Matrigel™ and
30 Vitrogen™. The third class is net neutral in charge
{(e.g., highly crosslinked polyethylene oxide, or
polyvinylalcohol). -
Any suitable method of sealing the BAO may be
used, including the employment of polymer adhesives
35 and/or crimping, knotting and heat sealing.. These



cellss are grown on mcrocarriers and encapsul ated in the BAO In

this ; st r i bat+oet- nay—— be acht+eved—eett—nurber —
may be controlled, and cell 30 adhesion nay be limted to the

m crocarrier. ... I'n addition, conpounds pronoting and

i nhibiting ce hnment can: be used in conbi nati-on. F | e,

t he | um nal sbh”}@éagf t he BAO can be treated with COWI
inhibiting cell attachnent, and 35 cell-carrying mcrospheres, or the

mat ri x surroundi ng WO 96/ 02646

PCT/ US95/ 09281 - _ - 39 - thecells (if
used), may be treated wth conpounds proﬁﬁtrng cell attachnent.

I n anot her enbodi nent, the interior of the BAO nmay be altered by

pro¥}digg an inert3§53iig¢dtecﬁhy&dégrhgéukﬂaag Rhi €het &rtoadiAgadditson,This
scaffo provides a structure for adhering,an n

distributing cells %ﬁ’[hﬁ"ﬁlﬁ%%%g%&}f g.s%g%guﬂ'%ggog 8¥§sé¥ﬁ?.%’?\.?ﬂ%‘?' in
preparation of an |such methiéds d a rmthatantiallyppbpcroueuRyEikling 1s

net hacryl ate) ("PHEMPovidéd trkbusd WHIH @nsettaih ~-eBhBashihat Soletiei s

met hacryl at e) " PHE \")...Furthermre._.the_sca I b

derivati zed mﬁthsvain%%g@%% cdﬁ%??ﬁqﬁﬁQﬁ °h§}ag§“9'i%%?ugﬁﬁgx?hﬁii}ed'

di scussed supra, toSwchtaonethod ris descrijednin gapendingrEnited gtates
According to this Pcat iloh SSdrid 1006 .00 o%lﬁghébLehéﬁéiﬁOiﬂcGﬁﬁ‘éﬁéd are

precipitated in the BAO for the desired scaffold. Anot her
enbodi ment cont enpl BY £2EEF T ng cells on a menber which will serve
as an internal support. Ofee omimorenlins witrot asagyscanederefexaily 20

substantial |y bigCospad bl CedBdYisH Alictidhallity"b¥Mne BAOpRibHitabl e
polyner. The suppor i, can e |0 e ST Assads 8r°hidhnSbelBVebedssbared
Xnown in the art can be used for these purposes. See,

e.g., Methods In Enzymology, Abelson  [Ed], Academic
Press, 1993. For example; an ELISA (enzyme-linked

15 immunosorbent assay), chromatographic or enzymatic
assay, or bioassay specific for the secreted product
can be used. If desired, secretory function of an
implant can be monitored over time by collecting
appropriate samples (e.g., serum) from the recipient

20 and assaying them. If the recipient is a primate,
microdialysis may be used.

The number of BAOs and BAO size should be
sufficient to produce a therapeutic effect upon
implantation is determined by the amount of biological

'~ 25 activity required for the particular application. 1In
~ the case of secretory cells releasing therapeutic
substances, standard dosage considerations and criteria
known to the art are used to determine the amount of
secretory substance required. Factors to be considered.
30 are discussed in Dionne, WO 92/19195.
Implantation of the BAO is performed under
sterile conditions. Generally, the BAO is implanted at
a site in the host which will allow appropriate
delivery of the secreted product or function to the
35 host and of nutrients to the encapsulated cells or



scaffold, by providing a | arge anount of surface area for cell growh.
One exanple of such a scaffold 25 material is a non-woven polyester fabric

( NWWPF) (Reemay, Tennessee). There are numerous types of NWPF,

varying in tightness of weave and thickness of the sheet. Such

techni que all ows precise control over nunber of cells in a BAO, as

well as the ¥4 6to0 30 qualify the cells/scaffold prior ACI/USPS28L on i n
t he BAO. Further, differentiation of cells cultured on such a
material (external to the device) could be acconplished prior to

i nsertion of the material into the devi § Such a scaffold could be
modi fied, for 35 exanple, with cell adhesiofi peptides, to induce

WD 96/ 02646 PCT/ US95/ 09281

-dgo . . tcelt %yéaéﬁedléﬁ&rﬁmba&lsatﬂaﬁ@w hieask! Yo W BAY &fdral

adds streng o the abricati a
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| east one sem perneabl e out g Mﬁ@%ﬂ@f&&a&em mpmﬁtaardﬁetsms @edi ng
a cell-containi gg [oY0) acket erm thg ﬁ ﬂﬂ}
ec eaﬂbroducts'

nutrients, biol ? p:t'ated. act gerrd'lm uP&? éﬁa
through 10 the antrmb BYydus tﬁnﬁt(ﬂpatlmﬂ-@dlaﬂdtb?eh@w ySpinal
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It is to be underg%’f)%ﬁe{ﬁ% ?’h%esf c}ﬂag}&e gralTS“'ﬁgtteﬁg sglgnaé@ rrp05| “ti ons for
controlling the cerebkal r¢oxhexnn subtbalanigi niched #pd nyelens Rasalis v

It may be desifgabbe Meyn&Ee: Se\Rir Prerlerenl begesaate the
cerebrospinal fluid, most preferably the subarachnoid
space and the lateral ventricles. This invention also
contemplates implantation into the kidney subcapsular
site, and intraperitoneal and subcutaneous sites, or

15 any other therapeutically beneficial site.
In order that this invention may be better
understood, the following examples are set forth. by
These examples are for purposes of illustration only, -
and are not to be construed as limiting the scope of
20 this invention in any manner.
: EXAMPLES
Example 1 - Growth Control Using the Mx1 Promoter
The mouse Mx1 bromoter was fused with the
SV40 early region and the chimeric gene was used to
25 generate transgenic'mice. Becauée the Mxl promoter
elements are induced in the presence of IFNa or IFNB,
oncogene expression in tissues or in cell cultures
pfepared from the transgenic animals can be controlled.
Thus, conditionally-immortalized cell lines can be
30 generated.
Production Of Transgenic mice _
The Mx1-Tag construct we used. con51sted of
approximately 2kb of the Mxl promoter (i.e., Xbal-EcoRl
fragment) fused to an intact SV40 early region cDNA,



conpositions in conbination to achieve the desired growt h control
20 For—exanpte—t+t—ay— be—des++ abl e—te—pf oddee———celdls—that
have been genetically nodified to include a grow h controlling gene
according to the methods of %% this invention, grow those cell on ECM
M Crocarriers,, .o and encapsul ate the cell/mcrocarrier clusters in a
25 BAO in whig%'gwg r nmore growth surfaces have been y
control cell distribution. The encapsul ati ng nmenbrane of
t he BAO may be made of a material which is the sanme as that of the
core, or it may be made of a different materigl, In 30 either case, a
surroundi ng or peripheral nmenbrane regi on of the BAO which is
pernsel ective and bi oconpatible will be forned. The nenbrane may
$Ihso Ee_ f -COﬂS_Bzh:i&heénbede baaunpsls@éﬁtcuna Bsgxfaneai rafﬁ(g-igens_ and is

e choice of mater us onstruct the I S .de a
nurber of factors am s?g.usgtggaﬁ-o€1§5%/%gﬁﬁﬁibeta-J?%gin”3 LEEQEHSQaQXa
PCT/ US95/ 09281 region and poly-A signal (BamH1l-Xbal fragment)gdesTheped

in detail in D onnepgPad¢iéBifliosefitfitey were indRidedtPPrviBae aplice
pol ymer bl ends cgn bgtused go _ manuf act ur e, t he 3§%y ﬁwlangt'

Pol yneric menbr afes®++e8 ap rﬁ?nﬁn?ﬁgpiyﬂfeﬁﬁFﬂﬁﬂ?gﬁé; §0M'fad8s therein
may 5 incl ude potyavpsgenicsapimalsdi rbigure/ |l chavsoltheepdpsnid map of

pol yvi nyl i denes, pokuxei mxli1cBbastPeceOpOl yners, . pol yuret hanes,
pol ystyrenes,. polyam des, cellul ose . . acetates, .cellulo nitrates,
pol ysul f ones, poIyphosphﬁ?@ﬁ%g?lﬁdTﬁﬁﬁﬁfﬁQﬁﬁﬁﬂ%qgé§$e ﬁ%& bag

pol y(acryl oni tril e/ conshyhkcthweredproduceddy the standagdr iteghnigue of

copol ymers and HoXt ggesSnhbee&Pf microinjection intdAGhgTeyvcealf eepedlbreany

sui tabl e et hod mouse ova (Brinster et al., oc. Natl. . Sci.
USA, 82, pp. 4438-4442 (1985)). Southern blot analysis
of tissues from the founder animals confirmed that
intact copies of the transgene were integrated in the

15 genome.

' Ooffspring from these mice were confirmed as
"DNA positive" using PCR amplimers that recognize
sequences of the 5V40:.early region.

Conditionally-Immortaligzed  Stem Cells _

20 Striata were removed from E15 transgenic
mouse embryos and DNA negative littermates and plated
in primary (individual) cell culture in EGF-containing
neurospheres medium (per 100 mls: DDH,O0 50 ml, 10X
DMEM/F12 10 ml, 30% glucose 2.0 ml, NaHCO,5 1.5 ml, 1M

25 HEPES 0.5 ml, L-glutamine 1.0, 10 X hormone mix 10 ml,
DDH,0 25 ml (to wash filter)). Neurospheres were
prepared according'fo the method of Weiss, PCT
CA92/00283, and Reynolds and Weiss,: J. Neuroscience,
12, pp. 4565-74 (1992). Cells were passaged seven

30 times once a week and then divided into 2 groups: with
and without exogenous interferon (IFN). Cells were
placed in T25 flasks at a plating density of 500,000
cells/5 ml in EGF-containing neurosphere medium.

1000 units/ml IFN were added to 1/2 of the cells.



known in the art. One such nethod invol ves coextrusion of a polyneri-c
casting solution and a coagul ant which 15 can include biological tissue
fragnents, organelles, or suspensi ons of cells and/or other

t her apeuti c agents, as described in D onne, WO 92/19195 and United

St at es Patents 5,158, 881, 5,283,187 and 5, 284, 761, I ncor por at ed
herei n by reMQ%faes 20 The jacket may have a - PCTHISASARSI
(Type 1, 2), or a double skin (Type 4). A single-skinned holl ow

fi ber may be produced by quenching only one of the surfaces of the
pol yner solution as it is co-extruded. A doubl e-ski nned hol | ow fi ber
may be produced by 25 quenching both surfat®s of the polynmer solution as
it is co-extruded. Typically, a greater percentage of the out er

surface of Type 1 ol f | SbdeheiRUBLEdiia no TrVPCHAROCRS 180WRECD 1O

Type 4 hollow fibers | Ow ers are 'Intéerned ate,.
Nuner ous capsul e co*ﬂ@g‘lﬁf’%ﬁq@%?’@&hf’&scoz a“dd'gﬁﬁ%cﬂﬂst,sélgedd"w&kfaped or

spherical are possible. After 30 passhgesacketwin tIFN)BAGNS Idellave a

pore size th%eﬁd efargerbe g%rﬂ% s gﬁkﬁ&%g@i%i%lﬂfu%%o%gtal

(nMACO) of the pernsele 'han t'he NMACO
are physically |$ﬂk§ﬂ¥i#¢(§ﬁrﬂmf and IXVErgGFQQBMEB) with 1000 units of

PCT/ US95/ 09281 IFN at a cell dens;ty of 1.25 mxlI&bn cells in tUsawarsing

t he nmenbr ane. NoMr¥% If?ﬁ“dﬁ“ga Fg 'ot?er {{“s defined as 90%
rej ection under convec con ations where it is

desirabl e that the BAOSQ?@Pnﬁﬂﬁﬁl%BFaForQhetWﬁ?#ﬁﬂﬂﬂ%ﬁu?ﬁﬂﬂMEd3|féels
5 chosen to pernit ¢drlpardre WadhebllaGiehSHARKSY Pa Dehewtl salt sdapttiba cel | s

o diffuse out gf figdehl Gy ' ¢hak was CXGALES LNpHidee! o

| mmune response nto .
cells were resuspended in 10 ml of the serum-containing

medium, spun down at 1000 RPM for 2 minutes, and the
medium was aspirated off. The cells were then
resuspended in 2 ml of serum medium by triturating with

15 a fire-polished pipet.

Approximately 25,000 cells were plated on
poly-ornithine-treated coverslips in DMEM with 5% FBS.
IFN was added to half of the coverslips (1000 units/ml)
every other day. Cells were stained for SV40 T-antigen

20 (Tag) and glial fibrillary acidic protein (GFAP), an
intermediate filament protein specifically expressed in
astrocytes, at various intervals, according to the
following protocol.

Coverslips were immersed in 4%

25 paraformaldehyde in 0.1M phosphate buffered saline
(PBS) for 20 mins. at room temperature, and then washed
twice for 5 mins. 'in PBS. Cells were permeabilized in
100% EtOH for 2 min, and then ﬁashed_again twice for
5 min. in 0.1 M PBS. Cells were blocked with 5% NGS

30 (normal goat serum) diluted in 0.1 M .PBS for at least
30 mins at room temperature. Primary antibodies were
pooled and diluted in 1% NGS for 2 hrs. and were
applied to the coverslips at room temperature, as
follows: anti-Tag (mouse monoclonal) was diluted 1:10,

35 anti-GFAP (rabbit polyclonal) was diluted 1:500. The



t he BAO. Typically the nMACO ranges between 50 and 200 kD, preferably
bet ween 90 anmd I50 KO, Tie 1oSt 10 sutrtabte nmeabrane cor = '

al so mnimze reactivity. between host immune effector nol ecul es known
to be present at the sel ectedibplantation site, and- the BAO s outer
menbr ane conppe The core of the BAOis constructed to
provide 15 'a sultable local environment for the particul ar PEHPHE9281

i sol ated therein. The core can conprise a |liquid medi um sufficient to
maintain cell growth. Liquid cores are particularly suitable for

mai nt ai ni ng transformed cell lines |ike 12 cells. Alternatively,

20 the core can conprise a gel matrix. The gel trix may be conposed
of hydrogel (alginate, "Vitrogen[ferr]", etc.) or extracellular matrix

gg”ponﬁnFs- Sﬁe1 Fﬁﬁkiﬂ]' 'HH%ibﬁ§ﬁﬁ§m§h9%/¥3g§5ed and the coYerﬁlips were
The Tirst ol ass. car (ViR Fapied tvite ok 8 mipg, wIERCPEETCIN DTN o
second cl ass ~ carries a Recondary astihaddes(eeye peoled@nd sHduted
Componeni s 1 nol ude N1 e e B L e e o ass
isnﬁet neut r al igfchl\@rd‘g'%° [aq" ' 8?‘&;?‘?“‘RF§HFVr8rb§sﬁ[‘ﬁk‘i .lf)'olg;%t %/}Ilgg”esg
oxi de, or pol YGAMTRINCG (113/128) ; GAR-Texas Red féijluted abilkOMet hGheof
sealing the BAO may di&ondary aMdboalesiderd 8Ro08R ANdERhe Mol s
adnesi ves 5 30 219 Qe WIRAY (12103 3795RE 080100 L TNARE sark.
- 43 - seal i ng techni flres coversddpns warehmounted withRAtifdeur™
any suitable "dryg s@¥ idtherelahdd -2aBentSRoliRt ¥iginedin) onto |G amads,
a substantially non}ﬂ%&%%ﬁa&!hul%guhiil viewing using a fluorescent
microscope equipped with rhodamine and fluorescein
optics. : _
In this set of experiments, we set out to
15 determine how quickly T-antigen levels fall upon the
removal of the interferon. In addition, we were
interested to determine the effect of T-antigen level
on cell proliferation and differentiation.
Differentiation was assessed by monitoiing GFAP level.
20 GFAP is an intermediate filament protein specifically
expressed in mature astrocytes. The following

‘immunofluorescence results were observed.

Day IEN (1000 units/ml) Control (No IFN)

25 1 . +++ _ - . +++ -
4 +++ - . + +/=-
7 +++ - +/- +/-

10 +++ - - | +

Thus, as shown by Tag and GFAP immunostaining, after a
30 pericd of time in the serum medium, the IFN-treated
cells showed continued expressioh of T-antigen,
continued proliferation, and no evidence of GFAP
expression, while the controls (no IFN) began to



provi ded t hrough which the cell-containing solution is 5 introduced.

Subsequent to filling, the BAO is seal ed. Such a nethod is descri bed

i n copending United States application Serial No. 08/082,407, herein -
i ncor por at ed by reference. One or nore in vitro .
assays are preferably 10 used to establish functionality of the BAO prior
to i rpVRP682846n i n vi vo. Assays or diagnostic tests wWRBFFUSISN9281 | nonwn
in the art can be used for these purposes. See, e.g., Methods In
Enzynol ogy, Abel son [Ed], Academ c Press, 1993. For exanple, an ELI SA
(enzyne-1inked 15 i mmunosor bent assay), chromatographic or enzymatic
assay, or bioassay specific for the secretéd4Br6duct can be used. If
desired, secretory function of an i npl ant can be nonitored over tine

236 COldl ecting thdi‘??‘%?@{n%%@e SAlf&gulated GFADT t&ﬁbr&é@i%ﬁh&aﬂd?_cdelwsaat _
and assayi ng m . e recipient 1s .a pri e, . | i & may
be used. : ividingrIhif RS cﬁmg/ifg'%gng% BRO'LFYR! g%%%ﬁ%%ﬁ o
sufficient to prodthe coversiipsit+t Widnsiwagpenclear cufpliffengnsie i

determ ned by the gERinhufibers ObPHHAl4. 2%fyaatayvi_1h¥ £REUIFREtFestddne
particul ar applicatig?. In he case of secr, %or¥h§eé$§t£gi asi ng

t her apeuti c 5 sGBLLENFEES BUGH RRF JBEEFEUS. PR AT BRe and criteria
known to the art are used toThetexpressidre ofifher SY#0 T-antigenriip this

substance requiredeohgeiibt 18 PGPS ddBdedBepehdsnt Seshner Di ame,
WO 92/ 19195. i

sterile conditions PBeReLY %#gglh‘gené%%o%q%ch Sﬁgﬁgap%igﬁgﬁﬂge{ he
host which will al esprepsiopr (meéasured hijelimmunpfinorpeceneekbt¥ds product or
function to thgo 3psebdal aPlaRfIFviddfisr l5do-M00oNGAREs)ALed xells or
Y[236{02646 100 units/ml we observed minimaﬁczéu§g5é982§§sion. As
would be expected, the rate of proliferation correlated
with the IFN dose; there was little or no cell division
at 100 units/ml of IFN. :
15 In further studies with the above described
Mxl Tag EGF-responsive neural stem cells, we have shown
that proliferation and differentiation can be
controlled. A population of these stem cells were
forced to differentiate by removing EGF and adding FBS.
20 With the addition of 1000 Units/ml of alpha/beta IFN,
clusters of flat, astrocyte-like cells began to
proliferate and eventually filled the culture dishes.
We have continuously maintained these cells in IFN for
over 70 passages and have maintained a doubling rate of
25 24-36 hours over this period. When probed with a panel
of neural and glial-specific antibodies, these IF-
treated cells were virtually all nestin- and T-antigen-
positive but were weakly immunoreacitve for glutamine
synthetase and were GFAP-negafive.
30 Upon removal of the IFN, these flat cells
rapidly decreased their rate of division, lost T-
antigen immunoreactivity and gradually increased
glutamine synthetase and GFAP immunoreactivity. These
cells survive for several months in vitro and no
35 proliferation is evident in the continued absence of



tissue, and will also allow access to the BAO for retrieval and/or
T epl acemert— T e preferred—host—rs—&a— —pr+ mat es—wost—prefterably—a—humn——
A nunber of different inplantation sites are 5 contenpl ated. These

i nplantation sites include the central nervous :system including the
brain, spinaI“"I rd, and aqueous and vitreous hunors of the e¥e.

Preferred sites 1n e brain include the striatum the - C 1
cortex, subthalam c nuclei and nucl eus Basalis 10 of Meynert. O her
preferred sites are the cerebrospinal fluid, nost preferably the

subar achnoi d space and the lateral ventrjgles. This invention also
contenplates inplantation into the kidney subcapsul ar site, and

i ntraperitoneal and subcutaneous sites, or 15 any other therapeutically
beneficial site. - IFN. Interestingly,d@-antigenhismunoreacbivity and better
]thnderstood, th? f|0:é&!‘i\i‘?@f@@iﬁ?‘eﬁﬁoﬁﬂcgfnobbhret-i?du'craésﬁiﬁl;fames are

or purposes of illu af i on - and are not to_ be.construed.as
linmting the scope %‘i&{*sz’? I‘ﬁ’é%%‘fent YF PAoY eﬁaﬁngFlg 1ERESH LT il
EXAMPLES Exanpapadity Goptolddenatie oxi ddffecehklaPecint &r

The nouse M1 prenoisheMstidd'Setndidd) t he SV40 early region and the
chimeric gene was used to 25 generate transgenic m ce. Because the M1

pr onot er el enents are induced in the presence of IFNerr] or |FNB,
oncogene expressi onExampledies or in cell cultures prepared fromthe

transgenic animals can be corddyld ‘;;:ﬁ'-e'pared atBb$ding to Example 1 are
conditionally-imortalized cel] |i1fes can be 30 géenerated

Producti on OF TranstRffRSYtaked and implanted imna Rp9ag Ro®bnstruct we used
consi sted of - appr Grepmabiclk jofoPaNievbkEibepavt er. (i.e., Xbal - EcoR

fragment) fusedjgo an intact pleAdes veCHb?RotPtbers are prepared via
a dry jet-wet spinning technique (Cabasso, H ow Fib
Membranes, vol. 12, Kirk-Othmer Encyclopedia of
Chemical Technology, Wiley, New York, 3rd Ed., pp. 492-

517, 1980; Dionne, WO 92/19195; United States Patent
15 No. 5,158,881). Asymmetric hollow fibers are cast from
solutions of 12.5% polyacrylonitrile polyvinyl chloride
(PAN/PVC) copclymer in dimethyl sulfoxide (w/w).
Single-skinned or double-skinned fibers are produced.
The fibers are collected into a non-solvent water bath,
20 - glycerinated, and dried. Cells are loaded at a density
of 25,000 cells/ul into a PAN/PVC single-skinned hollow
fiber and sealed by heat pinching.
Implantation Into Host
The encapsulated cells are implanted into a
25 human host. Implantation sites include the lateral
ventricles and striatum of the brain. Procedures for
implantation of BAOs into the brain are described in
Aebischer et al., WO 93700127, incorporated herein by
reference.

30 Example 3 - Conditional Immortalization Of Neonatal
Astrocytes

A fragment containing the promoter elements
of mouse mammary tumor virus (MMTV) is fused to the
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-—45 - whi ch encodes both large T and small T antigens.and is
fused upstream of the nouse beta globin 3' untransl ated regi on and
pol y- A signal (BanmHl-Xbal fragnent). The beta gl obi n sequences were -
I ncluded to provide splice 5 sites and to enhance expressi on of the cDNA
in tr aWOPEME6 ani nal s. Figure 1 shows the plasni d nmaBCHUSISH98L { e
Mk-1 construct. Transgeni ¢ m ce containing the M1-Tag
construct were produced by the standard techni que of 10 pro-nucl ear

m croinjection into single-cell fertilized nouse ova (Brinster et al.,
Proc. Natl. Acad. Sci. USA, 82, pp. 4338%4242 (1985)). Southern bl ot
anal ysi s of tissues fromthe founder animals confirmed that

intact copies of 1&gd rSNSOF e Rt dDNAS! 8160rhf bi&in lder BRI FiRonatal
O fspring fromthese mce were cqnfirned aat o DQIA%é)osi tjale"anlési ng PCR
anplimers that rec®iFoytes are Fransiecsed BY ST ERIRATLY S

Coni dti onal | y- | mottahs gechsSitensedldcted?®y assaying fox rprailfignatiod®npved

from E15 transgenig;viqind SR £ H¥e) FendRdaPNexpaaaéd Vand | dddyed @orand

pl at ed in primr indivcimdtéalg C%II Itureiil ECGE-cont | Dtlg:

neur ospher es nedli UFFRIRTSH -GS e I88 125109,8 E%IM 12 10 nl,

30% gl ucose 2.0 nlantibiEBes. 5 Trtansfidrmes celPESapeSen¢apsulptad imeAPSy,

&Ig X hoerDne M X 10nhd implantddPHPr ]h(?s%S. Ehb%ﬁﬁnﬁ@?ﬁl%'ééf &Iéé_cribedc_:l'}n
urospneres were repareg accorain 0 e_neLtnoa_o l

CA92/ 00283, and RSFRIFRRAS o \7&}%?}% i, b1, #hcyrve for 1‘,\2/>,(ee 3%’.“@_*565- 74

(1992). Cells wer eThhasBAQ= A \ihren 3@trieyved spdetheveekl MR TN dioN ded

into 2 groups: oW i) the pAOY Mbrigiiida LeOEOROREsi Rbtal £ ONifdd NMor e s

wer e placed in T25 flasks at. a plating density of 500, 000 cells/5
m in EGF-contai ni FPRetHBR girtP%edi um 1000 units/n 1 FN were added
to 1/2 of the cells. o S - : o

Exapple 4 - Collagen-Reduced Proliferation and
Ascorbate-Induced Differentiation Of SCT—l_Cells

SCT-1 cells were cloned from a sciatic nerve
15 tumor from a Po-SV40 transgenic mouse (Messing et al.,
J. Neuroscience, 14, pp. 3533-39 (1994). These SCT-1
cells were immunoreactive for the Schwann cell markers
S100 and Po, as well as for SV40 T-antigen.
SCT-1 cells were grown under three
20 conditions: (1) on tissue culture plastic without
ascorbate, (2) on tissue culture plastic in the
presence of 50 ug/ml ascorbate to induce ..
differentiation, and (3) suspended in Type I collagen.
on a plastic substratum in the absence of
25 ascorbate, most cells displayed. a fibroblast-like
morphology. However, some bipolar cells were present.
Cells doubled in 18-20 hours and displayed no contact
inhibition. '
SCT-1 cells grown in the presence of
30 ascorbate demonstrated slower growth and a more robust
staining for fibronectin and type IV collagen. Laminin
immunoreactivity, on the other hand, was similar in
control and ascorbate-induced differentiated cultures.
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- 46 ——  Contrel—neurospheres reeetved -
i ncubated at 37[err]C, 5% CJerr] and were passaged weekly.

re

After 30 passages (23 with FFN), the cells were placed in

serum cont ai ni ng nedi um (DMEM 5% f et al 5 bovine serum a

L- gl ut am ne) W&Mﬁoo units of |FN at a cell density %%mll lion
cells in 15 m. Fresh I FN was added every ot her day.

Seven days later, the nediumwas renoved, the cells were washed with
Hanks® Bal anced Salt Sol ution 10 (HBSS), and, the flask was lightly
trypsini zed. The cells were resuspendedTtn 10 m of the

serum cont ai ni ng medi um spun down at 1000 RPM for 2 mnutes, and the

medi um was aspirated of f. Thecgehl seMkestbfénded in I BypsEnceklager? nl of
serum nmedi um by triturating w 15 a fire:=poli R&-F ic decrease
Appr oxi mat el y 25, qu%‘&/\& é’llﬁ"&ﬁé'deﬁp{mlgqyp {']‘gfj%r?n t Fiualtn;'é‘E tTeat ed
coverslips in DVEM in taitstieBRectivity [(ENewasdadbbing ctiee fvas % mP

coverslips (1000 urﬁ%xig)nﬂ every other day. Cells were stained for
SV40 T-antigen 20 ag) and glial fibrillary acidic protein (GFAP), an
intermediate filament protein specifically expressed in astraqcytes,

at various intersal BxamulEsli-ngridhitdon Of BRY| Cehi nBrelifexafion B
Coverslips were i miscarbate #nd TEF-®ar af or nal dehyde i n 0. 1M phosphat e

buffered saline (PBS) for 2Q nmins. at.roo t pMEan
washed twice for 5 m FHK i‘??q'lill§5.se %Fggmg#tﬁgggi&gaﬁm:ﬁdi n

100% Et OH for 2 ni n(his ¢heroses mediagai N Treatsenty of subcontiuent BHK, |
PBS. Cells were bl ogkad,Mid Ry Me¥r-813Q2.6N a7k ) g8aa sscorpate | (1aal i)
0.1 MPBS for at |east .30 mns at raoqm.tenp t Prj 4

anti bodi es werel® Tredyged i i | Lﬁ”e&q%ﬁti‘%mgﬁéogéglﬁ[é#ﬁgﬁydemre
applied to the coveebbngsted, roidth tsomeecellisealigning. TBifFo9RT@ anti - Tag

(mouse nonocl onal ) yRg; diddd 6fbF-g0 and ¥scrbaterARnibabsi prodigetratidn was
difuted 1:500. The and induces differentiation of BHK cells.

In further experiments, BHK cells secreting

15 hNGF were treated with 2.5 ng/ml TGF8 and 100 uM

' ascorbic acid prior to encapsulation in BAOs and
implantation. Non-treated cells served as_controls.
The specific variables include: a).TGFﬁ/ascorbate, no
Vitrogen', b) TGFB/ascorbate, Vvitrogen™, c) no

20 TGFB/ascorbate, Vitrogen™, and d) no TGFB/ascorbate, no
Vitrogen®. In addition, several different polymers
were used. Capsules were implanted into the striatum
of adult rats. Rats were sacrificed after 3 mos.

Example 6 - Neural Stem Cells Proliferate In The
25 Presence Of EGF And Differentiate In Its Absence

Neurospheres were prepared using the methods

of Weiss et al., PCT/CA 92/00283. Passage 68
neurospheres were collected and divided. Half of the
neurospheres were triturated into a single cell

30 suspension and half remained as clusters. A single
cell count was performed on a single cell suspension
and it was assumed that the clustered cells were of the
same concentration. Single cells and clusters were
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- 47 - primary anti bodi es were renoved and the coverslips were

t hen washed twice for 5 mns. with PBS. Secondary

anti bodi es were pool ed and dil uted in 1% NGS and were applied to the-
coverslips for 530 mn. at roomtenperature in the dark, as follows:
GAM FI TC ( 1: WOB%/026AR- Texas Red (diluted 1:100). The PETRSAI8I

anti bodi es were renoved and the coverslips were washed twi ce for 5
mns. with PBS in the dark. The coverslips were nounted
with Gtiflour[err] 10 (or other anti-fadent nounting nedia) onto slides
and stored at 4[err] Cuntil view ng~uSfng a fl uorescent

m croscope equi pped wi th rhodam ne and fl uorescein opti cs.

[ thi's set of XPELUBRAG WEoRRledly 1P equbd oHBLAEE' OF VoMt Sk Iaha

T-antigen levels f

addi tion, we were eitherlﬂ?%ﬁ?ﬁﬂnﬂfﬁ(?ﬁﬂ%ﬁﬁwﬁﬁgg ?ﬂe“g??g %E%faﬁ'antlgen

| evel on cel boﬁtﬁbléﬁrﬁlmnmédinﬁn‘.erent i ation.
Differentiation was assesseda dﬂ%éﬁF%% geaghSItYZQf s5Adba s an
internmedi ate fil ament proteln speC| |ca SX g g ééhé§6¢L§§
astrocytes. TheSfoFedkfAll into $#ﬁﬂ&ﬂﬂQKﬁﬂﬂ§§cgﬁ& OFeE4PE Qferd.
Day | FN ( 1000pyepasédl gubstantiddiy raad deMoribbl in Example 2, and
Eﬁp Tagthen hub 4seaf£f‘P Thez%Ao$1 were held*in e:.ther
+/ - 7 neurqesphere + EGF medium or 1n+Pc-1 medium (wa&h no
EGF) . P . o
10 The BAOs were sacrificed after .3 days and 7

days and were stained for glial fibrillary acidic
protein (GFAP) by immunocytochemistry. GFAP is an
intermediate filament protein:specifically expressed in
astrocytes. GFAP reactivity indicates that the neural

15 stem cells have differentiated into astrocytes. The
following results were observed:

Time (days) GFAP Reactivity
Single cell, no EGF 3 Small % + for GFAP
Single cell, EGF 3 Negative
20 Cell clusters, no EGF 3 Small;% + for GFAP
Cell clusters, EGF 3 Negative
Single cell, no EGF 7 Intense + for GFAP
Singel cell, EGF 7 Negative
Cell Clusters, no EGF 7 Intense + for GFAP
25 Cell Clusters, EGF 7 Negative

By day 7, the encapsulated neural stem cells
had differentiated into astrocytes in the absence of
EGF. ' '

30 Example 7 - Effect Of ECM On BHK Cells

Preparation Of Acellular ECM
El5 rat meningeal cells obtaihed from 15 day
old embryonxc rats were plated in multlwell plates and
allowed_to become confluent. The cells were monolayer
35 contracted after 2 weeks and were allowed to regrow.



10 - ++ - - + Thus, as shown
by Ta _ : e a : :

medium the | FN-treated - cells showed continued expression of

T-anti gen, continued praoliferation, and no evidence of GFAP
expression, while the controls (no I FN) began to WD 96/ 02646

PCT/ US95/ 0928096102646 - 48 - PCT/US9SA9281
differentiate (upregul ated G-FAP expression) and ceased di viding. This
was confirmed by a visual inspection of the coverslips -- there was a
clear cut difference in cell nunmbers by 9aﬁ 4. By day 10, the

| FN-treat ed 5 cells were much more nunmerdus>than the controls.

The expression of the SV40 T-antigen in this construct is regul ated

in a dose-dependent manner. Iyke1lulart RemCahl biEPSctEa hay epsadisd with

maxi mal T-antigen Xpr.ession asured by._i of. r NGfn Was

10 observed at an Qﬁd"ijggg"tcﬁn Q%d-o%g‘é@%eﬁﬁﬂ‘g/ ﬁ?mﬁtmiﬁg %0 uni t s/ m
we observed m ni naltreatmerdx widdsiSomM NE,0H forwdhumthde expected, the rate
of proliferation correl Hglnngr cetish the | FN dose; there was little or no

g'?{.llji CeilsV:MS!t gnt he® abosg éggclrjirﬂotgg&mce(ﬁ ﬁ?éTﬁﬁé%ﬁé?%s}ﬁ%%s‘fav%%\%dd{r‘}zﬂbgstaesm
cells, we have shovfollows. t [Aat2.S1okbf Eraginentacdntiaining APRECGRaALS]Yhe
controlled. A popyRAl OOt H A HaCBECeheS£IPEE intron[ GiedEduble ATG
differentiate by renmoving EG-_and ad%I n Fgg 2? .W{y{\a‘g&mté%@f
1000 Units/n of alﬁﬁfﬁﬁ!%ed edjeved to gﬁu 8r BXBFe$P YT MR 13 6eyt 6- 11 ke
cells began to fo e preaiNSFamtide thet campyete| coding sequenae afikhes.
V& have continupys| gniiBldtai Rifdaieiatedl kaghisn! 62 £Ré human NGF gene
(Hoyle et al., Neuron, 10, pp. 1019-34 (1993)) was
subcloned into the DHFR-based pNUT expression vector
immediately downstream from the mouse metallocthionein-
1 promotor (-650 to +7) -and the first intron of the rat
15 insulin II gene (Baetge et al., Proc. Natl. Acad. Sci.,
83, pp. 5454-58 (1986)).

Baby hamster kidney (BHK) cells were
transfected with the pNUT-BNGF construct using the
calcium phosphate method. BHK cells were grown in DMEM

20 containing 10% fetal bovine serum, 1 x penicillin/
streptomycin/ampicillin B (0.8 g/1), and L-glutamine
(GIBCO) in 5% Cco, and at 37°C. Transfected BHK cells
were selected in medium containing 200 uM methotrexate
(Sigma) for 3-4 weeks and resistant cells were

25 maintained as a polyclonal population either with or
without 200 uM methotrexate.

The transformed BHK-hNGF cells were plated at
a density of 1.0 x 104 cells/well in the plates
containing extracted ECM from meningeal cells. BHK-

30 hNGF cells were also plated at the same density in
control plates not containing ECM. Cells were counted
using a hemacytometer after 6 DIV.

Cell counts for the control wells averaged
4.5 x 10 +/- 4.5 x 10% cells. The cell counts for the

35 _extracted ECM plates averaged 9.9 x 10° +f=- 4.9 X 10°



over 70 passages and have nmi ntained a doubling rate of 25 24-36 hours.
over this period. Wen probed with a panel of neural and
glial-specific antibodies, these |F- treated cells were virtually al
nestin- and T-anti gen- positive but were weakly imunoreacitve for -
gl ut am ne synt hetase and were GFAP-negati ve. 30 Upon
renoval of t WOPHOR46t hese fl at cells rapi dly decreased’ql’ﬂ@-'fm e of
division, lost T- antigen i munoreactivity and gradually increased
gl utam ne synt hetase and G-FAP i munoreactivity. These cells survive
for several nonths in vitro and no 35 proliferation is evident in the
conti nued absence of WO 96/ 02646 ~ 24 -

PCT/ US95/ 09281 - 49 - | FN.

Interestingly, T- a%&g@ﬂ '&fﬂuggrfegﬁiefg téﬁd’%ﬁ% 4.5 fothl Hbarense! ik aseli on
can be re-induced dition of This provides a cell line

with the capa@FPVtPo°ﬁrEFFfE?%&EFQHP¥ﬂQFFbrent|ate ina 5 controlled
fashi on. Exanple 2 Cell's prepared according to

Exanple 1 are upal efaREfedd® ikl iis) T8 Adennullagti ECM on An
VR e

Preparation O PA gbsrtlo Per nsel ective hollow fibers
are prepared via a dry jet-wet spinning technique (Cabasso, Holl ow
Fi ber Menbrsanes, vol. 12p Farthék rexperdimentisopprinasy menigeabni cal

Technol ogy, W ey, CNQWEYQEEe Eéddéﬁ onﬂP 4o olyﬁ%&thiﬁgoflﬁkﬂnne VO
92/19195; United States Patent 158 8%5) P*nge %I piper s
are cast from sugh, £ABRTS ?r§2“%85$&nﬂﬁuﬁ%ﬂ ni= Boﬁb F orlde
( PAN PVC) copol ynesuppldmentidl with f 00& (BB Wae used as the culture

medium. After 2 weeks, the fibers were extracted with

10 0.1% Triton X-100 for 30 minutes, followed by 25 mM

NH,OH for 3 mins. Some fibers were immunostained with

antifibronectin antibody to confirm the presence of

acellular ECM on the fiber. Other fibers were used in

a cell adhesion assay with BHK cells.

15 Example 9 - BHK Cell Growth On Microcarriers
Encapsulated In BAOs Modified With PEO-PDMS
Preparation Of PEO-PDMS Derivatized BAOs
Single-skinned PAN/PVC hollow fiber BAOs were
produced as described in Example 2. These BAOs had an
20 ID of 642.6+36.7 um, an OD of 787.8132.2 um, a wall
thickness of 67.8%16.2 um, a BSA rejection coefficient
of 100%, and a hydraulic permeability of approximately
21.8 ml/mln/m /mmHg.
The PAN/PVC BAOs were derlvatlzed with PEO-
25 PDMS under sterile conditions. A 1% or 5% (V/V)
solution of PEO-PDMS (Huls, PS073, MW = 3126 g/mole;
82% PEO by weight) was prepared by diluting 1 ml or
5 ml of PEO-PDMS to 100 ml with deionized water. The
solution was sterile filtered (0.2 pm) prior to
30 injection into a "wet" PAN/PVC membrane. The membrane
was heat pinched and immersed in an agueous solution.
The fibers were rinsed with Hanks' Buffered Salt
Solution after 72 hrs and prior to use with cells.



Si ngt e- ski nned or doubl e-ski nned fibers are produced. The fibers are
collected Thto a non-sof vent water tath, —26—gtycerinatee—and—er+-ee—CeH-s— -
are | oaded at a density of 25,000 cells/[err]l into a PAN PVC

si ngl e- ski nned hol | ow fi ber and seal ed by heat pinching.

| mpl ant ati on t The encapsul ated cells are igr;BI’ant ed
into a 25 human host. Inplantation sites include the |ateral PCTUSISNO9281
ventricles and striatum of the brain. Procedures for i mpl ant ati on of
BAGs into the brain are described in Aebi scher et al., WD 93/00127,

I ncor porated herein by ref erence. 3Q gexanple 3 - Conditional

I mortalization O Neonat al Astrocytes A fragnment
containing the pronoter elenents of nouse mamary tunor virus (NMMIV)
is fused to the WO REFOgééfeting BHK cells as described in

PCT/ US95/ 09281 - 3 . 40 garly
regi on cDNA. E15 ranBIrngllﬁ ?:Iér'ﬁ% -}1%%%% a:}nto the zfs%ar g(l:)y egegrlg§¥19e8

transfected by el ecELBRERaRF ofiobhews. transfornmants sel ected by assayi ng
for proliferation. LORAing 'End cgéHl i FrBuate €xpanded and assayed

anti bodies. Trangtorned cell s> Mpere GaL, fldibr¥lons, Be/Rok-progyoing k.
in a host, substantfall§ FEOWRsER | IRE ¢onfluencyrwers Fipseghwibp(EBBAre hel d
in vivo for one non(lacking cdieidi@ndmfagrieyiumt,’teypdinidetihcosel |
distribution . 50 | ppPexFREBe fPPHRMLS S Per1ekBh bl bl Erbghe 14T
at 1000 rpm for 3 minutes. The cells were resuspended
10 in medium to a final cell concentration of 2x107
cells/ml. |
Cells were either loaded directly into the
PEO-PDMS derivatized fibers, or mixed with a 0.15%
Vitrogen® matrix solution or 0.5% agarose solution, and
15 then loaded. -Approximately 2.5 microliters (ul) of
cells or cell/matrix slurry (10,000 cells/ul) were
loaded into each fiber using a 24-gauge beveled
catheter tip and a Hamilton syringe.
Capsules were sealed by mounting a 1 -~ 1.1 cm
20 length of dry hollow fiber onto a hub with a septal
fixture at the proximal end which has loading access
for cells to be injected into the lumen of the device.
After infusing 2.5 ul of the cellular suspension, the
sepﬁum was cracked off and the access port sealed using
25 a light-cured acrylate (Luxtrak™ LCM 24, ICI Resins US,
Wilmington, MA) ("hub" sealed). The capsules were
subsequently "tethered” by placing a 1.5 cm 0.020"
silastic tube over the acrylic hub.
The fellowing BAOs were prepared in this

30 manner:

1. control underivatized jacket, no matrix;
2. control underivatized jacket, Vitrogen® matrix;
3. control underivatized jacket, agarose matrix;
4. 1% PEO-PDMS derivatized jacket, no matrix;

35 5. 1% PEO-PDMS derivatized jacket, Vitrogen® matrix;
6. 1% PEO-PDMS derivatized jacket, agarose matrix;
7. = 5% PEO-PDMS derivatized jacket, no matrix;
8. 5% PEO-PDMS derivatized jacket, Vitrogen® matrix;



Exanpl e 4- Col | agen- Reduced Proliferation and Ascor bat e- | nduced ..

Differentiation O SCT-1 Cells - - SCT-1 cells were cl oned
froma sciatic nerve 15 tunor froma Po-SV40 transgeni c nouse (Messing
et al., J. Neuroscience, 14, pp. 3533-39 (1994). These SCT-1 .
cells were i nmunoreactive for the Schwann cell markers S100 and Po,
as well as fXO%PAH6T- ant i gen. SCT-1 cel | s REOTAS§H928 under
t hree 20 conditions: (1) on tissue culture plastic wthout

ascorbate, (2) on tissue culture plastic in the presence of 50
[err]g/m ascorbate to induce differentiation, and (3) suspended in
Type | col |l agen. On a pl asti &6sabstratumin the absence of
25 ascorbate, nost cells displayed a fibroblast-Ilike nor phol ogy.

However, sone blpo%ar Cg&l?actﬁsﬂgrsgéqiﬁﬁéﬁedn?ggihks dgupbed hgtg§x20

hours and di spl ayed 'no con
celI's grown in therpecgfbsCwete mafneSLREdE ad:mmt b3t e6r Sk cae¥s garmzh

and a nore robust fibronect.i y c n
i i n S RBERRERLOELORY HO HEAER HRITIEART e, g % BB Yo, LevEEE tso
control and ascorbamﬁgbndareuhdldﬂeat#mnenﬁxthﬁnshmdys Figure 2 shgys
96/ 02646 5 NGF secretion (measured by EII8R)Ua%ee®928111 ana 25

- 51 - SCT-1 cells suspended in Type | collagen

exhi bited a bi pol aB®¥8rphol ogy and a dramatic decrease in mtotic
activity (i.e., doubling tintheaNGFerele®fe data imdjicptes that the

matrix alone has little effect on the output of the
cells. However, in the presence of PEO-PDMS, the NGF
10 release is substantially lower when used with agarose
and without a matrix but not affected by when used with
Vitrogen“.: In addition, the percent of PEO-PDMS used
in the modification apparently had little effect on NGF
release. From the histology data, the BHK cells
15 enéapsulated with agarose had an elongated morphology
and lined the walls of the device; however, very few
cells were viable within the agarose itself. The BHK
cells loaded with agarose in PEO-PDMS-modified fibers
also lined the inner luminal surface of the capsule but
20 had a round morphology. There were fewer cells in the
PEO-PDMS~-PAN/PVC modified fibers than there were in the
unmodified fibers with agarose, indicating that cell
growth was controlled. The cells in Vitrogen™ loaded
devices were not affected by the fiber modification _
25 neither were those encapsulated without a matrix. g
BHK cells in unmodified fibers with a
Vitrogen™ matrix were well distributed with
approximately 75% viability. There was some cell
necrosis in the center of the device. PEO-PDMS
30 modification did not affect cell distribution,
viability or morphology. With agarose as the matrix,
cell distribution was excellent with cell viability
approximating 90%. The cell morphology of BHK cells
was affected by PEO-PDMS derivatization of the membrane
35 (1% and 5%) when an agarosé'matrix.was'used. The cells



5 Exanple 5 - Inhibition O BHK Cell Proliferation By Ascor bate and

TGF-B BAKTetrts——secr et-+rg—CcSNH wer-e—g+ewa—-n-DMEM

(high glucose) nmedium Treatnment of subconfluent BHK cultures with
TGF-B1 (2.5 ng/mM) and ascorbate (100 [err]M 10 reduced mtosis. In
addition, the ppear ed el ongated, wth some cells aligning.
This data ' ' hdl cates TGF-B1 and ascorbate inhibits proliP€EF 1

and induces differentiation of BHK cells. In further
experinments, BHK cells secreting 15 hNGF were tréated with 2.5 ng/m TG-B
and 100 [err]M ascorbic acid prior to encapsulatlon in BAGCs and

i npl antation. Non-treated cells served as cofit?dl3 The specific

vari abl es include: a) TG-B/ ascorbate, no V'trogen[err] b)

TGFB/ ascor bate, Vit raged&¥ddgatea 8 un%QdIE%aﬁ? P@é?mﬁﬁ txﬁéigé?@r r{ded

and d) no TGFB/ascorbat roge on, seve
di fferent polyners d%éh%?4x§£§N/&§asu|s %ErEeFﬁpP%Bt%RF??ﬁQ)%Wu?he

striatum of adcagarosse sgnatidixg bate imaar spacedbetveen 3thwstiber and

Exanple 6 - Neural Siqupded Iv-ddml i Wakabae! 8 Igﬁzx,zéh &7 &SP Wi i i &

Differentiate Insét sence eres wer e prepare

usi ng the nethod 8% spbisfagtoxy. asPEﬁ}€§\QQY® edlargs 68
neur ospheres were cxﬁlusﬁamt and the dedbibidty 06 1dwer (apprdﬁiﬁarﬂﬂyares
were triturated intggy single cell 3Q suspension and half renained as
clusters. A single cell count was performed on a single cel
suspensi on and it was assuned that the clustered cells were of the
sanme concentration. Ziﬂ!ﬂlEJﬂﬂ l~s BHRdCel isGeovthede CultiSphersdMD 96/ 02646

PCT/ US95/ 09281 NGF-secreting BHK cells as described in

10 Example 7 were grown on collagen coated CultiSphers™.
CultisSphers™ (1 g) were rehydrated in 50 ml of PBS
(CMF). 15 x 10% cells were suspended in 1 ml of
rehydrated CultiSphers™. The cell/CultiSphers™
suspension was loaded directly into single-skinned

15 PAN/PVC hollow fibers, or mixed in a 1:1 ratio with 1%
agarose, and then loaded into single-skinned PAN/PVC
hollow fibers. The fibers were prepared substantially
as described in Example 2, and loaded and sealed
substantially as described in Example S.

20 The encapsulated cells were tested for NGF
secretion by ELISA at 2, 15, and 56 days. The medium
was replenished 3 times/week. Figure 3 shows the
results. The NGF release data indicate that BHK cells
can grow on CultiSphers™ microcarriers when

25 encapsulated in BAOs (Figure 3, legend: n-mat-008,
0709-n-m). Further, the NGF release data indicate that
BHK cell/Cultisphers™ can be further suspended in an
agarose matrix, with little or no effect on NGF
secretion (Figure 3, legend: agaro-008, agaro-0709).

30 Example 11 - Use Of A Peptide Derivative To Control
Cell Number And Cell Distribution

In this example, the luminal surface of the
BAO was modified with PEO-PDMS, poly(d-lysine), or



- 52 - suspended separately in equal amounts of Vitrogen[err] and.

ei ther neurosphere nmediumwth 20 ng/m EG- as.- - .controls,.or . PCG1

medi um Cells were | oaded at a density of 25,000 5
cells/[err]l into single-skinned hollow fiber PAN PVC BAGs, prepar ed -
substantially as described in Exanple 2, and then hub seal ed. The
BAGs were heMWP9692646t her neurosphere + EGF nedi um or  iRETRSISOREdi um
(with no EGF) . 10 The BAGCs were sacrificed after 3 days
and 7 days and were stained for glial fibrillary acidic protein
(GFAP) by i mmnocytochem stry. GFAP is an I nternedi ate fil anent
protein specifically expressed in astT ®8ytes. GFAP reactivity

i ndi cates that the neural 15 stemcells have differentiated into

Th ||
TS P LA Wt crs aghsion

Small % + for GFAPPTOtelnS|ngIe cel |, EGF : ~ Negative 20
Cell clusters, no EGF 3 In this &WM Baby hwms@E&Pkmney (BHK) cteklser s,

EG- 3 wer@eggédvgefausFlé&ég&g}éngChJE%gggﬁependeﬁﬁ cells

| ntense + for GFAP g I ve
Cell Clusters, fo pad have been shown nprgeious iy, togpdperesto ae hedley o

EGF 7 ' flbuegabmﬁeane, : By day 7, the encapsul ated
neural stemcells grglfferentlated into astrocytes in the absence
of EGF. 30 Exanple 7 - Effect O ECM On BHK Cells

Preparation Of Acellular Ecwﬁlngle—skxnned PAﬂiﬁyq%ﬂﬁoﬁeHPH@eHF°€%??§

obtai ned from 15 dajabstanti@hdycabr §esteived sinvExanplat d . i Theufibee| |

pl ates and o alds %ﬁgﬂ: sbggggessgmil nt_,.am%m lecleltlhgcwﬁggs[mnol ayer

35 contracted after
These fibers were sterlllzed by 1mmers10n in 70%

ethanol overnight and then rinsed repeatedly with HBSS.
Derivatization _
: 1. - PDMS-PEO: BAOs were derivatized with
15 PDMS-PEO as follows. A 1% (v/v) solution of PEO-PDMS
(purchaéed from Huls, PS073, Mw=3126g/mole; 82% PEO by
weight) was prepared by diluting 1 ml of PEO-PDMS to
100 ml with deionized water. The solution was sterile
filtered (0.2um) prior to injection intc .a sterile
20 membrane. The membrane was immersed in a 1% PEO-PDMS
aqueous solution for 24 h at room temperature. The
fibers were rinsed with water . (3 times) and then HBSS
prior to injection of cells.
2. PdAL: BAOs were der;vatlzed with poly(d-
25 1lysine) as follows. Fibers were immersed in an agueous
solution of 67,000 molecular weight poly(d-lysine) at 2
mg/ml for 24 h at rodm temperature. The fibers were
rinsed 3 times with water and then 3 times with HBSS
prior to injection of cells.
30 3. PepTite 2000™: BAOs were derivatized
with PepTite 2000™ as follows. Fibers were immersed in
a PBS solution of 100 mg/ml of PepTite 2000™ previously
dissolved in ethanol. The fibers were immersed in this
solution for 24 h at room temperature and then rinsed 3
35 times with PBS prior to injection of cells. -




WD 967/ 02646 ' PCT/ US95/ 09281

53 - Acetttutar—ECM was—ext r-actet-by treatrept—wth—
;O 1 % Triton X-100 detergent for 30 mins, and then treatment with 5
MM NH err]CH for 3 mins. BHK- hNGF Cells: 5 A BHK
cell line secretl ng NG- was produced as follows. A 2.51 kb fragnent
cont ai ni ng” apM ely 37 bp of the 3' end of the fi rEfI® 1 the
doubl e ATG sequence believed to be the protein translation start
for pre-pro-NG- and the conplete codi ng sequence and 10 entire 3
untransl ated regi on of the human NGF gene (Hoyl e et al., Neuron, 10, .
pp. 1019-34 (1993)) was subcl oned i nt ot} DHFR- based PNUT expressi on
vect or i medi at el y downstream from the nouse netall ot hi onei n- 1

promptor (-650 to +7) and .the ,fi rsg‘mp%gn oéo,t,aeo;[aflbexlé wéf&timniérlshdgene

Baet t al., P Natl . Acad 5454,
baby hamster kidney VEHBES: 895 HoPost’ room, tanseeRbuns R IOY 10 RUPHAER

construct using theof celltsal CI um phosphate nmethod. BHK cells were grown in
DMEM 20 contai ni ng 10%g (1 bovi ne serum 1 x pen| cilli n/
streptomycin/anpicillin B (0.8 4a/l and L-g

COerr] and at 3Rerr]C Tr an f')E& EHKeT:'@I# S ln%r%h%e er
medi um cont ai ni ng 2@iYears il meconceatzation of 5@@@9115}#‘1}4 %@bﬁﬂ'&

resistant cells wer q\retez ; 2 ta’i’:'dn a@ﬁdazﬂO§¥féMp PaRE S it LAin iy
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W th or wi t hout 20 o rexa
transfor med BHK- hNGSSZ3 éH“ed PeL meg.mm}i P4 FhSP cR:l?#)?niG[ err]
cells/well in the plmfteftmg drumu‘ba-l apngoekvo aweeks EOM dn cinauldtere slet

cells. BHK- 30, ¢ NG 5R2)d s \QE S0 gké&egaétzt:?ﬁ‘m Sange dais idppridpriate

control plates not contalnln were cou
hemacyt onet er after Yibers were fixed| {ncy %rﬁ%"ﬂ%‘?r’?ﬁde@g’frol
wel | s averaged - dehyﬁmtb@aw};raﬂed4eﬁhundb[md]sm¢%d wikh cel | counts

for the 35 extragigthdexyiRnPhna @b85AIRHaE) rer W SEdlodicat dhaiylilserr]
| - of cell distribution with osmium tetraoxide.

15 PAN/PVC-derivatized membranes showed a good
distribution of cells when derivatized with
poly(d-lysine) and a more even distribution of cells
when derivatized with PepTite™ 2000, as determined by
osnmium tetroxide staining.

20 - - For PAN/PVC menbranes, PepTite 2000™

" modifications were attempted in two ways. First, the
inner luminal surface of the membranes was modified
only and second, both the inner luminal surface and the
outer surface were treated. Empty BAOs (i.e. free of

25 cells) were analyzed for total amino acids, to
determine the binding of poly(d~lysine) or PepTite
2000™. The total amino acid bound to control,
‘unmodified membranes was approximately 0.2 ug/BAO. The
total amino acid bound to poly(d-lysine)-modified

30 membranes was approximately 0.8 ug/BAO for modified
inner luminal surface membranes, and approximately 2.6
4g/BAO for membranes where both the inner luminal
‘surface and outer surface had been modified. Similar
BAOs loaded with BHK cells were maintained for 14 days,

35 and then examined histologically. In. control
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- 54 - - cells. These results show a 4.5 -fold decrease i.n cel

grow h on the treated pl ates. Exanpl e 8 - Adherence O Cells To
Acel lul ar ECM On An | nner Support 5 In further
experinments, primary nenigeal cells were seeded onto a TECO err]

pol yur et harie MQ 9602646 Such fibers are useful as inner sPCPAISISONEI BACS.
DVEM suppl emented with 10% FBS was used as the culture medi um
After 2 weeks, the fibers were extracted with 10 0.1% Triton X-100 for 30
m nutes, followed by 25 niM NH[err]OH for 3 mns. Sone fibers were

| mmunostai ned with antifibronectin amt®8ody to confirmthe presence
of acellular ECMon the fiber. Oher fibers were used in a cel

adhesi on assay mnth B 1 Exanpl e 9 oW
M crocarriers §£§§%+aE%SF1rFé§%E;Wé£% PW?Heﬂ? 1%%?%?éiﬁ? TGl
Pr epar ati on of. PEOCPEﬁﬁﬁtEr¢V%x|Qh§jqyﬂire length of the fipewi e-BXi nned

PAN/ PVC hol | ow fi beanéééstweﬁe both laecihoaafcieacnbeﬁls j et Rl 2.
These BAGCs had an | D, pf

2 6.3 f m
a wal | t hi ckﬁgsg"ﬁ'll %’75 ‘ﬁt’[°é'f rc]é*n &lﬁsﬂiogj eSPP o%‘?‘c‘jbeaﬁzl Cl et%J"J
of 100% and a BydeSuthe membxamel ity of approximately 21.8

ni/nln/n[err]/nn+g These resil&SANWSYEetBARERL B Y (@+1ydina)ednd t h
PEC- PepTite 2000™ are effective in promoting cell
attachment to the BAC luminal surface, and thus are
‘effective in controlling cell distribution within the
10 BAO.

Example 12 - Use Of ECM Molecules To Control Growth Of
Neurosperes

Passage 71 mouse nheurospheres were prepared
substantially as in Example 1. Multi-well dishes were

15 precoated with 0.5% agarose (Sea-Prep™) to keep the
neurospheres from attaching to the plastic dishes.
Cells were plated at a density of approximately 50,000
cells per well into the designated matrices for the
experiment. Three wells were used for each matrix

20 condition; two of the wells contained PC-1 medium

. (control) and one contained neurospheres + EGF
medium (EGF) .
A dermal-derived Type 1 collagen (2ydast™;
(Collagen Biomedical, Palo Alto)), a tendon-derived

25 Type 1 collagen (Organogenesis™), a Type 1 collagen
(Vitrogen¥, Celtrix, Santa Clara), and agarcse were
evaluated for effectiveness in controlling cell growth,
alone, or in combination with laminin or PepTite 2000%,
or both. :

30 At 4 days and 14 days cells were assayed by
staining with fluorescein diacetate/propidium iodide
(FDA/PI), and were evaluated for cell. viability,
growth, and differentiation. Cells exposed to a
combination of the Organogenesis™ collagen, Peptite




25 PDVB under sterile conditions. A 1%or 5% (v/v) sol ution of

PEO PDVS -(HotsT—PSO7ST— WA =3126—¢grrmete; —82%PEO by welrght—was—————

prepared by diluting 1 m or 5mM of PEOPDVS to 100 ml with

dei ohi zed water. The solution was sterile filtered (0.2 [err]n) prior
to 30 inj ect%r; into a "wet" PAN PVC nenbrane. The nenbrane

heat pinched F‘Wé sed in an aqueous sol ution. The flpﬂ'@mw
rinsed with Hanks' Buffered Salt Solution after 72 hrs and prior to
use with cells. WD 96/ 02646

PCT/ US95/ 09281 - 55 -

NG--secreting BHK cells as described in - E}aﬁple 7, were |oaded into

t he PEO PDVS derivatized fibers as foll ows. Loadi ng And

Seal i ng Procedure oo" apd la 1_,?1@@&&5 'th%“?ﬁ%%%!s@”ﬁm%ny(%fpr oduci ng

BHK cells gromn to ocon uency were rinse énacklng
cal ci um and nagnesi ufiff fF??BE?‘%T’&%‘éI' th- about, 0%, ofkhe| Feilfi RRYL "%nd
pel l eted by centrifugaepgone différdwfiation. oAbduti Bokcof ¢hilscekposede

resuspended - 10 ing.gedi H@*?ngtiérﬁ] fﬁérﬁd?&&’g’? anpg{,_Z;,’l,Q[ﬁ;eﬁinin

cells/m. rectly into t

PEO- PDMVS deri vat i ?ed@?b@i%?%?nﬁ%&ﬁf’w th a 0.15% Vitrogen[err]

matri x solution or 0.5% agar ose sol ut ion, and 15 then | oaded.

Approxi mately 2.5 m (H'ﬁ An S¥a rEphl/ %tgbﬁtébﬂfﬁﬁx
(10,000 cells/ul) Ve 1 1 rmy,smgAaB gauge bevel ed
catheter tip and a Ham %ton syrl nge Capsul es were seal ed

by mounting a 1 - 1.1 cm 20 Imttypés sy M/Im fiibersosabatantiallin as

sept al fixture ghg %Pf)f)ﬁé Offl{ij i a% V{) ?Lﬁa%seaad' Q958§ $SSekinned OF

cells to be |nJected |n
fiber having the permselective membrane on the outer

surface, and a single-skinned fiber having the
permselective membrane on the inner surface.
First, PAN/PVC fibers were deglycerinized and
sterilized by immersion in 70% sterile filtered ethanol
15 overnight. The fibers were then rinsed with sterile
water three times over the course of about 1 to 2
hours. : -
Next, a 15% concentration poly (hydroxyethyl
methacrylate) ("PHEMA") scaffold matrix was prepared by
20 dissolving 1.59g PHEMA in 10 ml of 95% ethancl (190
proof, Quantum). In addition, a 10% concentration
poly (hydroxyethyl methacrylate~co-methyl methacrylate)
("PHEMA/MMA") scaffold matrix was made by dissolving
1.0g9 of PHEMA/MMA in 10ml of 95% ethanol. To dissolve
25 the polymers more easily, the solution was stirred and
heated. .
' The PHEMA or PHEMA/MMA solutions were loaded
with a syringe into the PAN/PVC fibers, which were then
immersed in sterile water. The loaded fibers were left
30 in water for more than 1 hour to ensure precipitation
of the scaffolds and diffusion of ethanol out of the
core. The ends of the fibers were cut off because they
were often clogged with either PHEMA or PHEMA/MMA. The
fibers were transferred to Petri dishes containing



After infusing 2.5
cracked off and th
(Luxtrak[err] LCM
The capsul es were

silastic tube over the acrylic hub. The foll owi ng BAGs were
prepared in WO%/0288 nanner: 1. control underi vati zRCTIUSENI2E1 NO
mat ri x; 2. control underivatized jacket, Vitrogen[err] matriXx;

3. control underivatized jacket, agarose matrix; 4. 1% PEO- PDVB
derivatized jacket, no matrix; 35 5. 1% PEO- PDVS derivati zed j acket,
Vitrogen[err] matrix; 6. 1% PEO- PDMS &é@r i~vati zed j acket, agarose

mat ri x; 7. 5% PEO PDMS derivati zed jacket, no matrix; 8. 5%

PEO- PDVS derivati z
PCT/ US95/ 09281
PEO- PDVS deri vati z
mai nt ai ned at anbi
mai nt ai ned at | ow
st udy. Flgure 2 sh
and 25
matri x al one has
in the presence of
when used with aga
used with Vi
in the nodificatio

10

i5

20

25

- 30

[err]] of the cellular suspension, the sept um was -

e access port sealed using 25 a light-cured acrylate
24, 1Cl Resins US, W I mngton, MA) ("hub" seal ed).
subsequently "tethered" by placing a 1.5 cm 0. 020"

eler35KChpsd! M BHE0 £SLded B RS PHEMA pam%g 6/0£646

5%
contyoleBAOggHeDEe coYeRared in this TRANBKGs were

ent Jerr] ngPLsdcfetind (B cells (Qe@epiveat ian, and then .

Shbhe; 7Y Cplet Proyn, in UL PHEY With BifiEanfReCand S

. antibiotics addedTh@h@reu@a@@%mmwp&a&% ?ﬁ%t the

ithlel #1aEk8ci/ien éfﬁﬁinﬁfyﬁsiﬂ tWashed andCebkkfispéhaeser,

[Ty |
rj'&sgcli medigngc’v\?t%%rﬂﬁotay r?gétﬁ?}e t?ts %ggig?ﬁgg?edyb Om;n
i t rogen[ er r The BREKNGF t¢ekls (warepdoaded dntpethe e5%d

AtdgPaenaslity 68016) 660 cceffegil siNg-a 22 gauge Teflon
catheter. BAOs were sealed by heat pinching.

Five BAOs of each type were prepared. Four
were placed in a 24 well plate with 1 ml of PC-1 media.
The fifth was placed in approximately 3-4 ml of PC-1
media in a vertical tube. After 24 hours, the BAOs
placed in the vertical tube were cut open along the
lumen (longitudinal cross-section) and analyzed
after 24 hours by staining with fluorescein
diacetate/propidium iodide (FDA/PI) for cell
distribution within the fibers. When viewed under a
fluorescent microscope, FDA stains viable cells green
and PI stains non-viable cells red.

" The remaining BAOs were cultured for 2 weeks.
The BAOs were maintained at ambient 0, for 4 days after
encapsulation, and then maintained at low 0, levels (50
mmHg) for the duration of the study.

The functionality of BHK-NGF cells was tested
by measuring NGF secretion (by ELISA) after 4, 7 and 14
days. The cells PHEMA or PHEMA/MMA scaffold-containing
BAOs continued to secrete NGF over the duration of the
study. Both the histology and NGF-release data
indicate that PHEMA and PHEMA~MMA scaffolds allow
maintenance of functicnally-active viable cells
distributed along the BAO.  The.results with 10% PHEMA-
MMA scaffolds were the best.



rel ease. Fromthe histology data, the BHK cells 15 encapsul ated with
‘agar ose had an etrongated morphotogy amt—tTned the—watts—of—the————

devi ce; however, very few ~ cells were viable within the agarose
itself. The BHK cells Ioaded wi th agarose in PEO PDVS-nodified fibers
al so lined thg, Iun1na| “surface of the capsul e but 20 had a _round
nor phol ogy. There vvelge fewer cells in the PEO- PDVB- PAN/ ¥SHUSTE 0281 o
fibers than there were in the unnodi fied fibers with agarose,

i ndicating that cell grow h was controlled. The cells in
Vitrogen[err] | oaded devices were not affected by the fiber

nodi fi cation 25 neither were those encapsul ated without a matrix.

BHK cells in unnodified fibers with a Vitrogen[err] matrix were well
distributed with zxgmﬁ%aﬁﬁl'aaﬁ@b¥of5ﬂﬁviﬁ@&¢'édhffﬂrﬁ*TdMEbn%Qﬁﬁ pehba
necrosi s in the ceniceliohumberdaniceel PESE SN Thut idh madiaf ispai i on di d not
affect cell distribution, viability or norphol ogy. Wth agarose as
the matri x, cel | distri®hei efifeativeness coff RHEMA @aid PHENI/ MMAy

grépOr ggvs maél ing 9?% tmareelsbaﬁeamaﬁi) GGi‘e%v%iéﬁ%ﬁé&'ﬁr eof()fedﬁire%'ékeciﬂd by
erivatization o e ran 0 . an aqgar ose
h&0 ggrptslﬁnq the aigFeipy 8By Vin Mhalbs?" 29

matri X was used.
PCT/ US95/ 09281 Single-skinned fibers wer®/ prepared \ere

E'Z&?@E?d Eglrnnnd'ghﬁgfﬁﬁéNEYE} EQddQDéfiﬁéu”Ek“bxample ?ﬂ ”QGEEFeéibers
sgace bétmeen fhge¥|gggcaﬁgya£a t%ﬁaf%%%9"+ﬁﬁrékiﬁgai§£}rIX rP?4a?ﬁg cel
di stribution 5 i 3D, e387sami ODacvally thicikahess M8/ anf,0 mededtioge
clusters and thqgovi aBeleieikibat! 286% (BSRJ OhyBAldidc permea®iPity 22
ml/min/mzlmm Hg.
Inert scaffolds of PHEMA and PHEMA/MMA were
prepared in these fibers, substantially as described in
Example 13.

15 PC12A cells (1 X 107 cells/ml) in HL-1 medium
were injected into the lumens of the. fibers, and the
fibers heat sealed to produce BAOs approximately 1 cm
long. The devices. were held at 37° C at ambient
pressures in HL-1 media. To assess functionality of

20 the encapsulated cells, the BAOs were tested for basal
and K*-evoked catecholamine release at 1, 14 and 28
days. The results are shown in Figures 4A and S5A
(basal release) and Figures 4B and 5B (K'-evoked
release). These results show that PCl2 cells

25 encapsulated in BAOs having inert PHEMA and PHEMA/MMA
scaffolds retain their functionality, as measured by
catecholamine release.

Cell distribution in the BAOs was evaluated
after 5 hours and 4 days by vertically cutting the

30 fibers in half, and staining the cells with FDA/PI.
These results indicated that PHEMA and PHEMA/MMA
scaffolds are nontoxic and support cell viability and
functionality of PC12 cells.



Exanple 10 - BHK Cell G owth on CultiSphers[err]

NG--secreting BHK cells as described in 10 Exanple 7 were grown on
col | agen coated Culti Sphers[err]. Cul ti Sphers[err] (1 g) were
rehydrated in 50 m of PBS (CWF). 15 x 10[err] cells were suspended .
in 1 m of reh%drated Cul ti Sphers[err]. The cell/Culti Sphers[err]
suspensi on va¥ol directly into single-skinned 15 PANPCFISISOZSD W
fibers, or n1xed inal:1ratiowth 1% agarose, and then | oaded into
single-skinned PAN PVC hol |l ow fi bers. The fibers were prepared
substantial ly as described in Exanple 2, and | oaded and seal ed
substantially as described in Exanple 9. 206 = The encapsul at ed
cells were tested for NG secretion by ELISA at 2, 15, and 56 days.

The medium ' “ﬁ%@ #{:ﬁo@e%@i’? Adiesion
results. The NGF reigdSgi ﬂ%ﬂhﬁ;& can grow on

Culti Sphers[err] mcrocarriers when encapsulated In BAGs (Figure 3,
| egend: n-mat-008, 07 (i~ txy)pesmet NUPF {(Reehi¥, r'laém&se!at azeirledi cate

t hat BHK cel Iﬁ%@&: SPPSIA eT#: ﬂfzfggan#ggzggzkgggssu pPeileded iy

agarose matri x, ttle or no_e ecretion (Flgure 3,
| egend: agar o- 00 RaY) A) - eBGaE%&ﬁpFéciivedLgﬁﬁcinAg#ﬁﬁﬁHQﬁ§
Derivative To Cbntrtbrm. didesd weteripainched Gat| tdi sitiinteo @% well

In this exanple, t nalwr,ﬁ,ﬁffe h SALL 4B iddmM t h
PEO- PDVB, pol y(d- | hﬁlw% dlschGers i i
PCT/ US95/ 09281 dodecyl sulphate (SDS), w/v: for 65)8 and then rinsed

with water (3 times). The discs were then immersed in
10 1% sulfuric acid (v/v in H,0) for 13 h (overnight) and
then rinsed 3 times with water. The discs dried on a
paper towel and then sterilized by autoclaving.
The discs were cultured with 3 cell types to
test for cell adhesion: BHK, AT-3, and TSA cells.
15 Approximately 100,000 cells were added to a 24 well
plate containing one of the above 6 NWPF discs in PCl
" media. A serum-free medium was used to test for cell
adhesion without the inference of serum (except for TSA
cells). After 4 days, the BHK and AT-3 cells were
20 examined for adhesion by PDA/PI. The cells had an
elongated morphology and appeared to adhere on Reemay
#2250, and 2055. At 10 days, BHK were growing best on
#2250. AT-3 cells best adhered to 2024 and 2285. AT-
3 cells grew best on 2024 at 10 days. TSA cells (in
25 10% FCS) after 1 day had an elongated morphology when
grown on #2250, #2055, and grew best. on #2024. At 7
days, TSA cells were growing best on #2055.

Example 16 - SV40/DBH-NGF Cells on Microcarriers
Suspended in Matrix Material

30 Regulatory elements of the dopamine 8-
hydroxylase (D8H) gene (Hoyle et al., J. Neurosci., 14,
PP. 2455~63 (1994)) were utilized to direct the
coexpression of the SV40 T-antigen (tsa58) (DBH-SV) and
human growth factor (DBSH-hNGF) in transgenic mice.




PepTite 2000, a comrercially avail able cell adhesion pr ot ein.
| n t hi ssStodytabty—amster—ktdrey~<BHK celHds———  wer

are anchor age-dependent cells 5 and have been shown previously to adhere
to the holl ow fiber menbrane. : Fi bers

Si ngl e- ski nned PAN/ PVC BAGs . Wiet e produced substantially as descri bed
in Exanpl e 2. Wh%M648cr 10 dinensions were 625[err] m | D, SPCEESISHRA| |

t hi ckness. These fibers were sterilized by imrersion in 70%

et hanol overnight and then rinsed repeatedly wi th HBSS.

Derivati zation 1. PDVS- PEO.  BAGCs were derivatized with
15 PDVS-PEO as follows. A 1% (v/v) sol ution of $PEFO PDVS (purchased
fromHuls, PS073, Ma=3126g/ nol e; 82% PEO by Wei ght) was prepared by

diluting 1 m of PE(&JDe%ets%J.P{\ of i,_?g g%u}%%f f &Meq nlne
o)

solution was sterile rior 0|nject|on|ntoa
sterile 20 menbr afeoPlinsmse iHy &he adsenadenedwlily and yoAdnsnaygic
aqueous sol ution forsykpathaticogangtiner aAutemodhef the cdlimy rewriion ifromed

with water -(3 timeg),an Py Vg\gzekw (e d?%gggté,g 4 eﬁ{é %,,er Cﬁq{és%e

2. PdL: BAGs were Sd Wt é}:
Fi bers were i mer%edash ngchandeaddy dlss°§b¢ﬁ?¢oﬁn‘§)fp %G- eddy(cayl ture

wei ght pol y(d-1ysi ne()mim 210% FBspuswicj os%Zéo;o at ToRistipetaiceld. The

fib h
prior to 1 ection (VRG] dnrRSsthtTelBEE120E- LGP pidd Teiama o,

were derivatized Phas\ﬁi‘Pﬁ' igbpTredlsohaying ]e:a%e%we)\meur iten drocpsses.
i mer sed in awee presehontobmltRenimitisl dieItiides pHHIYRr I [The

previously = ¢ 'm'ﬁegeﬂseggﬁﬂekted Tga DS Sof Rt d IRt Athel T S

sol ution for roomte and
PBS prior to inject@Hren éé yding 1munom%¥mefor neurofilament—L

PCT/ US95/ 09281 and -M and tyrosine hydroxylase. Immunoreactivity for
the SV40 T-antigen was also present in these cells, in
contrast to the fibroblast-like cells, which were

15 negative for these markers. The cells were passaged
weekly.

Cells were grown on an Cultisphers™ as
described in Example 10, and were suspended in either
an alginate (1.5%) or agarose (1%) matrix. In the case

' 20 of the alginate matrix, the alginate was cross-~linked
by immersing the devices in a 1% agueous calcium
chloride solution for 5 minutes after encapsulation.
The cells/Cultisphers™/matrix were loaded into PAN/PVC
hollow fibers as described in Example 10.

25 The cell-loaded BAOs were maintained in
serum-free medium conditions. At selected time
intervals, devices were washed prior to 30 minute
incubations in HBSS. The basal medium was collected
and assayed by HPLC-ED for L-dopa. The devices

30 continued to secrete L-dopa at 80 days jin vitro.

Example 17 - Genetically Modified Myoblasts Secrete NGF
After Differentiation

Mouse C,C,, myoblast cells have the advantage
of being rapidly dividing cells, can be grown in large



- 59 - 4. PANPVC. Control fibers were i mrersed

in HBSS for 24 h at roomtenperature prior to-injection . of .cells.
Cells 5 BHK cells were | oaded into the derivatized

fibers at a concentration of 5000 cells/[err]l. The fibers wer e
seal ed and placed in screw cap tubes containing serumfree nmedi um
(PC1 nedi un) wones/02éaén pl aced on a rotating drum for upPCrEUSIsA2ececks
in an incubator set 10 at 37[err]C. The drum speed was 2 rpm At the
appropriate time the fibers were fixed in 4% paraf or mal dehyde,
dehydrated in graded ethanol and stained with hemat oxyl in and eosin
(H&E) for histological analysis of cetl|6€&di~stribution with osm um

t et r aoxi de. 15 PAN PVC- deri vati zed nenbranes showed a good

di stribution of - ceII when derivatize d IyS|n nnre
even distribution ié’ in Vl%ﬁﬂen 'ﬂ%‘t’#}%ﬁ%&%e{’* ﬁgﬁTPfeFéf‘%]

as determ ned by selec&sﬂnu&pnesrgandbesismlﬁtgﬂ Mzmse C,C,, 031¥§oFan
PAN PVC rertbr anes, \eqlieg-2009Lea] ine inmagw.s,tmeuaaaenpt ed in

two ways. First, um na rface of the rren&banes
nodi fi ed onI PXRFUTEC &R 1°Ho?ﬂr!‘ﬂe°?'i‘1?1%?"’r’lﬁn“}?£m§hrf §sﬁnﬁ -
outer surface wg e arfecthas. abdvphyagdans (foxe. eﬂc&psuﬁathzBxncsbmsyrme¢@

I d f t ot al f
BT R g oy A St

control , unmsfintred 188n5rafhe
total am no acid bohey Edlpokpédchpsuhe)amﬁmhﬁ|antumuiatumsnbfaﬁebrmasls

approximately 0.8 EﬁﬁﬁLQEBAQ&EQE gggbghgdmonths i nner lum nal surface
menbranes, and approxi mate é %f / BAO nenbranes mg e both
the i nner Iun1ﬂ5f sur?&c@eﬁﬁﬁdoﬁ? aktyt # éﬂtﬁggﬁfﬁﬁg B
Simlar BAOmyoradet liine BbKconatisuersecret iniinNes: h@tet4fdayep
35 and then exam ned NigtudkCRhkY taxth SPALL O
Cc,C,, myoblast cells (ATCC) were transfected
with a hNGF gene, using the Lipofectamine reagent
15 following the manufactﬁrer's protocol (Gibco). Cells
were selected in ‘1 mg G418 for 2 weeks and then tested
for NGF output. Cells were plated at about 260
cells/cm2 in T75 flasks and 24 well plates with or .
without cover-slips.-'Cells'were'fed-twice a week with ?ﬂ_é
20 DMEM and 10% FBS. Cells were harvested at 1, 5, 8, and e
13 days, at which time NGF secretion was measured. The
results are shown in Table 2.




VO 967 02646 I PCT/ US95/ 09281
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clusters over the entire length of the fiber. In contrast, in both
types of nodified fibers, there was an even distribution of cells
along the lumnal surface . 5 of the nenbrane. ' These
results suggedYOP4RB46,0| y(d-1ysi ne) and PepTit e 2000[ er PET/H$98/09281
effective in pronoting cell - attachnment to the BAO | um nal surface,
and thus are effective in controlling cell distribution within the
10 BAO Example 12 - Use O ECM Mol ecul es To Control G owmh O
Neur osper es - Passage 71 nous® $®uUt ospheres were prepared

substantially as in Exanple 1. Miulti-well dishes were 15 precoated with
0. 5% agarose. (Sea-R 21 | CrlomEals ne HeLE Fole’ NEFEEEEEEIEN
to the plastic di sh'i(;a"fsi.p'{fzr ! %*s we%g BFa?E%F’atw{a Sengxlafyoof

approxi mately 50, 000 - cells per well into the designated matrices for
t he experi mentgelfihngmere! | gimer gnused fog each matrix ®0 NGF
condition; two of tlsecrtiorcont gudedr&€C- 1 nedecontluency (cont ridisiaand one
cont ai ned neurospheres + EGF medi un{ EGF) . A

der mal - deri ved Type paresiti agen (2aMadt %err] ; 25 (Collagen BPonedi &4 ,
Palo Alto)), a téhdon-derived 2%23f§Pe 1 col.l agen (Organogenesis[err]), a
Type 1 coll agen Vitrogen[err Celtrix, nta Clara), d agaggse
wer e eval uat ed"“‘%r effecti rr? gigsi n controlling cell 'grgé'vth, n

alone, or in conbination with lanfnih or PepTite 2000[err], or bot h.

30 At 4 Gaterdnd 14 damg sells were gssayed by 0 st ai mtng

with fluorescein diacetate/propidiumiodide (FDA/ P1I'), and were

eval uated for cell viability, grow h, and differentiation. Cells

exposed to a V@R nation oflayh® Organogen?8is[err] col | afen, P&Stite

10 parent day 8 o8 5 bl

+NGF day 8 90 1 0.0018
parent day 13 1000 80 ND
+NGF day 13 100 50 0.014

% fusion = &% myoblast cells forming into myotubes

15 *~+ NGF" indicates C,C,, cells transfected with hNGF gene
"parent" indicates untransfected C,yCy2 cells
NGF secretion measured in pg/ml/cell/24 hr.
nt = not tested
ND = not detected’

20 *Day 8 Cells have increased in size, preparing for fusion.
*Day 8 More fusion in the culture dishes than in the T

flasks (Flow cytometry done on flasks)

These results suggest that transfected myoblasts
continue to secrete the desired heterologous product,

25 i.e., NGF, after terminal differentiation into
nyotubes. '

e -~ Genetically Modified Myoblasts Secrete
CNTF After Differentiation

We transfected mouse C,C,, myoblasts with the
30 pNUT expression vector (Baetge et al., Nat
Acad. Sci. USA, 83, pp. 5454-58 (1986) containing the
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- 61 - - 2000[ err] and lam nin showed the hi ghest anount of
differentiation, with about 90% of the cells having under gone
differentiation. About 80% of cells exposed to a conbi nation of .
agarose, Peptite 2000[err] and | am nin 5 had differentiated.

Exanpl e 13- W06 An | nert Scaffold To Control BHK . @CIIUsssNRIr And
Cell Distribution In A BAO Two types of PAN PVC fibers
(substantially as described in Exanple 2) were used: a single-skinned
10 fi ber having the pernsel ective nmenbrane on the outer surface, and
a single-skinned fiber having the perm$8| ecti ve nenbrane on the inner
surface. First, PAN PVC fibers were deglycerinized and

f}g;'r's' ﬁfebtyh;nm? H'ggg gﬁ?ﬁo‘y%,gt?% fiex}ee.lr %f% %}%%agg%onléfom m@atp The

course of about 1 gene and thgog;gactzvity of the. fackex: wege1apglyzed by
concentration pol yfeyrdnesmnebivt, Elisa nesde, \Wnd Chaf' BEERMML Yy seaf f ol d

0
L X ves prepar caiilyensa Shiath G byl cataEk ofoRd%e R fano
pol y(hydroxyet hyl wdphacwgsateund- thrm lapprpximarely. 0. 2("@%@%%4\3!%")
5506 eLhanol . To o ooy e o e LTy 1 b6 S UL, on as.
st |(;red and ig‘ﬁ'é a ubdn QlfPer tlastl"}?é‘ Iﬂ-flgﬁb y,% sol uti ons
wer e | oaded \m.hblaysyc hONIF chu 1RANEENE: fndlonsundnisc fresy e t hen
imersed in Steril%x@@&ﬁ&-l ggﬂf.aggf&fdigﬁﬁi\Mﬁaiph%&Bglcal study of the
10 facial nuclei of newborn rates, 1 week after axotomy,

indicated that only 13.4% of the facial motoneurons

were retained in control animals whereas a continuous

release of hCNTF resulted in 22.7% survival of the

motoneurons.



30 in"water for nore than 1 hour to ensure preC| pitation of the

scaf f ot ds—and=di-fFustomof—ethanet out—et—the ———core. Fhe—ends—ofthe
fibers were cut off because they were often clogged with either PHEMA
or PHEMA/ MMA.  The fibers were transferred to Petri dishes containing
WO 96/ 02646 wa PCT/ US95/ 09281

- 62 - WageR2646c HBSS.  BAGs | oaded with PHEMA, PHEMA MPCEUNSS09281
control BAGs were prepared in.this manner. - NGF- secreting
BHK cells (described in - Exanple 7) were grovvn in 10% DVEM wi t h

gl utam ne and 5 antibiotics added. The cells_ _were gently pulled off

the flasks with 0.25%trypsin, washed and resug%ended in PCL nedia to
a density of 1 x 10[err] cel I's/ni. The BHK-NGF cells were

| oaded into the fibers . at a density GyiNclfigrag! | s/[err]l using a 22
gauge Tefl on 10 catheter. BAGCs were sealed by heat pinching.

Five BAGCs of each type were prepared. Four were placed in a 24 well
plate with 1 ml of HI) CENERAL INCRAIIN: The fifth was placed in approxi mately

3-4 M of PC1 nedia in a vertical -tube. After 24 hours, the BAGCS
15 placed in the verti &3 mmm&gﬁ'a?ﬁng t he | umen

(I ongi tudinal cross-section) and anal yzed after 24 hours by staining
with fluorescein a;gﬁie / Wil | e of oS e,
distribution within thé® &W - AP ag@or escent

m croscope, FDA stains viable cells green - and PI stal ns non-vi abl e
cells red. (iii) MR o sEIRCES: BAOs were cultured for 2 weeks.

‘The BAGs were nmai ntained at anbient (Qerr] for 4 days after
encapsul ation, and ther(lmmtmq err] levels (50 25 mmHg) for

(A) ALDRESSEE: James F. Haley, Jr. ,
the duration of the st udy. s - 1581 Mo, of the &

(C) CTTY: New York
(D) SIATE: New Yark
(E) CONIRY: USA

(F) ZIP: 10020~1104

(V) CMRUTER READRRLE RORM:
(A) MEDIIM TYPE: Floppy disk
(B) COMEUTER: - IBM FC campatikle
(C) CPERATING SYSTEM: PO-DOS/MS-D0S
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DRTA:
(A) APPLICATTON NOMEER:
(B) FILING DNTE:
(C) CLASSIFICATTON:

(vii) PRICR APPLICNITON DANTA:
(A) APPLICATION NOMEER: US 08/279,773
(B) FILING DXTE: 20-~JULY-1994
(C) APPLICATICN NOMEER: US 08/432,698

(C) REFERENCE/DOCKET NOMBER: CTI-22 CIP KT

(i) TECETMVINICATTON TNFCRMATTON:
@A) THEHE: (212) 596-9000
(B) TELEFRX: (212) 596~9090



The functionality of BHK-NGF cells was tested by measuring NGF
secretion (by ELISA) after 4, 7 and 14 - days. The cells PHEMA or
PHEMA MVA scaf f ol d- cont ai ni ng BAGCs continued to secrete NG- over the-
duration of the 30 study. Both the histology and NG--rel ease data .
indi cate that PHEMA and PHEMA- MMA scaffol ds al |l ow mai nt enance of
functi onal 1 yWA6003646 vi abl e cel | s di stributed al ong t h@CHUSIS/0N28s
results with 10% PHEMA- - MVA scaffolds were the best. WO

96/ 02646 PCT/ US95/ 09281

- 63 - Exanple 14 - Use O An Inert Scaffold To Control PCl12A

Cell Nunber And Cell Distribution In A BAO™ 70 - The

ef fecti veness of PHEI\/A and PHEMA/ MVA inert scaffolds were eval uated
for effectiveness |(Q) é% Wb distribution of PC12 in BAGs.

Si ngl e- ski nned fiber's were prepare ~ substantially as described in
Exanpl e 2. These fi ber f) sexmece virarEagmiesd the foll ow ng characteristics:
642 [err]m | D, 787 [(ay cinNomEDe ambrblacidsi ckness 68 [err]m rejection

10 coefficient 100% ( BSA) ,(Bh e #mireo aeid neabi | ity 22 m / m n/n{err]/mﬂ
Hg. | nert @;M% m and- PHEMYV MVA wer e
prepared in these fibers, as described in Exanpl e 13.

15 PC12A c 54&{#.}& EE!gis ll1s/m) in HL-1 nedium wer e
injected into the Iunzhg and the’ fibers heat sealed to

produce BAGs appr oxi r(mjgmm | ong. The devices, were held at
37[err] C at anbient pressures in HL-1 nmedia. To assess functionality
of 20 the encapsul af{ix) RWI-SENSEt B2 BACs were tested for basal and
K[err]-evoked catechol am ne rel ease at 1, 14 and 28

(i) SEQUENCE DESCRIPTICN: S 1D m:-i:
:cl.}sAspProGly'éyrIIeGlyg'Atq

(2) INFORRTTION KR SE) 1D NO:2:

(i) SBYIENCE DESCRIPTEN: SEQ mlb:::
Gly Arg Gly Asp Ser Pro N
1 S

(2) INKRMATION FOR SHQ ID NO:3:

(i) SEQUENCE GRARACTERISTICS:




days.® The results are shown in Figures 4A and 5A (basal rel ease) and
'Fi gur es4Band 5B~ (K ferri- evoked— r t

PC12 cells 25 encapsul ated in BAGs havi ng inert PHEMA and PHEMA/ MVA
scaffolds retain their functionality, as measured by cat echol am ne
rel ease. Cell distribution in the BAGs was eval uat ed

after 5 hour s™h®4ays by vertically cutting the 30 fiberBCHUSHAME! ang
staining the cells with FDA/ PI. These results:i.ndi cated that PHEMA
and PHEMA/ MVA - scaffolds are nontoxic and support cell viability and
functionality of PCl2 cells. WO 96/ 02;346
PCT/ US95/ 09281 - 64- Exanpl e 15 -
Use of An NWPF To Pronote Cell Adhesion and Differentiation in a BAQ
Six types of NWPF (Reemay, Tennessee) were tried: #2470, #2295,
#2024, #2055, #2033, #Z3¢0mr-saeEza®may #s). The fabric received was in

fl at sheet .form discs were punched out to fit into 24 well

pl ates. The NWPF discs were imersed in 1% sodi um dodecyl sul phate
(SDS), wv for 6handthen ri nsed ~ with water (3 tines). The discs
were then i mersed in mcﬁm:"ln Herr] O for 13h

(overni ght) and en ri e%g aﬂaégr on a
paper towel and then st ‘Q% t cw mmvgiﬁ e d| scs

were cultured with 3 cell types to test for ceII adhesi on: BHK, AT-3,
and TSA cells. 15 Appapxpadgpsiey ¥ 100, 000 cells were added to a 24 wel |
plate containing one of the above 6 NWPF discs in PCL nmedia. A
serumfree medi umwas used to test for cell adhesi on w thout the

i nference of serum (@ VFRAIEN KR\SK) ID NO:4:

(i) SEXENCE GIARACTERISTICS:
(A) LENGIH: 5 amino acids
. (B) TYPE:: amino acid
(C) SIFADEINESS: single
(D) TCEOLOGY: lineaxr
(ii) MXBOIE TVPE: peptide
(iii) HYFOTHETICAL: NO

(iv) ANTI-SENSE: NO

(d) SEXENCE DESCRIPTION: SEQ ID NO:4:
Gly Gly Gly Gly Gly
1 5



cells). After 4 days, the BHK and AT-3 cells were 20 exam ned for
adhesion by PDA/PI. The cells had an el ongat ed nor phol ogy and
appeared to adhere on Reenay #2250, and 2055. At 10 days, BHK were
growi ng best on #2250. AT-3 cells best adhered to 2024 and 2295. AT- -
3 cells grew best on 2024 at 10 days. TSA cells (in 25 10% FCS) after 1
day had an eWe9§82646] nor phol ogy when grown on #2250, ‘PCDYSISHNEE gr ew
best on #2024. At 7 days, TSA cells were grow ng best on #2055.
Exanple 16 - SV40/DBH NGF Cells on Mcrocarriers Suspended in Matrix
Mat eri al 30 Regulatory el enents of the dopam ne B-

hydr oxyl ase (DBH) gene (Hoyle et al., J. Neurddsci., 14, “pp. 2455-63
(1994)) were utilized to direct the coexpressi on of the Sv40
T-antigen (tsa58) lé .and human growt h factor (DBH hNGF) in
transgeni c m ce. 96/ 02646

PCT/ US95/ 09281, 1. A nmeth for contré%ixng dxstrlbutlon of
Coexpression of the ﬁg ner ene resutg

adrenal nedulla an® ch ioart
celiac region fromthe cehmﬁetofatheeetmene that dintsiduted cedd t he tunor

tissue 5 was ne | ssaC | ‘U
v 100 Fae 3 FEOYIERat 8o 0ChRbAty 08 LoL o dceiaciih ke

flat fibroblast-Ii Eé’e@éﬂ’ﬁeé'taﬁﬁlggaﬁff“tl{’gb}é&ﬁ !—ld#tg &@Pﬂ?@&?fﬁﬂﬁ i

extensive neurite pxdossses, were present fromthe initial culture
period. The 10 smal |l cells exhibited features of catecholaninergic

neuron includi ng i mmunoreactivity G neur i | ame
tyrosine hydroxyl ase. | nmunofeact FHPt PeFRe a°°°rJ}ng to claid q “thapdin
the treatment comprises transforming the cells with a

proliferation-promoting gene operatively linked to a
regulatable promoter such that expression of the
proliferation prbmdting geﬁé can be inhibited upon in
vivo implantation in a host.

3. The method according to claim 2, wherein
the proliferation promoting gene is an oncogene.

4. The method according to claim 3, wherein
the oncogene is selected from the group consisting of
c-myc, v-mos, v-Ha-ras, SV40 early region and El-A.

5. The method according to claim 2, wherein
the regulatable promoter is selected from the group
consisting of tetracycline-responsive promoters,
interferon-responsive promoters, glucocorticoid-
responsive promoters and retroviral long terminal
repeat promoters.

6. The method according to claim 5, wherein
the promoter is the Mxl promoter and the proliferation-

promoting gene is SV40 early region.

7. The method according to claim 1, wherein
the treatment comprises transforming the cells with a

RAN
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t he -Sv40 T- antlgen was al so present in these cells, in contrast to

the fi = ; Feh—were= 15—ﬁega%+ve for—t-hese—+warkers—Fhe——
cells were passaged weekl y. Cells were grown on an

Cul tsi Sphers[err] as described in Exanple 10, and were suspended in

ei t her lnate (1.5% or agarose (1% matrix. In the case 20 of
the al ginate Nﬁf the al ginate was cross-Iinked by | PAEPSASO98E he
devices in a 196aqueous cal ci;um chloride solution for 5 mnutes after
encapsul ati on. The cell s/ Cul tispher s[err]/matrix were |oaded into

PAN PVC hol l ow fibers as described in Exanple 10. 25 The
cell -1 oaded BAGCs were maintained in _ seTufd fTee nmedi um conditions. At

sel ected tine interVaIs devi ces were washed prior to 30 m nute

i ncubations in HBSS §Q&§ ly SRA4E L%
HPLC-ED for L- dopa 1,The evi ¢ %mg&gggﬁ&gélﬁg %&% %éecﬁagflg éLaVéi ﬁéia at 88 days

in vitro. : lateble prpuebel| BYChothat RKRARAFLIAN Oisddeet e NGF
After D'fferentiatl@mol1feratxon~suppre§bﬂﬁg Géme r¢dH ecdurmuplomdn wdivbs

have the advantage smptan@bed8h"dn’ 8Phab¥, it LdW 58! {rim AR L0YIMROL N

| arge
PCT/ US95/ 09281 - 66 - quantity
invitro, transferred to express pméehaehmchccoranmplmtcadm onewhezeihe

isolated. Muse ( %re] &Sﬁﬁkeﬁstkénﬁéﬂ?%r?ssmi %m cont a| o it I NLO a

post-mtotic state up ni ng medi um
These cells 5 aF@PPHG§SSHVEﬁPﬁg§B%§°¥%# Bremjhe GEWP GoNEdFEdnes8f
: the p53 gene and the RB gene.

9. The method according to claim 1, wherein
the treatment comprises transforming the cells with a
differentiation-inducing gene operatively linked to a
regulatable promoter such that expression of the
differentiation-inducing gene can occur upon in vivo
implantation in a host, but can be inhibited in vitro.

10. The method according to «claim 9, wherein
the differentiation-inducing gene is the high mobility
group chromosomal protein 14.

11. The method according to claim 1, wherein
the treatment comprises exposing the cells to a
proliferation-inhibiting compound or to a
differentiation-inducing compound.

'12. The method accbrding to claim 11,
wherein the proliferation-inhibiting compound or
differentiation-inducing compound is selected from the
group consisting of phorbol ester, heparin, TGF-8,
ascorbate, mitomycin, BrdU, PGE,, dbcAMP, Ara-cC,
nicotinamide, and SGP.

13. The method according to claim 1, wherein
the treatment comprises removing the cells from

—_—_—
—_—
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to dividing cells whose proliferation cannot be controlled -- the
| atter cells continue to divide until they fill the capsule and an
accunul ati on of debris is observed after several nonths. 10

W tested the ability of a transfected CJerr](err] nyobl ast line to-
continue secreting hNGF after fusion I nto nyotubes has taken pl ace.
Clerr] err]'weasmeeet cells (ATCC) were transfected WIPCT/USO$09A gene,
usi ng the Lipofectam ne reagent 15 foll owi ng the manufacturer's protocol
(G bco). Cells were selected in 1 ng (418 for 2 weeks and then tested
for NG- output. Cells were plated at about 260 cells/cn2 in T75
flasks and 24 well plates with or Wi thdét ~cover slips. Cells were fed
twice a week with 20 DMEM and 10% FBS. Cells were harvested at 1, 5, 8,

and s arsi Days, Ig@ﬂgkgh;ja' IphTs PEGEEL P AARIURIAY Binpodhif or to

Fl

PCT/ US95/ 09281 : differentiation-inhibiting compoundg; . Table 2 -

: Time Course of C[err]C[err] screeni ng For- NGF Secretion cell Ilneqz
tine in % 14. The ?ethoa«géifrdxfgSEBrEEEQH 53 culture e
confl uency fusion -
0 nt 5 wherein the pg¢Q@fgﬁ;tlon-st1mg@gt1ng compoupd yoq |
25 0d1ffereﬁt1at1on~;nh1bit1ng_compd&hﬂS&QSselectedpﬁrdmn '
day 5 4Othe group consigting of "BGF, TGF-c, and amphiregulin,

and the cells are neural stem cells.

15. The method according to claim 13, !
wherein the proliferation-stimulating compound or
differentiation~-inhibiting compound is a mixture of a
member of the FGF family of growth factors and at least
one member of the CNTF or NGF family of growth factors,

and the cells are neural stem cells.

16. The method according to claim 13,
wherein the proliferation—stimulating compound or
differentiation-inhibiting compound is a multilineage
growth factor and the cells are hematopoietic stem
cells. j

17. A method for controlling distribution of
cells within a bioartificial organ comprising exposing
at least one growth surface within the bioartificial
organ to a treatment that inhibits cell proliferation
or promotes cell differentiation, the treatment being
effective upon in vivo implantation in a host.

18. The method according to claim 17,
wherein the treatment comprises coating the growth
surface with an effective amount of at least one
extracellular matrix molecule.

* ¢ LM 5 *



+NGF day 30 '.'_3 0 nt 10 parent

5
day 8- - 98- S NG tay—5-
190 1 0. 0018 par ent day 13 1000
80 - ND +NGF : day 13 100 50
0.014 % fusion = % nmyobl ast cells form ng into nyotubes 15 "+
NGF" i ndi cat cWO@SBI#G Clerr] cells transfected with hNGF get - PCT/USISORRL ot
i ndi cates untransfected Clerr]:CJerr] cells NGF secretion nmeasured in
pg/ m/cell/24 hr. nt ="not tested ND = not detected 20
*Day 8 Cells have increased in size, preparing for fusion. *Day 8
More fusion in the culture dishes than in tiTe - flasks (Fl ow
cytonmetry done on fl asks) These results suggest that transfected

nyobl ast s continue to sgcr a{.g e LISEHIRD | R LBy Qloogqug_mp&gduct 25

I.e., NG, after termnal differentration 1nto
.Exarrpl e 18 - CenetiWherginphhe| gwowth FFurfacesgqatied wi F Af ter
Differentiation extracellular \¥atr i dciEad emoaprGses: 6 énngrimyobl ast s

ith th 30 pNUT t tl.
Acad. Soi. USA 83, ?‘éﬁiﬁéisﬁﬂ’éﬁ‘?‘%g@%ﬁ%#S".aﬁ‘?‘#?“’“ar rgabidl |- o6/ 02646

PCT/ US95/ 09281 -
20. - The method according to claim 18,

wherein the growth surface coated with the
extracellular matrix molecule comprises microcarriers
encapsulated within the bioartificial organ.

21. The method according to claim 1, wherein
the treatment comprises suspending the cells in a
hydrogel matrix within the bioartificial organ, the
matrix being derivatized with a proliferation-
inhibiting or differentiation-inducing peptide or
peptide sequence.

22. The method .according to claim 21,
wherein the hydrogel matrix is composed of agarose
derivatized with a peptide sequence selected from the
group consisting of an RGD-containing seguence,
(ArgGlyAsp; ABA,-AA, of SEQ ID NO:2), a YIGSR-containing
sequence (TyrIleGlySerArg; AAg—Alg of SEQ ID NO:1) and
an IKVAV-containing sequence (IleLysValAlaVal; AA,q-AlAqg
of SEQ ID NO:3).

23. The method according to claim 20,
" wherein the microcarriers are suspended in the hydrogel
matrix of any one of claims 21-22.

24. A method for controlling distribution of
cells within a bioartificial organ comprising exposing
at least one growth surface within the biocartificial
organ to a treatment that promotes cell attachment
thereto.
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.- 68 - human CNTF gene. The | evel of expression of the hCNTF Ca
gene and the bioactivity of the factor were anal yzed by Nor t hern
blot, Elisa assay, and ChAT activity on enbryoni ¢ spinal cord

not oneuron cultures. One (err](err] 5 clone was found to secrete = -
approximately 0.2 g CNTF/ 10 ‘cells/day. The rate of secretion of hCNTF
was not  woakossed upon differentiation of CJerr]Cferr] - REDIUSLL00281
Finally, Cerr](err]-hCNTF coul d rescue notoneurons from

axot ony-i nduced cell death. Morphol ogical study of the 10 facial nucl ei

of newborn rates, 1 week after axotony, i ndi cated that only 13. 4% of
the facial notoneurons were retained- @écentrol ani mals whereas a
cont i nuous rel ease of hCNTF resulted in 22. 7@6surV|vaI of the

not oneur ons. . WD 96/ 02646

PCT/ US95/ 09281 - 69 -
SEQUENCE LI STI NG - 24) Mm:nwmwt; to claim 24, (1)

APPLI CATI ON. CytOTQﬁEEQ he: tééﬁfment comprises derﬁbhilziﬁalg%CF
| NVENTI O\ METHODS %ENP qﬁggigge grow surface, the

FOR CELLS ENCAPSUL?#EB"PN‘%l waﬂ‘m

compound being selected from the group consisting of
poly(d-lysine), an RGD-containing segquence (ArgGlyAsp;
AR,~AA, of SEQ ID NO:2), a YIGSR-containing sequence
(TyrIleGlySerArg; AAg—ARg of SEQ ID NO:1l) and an IKVAV-
containing seguences (IleLysValAlaVal; AAq,-AA;g of SEQ
ID NO:3).

26. The method according to claim 24,
wherein the treatment comprises forming an inert
scaffold within the bioartificial organ.

27. The method according to claim 26,
wherein the inert scaffold is formed from a compound
selected from the group consisting of poly{(hydroxyethyl
methacrylate) and poly(hydroxyethyl methacrylate-co-
methyl methacrylate).

28. A method for controlling distribution of
cells within a biocartificial organ comprising exposing
at least one growth surface within the bioartificial
organ to a treatment that inhibits cellular attachment
thereto.

29. The method according to claim 28,
wherein the treatment comprises derivatizing or
adsorbing PEO-PDMS onto the growth surface.

30. The method according to claim 1 wherein

the treatment comprises exposing the cells to a
proliferation-inhibiting dose of UV radiation.
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cells are exposed to a treatment according to any one
of claims 1-30, such that the cell distribution in the
biocartificial organ can be controlled upon in vivo
implantation in a host. :
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- 70 - (2) | NFORMATI ON FOR SEQ | D NO 1: (i)

- SEQUENCE CHARACTERI STICS: (B) TYPE: amino acid (O
- STRANBEHNESS~—&+fgt-e-—-(B—FaPeeY. Hrear —++) MOLECSEE—"TYPE—peptide—
(iii) HYPO HETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D NO 1: Cys Asp Pro Gy Tyr Ile Gy Ser Arg 1
5 (2) | NFORVATI ON FOR SEQ I D NOG 2: &%LEN&%!H; 6
am no aci ds WO 96/02646 (B) TYPE: amino acid S9 1
STRANDEI NESS : single (D TOPOLOGY: |inear (i)
MOLECULE TYPE: peptide (iii) HYR@WETI CAL: NO  (iv) ANTI-SENSE:
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(i) "SEQUENCE CHARACTERI STI CS (A) LENGTH: 19 amino acids

(B) T —€) STRANPEHNESS—si ngl-e—— D)
TCPq_O_GY | i near (ii) MOLECULE TYPE: peptide (rii)
HYPOTHTI CAl : NO WD 96/ 02646
PCT/ US95/ 0928&? - 71 -
(iv) ANTI - SENS 26q@pd6 (xi) SEQUENCE DESCRIPYLN28L( | D
NO: 3: Q/s Ser Arg Ala Arg Lys An Ala Ala Ser Ile Lys Val A a
Val Ser 5 2/5 - 10 15
Ala Asp Arg (2) 1 NFORMATI ON FOR SEQ | D NO 4: B vit 0%)
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 5 am no éc vﬂs
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(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi)

. 4: _ Ay dy dy Gy Gy
1 5 WD 96/ 02646 ;
PCT/ US95/ 09281 - 72 - WE CLAI M *
1. A nmethod for controlling distribution of - cells within a _
bi oarti f iWQ8602646gan conpri si ng exposi ng the cel | s por/osdspsamy ment t hat
i nhibits cell proliferation or pronotes cell differentiation, the
treatment being effective upon in vi vg){lv'ﬁrrpl antation in a host.
2. The met hod according to claim1, erein the treatnment conprises
transformng the cells with a proliferation-pronoting gene
operatively linked to a regul at abl e pronoter such that expression of
t he proliferation pronoting gene can be inhibited upon in Vi vo
inplantati on 443 host. 3. The nethod according to
claim 2, whereln the proliferation pronoting gene i SHRNp LdopE e
z25() b NEPI
3 b epi
3200 B3 b DOPAC
& 150 @ b DA
% 8 b HVA
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4. .- The nethod according to claim 3, wherein t he oncogene is

- sel ected—fromrtie—group-conststi ngof——— C-TIYT, ~V=NDSs, ~V-Ha-17as, Sv40~
early region and El1-A 5. The net hod accor di ng to
claim 2, wherein the regul atabl e pronoter is selected fromthe group
consisting of tetracycline-responsive pronoters, 95/09
interferon-r ﬂ"#ﬂ% pronoters, glucocorticoid- respolﬁ(sr{’gsé przgrlmt ers
and retroviral long term nal repeat pronoters. 6.
The nethod according to claim5, wherein4/5 the pronoter is the M1
pronoter and the proliferation- pronoting gene is SV40 early region.
7. The nmethod according to claiml, wherein the treatnment conprises
transformng the cells with a WO 96/ 02646 :

PCT/ US95/ 09281 - 73 -
proliferation-sup®@@sei Nng gene operatively linked to a i i I
pronoter such that expression of the proliferation-suppre gfil
can occur upon in %v i nplantation in a host, but can benilnl#lﬂ?led
invitro. 2 8. The net hod according to claim g';;el n
the proliferatign-suppressing gene is a tunor suppressor Rg
sel ected from t#e2@@otp consisting of the p53 gene and th
-2 i o DA
i 150 B bHVA
°
& 100
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O ] —_—— L
|
| B k L-dopa
250 8 kNEPI
§ 2 k epi
n 200 3 k DOPAC
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3 B0 E kHVA
E
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9. The nmethod according to claim1, wherein the treatnent conprises.

t Lls with a differentiation-inducing gene
operatively linked to a regul at abl e pronoter such t hat expressi on of -
t he di fferentiation-induci ng gene can occur upon in Vvivo *
inplantation in a host, but can be inhibited in vitro. 10.
The net hOWO 9@®2646di ng to claim9, wherein t he di ff cREEKAS80928h- i nduci ng
gene is the high nobility group chronosonal protein 14.
11. The method according to claim1, ein the treatnent conprises’
exposing the cells to a proliferation-inhibiting conpound or to a
differentiation-induci ng conpound. 12. The net hod
according to claim11, wherein the proliferation-inhibiting conpound
or di fferentiation-inducing conpound is selected fromthe group
consi sting of phorbol ester, heparin, TG~ B, ascorbate, mtonycin, -
BrdU, PCGE[err], dbcAWP, Ara-C, ni coti nam de, and SGP. v
13. The nethod according to claim1, wherein the treatment conprises
removing the cells from WO 96/ 02646 o
PCT/ US95/ 09281 - 74 -
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msmvennonremwmcthodsandcomposiﬁmsofmuouingeelldisuibnﬁonwiﬂﬁnabioaniﬁcialorganbyexposingﬂw
ceumfferenmmoraffectsceuamlnnentmagrowdnurfacewmlmm
bioartificial organ. Such treatments include (1) gmucally manipulating cells, (2) exposing the cells to a proliferation-inhibiting compound

exposure to a proliferation-stimulating compound or a differentiation-

inhibing compound; exposing the cells to irradiation, and (3) modifying a growth surface of the BAO with ECM molecules, molecules
affecting cell proliferation or adhesion, or an inert scaffold, or a combination thereof. These treatments may be used in combination.
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- 75 - 19. The nmethod according to claim18,

wherein the growh surface coated with the extracel lular ‘matrix

nol ecul e conprises an inner | um nal surface of the bioartificial

or gan. 20. The nethod according to chtaim 18,

wherein the growth surface coated with the ' extracel lular matrix

nol ecul e conprises mcrocarriers encapsul ated within the :

bi oartificial organ. 21. The method according to claim
1, wherein the treatnment conprises suspending the cells in a _
hydrogel matrix within the bioartificial organ, the = matrix being |
derivatized with a proliferation- inhibiting or '
differentiation-inducing peptide or pepti de sequence. S

22. The nethod according to claim 21, wherein the hydrogel matrix is
conposed of agarose ~derivatized with a peptide sequence selected from

t he group consisting of an RCGD- containi ng sequence, (Argd yAsp;
AAlerr]-AAlerr] of SEQID NO 2), a YIGSR-containing - . sequence
(TyriledySerArg; AAlerr]-AAlerr] of SEQ ID NO 1) and ‘an

| KVAV- cont ai ni ng sequence (IleLysVal Alaval; AA[err]-AA[err] - of SEQID
NO 3). 23. The method accor di ng to claim 20, -

wherein the nmicrocarriers are suspended in the hydrogel matri x of any
one of clains 21-22. 24. A nethod for controlling

di stribution of cells within a bioartificial organ conprising

exposi ng at | east one growh surface within the bi oartl f| ci al

organ to a treatnment that pronotes cell attachnment . .- '

L)
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25. The met howo sgg2s46li ng to cl ai m 24, wher ei n t he treat neRET/ENHII8L es
derivatizing or ° adsor bing a conpound ¢/ $nto the growt h surface, the
conmpound bei ng sel ected fromthe groupMENbEDELABUSPS pol y(d-Ilysine),

an RGD- cont ai ni ng - sequefefeidedby the/iePrational Bured b 81 MapM¥b98'(81.0996);SEQ | D
NO 2), a Yl GSR-cont ai ni NGew QGiHERGA3 added; reindining |cRichsiinehadp@l (3H4gR)]r ] - AA[ err]

of SEQ ID NO 1) and an | KVAV- cont ai ni ng sequences (Il eLysVval Al aval ;
AALerr]-AAlerr] of SEQ 31! D AQ3bartificial organ compidsiie: met hod
according to cl aim 24, wher el n tﬁe treat nent “conprises formng an

i nert scaffold within the WRdar&i biecempgitdkie, perselective 27.
The met hod accorg%ggkée chagm 26, wherein the inert scaffold S
formed froma co un sel ected fromthe group con5|su J%

pol y( hydr oxyet hyl nethacryKbﬂe)aaﬁersopf(&}ﬂﬁéﬂy erein the
methacryl ate-co- cejis §F8h¥k HEEBaEBVEaiﬁkatment accordlng to adfy dhe

met hod for contrd?? stri utlon ' l's bioartificgia
organ conpri si ng @kpesaigs 1 3°:a§uF€a§ba§n§h§r§ﬁﬂﬂ §&§ﬁ£ﬁ?q&%9ﬂrFQF§§e

?ihoarz i ficial biofFE8Pit0a® brgah™eah bBakohkRolilled ePonulial wid@chment
ereto. :
implantation in a host.. '

_ 32. A cell transformed with a recombinant
DNA molecule comprising: ' _

_ a) a proliferation-promoting gene
éapable of inducing cell division when expressed,

b) an Mx-1 promoter operably linked to
the proliferatibn—promoting gene wherein said cell can
be induced to proliferate by exposure to an amount of
interferon Sufficiént to result in expression of the

proliferation-promoting gene.

33. The cell of claim 32 wherein the

proliferation-promoting gene is SV 40 large T antigen.

34. The cell of claim 32 wherein the cell is

derived from a neural stem cell.

35. The cell of claim 32 wherein the cell

secretes a biologically active molecule.

36. The cell of claim 35 wherein the cell is
genetically transformed with an expression vector
containing a gene that encodes the biologically active

molecule.

R
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29. The nethod according to claim 28, wherein the treatnent conprises °
derivatizing or "~ adsor bi ng PEO-PDMS onto the growh surface.
30. The webkpssgccording to claiml wherein  the trea&gﬁ%ﬂ_co
exposing the cells to a proliferation-inhibiting dose
radi ati on. WD 96/ 02646 PCT/U895/09281
- 77 - 31. A bioartificial organ conprising:
(a) a bioconpatible, pernselective |jacket; and (b) a core
of living cells, wherein the cells are é%bosed to a treatnent accordlng to
any one of clalns 1-30, _such that the cell distribution in the
bicartificial organ can3fe cd®er Geldd afpsiaims/i 3% o¥ np awberedn thea host .
WO 96/ 02646 biologically active molecule is selectdd fr§ﬁ5é932§}ogg

a reau May

AMENDED CLAI M5 [received by the Internation
1996 (31.05. 9gfRsisting of ngurotransmifiers,,hemmonesmi avhokthes i

unchanged (3 ¢agRth] factors, trophic %Lcﬂgﬂy(xagygﬁdﬁfﬂegrgan conpr|5|ng

a bioco atl | e ersel ective acket
() P4 b géng51s factors, ant&bodles, blood coagulatlon

factors, and enzymes.

38. A transgenlc mammal transformed w1th a
recombinant DNA molecule comprising:
a) a prollferatlon-promotlng gene
capable of inducing cell division when expressed, ‘
b) an Mx-1 promoter operably linked to
the prollferatlon-promotlng gene.

L]

39. The transgenic mammal of clalm 38,
wherein the proliferation promotlng gene is SV ‘40 large
T antigen. B

40. Progeny of the transgenic mammal of
claim 38. S

41. A cell isolated from the transgenlc
mammal ‘of either claim 38 or 40.

42. The cell of claim 41, wherein the cell
is a neural stem cell.

43. A method of generating a conditionel;y
immortalized cell, comprising the steps of:

a) transforming a cell with a
recombinant DNA molecule comprising a proIiferatiQn—
promoting gene capable of inducing cell division when
expressed and an Mx-1 promoter operably linked to the
proliferation-promoting gene, such that said '

T« c L M5 W
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3
(b) a core of Iﬁving cells, wherein the cells are exposed to a

treatnent according to any one of clains 1-30, such that the cel

disstri buti on WMO26/03646 bioartificial organ can be controll ed upCE/USHS/AN28D
implantation in a host. 32. Acell transforned with a

r ecombi nant DNA nol ecul e conpri si ng: a) a
proliferation-pronoting gene capabl e of inducing cell division when
expressed, b) an M-1_ gﬁpnnter operably linked to
the proliferation-pronoting gene wherein said cell can be i nduced to

proliferate by expesuhgrbinel 8ERUNLaR e inklteh! Bo0Brodhireradd by result
i n expression of the proliferation-pronoting gene. 33.

The cell of clai m®¥PoRBFR| hotAB amoupEopEf éneeréﬁrgpoﬁetﬁfﬁglgeﬁe % sv 40
large T antigen. result in expresgﬂonTB? Eﬁé'p?BlEE@EE&%%nWQ@Hﬁd%ﬂ%EP cel

i's derived froma neural stem cel The cel |I” of
cl ai m 32 wherei n t%eneel | secretes a biologically actlve mol ecul e.
36. The cell of claim35 wherein ghe cghl bﬁlturlg@ngg&gak&gngﬁggﬁﬁgyned
with an expression vector containing a gene that encodes th

bi ol ogi cal |y active®ll. pplecule. WO 96/ 02646

PCT/ US95/ 09281 - 79 - L 37.

The cell of clains 35 or 36 wherein the
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bi ol 0Yi cal | y act ive molecule is sel ected fromthe groupq 700 &fﬁgl &i R P copy

negr ot ramrsnTtters—horromes; \,yt OR+AEeST— growttr—actors, tTophi T

factors, Iynphoklnes, angi ogenesi s factors ant i bodi es, bl ood

coagll ati on factors, and enzynes. t A

-mammal tra_nsf or th a _ wﬁmnt g

a) a prolifera pronoti ng gene  Intes cap “
to

men eXPr QPERIATIONAL APPLICATION PUBLISHED an HELREY "»U‘ ' AR KL |
e pr .~ 1T TOE T I OeTTe g gmgenl C rramm
of cla ‘ﬁ#éﬁ’m %@W‘g@grol | ferat| on pronoti ng gene Is SV 40 | arge

T anti penCI2N 18712, 5/10, AGIK 3 Pr ogdry? fta,mmmrﬁm&mmmmﬁtm lmgdlaaga;
ad

38. 41 A.cell isalat r.aomt he ransqaentc
ei t her! &}, fhadiaaQp Numbe msgipﬁgl (0 Sgeine | HALEY, JarhediFI it 51\W18 lacileve f 283
cel &JI)S a neura stem cel | Apgnue of therAmdsicss) Now Yerle N (19020-11Qf (HS).
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{57) Abstract

This invention relates to methods and compositions of controlling cell distribution within a bioartificial organ by exposing the
cells to a treatment that inhibits cell proliferation, promotes cell differentiation, or affects cell attachment to a growth surface within the
bioartificial organ. Such treatments include (1) genetically manipulating cells, (2) exposing the cells to a proliferation-inhibiting compound
or a differentiation-inducing compound or removing the cells from exposure to a proliferation-stimulating compound or a differentiation-
- inhibing compound; exposing the cells to irradiation, and (3) modifying a growth surface of the BAO with ECM molecules, molecules
affecting cell proliferation or adhesion, or an inert scaffold, or a combination thereof. These eatments may be used in combination.
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