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CELL FATE CONVERSION OF DIFFERENTIATED

SOMATIC CELLS INTO GLIAL CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Provisional Patent
Application No. 61/406,670, filed October 26, 2010 as assigned to the

Assignee of the present application and incorporated herein by reference.

STATEMENT OF GOVERNMENT SPONSORED RESEARCH
[0002] This invention was supported in part by grant R21IMHO087877-01
from the National Institute of Mental Health (NIMH).

FIELD OF THE INVENTION
[0003] This invention relates to the field of reprogramming differentiated

somatic cells into glial cells.

BACKGROUND OF THE INVENTION

[0004] In the following discussion certain articles and methods will be
described for background and introductory purposes. Nothing contained
herein is to be construed as an “admission” of prior art. Applicant expressly
reserves the right to demonstrate, where appropriate, that the articles and
methods referenced herein do not constitute prior art under the applicable
statutory provisions.

[0005] Multiple sclerosis (MS) is a complex neurological disease
characterized by deterioration of central nervous system (CNS) myelin.
Mpyelin is an insulating material composed primarily of lipids that protects
nerve fibers—axons—that transmit electric impulses throughout the body.
Demyelination of axons in MS results in axon degeneration and neuronal cell
death, but more specifically MS destroys oligodendrocytes, specialized glial
cells that generate and maintain myelin.

[0006] Oligodendrocyte progenitors are generated in ventral areas of the
developing brain from a glial progenitor. Oligodendrocyte progenitors

actively migrate and proliferate, populating the CNS, eventually maturing to
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to play a role if myelin is damaged or deteriorates.

[0007] People with MS suffer attacks when T-cells cross the blood brain
barrier and attack the myelin sheath that coats axons of the CNS. This
disruption should induce the maturation of the subpopulation of
oligodendrocyte progenitors that has remained in the CNS to repair damaged
myelin. Instead, however, it has been found that people with MS have
oligodendrocyte progenitors that tend not to mature into oligodendrocytes
after myelin damage, resulting in inadequate myelin repair.

[0008] Cell transplantation therapies have been proposed to treat
neurodegenerative diseases such as MS, cerebral palsy and Parkinson’s
Disease; yet wide-spread application of cell-based therapies depends on the
availability of sufficient amounts of the proper types of, e.g., oligodendrocyte
progenitor cells. One possibility for providing such cells is using embryonic
stem cells, for example, see Bjorklund, et al., Nat. Neurosci. 3:537-44 (2000)
(studies relating to Parkinson’s disease). Embryonic stem cells can be
expanded to virtually unlimited numbers and have the potential to generate all
types of cells in culture; however, embryonic stem cell-based therapy is
complicated by, amongst other things, immune rejection due to immunological
incompatibility between the patient and donor. Alternatively, successful
generation of cloned stem cells by somatic cell nuclear transfer creates the
possibility of generating genetically identical “customized” cells by using
donor cells from a patient as the source of the nucleus, thereby eliminating the
requirement for immune suppression (see Hochedlinger, et al., N. Engl. J.
Med. 349:275-86 (2003)); however, technical and logistical impediments of
the nuclear transfer procedure complicate the practical realization of somatic
cell nuclear transfer in humans.

[0009] Production of large populations of glial cells that are not complicated
by patient immunological incompatibility would prove invaluable in studies of
CNS myelination, disease modeling, and drug screening. More importantly,
promoting remyelination using these cells in cell-based therapies has
enormous implications in regenerative medicine.  The present invention

provides such glial cells, and methods for the generation thereof.



[ 0005] Mul tiple sclerosis (M5) is a conplex neurol ogi cal disease
characterized by deterioration of central nervous system (CNS) nyelin.
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nerve fibers-axons-that transmt electric inpulses throughout the body.
Denyel i nati on of axons in M5 results in axon degeneration and neuronal cell
death, but nore specifically Ms destroys oligodendrocytes, specialized
glial cells that generate and maintain nyelin. [0006] A igodendrocyte
progenitors are generated in ventral areas of the developing brain froma

glial progenitor. O igodendr S8 MMARYCHERHIBINVENTION v migrate and
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claimed subject matter, nor is it intended to be used to limit the scope of the

claimed subject matter. Other features, details, utilities, and advantages of the

claimed subject matter will be apparent from the following written Detailed

Description including those aspects illustrated in the accompanying drawings

and defined in the appended claims.

[00011] The present invention relates to the reprogramming of differentiated
somatic cells into glial cells. Glial cells produced from this reprogramming
are functionally equivalent to glial cells that arise from ectodermal origins.
The ability to reprogram differentiated somatic cells to produce glial cell
populations has enormous implications in studies of CNS myelination, disease
modeling, drug screening, and more importantly, regenerative medicine.
Thus, one embodiment of the present invention provides a method for
producing glial cells comprising: providing somatic cells from a mammalian
patient or subject; culturing said somatic cells; and expressing one or more
reprogramming factors in said cultured somatic cells to produce a population
of glial cells.

[00012] In one aspect of the invention, the reprogramming factors comprise
one or more reprogramming factors selected from Ascll, Cenpa, Chd7,
Creb312, E2f8, En2, Esco2, Etv6, Fenl, Foxn3, Gm98 (MRF), Grlfl, Gsx1,
Hr, KIf13, Lbr, Lcor, Lcorl, Ligl, Mcm2, Mcm5, Mcm6, Mitf, Mybl1, Mycll,
Mytl, Ncorl, Nkx2-2, Nkx6-2, Nr2c1, Oligl, Olig2, Onecut2, Rbpjl, Rev3],
Sox10, Sox6, Sox8, St18, Tcf712, Tcfeb, Tmpo, Top2a, Tox3, Wdhdl,
Z1p276, Z1p37, Z{p488, Zip536, Zfp579, Zfpm1, or Zkscanl. In other aspects
at least two reprogramming factors selected from Sox 10, Nkx6.2, or Olig2 are
used, and in yet other aspects, all three reprogramming factors Sox 10,
Nkx6.2, or Olig2 are used. In other aspects, one or more additional
reprogramming factors may be used in addition to the one or more
reprogramming factors Sox 10, Nkx6.2, or Olig2. For example, one or more

of reprogramming factors Oligl, Nkx2.2, ST18, MYT1 or GM98 may be used



[ 0007] People with M5 suffer attacks when T-cells cross the blood brain
barrier and attack the nyelin sheath that coats axons of the CNS. This

di srupt i omoshruisse43nduce t he maturati on of the subpopul Cirars2af/ 057762

ol i godendrocyte progenitors that has remained in the CNS to repair danaged
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The present invention provides such glial cells, and nethods for the
gener ati on t her éefnatic cells, thus producing an enriched population of reprogrammed glial

cells. In some aspects of the invention, the sorting step is accomplished by

using one or more markers specific for the patient-derived somatic cells or for

the reprogrammed glial cells. In certain aspects, one or more markers specific

for glial cells is used for sorting, for example, proteolipid protein 1 (PLP-1),

Ki67, A2B2, A2BS5, platelet-derived growth factor receptor alpha (PDGFa)

receptor, SOX10, Oligl, chondroitin sulphate proteoglycan Ng2, myelin basic

protein  (MBP), myelin-associated  glycoprotein (MAG), myelin

oligodendrocyte glycoprotein (MOG), GRMS5, CD133, CLNI11, ERBBS3,

ERBB4, TNR or galactocerebrosides (O1, GalC), and the like. In yet other

aspects of the invention, the sorting step is accomplished by a selectable

marker. In addition or alternatively, reporters for transcriptions factors such as

SOX10 and Oligl may be used to separate the reprogrammed glial cells.

[00015] In yet other aspects of the present invention, the methods further
comprise a step of expanding the induced, cultured, patient-derived somatic

cells after the inducing step or expanding the sorted reprogrammed glial

precursor cells after the sorting step.



SUMMARY COF THE | NVENTI ON [ 00010] This Summary is provided to introduce a
sel ection of concepts in a sinplified formthat are further described bel ow
in the Devaizbexds8m3cription. This Sumrary is not intendedTius20ident7iciy key
or essential features of the claimed subject matter, nor is it intended to
be used to limt the scope of the clained subject matter. O her features,

details, utilities, and advantages of the clained subject nmatter will be
apparent fro (IOb%f@Ma%&gas}%dtt&@rln%h@d bRAide SCpdgtakion of NGihediRg t hose
aspects illustrat ed in the acconpanyi ng drawi ngs and defined in the
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cells to produce gl i &h@ﬁ%‘ AR 185080 A TOUB:! 5B £24] gPe 10
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aspects, all reprogramming factors Sox 10, Nkx6.2, or Olig2 are used. In
other aspects, one or more additional reprogramming factors may be used in
addition to one or more of reprogramming factors chosen from Sox 10,
Nkx6.2, or Olig2. For example, one or more of reprogramming factors Oligl,
Nkx2.2, ST18, MYT1 or GM98 may be used in addition to the one or more
reprogramming factors Sox 10, Nkx6.2, or Olig2. In yet other aspects, all
three reprogramming factors Sox 10, Nkx6.2, and Olig2, are used, and one or

more of reprogramming factors Oligl, Nkx2.2, ST18, MYT1 or GM98 are

used.



[00014] In certain aspects of the present invention, the nethods further
conprise a sorting step after the delivering or inducing step to sort the
popul ati omoab1zassassed glial cells fromthe un-induced, mromAISeq@noO§TazMed
somatic cells, thus producing an enriched popul ati on of reprogramed gli al
cells. In sone aspects of the invention, the sorting step is acconplished
by using one or nore markers specific for the patient-derived somatic cells
or for the remogeg2MRy dipeatt 6€!thS. pleberteldvahidnasRAeS phARRCAHicAIOr €
markers specific for glial cells is used for sorting, for exanpl e,
proteolipid proth&paragiorspilipenpytic Rplsand meg@ech tplpepmpsisiedrergermmed gr owt h
factor receptor g@hlmgﬁséﬂ:’%@gen{ﬁg@ﬁgﬁ)r SOX10, Aig 1, chondroitin

sul phate proteogdl ycan Ng2,” nyelin basic protein (MBP), nyelin-associated
gl ycoprotein (MAG, myelin oligodendrocyte glycoprotein (MOG, GRVb, CD
133, CLN11, ERBB3, ERBB4, TNﬁEQER@?’fﬁ?ﬁQﬁe’fﬁErﬁ@[ﬂﬂlﬁs (01, cGal C) and the
like. In yet other aspects of the i1nvention, the sorting step is
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two reprogranm E% factors selected from Sog 10, Nkx6.2, or Qi 2 are used,

and in yet othePNS¥H@eE O AWCUPRA), BYPSHHE RECIPREEDr s ASBRCYEH, SR or
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factors nmay be used in addition to one or nore of reprogramm ng actors
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Qig2, are usedpd gﬂﬁd@gﬁaloﬁ Wr@scpf12r4§@f @9%4%%@25%&@&59&1%@1 '(999112 Nkx2. 2,

ST18, MYTL or areée used. [00018] Other aspects of the presen |nvention
i ncl ude phar maceduticpés OﬁNetfb‘aérCafméo(lTéllrdEﬂéghmﬁ‘ttm&ﬂ@@gf@ and research tools
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DESCRI PTI ON

regions on a cell of a particular cell fate via association by chemical or



[ 00019] Figure 1 shows sinplified reaction steps of one nethod according to
one aspect of the present invention. [00020] Figure 2 A-E are graphs of
resul ts owoanradsfssom perform ng net hods accordi ng to tIRETAISREIR057762

i nvention. DEFIN TIONS [00021] The terns used herein are intended to have
the plain and ordinary neani ng as understood by those of ordinary skill in
the art. The following definitions are intended to aid the reader in

under st andi ng t BayES R As. im)y%tﬂ&%seéo@ftth@@%s&mnvémoﬁml_@@nfdglgvagéﬂt_ or
otherwise limt t%e meani ng of such termnms unless specifically indicated.

[00022] The t er icterglly selegitvedy ingrarts with rpogrll airfageemglecyly ofiptgicelydir) s t hat

anchor neurons tpydiRedd RlROGhS UPRINque ARt LARYSCE Rridile RMNEBANT. 4 nvention
refer to both protoplasmc and fi brous astrocytes. Protoplasm c ‘astrocytes

have short, thi ckigodsndsik preguraprciiBe((PHoeebseeplesnd badengragpite tial sanfosund i n
gray matter. Fi l?ﬁx%%ﬁ? a?e?t LRGN GRnORYE ulif) thstBX%tiohe&§lu9£,aﬁﬁh Rocesses
and are nore commn%/ ound in white natter. trocytes of the present
i nvention are chestatedeta: 2eptidey, pxrigme ssichingf dasivetizgd aropteeledppieinsyl i al

fibrillary aci diaﬁﬁilpgd%ts e(grnfra(g%%tf"lﬁ) t’her%%p Osgﬁﬁtl‘ﬁ?legllléét % .aﬁll rs,sxérggl%%%ga‘?es GLAST or

G.T1-and have at Teast one “astrocyti ¢ enotype sefected 7ro ructural
astrocyti c phenongpestier fourprsteionbihdiagtmacdsi cegpratingt ypk Sraghstits odyti C
struct ural phenot%P incl.udg a.rou d nucl.eus, a "‘st@rhshacpe " body and
many | ong procedSeE YISt RN Ay REUIT AP PHOBT St 84 BHPHEPSHEY | bl ood
vessel s of thooNg. Thereherbiekaipl pocat” at rusel térain asidaclydth mophd@not ypes
may be found in the fallowi ng material s: . Reynol ds and Wi ss, Scjence

255: 1707- 1710 ( POBIOSRPHEITE, “sp o5 [enyelmiRE, JEBORFCion s6ek %l ( 100)
and Kandel , et ahatholodRAIprocekleh,nNCd. phBs ibIvE W AS@BNGE condidnd skxah. s ( Appl et on
& Lange). [00023] A "bi ndi ng agent" is any nmolecyle that is cone*g,l enentary
to one or nore rPEGTBRENGAISESE diqurodpeegergiys fiseaserdijeates IpyplEngiggni€soci at i on

by chem cal or dysfunction, and the like.

[00025] The term “diagnostic tool” as used herein refers to any composition or
assay of the invention used in order to carry out a diagnostic test or assay on a
patient sample. As a diagnostic tool, the glial cell compositions of the
invention may be considered a collection of analyte specific reagents, and as
such may form part of a diagnostic test regulated by a federal or state agency.
The use of the compositions of the invention as a diagnostic tool is not
intended to be related to any use of the composition in the development of
therapeutic agents.

[00026] As used herein the term “differentiated cells of somatic origin” or
“differentiated somatic cells” or “somatic cells” refers to cells originating from
the embryonic mesoderm, endoderm, and ectoderm, including bone, cartilage,
muscle, connective tissue, skin, vascular tissue, and certain cells of the
reproductive, excretory and urinogenital systems.

[00027] A "differentiation factor" as that term is used herein refers to any factor
or combination of factors that promotes the differentiation or reprogramming
of a somatic cell and can include, for example at least one nucleic acid
sequence encoding a transcription factor, including but not limited to SOX 10,
Nxk6.2, Nxk2.2, Oligl, Olig2, ST18, MYT1 or Gm9s.

[00028] The term "excipient" refers to an inert substance added to a

pharmaceutical composition to further facilitate administration of the cells.



physi cal nmeans. For the purposes of the present invention, the binding
agent preferably selectively interacts with a cell surface nol ecul e or

i ntracel Iwban1205824@i N or noiety that is unique to cell sPpoff/is2@ansizeul ar
cell fate, e.g. oligodendrite precursor cells (OPCs). Exanples of binding
agents that can be investigated and/or identified using this invention

i nclude, but are not restricted to: peptides, proteins (including
derivatized or I@ahgbrd WAHRLEH AR ion 2 tdxBBRLE InidelshR@BMBMiSmIABLRRE; snal |
nol ecul es; aptaners; carbohydrates and/ or other non-protein binding

noi eties; deri v&picPasPRIphaS: yaHaRtsyest 2nhbvaesarl farel colyipisglenv#itieng
partners; peptiggﬁhﬁaké&§ﬂe@ﬂgmgggggﬁﬁg&ngh%%: [ 00024] The term "bi ol ogi cal
process" as used herein includes both normal physiol ogical processes, such
as renyel i nat [(9829]Indhe dpmotadiet Py, aed Cgliags argeion-ngeropaitdsts gy ewividsr ocesses,
e.g. those involygdi diififnchadlth AARdLLONSHS UaRASAEAILpING di sease,
neur odegener ati ve di sease, diseases Involving genetic é& unction, and the
li ke. [00025] Th&ntlerramstngisimgnosthé aetvoed Syseesn. Usadpleerdi gliat eflesr of the any
conposition or of the i.n i i r r a

di agnostic test%%§8§§§§§&%Hngu%§ﬁﬁgﬁgmggﬁg?tga%§%2&3%§5%2£§¥gﬁgggl, t he
glial cell conpgsegenionscet$ (OPEs)i nigdtndvorymayand eascouysisdefledieem C'glidlect i on of
anal yte specific_reagen .and_a ch. formmpart of. a. diagnostic test
foqul ated by a falierarab et Rt Ry BHED et B P BR Ine e8I Ens of “the
invention as a dkagipodéndeocyeel ands asiekyted)t andedl ho tbeprealradredot tullgny use of
t he conpositiondﬂ%the geyqlo nenb obpgherapeutic agents. [00026] As used
herein the ter mUEFHEFE SIS KRR §76F somatic origin' or "differentiated
somatic cel | s{00080]" $WQMBdd ler&@lahSindu@bepSori@erC & d SroRbiegihadisicaghbler@m t he
enbryoni ¢ nesoder m endggernl and ectoderm includin bong, cartil age,
muscl e, connect i¥ECH; YBETCLK A VaRES EISHIPUOR 9§ GBS WAV C APHICRES| s of t he
reproductive, exgr&hed Xs@ﬂdasuﬁéﬁggﬁﬂirﬁﬁjogrﬁﬁl&ﬁ actdrOOO2 Tbspbnse to a
"differentiation factor" as that termis used herein refers to any factor
or conbi nati on ofe2RANGREEN ht8-praweIdEe) e Aditipfudisetch 46 ihe#f- ofn the
reprogramm ng ofyp@nsonBl it 280 Galnkulis! MABNA Quuarxa® fn&twilieast one
nucl ei ¢ aci d sequence encoding a transcription factor, including but not
limted to SOX DOt baxaascribed.Nkikpterm "ot [rgnsgribed(Opy ‘gt subTtagialljyApressed” Gros.
[00028] The ter Mo X hihefhel Srtflctiphth B [AK1h-SHASIENGH AOUSE dio a

phar maceuti cal conposition to furt acilitate adm ni stration of the
cells. transcription observed in the presence of an appropriate stimulus or regulatory

agent; and preferably at least 100-fold, 250-fold, or 500-fold or lower than the
level of transcription observed in the presence of an appropriate stimulus or
regulatory agent.

[00031] As used herein, the term "lentivirus" refers to a group (or scientific
genus) of retroviruses that have the ability to incorporate viral DNA or
payload into a host genome.

[00032] The term "oligodendrocyte" refers to mature, well-differentiated
oligodendrocytes. Mature oligodendrocytes may be distinguished from
oligodendrocyte progenitor cells both by structural and functional phenotypes.
Examples of a mature oligodendrocyte functional phenotype include, but are
not limited to one or more, marker expression such as proteolipid protein
(PLP) and myelin basic protecin (MBP) expression, myelin-associated
glycoprotein (MAG), myelin oligodendrocyte glycoprotein (MOG), in

addition to galactocerebrosides (O1, GalC). Examples of mature



Exanpl es, without limtation, of excipients include saline, calcium
carbonat e, cal ci um phosphate, various sugars and types of starch, cellul ose
derivati Wwe®,20pal58143n, vegetabl e oils and pol yet hyl ene glPgaalsg011joS629] The
term"glial cells" and "glia", are non-neuronal cells that provide support
and nutrition, maintain honeostasis, formmyelin, and participate in signal
transm ssion in the nervous system Exanples of glial cells of the present
invention incl udgebihddéRe N@hcthiaMphebipes A8dIERE WuE Sr gt dhji@@dsndr ocyt e
progenitor cells %CPCS), ol i godendrocytes and astrocytes. The term "gli al
cel " as used hé¥archedriad grnaifiedphegpiype gidrip@iagan pappdindeqmiyanss. t he gl i al
l'ineage, suchiggsfl 190denAr AaubaIRRG: ASLERARYL BSi1s” A WRhP(C@Sadl Gl eCUr sor s
to fully differentiated glial cells,” such as OPCs. [00030] As used herein,
an "induci bl e prhefebt eieferj $0 acqlls othst ehaehdhe i sapeeipyabibe dffereiitipectinyg or
indirectly acti i Cr1pt, ) or genes
(such as genes %@%&gg%%%gginéyﬁg&%ggg%ﬁg?&Fﬁﬁ?ggggns quggﬁgggﬁﬂatory
agent" (e.g., ddsopcydigodaidrocgtes abashi hyl sisicewadhaed foeettonall phedneypabsence of a
"regul atory agent" i U ] ot be
transcri bed. Thg&?g$%?Bﬁggyﬁﬁgﬁgégﬁggg@mﬁﬁﬁaﬁ§$&§Gﬁgggﬁgfgwﬁ%i%&%ressed"
means that the IceNehatof ntitoansicr ithpt ican divileadnd| wasdpaksd ffol dhrdeomemorehan t he

| evel of transcription observed in.the presence of .an ropri.ate stimul us
or regul at ory agEReES oA B e Pup PyEraEnl GERE0 Go el s BEERE! Sor
500-fol d or | oweliffdrbraiatetihe al reyedinatofe pheangert pifea myehseion edvivgaddvg presence
of an appropriate stinulus or regulatory agent. [00031] As used herein, the
term"lentivirus*’¢efers to a group (or scientific genus) of retroviruses

t hat hav[eog gg[ztinbisaﬂi Ay ub@l Heﬁ?@, rtlﬁlﬁtéﬂlzij Ereilitaty a@i%%" RiferP Ryd @athidanigen@orhost
genone. The term "ol i godendrocyte” refers to mature,

wel | - di fferenti LLLIG F@&F&@ﬁoﬁﬂl&%%’e@?ta@%ﬁém& MybaRAdT Sy deloged) be

di stingui shed f r@ranolrbGRAN AoAGEHSS sREPAEMes06r 68ll] S Rotbohyingdirdsat ural  and
functional phenotypes. Exanples of a mature oligodendrocyte functi onal

phenot ype i ncl udeltaipiig & @dyhle Prematerdmayy by gEPPd fbp deSUHITK 2e”XPr essi on

such aS.prOteO'kﬁhﬁm@%9%§kﬂmﬁ?hﬁhwEQQwW&%hkﬂsﬁﬁéhﬁt@ﬂﬁ&ﬁﬁbﬂp&%ﬁﬁh
expression, nyelin-associated glycoprotein (MAG, nyelin oligodendrocyte

gl ycopr ot ei n ( Mb®) ¢xpospraddi thi owproprigal aciroremetrevsilides qroiomdafudy.. Exanpl es
i ted Lo, br aR e et P o ibPar
menbranes. [ 00033zutkieryt agensorstinutys Bl énucdiembiorrciakluge thand " OPCs™

as used hereinr : i [ If: iate into
oIigodendrocyteé&L%%?%ggéﬁ%#gg%thbQ% g%%@b? ceﬁ%gkﬁﬁyﬁﬂghﬁ%gﬁgﬁéuished
from ol i godendr @ew, elsabohdrkbyerst musedllothadnean derdeu nc tiramm sskergil eimymppes .
Exanpl es of an OQPC functional phenotype include, but are not l[imted to, a

cell that is nito P%“T??gé‘that can divide and be expanded for three or

nor e passages [0003%]ulAs us&) herdiashenegn atprogradpacirtprograsmindl refars w4 the pot ent i al
to differentiate S MQrdndie s dRtndRRERUAREmER Eh\ ke SYGeiRAG 0N T vive

and function of an alternate cell state.

[00036] The term “research tool” as used herein refers to any glial cell

composition or assay of the invention used for scientific enquiry, academic or

commercial in nature, including the development of pharmaceutical and/or

biological therapeutics. The research tools of the invention are not intended to

be therapeutic or to be subject to regulatory approval; rather, the research tools

of the invention are intended to facilitate research and aid in such development

activities, including any activities performed with the intention to produce

information to support a regulatory submission.



vitro. [00034] As used herein, the term"regulatory agent” refers to a
chem cal agent or biological nolecule, such as a netabolite, a snal

nol ecul e,wonr0e/q38343i ol ogi cal or environnmental conditionPshais2@s/obTar or
cold. A reconbinant cell containing an inducible pronoter nay be exposed to
a regulatory agent or stinulus by externally applying the agent or stinulus
to the cell or organismby exposure to the appropriate environnental

condi tion or RjoesnlRCHES heded Wt RERs PEQANDYQESmeMI" tidifhgl'r HASEE iRE,T ON
substantially only in the presence of a regulatory agent or stinulus.
Exanpl es of i ndugFbleoprigstersithehimecnic nat/palsiqlows Peeponde el ement
and pronoters defkM&dayf hORbRAaRRR bl VT BhPRBEBLparhAB! p3fRGk, gene,

met al | ot hi onein gene or from'steroid hornone-responsive ‘genes. [00035] As
used herein, theliseesenr syrappogheiea! apd/or may o henertisgn rap ef & pugaltie process
of altering a diffefentieifd GleleafiordiPauBkse &ﬁtﬂ ake alist he
identity and fuﬁb#?gn %# an d?tef%gggﬂce%% stéi%.t 8%%%@% @ﬁé’téfm
"research tool " "dsauzat” hevei hereaf epwrs aydrpingini af a die¢dse oonpesinta,on or
assay of the invepti used .far scj hij.c Ly, dem.c 0 onmer ci al
in nature, incl ﬁ)glll%lr(flé ﬂ%éﬁdfgvhél Srﬁ’rr%frlffq%gflu% 'a?a gne}ﬁ,ﬂgiﬁ&aﬁlgf %Sre r?lgl ogi cal

t herapeutics. Thecurgsearxubjeoowso oy bheradispesad itothe aiseasadit hastrenged t o be

t herapeutic or to be. subject to. regquj)atory approval: rather, .the research
ool o of t he 1 nySii CRMAFE 5 diSnhal o8 i PP IS MRk o CRanbE e °F s cn
devel opnment act idevdlopesent;i andl @yl irdligviag ythadistase t ¢.85 cpsingorepmsion bhthehe

intention to produce information tq support a regul atory subm ssion.
[00037] As used HEREIHCORE g il relbve syappgtpgidiclse; oat g, " and ¢ he
[I_ihke, f][ef ter tg)ogks]ai Thﬂ@i@ 'ge&bf'ad{ema; m}g@]l @gh(?j-\?ﬁ?j/c@fﬁiephyd(%i@bl@jlgi c effect.
e effect may be pro actic in ter caonpl etely or partia
preventing a éié@ﬁgﬁng%§V' e Heg! e)%ﬁﬁﬁggghﬁ9w%'C?ﬂ@ggb@HFﬂgyin terns
of a partial or igeR &heve hk@chiobr dnhdsa@rendNd/het @Udvenseeaitsth
attributable to the disease. "Treatnent,” as used herein, covers any
treatment of a dREERdsajspecilisetheetor il cPRIRnS Hhe RPCESHArA TAURERTY Te8HeNSi ncl udes:
(a) preventing tgdifSeapRsdisPoM LRk AdPsdglerRe SHRMEEE in1RosTBY1. g

predi sposed to the disease but has not yet been diagnosed as having it; (b)
i nhi biting the dieskaspects,thenuclele peidspaygnget & ipletesl élp%e%tthe apedor(myrer el j evi ng

the disease, e. gepro %?%l?#g £ cﬁ?%gﬁg&ﬂ)@d Oﬁer(—t;iF,e isd iog?@@rﬁefi&eﬁ ofrp laﬁ(gtﬁéry or

partially renove 's . I sease. [0003 term"vector" refers
to a viral or noesqugngeah theaeetorr Thetirai"epcaadhlylimkstlemgdns tiat yhsiregildtyrya DNA

ol e?“' e) int 0 Vé@(;lu% el ngﬁgiaﬁ’ f;or%%ﬁrgs ﬁ)%ﬁblf%ﬂecgiffglfenﬁﬂltoﬁrf?c%r"acfcaglapfz%l hnser t .ed
for introduction Into a host’ cel Tt An expression vector" 1S a specialized
vector that contta nstdr e the@ppop@aty posigul @tasny ciiagiepressimead et dodingexpr essi on
of a nucleic ac%gl%ggyence of interest in a host cell. In nost aspects, the
nucl eic acid sequ%nce‘ of interest, such as the one or nore reprogranmm ng

factors descr [(0089]hengiwed haeiape pafliatiohiafleelds that Basdichededagiiencadlsi n t he

vector. The term "operably |inked" a that the requl atory. sequences
necessary for ef‘fﬁ?rggg&gowa%@st %ﬁn%'glﬁrcgﬁﬁ feg‘frf dh % 8%?%@‘%“8“&%0%& in the
vector in the appiQpshcatRlepsi fro@Bs SQe@behdnedd @otesepr @ESI@ Mt Ghstt he codi ng
sequence. [00039] As used hereipn, .a popul ation of cells that has been

depl eted of cel Iséméfﬁrﬂéf‘s%(?l?@lcrfﬁﬁ%éﬁogl Bﬁ)oﬂaﬁ%‘l ‘?faghaié?liss ?é?lﬁc%)B a cell
popul ation that JaasssUREebdandmpliiRl @G tdnd RpPopERs snetiod BRMRGEABITIHAY Process
that renoves at | east sone o e somatic cells froma population of glial

A of th | )
celI's. This sel e&ilgh opHEcdiascaiy Mrderas dhplpied merr#ipnanyrdpgiso diahat e met hod
that preserves td3eg, yhabsddg t30kothso@l 408, 368! bew Ryefer 2l M denkgt ed
popul ati ons contain | ess than 95% 90% 80% 70% 60% 50% 40% 30% 20%
10% 5% 2% 1%t §-&&snannelial oclibos Herihegl Gedl sogenel way parperemmedee thesorti ng
may be perfor ”eqeﬁﬁ%%rﬂglfx:’l glﬂﬁlo&ﬁl@ a@n! @ prg(ﬁlcle%npéﬁﬂgﬂeﬁtﬂe gltaﬁlnfé'aOduce an

enriched reprogra ~cell "population containing |l ess"than 80% 70%
60% 50% 40% 3309 cePOsgpulaioy caanginipgesy dapB0leg8%t KT, 0% Win- gl i al

cells. 20%, 10%, 5%, 2%, 1% or less than 0.1% of non-glial cells.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00040] The practice of the

techni ques descri bed herein may enpl oy, unless otherw se indicated,
convent i omal20t2askaIBques and descri ptions of organi c cherCstusg)11psirymer

t echnol ogy, nol ecul ar bi ol ogy (including reconbi nant techni ques), cell

bi ol ogy, biochem stry, and sequencing technol ogy, which are within the
skill of those who practice in the art. Such conventional techniques

i ncl ude pol yner array wnﬁmﬁnmlpq‘mﬁtommﬁkMWtom of

pol ynucl eoti des, and detection of ization using a | abel. Specific

i |l ustrati ons[09P4Qy; %%Pﬁcil@cﬁnﬁhaﬁ‘eémﬁa‘ﬁ dsecribsdl DRI Bpe cBIRKY. PRethe

exanpl es her ei n. WY §hdic A &on RAHLYR! BlHhi GONYEN tdeQiRlioR" OC BF4hRS can, of
course, also be used. Such conventional techniques and descriptions can be
found in st andarchHemisatorzalopg wwelnekizs, swiskulas bRt efindyiie4 yecompinpitl  Cel |

Culture (BICS S t col s
(Humana I(Dr ess), q%glﬂlhhés %)6}65@0%&%.&%@%23)‘? %Jd%e %teec%ﬂ r?Ii %’EWEE ord
Press); Lanza, etithal the SlélE@é th)Jse( @momctlcEs'msélntartaSgclmonﬁtrmnna(DedChm@mI ogy,

Second £ (ELSSNUGE RRAETLR, EHATL by DRGS0 R BERERLT o St em
Human St em Cel | abduadtichE SwbiidizatiAc asiegiaatf. @solﬁc Ahesitiney of 2068, Cul t ur e
of Animal Cells ohn W ons): Oz k and Cell, Cul ture
Sechnol ogy 1 or - MshRks Yan ¥ g P Reron RIE S FREpEY PR, Blhiee B s oty oo
and Russel | (Zo&ql)uvaléinnetﬁﬂsled)nﬂr piooatks EanomfMuveey laso & ared1gSuchA

Laborat ory Manua Russel | (.20 Cl oning: A
Laborat oy MamaapheBBimT RIBH s o ST R By a Rrkb i argry sty o or

L. (1995) Bi ochemngils YuchFRWtBr 8004)( MVdka! EeR ek, (BEa$ Scied®84:) Picot

"digonucl eotide_Synthesis; A Practical h" (IRL Pres Nel son and
Cox (2000) - Lenn?R5brAmptn il GBEe roraiabe Bt s ThiFa B2 (Rabich
Freeman); and Bely elimab, St2R02kd Bi@ghanpetd)y Lafiadf td &£d.(EGWY book;r eenan) ;
all of which are herein incorporated in their entirety by reference for all

pur poses. [0004]@“%6% Y h¥em dsell SéddogyeSerdabid (Hisevise Aéﬁﬁ%ﬁﬂe‘ﬁe% sai ms, the

singular forms "jan;, (1an) (20@93dEssL,%z s;em%&ﬂz@ezmb&&r@ise\vlef&&aeeﬁ& s eSS the
context cIearIy dictates otherwise. In addition, a reference to sorting"

or "inducing" iriedLhaere, eefl dEdnt@090. E@fmﬁ/&?’erﬂellé’f@pd (BhavigreddadersBicknown t o
those skilled in, ésg')eFﬁeEﬁne ?‘ﬂﬁof?,’u Rty ?émhr@@@“l?s]( dﬂ'ﬁ'v@ﬁ dabigas @iher wi se,

all technical and SC|ent| terns use erein ave e sane neani ng as
comonl y under staod)dhb@o@fﬁecdﬂ Cofrdientockmoddgy| fbr lemcrtreutamt andh CothiBatedt hi s

i nvention bel O”Q%rf‘!es @H@'r;ré?s t's%ﬁlgﬂﬁ%d Rg%gllj g‘%‘q’ogjé {bﬁgk%é%lg{‘gfe’ogé%%at ed by

reference for the p scri
formul ati ons angfrwremwdmllaogilcemgt bﬁaLahm;torbeMmd and Seohrvek tandmRusdetlh t he

presently descri i hventio ere val ues 1 s provided,
it is underst ooémétﬂelgcc%ar foat g %I Lé‘lgbow?ﬁeMa'b”é’? &g)glh%iof?e%uﬁ %prnngnd | ower
limt of that r &mlﬁ)ramdoramyy Bltekne,r Steteatled1945) |Bm6eén¢zemy rl@)unalﬂde(wmt hat

stated range is nco thisn the in ion. The u r and | ower
limts of these §??§lafl ﬂag@ 55’?”1’1815 éﬁ\‘%d@ﬁfhlevs rﬁ%ﬁp%%”f’%ht he smal | er
rang_efs_ alnld aI‘E(lHUSD{je&?fSNHIE@S_ aeidch(w oom, gbvezmg@wen%@ves Oﬁlﬁﬂﬂdcﬁ@ﬂzzsmi) any
specifically excglu imt in the stated r . ere the t t range

i ncl udes one orc%lggﬁadofwtﬁtﬁr?%af‘% and firge gt axg%%%h Rgcmiver THl g‘[ﬁ ‘of those
included limts @A alesMah)naludeshiti atchReréiRViedpited [DARAHnikddy thhe

fol l ow ng description, nunerous specific details are set forth to provide a

nor e t hor ough ur’i%fé?e%eafﬁﬂ‘iﬂh@ﬂ?ﬁse% he present invention. However, it will be

apparent to OEfbo@f] Skiolel thdt s 18 hdfeln aInBii"ﬁthte*aﬁpeﬁ&&ﬁ&ﬂﬁls'tﬂé/ﬁﬁgdlé?@orﬁﬁy be
practiced wt t one or nore of these specific details. In other

i nstances, wel | -'Rnoth tndatther érclugs plpploelstnsanlopetbe cRifevirsloady disse skil | ed
in the art have pofvReem 48866, Pedefelnf 46T <sbRindY Y dRRR YT | NGuddie

i nventi on.
reference to equivalent steps and methods known to those skilled in the art,

and so forth.
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[ 00045] The present invention relates to the reprogramm ng of
differentiated somatic cells-such as those differentiated cells that arise
fromthe woesotkdssa4dnt o glial cells. Gial cells produce@crrsnoiiisge2
reprogrammng are functionally equivalent to glial cells that arise from
ectodermal origins. The ability to reprogramdiffentiated, somatic cells to
produce glial cell populations has enormpus inplications in studies of CNS
nyelination, ¢joagRse urRIEIdAS oMEMEkeS Al REIHiAYand@REnAR Rrh Ol hatih! vy, for
use in regenerative nmedicine. [00046] Figure 1 shows sinplified reaction
steps of a met hd@velho save icaning 2t eoronenlas o bt pre Prasdiasy skiviention. In
brief, in a firsf. s @Pwdcs HBLIG6E bloSRMRIISubiafBtsahdGdnddrRiRaABMEl | an
subject or patient 110. In a second step, the patient-derived somatic cell
sanpl es are cul tigogPraDhy mesxance rgheaumess o degpibgraadrisplgsifadaers are

del ivered 1O tNGofithidhe dnd ARkGI0GRL e 1A be BXRN ESRALBA JillPune
reprogramm ng factors 1s then i nduced in the patlent-élerlve somatic cells,
t her eby reprogr amsemly debaibsdmaeitoncel s to glial cells 140. The induced,
cultured, rep at i -der ] . 16 ocell ignal | re then

al l oned to ex[)dab%ﬁwg{hegené s gﬁtﬂafrﬁggésg%g%%‘leﬁ’o?\t losf §%d§fgf°s°80t%lf’ﬁ il yis
then sorted to sSEpar@he vaing rigttvoeed thanapper ept bgveahimidofsthaating: @@l dng f r om

i nduced, reprogrgmmed glial cells to.prod an enri ched ul.at,i on of
o1l cel | o160 hgsBs Pler B et iR SHES B S RRER PR T "y
t hen be used i nisehlierba$ied dphar apd e®weorlindtsu@f Sthesee amallsr rvgdsi makyi on or
di sease nodelin xper i ts 170, .[00047] Lookin t each step of nethod
100 tn detarl  AreERndbs ot it st RRth: Subir GBSl RSS! o be
collected. The ratpode if¥entithg sphieqadtany B chiN ephIEd Gignif RPhoghagamed cel |

popul ations derived froma patient's own cells, thereby elimnating
conplications rétgfedhel Mol siee drelydse sip it it if)}% g‘ﬁ‘ﬂt?’eﬁ‘f‘geﬂeri ved

somatic cell sanRbigdingannbevs! betogd ifdhdl Sikhits aRORREGhIV®RAt insede, bl ood
or bone marrow, where sanple collection techniques are known in the art.

Those with skil [iNYeAli¢he art will appreciate and understand sel ection of the

particul ar typmod] S&BkSolRAN I&EHARE, AARRIBRYAIRRLCEIW R Lor sanple
preparation (see, e.g., Tietz, Burns, et al., (Eds.) (2006), Textbook of
Cinical Chem stprgyvideraimpgs| teeroyghyundprs@gndiag plide preagn irggntjon. ¢ledh | yengar,
et al. (1998), Eligment A0al¥$hs of bR iR ta FRRLER: infdnlif] Giap!pes and
Practices; and &Jgﬁl S, E)Bég'?ztoosz) H]iﬂgﬁ ‘%’ rorug atput r%%soanlg{?;ltl?%yag)Sanpl e
Preparati on (Progcassl withdqhaneracewtd elathegngedfiiodedilcaln dhed mstheces, each of
whi ch is incorpqrat \/ r 0, e s ngd .st.e i nvol ves
cul turing the pﬁ@e@?ﬁe@%ﬁ%g a§% Q%C?%L%e‘gég%m%%}le%oe&%gﬁ g‘lﬁer? 1\E/)li @1 %%ﬂ Cel |

cul ture techni glese @t beanalebcribpdimprden td heidartisquring the inehaéorence t o such t ext

books as But| % 004}%‘ rAc‘rs]fi: nq‘rllve%:t?(l) | re l ttl()lrtﬁe gBlroO%l Sr?ninenotficfitif%%' cot
(2005), Human Cu ?Bre rotocols urmana ®r snBl; Bavis ‘J( 62§, Basic
Cell Culture, Secomit Edlis{chond tRsses differdnriesdneyls ( 2@d Qyise Gudhuthe of Ani mal

Cells (John Wley & Sons); d tur d 06),,. Cell Culture
Technol ogy for iR At st i cBlesetehERIp I PeRETBIRE S For
exanpl e, cul t ur gu@tiopdlyretiyalbatao @lihiaglls tat abestkdni edty@uin@al drigidsnVidleVes

m ncing the tissue sanple in BME fibroblast nedium or M (Dul becco's MEM
and col | agenase ﬂgﬁlt)f r) s PR r GLrrHtadt oyt elly V)atpf“g)\’/ge pHati %y t he

slurry in a testpopubndhashhbrdidk idfticddoRaN ESdieSSNENS hiyolit@ ok, ehsdbe
modeling, drug screening, and more importantly, for use in regenerative
medicine.

[00046] Figure 1 shows simplified reaction steps of a method 100 according to
one aspect of the present invention. In brief, in a first step a somatic cell
sample is obtained from a mammalian subject or patient 110. In a second step,
the patient-derived somatic cell samples are cultured 120. Next, one or more

reprogramming factors are delivered to the cultured somatic cells 130.
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at 600g for 10 m nutes, renoving the supernatant, resuspending the cell
pellets in cell culture mediumand plating the resuspended cells in tightly
cl osed cewb2ouassa4e fl asks in a CO2 incubator at 37C ovecmiuskal/oFire2 next
day, the lid of the flasks is |oosened to expose the nmediumto the CO2

at nosphere, and the cells are then allowed to grow, wi th medi um changed and
cells split as needed. [00049] In the third step, 130, one or nore
reprogranmmi ng fa}ﬁbfé‘éﬁo@éﬁh@ﬁbb\gﬁfr@ﬂng ficloRas teh tdabed iRalel Ridmdesiieyed somatic
cells. Conventional viral and non-viral based gene transfer nethods can be
used to introdudempifcqels.dheaehyderragfemaninegthe rematie selbyip #Hnk osls t4kt'd¥s into the
somatic cells iRnyictd Quinliof ré’;ir&ﬁhm%@@b@t[en@&érlv\é@rs&mﬁiéscteﬁ% ddaghyge DNA

pl asm ds, naked nucleic acid fied RNA nol ecules th It) can be directly
transl at ed, and Uhrncilioved é@pwn@dﬁ%laélﬂéhle witirh papuddionvaéroylls emiosily such as

pol oxaners or | ipasQiRs 1o MebiiadSudilaud@n-thiralodEhhuenal, BUR! gl act ds
encoding the repr ogranmm ng tactors provi &tein include Ti pof ecti on,

m croi nj ection, ikduobd, seriregammicd gl rekbs, tolpr@blsoaesnriqhﬂdmmﬂaitipoybgb@

pol ycation or K dipu e ihal virions,
and agent - enhancgftlzlS uég)fah%]p P% &ﬁ?%% [?rb%raﬁﬁl%géscr|eh9%1tayftﬂe%eb%g , U S
Pat. Nos. 5, 049,u38b n 4cBd6sed 8therapiasl dr, &ﬁig 3&&dnir@n dnydlipafcac br gliscaseagent s ar e
sol d commerci al Ir% d%ﬂe%%(? Tr ansﬁg)ct anifm and Li pofectinTm. Cationic and
neutral |ipids t QPP I Y for efficient receptor-recognition

| i pof ecti on 0f00p41]y nuoblens atckash $tép3bﬂ,tdﬁh<bd‘ldi{l§mdie&!‘.ll fisedep niOReq@ren, WO

91/ 17424 and WD 91/ 16024. ote rectl transfected
“nto cell o1 paserdgr v e e RYE Sl e et bt S in bBou eo. ray
be delivered to priRcPadprpidmiber tanepopsiieid Cerived If®nt m@atlesltsmlnadeﬁs endogenous
production of rogranmm ng factors 050] The preparatio

|i pi d: nucl eic aé‘? etﬁ’o‘?lr‘&“%%@g COP’&REW\B‘BP%E%% e‘ﬂ"‘gﬁ‘ll’l"}o&féb}?ﬁ%m%ng%s

i munol i pi d conpag4RSierived soffalic KOAPWIMPIR @RBeQbIISHd frohNkinNBorktiveSee, e.g.,
Crystal, Science 270:404-410 (1995); Bl aese et al., Cancer Gene Ther.

2:291- 297 (1995)issuBehipoder Byne magioy’e yhfta ganele CRlseion teoipaws gre kngws) . Reny et
al ., Bi oconj ugatigHehgmThesddiln 8art id ﬂﬁ%%ﬂ)wﬂl%greﬁﬁte ahd undeRGd LOBLRRY
2:710-722 (1995) Ahmad et al., Cancer Res 4817- 4820 (1992); and U.S.
Pat. Nos. 4,186,008 patigiar, gaejof sampds repired 4ndan apmepriae pBScdB forg, 501, 728,
4,774, 085, 4 837,028 pr@fhidn 246, 78 el BARB L AV trek s do¥s! se of RNA
or DNA viral -bas Igg )})s‘fapg d ?% 52, dleﬁzl verly (; nthZ?cdoggl }gb%a%go di ng the
repr ogr anmi ng f ddingus Chakiesy ad&/Mnlteaqer D@E’ndwrlqhwh E¢0] Vadatpsholyersas f or
targeting a vir o] S t hafd Y ay|. o,he

nucl eus. Vari ous%valtlr éﬁ@%ﬂéll;:%?m %/ﬁz{ﬁs(lzsl %Olé‘? gcfle%@é%p Iiyllrl{g?)ﬁlég art, can be
used to introdudtadicaucingdi Weﬂszlﬁ (#0Q), , High nﬂxzb@hputaBlodmdm'mdiSngpla
differentiation factor vehi cl e depends
apon - nunber o Tegishd PPl BT hymslf TS A R T SRR K0 ° e
nucleic acid to vﬂﬁctﬂ@lncm@bﬁd:dmydefbﬂeﬁcedem red target cell. Conventl onal

viral based s r the deliver eic acids s S the
reprogranningﬁﬁh%ﬁﬁrgg?éaﬁaddgpr@ é&ﬂ‘ﬁ‘FﬁﬂnW%Pﬁbﬁwa QQ MY ncl ude
retroviral, | enteN, prSeratagenowvior alell caﬂiemaaﬁqaplemledvealmdlohmrlpeﬁe st,npl ex

Vi rus vectors for e transfer vec are ¢ tly the nost
efficient and véwgﬁFgﬁgaﬁﬁﬁﬂﬂbmHﬂmﬁgﬁﬁI??%ﬂ@é@@ ;ngﬁﬁﬁé@dwgf&ggs

I ntegration in teiieS! PESNEIRES), SH@%ﬁC@JZEC:)NuPehPFJ}&‘coIZse'(Hlﬁﬂdnﬁulsressb entivirus,
and adeno-associ ated virus gene transfer nethods, often resultlng in

| ong-t er m expr ed&VEn(9P2k HESIcnsef t@éf"’fer aNEYWnEd. (O reHe Frestisism of a

retrovirus can Q@o@bt@m% BﬂAhz%pwm AbhR WViler €1 Whs)eaNE PRG REPHE! NS,
expandi ng the potential target Eopu ation of "‘target cells. Lentivi r al

vectors are ret (o éfell\ﬁéél@ll‘ﬁrgec A8y 407l Tuislaee wiisaltand ks Hutseedobher difas c t

non-di viding cel bﬁCalj}&s} ylpdrcé%lrh%(le pdhﬁ@l’é%? pﬂhlg fYBr()lﬂLlstst fr&rﬁrsﬁm tﬁﬁ&aﬁl vir a!
vectors are corrpr| sed of cis-ac long ter repeats wi packagi ng
capacity for up inwlh@s 10nkhg dfe flml@alsgnplse@ul?éﬁ@eﬁbr@h@t mediupum BIMEMcti ng LTRs
e ST crent IBLpRERL PN S0ABARK I G, Ol MENNAG R WED are then
used to integrate t ethera eutic gene int é)tar et > cel'l 0 provide

per manent transg@éeegakpslessinontestWilgbedt 37U &a 1#éﬂmunsr®htmf@mg)ms tybacl ude

t hose based upon nurine | eukem a virus (MILV), gibbon ape | eukenm a virus
(GLV), Siman |Inmuno deficiency vi rus (SI'V), human inmuno deficiency virus
(H'V), feline imune deficiency virus %FI V), equine immune deficiency virus
(EI'V) and conbi nations thereof.



[ 00053] Lentiviral delivery vehicles have been described, for exanple, in

U S Pat. Nos. 6,312,682 and 6,669,936 and in U S. Patent Application

Publ i cat iwo 2he/0520382/ 0173030 and can be used, e.g., to iPaTrusdue®streansgenes
into fibroblasts and other cells. As nentioned, lentiviruses are capabl e of
integrating a DNA copy of their RNA genone into the genone of a host cell.
See, e.g., Oy et al., Proc. Natl. Acad. Sci. USA 93:11382-11388 (1996);

M yoshi et al -7 at]600gf6101(p[95ﬁu1%3 r@rﬁé@nggﬁé% 108, resBpehdift hdlell peltdes Virol.
72:8463-8471 (1998); Zuffery et a . Virol. 72:9873- 880(1% ;. Fol | enzi
et al., Nature aepdl ?%@rezse%qmﬁgctzlatﬂzg)@e)resamn@@Céﬂﬂlal tightly coprd 9oldi ci ne

6: S125- S138 (20Qhhure RsiG &R LA ih&MBhbY i BkC %@th‘gh@smetﬁyx§ddynﬁl%gfdaéf' on

functi on has been disabled to generate non-integrating |lentivirus vehicles.
See, e.g., Poon tka flagks is 1g9osengd (o] qxggse e @dpm3agzix COpa@BIosphered andithgas et al .,
Human Gene Ther qpy, L 162 1§ @0 it TGP GaRleaBRl ik BERYE Alding and
non-integrating lentivi ra vect or trans Ion o mat opol eti c stem
celI's has bee08¢Hcr ihibd thigd skigak3leoneatr mordziprogneniag jacRrsydre Sﬂl\(GEiOOO) and

the use of lenti [ o]s] been
described in Ieé%/tlheg%l lt%t?&b&%e ée?iﬁcgsr@%ggé g%fg%nmhag a% hg (Y,\lnacl et al.
Nat ure 463: 1035-b4§ed(g2®éLGansfdnmdmw$ cwmwecmseartcelmtmdmnpmclam@dlds andodimgr ent i rety
herein. [00054] Use of reco n b eno- a soclﬁat edt Vi r@ﬁs ectors (rAAV) is
an alternative JEnSPEETIVEPS @‘scy%r nOt 18R Vel 4yt emd Yahd*9¥ based on

t he defective araidhmylgatelmgﬁmude ]p]aA\masnﬁdss nﬂ«demelasaads ah@ﬁhetdymAZ Vi rus.

Vectors are derlv m mdth onl.

Uvert et or m natotsculss 3 ST bRl e ok RGunbi SRk apEALata: co.

Ef ficient gene tdemnsy ethialdkusi ablpelokaraasgﬁn@odﬁﬁdsvewthdu@of @onh-Rir@gr ati on
into the genones, of the transduced cell are key features for this vector
system (See Vaghiyergpl ycleic geigs capodpagithe feprogiappyping faciappipvidgdh ferpiaar ns et

al ., Gene Ther. jQ/#8- B dch896)hicrdig@libgat bionsdel i Gicthhes! €GpHRLRANT
adenoviral vectors may be engi neered such that a trans gene repl aces the
Adenoviral El a,mpupgfiposgipesEROlyertias or digiawiglicntcid camigateeptakediNh def ecti ve

vector is propaggaimehi ﬂn&k’s”%d@én@@dhh&eh hé’ﬁtal&UBP'IYNﬁlm %ﬁ‘&ecgi%ﬁelsf unction
in trans. Adenoviral vectors can transduce nmultiple types of tissues in

vitro, includinglessohed] ¥ digng-SdPtf doent.P46. &8¢ %875@3411 4887 8hos@df ound i n
the liver, kidn syst ti nt Q.Fwn ral
vectors have a ﬁ%?%gt% cnzg}i?%eﬁté g%pgg%dt §§§1F1%gc(l)angorei¥grpggﬂg%(:t ex v:drus

vehi cl es, whi ch lapdeatiapabl eCafonicoml nextrl dirids ebasi ase shitabire fororficiemd gangl i a,
have been descri | v fact ors
Lo the subj ect - e afffbo N UoEH IR YR RERHSING, 120 0

, Gene Ther apy Bf(elghyr Y60 P AI53B( 48090 9Kﬂ6(§l4yFethealprote1@enm lfhérraply

5(12):1593-1603 (199 urt Cells 19: 77 (20 1); and

ot E by ot ai O0° RO iGN S 84 an il Wi iR A BRIy 200
are used to for nmolwules rrp@lbbldeh‘&mdttbame tientelrpadl nafic talkeled stgulatehost cel |
such as a fi brobl st cel | i ncl ude, 2%3 cells and Psi2 cells or PA317

cells. Viral vect Orggn%sé’r YEHN S M OERRET AT M pr oducer cel |

[00050] The preparation of lipid:nucleic acid complexes, including targeted
liposomes such as immunolipid complexes, is well known to one of skill in the
art (see, e.g., Crystal, Science 270:404-410 (1995); Blaese et al., Cancer Gene
Ther. 2:291-297 (1995); Behr et al., Bioconjugate Chem. 5:382-389 (1994);
Remy et al., Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy
2:710-722 (1995); Ahmad et al., Cancer Res. 52:4817-4820 (1992); and U.S.
Pat. Nos. 4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,054, 4,501,728,
4,774,085, 4,837,028, and 4,946,787).

[00051] Alternatively, the use of RNA or DNA viral-based systems for the

delivery of nucleic acids encoding the reprogramming factors takes advantage
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| i ne that packages a nucleic acid vector into a viral particle. The vectors
typically contain the mninmal viral sequences required for packagi ng and
subsequernwoOi2nt28g8ABi on i nto a host, with other viral se®uEnsesi1lo&i7ny

repl aced by an expression cassette for the differentiation factor to be
expressed. The missing viral functions are supplied in trans by the
packaging cell line. [00057] Reprogranm ng factors contenplated for use in
the methods of theidhyesShed ipRee&REL Rﬂté{r@&lr%%evﬁ@)ibjegﬂs Mix@afBiekifd 82, A igl,
Nkx2.2, ST18, MYT1l or MRF. Transcription factor SOX-10 is a protein that in
hunans i s encode&d2biayiond tagbxpeclgpsneY arple Vighye v ege Hbiditc s kepWidtber of t he
SOX (SRY-r el at ey, HYGROX) ud @0 hoice L MAASIE RkiBYL QN hAGLOKE] LY%@IhYgd i n the
regul ati on of enbryonic devel opnent and in the determ nation of "cell fate.
The encoded pr otdéffgrentatoraiactongnty accelhnderchpied ofndelivers tveliele depeads enonf or mi ng a
protei n compl ex fufhe 0310l RUEASbu AR RAG IR #% & WRIRACKOR! asm ¢
shuttle protein and Is inportant r neural crest and peripheral nervous
syst em devel oprénatdelivikodeand theodesididbtateeagvdic rGopyéntinndl aghldrasededysitmel forl ocus 2
.(al SO k”OY"” as Iﬂlle%@/e '6'% Q&cl&{?@ﬁé)sbsg %’ heal% rogle-l ingﬁ?topsetg%&]ﬁggf%t o be
involved in the Tegulation o 61|go endocy e“nyel1hati on. |g§ I's

ol i godendr ocyt e it tlanmethbgt havein fragt inclu@q rarobadi Entiatsx adenoyiraheddieno-
transcription facto.rt Exgression ff a ithis $redonin ntly.resaricted to
the ONS and is & Paglif SO BF VEREK TR STH IR LYotilF YAl Ir G&HiF8MScel | 1ine
fate and may be aregumen@diht atosodifigienlend vebyile mamdd vbpak theifeon tdexel opment .

Aigo 1 is oligodendrocyte transcription factor .1, also.a hasic
el D1 oon- hel EEoy v oR FRLeBPie oubssy i sty s R8s nscr i pti on
factor rel ated, ah@edHodsdoaihed vikiomwne agndNreliBds oRE a3eXinP inlbes-terMK- 2

honol og B) is a honepobox domai n-contai ning protein and nmay be involved in
t he nor phogenesi®$PiEFi e hedpieried UaisgsPsus system Al so, this protein is

thought to pl f0ose)r Olre iBpidXonal rdiivEaned. bSlilSed By Mcdokdliayodin
suppression of tunorigenicity protein 18, a zinc finger protein (al so known
as Kl AAO535 or ZNFI@F)PoKie Poprbas i nosdinl BrashBamigen oh et ey from
target pronoter .enM{hlvecBfht Rt ANSEEDLR AL refaBRl@lrarkdudeDr tafRE RELI N that in
humans is encoded by the MYT1 gene, and is a nmenber of a famly of
neur al - speci fi c,divifing celismydrtyrienyairpdusg himhavitsl Hgirh gRptroirel vestor\vwFl bi nds to
the pronoter reqi,085.aforRIER] iRk Rl RlbBas §fn HRS& LAY ipgpa role in
t he devel opnent o@Btﬁe OCNSS. I\/%:OP% rrryeﬂqlI ﬁelpgesnglt ?eg&%?garl@ ?%I.C'[OP, al so
known as G198 ( iy étl0rkbgédiercigegedvanasy ylhe awniorunprieditoigdd Ryemesiggient[ 00059]
Once one or norg.f E@E&%@Eﬁ{ﬁf ISL[QEJ ﬁlggt&rtﬁe s o Y A T tE)QntE%}Qtecu! tured
somatic cells, expression o & Gne or ' mor e reprogrammng factors is
initiated to i nducéherapputagpearmnnyg thef tardee cpht tb eprovide rpesnaheomatsganecel |s into
glial cells in step 140. l(p SQnE aspect s of t i]eeo esent d’nvention, t he one
X ssion, ~Widely us retroviral vectors inclide those based upon murine
or nore reprogran?n ng f aCt6rs"*to "be expressea are under “cdnt'rot" st one or
nore consti t ui t ilskepiaorims €ML.Varibbex ppekakaiia ofrud (@1UVepSiogmammung f act or s
is constituitive and need e actively. i.nduced. | ther aspects of the
present inventi &ﬁgcué%?ﬁrvgg%&g&)’gf’mﬁ%gn% %’iﬁc%(‘ryem?léﬁﬁgér%ﬁ?ﬁ Y%ctors is
under control ofdeAdlencRduatdl @Yy, obRiify isysine Mdefidichdgi bires pEOVDtRKHS t hat may
be used in perfor n}ﬁg}g,the met hods of the present invention include those
regul ated by horfABREEINPHS none anal ogs such as progesterone, ecdysone

and gl ucocort jgpes3s asnialdl daseRr QARIE havdbtes Refifed, &FLkahRE iRYS.
tetracycline, heat shock, heav ions, interferon, and | actose operon

, net al n, . .
activating conpdhd¥s %]rz@zraé%ﬁé\ﬁ?%% tHdad 3ystdrirricaia iglireitnand Roder,
Ann Rev. Neurosqio, b2@{73030%rdd1888be kdSHE: SBemirbinke EXRLESRE QRohas been
wel | characterized in the field of gene expression and tissue-specific and
ot her i nduci bl e fiprdvastserrd gher islls.  kApwRCTtANgdh lertviruse 0TREGPaln An
| nduci bl e_expr el a0y SHRR 0p0 Bt il KA EXRARSHOIR: RnokB®r QG QE1LTOT ©

reprogramm ng factors s y contacting the patient-derived somatic
cel | transfornedeore.g.r &hgfee el ebroni Natl.ofveadoScindfSed PPt 3Gr HAB® ntP%Psct ors with
a regul atory agep .g... do i I i.n i agent ntacting
t he patient-derﬁ@l8&§5%ﬁ%ig'?@ﬁﬁgm{ﬁﬁgﬁéggtpg%gkygggé%%&ih Ué@?ggxpression
of the one or noRS462p4 Uy MY Aglenaatabr B Vinhi72&3Ws-0$RIX EMA); Foflenzhe

regul atory agent inhibits expression. However, it should be recogni zed by
one skilled in the art that in other inducible vectors, the opposite is
true, that is, the regulatory agent i hhibits expression and renoval permts
expression. Induction of expression is necessary for only a certain portion
of the reprogramm ng process. Wile the time necessary for induction of
expression will vary with the somatic cell type used, it is advisable to
detect glial cells in at |east a subset of the somatic cells in the culture

v . .




the art through routine experinentation to identify an appropriate tine
necessary to treat the somatic cells with an induction stinmulus. [00061]
Once exprwenmsef4s3one or nore reprogramm ng factors hagChaseoiankizeved in a
popul ati on of the patient-derived somatic cells-inducing reprogranm ng of
the somatic cells into glial cells-the reprogramed cell population is
optionally allowed to expand 150. Expansion is perfornmed under conditions

appropriate for f haePrQeac@imesheeld e, aw Deidnbe or qchmimingm
suppl ement ed appr opri a%glqvﬂgand changed and the cells split as needed.

[00062] Wien an %atiégud pul & F‘?Sﬁ“blen‘i*‘é{?ﬂ SefHelfalis deegratignsfupetioneved, t he

i nduced, repr Ogrtﬁérﬂgéﬁ AladbRl 6 @bhGalBYn-iRBARRAL Wi O SeHAEL €9ed QM t he
unlnduced non-reprogramed pati ent-derived Somatic cells 160. I’'n one

aspect, the cel IPoompleals brYiedogysi myoa- 304 @0R; fndubaressct ab.dTwean Geeed cel |
sorter (FACS). at Faﬁﬁ own net hod
for separating Slz??% g%gg@pﬁ%@g%f)ngﬁgﬁgw b‘ﬁgg‘g‘%@‘%ﬁ‘% %3? ng? es tﬁlg
properties of tHetigehll scct@Bedor ¢gragsductianal @hmawmlﬁwdsteﬁnquhohasw@@nﬁo 165
(1957, Faser oxglhhd 80 flaf Luprsagent Bl Shes, [auble gl gupl cells
positive and nedattivird veelotsdof romilatinn xt ﬁlvreblaﬁohase:)eamrpd:sembednn dla) body or

[ gend et 10, G5t goh ol E8h L, A1 NIGRL L U gRt, RegRgston e

fl uorochrone, sm@(hoasboiﬁloT@hO;fh alﬁd’hylﬁ(ﬁﬁdﬁylhdiltﬂ their a'me(atgzed:rhﬁl are incubated with

t he fl uoresce ant i bod and for a tine od sufficient
toCal | ow tho: Ripin. 505 G BEHER Qi P8 M dreio i e PEAV P s e Corl's

are processed t hieughveageaeldeli vy kptem ab 1@wving Sapak adndol bafedt fietheel | s of
interest from ot her cell [00063%‘ﬁ§e$ar ation of the r(ipr ogramed gl i al
cell's fromthe AKH¥pAY ‘Sr%’ﬁf)gg paTYOUP | depgrgsspdatad YR ed YBYS-usi ng

markers speci fi ovde@rgdrk abriveelilosh SpadmiashaPkdirids dnby O @V PAThPHO&RIN 1, a
transmenbrane proteolipid protein that is the predom nant myelin protein
present in the &Nynal gers#ts dlagking dieatransgensaPREssion gaspetieyr FliicenhgiRer s A2B2

or A2B5, nestin,g.pifat ﬁﬂdes‘{a‘o%eﬂ’rdn\ég‘éﬁe e R al 2Bt iRl g@liBN s BEERAANes sthondroi tin
sul phat e proteoglycan N&, nyelin-associated glycoprotein (MAO, nyelin

ol i godendr ocyt e Ul yansgiced edlirarg mcﬁ)%atu@m thiepyras sys@inn Bee PRBRT et BRBB4, TNR
in addition to galact:ace)eprogl des dREGhs 309LL BEnd IiE: oFARsse. 9., ROy,
et al., J. Neurosm@e 3%9@9986- 5 (1%%8)”65} )ls rem h[en h‘F ? .gssurosm

69: 966- 75 (2002)(19%6W. addie(plimﬁiomde@imrmetmh;edny adempyork @eaor gnay be
transcriptions f S parate the
reprogrammed gl |egghgerr ‘1 a}dﬁh%ag&%q%?‘?erg%% it/%l&demral?%tlg ﬁﬁ)é d%gan be al so
used to separat @endae subeq:quelglyanhﬁreepllghu(ml deteelives Vdiqtcums lphJ@agmrrd- melpmogr amred
somatic cells |03k ASREELS ek NEn PRESEH Y EN By Fokc CXaTRI & ol il
cells can be sor roms e cefTs tsihg” 4 “féign et ¢ At Vat€d cel

sorting (MACS) ttlaﬁslrﬂnbequmulualermymedof otisss®pat atirmng iadhdisg basedidingt hei r
ability to bind f A variety of use dflctlons can be
per for e on t néTHRGHEET e b epher e d e s et Bk Raaitron of “an
anti body whi ch speei.fCeabhiontecogiirdiesc@rsglaled lageldarrpidg tgaeinymol ecul e or
hapten, some i ch have been described herein. A magnetic field is then
applied to phﬁ@pégll VIeTRshi opls eV1WﬁeV§1éq?‘§ct‘@HC%€é%§aqu &1 s9B& 19 Pe aspect ,

antibodies to aegblb@ionqmnlaurﬁﬁbrafn@%@n%'fﬁrffﬁ/@ baérEdes@itel afu tnay ABgBELica beads.
The beads are then mxed with the cell culture to allow binding.

Cells are then pagelkyr tr?ﬁr%g‘ﬁmélgnf&&ﬁ@ttiocth? Seertt o Radisalrderigehrmatisl | s havi ng

the glial cell suifage MBrkets Qfall WBE 9map @ﬁ%ﬁlﬁ@h%%(@@%)ﬁ@?ﬂcybe
i solated and cultured to produce an enrich edy g)‘opu ation of repregranmad

glial cells. Al terthatiepelhperapne(Fodpdyt eiineldogr i Birtopest] §.. fdgmbeclsort ed from
the uni nduced, qgr%-? apy %b?)”mlﬁ@ L&Dt bio f‘?‘%odﬁ‘?&'z@ ?iob% by sel ecting

for, e.qg. ceII surface nol’écul es "or other a i es o |gands associ at ed
with the patl H005@er Pyakdgisgwalls @regedd & Hymvearus guagicles dhai agu eapablerofby

i Mmunopanni ng o her

sel ectabl e narkeg§&kg%6%%?m¥h&mi§aqgnﬁ a%ﬁ%%ﬂ%@ﬁg%%%%§?22§§&8ﬁF?gl cells is
obt ai ned, the ceklisomiy3lFecells el imhveCNS w@bmaﬂatgemratedibse&s@iunudelh ng, drug
screening, and nore inportantly, regenerative medicine 170.
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[ 00066] The reprogramred glial cell populations created using the nethods
of the invention can be used for research, devel opnent and therapeutic

i nt erventworzoiznsgaaBti pl e di sease states involving glial PCEIUSS)11A8TI62 N
particul ar di seases involving the CNS. Exenplary di seases are described in
nore detail below [00067] Multiple sclerosis (MS), a progressive,

neur odegener ati ve di sease of the CNS, occurs nost often in a

rel apsi ng/ rem t tiinRghdt PabRagNa WEIER RidPSEARAn®f a IRAYRIiAAL ITAR veSodsOl | owed by
a period of functional recovery (Winer, Ann Neurol. 65:239-248 (2009)).
The recovery st agacalliveonids theebpanpingifdl orauenges femeredi I§F Pecksingarddnat ur ati on

of ol i godendr ocygepiR0RatRHn GRb laShobCRAR  othek Biral B§¥encd¥aiIRBEAhced?9: 589- 620
(2007)). However, as the §|sease progresses, renyelinationfalls with

conti nuous | oss byfanfaxntesiighcspitiaKenrihe alifigrenticbon srcwado bg exNetsrdiheunol .
98:69-76 (1999)).. i i | . ntact axons to
el o2, AOMATS, [OL IR e Luhe Rl T

becone renyelinate ndrocyt € progenitor cel
recruitment t 0058 sReprogfamgengy &dcionatingempated foralse godendediogs ef eogeni t or
cell differentiat] i 0 el nat} | rQC : o] st udi es
indicate that b %%ggs%é%ﬁg dﬁaggiégggﬁgf%%gggq%#%ggﬁﬁﬁbPﬁ%%?1ggﬂ%logy are
altered in M5, tMEThol &RIH. alrangcihaon Sowr SHAE1(bischgsteimathet inhesenpisocesses

wi thin the adult S.are i | et rstood., [ 0006 e ondi tions
et at ed by o | S8805H PEDers AR, G S e e AR PRh B8 1 on.

an inflammat ory (SRWyelhiedatiMonbe) Ndintily 0o¥, trangeplicat ficord enoday sinr aphy,

al sy, pori vent ratap < ShkBRRGI SERaPmPR T e FIGLREUOEORArL Fihs, - ment al
pal sy, periven , - s, nenta
il ness such as 18ehinzaphentia @4da8 W GOtridsEriilondleitkoanc aphabopag Ay due to
various etiol ogies., Isch?nic,de elination conditions include cortical

st roke, LacunarFWHW&ﬁ@FP‘ﬁO@Fhﬁ@%ﬁ%?ﬁmP%G%B%ﬁ%éﬁﬁdﬁdb&?ﬂ??y@Pﬁﬂg¥ic

| eukoencephal opahfiye pRRgh MRE ihRMGhVer h&kd eRBCARMBHMRA Ryrvoldsfybammat ory
denyelination conditions include nmultiple sclerosis, Schilder"s D sease,

transverse myel idevedopngpt i Nés ioF | NK6 grgtcriphenc ok i islitedndsphal Ghpel i ti s,

and post -i nf ect iyQbgn @0ARREB ORKK! héth&borediaad 160! aukadysihb@RhY weondi tions
i ncl ude | ysosomal storage diseases (e.g., Tay-Sachs Disease), Cavavan's

Di sease, PelizadulWer #bdbheiecgdiimasé, oligederdpeisb emscliapiéiyoi d Obgdyis

| eukodyst rophy. - C : cchalk i beSncbSniRkY' S
D sease. Radiatf%%gggﬁﬁgégU%%%ﬂp%ﬁbﬁém?%bFﬁﬁ%yﬁggfg?P%%??H§3g3§§h

| eukoencephal opdtdtyr. dfrgrassidi af Dba2 isnpredmdnmyle|rettiiged ©t theo KO @l isausi ng

subcortic al | e#&;&gag&e&h%n%ﬁhwo&[b%&% plo¥hifdr QR heag! LAUMgy rand

mul ti-infarct s
required for oligodendrobyte and motor neuron development. Oligol is

oligodendrocyte transcription factor 1, also a basic helix-loop-helix
transcription factor.

[00058] Nkx2.2, or NK2 transcription factor related, locus 2 (also known as
NKX2B, homeobox protein NK-2 homolog B) is a homeobox domain-
containing protein and may be involved in the morphogenesis of the central
nervous system. Also, this protein is thought to play a role in axonal
guidance. ST18 is also known as suppression of tumorigenicity protein 18, a
zinc finger protein (also known as KIAA0535 or ZNIF387) that represses basal
transcription activity from target promoters. MYT1, myelin transcription
factor 1, is a protein that in humans is encoded by the MYTI gene, and is a
member of a family of neural-specific, zinc finger-containing DNA-binding
proteins. MYT1 binds to the promoter regions of proteolipid proteins of the

CNS, playing a role in the development of the CNS. MREF is myelin gene
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[ 00070] In one particular aspect of the present invention, the reprogramred
glial cells conprise oligodendrocyte progenitors or oligodendrocytes and

t he medi cwiD 20d8248on to be treated is associated w th Pa3afSRé1ciosTTs2
nyelination. [00071] According to still further features in the described
preferred aspects the reprogramed glial cells conprise astrocytes and the
medi cal condition is selected fromthe group consisting of Al exander .
di sease, epil epsyoulbrg NALOERT alfo AnSRASR, GaPINAhyeHAT ghnk NMeWiilont tA%FAL i ¢ brain
injury, anyotrophic lateral sclerosis and neurogenesis deficCiencies.

[00072] The mamP#id%s! &avP¥ect treated with reprogranmed glial cells in
accordance W fgpokdie PESBRAL of Hl%?enfeb%rahﬁniﬁ%lﬁc%r@ﬂhé/ b&nMee @R hemOSt
preferably, an adult or post-natal hidman. Numerous nethods for introducing
gener at ed cel | s ciolured spnaybicelist expegpsipe olibe dne arige reprpranpoing fvtoraispect  of
the present invept.) Al | Lect. having a
condi tion nedi a'? @E!ﬁ @t(gaﬁdgée?eg%o%ﬁ@%rﬁ?%%gﬁhgg?t%éga%%\’@(gls%%%g% rolrétjgt es by
adni ni stering t glithellsibpeptiddn phammwaseert clathe powypogitenoen, tlongrei @i ng
reprogramed gl i | 1 r it fecti.ve tr condi tion
medi ated by a Ic@l 5° ge%ror%?/aeﬂ:rlﬁﬂgé?C?ogp O%S&Q%S%{] ia%ol} g%rd: r gtg?/ltoégﬁé f%ggt%] For

i njection, the aotstinativengroaditezs)t sdotxprdssiophalr heceptagcaimiognfpasist ison may be
formul ated in aqueous,.sol yti ons ref erab i n.physiologi cal ly conpati bl e
bt for s such as Sane ot arROR HRRThER e PR Gt Be dfffear sal
buffer. Such i njieehii@nsxprediande! ihet srepar anehyepRigranipiag tfha@ms is mhoert he

af fected portion of 1t e br(gi ﬂ)las wel | as intlr%%gftion of the cells at a
more distal sit & MPIHEBPRCHL BRYIOKT ST or B8 RRNEH a0 t he
affected part ofusédéen peAbiming QRO Adkkhofiel rifnihs t fradeh0 Mvehtidnhencpldara@eeut i cal
conmposition involves cell doses ranging from1 x 104 to 1 x 109, depending
on the extent of® _‘?drléth‘F_@ﬁ%ﬂnﬂéng% © applogy R B b DI AR TFon
intervals may benadjuwsdoadolddds Well udbtamdids Waiglag: &%glﬁtb@bﬁ@éda&’ﬁlihélg_redl ent
which are sufficient to effectively regul ate remég i nation by the inplanted
celI's. Dosages réte8¥skyh¢ayy appitleyenst FECHES r &y BEPSLIOPHON  AHEYEAd on

i ndi vidual char aefg6umt.i Bt a30dHew @P‘&ﬁse%}rst@rﬂi@e@'(ﬁﬁgrﬁh'aﬁ’d‘RocﬁeQ,O&Zﬁke\Depend! ng
on the severity and responsiveness of the condition to be treated, dosing
can be a singl e Neyrrseii ST 96h P95 pllisrestspegiliofexauion day desrons!l wit h
course of treat %ﬁﬂ%cté@z%ﬁ'iﬂghé Al éﬁ%e%%'x Qgs\{(ﬁl %]ﬂ'%l geueERbipeslsSnt i1

di m nution of the disease state is achi ege . The anou o]f a conposition to
be admi ni st er ed inducible pmetosrageyelbimodapeddarit on t he i ndi vi dual bei ng

i[ ng;ggi E)Pe t ﬁ@“gﬂ]i t Yo QII inh@c?bl@‘%%ries%foin%Qster}l,hc%nggirg}%&prgisio%ddptﬁg (§I{eroq*t ion, the

more reprogramming factors is achieved by contacting the patient-derived
somatic cell transformed or transfected with one or more reprogramming
factors with a regulatory agent (e.g., doxycycline) or other inducing agent.
Contacting the patient-derived somatic cell with a regulatory agent induces
expression of the one or more reprogramming factors, while withdrawal of the
regulatory agent inhibits expression. However, it should be recognized by
one skilled in the art that in other inducible vectors, the opposite is true, that is,
the regulatory agent inhibits expression and removal permits expression.
Induction of expression is necessary for only a certain portion of the
reprogramming process. While the time necessary for induction of expression
will vary with the somatic cell type used, it is advisable to detect glial cells in
at least a subset of the somatic cells in the culture prior to stopping the

induction stimulus. However, it is well within the abilities of one skilled in
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prescribi ng physician, etc. The dosage and timng of adm nistration will be
responsive to a careful and continuous nonitoring of the individual

changi ng wondiZdss233 For exanple, a treated M5 patient wPClr/useolassi7nt st er ed
an amount of cells sufficient to alleviate the synptons of the disease,
based on the nonitoring indications. [00076] The reprogramed glial cells
of the present invention may be co-adm nistered with excipients, or in a
"cocktail" w th gherapgsioh CroaRNegpdinRhtaliod Mo tiGRLY NG A RERIGRRN ati ve

di sorders, such as gangliosides; antibiotics, neurotransmtters,

neur ohor nones, ﬂ@%ﬁﬁﬁxﬁﬂﬁa?¢?@“ﬁﬂ%ﬁﬁ@ﬂﬁﬁl%ﬁpéﬁﬂ?%ﬁﬁnﬁﬂ&antinetabolites and
precursors of ;dbﬁHf]Ot DABS Rk bk &lonB 66UbL Snord\ I rddrARRtdeY factohensepdeagr amed
glial cells of the present invention may be co-adm nistered with other
cells. Fol | owi ngchigedspl anpeiulasien ofh¢her @ptiangderimed dsogiatia| cedletindicoR t he
present inventiq RERDLY S UoihE iR el SERSER BpRBfiled Rer i od of
tine (e.g., at | 55%%% &%ﬁth?), su%ﬁctﬁét agg%erapeuf?é g? egtq?s observed.
[ 00077] |In one aspdetionois ¢ptienglyedkrmtedinveanpaidoh0. r éppangioansdriginied] cel | s
are adm nistere |8 . 1.0l i i.ati efore
denyel i nati on hggh%é%ﬂ§?§§fgﬁﬁga%gﬁgg%gkgk %glfgg?gﬁgggﬁyﬁﬂggggpgon isto
treat prinmary amednet appkimeoted sppoosiacly dndehaend pal thaeddlsopld asystlein | n

certain circu ce i ncl udi ng thaose in which the o} igodendrogcyte
ot tor " or TIPS e AR SRS ofitaforl % PoBlabld 2 ROSERRLCRE © eur ons.

it may be desi r alduveed, oreprognapheanglian occtld @y, | ofpiopallyatbconstedsfroln &8 m Xt ur es
of oligodendrocyte prqgenitor cell popul ati ons and.neuro or_ neur onal
orecur sor . The Wit RoT EpEEuns<d DBt HE ERaRE DR Saht huS BE
co-introduced Wakfect)ehty @NS afy sofed i@l yRIn@ GUMEDEsSencs Wekvatd deh@sgerpr oduced
as described in US Publication No. 20100021437, which is incorpgrated
herei n by ref er S | Husesshe wf kadbplcrring (1™ s ket BFpeditnar a
subj ect recei ve sBakding phAioRENAIRGYL &IPSR BE flafdscod gqlandopgyt e cel |
popul ati ons and neurons to effect directed differentation. [00078]

General |y, any reshodekrfotn KpmacheMgthods Er7ymeol usdd SPdomdhi% or Isticess of

transpl antati on «Qfiwtibe of TRERMANMBIG irfilheCiBliVRIualFQIls ¢ sWRlI can be
used for visualizing brain white matter and studying the burden of

denyel i nating | e¥ceivsl cherge aHowing flpcisprarenplicedpdrafonnaposibyd angl WBAPAL i ent s.
Addi tional Iy, megefdsahliofre TRPSIaGHIE A bl Sy, &qrmbgp@u%éﬁ?(gdét&t it or
renyelination (see, e.g., Deloire- &ias sin, J. urol. Sci. 178:10-16
(2000)). Magnetcel anegorvadrtemgpacpicsat opyharedsshrapent thef repoguemed- aspart at e

| evel s can be u I | oc ival.. Using
par amagneti c pa 1?%eg%@§%%%§8é ?ﬁ%“%@%?%@?%Hﬁggﬁgﬂﬁiﬁgggﬁﬁéﬁbgﬁﬁre

t ranspl ant at i on calld awsmcal@tddubigr thel ilsprescsnthnlabdebantibo@odkdigatol/foMRlimeSer i a
neur ophysi ol ogy is useful for. nopitqri onduct.i on. The apt.ic nerve has
part i oul ar adyadtaab T iRl adlORafBRE T el o B8 SR TES or e
general i zed neurihphyldd ot pgiceaéd hssgb anehtsomrealbesy sehadtiémoflttocdiRi et al .
Neurol Sci. 21(4_Suppl .2):5889-91 (2000), which may be useful for

i nterventions afﬁﬁﬁ§§¥ﬁﬁﬁﬁpg?8ggl or nore diffuse nmyelin repair.

Not wi t hst andi (0631t Sspaapipheoi atird ehagratihicai @ihl idps oweAENhe Mayn-al so be
assessed. Denyelination causes alterations of stature renbl j ng,
shivering) and ISREGHBPIEH SOBHI crlls Anay '?%aq%&]%&é‘ﬁl%ﬂ?ﬁ% S ARFGHICHSt or  and

intellectual ret@rdaiis Qith KrePtT gROYSIpR] polctal, IBASHERSRE poRASHIHY and
not or nerve conductivity, for exanple H wave neasurenents, are classica

met hods used i n PRYFIRtB R ghh elslopRep Baclin pRkin prysdédydrs RABYnBi%er i pher al
| esions (Lazzar ip_%lif@r’étiéﬂ markeEdSH )sukt4Q0M ke VIR N o %@B@,gﬂesﬁﬂ,dplgtid%@ rders

(El sevi er Academ c Press)).
derived growth factor alpha receptor, chondroitin sulphate proteoglycan NG2,

myelin-associated glycoprotein (MAG), myelin oligodendrocyte glycoprotein
(MOG), GRMS5, CD133, CLN11, ERBB3, ERBB4, TNR, in addition to
galactocerebrosides (O1, GalC) and the like. See, e.g., Roy, et al, I
Neurosci. 19:9986-95 (1999) and Windrem, et al., J. Neurosci., 69:966-75
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[ 00080] One significant use of the induced glial cell populations of the
invention is as a research tool specifically for the discovery and

devel oprmewO 20f2/tskmBapeut i ¢ products for nodul ati on of aPbiralSegilesi76pr ocess
involved in a disease, disorder and/or physiol ogi cal behaviors such
neuronal repair. The research tool nmay be useful in various aspects of drug
di scovery and investigation, including wwthout limtation the initial

identification qbyg)dnuddtiendi fdatfiavdiaesRRfs tonBdnk@pibhs @&bis\thdyasof a drug
candidate; and the identification of activity in an existing pharmaceuti cal
product . [ 00081]SORHGHE Pligh @y e pivd (¢ ppakith waropgmaedglislesBar ch t ool

specifically Hﬁﬁ@ﬂasA@eﬂ&@ﬂﬂﬂsﬁﬁgwEQQ&m&Pcgﬁﬁﬁcﬁméhﬁapkssﬁﬁgﬁmpﬁwabsence of
nol ecul es known to be necessaré or the nodul ation of a bi ol ogi cal process

invol ved in a dirgwegemped dligoredefrom] iho 082 epTiamsyméhsaméc asiedtsonke
i nvention incl U%ﬁec{s%?%zer u@EseBPﬁlLémS ML aﬂ}%}]et,g 2 CIPAS el BRSH fbm! h€

i nvention, and uses research tools entification, 1nvestigation
and/ or confir matspoatiofellaotingi 4 yagietis ekcectddverllbjondigndlag8nteshitipat aar e usef ul
as therapeutic t T esent  i.nVv L On.-thus. . : bi pdi ng
agents that areq%%%ﬂi?%ﬁgﬁgﬁﬁﬁaﬁﬂ%aﬁgpﬁg%mggﬂh g)mﬁﬁggggﬁgﬁsgﬁd gses of
such bi ndi ng agemtigyi nf eistfuér madifib@ioapecini deoperdordicdgnos the c neghdticng.

[ 00083] Thus, according to vet another ect of th resent .ji.nvention
there 1s provi dddc REtodeBinacr erot ardibns! of putiets Pt Pedfift on ons
functionality, trweghietshogliatoapsirficéhokabl e himen, domebl wafchthaes peeasent
invention to a trea t .or binding agent (e.g.,.drug,.condition such as
oot i oal o r oat APt 4 AR b R PRtk ¢ DR Rap R at

| east one of a siid wdédkdabeads. hunepdcarahspphichibyppies of at fiml tceeatiggtecel | as
conpared to an untreated cell, thereb deternining an effect of the

treatment on CNSWEAAS oHRIHY magReliccRapls dhe Peids Aree8ehmitsvEit M5n can be

used to identifypliandnepih@igendw eaunmBntcens aRaltepRiedrBHLAT h MighdiR neur al
function via activity of glial cells, and hence can be used to identify and

optinmize drugs digid @bteapgrout cellt haipendardipl eilsorties sragkergol infgiest-udi ng

treat ment net hodgeenviigaged iRy bd18sdM&EARE duVRAT bOPRodud-0P 84 ictfedr t her nor e,
determning the effect of a treatnment (either directed to diseases of the

CNS or any ot heropulaiEune) reprogreumed glial adlsi ddiamptiyely div rerrograeeied glidssess t he
toxicity of SUCQe@_ fn@ﬁf %@lso%&faﬁ‘grﬁqﬂé ﬁgigﬁlucg}ﬁlof&fﬁfr%%ﬁ@ﬁlgg%ﬁent—h@l’i\%daSDECt of

the present invention can be utilized to deter t'herapeutic and
toxi c effects ofsomatid ells by seedtimehors ¢.gs welh safice motgculeeart othertagtiboimg

electrical treategy g QoRGHAAkiul YRS allh b A ACkdntiL Yol &) WRlioke! s
techniques, or by immunopanning or selection via, e.g., antibiotic resistance or
other selectable marker.

[00065] Once a population of reprogrammed glial cells is obtained, the cells
may be used in CNS myelination, disease modeling, drug screening, and more
importantly, regenerative medicine 170.

[00066] The reprogrammed glial cell populations created using the methods of
the invention can be used for research, development and therapeutic
intervention in multiple disease states involving glial cells, and in particular
diseases involving the CNS. Exemplary diseases are described in more detail
below.

[00067] Multiple sclerosis (MS), a progressive, neurodegenerative disease of
the CNS, occurs most often in a relapsing/remitting form, in which a period of
demyelination is followed by a period of functional recovery (Weiner, Ann.

Neurol. 65:239-248 (2009)). The recovery stage involves remyelination via
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[ 00085] The present invention can be also utilized to obtain gene
expression profiles and changes thereof in cells of the present invention
subj ect edwocorm/tS8=at nent . Thus, the nmethod accordi ng t oPChits2@3peTb2 of t he
present invention can be used to determ ne, for exanple, gene expression
pattern changes in response to a treatnment. EXAMPLES [00086] The foll ow ng
exanpl es are put forth so as to provide those of ordinary skill in the art

with a conplete gl $EdrQfr@d IurH@HCsHH %b&'ﬂdf&yt@%‘%g@ﬁt&%gﬁs @ndriuge the
present invention, and are not intende limt the scope of what the

i nventors regar dies NewpioL i 89 o20n 200y Heweveheds iRt BsgRedPIO8rerShr esent  or

inply that the expenihdERA FaiRehalW b&irdbhs bssObr IRNRRR! VBIERRRKL MRAL S
performed. It will” be appreciated by persons skilled in the art that

nunerous vari at iksisteahd/ Beurpipdiunpk 8810 (h23P) b ePastible ckplanatens ey dnt i on as

shown in the spegific, dfasd?%&t Sixst BQUEF SERAGLHNGnAES Mk RGe S@éféét%} iqr scope of
the invention as roa y escri peaq. %e present aspects are eref ore, to
be consi dered i mlighdendresyse ptogerawr ic¢ll stuptaientte tandtendtdemgelinaiiot pvie. [ 00087]

Ef forts have be%gié(g@ggm%ﬁeen&%%%ﬂ?gcu fCY deel‘Qltla&(?IpeC%l to n};étfrgﬁfn used

(e.g., amounts erature but” sonme experinmental ertors and
devi ati ons shoukﬂg@kn@oq@umtedAMEmgnUmhéss indcthte atthel mbhenmpxs @arts are

parts by weight, ht aver age ul ar |ght
Perperature (o UG ool MBI oS dEiRE% Myrhy Aadpl
at nospheri c. [OGﬂﬁB$nﬁmsgﬁmeﬁé&ﬁﬁm&ehmmt@ﬁdﬁ&ﬂeﬁﬂmnbﬁd fueiteCNSamd i n the

speci fic exanpl es belo applicable to mammal i an pluripotent cells;
however, the tlﬁWﬁﬁmL@£% ‘gﬁﬁgﬁr the various differentiation steps

descri bed her F00068T8Y OM@f Yol Bfledi@PATBY S. lofsxaMplEinlinckad an ajch@hicof OPCs

from Fi brobl ast Sdemyelination condition, an inflammatory demyelination condition, a pediatric
leukodystrophy, = mucopolysaccharidosis, perinatal germinal  matrix
hemorrhage, cerebral palsy, periventricular leukoinalacia, radiation-induced
conditions, mental illness such as Schizophrenia and subcortical
leukoencephalopathy due to various etiologies. Ischemic demyelination
conditions include cortical stroke, Lacunar infarct, post-hypoxic
leukoencephalopathy, diabetic leukoencephalopathy, and hypertensive
leukoencephalopathy. Inflammatory demyelination conditions include
multiple sclerosis, Schilder's Disease, transverse myelitis, optic neuritis, post-
vaccination encephalomyelitis, and post-infectious encephalomyelitis.
Pediatric leukodystrophy conditions include lysosomal storage diseases (e.g.,
Tay-Sachs Disease), Cavavan's Disease, Pelizaeus-Merzbacher Disease, and
Crabbe's Globoid body leukodystrophy.

[00069] An example of mucopolysaccharidosis is Sly's Disease. Radiation-
induced conditions include radiation-induced leukoencephalopathy and
radiation-induced myelitis. Etiologies causing subcortical
leukoencephalopathy include HIV/AIDS, head trauma, and multi-infarct
states.

[00070] In one particular aspect of the present invention, the reprogrammed
glial cells comprise oligodendrocyte progenitors or oligodendrocytes and the

medical condition to be treated is associated with insufficient myelination.
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[ 00089] Isolation of PLP1l: GFP/rtTA fibroblasts. Both nobuse enbryonic

fi broblasts (MEFs) and nouse |lung fibroblasts (M.Fs) were generated from

ti med natwoabizssisags bet ween PLP1: eGFP mice and rever s@CT/US2011/057762
tetracycline-controlled transactivator (rtTA) mce (B6.Cg-& (ROSA) 26Sortm
(rt TA*M2) Jae/J; Jackson Laboratory) at enbryonic day 13.5 (E13.5). For
MEFs, the head, spinal cord, and all internal organs were carefully renoved

to elininate foo0Y A Wé&dr@iﬂg% diifh famer@@wr@hne{e%w@@&grefeyaea é)emamader of the
tissue was cut into snal Jp:ll eces and di ssociated using O %trypS| n- EDTA
&

(1 nvitrogen). Oémreg%med plagtdie FOMpriscoHEOpEs afeth 8rfded¢“ra§/ diliar Hed f or

future use. M-F%elwé@frblﬁ%egé@Lﬂ)@b})ﬂmg{ir%%@%léctah&gdﬂ%e efitdpd %1&&%,3”“3' ng
0.125% trypsi n- EDTA, expanded for twd passages, and cryopreserved for

future use. Bot MiNEFs spmal KUFs ineye tWampiedrin NVEM supplophentaisdalwi t h 10%
fetal bovine ser g]fg% | x nonessential am no acids, and
0.1 nM 2- mrcasgg}gﬁégﬁﬁ%wrfgs%%]ﬁ é ction of Eight Transcription Factors
(8TF5). The f 0004 ndhpuidniwaiahysujeal lradsed vdddt apetgsamede glitli ¢dlizeid:
CoNa19sl, VAL Remc CRNR IR 28 SEVRAREH 1o RV 3 el 1EVREE 033 13

Putatlve transcrlptlon factors - were ered by se ec Ing geries wth both a
"GO cel | ul ar compderenly, dnexdodt of pomneuabﬂurmmd l\alrhe@ihsrmetthxmslfamnfrmmlgon term

"DNA binding." Transcri |onfators t enriched >
part cutar 1 neagirie 8T Rl BRSOkt T A BRER T Rk e b5 By data
of stem cel | - derpresest 1G%6Boramhtesltog0ﬁmm(ﬁa;ehe@ a bt Wweie 4 bewitonscor ed and

heat mapped in R USl f the | ot s .package. [00091]
Product on of 1 aEor e onpnaBelads b T EnEnar ey RptreREsd 2, Lo gl
ST18, Nkx6. 2, Othegszlb aoh@ememmoﬁipemdl ¢dﬂtmsmgeep@dgﬁiﬁmgmghaﬁwm vect or
(d ontech). VSV- seu p d lentivirus was enerat ed accordl ng to the
manuf acturer' s pPRETSED ih cligeo [redthe %nﬂﬂﬂog Moss Afavelignt i - Phos
or Cal - Phos Nam&hu@glof'l'd@@@grﬁﬁicyt@p Kit (all from CI ont ech) 293T cells
(CGontech) cultured on rat tail collagen | coated plastic-ware (BD

Bi osci ences) ¥Bsebaeiaicfitm serhedncsdiontantihg pharnagesca spmestive and

transfected si ctigNHAOKESuhRL S a %dégﬁsV's@H%nsS%&éﬂa@l&aﬁlt %Ihfs@d] ;yng virus
were harvested and filtered with 45nm PVDF nenbrane ( i pore) 48-72

hours | ater. [0G0o9p}tiblnhiedueh ﬁSglddéiﬁd@k}@% KipgepyehiLonr orglly$iolpgioPC)
generation. MeFg, Wbu%'zss\e@ﬁ é&{%gseqn der y%relngﬂ’ aﬁ'lj%ét? @Rdgenf ect ed

with fresh Ient|V|rus suppl e nte rene 8ng mL) four times over
a two day peri odffedirepaiieh effthe brainvas mgh aj mtre@tcrilolmom¢ Pl aWaswteeﬁtmald day 0'.

Cel I's vere. el ther, Y nAGEm A (LASVERY. A BIGAT (ORIEKS RS, (€ ont ech)

for three days in ure condi tions W|th
TrypLE Sel ect arwhiei t her frozen or seeded at 2.0 x 104 cel s/cmz on

Nuncl on- A pl at(ﬁ)ﬁzz@re %%?{%%E‘é‘% %Pth [l qlc\é e Orl%ntlh' uynes(clgk/%%land

10ng/ mL | am nfn i gha; ure
(I nvitrogen, 1132@)ngsﬂpml emenn()édovﬂ txh 109 )debﬁld(ﬂg&lm $yesteeteﬁt) of MesireB- 27

wi t hout V|tamnA nvi t rogen ut. anmax InV|tro 200ng/.ml SHH
(RED Syst ems) . SO RGFEA HEDH ST i) PR argF R PhEe R AaD
Systens)). Medi andﬁaﬂueﬂllyaﬂg&éi/eﬁvef Vthd Wt ebayserediéiPGshiciPLAd : @@kdRnt cel | s) were
typically sorted ‘rb ctlvely regulate remyelination by the implanted cells. Dosages necessary

to achieve the desired effect will depend on individual characteristics and

route of administration.

[00075] Depending on the severity and responsiveness of the condition to be

treated, dosing can be a single administration or a plurality of administrations,

with course of treatment lasting from several days to several weeks until

diminution of the disease state is achieved. The amount of a composition to

be administered will, of course, be dependent on the individual being treated,

the severity of the affliction, the manner of administration, the judgment of the
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days 14-21 using a FACSAria (BD Biosciences) and further expanded in OPC
medi um wi th FGF2, PDGF- AA, and SHH. i OPCs were passaged every 3-5 days with
TrypLE Sewecvi1dsseadt r ogen) and were readily frozen/thawedTius20vVEM762

suppl emented with 10% FBS and 10% DMSO (Signa). [00093] I nduced

ol i godendrocyte progenitor cells (iOPC) differentiation to induced
oligodendrocyted (i0OLs). For differentiation of i0OPCs into iOLs, cells were
plated at 2. gl&énﬁiﬁg bl%/srclm teORGs dosRmald kisnigt ofladhitish@bn Galilbs/ cn2) and
i nduced mnth OPC nedi um suppl enented with 0.4ng/nl T3 (Sig , 200ng/ mL
SHH, 100ng/ Ml NAggPReiverodaeAnmpnd fmw?wm@r@nn&ﬁﬁthp @fbvlﬁkmv@g@m tures
were fixed after tdif&e ﬁﬁ%%lﬁﬁ]g ast}e%leﬁ%qls E)Qc[en{\@ﬁ)} bd Ml%étlﬂ‘ed an amount

| mmunocyt ochem stry. Cells were prepared f I mmunostaining by fixation in
4% par af or mal detoy dell{ Fyféeientolr Nk&w@s&prH@@mén@é@F<ﬁ%ﬁﬁa$ﬂwﬂnﬁt6§ and
subsequent pernq%gi r 10 mnutes with 0.2% Triton-X in PBS. Cells
wer e then bl ocke ?bhiﬁ&ﬁggé%?f|c binding with filtered 10% normal goat
(Abcam) or 10800896k eyths ecruparéntibeduigiali ¢ellPBS thoprete? iveurign atayriwom-
tenmperature. Prinar nt | i LUt and

i neubated wi th thE" I}s{%%p(? WRRELES A i i g W“FIth%%%‘% REELAN. AN e
and i ncubat ed wit hreptie appodngemeaate/efdlmdescmnhlaf $oabkidsalds;Ahmibéoties, uor
secondary ant|b0d|e§]g nvitroge 1: t or one hour at, ropmtenperature.
For nucl ear staifif'Rg, sanpres i ‘%“%%u%’é{‘ W RPTPUG “‘B%ﬁ‘l’ i'gma) for
five mnutes. ThﬁumamMﬂmyzaﬂthmdbﬁ&ﬁu&eﬁmmamﬁmxSﬁm&ﬁmgR&Dkﬁyﬁ@&ﬁs AF2864;
2ug/m), Aig2 (MIlipore, 9 1000 Nkx6. 2 am ab587Q8; 1

fror ) Soxt( ey ERaed ebisdh of 4 agpbi ™ SR Sy SRR O vhaz018; 1
ug/ m), Pax6 (Coman@Ber &RRB- BJi@Rin® tBrkphiaion, (KL teptodrandadit @iaCedl®, of SC- 5279;

0. 4ng/ ml), Nkx2.2 érSHB 74, 5A5; 4 4Aug/nml), GFAP ( DAKO, 20334 0. 58ug/ ),
and MBP (Covancéhe enég’lﬁentﬁ’ftlﬁ?fﬁ‘iﬁ‘?ly %‘W@W@]th?:ﬂ@%as%areﬁl ollln ?fiftoérf%t ry. For
PLP1: eGFP expr essieqe g2Bakassb on®8), bieh\Wek & tetdpb el ciséngotkéNBE and rinsed 2x
with OPC nedia without growh factors. Cells were anal yzed on a FACSAria or
LSR 1 ow cyt o90ZF] ( BDOm: expestet dbs pregaiy iprpicd. frpreeryened sid el &8 W nLi st
3D 7.0 sof t war e.,qfuadeddt (Pat esibfeel {leHOLERGRAGIAS afddiaidh ednf ebdfosOr ti ng and
flow cytometry were set with negative controls (unlnfected MEFs) at |ess

t han 0. 1% posi t idayglatien hisoaeesid. Rillhe IPs@Pse PloredigHen ghoRistiaitn & were | ysed
inlm TR zol far
ChIoroforn1sepa}%%h%ﬁﬁggQkéﬁh%%%gg5ﬁﬁﬁﬁ%t(gggﬁgg%b%uE%%Q%Be@(i%§Pr|ne) The
agueous phase wagcwoitdnees, enklediel those RNWhIOQdihatdlgwecdmp)tt@meWCtrmrt he RNeasy
Plus Kit (Q age r I of RNA
was reverse tranr&slg(?(fegglé%g%ﬁh eﬁcg 1%(??) .H%‘F @%%Fh el\(;%r (gf(rag ?(gn%’sétr ﬁlg?g)ge

(I'nvi trogen) andegfBR WasupspMmrmmdesmhgp@m@nmhsCBNA wi t mixflagVed Gene

Expr essi on Nhstem Mkn]%nq Tag Ce Soutatd Ol&ﬁg%1300162 nﬁoh Nkx6. 2
(M00807812_g1) SIEIeEIO kol ée}%tﬁ )p RK&2"2 { JPED6Y MO Ryt |
(M00456190_ ) preSilﬁ&Srs( N?hﬁﬂlﬂﬁ&%ﬁ&edms)lls oGhQSn\(eMREl)ca(llmﬁgbﬂzgé—%ﬂ)dﬂde)i and Aig2

(AJVI 3GC, custo on the 7300 Time P osystens).
Endogenous O 1 B BHES b ST APURTE ) BBRSPIIRD ot fecepicy
(M101210556_m ) USapdwioatinaide 20000014317, @hieh i int@pordiel Serolit 19 ﬁ&reﬁhﬁet he CDS
and therefore d(}es not .detect expression {e omg%he l entiviral vg

expressi on dat a 1he? ePRBETESPLEAL 5 ERD I e 98081 8I0)ch yrecehy &Y Ies i n
whi ch no expr essiigfieN@dcle bREE G WRT SlGUMRIBR @I Popllaids Ghd ¥aksg of 40.
Al analyses were performed with quadruplicate technical replicates for
each of a m ni mitf thhﬁ‘?céf’é difffgepdivdent bi ol ogical replicates. Relative
expressi on | eyppgge Rndfiye i) A8HPYnFa!if Hedlkd A8 b uRAed mbhild? s&REsespondi ng
S.E.M [00097] Results. The €ight transcri ption factors were selected from
t he OPC/ ol i goderddtigesplagtalipm albige rqpregrarpyyedliad selish diof cxanenkh MBI @8 bdur i ng

ol | godendrocyt e ey ¢hORRRRRind th: whld Gauchkay %mdbrl&agfith% 3%l Qr 5T18,
G8 (MRF), and Mytl (collectively referred to as and each gene

i ndi vi dual | y waslenlydmadng hasiona ad osoyieyidst lprﬁ@t-welddﬁm:lIb‘l)retorlegltMSlHaabntS/ect or. The
BT pool was us e Ralflf ChkoRYSEn CIRLYANLGuLLOLAR! RSt Sed \EFRbu 0! at ed
fromm ce carrying the reverse tetracy cl'ine controlled transactivator
(rtTA) as well a[gnﬁzlmmdmfﬁsed el%LHlelei@:Gralemnls@énml eSqpr BESslddl 6s(@0¢0)i.i cal ly in
both OPCs and ol i godendrocytes. The PLP1l:eG-P/rt TA MEFs were careful ly
isolated to be free of all neural tissue as denonstrated by the |ack of
neural stemcell, neuronal, astrocyti ¢3 opPC, and ol i godendrocyti c markers
when assayed by i munostaini ng, gPCR, mcroarray, and flow cytonetry. For
all experinents, the percentage of cells infected was nonitored by

i mmunost ai ning for the individual transcription factors as well as

|nduct| on Ievel of the transgenes as measur ed by qPCR Typ| cal I y 30 60% of
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[ 00098] The nunber of transcription factors necessary for the generation of
PLPl: eGFP+ cells (designated as i nduced OPCs, i0PCs) was then narrowed
down. | ndwoi2dreaissf4actors fromthe 8TF pool were renovedpPamaSseenosi’er t hat
7TF pool s | acking either Sox10, Adig2, or Nkx6.2 had | arge decreases in the
percent age of PLP1l:eG-P+ cells at day 21; indicating that these genes are
required for efficacious reprogramm ng (see Figure 2a). [00099] To further
test this resul tMagReXd Rsofdntddpec@BdopIK¥Basdreafet! betic¥gl-Ysphefiendved to as
3TF5) were expressed in MEFs and results showed that these three factors
were sufficient &% B5r geide & j0Pes impaqt eQe|lecagqistipaigpt L8t Fs UsB8npar e
Figures 2a and ZR}mableid@PadiPRY oNVGR | @8t RroMRELA&T PAK1Qus Ohdfg: Or
Nkx6.2 individually or in pairs would be adequate to produce i 0OPCs. It was
found that the pepsdantatige aipwplelivlaGdppersien|te htetrekgdey WIRIh aayalvari ati on
fromthe 3TF po t cessary
and sufficient e"“mg'ﬁg. ci g 1@%%1‘%%?05(312@?%{1}1% <8 (}ugﬁt \ée(gpglge H%g%‘rge 2b) .

| nportantly, thessicBiFRslvaeagsal bo refpb@. t o i nduce t he productl on of i 0PCs
froman alter SO i spu n e Figure
26y [000100] PSRl dnfiBiches BURGE oo BRSO AR EENEERC, 1L Ol
performed at i ntaer yaksbalhindugbomiiet theNaioldsy. IM@[Sopplcﬂ) S|8§9 -Pbd2008),1 ow

per cent age of PLP1: eGFP was det ect ed a

ot on. but CHETSERE e Sy i SeMFugR §hod dhuiefteEs WaFE 7 10 and
| evel ed of f for myetinrgnmi ndesvitditaddive, ntrndmppneaate@elmt @dméeﬂeﬁlpl-avgmele 2d) .
These results Sﬁ%f?it d t hat tEB fel_lrﬁ!?ran’m nﬁ%ﬁ%rocegs Was com lete within
7-10 days. To fdFPHEY Tesiesie; hFves Hsi Rt {5 Buired for
the generation ghive@REsndasomoi@st Caiadred wuﬁ«gaikedys&opmmavs hdidr dnd t he
percentage of i OPCs was seen between days 8-10 of ﬁguctl on indicating that

exogenous f act ornieNgsiesEfasipteR  Flespphy Ot‘)éFa]a‘BEﬁsBrf? FEPIFY 404 MoAys t o
efficiently genekateohdPiay gf FR Tk VRIS HWhn@ m&@lrembRO QdOdhssi¥ehethddswas

i nvesti gated whet her the i OPCs exhibited cellular and nol ecul ar features
consi stent wi t h UHbEemgritasigs aepfogehicpdigked to danpslinatipegeriphest! lesiebge from
the ventral vent uz%ttlﬁretzane@et)t<b@)4§lemtwmog%phmldme%is Adevier
characteristically di S§| ay a bi pol ar norphol ogy, proliferate in response to
PDGF and FGF, exjadanicBrege).i ned set of ol i godendrocyte |ineage genes, and
differentiate o] 9095{‘1%9936@% Re HESRONSBat Q1B d@ctOeW t hdr anal
and exposure {00% yr (k)jlnd hor mglne % tel'hle(ﬁ}QOP%? exf‘n%J P‘ng ) (lypoear

mor phol ogy and devghdorbie aeﬂpf@ﬁ@teldm@t speelélstllﬂovélepmg@g:esnd develabmente gi vi ng
rise to mllion t her I fjles of the
| 0pGs Showed of 4R gt e g BHEbn BERGSAPLRER BTl o8
activation of gelnseeses;hemdén stndtom phbts;iologlcagdﬁhmd@re(sycttendwqmehg@alsucfll’heas Nkx2. 2,
dig 1, and Qi gIlestear§f1 ay l;[)e useft?lpeCIV];rll(gzusge?sne W?rc?ru scover an?l
transcription factor pool S, was ' conhf T redPh: St Bnid ogenous gene A ig2
was activated usmmg@pem:|1ﬁalmd1ng3@thnrtllmﬁtaeon %nﬁmeb(meaﬁ“&am chadges during

t he reprogranm n MEEs to 1 OPCs re furt |nvest| at ed si ng GREAT
(Genomi ¢ Regi onscg‘ﬁﬁ‘?att%h%nfo%lfmﬁth%ot t1GNY 1 oF‘) dryg Ca(%% i s of

genes up-regul ati@aidettiongr tdmeltﬁmrhvle&snﬂgtpmtmdxﬁlﬁ&atIﬁodi&PCs showed

Si gni ficant a ation with ne Ont.o é bj ol ogi cal rocesses such
as "myelinati ng( Angthgrzusg 0i(§‘G1e “&’Hﬂtl% |36 dhEsic ‘00?8 il afyuseds o- 5) |

“M3 (rouse genqgw dla{gtlegtleat)dlct@het@aeﬁw HRACOM M@t 88 moRYEIBs Rfown (o

"ol i godendr ocyt e nmor phol ogy x.10- 10) and "glial cell

nmor phol ogy" (p Leaeessagy thﬁ)mo%ﬁlonl\(?éa bé‘?@%%@%é’f%?ﬁsdﬁ‘t YeddP adbiseaich as
"T522 spinal corgdglalieral wall;ventricular layer" (p = 5.77 x 10-5). Genes
down-regul ated during the conversion of MEFs to i OPCs showed significant
associ ati on WASH | Ahge imarbesredfthariertioniagludss sesease odormmsdat with the
nactivation of dneoghahths f40R0MISHioIS AR TKR BFSLAN rBLA0H ABb1s GaDI ned,
these results indicate that the expression of defined sets of transcription
factors in MEFs idafifigdiobalinvgstigaiiere siwd/pi mookinzasipn s‘?fe@ﬂf\tlt& genelsctamd acti vate

gene expression s e i stent
wth autnenti o CRER AFR 08 Sl BACIR, SR P ASBER SRR
differentiate inhp acogpdendiobyg egnisnthateap osvdated usigy twtthethat vbther enoval

and the addition of T3 in vitro. Strikingly, i0PCs were capabl e of
differentiating into 'induced oligodendrocytes' (iOLs) within 2-3 days
using either 8TF or 3TF. iO0Ls exhi bitéd a mul ti processed nor phol ogy typi cal
of ol igodendrocytes and expressed nyelin basic protein (MBP), an integral
protei n conponent of the nyelin sheath. i0PCs could be frozen/thawed and
expanded for nultiple passages while still maintaining the ability to
d|fferent|ate |nto NBP+ |0Ls Cpantlflcatlon of NBP+ |0Ls revealed that the

e g n T . o o Y Y




Exanple 2: In vitro nyelination by Fibroblast-derived OPCs [ 000103]
Myel i nati on anal ysis. The forebrain and cerebellumof early postnatal (P5)
shi ver er WG2be/B¥¥3NMopshi / Mopshi; Jackson Laboratory) ecTwisStadtyppeem ce
wer e di ssected and 300nm slices produced on a Leica Vibratone. Slices were
cultured as described in M, et al., Ann Neurol, 65:304-15 (2009) in a
DMEM BME base with 15% Horse serum Hong's N2 and PDG-AA for three days. 5
X 104 - 2 x 105 jRRGsh \A@a%ségaep@héwbinmng%%%qtswnt biuRr PUlHeRPe@lcass api pette
into each slice and grown for an additional 10 days in culture. Slices were
then fixed i n 4%4889%4F 6¢tHRg- dehyde, treat ed with ice cold 5% acetic acid/
95% net hanol , [M%]aSWS?QCC%Rﬂn%@%e?M&?ﬁ%Q& ({f%b\[/}%@&ﬁt ineMi88 ined@kson Labs,
Bi otin-anti-nmouse | gG Vector lLabls, ABC, Sigma, DAB; or Alexa594 secondary
anti body, 1:500)provid®®d0aoapthrésa] fdefernpag f ametie@nobfa tePasnings €Nt her
i nvestigated by et il O; " I xons of
hyponyel i nat ed gﬁﬁgf#@% ?%%E%ﬁ?d/éso I )1‘1911;111?%@eﬁﬁggﬁel}:gfr%pq%gﬁeé%gh‘%%% 9I\/BP and
conpact nyelin 28.a pGR@sntwer dindimgexgeeld (4.t drugr gambitiypisechs by ekecteiodlt ur es of
early post nat al IV for.ebr. ai I e I re.t rly
col oni zed and a|“|%gtrr%1§§{ g‘ﬁdoﬁlg ﬁﬁ%{wﬁfgﬂ&gﬁaﬁeﬁ{% rlag{i:tdgt. rr%lgrattalnagyf??é \?\?tahi n 10
days a nunber ofstri@&as ogdmeriata bhiMBPypenyie thentradelatdis as lcnmparndrae yant hese dat a
clearly denonstrate that, functiopal i0PCs c be oduced py | at i ng
Gef 1 nedl set's of Ol B, 1E5b ABREpirtle, T f§Penradbe HERE YRt &
expandabl e i n cubictivealiandThawels toh ehearedent yivénbionyed boraded taxdengfyodnd
hyponyel i nated m ce., Exanple 3: In yivo nyelination by Fibrobl ast.-derived
e 00105] MBI T I e PuHE o BARHTYRResErrH | RS APSI St ant ouse
is used as a nogghl &YSta@Nhted@BEStddabeddnlfVindoptigme &hgaduitgie &gl ng t he
mesodermal cell-derived OPCs of the present invention. Congepjtally
hyporyel i nat ed <HPYAS prakdisardetsi(p-g4 ﬁ&@ﬁ@r%‘?agn%ﬁﬁﬁ@fis ApefeEs Dhtedi e by 18-
21 weeks of age.prckbg ifRgg@dn)used is as described in US Pat App. No.
20080206209 and Wndremet al., Cell Stem Cell 2, 553-565, June 2008, both
of which are [¥88tpofuatheameyy. dasraring dhej shiceteli ¢ reasment deifher foptros] Brief |y,
early post - nat algigRed or BRSNS URY Sthe((NORS Bh h&RAuMBiERaIBEEMSB RS BrohOSt T or
the transplantation of fibroblast cell-derived OPCs produced as descri bed
in Exanple 1. Puapsssate t@nabt letuch etinigalttipainegis| ot Bitduagignl. By 6 a 167, 000
cel I's/pl suspensiQn; iindGHLeAl inPaien PRAUMiLS b AbERLAII ALY to
target the futur e&ctor pus cgﬁlggumngaﬁ} gg{ﬁ:honst are pler %hor me% t?]r 51ugh t he
skul | with a Harddi¢ effedty of vgous dreatngbafst lwuahf as1dBerircp@80®0 7hd Meeteicilnj ect ed
wi th fibrobl ast- .ved lJ. . Wi m ce and control mce
injected with vé%?ﬁeég’oorﬂqég%éﬁ%ﬁ% r‘Jé%@é}@%hﬂ%gaY%ﬁé sacrificed at various
time points t{0088Fl yZbe pyestrt matengm. caaupsalar atilemné $¢ hiethinzeede wkprbssimer t i n and
per fused. The brains of, hotn. R Lreatied apd ahamireatedym.cf e fixed,
sectioned, and &l ned fof %Tye i hatl on as pelp Whdrem et S A" "Cal1 stem
Cell., 5;2(6): 51R2a@n( AB0Gxhe method according to this aspect of the present invention

can be used to determine, for example, gene expression pattern changes in

response to a treatment.
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[ 000108] The OPCs derived fromthe fibroblasts denonstrate an ability to
partially or fully rescue the shiverer phenotype, dependi ng upon dosage of
the cell wopoi2zatssn used. [000109] The precedi ng mnerel yPCiriusgemasss2 t he
principles of the invention. It will be appreciated that those skilled in
the art will be able to devise various arrangenents which, although not
explicitly described or shown herein, enbody the principles of the
invention and are included wthin itgxamprgs and scope. Furthernore, all
exanpl es and condi tional |anguage recited herein are principally intended
to aid the reH9886li nThupdlpwingrraiprgiet He PHrPHE IS PEVide Hhose pABHOREN and t he

concepts Contr'Qkﬁﬁﬂt@%nﬁwﬁhhB&ﬁ&&@@%cbgnéH&i&%&hﬂﬁn%bﬁmﬁ&imméﬂgdare to be
construed as being without imtation to such specifically recited exanples

and condi ti ons. UNbtheavesent 1a\remtl<slt,atlenﬂern_tosm¢elﬂeciwlrreléitheusm)emf!wi@t Bees,
aspects, and e"%%hl&gsl}t%%arﬁ’ﬁs GBS ivBNe O% {F]&’Lreat%e}y‘ﬁ kdn é’cﬁto %&eﬂﬂo‘}i glgrfp' es

thereof, are inten enconpass structura unction
equi val ent's theﬁ@mﬁmiﬁ@ﬁﬁﬂmmﬂaﬂbyﬁﬁéaﬂkéOrﬂwemdedmmhamneumﬁbmqﬂiHalents

i ncl ude .bOt h cursig 'ﬁ'gpﬁe’éi’%@eﬁeﬁ&\{&l estnk;]l%flaiﬂdth H! tlé?thl?u@ﬁe%u% a?la{i)(Fn%d in the

future, i.e., any e nt s ope per ormthe samg functlon,
regardl ess of swnWbtmm@ﬁcﬁhmsam@meImﬁmnhdxpmesmnnakdvﬂnmhchesmmémefore IS

not intended to be ed to th spect scri bed
her ei n. Rat her, afl?%és Wmtc%l o %eﬁamn%?fé) (¢ pm{ée/rss e&tﬁe 1rliltvemlrs?n ﬁglgdl ed by

t he appended cIabﬁmbainTmh@ethM@axihaUh&e%hpwnbwaﬁeﬂ&edheﬂlﬁmmx&neans" IS
used, none of the Ieatures or elenments recited therein should be construed

as means- pl us- f dAEPGHVE AR PUCTBKE Ypur suant to 35 U.S. C. 112, 916. W
claim 1. A nuobs™ f orfofs agiechaon nglde ab efikd Sccﬁﬂﬂial’\mlﬁlrﬁg)ect(ta)nuﬁfb@ﬁél di ng

somatic cells froma patient;
used (e.g., amounts, temperature, etc.) but some experimental errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts
by weight, molecular weight is weight average molecular weight, temperature
is in degrees centigrade, and pressure is at or near atmospheric.
[00088] In general, the methods described herein and in the specific examples
below are applicable to mammalian pluripotent cells; however, the timing

required for the various differentiation steps described herein may vary

between mammals.

Example 1: Generation of OPCs from Fibroblasts

[00089] Isolation of PLP1:GFP/rtTA fibroblasts. Both mouse embryonic
fibroblasts (MEFs) and mouse lung fibroblasts (MLFs) were generated from
timed natural matings between PLP1:eGI'P mice and reverse tetracycline-
controlled transactivator (rtTA) mice (B6.Cg-Gt(ROSA) 26Sortm1 (rtTA*M2)
Jae/J; Jackson Laboratory) at embryonic day 13.5 (E13.5). For MEFs, the
head, spinal cord, and all internal organs were carefully removed to eliminate
contamination with any neural precursors. The remainder of the tissue was cut
into small pieces and dissociated using 0.125% trypsin-EDTA (Invitrogen).
Cells were expanded for one passage and cryopreserved for future use. MLFs
were isolated by dissociating pooled lung lobes using 0.125% trypsin-EDTA,
expanded for two passages, and cryopreserved for future use. Both MEFs and

MLFs were derived in DMEM supplemented with 10% fetal bovine serum
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(b) culturing said somatic cells; and (c) expressing one or nore
reprogramm ng factors in said cultured somatic cells to produce a

popul ati omoab12gisBaB cells. 2. The nethod of claim1l, whecgus2&aios77éne or
nore reprogranm ng factors is selected from Sox 10, Nkx6.2, or Aig2. 3.
The nethod of claim?2, wherein at |east two reprogranm ng factors sel ected
from Sox 10, Nkx6.2, or Aig2 are expressed in said cultured somatic cells.

4. The nmethod ofrgspimpdv whahRkn 12l dontRERAI BREPAEBIMAAY 0fiagherE are
sel ected from Sox 10, Nkx6.2, or Aig2 are expressed in said cultured

somatic cells. Buergpewattod of claim 1, wherein one or nore reprogramm ng

factors sel eciggodyr OSEkidhl or Mok 1anSFhflon WXEeOUSIRFE 1 RiBRAESCd i1

said cultured somatic ce . 6.7 The nethod of claimb5, wherein one or nore
reprogranmi ng f awblinaly sevadehleddatasets were utilized: GSM241931, GSM241936,

GSM241929, GSM241937, GSM241934, and GSM?241933 13.  Putative
transcription factors were filtered by selecting genes with both a ‘GO cellular
component term’ “nucleus” and a ‘GO molecular function term’ “DNA
binding.” Transcription factors that were enriched >3-fold in a particular
lineage were selected and cross-referenced with microarray data of stem cell-
derived OPCs and oligodendrocytes.  Data were then z-scored and
heatmapped in R using the heatmap.2 function of the gplots package.

[00091] Production of lentivirus. Mouse coding regions of MRF, Mytl,
Nkx2.2, Oligl, ST18, Nkx6.2, Olig2 and Sox10 were cloned into the pLVX-
Tight-Puro vector (Clontech). VSV-G pseudotyped lentivirus was generated
according to the manufacturer’s protocol using the Lenti-X HT Packaging Mix
and Lenti-Phos or Cal-Phos Mammalian Transfection Kit (all from Clontech).
293T cells (Clontech) cultured on rat tail collagen I coated plastic-ware (BD
Biosciences) were seeded with between 6.0 and 8.5 x 10* cells/cm” and
transfected sicteen hours later. Individual supernatants containing virus were
harvested and filtered with 0.45um PVDF membrane (Millipore) 48-72 hours
later.

[00092] Induced oligodendrocyte progenitor cell (iOPC) generation. MEFs
or MLFs were seeded at 1.3 x 10* cells/cm?® and infected with fresh lentivirus
supplemented with polybrene (8pg/ml) four times over a two day period. The
end of the virus infection period was termed ‘day (. Cells were either
uninduced or induced with 2pg/ml doxycycline (Clontech) for three days in
MEF culture conditions. Cells were then lifted with TrypLLE Select and either
frozen or seeded at 2.0 x 10* cells/cm” on Nunclon-A plates pre-coated with
0.1mg/ml poly-L-ornithine (Sigma) and 10pg/ml laminin (Sigma; 1.2020) and
cultured in OPC medium (DMEM/F12 (Invitrogen, 11320) supplemented with
1 x N2 (R&D Systems), 1 x B-27 without vitamin A (Invitrogen), 2mM
Glutamax (Invitrogen), 200ng/ml SHH (R&D Systems), 20ng/ml FGI2 (R&D
Systems), and 20ng/ml PDGF-AA (R&D Systems)). Media was changed
every two days. iOPCs (PLP1:eGFP+ cells) were typically sorted between
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from Sox 10, Nkx6.2, and Aig2, and at |east one reprogranmm ng factors
selected fromdigl, Nkx2.2, ST18, MT1l or GW8 are expressed in said
somati ¢ cwDI2e12/08824Fhe nmet hod of claim 1, wherein the on@CoMSAEINAS7762
reprogramm ng factors is expressed froma vector conprising an inducible
pronoter. 8. The nmethod of claim7, wherein the vector is a lentiviral
vector. 9. The nethod of claim7, wherein said vector further includes a

sel ectabl e mar kefys 21 iR mAm&n@(meBﬁism&ees)vxﬁ@mm@ré@hmeampcc cells
are fibroblasts, %emat 2£0| etic cel él%]?cyt es or chondrocytes. 11. The

met hod of cl ai mumaiunaRdiG2 HQG%%%@@ | $0BFeWeicHgBRukseSsY 32, The

met hod of cl ai mglys Wﬁtﬁﬁ‘yﬁLEWct %Ino&ogerﬁ%h' W& SRy b RN/ iSRd §XPr essi ng
step to sort sald opul atton of glial sfromsalgcutured somati c

cells to pr oducé)Mﬁl\’Je&ﬂpplém%ecb‘@plmil% IFB}S aafﬂ 1QffoiTANIS @ é%iRmya).
[00093] Induced oligodendrocyte progenitor cells (iOPC) differentiation to

induced oligodendrocyted (iOLs). For differentiation of iOPCs into iOLs,
cells were plated at 2.2 x 10* cells/em® (iOPCs from MLFs at 1.1 x 10*
cells/em®) and induced with OPC medium supplemented with 0.4ng/ml T3
(Sigma), 200ng/ml SHH, 100ng/ml Noggin, 10uM cAMP, 100ng/ml IGF, and
10ng/ml NT3. Cultures were fixed after three days and stained for MBP.

[00094] Immunocytochemistry. Cells were prepared for immunostaining by
fixation in 4% paraformaldehyde (Flectron Microscopy Sciences) for 15
minutes and subsequent permeabilization for 10 minutes with 0.2% Triton-X
in PBS. Cells were then blocked for nonspecific binding with filtered 10%
normal goat (Abcam) or 10% donkey serum (Abcam) in PBS for 1-2 hours at
room temperature. Primary antibodies were diluted in blocking solution and
incubated with the samples overnight at 4°C. Samples were rinsed with PBS
and incubated with the appropriate fluorescently labeled Alexa-Fluor
secondary antibodies (Invitrogen 1:500) for one hour at room temperature.
For nuclear staining, samples were incubated with Tug/ml DAPI (Sigma) for
five minutes. The primary antibodies used were: Sox10 (R&D Systems,
AF2864; 2pg/ml), Olig2 (Millipore, AB9610; 1:1000), Nkx6.2 (Abcam,
ab58708; 1ug/ml), Sox1 (R&D Systems, AF3369; 1ug/ml), Sox2 (R&D
Systems, MAB2018; 1ug/ml), Pax6 (Covance, PRB-278P; 0.67ug/ml), Oct3/4
(Santa Cruz, SC-5279; 0.4pg/ml), Nkx2.2 (DSHB, 74.5A5; 4.4ug/ml), GFAP
(DAKO, 70334; 0.58ug/ml), and MBP (Covance, SMI-99P; 2ug/ml).

[00095] FACS and Flow Cytometry. For PLP1:eGFP expression analysis,
cells were lifted using TrypLE and rinsed 2x with OPC media without growth
factors. Cells were analyzed on a FACSAria or LSR flow cytometer (BD
Biosciences) and plots were generated with WinList 3D 7.0 software.
Quadrant gates for fluorescence-activated cell sorting and flow cytometry
were set with negative controls (uninfected MELs) at less than 0.1% positive

cells.
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13. The method of claim 12, wherein said sorting step is acconplished by
using one or nore markers specific for glial cells. 14. The nmethod of claim
13, wher eWo 20mid82@3e or nore markers is sel ected from PPPTAIS20mp@b67762 basi ¢
protein (MBP), A2B2, A2B5, nextin, platelet-derived growh factor al pha
receptor, SOX10, Aigl, chondroitin sul phate proteoglycan N&,

nmyel i n-associ ated gl ycoprotein, myelin oligodendrocyte gl ycoprotein, or

gal act ocer ebr god6ls RNAOTIs6iién aha- (POR. MethRd wefe ¢sdh Mhlimf UrRiRgr _
conprising a steP of expandi ng sai d(éfopul ation of glial cells after said
expressi ng st ep.(InvgroggeindetaietalofO anth readyinfor vgs- A-hdpi@ry|separatioal | s ar e

ol i godendr ocyt e i QERMELORiHE Phdss.1.odk/ Gl TBE BB OThEAREMs bhadh@f€i N one or
nore of the reprog?ranm ng factors are expressed from one or nore endogenous

genes in the sorfall¢ctedgail the RN/ isofptien prapedd with dledilvaagy Pluh Bitéimgeme or nore
o S he o o0 L il 51 SESBAEHERTRN,[ T VAL RIS SagEnovs genes
met hod of cl ai mtmnscribed wi'th SuperScript III Reverse Transcriptase (Invitrogen) and gPCR

was performed using 8ng of cDNA with TagMan Gene Expression Master

Mix and TagMan probes: Sox10 (MmO01300162_m1), Nkx6.2

(Mm00807812_g1), Oligl (Mm00497537_s1), Nkx2.2 (Mm01275962_m1),

Mytl  (Mm00456190_m1), ST18 (Mm01236999_ml), Gm98 (MRF)

(Mm01194959_m1) and Olig2 (AJVI3GC, custom) on the 7300 Real-Time

PCR System (Applied Biosystems). FEndogenous Olig2 expression was

detected in iOPCs using the Olig2 (Mm01210556_m1) TagMan probe in

which one primer sits outside of the CDS and therefore does not detect

expression from the lentiviral vector. All expression data were normalized to

Gapdh (Mm99999915_g1) and samples in which no expression was detected

were given an arbitrary Ct value of 40. All analyses were performed with

quadruplicate technical replicates for each of a minimum of three independent

biological replicates.  Relative expression levels were determined by

calculating 22 with corresponding S.E.M.

[00097] Results. The eight transcription factors were selected from the
OPC/oligodendrocyte lineage list based on their known roles during
oligodendrocyte development: Oligl, Olig2, Nkx2.2, Nkx6.2, Sox10, ST18,
Gm98 (MRF), and Mytl (collectively referred to as 8TFs), and each gene
individually was cloned into a doxycycline-inducible lentiviral vector. The
8TF pool was used to infect mouse embryonic fibroblasts (MELs) isolated
from mice carrying the reverse tetracycline controlled transactivator (rtTA) as
well as a modified PLP1:eGIFP transgene expressed specifically in both OPCs
and oligodendrocytes. The PLP1:eGIFP/rtTA MEFs were carefully isolated to
be free of all neural tissue as demonstrated by the lack of neural stem cell,
neuronal, astrocytic, OPC, and oligodendrocytic markers when assayed by
immunostaining, qPCR, microarray, and flow cytometry. For all experiments,
the percentage of cells infected was monitored by immunostaining for the

individual transcription factors as well as induction level of the transgenes as
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20. The popul ation of glial cells of claim19, wherein the glial cells are
ol i godendrocyte progenitor cells. 21. The population of glial cells of

cl ai m 20, woteraisse4at | east 5% of said popul ati on of cel PsTAS@01glosEb2 cel | s.
22. The popul ation of glial cells of claim?2l, wherein at |east 10% of said
popul ation of cells are glial cells. 23. A pharmaceutical preparation
conprising the population of glial cells of claim19. 24. A research tool

conprising the paRwrat YNgEFR 9! Teica9! 3Ee®h &l &l d&e ARcted WRE had for

produci ng ol i godendrocyte progenitor cells conprising: (a) providing

fibrobl asts f roﬁ’il(h"lﬂ%?tlif@ﬁ‘fr; and therefore only a small proportion of cells recetved all
factors when infecting with multiple viruses; however, infection and induction
(+doxycycline, +Dox) of the MEFs with the 8TF pool consistently resulted in
a large percentage (~13%) of cells expressing the OPC/oligodendrocyte-
specific PLP1:eGIP transgene by day 21 when cultured in OPC-promoting
culture conditions containing FGI2, PDGF-AA, and sonic hedgehog (SHH).
Uninfected (No TFs) and uninduced (-Dox) PLP1:eGFP MEFs cultured under
identical conditions did not contain GFP+ cells.

[00098] The number of transcription factors necessary for the generation of
PLP1:eGFP+ cells (designated as induced OPCs, iOPCs) was then narrowed
down. Individual factors from the 8TT pool were removed and revealed that
7TF pools lacking either Sox10, Olig2, or Nkx6.2 had large decreases in the
percentage of PLP1:eGIP+ cells at day 21; indicating that these genes are
required for efficacious reprogramming (see Figure 2a).

[00099] To further test this result, Sox10, Olig2, and Nkx6.2 (collectively
referred to as 3TFs) were expressed in MEFs and results showed that these
three factors were sufficient to produce iOPCs at levels equivalent to 8TFs
(compare Figures 2a and 2b). It was then investigated whether Sox10, Olig2,
or Nkx6.2 individually or in pairs would be adequate to produce iOPCs. It
was found that the percentage of PLP1:eGIFP+ cells decreased with any
variation from the 3TT pool, indicating that these three genes were both
necessary and sufficient for efficient iOPC generation from MEFs (see Figure
2b). Importantly, these 3Tls were also able to induce the production of iOPCs
from an alternate somatic cell source, mouse lung fibroblasts (see Figure 2c).

[000100] To view the kinetics of iOPC production, flow cytometry was
performed at intervals throughout the 21-day induction period. A low
percentage of PLP1:eGIFP+ cells was detected within 5-7 days after induction,
but the percentage dramatically increased between days 7-10 and leveled off
for the remainder of the induction period (see Figure 2d). These results
suggested that the reprogramming process was complete within 7-10 days. To
further test this, the minimal induction period required for the generation of
iOPCs was investigated. Again, a major shift in the percentage of iOPCs was

seen between days 8-10 of induction indicating that exogenous factor
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(b) culturing said fibroblasts; and (c) expressing one or nore
reprogramm ng factors selected from Sox 10, Nkx6.2, Adig2, Aigl, Nkx2.2,
ST18, MYMOan12@®B3in said fibroblasts to produce a popecattseniof77snduced
fibroblasts, where said induced fibroblasts are reprogranmed into

ol i godendrocyte progenitor cells. 26. The nmethod of claim25, wherein said
one or nore reprogranm ng factors is selected from Sox 10, Nkx6.2, or

aig2. 27. The neph@ehnofs € @ffem f%fé, p[szGﬁErﬁteﬂy NG Alys MOIEridiGRYy 0ghanwi ng
factors selected from Sox , and 'dig2, and at |east one

r epr ogr ammi ng fd@?@?@o@éﬂ%%ﬂg$ %ﬁownd igl, Nkx2.2, ST18, MYT1l or GWBS8 are

expressed in ﬁmbﬁnﬁoﬁﬁhiﬁ\%ﬁ|%§wu%§mixméh&E&QQQﬂﬁﬁe&hﬁh&l%@hmﬁ%hhher
conprising a step of sorting said popul ation of oligodendrocyte progenitor

cells after sai dnadsquledeinpgs emaipentwith Thege pebdadidsfOR(sai i 28, ARGt her
conprising a stepQf,£Xl PIZ(IB}g tﬁkgv&%ﬂv&%@dia@%&%fo&e AL SRR RE XA

progenitor cells after sorting st
and characteristically display a blpolar morphology, proliferate in response to

PDGF and FGF, express a defined set of oligodendrocyte lineage genes, and
differentiate into oligodendrocytes in response to growth factor withdrawal
and exposure to thyroid hormone (T3). The iOPCs exhibited a bipolar
morphology and could be expanded at least five passages in culture giving rise
to millions of iOPCs. Turther, global gene expression profiles of the iOPCs
showed clear down regulation of the MEF-specific program and activation of
genes specific to the oligodendrocyte lineage such as Nkx2.2, Oligl, and
Olig2. Since many OPC-specific genes were also in the transcription factor
pools, it was confirmed that the endogenous gene Olig2 was activated using
specific qPCR primers. Gene expression changes during the reprogramming
of MEFs to iOPCs were further investigated using GREAT (Genomic Regions
Enrichment of Annotations Tool) 25. GREAT analysis of genes up-regulated
during the conversion of MEFs to iOPCs showed significant association with
‘Gene Ontology (GO) biological processes’ such as “myelination” (p = 7.75 x
10'8) and “gliogenesis” (p = 4.19 x 10'5), ‘MGI (mouse genome informatics)
phenotype ontologies’ such as “oligodendrocyte morphology” (p = 2.98 x 10
1% and “glial cell morphology” (p = 3.52 x 107), and ‘MGI expression
ontologies’ such as “T'S22 spinal cord;lateral wall;ventricular layer” (p = 5.77
x 107). Genes down-regulated during the conversion of MEDs to iOPCs
showed significant association with a large number of mesodermal processes
consistent with the inactivation of the global fibroblast gene expression
program. Combined, these results indicate that the expression of defined sets
of transcription factors in MEFs can globally repress fibroblast-specific genes
and activate gene expression programs and cellular and molecular features
consistent with authentic OPCs.

[000102] It was demonstrated that iOPCs could differentiate into
oligodendrocytes in response to growth factor removal and the addition of T3

in vitro. Strikingly, iOPCs were capable of differentiating into ‘induced
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30. The nethod of claim 29,

further conprising culturing said expanded

popul ation of glial cells in the presence of one or nore of sonic hedgehog,

noggi n,

of glial

insulin-like growmh factor,

iweubixsBidke growt h factor,
31. The nethod of claim 30,

neur ot r ophi n 3 and/ ®CTiusS2é10461702 yoni ne.
conprising culturing said expanded popul ati on

cells in the presence of three or nore of sonic hedgehog,
neurotrophin 3 and/or triiodothryoni ne.

noggi n,
32. The

net hod of cl ai MZRedoWBEREN (R11) WithiPD-8 @Bifs LiRe LRRYOGTRITING. faglors are
expressed fromone or nore endogenous genes in the fibroblasts. 33. The

met hod of cl ai me2BPitGthér BUHPEESSHt MUPROIOTY {2t ¢pbr FOLeITIY'f adtflor s are
expressed {1 0m Q6.QLd FBLR FERISARUS (IBRES ledrrbiLAI AR o 3. A met hod

for producing ol igodendrocyte progenitor ce

fibrobl asts fromglipgh¢aht iOPCs could be frozen/thawed and expanded for multip

passages while still maintaining the ability to differentiate into MBP+ iOLs.
Quantification of MBP+ iOLs revealed that the iOPCs were a heterogeneous
mixture of cells; however, while the efficiency of iOL generation was low,
iOLs were only generated by cells infected and induced with 8TI or 3TF
pools. Uninfected or wuninduced fibroblasts never gave rise to

oligodendrocytes.

Example 2: In vitro myelination by Fibroblast-derived OPCs

[000103] Myelination analysis. The forebrain and cerebellum of early postnatal

(P5) shiverer (C3Fe.SWV-Mbpshi/ Mbpshi; Jackson Laboratory) or wildtype
mice were dissected and 300pm slices produced on a Leica Vibratome. Slices
were cultured as described in Mi, et al.,, Ann Neurol, 65:304-15 (2009) in a
DMEM/BME base with 15% Horse serum, Hong’s N2 and PDGF-AA for
three days. 5 x 104 — 2 x 105 iOPCs were manually injected with a pulled
glass pipette into each slice and grown for an additional 10 days in culture.
Slices were then fixed in 4% paraformaldehyde, treated with ice cold 5%
acetic acid/ 95% methanol, and assayed for MBP expression (Covance,
SMI99; Jackson Labs, Biotin-anti-mouse IgG; Vector Labs, ABC; Sigma,
DAB; or Alexa594 secondary antibody, 1:500).

[000104] Results. The function of iOPCs was further investigated by testing the

ability of the iOPCs to myelinate axons of hypomyelinated shiverer
(MBPshi/shi) mice, which completely lack MBP and compact myelin 28.
iOPCs were injected into organotypic slice cultures of early postnatal shiverer
forebrain or cerebellum where they clearly colonized and aligned along white
matter tracts. Importantly, within 10 days a number of iOPCs generated
MBP+ myelin sheaths. In summary these data clearly demonstrate that
functional iOPCs can be produced by modulating defined sets of transcription
factors in fibroblasts. The iOPCs are expandable in culture and have the

ability to myelinate axons of hypomyelinated mice.
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(b) culturing said fibroblasts; (c) delivering a vector driving expression
of one or nore reprogranm ng factors selected from Sox 10, Nkx6.2, dig2,
Aigl, Nkwo.2B12/068248, MYT1 or GWB8 to said fibroblasts; PCauseedosi7ng
expression of said one or nore reprogramrng factors to produce a
popul ati on of induced fibroblasts, where said induced fibroblasts are
reprogrammed into glial cells; (e) expanding said glial cells; (f)

sorting said gl I@Janfmééanwgo%ﬁﬂuﬁ%wyﬁﬂfdmaqeﬂmptéon of glial cells;
and (g) expandi @ﬂsal enriched p I"ati on of ﬁgilal cells. 35. The met hod

of claim34, (08} n%@!lﬂatmealmysmrPéSTéEﬁW'é HEverg Ry massis| ect ed

from Sox 10, NKXReas Qr mQhd gs%stem to demonstrate in vivo remyleination using the
mesodermal cell-derived OPCs of the present invention. Congenitally
hypomyelinated shiverer mice fail to generate compact myelin and die by 18—
21 weeks of age. The model used is as described in US Pat App. No.
20080206209 and Windrem et al., Cell Stem Cell 2, 553-565, June 2008, both
of which are incorporated by reference in their entirety.

[000106] Briefly, early post-natal (P1-P3) shiverer (Mbpshi/shi) mice serve as a
host for the transplantation of fibroblast cell-derived OPCs produced as
described in Example 1. Pups are anesthetized with isofluorane and 1.5ul of a
167,000 cells/ul suspension in neural base medium is injected unilaterally to
target the future corpus collosum. Injections are performed through the skull
with a Hamilton syringe to a depth of 1.5mm.

[000107] Mice injected with fibroblast-derived OPCs as well as wild type mice
and control mice injected with vehicle only (sham-treated mice) are sacrificed
at various time points to analyze myelination. Pups are anesthetized with
Avertin and perfused. The brains of both OPC-treated and sham-treated mice
are fixed, sectioned, and stained for myelination as per Windrem et. al., Cell
Stem Cell., 5;2(6):519-20 (2008).

[000108] The OPCs derived from the fibroblasts demonstrate an ability to
partially or fully rescue the shiverer phenotype, depending upon dosage of the

cell population used.

[000109] The preceding merely illustrates the principles of the invention. It will
be appreciated that those skilled in the art will be able to devise various
arrangements which, although not explicitly described or shown herein,
embody the principles of the invention and are included within its spirit and
scope. Furthermore, all examples and conditional language recited herein are
principally intended to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to furthering the art,
and are to be construed as being without limitation to such specifically recited
examples and conditions. Moreover, all statements herein reciting principles,

aspects, and embodiments of the invention as well as specific examples
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36. The nethod of claim 34, wherein one or nore reprogranm ng factors

sel ected from Sox 10, Nkx6.2, and Aig2, and at |east one reprogramm ng
fact ors swDeot2dsf4som A ig 1, Nkx2.2, ST18, MT1l or GWECarus2epsossed in
said somatic cells. 37. The nethod of claim 36, wherein at |east two
reprogramm ng factors selected from Sox 10, Nkx6.2, or Aig2 are expressed
in said somatic cells. 38. The nethod of claim 37, wherein all three

reprogramm ng f agdrQfrSars ghi&kit@ e EdcofbaR%othCirulNb ard fAlEhnd é@RaRHE expressed
in said somatic cells. 39. The nethod of claim 34, wherein said enriched

popul ati on of gltheaofcepidditieptlyr iils éss indgndpd 4t Wobsegrivalpnte dpglade hoth The

met hod of cl ai mg3Qen B%hgqﬁ%ﬁtﬁl{dhéfhﬁz{%lﬁ{?@ﬂ%eﬂéﬂe@% Bk rahical e Chly! S

conprises at least 50%glial cells. : e nmet hod of claim 40, wherein

sai d enriched pcspuicatsi dsrelppedgihitaperionn |tke gaptepluingleon, rgaldiess of gowiuwge-i al cel | s.
The scope of the present invention, therefore, is not intended to be limited to
the exemplary aspects shown and described herein. Rather, the scope and
spirit of present invention is embodied by the appended claims. In the claims
that follow, unless the term “means” is used, none of the features or elements
recited therein should be construed as means-plus-function limitations

pursuant to 35 U.S.C. §112, ]6.
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42. The nethod of claim4l, wherein said enriched population of glial cells
conprises at least 90% glial cells. 43. A pharmaceutical preparation

conpri si yo=ai2ahsesi ched popul ation of glial cells of clrarmsd®@lodzys2 A
research tool or diagnostic tool conprising said enriched popul ati on of
glial cells of claim42.

We claim:

1. A method for producing glial cells comprising:
(a) providing somatic cells from a patient;
(b) culturing said somatic cells; and
(c) expressing one or more reprogramming factors in said cultured somatic

cells to produce a population of glial cells.

2. 'The method of claim 1, wherein said one or more reprogramming factors is

selected from Sox 10, Nkx6.2, or Olig2.

3. The method of claim 2, wherein at least two reprogramming factors selected

from Sox 10, Nkx6.2, or Olig2 are expressed in said cultured somatic cells.

4. 'The method of claim 3, wherein all three reprogramming factors are selected

from Sox 10, Nkx6.2, or Olig2 are expressed in said cultured somatic cells.

5. The method of claim 1, wherein one or more reprogramming factors selected
from Oligl, Nkx2.2, ST18, MYT1 or GM98 is expressed in said cultured

somatic cells.

6. The method of claim 5, wherein one or more reprogramming factors selected
from Sox 10, Nkx6.2, and Olig2, and at least one reprogramming factors
selected from Oligl, Nkx2.2, ST18, MYT1 or GM98 are expressed in said

somatic cells.

7. 'The method of claim 1, wherein the one or more reprogramming factors is

expressed from a vector comprising an inducible promoter.

8. The method of claim 7, wherein the vector is a lentiviral vector.

9. The method of claim 7, wherein said vector further includes a selectable

marker.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The method of claim 1, wherein said somatic cells are fibroblasts,

hematopoietic cells, adipocytes or chondrocytes.

The method of claim 10, wherein the somatic cells are fibroblasts.

The method of claim 1, further comprising a sorting step after said expressing
step to sort said population of glial cells from said cultured somatic cells to

produce an enriched population of glial cells.

The method of claim 12, wherein said sorting step is accomplished by using

one or more markers specific for glial cells.

The method of claim 13, wherein said one or more markers is selected from
PLP-1, myelin basic protein (MBP), A2B2, A2B5, nextin, platelet-derived
growth factor alpha receptor, SOX10, Oligl, chondroitin sulphate
proteoglycan NG2, myelin-associated glycoprotein, myelin oligodendrocyte

glycoprotein, or galactocerebrosides O1 or GalC.

The method of claim 1, further comprising a step of expanding said population

of glial cells after said expressing step.

The method of claim 1, wherein said glial cells are oligodendrocyte progenitor

cells.

The method of claim 1, wherein one or more of the reprogramming factors are

expressed from one or more endogenous genes in the somatic cells.

The method of claim 1, wherein one or more of the reprogramming factors are

expressed from one or more exogenous genes in the somatic cells.

A population of glial cells produced by the method of claim 1.

The population of glial cells of claim 19, wherein the glial cells are

oligodendrocyte progenitor cells.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

The population of glial cells of claim 20, wherein at least 5% of said

population of cells are glial cells.

The population of glial cells of claim 21, wherein at least 10% of said

population of cells are glial cells.

A pharmaceutical preparation comprising the population of glial cells of

claim 19.

A research tool comprising the population of glial cells of claim 19.

A method for producing oligodendrocyte progenitor cells comprising:
(a) providing fibroblasts from a patient;
(b) culturing said fibroblasts; and
(c) expressing one or more reprogramming factors selected from Sox 10,
Nkx6.2, Olig2, Oligl, Nkx2.2, ST18, MYT1 or GM98 in said fibroblasts to
produce a population of induced fibroblasts, where said induced fibroblasts

are reprogrammed into oligodendrocyte progenitor cells.

The method of claim 25, wherein said one or more reprogramming factors is

selected from Sox 10, Nkx6.2, or Olig2.

The method of claim 26, wherein one or more reprogramming factors selected
from Sox 10, Nkx6.2, and Olig2, and at least one reprogramming factors
selected from Oligl, Nkx2.2, ST18, MYT1 or GM98 are expressed in said

somatic cells.

The method of claim 25, further comprising a step of sorting said population

of oligodendrocyte progenitor cells after said expressing step.

The method of claim 28, further comprising a step of expanding said

population of oligodendrocyte progenitor cells after said sorting step.
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30. The method of claim 29, further comprising culturing said expanded
population of glial cells in the presence of one or more of sonic hedgehog,

noggin, insulin-like growth factor, neurotrophin 3 and/or triiodothryonine.

31. The method of claim 30, comprising culturing said expanded population of
glial cells in the presence of three or more of sonic hedgehog, noggin, insulin-

like growth factor, neurotrophin 3 and/or triiodothryonine.

32. The method of claim 25, wherein one or more of the reprogramming factors

are expressed from one or more endogenous genes in the fibroblasts.

33. The method of claim 25, wherein one or more of the reprogramming factors

are expressed from one or more exogenous genes in the fibroblasts.

34. A method for producing oligodendrocyte progenitor cells comprising:
(a) providing fibroblasts from a patient;
(b) culturing said fibroblasts;
(c) delivering a vector driving expression of one or more reprogramming
factors selected from Sox 10, Nkx6.2, Olig2, Oligl, Nkx2.2, ST18, MYT1
or GM98 to said fibroblasts;
(d) inducing expression of said one or more reprogramming factors to
produce a population of induced fibroblasts, where said induced fibroblasts
are reprogrammed into glial cells;
(e) expanding said glial cells;
(f) sorting said glial cells to produce an enriched population of glial cells;
and

(g) expanding said enriched population of glial cells.

35. The method of claim 34, wherein said one or more reprogramming factors is

selected from Sox 10, Nkx6.2, or Olig2.

36. The method of claim 34, wherein one or more reprogramming factors selected
from Sox 10, Nkx6.2, and Olig2, and at least one reprogramming factors
selected from Oligl, Nkx2.2, ST18, MYT1 or GM98 are expressed in said

somatic cells.
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37.

38.

39.

40.

41.

42.

43.

44.

The method of claim 36, wherein at least two reprogramming factors selected

from Sox 10, Nkx6.2, or Olig2 are expressed in said somatic cells.

The method of claim 37, wherein all three reprogramming factors selected

from Sox 10, Nkx6.2, and Olig2 are expressed in said somatic cells.

The method of claim 34, wherein said enriched population of glial cells

comprises at least 30% glial cells.

The method of claim 39, wherein said enriched population of glial cells

comprises at least 50% glial cells.

The method of claim 40, wherein said enriched population of glial cells

comprises at least 80% glial cells.

The method of claim 41, wherein said enriched population of glial cells

comprises at least 90% glial cells.

A pharmaceutical preparation comprising said enriched population of glial

cells of claim 42.

A research tool or diagnostic tool comprising said enriched population of glial

cells of claim 42.
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