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feeder layer. It also remains to be demonstrated that a stem cell can be maintained
indefinitely in an undifferentiated state in the absence of feeder cells.
To improve growth rate of human fetal brain stem cells, several

different methods and growth factors have been used by a number of different groups
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colony-stimulating factor (M-CSF), neurotrophic factors (NT3), tissue inhibitor of
metalloproteinases (TIMP-1), TIMP-2, tumor necrosis factor (TNF-f3), vascular
endothelial growth factor (VEGF), VEGF-D, urokinase plasminogen activator
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BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention, there are depicted in the
drawings certain embodiments of the invention. However, the invention is not limited
30 to the precise arrangements and instrumentalities of the embodiments depicted in the
drawings.
Figure 1 is a graph depicting the proliferation of BMSCs in BMSC
medium (DMEM-low glucose, 10% lot tested fetal bovine serum (FBS)), or NSC-
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29A ofthenrond ah@h®dcyib alarkefss than 2% of cells wer e
CD- 105 posit IF}/g(lexre:(9m%cr>ni§;()err1snr{goFrlguBrg/gf‘E)and 9B is a series of FACS analysis
graphs depicting the phenotype of the NSCs after BMSC depletion. Figure 9A
demonstrates that less than 2% of cells were CD-105 positive (marker for BMSC).
Figure 9B demonstrates that more than 90% of the cells were CD-133 positive.
30 Figure 10, comprising Figure 10A and Figure 10B, is a series of FACS
analysis graphs depicting the absence of nestin expression by BMSCs (Figure 10A)
and expression of Nestin by NSCs isolated from co-cultures with BMSC feeders

(Figure 10B).



Fi gure 9B denonstrates that nore than 90% of the cells
were CD- 133 positive. 30 Figure 10, conprising Figure

WO 200802g8a5 Fi gure | OB, is a series of FACS anedyEs®05/002895
graphs depicting the absen8e of nestin expression by
BMSCs (Fi gur eridued) 1 1samdmeg>émele\s®t@nngomatmes¢si diowiy oNBIBCs

i solated fromco-c¢ u with BVSC feeders (Figure
| opjetai lzab@}p@ffega eSSBS 2 a#irweé 11 is

an i mage demmsid 8t isAGrdph ALpiNRES OB WANSEs BMEGSswell™ in the

retain their nulti tent| allty to differentiate into
neupresescaeTdbsesce 86s. Figure 12 is a graph depicting

rowth of NS 1) tAh .
gbs ence of Bﬁ%&pn l’c@ﬂ (,g F%dré{:]lg’rép%dﬁ%gé g%gsr gée”ﬁ%%f
an dinﬁggﬂﬁeeicmBBNSCs g@ws;emlue@oatf:d pleteniyahe pregrinct dRMBSOR a
gr L,m oat o] sen f BMBSCs in
PR R BB IR RS 3P nes
( Fi gure 13B) Flgﬁlrcgm EOrﬁﬁlr,lsmngpj‘re $4 A chrughunD, bdAetidsrod itfdges

1S a S 0 |ct cul tured
ot CPPITRENSES Frel wighBhe v SR U RB R diffom (BMSC-
14 BMDG) (FiQured 4 A ridoluBg sndlNECaqttuied B) NSTnMIRGS ittt breb@de of
in NSC-nediumin the presence of exogenous LIF (Figure
14csxogﬂ@uab§eﬁ%géﬂreolr4cé%§%wgo proseneuy rfe(Figrs 14D gur e
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series of FAGS analysis graphs depicting the
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culturing in BMSC-CM in the presence and absence of growth factors. Figures 17A

through 17D depict the profile of CD56, CD133, MHC Class II molecules and MHC
Class I molecules, respectively.
Figure 18, comprising Figure 18A through 18D, is a series of FACS
30 analysis graphs depicting the phenotype of NSCs following culturing in NSC medium
in the presence (Figure 18B) and absence of exogenous LIF (Figure 18A), and the
phenotype of NSC following co-culturing with BMSCs in complete NSC medium
(Figures 18C and 18D). Figure 18 depicts the expression of MHC Class I and Class II
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CM) useful for the proliferation of NSCs while preserving their multipotentiality.
The present invention also relates to the discovery that the factors
30  secreted from BMSCs that are present in BMSC-CM reduces the upregulation and/or
induction of MHC molecule expression by NSCs. As such, the present invention
comprises compositions and methods for expanding NSCs using BMSC-CM in the

absence and/or reduction of MHC molecule upregulation on the NSCs.
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“Differentiated” is used herein to refer to a cell that has achieved a
terminal state of maturation such that the cell has developed fully and demonstrates
biological specialization and/or adaptation to a specific environment and/or function.
30 Typically, a differentiated cell is characterized by expression of genes that encode
differentiated associated proteins in a given cell. For example, expression of myelin
proteins and formation of myelin sheath in glial cell is a typical example of terminally

differentiated glial cell. When a cell is said to be “differentiated,” as that term is used

herein, the cell is in the process of being differentiated.
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30 NSCsto enhance proliferation of NSCs while maintaining the multipotential
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in which MHC molecule expression can be modulated.
“Leukemia Inhibitory Factor” (LIF) is used herein to refer to a 22 kDa

protein member of the interleukin-6 cytokine family that has numerous biological
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30 “Neuron-like cell” is used herein to refer to a cell that exhibits a
morphology similar to that of a neuron and detectably expresses a neuron-specific

marker, such as, but not limited to, MAP2, neurofilament 200 kDa, neurofilament-L,
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Both the coding strand, the nucleotide sequence of which is identical to the mRNA
sequence and is usually provided in sequence listings, and the non-coding strand, used
as the template for transcription of a gene or cDNA, can be referred to as encoding the
30  protein or other product of that gene or cDNA.
Unless otherwise specified, a "nucleotide sequence encoding an amino

acid sequence" includes all nucleotide sequences that are degenerate versions of each
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include, but are not limited to, adenoviral vectors, adeno-associated virus vectors,
30 retroviral vectors, and the like.
“Expression vector” refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a
nucleotide sequence to be expressed. An expression vector comprises sufficient cis-

acting elements for expression; other elements for expression can be supplied by the
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proliferated and expanded at levels that were significantly higher than the expansion
30 level of NSCs cultured alone on coated plates (i.e. polyornithine/fibronection coated

plates) in the presence of exogenous LIF. Thus, the present invention provides a

method of culturing NSCs without the requirement of using coated plates and/or

exogenous LIF.
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30  expression by NSCs compared with the expression of MHC molecules by NSCs
cultured using standard methods known in the art. That is, the present invention
provides a method of culturing NSCs in a manner that provides additional benefits

over the standard methods used for enhancing proliferation of NSCs in culture.
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30 transplantation of the NSCs into a recipient.
Co-culturing NSCs with BMSCs provides a method of modulating
MHC molecule expression by the NSCs in a contact-dependent or independent
manner with respect to the two cell types. In an embodiment of the present invention,

NSCs can be co-cultured with BMSCs in a contact-dependent manner. Not wishing
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multiple sclerosis (MS), Huntington's Chorea, amyotrophic lateral sclerosis (ALS),
and Parkinson's disease, have all been linked to the degeneration of neural cells in
particular locations of the CNS, leading to the inability of these cells or the brain

30 region to carry out their intended function. NSCs isolated and cultured as described
herein can be used as a source of progenitor cells and for committed cells to treat
these diseases. NSCs can be used as a source of trophic factors to stimulate

endogenous stem cells and CNS regeneration.
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30 for example EGF, can also be used to generate BMSC-CM having increased levels of

EGF. In addition to providing an increased level of the exogenous factor to the
BMSC-CM, the genetically modified BMSC can also contribute to the secretion of
endogenous factors from the engineered BMSC and/or neighboring cells. The factors

include, but are not limited to, LIF, brain-derived neurotrophic factor (BDNF),
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expanding NSCs.
In another aspect, BMSCs may be genetically modified to express a

gene such as HSV-Thymidine Kinase or Green Fluorescent Protein (GFP) which
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The gene construct includes the nucleotide sequence encoding the
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in the cell as a functioning cytoplasmic molecule, a functioning episomal molecule or
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withdrawing bFGF, EGF and LIF, and treating the NSCs with Neurobasal medium,

30 B27 supplement and BDNF. Other differentiating conditions may be used to drive
cells towards more specific lineages. The cells were fixed and stained for
microtubule-associated protein (MAP2; a maker for neurons) and GFAP (a marker for

astrocytes). To identify neuronal subtypes, the cells were stained with anti-y-amino
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there were a sufficient number of adherent, spindle shaped cells, the culture was
30  passaged using trypsin to remove the adherent cells. Cells were re-plated and kept in
culture for about one week, with one media change for every subsequent passage.
The cells were tested for purity using specific markers by flow
cytometry. BMSCs of passages | or 2 (P1 or P2) that were CD45 negative and were

greater than 90% CD90 and CD13 positive were used in the co-culture experiments.
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These results demonstrate that when NSCs were grown together with

BMSCs in NSC-medium, the BMSCs did not compete with and outgrow the NSCs.
25

Co-culture of BMSCs and NSCs; survival and expansion of NSCs on
BMSCs vs. coated plates

Human BMSCs (hBM-03-016, P1) were thawed, washed, counted and
plated in two 12 well plates at 75,000 cells per well. In parallel, other 12 well plates




cells were counted after 7 days. Another set of cells
was harvested and counted after 10 12 days. As shown
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25  concentrated areas. Changing medium on these cells was not difficult. On the other
hand, NSCs especially those grown in the presence of exogenous LIF as neurospheres
(Figure 2) were not very adherent, and thus extreme care had to be taken when
changing the medium. Centrifugation of aspirated medium was sometimes required
in order to prevent loss of the neurospheres. Also when NSCs were plated at low

30  densities, they did not survive unless they were co-cultured with BMSCs.
Morphologically the NSCs grown in co-culture formed a network of small round to
oval cells on top of the flat larger BMSCs. The NSCs formed isolated colonies of
NSCs, sometimes surrounded by a ring of fibroblastic BMSCs (Figure 3). With time
in culture, the NSC colonies became larger with the number of NSCs within each

35 colony increased. NSCs grown alone survived and proliferated only in the presence
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Then 4% paraformaldehyde was added and the cultures were incubated at room

temperature for 15 min followed by 3 washes with PBS. At this point, the fixed
cultures were stored in PBS at 4° C or were stained right away.
Nestin staining of the following cultures was accomplished by staining

30  with anti-nestin antibody + anti-GFAP antibody. The cultures included BMSC +
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25 while nestin, MAP2 or O4 was detected with green fluorescence (Alexa 488). The
cultures were counter-stained with DAPI to label all nuclei with blue fluorescence.
NSCs growing on BMSCs retained their potential to differentiate into
neurons and astrocytes (Figures SA-5D). After growing in differentiation medium,
several cells expressed the neuronal marker MAP-2. These were small cells with
30 elliptical nuclei and bipolar or multipolar cell bodies. The processes were extensive
and formed intricate mesh work of neurons on top of BMSCs or on top of cells that
stained for GFAP. GFAP-positive astrocytes were also present throughout the
culture. These were larger, polygonal and flat when compared with the neurons. By

approximation, there were either equal or more neurons than astrocytes, as a precise
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BMSCs while NSCs were detected with mouse anti-human CD133.

30 BMSCs were plated into 6 well dishes at 150,000 cells/well and were
allowed to adhere overnight in BMSC medium. NSCs, THD-hWB-015 + LIF P17,
growing in culture were harvested and re-suspended to break up the neurospheres.
BMSC medium was removed from the BMSC cultures and the harvested NSCs
(75,000 cells/well) were plated on top of the BMSCs in NSC-medium containing EGF
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3G ormixture which was placed in culture appeared morphologically like BMSCs and
attached to the tissue culture flask with numerous bound magnetic beads. The results
indicate that BMSCs can be successfully depleted from co-cultures by simple
incubation with an antibody that binds to BMSCs followed by magnetic separation

leaving an enriched population NSCs.
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30 BMSCs on coated dishes in standard NSC medium supplemented with exogenous LIF

was about 20-25 fold. Following the expansion of NSCs in the presence of BMSC,
the BMSCs were efficiently depleted from the co-cultures using anti-BMSC

antibodies and immuno-magnetic beads at 83-93% recovery rates (Table 3).
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while NSCs were placed in the bottom well. Both cell types were incubated in the
25  same NSC medium. The use of Transwells™ enables the culturing of different cell
types, for example, BMSCs and NSCs, without the two cell types being in physical

contact with one another.
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grown in both conditions were observed to be about 100% CD133 positive.
The experiments were repeated except that the 6 well dishes were not

coated with polyornithine/fibronectin. About 50,000 BMSCs were plated in

25  Transwells™. NSCs (designated THD-hWB-015-P12) were thawed and plated in
either Falcon or Costar 6-well plates. BMSC grown on Transwells™ were placed in
the 6-well plates and the cultures were maintained for two weeks. As controls, NSCs
were cultured alone in NSC-medium with or without exogenous LIF. NSCs grown
with BMSCs in Transwells™ expanded in a manner similar to NSCs grown alone in

30  NSC-medium in the presence of exogenous LIF, but expanded significantly better
than NSCs grown alone in the absence of exogenous LIF (Figure 13). It was also
observed that Costar dishes provided better results than Falcon dishes with respect to

the amount of cell proliferation.
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exo enous LIF, but I t be ter than
Sgroneranets n THECa0db BMC-CRBy ool fisc medhum
( Fi igWkesprdsdhee dflexdREodl ISP, or dpedipiae NSaahedias tia thedibSAeSof
(fr ovi ded better results than Fal con dishes wth
esfﬁ(@gqnotl% IF. For the initial two changes in BMSC-CM1 and BMSC CM2, fresh
EGF and FGF was added to each BMSC-CM, but the addition of EGF and FGF to the
BMSC-CM was later stopped.
The results demonstrate that NSCs grew equally well in BMSC-CM or

in complete NSC-medium. Figure 14 depicts representative fields of the NSCs
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oliREAUALf KECEITIR mBbEQS colis HatvdBed fromBNMSCEME he
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pr e anes, miksagéd Mamyp@mszamyn okitreetsd witb smsmltmhefdn amother 2

o W e RIoR NP AL LR o 0 e PORAS A Flcd by

eveBYSCLORR afd@iheMNSIT-BeHOforLithfoade first zmky(rbnm réfresanted by

BMSC- b d| um .in

ot Bk R e Adgeraee TS CEM Lrof F REESIUHRTRIRCS 2
23 N Kbe nﬁ:@ﬁﬁmﬁmf &@e@eﬁqgamwlgukd:m Fgéllstttbateumlmlec CM2
two changes in B and BMSC- C\VR

FGreaH g g B (A B BRETST i cBlse e ARG B e
andp FFSTHR, thb BresdiMfea (ANURS thh ABRIKCSEMRP£ Bood source of growth

factors for hNSCs and is able to induce proliferation of NSCs at rates equal to or
higher than that of NSC-medium supplemented with exogenous LIF. In addition,
30  NSCs cultured with BMSC-CM can be passaged by trypsinization and further

expanded to increase cell numbers.
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wo epsessm ati ve fields of the NSCs WO 2005/ 0768dBUS2005/002895
PCT/ US2005/ 002895 42 cul t4&red under the different
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presence o
as wvelsmm Pésgatosmh éﬂ)asThe@wmnl@@teeeo\/itt@liEdm YotdydrimgdAchersham,
exhibi ted o rowing cells fromthe neurospheres. In
anyhsiﬁaw%yéﬁ?)g cells in each culture set were

lhar vest ed af tHr rdditsifiys tlnemytnkﬁrtemrcoﬁladdnmtnmcédhatf\canomme
number, .of to co

1 PRt B el e e S o BS5eE oB iy of g pienal
NSCsver bh¢abvvatiemegdtive edaﬂts)lshﬁlrﬂdemdnﬁy oTheBviaEifebMactors

G Bt ke hathriid o Eim Bt a*fﬁ%&%ﬂﬁnﬁlﬁop@eﬁ%ﬂd@ﬁ‘@F

( ap B]Bl@éﬁ'hﬁﬁér@{’vﬂl factaﬁébeptoﬂomw pRae fipbblase blosvtioht @i (FGF), IFGF-
was appr oxi nmat e 2. 85e The next set gﬁtf
1éx péfglﬁ{sﬂ%rsve@ BetretP AR atie ( , FENIeFYIsSolopyatiBigting,factor

BMVB(& € )el‘{tﬁ)gto@?o\gg?\@l?fa@fé Ng—léﬁ)eﬁ:N S hesufifke %Wﬁct‘af bl)ndmg

NSC are ‘as f ol cultured in
NSCerogain (1GFBE-2).1 GBREB- tivibra, B)-6,NE@s mondaytereigmotagfic protein

oS T SR Rl UG oo
abs émnes @T 3ee,>¢sgennigbltd_ IoFmet'ﬁHaaereinhss @H\/ﬁ’t b)‘Jﬂ“IMPédthrmr
28 B i ST VashOY bR nBRu BSa VR, YLD,
expafkingse PdsniiRfgen Eﬁﬁal@b&@ém@dquRfﬁgﬂ;ﬁﬁt-I@{Eh(fg@hétﬂ\p&de1by

b R Dl Ao st sty 1 st (esgopteompggel e factor-1
pasgm]e I\IS) pive(et GdAveR RAIHE eltosIBY (PBIGFBR) Afmk @Rk gNSES factors

C medi um +LI'F (represented by P2 in Figure
15) betwelT GIB-1) andtT€dBnd-t h BMSC-CM2  conti nued to

lif
28 urm w t nouy g Rihigesbe bolAl oF B ric R B MN N
t hatorBViBEs €vkrakfactorgoduichsintlndse f@torgﬁlmmpr%eatmohfscwtme
h NS%%dlﬁH)qn+l§?l E EéFtaﬁd b]ﬁ@#ﬁ] dHﬁBk J ﬁEt@#s tﬁ%&%@ﬁ?&%r@t&d by

rates equal to°or at 0
supBMﬂﬁsm‘r duit we:tehncbmmjanbumedhhﬁ The faathds listairhered®arblB@sd on

f lr'”y urags%isg}epp ?{B égﬁlgs %{I}vewgga%ve Eon%ro?s%n arragfls for 120 cytokines that
30  were present on the tested arrays.
Some of the cytokines that were detected above background level
included, but are not limited to EGF and bFGF. Other clearly expressed cytokines
were HGF (hepatocyte growth factor), M-CSF (macrophage colony-stimulating
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the signal  qygh filsRRANSrdsBReIRIGH, uv&n%e%mdo%d e BMSCs

the sane array. The cytokines/factors 1 nclud
181 epreduce sohublecfacterns that promigredY $1- erepvith, dairasbeandack @fﬁﬁms with

( ERSC B epess iy T c A 1 Ll R o

6, gthansiomieliN¥ed Trhe present dishliosurd shows thag C;DME) dependent co-culture
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gr owvritact avith W&EMlBMSC-prodtuas md(sbBBBRa@)rs ptdBk&ia-ty, BMSCs
e chenotactic protein

- |1-6,.1L-8 .
%k/&yﬁt%[\lsd‘ﬁé%r th%%’?pggsﬂ&gﬂ@eéyt e col ony-stinul ating

fac_tor (MCSF) neurotrophic factors (NT3), tissue

éé\@l\/} gxhlbltCM?ed%ced expression

_ M ' C ) I } -
endm/he bf I&Ingg_lhOMélhesfbalC teMneﬁ\iEQEhm p)(&faFvnEa, profile @K NS&§ Brown

pl asm nogen agtlvator receptor (uPAR), bone
rmr%lﬁ%ﬁ‘g!él%@i@ﬁ?—‘&‘-‘éqﬂﬁ4 (BWP4), ILl-a, IL-3, leptin,
26tem cel | f aqNgUs dxpbrdbd inHxafpRI3 w&E hnalkd ¥@ BicwaCHiohetdy for
(SDF-1),. platel et g‘g‘?lved rgf/%\/thfactor-BB? PDGletB b

{ r affOTSFRP ﬁ@vagwawwsﬁa?@é maykers N‘%@%%cwsur%drwh BRAsC
TCH{Brirdd tgésaWetHB&%ygl&S&Bﬂf&Qe £ $obavORY BH5BYn@LY 133 and negative

particul ar theor n(‘%rl ses several factors

whi o QD%@ﬁlﬂ?é‘éSCfsaétt@rﬁé witheus rip 8SRterowithtmediuny puypplemented
d f
oo ATHLAE 100 B 0l RSy b
2§ nduedddedinple dxprassion QiﬁMHﬂ@ans dlomoleeldsi(Biget 1opr ke iwas alyserved
bas cfific ER& 1?‘%%[%%@@?&%5 8%@499@%8&%)&%&%8&}& D was added

control's on arrays nes
pr e®a¥iC gm“itlhlaedxemt é:dccmtmayNSCsSmenltmfedt\ahtda BV 8 Gk were ot

t ha(t)bs\é\ﬁl&? to eextpr%%st l@IgICagl%sseII rt%l%ﬁ:lé es a%g\qe ll)aesghne which may serve to be

advantageous for transplantation. Further, NSCs isolated from co-cultures did not

30  express the BMSC marker CD105 above baseline demonstrating an efficient depletion
of BMSCs from the co-cultures.
Similarly NSCs cultured with BMSC-CM also retained the same
phenotypic profile of NSCs cultured with standard NSC medium + LIF except that
they showed baseline levels of MHC Class II and reduced MHC Class I (Figure 17).
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vver@‘aagf‘aqvﬁ%'éﬂ g¢a¥:| ow Cytonetry for expression of

vari ous BMSC and NSC markers. NSCs co-cultured with

BMSC retai ned the same phenotypic profile &e.g. )

oslti ved2:30P NSOs@loap in wxortd T2A dlasieyih ¢ameplete HSCansdiys)
2Gis NSCs QA0 NS alging lipueoaRNBES flask WiToqurriete NSkaaediym *+ LIF
suppl enert B8 NSkiston tendFSAEHLBMSEs (Rpnds-Od Biefeeder kayyerip gomplete
t hat NSANTomediimur ed wi t h BMSC exhi bited 25 no

det ©ct aBVSCsxongerre625908 BMAES (Doagr<1p) fepdsr dayar ingomplete NSC
(Figure M@&lum|t was observed that MHC Class ||
2%vl ecul es were i nduced on NSCs when exogenous LIF was

added to ngfgﬁ ?&g&?ﬁ eH.mverle rﬁa&/&g ({;y sn?légﬁon The cells were

co-cultured w not o O express
VHCcdtined and hnalmhdahyuﬂm cﬁbmvtey masmrésmmﬁcammwé;hagc

2 e A ATICLARLD, DL GRTAR- S8y g
mar e NSClolke @M&ﬁsdﬂl&ﬁl&heml&ghd soanershd @D183) exqitessiohi Eigaretl8
3(():l eplsh%twls (t)hne exgrfessmn %{IE%SS? dc &asslﬂ mofecaes by the NSCs cultured
under the various conditions (Black = isotype control; Gray = Class I or Class II).
The results show that all NSCs expressed MHC Class I. However
when NSCs were cultured in the presence of exogenous LIF, there was a significant
increase in the MHC class I expression on the cells, as reflected by the increase in

35 Log Median Fluorescence Intensity when compared with NSCs cultured in the



Simlarly NSCs cultured wth BVMSC-CM al so retained the
sane phenotypic profile of NSCs cultured with

wet@sdagsas NSC nedi um + LI F except that they shomes2005/002895
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cultured in the followng 4 conditions for 12 days
wi t Ridolipprgss dHERGasel abgvedpsrlipe-day: 1. 62, 500 NSCs

I
075 3 Lo R i T e

ﬂ\’é‘l% iNOTedusd pudierprevemt expreston EHOmMSEsces latary MHSE Class I

20800 i RERSCE b 8 B e FIBRE: “016)
feeﬁelrsplaal};lmn in conplete NSC nedium 25 After 12 days
the cel l’?heV\@l o?%%c% gyevérgl%/pﬁ I n:gazlt?rtltlng)? ?Ig%ranglpluglication

were counted an% ana
18X prigsidiessm ot h@Eﬁ)Bfﬂporﬁ?@m& herMnI(By r&lenasee ih tleircknlitdly. Cl ass

[1. In the cgse..pf the co-cultures, all cells were . .

acqui r ed and&}§¥vﬂgbel€§&re%§g? &'offas?ggg b’h@‘é gt g'}?t Yiious modifigations

S c ahridevariatichs Chh BS@adeXip (I8dthiuds akd @ipdsifiSns3 tis¥dentiivention
r n | an ] I

te )I’(lg ﬁ%&% Ofrlgr oM t(ﬁ‘e%gl?lt or s%o;()je 0 thaeslgventlon heu% L%t 1essmtgr¥ded that
the present invention cover the modifications and variations of the present invention

20  provided they come within the scope of the appended claims and their equivalents.
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under the various conditions (Black = isotype control;
Gay = Cass | or ass Il). The results show that

wa@bdoshiBRss expressed MHC C ass |. However when INSOsS2083/@2895

cultured in the presence oft7exogenous LIF, there was a

significant increase in th@ MI_& class | expression on

the cells, as reflected by FT Increase in 35 Log

Medi an Fl uorescence Intensity when conpared w th NSCs

cultured in the WD 2005/ 076845 PCT/ US2005/ 002895 46
icdaigedexogenous LIF. Co-cul tured NSCs expressed

significantly lower levels of MC Cass | when

conpared to NSCs expanded with LIF (Table 4). TABLE 4

Treat ment [Lod ddmpdsifionl casprikingH@) an SelatedB@eeridanow Stromal Cell

QﬁM:S 459 )gg g}ll%“c‘l‘i@’(f% ?’@I%é%é‘lflg Ef?‘ég‘%i g("r;{gri%{'(@; ol SRCCell
Ph‘l %m%}é@’ﬂ?’&@dglﬁi Zn%act%rﬂ%&%te@l@ ApiBeser ess MHC d ass

cul es constitutively. However, LIF induced the
expression of MHC Class Il nol ecules on 38% of the

'l | tured
cul tured 1 dRECHBEEREd! BT SR g Rl gRuds es no
MiaifeRSgenblis BEORémiDBERYitdMR Fadkbr (TE).resul t's

demonstrate that an advantage of expanding NSCs on
BMSCs is to reduce and/ or prevent expression of

i muno-regyl '29 LY %e_%léﬂ §E3ain 1t 3@%&4 #1 sdB s fc%ijs %rc‘ei kcted from the

NSCs whi ch™ma nore sul or C

groap g phagtingtdf growthifectdisstbisc feroindacdkingsd every
patent, patent application, and publication 15 cited
herein are hereby incorporated herein by reference in

their entigefye c&hp&él fién Qﬁclﬁﬁpﬁr\ﬂi&%lﬁ Qaill tf&:?@rs afd delRfkd from the

in the art that various nodificdations and variatlions
ga@up lsengistohg df ALIF Heraimedenivdd neurdtropnptrstar (BRNFOS emdleal growth

e Eesalon(EO kL Bhsic Lhidtain: eRlE ekt eGPt aelrived

h&i@o R RIE Mctdr (GBNE) Ogtah@l¥Sfte EHBnBEhilaGAS FRAT (@Q@F) hepatocyte

vari ations of the present invention 20 provided th
goweh vactdri (HGH A Fdeppasudin- ltm@raw@dactedbmﬂmgrmotandlGEBPfZ)

Fé‘lyéf! %l ﬁptlra IIY\? ﬁogslégrzo%%ﬁeschgr%{a%tslg 819) équ%%l%%’?l), é‘h?ononuclear
phagocyte colony-stimulating factor (M-CSF), neurotrophic factors (NT3), tissue
inhibitor of metalloproteinases (TIMP-1), TIMP-2, tumor necrosis factor (TNF-f),
vascular endothelial growth factor (VEGF), VEGF-D, urokinase plasminogen activator
receptor (uPAR), bone morphogenetic protein 4 (BMP4), IL1-a, IL-3, leptin, stem cell
factor (SCF), stromal cell-derived factor-1 (SDF-1), platelet derived growth factor-BB
(PDGFBB), transforming growth factors beta (TGFB-1) and TGFj3-3.

5. The composition of claim 1, further comprising an isolated NSC.

6. The composition of claim 5, wherein said NSC is physically contacted

with said BMSC.
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CLAIMS What is clainmed: 5 1. A conposition
conprising: (a) an isolated Bone Marrow Stromal Cell

w@ BuBQ)6s4mand (b) a chemically defined cul ture PeEOUSIIS/002895

conprising Neural Stem Cel U8 (NSC) growt h medi um and
factors secreted by said BMSC. 2. The conposition of
claim1, wherein said culture nmedium does not 10

cont ai N expggReYSmpe@NbCcIdiAS, BiHegdil sdrd NST is(dok Physically
The conposition of claim1, wherein said factors are
sentectedewith seithBMEC. gr oup consisting of growth factors,
trophic factors and cytokines. 15 4. The conposition

of claiml1, wherein said factors are selected fromthe

gr oup consBsThagompodifién oful@ms, deteraie daid dHOisrdepilved from the
factor (BDNF), epidermal growth factor receptor

pEne) neryous YSEeMhYIGhHRA" growt h factor (bFGF), FGF- 6,
glial-derived neurotrophic factor (GDNF), granul ocyte
colony-stinmul ating factor (GCSF), hepatocyte growth

fact or (HGE) The Edmpositiorsef dlaim 1, kéhergingail BMBE os derived from a
Fi ndi ng protein (I1GBP-2), 20 IGFBP-6, IL-lra, IL-6,

Y30 npnocyte chemptactic protein (MCP-1),

nononucl ear phagocyte col ony-stinul ating factor

(M CSF), neurotrophic factors (NT3), tissue inhibitor
of metal | op?-ofb¢ pempesition dielap 5, Whemipexaggnes geaetio@pterial has

act.o TNE- . cul ar endothelial growth factor
E’?ﬁ‘—i’é&ﬁ‘?‘{“\?@é@“‘ﬂro i'nase pl asm nogen acti vator

receptor (uPAR), bone norphogenetic protein 4 (BWP4),

IL1-a, IL-3, leptin, stemcell 25 factor (SCF), . .
stromal cel - db¢ Fompositign ¢frclaim Ispbergin exespsgenctic material has

i : BB PDG-BB), t f '
R AT I 311) and PS5, The

conposition of claim1, further conprising an isol ated
NSC. 30 6. Th 0 Siti of claimbpb, erej.n '

NSC i o phy S agreddararStamahl e cdidionstaesd i BMSC-om
QAR Q{58 theEdi- RN/ AREB IR dihB cdmpridifg NRIRPStent OBl (NSC)
of claimb5, wherein said NSC is not physically

gomth otediimanhfaswirsiseBiasa bysargisolfied Bdbfosi ti on of

claim5, wherein said NSC is derived fromthe central
nervous systemof a human. 9. The conposition of claim

1, wherei n1saiTHe BMCICM detlathe 2 fwisieia saldBMSC-CPI ddés not
The composition of claimb5, wherein exogenous genetic
pentainiexpganays LIF.

14. The BMSC-CM of claim 12, wherein said factors are selected from

the group consisting of growth factors, trophic factors and cytokines.

15. The BMSC-CM of claim 12, wherein said factors are selected from
the group consisting of LIF, brain-derived neurotrophic factor (BDNF), epidermal growth
factor receptor (EGF), basic fibroblast growth factor (bFGF), FGF-6, glial-derived
neurotrophic factor (GDNF), granulocyte colony-stimulating factor (GCSF), hepatocyte
growth factor (HGF), IFN-y, insulin-like growth factor binding protein (IGFBP-2),



been introduced into said NSC. 11. The conposition of
claim1, wherein exogenous genetic material has 15

whems/o7d3t5 oduced i nto said BVMSC. 12. A Bone NBPCTWS2005/002895
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Stromal Cell conditioned nm&di um (BMSC-CM)  conpri sing

SOTBP i 0 R oL SR EOR AR B o

ahageyleatodahyBiB@IaR@ fhator MeC BN uBMrafhicfaaions MNPT3), tissue

vher ei n sai d, BMBG- CM t ont ai n exogenqus LI F,
b EseleRn G AT N30, TYGPS: Gmes peTpat Fsh (ANE-B)
%&&Hr%ﬂdétﬁ@l{ﬁl] Iggcﬁ}lth et S MﬁPVE@‘-DP&oR%QJ @ﬁ@erﬁinogen activator

factors, tro actors and ‘cyt oki nes.
BAMBELOCARAR); banermbghhogkretieipnotsiai 40(BNE4 )0 Hsl -ar1&-3 démimt etdm cell

Rt R e G oL e e Py d oyt actor-BB

: i | ) I3 (bFGF),
LepCEbey BTt FRLePha I i sorpi (o
granul ocyte col ony-stinulating factor (GCSF),

hepat ocyte , grom h factor, (K AF , dnsylin-1ik

growt h fact8r M OHQ%WSP%F%MWé%%S%’f?m bty éompelex (MHC)
AU 6348108 bhdad e & VBB Said 4R thddFBRiRisideleol &ulturing cells

I L-6, IL-8, nonocyte chenotactic %Ot ein (I\/EP- 1),

Femprsiag enisolahBMSK andowsl isplgted NS at i ng fact or

(M CSF), neurotrophic factors (NT3), tissue inhibitor

of netalloproteinases (TIMP-1), TIMP-2, tunpor necrosis

factor ( TNE713he medasicoflcitimeltgohbeln @lid g wWdcd-agtuéd in the
(VEGF), . VEG-- D, _uroki nase plasm nogen activator 5

pRYcaps o exogmRs Likone norphogenetic protein 4 (BWP4),
ILI-a, IL-3, leptin, stemcell factor (SCF), stronal
cell-derived factor-1 (SDF-1), platelet derived growth
fact or - BB 18PDEEBBYhodtafatdidibrivherenr sand NSCas physicaligicantacted
TGH( 3- d TGF(3-3. 16. A nethod of nodul ating
S()Bﬁ?:ogl(‘“d?—#%dtsg/{:]onpati bility Conplex (MHC) 10 nol ecul e
expression on an isolated NSC, said nmethod conprising

co-culturing cells conprising an isolated BMSC and an
i sol at ed N$¢. Thy method afwsiannd 6owherdem saidlS S Cvihnotgihysisaliyd

cel | re.co-cul tured in the absence of exogenous
E?%?&icgwitg.sal?ﬁie{\dﬁét hod of claim 16, wherein said NSC
is physically contacted wth said BMSC. 19. The

met hod of claim 16, wherein said NSC is not physically
20. The method of claim 16, wherein said NSC is derived from the central

nervous system of a human.

21. The method of claim 16, wherein said BMSC is derived from a

human.

22. The method of claim 16, wherein exogenous genetic material has been

introduced into said NSC.



10

15

20

25

30

20 contacted with said BMSC. 20. The nethod of claim
16, wherein said NSC is derived fromthe central

wmeosous4syst em of a human. 25 21. The net hod mtT/USza)bmozs%

16, wherein said BMSC is d&ived froma hunan.

The nmet hod,ef . n
mat eri al h%g gg’é%ieg}oﬁt r o%ceg a'h?o sal g&i%%% g{f Wterlal has been

2L OB €EsaRITBMIS2005/ 002895 50 23. The net hod of

claim 16, wherein exogenous genetic material has been

i ntroduced into said BVSC. 24. A nethod of nodul ati ng

MHC nol ecubg %ﬁe@

nmet hod corr%rl gﬁﬁé‘?‘?gb? glro Gﬁlaﬁﬁ‘ga}\/g—%g{ ?év%vlu%eﬁe onSloﬁ/ghqn jolated
BtSGh maitl nigghdd copapribirig cmhttadngmjd WNB( BiVEBoohMarmive Seomal Cell

SEhruged RV BE B oo BN 6N EPEPHFSNSC growth
%@flﬁﬁﬁ‘ncﬁﬁb%r%@tég\%}dﬁ%BN@C.com ain 10 exogenous

LIF. 26. The nethod of claim 24, wherein said BMSC-CM
is essentially free of BI\/SCs 15 27. The nmet hod of

cl aim 24, erel aldf ns. ALe. se
group cons?@t :Tﬁg T80 aﬁmf at‘fvo?rgm %a}ae%Mgi: &%?%??m contain
axskeayisakiFnes. 28. The method of claim 24, wherein

said factors are selected fromthe group consisting
of LIF, brain-derived neurotrophic factor (BDNF),

epi der mal 0 f siﬁgﬁﬂ)&c

fi brobl ast ggr Mﬁleﬁ% gtograa?@lgé:?ﬁ% gl a?ﬁlgles%‘ssent ally free
nEBMRGsophi ¢ factor (CGDNF), granul ocyte

col ony-stinulating factor (GCSF), hepatocyte growth
factor (HG), IFNy, insulin-like growth factor

bi ndi ng pr 6% eirfe fleHodfr2laim 24 HREef sald—fa&t’b?s ark s¢1€eted from the
I'L-8, nonocyte chenotactic protein (MCP-1

goup condisig of@magthdyctersctnbpincyfastqrmnctaqytmignésact or

(M CSF), neurotrophic factors (NT3), tissue 25

i nhi bitor of netall oproteinases (TIMP-1), TIM-2,

tunor necr 08i $hé atid of Tm 03) wher¢msaid @etowé)gélsété@fmm the
growm h factor é&VEGF VEGF- D, uroki nase EI asm no

awoup garsstingraf d dB+ ypintdepngy nelﬁ@ﬁﬁ@qu@m@ P& cep e@tnel growth

FrloP)Ebior b bapie oM B8 oy PEP(EARA, FEREE il goiyed

flarrbtveshi@ fa v IQGDaﬁT)pgraBBOC}(tPaﬁEﬁB);Umhlaﬁﬂg faetori(GESF), hepatocyte
gromh factors beta (TGF(3-1) and TG-(3- 3.
growth factor (HGF), IFN-y, insulin-like growth factor binding protein (IGFBP-2),

IGFBP-6, IL-1ra, IL-6, IL-8, monocyte chemotactic protein (MCP-1), mononuclear
phagocyte colony-stimulating factor (M-CSF), neurotrophic factors (NT3), tissue
inhibitor of metalloproteinases (TIMP-1), TIMP-2, tumor necrosis factor (TNF-f3),
vascular endothelial growth factor (VEGF), VEGF-D, urokinase plasminogen activator
receptor (UPAR), bone morphogenetic protein 4 (BMP4), IL1-a, IL-3, leptin, stem cell
factor (SCF), stromal cell-derived factor-1 (SDF-1), platelet derived growth factor-BB
(PDGFBB), transforming growth factors beta (TGFB-1) and TGFp-3.
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30 WO 2005/ 076845 PCT/ US2005/ 002895 51 29. The net hod
of claim24, wherein said NSC is derived fromthe

WEsEnsNE845 ner vous system of a human. 30. The nmthosko0os/002895

claim 24, wherein exogenousigenetic material has been
S 'ntrOdUCQ§ ITRE theBRIdb BN 221 whéRid S RE€ds B@ﬁed from the central
prepared fromthe nethod of cod-culturing an I so ated’
BMBQOrs syisteim afe hwodrat ed NSC. 10 32. The isol ated NSC of
claim 31, wherein said NSC exhibits a reduced
expression of MHC Cass | nolecule. 33. The isolated
NSC of cl aBp) $he mefiRydQIfR %I, Nﬁ&eﬁ?@ﬂo@éﬂoﬁxs%e@cﬁﬁ%ég@ﬁal has been
| evel of MHC O ass Il nolecule. 15 34. The isolate
Medageddnts st SCwher ei n said NSC is derived fromthe
central nervous system of a human. 35. The isol ated
NSC of claim 31, wherein exogenous genetic materi al
20 has beeBl.i Anrieslae@NSOVrepaed foMSke n{%ﬁmod/ﬁfcbsc‘illtﬂituglﬁn isolated
% repar ed by culturing an isolated NSC i n BVSC

Viith an gofsiasiaN S conprises a chemically defined
culture nmedium conprising NSC growth nedi um and
factors secreted by an isolated BMSC. 25 37. The
i sol at ed N3SL the sbhatah 188C ofitleine B b, wsladrein NGid NSD ekhibis &reduced

reduced ¢ &e(?lsi n of Class | mol ecule. 38. The
FRPEESsIa P dPAFEES wherein said NSC exhibits a
baseline 30 level of MHC Cass Il nol ecule. WO

2005/ 076845 PCT/ .USZOO5/ 002895. 52 39. The isol ated NSC
of cl ai m 383. Wheiselatede$ @ ofgain 31,dehdreindaidNSA eklgbits a baseline

tr 0 S m of a human. 40. The i sol at ed
%g% fi/IHF:g(Flm 03/(7?1 Fel n exogenous genetic material 5
has been |ntroduced |nto sal d NSC. 41. A neural cell
cul ture device conprisin (a) _an isolated NSC
34. The isolated NS of claim 31, wherein said NSC is derived from the

central nervous system of a human.

35. The isolated NSC of claim 31, wherein exogenous genetic material

has been introduced into said NSC.

36. Anisolated NSC prepared by culturing an isolated NSC in BMSC-
CM, wherein said BMSC-CM comprises a chemically defined culture medium

comprising NSC growth medium and factors secreted by an isolated BMSC.

37. The isolated NSC of claim 36, wherein said NSC exhibits a reduced

expression of MHC Class I molecule.

38. The isolated NSC of claim 36, wherein said NSC exhibits a baseline
level of MHC Class II molecule.



(b) an isolated BMSC, 10 (c) a NSC growth nedi um
wherein said NSC growt h nedi um conpri ses factors

weemsetads from said i sol ated BMSC, and (d) a nBemesi003/002895
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20

keepi ng said NSC and said BNBC from com' ng into

R e A e T T

vhite neve8PSy st of NRGnand sai d BI\/BC fromconing into
physi cal contact with one another. 43. The device of

claim42 wherein said filter or nenbrane has pores to

al I ow fact gps e ?sroﬁlttgfjl\! SEQFLBfh g6,%eﬁ1%x8é8ﬁ)ﬁs E@ﬁe‘ac material

filter or nmenbra
has been introduced into said NSC.

41. A neural cell culture device comprising:
(a) an isolated NSC,;
(b) an isolated BMSC;
(c) a NSC growth medium, wherein said NSC growth medium comprises factors
secreted from said isolated BMSC; and
(d) a means for keeping said NSC and said BMSC from coming into physical

contact with one another.

42. The device of claim 41 further comprising a filter or membrane which

keeps said NSC and said BMSC from coming into physical contact with one another.

43. The device of claim 42 wherein said filter or membrane has pores to

allow factors secreted from said BMSC to cross said filter or membrane.



