METHODS TO ACCELERATE THE | SOLATI ON OF NOVEL CELL
STRAI NS FROM PLURI POTENT STEM CELLS AND CELLS
wWORIDANEDS THEREBY Fi el d of the Invention [ 0001PCTOBE06/045352
invention generally relates to nethods to accel erate
the isolation of novel cell strains from pluripotent
stemcells and cells obtained by such nethods.
Specifically, this invention relates to nethods to
differentiate pluripotent stemcells, such as human
enbryonic stem ("hES") cells, human enbryoni c germ
("hEG') cells, human enbryo -derived ("hED') cells and
human enbroyonal carcinoma cells (human EC cells) , to
obt ai n subpopul ati ons of cells from heterogeneous
m xtures of cells, wherein the subpopul ation of cells
possess reduced differentiation potential conpared to
the original pluripotent stemcells and where the
subpopul ation is capabl e of being propagated. This
i nvention al so provides novel conpositions of such
subpopul ati on of cells and nethods to propagate said
cells. Morre particularly, the invention relates to a
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simlar cells with reduced breadth of differentiation
potential than the original stemcells and that
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methods. Specifically, this invention relates to
methods to differentiate pluripotent stem cells, such

10 as human embryonic stem ("hES") cells, human embryonic
germ ("hEG") cells, human embryo-derived ("hED") cells
and human embroyonal carcinoma cells (human EC cells),
to obtain subpopulations of cells from heterogeneous
mixtures of cells, wherein the subpopulation of cells

15 possess reduced differentiation potential compared to
the original pluripotent stem cells and where the
subpopulation is capable of being propagated. This
invention also provides novel compositions of such
subpopulation of cells and methods to propagate said

20 cells. More particularly, the invention relates to a
two-step method wherein said pluripotent stem cells are
first exposed to conditions that induce a heterogeneity

of differentiation potential in said stem cells, and



restricted breadth of differentiation potential and
cells capable of proliferation fromthe second step
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and therapy, and for the production of bioactive
materials such as cell extracts, conditioned nmedi um

and extracellular matri x. Ba?:k%rbund of the Invention

[ 0002] Advances in stemcell technol ogy, such as the
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Background of the Invention

[0002] Advances in stem cell technology, such as the
isolation and propagation in vitro of embryonic stem
cells ("ES" cells including human ES cells ("hES"
cells)) and related totipotent stem cells including but
not limited to, EG, EC, or ED cells (including human
EG, EC or ED cells), constitute an important new area
of medical research. hES cells have a demonstrated
potential to be propagated in the undifferentiated
state and then to be induced subsequently to
differentiate into any and all of the cell types in the
human body, including complex tissues. In addition,
many of these early stem cells are naturally telomerase
pogitive in the undifferentiated state, thereby
allowing the cells to be expanded extensively and
subsequently genetically modified and clonally

expanded. Since the telomere length of many of these



cells of various differentiated types (Thonson et al.
Sci ence 282:1145-1147 (1998)). Nucl ear transfer
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transforma somatic differentiated cell back to a

toti potent state such as that of enbryonic stemcells

("ES") (Cbelli et al ., Nature Biotech 16: 642-646

(1998)) or enbryo -derived ("ED') cells. The
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or (AE€8IB2Ygous embrybe deirAvedgi(0EDIO reduge t hrae
development of technologies to reprogram somatic cells
back to a totipotent ES cell state, such as by the
transfer of the genome of the somatic cell to an
enucleated oocyte and the subsequent culture of the
reconstructed embryo to yield ES cells, often referred
to as somatic cell nuclear transfer ("SCNT"), offers a
method to transplant ES-derived somatic cells with a
nuclear genotype of the patient (Lanza et al., Nature
Medicine 5:975-977 (1999)).
[0003] In addition to SCNT, other techniques exist
to address the problem of transplant rejection,
includihg the use of gynogenesis and androgenesis (see
U.S. application nos. 60/161,987, filed October 28,
1999; 09/697,297, filed October 27, 2000; 09/995,659,
filed November 29, 2001; 10/374,512, filed February 27,
2003; PCT application no. PCT/US00/29551, filed October

27, 2000; the disclosures of which are incorporated by



conplexity of a stemcell bank in regard to HLA
hapl ot ypes. [0004] Neverthel ess, there remains a need
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toti potent or pluripotent stemcells into the many

desired cell |ineages present in the devel opi ng and
devel oped mammal i an body, uridéy Tconditions which are
conpatible in either a general |aboratory setting or
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as donplehdiast icf celdtesm ewltlamiankt dri hegerld to HLA

formul ati on derived fromsuch cells planned for
t héPaaYReSrse, and methods to identify such purified

popyerfdions qfsrldhdiRals aidicGrpaki® i@fs eXRRRY Edd N
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compatible in either a general laboratory setting or in
a good manufacturing processes ("GMP") cell
manufacturing facility where there is adequate
documentation as to the purity and genetic normality of
the cells.

[0005] Furthermore, there still remains a need to
describe methods to identify cells derived from such
pluripotent stem cells that are capable of being
propagated in vitro, methods to identify culture
conditions for propagating cells derived from
pluripotent stem cells, precise definition relating to
the materials that have come into physical contact with
the celis, precise definition of the presence or
absence of pathogens in such cells, and evidence as to
whether any undifferentiated or other cell types, such
as fibroblastic cells, contaminate the cell formulation

derived from such cells planned for therapeutic use,

and methods to identify such purified populations of



publications relating to the differential expression
of genes, including but not limted to,
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cont ai ni ng genes, ini nouse and avi an speci es, such
data do not necessarily apply to other species such as
hES-derived cells, and such bu%ITshed results often
result from histol ogical studies of limted tissues

ant Aal & HtS HiRs Ml d tofl exiindiessiil endner in a
determ ne precisely what cell types differentially
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speci es including avian and nma i an speci es such as
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cells such as hES cells. [0007] One of the major
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differentiated c ypes, i it j , '
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Because het erogeneous cultures of inmmortal organisns,
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of development. As a result, there is a need to
determine what genes and combinations of genes provide
useful markers of defined and clonal differentiation
pathways in various species including avian and
mammalian species such as human. Such markers would
allow the correct identification of cells derived from
pluripotent stem cells such as hES cells.
[0007] One of the major recurrent problems with
culturing mammalian differentiated cell types in vitro
is the preservation of a pure culture of the
differentiated cell type without having the culture
overgrown with fibroblastic or other contaminating cell
types. See, Ian Freshney, Culture of Animal Cells: A
Manual of Basic Technique (5th Ed.), New York: Wiley
Publishing, 2005, p. 217. Because heterogeneous

cultures of immortal organisms, such as bacteria or

yeast cells, could be made homogeneous through means to



using cloning, has Iimted success in nost primary
cultures fromfetal or adult tissue because of the
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primary cul tures has been shown to be successful for
certain cell types, for examplg,_.in Sertoli cells
(Zwain et al., Ml Cell Endocrinol . ,80 (1-3) :115-26
(1991)), Juxtaglonerular (Muirhead et al ., Methods
EniffdRte a1 ppPudatdépn p§ogR) landrghomesinale( Proyet &

Kf%biﬁef%ff%E%EO %ggrﬁéggima %gEoli%g %tglggghaaglons of
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Hashi nmoto et al ., Devel opnent 5481-90
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ad I t I has been repo
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75u1®2ré%0&4bh.féhaﬂebaraduwhltesbhe pengtaki 8fi ehe poor
cl ono eni c pulatlons of cells has denonstrated its
usgﬁﬁgﬁggs %lﬁéﬁQFéF?ng HOWEEFedthEnBépPnépg of primary
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there still remnins a need to descri be net
pr@ﬁééatw@gsGeﬁprtyyempénd ¢ol Bertodystelds d@whiaset

hER RukeA. Bty CREREENPL " EROBAP)  ALAaP (OR> 14)

fuﬂukeagﬂbmbkeﬂamnKhuiwhéaﬂlBg humanmeehbasi snkhfol .,
|na?|I|t to ex ? t he _.nunber ofcells in the cel
Ledrés f87géﬁ ¢ eRBughorerrdaro (Beoyerpiakrpégbery,

anﬁeEHSHépﬁﬁEkﬁoﬁpplh@@bihht¥2 TEbFO? eggliéofkgﬁekldney,

observation t nmost hunan cel ones from
adavelt cesde SvamcésverndSubnet nél at TvebyeeBndy,such

asQ%@?Q4§&L55 QSBBE??EiggtETlEES cells from skeletal
muscle kZeng et al., Poult_Sci., 81(8):1191-8 (2002);
McFarland et al., Comp Biochem Physiol C Toxicol
Pharmacol., 134(3):341-51 (2003); Hashimoto et al.,
Development, 131(21):5481-90 (2004)) and separation of
different lineages from adult stem cell populations has
been reported (Young et al., Anat Rec A Discov Mol Cell
Evol Biol., 276(1):75-102 (2004)). Therefore, while
the generation of clonogenic populations of cells has
demonstrated its usefulness in generating a limited
number of differentiated cell types free of
contaminating cells, there still remains a need to
describe methods for propagating cell types and culture
systems, such as the early embryonic cell lineages
derived from hES, hEG, human EC or hED cells.
[o008] In addition, a further problem with culturing

human cells is the inability to expand the number of



original colony or shortly thereafter (i.e. can only
survive for a limted nunber of generations thereby
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manuf acturing process) (see, e.g., Smth et al ., Proc

. Natl Acad. Sci ., USA v ._7p(3), pp. 1253-1356
(1978)). [0009] In addition, nost cells derived from
fetal or adult sources are not capabl e of being

pr cgddat o &hd owldensilitiess socheasrabencdenpghi pglls to
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m togenic signals to allow for extensive propagation.
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cells, the cultivdation of many somaficcefls at W
denrgiigined n@deryheareshoradye thfeseafeefrorigeowchnandly

for uncharacterized cel] types, such as hES-derived
celFVitEs FXhér ¢ 58 M&F RroWCRGTRRECRS FReLRPY

hESdaniived nkely 18 canabkise sofnphapagat konpchanghky
or oligoclonally in vitro. In sone cases, growh of
sofengdlectiyies earasaser tiseices € -Be rabhiléegtatlcl oREPC .

deRnsi. ti ‘ turi t | l,s under cii ki
con F&i%%f@ysﬁgﬁ”éstﬁﬁngﬁlggé?éﬁt %Xyégﬁs %%5% (1978)).
m t[ewiosd! | y iTmaetddiatiedc,f eeder cedlliss dead veidt Erblme fetal or

additi,on of conditioned nedi ver, such
OISO TERE GiS Mo FoPaNOR o3 Bearyl Brppagated at

generaldete itliall e LRlH dd Aeed elraviay eahkukrRes dnda
success for any novel cell type is still highl o
unsémgdien HoBTY oflill emdtieods Isaed lbaembgas ofi iséamider
acconRld S('Eal%%{&%}l'q%aﬁ%' ectylon,, by L 2g 1Ak odyet iy ri%%f do
transgenes into pluri'potéent "stem cells, Wherein the
ex s Sieare icfe aifif itaianggarie doendeparidaal supon adlow for
di fferent,iation-specific pronot sequence.%n% sai d
extensive propagation. Therefore, even 1i he cells
had sufficient replicative lifespan to generate a
useful culture of cells, the cultivation of many
somaticcells at low density is nevertheless
nonpermissive for growth and for uncharacterized cell
types, such as hES-derived cell lines, there is no way
of knowing which, if any, hES-derived cells are capable
of propagation clonally or oligoclonally in vitro. 1In
gsome cases, growth of some cell types can nevertheless
be achieved at clonal densities by culturing the cells
under specific conditions, such as in low ambient
oxygen, on mitotically inactivated feeder cells, or
with the addition of conditioned medium. However, such
techniques have only been reported useful in generating
stable cell lines for a few cell types and success for

any novel cell type is still highly uncertain.



transgene inparts an ability to select a particular
differentiated cell type froma m xture of

whedgnegesmeous cells (see, e.g., U S patent nPEI/US2006/045352
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5,733,727 and 6, 015,671), such genetic selection
techni ques do not in thenselv§§ necessarily lead to
purified popul ati ons of cells capabl e of being
propagated in vitro nor do they provide the nethods to
acqomlolsh sudhler apagaidisohavenbaddi tiegnribedeko

met hods that do not result in genetica

. . , i fied
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fo e “expression-of various growh factors,

I e cequtrerss, 1 cax torfa eelildu itane nsgiemiex isovigpeadiesiti tprRe @
devel opi ng .ani_mal_ have .heen descri bed. Far ex l e, .
Fo ._f%geﬁg & a5 OB~ SPEGI S & BT e PR T é:l% ar %al
Phytsicsget® 4%a2@3 200 Bbidassr idee delecexpr egsitdeudbr
growt h factors such as nenbers of the FG- famly of
gL@%tﬁfefr@”tté@éZGI% aeld dere EFoRY AmEEIYTEN OGNS,  yet

t o) 1R NRJL 0 f rs, h

di ‘fgr}éetréerﬁjtq%ﬁ &%S g}eai&%url pot’etr#q%gt'eér%wﬁfzsgl Ii)sf=1 Hrér?t tvi@ltorso', or
i n & Ui watd an afs ,c8ill)s derdhy eprfatdm sadianfliorcel |

or a small nunper of cells commtted t I
fan§§ﬁﬂﬂq%&§;H§sﬁ§ﬁ %ﬂf?QﬁQﬁﬁ'%ﬁ%ﬂ?qﬁé%ﬁ%%E%X§ %ﬁgfﬁ%
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has not been described. [0012] Finally, while there
ar xteragatrd oy Wt TMRDEe 19y BB Shidisaethiasia to
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obtmtthedd |tshdt ado hiS; G 1 thuime g <ER wirc By cetdisfied

ek S the AC R0 A LALSIA ARG ARERY e of
cell-based therapies.
[0011] = Furthermore, patterns for the expression of
various growth factors, receptors, extracellular matrix
components in the developing animal have been
described. For example, Ford-Perriss et al., Clinical
& Experimental Pharm. & Physiol. 28:493-503(2001)
describe the expression of growth factors such as
members of the FGF family of growth factors in the
developing mammalian CNS, yet the role of these and
many other factors in the differentiation of
pluripotent stem cells in vitro, or in the cultivation
of cells derived from a single cell or a small number
of cells committed to a common cell fate that was
itself differentiated from or is in the process of
differentiating from pluripotent stem cells has not
been described.
[0012] Finally, while there are descriptions of

numerous cell types obtained from pluripotent stem



with cells and tissues of animals in their enbryonic
stage of devel opnent, which are normally progressively
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subsequent adult animal . While animals nodels and

nol ecul ar studies have revealed that there are

di fferent gene expression patterns in fetal vs. adult
tissues, prior attenpts via gene therapy to alter the
patdanmh@‘ucgem éxpraes sindiryiomiceldtent ceddise thegel has
mmc that of the early prenatal state. have no

r e AT ﬁies‘séﬁlsﬁtdﬂrbﬁfo redtred FrorBLare, rdfe from
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be WI / |&E cbfqexlr@g@mfrai J Mghitdis sires rarmallgapefdagresfsively
stromal /epit hel ai al _interactions that can be organi ze
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_ In sunmmary, while nunmerous technigues to
| ncseadied Heve aprearledithaddgionsl axg |diffrrant gene

conpl ex m xture of cell. types differeptiate .
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I e g S Hrebd et therf5eses vElian wie tduer ot wie gene
of a particular cell_type, in particular, proper

h ti
usePEPTeFE TR 11t @R HY tRT RS AT O Of Pt the
cells{ té?éﬂé@ﬁ@ ange & ihssHesndictdelingsg bl ¥iisfactory

limted t properties unique to enbryonic cells and
ti ssemsltsn abdetedorer hohere enemaing mawepd o describe a

of BRrPE ST - ATR BT SO ARy (YR orr A o

ggltllsgﬁ'fﬁ%%%iﬂm ptemi peLBal Stiesn tedhisif semthias dEShe
prénatal patterns of gene expression in such cells will
provide useful markers for subsequent identification of
these cells that may be capable of regenerating tissue,
i.e., capable of stromal/epithelaial interactions that
can be organize tissue, including but not limited to,
innervaﬁion (such as neural axon outgrowth) and
vascularization.
[0013] In summary, while numerous techniques to
increase the frequency of a desired cell type in a
complex mixture of cell types differentiated from
pluripotent stem cells have been reported, there
remains a problem of the preservation of the culture of
a particular cell type, in particular, properties
useful in facilitating the transplantation of such
cells into organs and tissues including, but not
limited. to, properties unique to embryonic cells and

tissues. 1In addition, there remains a need to identify



to identify said cells capable of being propagated in
vitro, and nethods of generating and propagating such
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i nvention solves the problens described above. This

i nvention generally relates tq methods to

differentiate pluripotent stemvcells, such as human
enbryonic stemcells ("hES') , human enbryoni ¢ germ

(" hEG'9]l omddrss diurpemesrdiriygnalnidarne poplEtEOns od lcells

d, . €| -derived ("hED"). cells, .tq .obtai .
S o G et S At e tih rbensiial
cel#1%m Wiaieigotdie: ssthmopidiatd onseth ¢l IEPeESassS means

reduced differentiation potential conpared to the

or it rigderptify prichtcstlemeaabl eamf Wedie (repagated in
| g . . > S
P E A R SRR il hd PR I oal iy such

subpdpuiat i on of cells and nmethods to propagate such
cells . [0015] More particularly, the invention

relates to tW?'S e t hod wherein pluripotent stem
ceﬁﬁggﬁﬂﬁiﬁﬁiéii%#éggﬁggﬁﬁlconditions that induce a

het neity_of differentiation tential jin sajd _.
StetlCHl s AFE SV ot (S D A o 1 eseribed

al | oyéng. siTel € Gebdist in Sj‘ér_ﬂiﬂangL%}r Al atd I He mefhods to
simlar cells with reduced differentiation potentia

t hathi §FRC It i R PR de@nts it tdrdtl S edtdte @S fyman
th e ' . '
een%%y%rgﬂa SSE%E] &8s Eg}ﬁggﬁa”%xﬁéy{‘%ﬁﬁﬁ&%}{rﬁé %eggll g

expose conbi nat1on Iture enviro S.
si nglieE@e) | calers v edunmop Wratryons lofcaost drome t ('ECMoreells

restricted breadth ofdifferentiatjon patential _and

col 2 HFRER B ATFBYSH | i Om G Sodth e

ar es s el £ i el e ded Dran e hd i rdifhddud asgalithes of

and therapy, and for
cells, wherein the subpopulation of cells possess
reduced differentiation potential compared to the
original pluripotent stem cells and where the
subpopulation is capable of being propagated. This

invention also provides novel compositions of such

subpopulation of cells and methods to propagate such
cells.
[0015] More particularly, the invention relates to a

two-step method wherein pluripotent stem cells are
first exposed to conditions that induce a heterogeneity
of differentiation potential in said stem cells, and
next a plating/propagation step allowing single cells
or an oligoclonal cluster of similar cells with reduced
differentiation potential than the original stem cells
and that resulted from the original stem cells to
expand in number while exposed to a combination of
culture environments. Said single cell-derived

populations of cells with a more restricted breadth of



t he production of gromh factors, cell extracts,
condi ti oned nmedium and extracellular matri x of said

w@edormease fornmul ated and used for research anpCT/US2006/045352
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therapy. [0016] This invention provides a nethod for
deriving desired cell types -("“derived cells") from
pluripotent stemcells such as hES, hEG human EC or
hE%}¥¥Is arent popul at,iqn) The derived cells
possess 1% Ut B hiadt iagiel [serldst icapalren of

Comanlacdiitfoth il RAIL oMLY 8.1 omphie %EE%%

were derived (parent pluripotent stemce popu
(ﬁﬂrmH%9Q§§IﬁpnxmﬁﬂWL@er@sHaichhamdha%erh@g, and for
t he are not

abidy | te urth [

teﬁ%ﬁw ? erentlate %'gFF OTEy Egﬁgaﬁ racts,

ew@@ﬂdnmunnedlmed®mhh0®n@fe&hk&cb&l@ﬂb&oﬂa%gq&rb§e§a1d

the eps Gﬁvb&(a) selectlgg or a subset of
§n91§tﬁ ﬁ@y resghrchnande therapy .

dlﬂb@ﬂ@ﬂtlat&%ﬁsoﬁn%%h@lgﬁr EBVR Igoﬁgghmﬁere nggr1v1ng

into a heterogeneous popul a i on o ce
pl Geshired @El§a¢&p®@IH§dﬁayvbd aaﬂésd)fﬁebmnbuakﬁgotent

th a r Iur mcel | s;

ex%gsﬁngg%g%d% ar ent Bgﬁen u@?@nﬁEePFsL?g sgids

aIKpareatspbgeuaﬁﬁoﬁoffemaatagkhggdcggg&gl??gsgggnkeduced
ing In

stgp %1% % for various time periods resu
hefefbGERBbLEtA6PBUPRLEBR 1Bl WEENSCeBRBEESi hg thEl s
RN d r t p t han_sai.d
pa?eﬁ?Q%FEEgBOFEE? ggg%?cgﬁpm &§Eg%e?heg BroFaffey Ve
saﬂaaggptsphuypoVentedUemdcdl1fpopnffaibﬁn)p?T§8tﬁé£1ved
[ rent i pptept. stemcells
??u??ngoﬁgrésﬁeggﬁgﬁeﬁéﬁg hﬁ%ﬁu?%?lﬁhl%¥tEeFPs from
stdmfféieﬁbiaté euktHee, CQnélt|@H§y“@§éeh8§atgrﬁiﬂgify
cell, roliferate and t he single cells and/or their
pergﬁgrﬁﬁ§lﬁEeﬁs6Fé@§d aknacefomil enbodiments, the

method of this invention comprises the steps of:

(1) (a) selecting all or a subset of differentiation
conditions that may result in the differentiation of
said parent pluripotent stem cells into a heterogeneous
population of cells, wherein a plurality of said cells
may be more differentiated than said parent pluripotent
stem cells; (1) (b) exposing said parent pluripotent
stem cells to said all or a subset of differentiation
conditions from step (1) (a) for various time periods
resulting in a heterogeneous population of cells
comprising cells with reduced differentiation potential
than said parent pluripotent stem cells, wherein a
plurality of said cells may have reduced
differentiation potential than said parent pluripotent
stem cells;

(2) (a) culturing said heterogeneous population of

cells from step (1) (b) in culture conditions wherein



ol i gocl onal culture of cells; wherein said
het er ogeneous popul ation of cells may optionally be
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(2) (b) propagating said clonal population of cells of
step (2) (a) , resulting in_sg'bd_deri ved cel | s,
wherein said cells are nore uniformin differentiation
potential and have reduced differentiation potentia
CONgealce G iir@y teh e idree pirqllilfidrattee pinds trdve eiigle cells
popul ation. In certain enbogi%rrent t ecells |n Steps
(2)a1'( oY) RIS oW itF fE Fedioitt
' ngilb%a&dr{bﬁ didiferentdfatd«an LoRMtidricans saag t he
used in step (1) (b) to ‘differentiate the

parmemgﬂnqmt%momla‘hlém lof. agdlilivg mate opdenegly be

sub ranti aI sams rqut.F S
St heé t?d; capa]1 %org pr ol fertgt |I§Léga and
cl onay {w) orpmp@uﬂlqr@ldaacﬂrcelcemamgdlhatM@ﬂ qeki)ls of

tees A ey o oronatl B4 cleres L0 1594 2
cells:y ddy cerdsal %ﬁ@%f@ﬂ}ﬁ f i ermidiedidide

het'erogeneous population of cells fromstep (1) (b)

ar epobémt el dnd didowi refueed cbafrfeaﬁermwﬁm éntesttem!
cellstodffer ntiate for varlo r tinme

O wi t FRATRL aygr elat? o RIERS e éc:tgq.?ségtlol

I NCHBBEEat Dok | he Th fd@rteain aémmammhm ditse faml Marirousteps
time {)erl ods before optionally di saggrqfsggtl ng.them 1In

a f (21 el 2ot bt HFe tF I Bethodc BY®neous
pOpyﬁgiugfn ftﬁ@'é?ffé 0051 801 drl) cdriili B Sh PPt Ak nask Bvedium
| ow ng sard parent uripotent stemcells to

d! ftﬁsecénina!a’eqb o(l)/ab) ous @Jeff@ﬁ@lfbfa’w neh e BReRAL

15 SIOBEERRLLED B LD GO ShOYE, D o

COnghES@QﬁtiQIY?TtH@SS&MQPm@@im@dSndIgméwmmf@mctors has

enbggénggbgng;géhthat cells capable of proliferating
clonally or oligoclonally are expanded in step 1 (b)
increasing the number of propagating clones in steps 2
(a) and 2 (b). The resulting cells are "derived
cells." In certain embodiments of this method, the
heterogeneous population of cells from step (1) (b) are
obtained by allowing said parent pluripotent stem cells
to differentiate for various periods of time without
disaggregation, i.e., for the cells to incubate in the
differentiation conditions for various time periods
before optionally disaggregating them. In a further
embodiment of this method, the heterogeneous population
of cells from step (1) (b) are obtained by allowing said
parent pluripotent stem cells to differentiate for
various'periods of time without disaggregation and
further, comprising the step of producing embryoid

bodies using a variety of culture conditions for



met hod, the enbryoid bodies are differentiated for
various tinme periods. In certain enbodinents of this

woreaohoa198 he di saggregating step i s perforned PT/US2006/045352
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trypsi nizing the heterogeneous popul ation of cells. In
certain other enbodi ments of Hpig met hod, the

het er ogeneous popul ation of célls fromstep (1) (b) is
plated in step (2) (a) at limting dilution or at |ow
densirivuand isnb gespierdd y rlentiead hesi rgbolddmiemgs of this

Wb TG1 i, GIRGHE HRGISE oY O “SharE SR Bt
celdas '(cﬁl%%%é)ﬁ?éﬁiodsl n i thes b ediventertfs U his

math_odl, the lin'ting dilution is performed in
nuinstbedd, ditshetisagoregatding stiee ienteasifaamesd &Y this

met.hod, the heterogeneous popul i,0 f r
st e?@sjlrtjbﬁl%e Ib?qzkt‘egt 59 ejrgethgép(?s%ﬁc?r‘%ci\?\%r{ ibﬁ Ssderr:
or dieicet SEhdS. edtbodanidrad ot heri emeadiadgnttheof this

nmet hod, the heterogeneous popul ation of l1s f .
StAIPRSOITICRS BB S0 il 4% e PR | o)

o T . . J = . .

cory et Fa SR ofTh e o PR TR (& ac low

hetc&rmlg't:etrwc%usc_i p@;@@@@ﬂtw redeed romhng «plqrdng b)

are red in hangin |t . [

eEBt TRAITES or L2 oY Hod, Tt T syiragR e act

g_om:lfél!loﬂlrﬂ%ilgﬁté?l from lSéﬁﬁ%Ié)ceéib]) @ esmail X unetbears of
ingle isolated cells at 1o ity | angi d .

R R T

as el ﬁgg{ﬁgaifﬁitlﬂgC@Ii@l{{bﬁtf‘@rp@f@ﬁﬁé@%ﬁ Riltiwell

t hi'S® Aet od, the heterogeneous population of cells

f r odishep. (1In(braatncother eembedsmentg 9L (Hiatmeypd,

Ce oL She PEn s b oETh e SRl P phbf cseda ) (o

i degt-ifhediandihsohirt efosst fén chdth nfleeder or inducer
cells. In certain other embodiments of this method,
the heterogeneous population of cells from step (1) (b)
are plated as single isolated cells at low density in a
semisolid media in step (2) (a). In certain other
embodiments of this method, the heterogeneous
population of cells from step (1) (b) are cultured in
hanging drop culture. In certain other embodiments of
this method, the heterogeneous population of cells from
step (1) (b) are cultured as single isolated cells at
low density in hanging drop culture in step (2) (a) and
cultured in step (2) (b) as cell aggregates. In certain
other embodiments of this method, the heterogeneous
population of cells from step (1) (b) are cultured in
step (2) (a) at low cellular density such that colonies
of proliferating cells derived from a single cell can
be easily identified and isolated using cloning

cylinders or other similar means well known in the art



cylinders or other simlar neans well known in the
artand subsequently propagated in step (2) (b) . In

we@esvasndenbodi ments of this method, the pl uriPOL/E81006/045352
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stemcells are differentiated in vitro, in vivo, or in
ovo. In certain enbodi nents o& this method, the

het er ogeneous popul ati on of ce?ls forns a

mul ticellul ar aggregate, such as an enbryoid body. In
Ceeh@!@u@@%@@eﬁmnysp@bpegasedethodtephe2WEbhod oh thirsain
i nvention further conprl s the step of disaggregatin

t hempaedmeaitsurer thdsr 8§ dvnFBespﬁgFéPEEFPg ggm FS?lS
exa %lf%rigﬁk&b%%ﬁglEh%QQHk;'9%'bﬁb@r aggriegate. |mn
certain embodi ments of this method, the celis

conrteaitieich iembadimendlsi ©Of @hl\ﬁemIGé?h@ﬁ,sttélﬁ beferppeaceus

docune ted b not.ype henot [ 0

Bt o2t <y S Bod PEmRy = BV Ereatelyesc porEbarst
or s@bﬂ")éﬁf i Zatdrg ief h@f@bes v e rRNAnOmbDNAments of
transcript . In certain enbodinents, the het% neous

popdtid imerherd . c sihes medhast ofi $hder dgxeddion &
p| %dnﬂ%:.@éts th%ﬂféteg{ S igeslpehalgagriow hner k@itRales lular

fromthe origina er ogeneous aggregate In certain
entzagjrents it siingle @@Iﬂlﬁ,albdd,orfq:thaxraﬂr@rl@geny may

be isol ated as ol i cIo RQP uIatlon of c H
eadt S WHi S L% hGe ?:‘r%act SRS (ag |t§jertaln

knawbddidtedd Ko caldis efdpshate rﬁmnlaﬂldwif.amméd‘la\te a
commopn cel |l adhesi on nol ecul es and adhere to et

| n Rlertasl b e mfodiatert ©F e (i (9

for ed,)t o h b
di f er&tr}{[ﬁ/atl o?&gér%}ﬁ S. #hfet%pg‘%f%{(p@ ﬁis? nas)}lcb as
pl usheoierdplor, ey Jblﬂmlrqu,pmcé‘mmls[t()@lﬁr th qiybridization

i nvention al so, des a od for .d r|V|
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St edisSd 1 e QeTPrisd Nt diogdefudfigopulation of cells is
not disaggregated prior to plating but clonal or
oligoclonal growth originates from the original
heterogeneous aggregate. In certain embodiments, the
single cells and/or their progeny may be isolated as an
oligoclonal population of cells, each of which have
similar'characteristics (as it is known that like cells
often share morphology and have common cell adhesion
molecules and adhere together). In certain
embodiments, the pluripotent stem cells form embryoid
bodies prior to being exposed to differentiation
conditions. The parent cells may be pluripotent or may
be totipotent.

[0017] Thig invention also provides a method for
deriving desired cell types ("derived cells") from
parent pluripotent stem cells comprising the steps of:
(1) exposing said parent pluripotent stem cells in

various differentiation conditions for various time



(1) exposing said parent pluripotent stemcells in
various differentiation conditions for vari ous

W 2ovepe219Hds resulting in a heterogeneous popuPEr/USIW0EH45352
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cells conprising cells with reduced differentiation
potential than said parent pl lir5i potent stem cells,
wherein a plurality of said cél'ls may have reduced
differentiation potential than said parent pluripotent
st gmieddss ;r)1 ia)g cil taurhigtg smjethdreise pageniedion of

popul ation of cells framste 1).in cultyre .

C o L OGS L e "SRl Mibantdpcion
celdstdtold T aftale ANk the-dHO R iYoreditd Hol 109l s
may be isolated as a clonal or oligoclonal culture of

celWheredieraiml weild thetadt gpdte sies Iso paivattiooe afedaisiads

conprd.si elJ.s Wt uce i fferentiatiqn .

po[gél nﬂtféa 1?‘:1laalné He ppO}re(reI}} dlua%‘o %&daa isg)eaﬁL d;%? 0] pl)’t%l & n1 zlﬂlily? FEnt
di saggi egdtled; to single cells prior to culturing, and

(2) (bé3 propagati ng said clonal popul ation of cells of
steff(B) (HUItyEa t93g ihe R s P ag on of

WSl Tl Sk CRldiS @Ne D& IWHAD I tdidERBRIAA Yhig
potential and have reduced differentiation potenti al
corfplarsle: tar tdrenlparmambeayt @i wstldst pstdmfcgldte and the

po ion. Jhe derived cell.s conpri.se .cel.l.s that have
t hg}%a%fefn?}?yoﬁ oseadji cffs’elrn qlel a eelsjfsur elr]'ie il.se.l,ast[eﬁ{;fl Sarfe
notclicetall redt |yl ididd et iailedireeldss celle ;paneiteiceldasid

may be pluripotent or. nmay be totipotent . In certain
enfS SR EY e R%?Ll]sa’-"llﬁ?rét%fp§e(lzl)s (CEFRHE I qEdhls with

ar e- Gy | 4 418 SAE 1RH Wit ddtaludidd@d he parent

differentiation conditions, as the nmediumused I n step
(1)pamilci tf far awety s tdrelpgar et dilaadgisigatedsttamsingle
celclesﬂs!n cert q_jon er odi.nents of this nethod, the

heteroge SoUs popul a ion ot CBl%s from step (1) are

obt @ )n@s) bypropagating said clonal population of cells of
step (2) (a), resulting in said derived cells, wherein
said cells are more uniform in differentiation
potential and have reduced differentiation potential
compared to the parent pluripotent stem cell
population. The derived cells comprise cells that have
the ability to differentiate further, i.e., they are
not terminally differentiated cells. The parent cells
may be pluripotent or may be totipotent. In certain
embodiments, the cells in steps (2) (a) and (2) (b) are
grown in the same medium, including the differentiation
conditions, as the medium used in step (1) to
differentiate the parent pluripotent stem cells. In
certain embodiments of this method, the heterogeneous
population of cells from step (1) are obtained by
allowing said parent pluripotent stem cells to

differentiate for various periods of time without

disaggregation, i.e., for the cells to incubate in the



all owi ng said parent pluripotent stemcells to
differentiate for various periods of tinme wthout
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thedi fferentiation conditions for various tine periods
before optionally dlsaggregatlgg them In a further
enbodi nent of this nethod, the het er ogeneous
popul ati on of cells fron1step (1) are obtained by

al | fregresred ich tpizore rdorplilriiquet efttr steamore |tsinteo periods
diffe entlate for var us periods of tinme wthout

di AR Ehaéigp SN I T he 1% @p%élFther

Pr QAMSd DS TOI ﬂq:@%&%d@' Nhed Heatd rigerlov@Uiddfif at ion
conditions for various tine perlods In further

entsidigmhts o Htemethodire ebtaingfbiy isddicesingr ¢aid
di TI RO I8 ah Qe BT i oS ddiTe: RY I erldhe LAl

e di saggregating step S

per\faﬂf:m'iﬁs tge:t;rquslcm zu:mga tvhie: Hratte rddgeremesyardpn atridon
of cells. In certain other enbodi nents. of, this_method,

t hel et Tog TRIRIS: S 1S oiF 5t ocfe|a*%odf%ﬂgsteé*ﬁ>r@fﬂlq s
pl gl ek d 1%% (;)Vélal)eiﬁ; df @dltﬁﬂréj'ddﬁdl@ld?fs &Hod OW

density allowng isolati‘on using cloning linders, to
ar r\ra./xelcms |¢Mne/|mpaiocmu t uirestusadieof amqg%ﬂmt@ ot ddvis
from.a si e cel,l_.or. each,.of mhlch t. f n

ol | B S R iy M AR a8
thl@am&@dmﬁ@epérmds; Ng Th |adrtenibi seyperdiorerads idf this
multiwell dishes. In certain other enbodi nents of this
metPRIeROq Helh A 7 2FrRIATS. 5D ;TR SR i Ioh RiFERsmed % m

step ik M i PhAEL dibddbd AROSISh K M dD ere&eirlsor In

i nducer cells.”In certain other embodi nents of th
netd"@otaimeottm:er@g}ew@m@tpﬁamﬁ dthiogh mefthoed | Shie om

oL B Do S AL 2L | B PR

cerppate®t hersespod yresay Satoflidmtslr@tdncnd;tidze or at low

het er ogeneous
density allowing isolation using cloning cylinders, to
arrive at individual cultures each of which originated
from a single cell or each of which originated from an
oligoclonal number of cells. In further embodiments of
this method, the limiting dilution is performed in
multiwell dishes. In certain other embodiments of this
method, the heterogeneous population of cells from step
(2) (a) is plated in juxtaposition with feeder or
inducer cells. In certain other embodiments of this
method, the heterogeneous population of cells from step
(1) are plated as single isolated cells at low density
in a semisolid media in step (2) (a). In certain other
embodiments of this method, the heterogeneous
population of cells from step (1) (b) are cultured in
hanging drop culture. In certain other embodiments of

this method, the heterogeneous population of cells from

step (1) are cultured as single isolated cells at low



popul ation of cells fromstep (1) (b) are cultured in
hangi ng drop culture. In certain other enbodi nents of

wao biog/oeabhod, the het erogeneous popul ati on of PEI/US2006/045352
fromstep (1) are cultured as single isolated cells at
| owdensity in hangi ng drop c_ullt7ur_e in step (2) (a) and
cultured in step (2) (b) as céll aggregates. In
certain other enbodinents of this nethod, the

hetdaraganedus Heaptilrad idropfodddre fitomtepe (20 g )arad
cultured in ste 2),(a) .at low._cellular density such, .
t h&u ittt & te‘gﬁ 04%)fé?)ataishg: POIFSIAFES f r JM Fertain

Si N rlb B Last |ohidetdHded cd HetdrdReheous

using cloning cylinders or other simlar nmeans wel |
knaepulative arft eald s ubyswyued ({1pr ey atvdd uteds tigp step

(2),{\b)_\. In.certai | it hi t .t he
> pl uﬂ’él)p%at)e ft st B T rﬁ1u§fragx? gde(rﬁs %thlr %{ﬁclthatt}(? IEF ﬁﬁ) \(;L |%tnrloe Ig; iorf'
Vi Wrolorfdratoey dell loerdet ivveeiifodimmentssimefld kiedl can be

nmet hod,_ the het erogeneous, popul ati on of cells forns
TR (IS GG R SIS 3 b G s Y e
cerd,ai i pbadigent;s addive MethRAm tihe ot had qfnd hi s
invention further conprises the step of disaggregating

t hesuhdedqusid iyt @repagaed eln mtesi (] @)cel 1181 dartaigy

examl e,. trypsini zi.-ng the .nul ti.gel l.ul ar. r e. |
10 XU 0 0, LB L AEl G A R0U en e
gorbtlaé nﬁctdﬁ%remtpia&@i i1y @i%m,l | &1 ofiwd,epr 2)n (@o.ar €n
ocunent e y genotype or phenotype priqr to step (2
(byCS i SRR S T RrHSS By A OdiR Jearh arious
?: a{%ﬁs(pwg){iéjd za¢ i om of R5aRe sy Wi RVA 1901 £PMygregate,

cript . In certain enbodiments, the heterogeneous
popaiclt iam af eedtwoid body di shygreagaiod qubetingnts of

15 2 BTl S5TLD ROBOSL B s NG S or
popsthrabt D 162 $1Sep e d D aydit e thiave taniteliticellular
characteristics (as I1t_is known

aggregate into single cells, by, for example,
trypsinizing the multicellular aggregate. In certain
embodiments of this method, the cells contained in a

20 plurality of wells of step (2) (a) are documented by
genotype or phenotype prior to step (2) (b), such as by
photography, by immunocytochemistry or by hybridization
of probes with RNA or c¢DNA transcript. In certain
embodiments, the heterogeneous population of cells is

25 not disaggregated prior to plating. In certain

embodiments, the single cells and/or their progeny may
be isolated as an oligoclonal population of cells, each
of which have similar characteristics (as it is known
that like cells stick together). In certain

30 embodiments, the pluripotent stem cells first form

embryoid bodies prior to being exposed to

differentiation conditions.



that like cells stick together) . In certain
enbodi nents, the pluripotent stemcells first form
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differentiation conditions.[0018] In another

enbodi ment of the invention, gglls fromthe first
differentiation step, but prior to the clonal or

ol i gocl onal propagation step, are placed in growth

medi0f 1] | arln @rmthedemmbedinemtt lodt the vimiveltileay cells

i1]__be gl |l Al l.onal | in.ord
e e B R B e R
t he:1mdilupofoltike Sesend mighgatilion etdsherRt pdkeed in

al l ows an increased nunber and nore predictabl e nunber
of EEW edrdp|Sitdate G athd dantdicad] éRalthgt in which

ol it@%‘ﬁl 3 [ .

wher e tﬁ@qrrle [ urﬁio@fg{lhléh%rﬁsf%%&ﬁ%%rl&k?iea i or?%?tsggl

I s amEnt itcalirnaresrsesitlid arunbent kd medilsmaapailiecloft he
cells will .be clonally or. oli l.onal | panded, .t he
o AHASAC St T 0 B RSB S Tale
pr adridieiatdrty feld Qs tdati ddie RIe mgeRe0End more
m xture may be cryopreserved and in the event that the

cl axgdigttatligorden alsdedtlionyirdddarsdruincdhe final

t h r d - ]
e A e Y L AT
cl create aras@s gdddmnalhd swditunorofadgdien.infhdradf ore, in

one, enbodi ment,, t he enrichnent st ' t .of .th
i T S 6 e Ak he bRt to the

medidamed drheviidiste il fderantiatl o diemaisy danti cal
to, or simlar to, that of the second clonal or

ol igjdgasanglop fmansiedst dfie Anhahmanielsfen may also

CoIEIE AP B O SSAS ety 9 0,

hettdheodertentiggeneous mixture may be cryopreserved and in
the event that the clonal or oligoclonal isolation
yvielded useful cell types, the cryopreserved
heterogeneous mixture of cells may be thawed and used
as a source of cells for clonal or oligoclonal
isolation again. Therefore, in one embodiment, the
enrichment step is part of the initial differentiation
step in that the culture medium of the first
differentiation step is identical to, or similar to,
that of the second clonal or oligoclonal propagation
step. Alternatively, the enrichment step may be a
separate step. The cells may be initially
differentiated in one medium, then the heterogeneous
mixture of cells can be transferred at normal cell
culture densities to a different medium of the second
clonal or oligoclonal expansion step. The cells are
cultivated in that medium in a separate step. After a

period of time of 2-30 days (preferably 5-14 days) that
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cultivated in that mediumin a separate step. After a
period of tinme of 2-3 0 days &greferably 5- 14 days)
thatall ows for the percentage~dof cells capabl e of

bei ng propagated in the nediumto be increased, the

hetgregenass v igdedift 2Rl IoF ickiikeraglapnal lof deing
ol i goclonally expanded as described herein. [0019] The
e tHRARRGE achi i ItRARMeENT $a Paddarenaee t &

is ' el raj (celdndd rashahn

pl (lﬂ‘l péorgganeﬁiest em%lcl:lﬁ%élozé c%rltr% nl%gr%lgdi ment si ?’E]gr
nmetdiadggoadfortdii lsy iawmamtidesh aar elediamidtesd hearetime

i sol at.iqn of | ar nunb f. cell lines that are in
varéoﬁ?ssﬂs_t at e@‘eofm%:ﬁ'f?cgﬁ’éﬁitgﬁso#%e%rlgn 15 to

di ffeseentdatd nthe Soim 4fidrhase ird1lved108) st rafitis (cell
termnally differentiated. Thus, it is an object of

t hilsinemlerftiash RIGUPFRRIRIE #fEm Sildie a Trarcge tiviber
of %%Ad[ 'lrﬁ%}ﬁ:ss ,f raig %é{l{&&g %}.t t%{ie.-:lmi%éfrﬁ:io%rgere()fdirected
such cel 1T ne's are progenitors cells o

vari ous
deved apreentsdldt iwages . a Thusgye imintert aih citiodiimest $hat

of this invention, it iscﬂ% al _to isolate and

pr GPfyatie Ry TrhHe et s[lcfgee‘??é&f'satﬁ@ﬁhloaq i of
celd sr cormid Sdtithgel | Sondd tdE ratine il il iyl iar
potential than the starting parent pluripotent stem

celtermnpbksi bl B etempiitad cefhug n dnbiddiafeiyiest of
t hi.s i ' | yri t
AT SR 1 RSP Al PP PR Syl o

vardéelly binek ffesendlatipegraondtteronslls. cefdns mf such
enbodi ments of this invention, the p#‘ati ng step is
et

perfot et 38S VA F RIECITIHEE I 7V at S sing to

the:ievelopmental lineages. Thusg, in certain embodiments
of this invention, it is a goal to isolate and
propagate as many of the heterogeneous population of
cells comprising cells with reduced differentiation
potential than the starting parent pluripotent stem
cells as possible.
[0020] In certain embodiments of this invention, the
parent pluripotent stem cells or embryoid bodies
derived therefrom are exposed to a variety of
differentiating conditions. In certain embodiments of
this invention, the plating step is performed at
various time intervals after exposing to the
differentiating conditiomns.
[0021] In certain embodiments of this invention, the
pluripotent stem cells are ES cells, EG cells, EC cells
or ED cells. In certain embodiments, the starting
pluripotent stem cells are teratomas. One way to form

teratomas is as follows: human or non-human ES cells



differentiating conditions. [0021] In certain

enbodi nents of this invention, the pluripotent stem
waeedrmerape ES cells, EG cells, EC cells or ED PEI/US2004/045352

certain enbodi nents, the st arti ng pluripotent stem

cells are teratomas. One way t % formteratomas is as

fol l ows: human or non-human ES eIIsrmy be injected

into an aninmal to induce three dinensional grow h,

I Nahasdligyg Miftedtadd limid eth tahind MO GO CATItiRtke

animal s such as nude mce, or into SPF enbryonated

ch.céun%rg?g“sona% PR i RsBsHinE R ot HilgtitReefa on,
dMgﬁmeéé{ﬁ“rz&ﬁrAaﬁlér&l&H% rfgé $nidd) Qatxhe.mto

enbo Iments,” the pluripotent stem cel ar € non- hunan
ceISEE @mbﬁymmwxrétlagmonmmmmmt@kmdﬂmnts of
rat_.cells such .as bovi

5 o Sy ST R S ' e i, R 65

I'n @@II.@I n Eeradhde g1 idtitss ) ft\l'%"tplﬁ’.{bl d’ifént stem
pl uri otent stemcells are genet| cally nodified such

t hatekhe aneC HEnds e @Rl ed :ecﬁ‘{cl'hlﬁs IjoMAFO Gl § o on -
t
M_|Cl:).uri1 uri plgj?qe%]% gzt:ée)-]'%l’%re ﬁe‘ﬂpar e genet I CE#LP‘A n’ong;‘\{.@gldl%

suod'elitmtsudire MO genes, gerdinest aplisted c&nduteh,emr
les of t ene famly are restored such that
10 eeljstfeerﬁeclgﬁ’%‘g heni zygous or honpzygous for one
allpé@zzajf t herdMege0en fambddimd P2 A IdhiGertidhtion, the

enbodi ments of this invention, the pluripotent stem
cel PEIBHROtRIFY AP remh thea i rasntetdi daldne madi i gruch

CIRLA U LRGP £5 T L s

[ i neacy 0_02}41 dertcern amtrhaan‘rtmtﬂwrknﬁamﬁ dfhitshd shvienteron,on,

15 Lhe ol uri polent stemcel Ls are, derived J100  ogiriea
such that the MHC genes are first deleted and then
alleles of the MHC gene family are restored such that
these stem cells are hemizygous or homozygous for one
allele of the MHC gene family.

20 [0023]  In certain embodiments of this invention, the
pluripotent stem cells are derived from the direct
differentiation of embryonic cells (such as morula
cells or inner mass cells) without the derivation of
embryonic stem cell line.

25 [0024] ' In certain embodiments of this invention, the
pluripotent stem cells are derived from blastomeres.
For example, blastomere, morula, or ICM cells can be
plated in step la as are the other pluripotent stem
cells of the present invention, and then clonal or

30 oligoclonal cells isolated by following steps 1 (b)

through 2 (b) as described herein where the pluripotent

cells of the embryo yield clonal or oligoclonal cell
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plated in step la as are the other pluripotent stem
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oligoclonal cells isolated by follow ng steps 1 (b)
through 2 (b) as described herein where the
pluripotent cells of the enﬁr%& yield clonal or
oligoclonal celllines without the internediate step of

Esl elds iR AN k¥al i10RerhidB23k el Bregr b& msereadi ABALS
this invention, the pluripotent stemcells are

dedemmYdhumnthe repr ogr anm ng of somatic cell through

h sUre f sald ;S0 t ot f
ﬁﬁﬁ%ﬁﬁfere n gertad %H&f%%. tange?%gng%R%%iqbﬁ the
dirydcernf éﬂ@msddnmaﬂanmwddﬁyyedeﬁimﬁdthe ls are
en odermal cells, ectoder nal der mal

[
Ce|ne§rqgraér§t}qr§9 @ff W&'lc‘c %r&urgh(t [EXROspTe of
of ten designated At ederl Joyt dgl amheye epodi ments of

thIS I nvention, the derived ceIIs are neuroglia
prenmﬂrﬁﬁeu&ﬂﬁxahadﬂqﬁﬁhng def|n|t|ve ect oder m and

primtiMe neuroe |theI|un1 I JTents,
t hi @qﬁentl g‘r‘r{‘ cf) et i8R s ar ZE%Q% niti ver&flon’ the
endpderyed «£lils a&ctecrefﬁio&mam caldld s eartdkpatdlc cells or

precursor cells, foregut, ﬁldgut or hi ndgut endoder
Iun@es%ﬁrmae]atq%l%t £7 gielothét ,@9 igag (the

Gor déceﬁs ar&g@%g-kaﬂ?&i = lod I Nh d%r

derlve e chondrocyte, bone, or syovia
pr esmssdimaet ¢ SOf |mwt1mmlmmm@wd t¢glls are

|nvent|o derived cel are

nyo%%%? %f T e T8 19 REalls Adbbiive
of dbiSadAyenhd ?rlrﬁf@.xﬂ@fméf@ﬁoé{ﬂﬂmemtﬁnsm rbmsrcl e
or skeletal nuscle precursor cells includj

| i nemleedimenisanaf | B skl e sidie ?%yéhnﬁéi¥§ are

definitive endodermal cells such as hepatic cells or
hepatic precursor cells, foregut, midgut, or hindgut
endoderm, lung, pancreatic beta, or other endodermal
precursor cells. In other embodiments of this method,
the derived cells are chondrocyte, bone, or syovial
precursor cells. 1In yet other embodiments of this
invention, the derived cells are myocardial or
myocardial precursor cells. In yet other embodiments
of this invention, the derived cells are smooth muscle
or skeletal muscle precursor cells including, but not
limited to, somatic muscle precursor cells, muscle
satellite stem cells and myoblast cells. In yet other
embodiments of this invention, the derived cells are
precursors of the branchial arches including those of
the first branchial arch, such as mandibular
mesenchyme, tooth, gingival fibroblast or gingival
fibroblast precursor cells. In yet another embodiments

of the invention, the derived cells are those of the



satellite stemcells and nyoblast cells. In yet other

enbodi nents of this invention, the derived cells are
w@e@cedes s of the branchial arches includi ng PEDES2008/045352

the first branchial arch, such as mandi bul ar

mesenchyme, tooth, gingival f'9rob|ast or gingival

fi brobl ast precursor ceIIs._IE yet anot her enbodi ments

of the invention, the derived cells are those of

t haintlegniEadiatice mMRsaRenMandd preetmssass off kiiddeyy cells.

cells. In yet other enbodi nents qf this invention, .the
derdity & tc Slthe Ta RS IHIN S Bifoitdst §n\7ﬁef‘ﬁlﬁpen§?1§i derived

patdanns e Qa%rll‘?rfaqx Re3%IAR deeadiing peetedkllepRtterns of
regeneration follow ng wounding. |In yet other
engedienentrsresfs itdn sldatiiant iton,scelvd egér irpEENEEIAtS O&r e

retinal precursor.cells..In yet other ' s
5 thi rﬁrﬂ)‘&ﬂq &ﬁuqq'?él%er i%&’%‘eﬂtglegﬁ g"ﬁ}%ﬁ{&% z)sf?sth.ls
[ 002Aleniicn | MRNtdR v d @iy ixte irealialsd preldursor
derived by the methods descrjbed above. This invention
al ls!f]cldh{ erid! afels Yerdt | TRAGMRHT N ind Hife SV g the
ce 1+vdP0 It ai - ' ts, the cells
der |ef/%d %%/) %%ﬂelénglﬁ%diéﬁh?%dﬁﬁnti on coul d be used
as [EE2EYs orThimluberentiomid sy mirstidelisplagiedheells

cl onal | a d. | t ai | [ . Ce .
101} e 1o d RPE. T i B b T D S TS T ecars gfrention
| NAACRS Scdiik disL 46 &St gehdi RE£Ity atddiE sirep thddd imolated

wi t hout the step of enrichnent) . [0029] In certain
enbeel hents, the cell |ines made by the nethods of

LI fod SWENtT Of M- b2 NERPRALSL | MKt deyi Lesd@itved by

thiS"i'nvention provides such devices. Many of the cel
| i nelse nasehdystbe tiet hoblsveht 1dn scowldivs opedcret keeders

152042 o 8 TP 3phh 51805 1581 Loty
expanded. In certain embodiments, the cell lines of
this invention could be used as feeders or inducers in
the first differentiation step (with or without the
step of enrichment).

20 [0029] In certain embodiments, the cell lines made
by the methods of this invention may be incorporated
into devices and this invention provides such devices.
Many of the cell lines made by the methods of this
invention secrete factor(s) that may be useful

25 therapeutically. Such cells could be mitotically
inactivated, and the mitotically inactivated cells may
be applied to a number of matrices to make a tissue
engineered construct where the cells survive for a
period of time secreting the factor(s) and then die.

30 In certain embodiments, the cells are irradiated to
inactivate them. A typical irradiation protocol for
this purpose (giving cells in a free state) would

involve exposing the cells to 20 to 50 Gy (2000 to 5000
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period of tinme secreting the factor (s) and then die.
I'n certain enbodi ments, the c %Is are irradiated to

i nactivate them A typical ? di ati on protocol for
this purpose (giving cells |n a free state) would

i nvake exResimgst bp eel hsot ayPOfiomba G- (LZ(ZO@rt g0-60
5000r ads; soneti mes up to 100 Gy) froma Cs
COSe0r§6ur 8. CRitadnt éf“ﬁO@H‘B‘SHFﬁen?sprQCEFSE‘& 8‘8?’10@

de%b%% %%Q %QBBa%bQHrEQEaEQ ?aébegeﬁéﬁrQE%QOEQC%@ﬁid

ve cell “encapsulati on. Another way to
|namwb&&éeceéﬂlennapbplame@mlngAnhéheglW@ywﬁphlnaCtlvate

cin C The cell s _can encapsul at ed
6¥§gﬁh&§s§waF§§f%&891 §§I980Wl§§ l%O &gEOr The
I ndigviidualaly He Riia@ld® 1|a'tflé|da Noab ke c@@le)‘lﬁﬁlprsul ated)
capsul es. These can be nade of a varjety of

subgikhﬁg&;valﬁtpgd@ﬁgc@@ﬁtﬁgﬁ prnppgévggually in porous
p"%s%t 1}6 Ddragels, ShidasaNs, 1Rl WakdbdfEaeTLE

rices of alginate and
polaylxaewea&y rmcﬂ wdb@ttl@doseme glry:dolld)ln(gPE@)t mwrh;mgted to,

polyacrylates (e. roxye hyl nethacr I
netﬂ%ilc}ﬁﬂ rldesq'fy %1 r%’rsa(nes e ug“ rg%t el um

acra}ig{%. attréé e lcé%fé@é?y'méﬂllﬂfésj@f lﬂﬁ&wﬂé and liKsslysine,
tube-11 ke or bag-like configurations. t he
r equet Inefesritysl dres alwedadpe utREEUR TSP e Fé%é’rﬁcd”é/llates

def | nablI|h9&r0%gaé¥gi|&é@ﬁé%€y%é'a 5Hyjﬂaéﬂﬁbcry#ate),

sta ﬁ?Ty, resi pr ot sorption, |ack
t oxd €1 1 don pesrasadli jmdnbtanoxy ey ancaqmtlrcvrem:sﬂaasmvmyl

as to the_rel eased t era utlc

r esFiRk Qe ) oL AT ortk&y Icrd'}rEger Lﬁaltqi c:cf<r q%ae%_llke

€. QuonfYd¥aeiodt. - A J et vRheri e ﬂﬁﬁ)therapeutlc
:104-10 and thhods of Tissue Engi neering,

At abt sl ity  ammdchemieal Rlefinabikiden % @}él lz@OztO

validate structure, stability, resistance to protein
absorption, lack of toxicity, permeability to oxygen
and nutrients as well as to the released therapeutic
compounds, and resistance to antibodies or cellular
attack. See, e.g., Orive et al. (2003) Nature Medicine
9(1):104-107 and Methods of Tissue Engineering, Eds
Atalla, A. and Lanza, R.P. Academic Press, 2002.

Brief Description of the Drawings

[0030] Figure 1 shows a schematic drawing
illustrating one experimental design for performing the
differentiation step of pluripotent stem cells by
subjecting said pluripotent stem cells to a variety or
combination of differentiation conditions over time,
leading to a heterogeneous population of cells, herein

referred to as candidate cultures. In order to
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step of pluripotent stemcells by subjecting said
pluripotent stemcells to a vapiety or combination of
differentiation conditions over tine, leading to a

het er ogeneous popul ation of cells, herein referred to

as ioardiidat efoulindiasi dudIn candeidate derttivinest Ke'CC") , each

I SIS L SRR (e o
CCledaCaf)o0) [ 0031] Figure 2 shows a schematic draw ng

illustrating one experinmental design for_ performng
t helftBagat iBrPsieR dhave & Hrdiermtd C Gueauray

i dent+i-f s ' y r ti ;

e\ A AT S e e S e P PR PR T ehe
pr quhmes g nighre g o fandhd hemdsidayjtec toed. threan iataray fafed
conbi natjons of_ pr atiqn conditions that pronote

cel A HY e rent &E{aqg% tg'fe @?ﬂ?&@?&lﬁ? FEEF32E08 gure

3 st IRl 0N Yo HPWM AL &/ | g Hal Uzl Md RiERlgadd alo
staining after two weeks of growth. Figure BR depi cts

t heraude pingle sfeldsl etk sham|oliestadttovere array of

ST LS P B ) 8008 S e
colawii lasl dthali ieyeemteitrimer: tpordpedatd cel.ose t oget her
L B 2 LSS e A e e it
These, &l SIC RIS O SHH 1851 WP 1hiaraf) GfdA@d A5 HRWUH es
with uniformy circul ar boundaries that were at this
or Pgirgéﬁieeﬁpdi%ﬁlﬁimt@s tHparantfinemedadte sitheolcgdes.
Eﬁzés'géﬂo%i]és llkpaocs%ellzé gzlgn?ov4e<§j etﬂ:io% T r};)e_L%rt%s %\ﬂttq‘} ic\fL%ning
cylinders were identified by the circular markings.
Figure 3B depicts colonies that were determined to be
too close together to be separated. Figure 3C depicts
the typical colonies that were subsequently chosen for
isolation. These discrete colonies were characterized
as coloniesg with uniformly circular boundaries that
were at this or greater distances apart from each
other. See Example 13.
[0033] Figure 4 depicts a representative phase
contrast photograph of single cell-derived populations
of cells (ACTC 2017, ACTC 2026 and ACTC 20230) in their
primary colonies (P0) and after the fourth passage
(P4) . See Example 13.
[0034] Figure 5 depicts a phase contrast photograph
of dermal progenitor candidate Clone 8 (ACTC51/B2).
[0035] Figure 6 depicts the relative pattern of gene
expression of 17 different cell clones derived from

Series 1 as described in Example 17. The cell clone



contrast photograph of single cell -derived

popul ations of cells (ACTC 2017, ACTC 2026 and ACTC
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fourth passage (P4) . See Exanple 13. [0034] Figure 5

depi cts a phase contrast photograph of dernal

progeni tor candi date Cl one 8§ @RCTC51/B2) . [0035]

Figure 6 depicts the relative pattern of gene

exX R fssd o ©f1 47 WhAd Qfl?é"th&ﬁﬁorﬁ:lélnea%{l@rr‘e\fﬁ%gerr&'nthe
Series 1 as described in Exanple 17. The cel

c| drehleiars qelily ]alll’cmif; tHe WSITCEIntcat m'»ci,s (rzéprpe‘sré:rm or

S PR L0, (TR Y, .

(5)44*1 7()6)B4H3n (87)) B1d81 () saCTOs) ae®Zz PB7, (10)
ACTC53 or CTC57 or B25, (11) ACTC58 or BIl,

5 (12’)CT/£€?r7c5<5f cﬁ’ZEBS (131 HCTEReRF L 1B26( 1)1 ACTASECHE &3
1(13( 1NcRGIERZ: Ho - 2‘14()1@)&%%@0%% Y12 1(715?”9-\6%:@2 or
C60 or B-28. The cell clones in Flgures 6
21 2 20 @le AR Athe slamarer (169 RATEd0 ldmes-28The The

f th | eac f the 17
ool shlble P Rl P SN | a5 O by pent
( TWH=I BHane (dBrides Fmtddilolntlllme(éjp-r)rhe( xR on (P the
PEDF (SERPINFI ), (e) AKR. Q'

g:é{qcolla en VI/al pha 3
10 ( cHBAPVIng)ISRaT o wradh ofs ét7ed:e§4 k)Semqarze
M SR,
E)d éa?ksl)uprpeecgmﬁlel ag[gv (é) (Rﬁ d%r(‘ﬁ)laﬁg':@po. t(u n- | ke 2
(Ard@?TrLarzi)opor(tni)n REWY,) ,( n()c)EFEmagz (o()d)smmm?h (ABRRHINF1) ,

Lot PR G st 0 ot gl (LA aci @

mlmwmrmtla.s SGRIJ SIS QB0 UG, d@&ajtre)m sangaG: )ADRRY
(housekeepi ng gene for purposes of normalization)

15 ValEE Shovin iHSH%e vight iGEHi3Iaxi s(of Qsscifkdppese Related 2
?k:%zﬁ”ﬁo@‘;mlt F‘?@& #ﬁiﬁ.eltl(}l ANge of @/ideas.) | eR e,
(n) EPHA5, (o) smooth muscle Actin Gamma 2 (ACTG2), (p)
fibulin-1 (FBLN1), (qg) LOXL4, (r) CD44 (the receptor
for hyaluronic acid which promotes scarless wound

20 repair), and (s) ADPRT (housekeeping gene for purposes
of normalization). Values shown in the vertical axis
of each of the histograms of the 17 cell clones of
Series 1 represent the mean normalized relative
fluorescent units (RFU) of the gene of interest.

25 Values of approximately 100 RFU represents nonspecific
background signal. The expression of these genes may
be useful as markers to identify dermal fibroblast
progenitor cells.

[0036] Figure 7 depicts the relative expression of

30 the SOX1l1l gene in the 17 different cell clones derived
from Series 1 as described in Example 17. Figure 7
illustrates that cell clone 1 of Series 1 as compared

to some other cell clones of Series 1 express higher
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be useful as markers to identify dermal fibrobl ast
progenitor cells. [003 6 ] Figure 7 depicts the
relati ve expression of the Sca I"gene in the 17
different cell clones derived from Series 1 as

de%ﬁﬁkﬁ%ﬂcﬁnt%é@@@hﬂlléen@ JURR1Gekl kusivhatepribant the
cell clone 1 of Series as conpared to sone other

c elHomiadrigsdofreSertiioe flewme@;f;enﬁu ghatce BFY)of ERE

Val ues shown represent the nornalized
reiéjﬁiai“g’gef Illﬁdrescent units (RFU) . See Exanple 18 .
[ 00DE3 7 gur erindepiscideditt o elhat red at ree esipae sefl onhe £
CPE gene in the 17 different_ cell cIo s erived from

Sertihes CPEageav@seq 5R® 17 ERGHSIEREy CoRig Greng s derived
' l | etéﬁq_t aCseHes‘chi@fe%l 1n Eg{ampiea 19 ., @idpndel 8
er| express hi gher | evels of "the CPE gene as

conrriainmj:naj:mrtélatt terl lcelllonsisores 2of 4sebie$ Bnd 7 of

VaILFgEies shﬁtvm re]{)res nt the nor Zﬁ]e%%g&}[do%é‘]e as
anpl €

Fi gj&nqaa%éifmcct@r&éweaﬂ}ehatdeae eXIRIrRss ich Sefr itdze 1CPZ Values
gene in the 17 different cell clones derived fro
Sersheym REPTRERN e inPuERs Fﬁla@@’lﬁ Flgiorescent

il tgéa hat §égl , 10, 11, 13 and 14
of Series express hlj&hgﬁeeisevel s of the CPZ gene as
conﬁmsﬂl to St rferdemllcrts:ltdrﬁeSfQifatSé}fﬁ @xpression of
Val hown r epr esent nallzed r.e

fl TSI 1 (%#%)H %(eélntplcejfs caj[clbrt?%g]de“"ed
Fi gﬁhf&n 186008 Cf Sad Neeg @t atey eiexguagsion Df thenGe 9
gene in the 17 different cell clones derived from

Seriklustratersdraberth Bt 17 Houre 5 and 14 of

Series 1 express higher levels of the CPZ gene as
compared to some other cell clones of Series 1. Values
shown represent the normalized relative fluorescent

units (RFU). See Example 18.

[0039] Figure 10 depicts the relative expression of
the C3 gene in the 17 different cell clones derived
from Series 1 as described in Example 17. Figure 10
illustrates that cell clones 8, 9, 10 and 12 of Series
1 exprees higher levels of the C3 gene compared to some
other clones of Series 1. Values shown represent the
normalized relative fluorescent units (RFU). See
Example 18.

[0040] Figure 11 depicts the relative expression of
the MASPL gene in the 17 different cell clones derived
from Series 1 as described in Example 17. Figure 11
illustrates that cell clones 8, 10, 11, 14, 15 and 16
of Series 1 express higher levels of the MASP1l gene as

compared to some other clones of Series 1. Values



illustrates that cell clones 8 , 9 , 10 and 12 of
Series 1 express higher levels of the C3 gene conpared

WO 2003060899t her clones of Series 1 . Val ues shoRfiI/US2006/045352
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represent the normalized relative fluorescent units
(RFU) . See Exanple 18 . [004%& Figure 11 depicts the
rel ati ve expression of the MASPI "gene in the 17
different cell clones derived from Series 1 as
desgidure &dprdoenpltdiel horguredl kdllaltustr dlesresatent
cell clones 8 , 10, 11, 14, 15 and 16 of Series 1
expreds hERBr- | a8 Fxemiiee W9ASPI gene as conpared to

song dyfier cl fgﬁ%eoflzs%é@%tls @l dasshoun R38Rk of

the norrali ze ative tluorescent units (RF . See
Exart aFl&erdd04il]tHe guir eliffX edepitcteeltlhe Loglest idgerived

expressi on of the BF gene.in the 17 di.fferent cell
cldfr@o%qjvee%l_fra(ﬁn %@eﬁﬁmlﬁe Ti'n Eﬁl%eelz
17 11 Riowa 2 dlduddat esdded el 116! anesntD,1412f 13
and 14 of Series 1 express higher levels of the BF

gerfenie s ohpririead Hohentlfsreld gfedhst Biegeds £s

Val sho € € Id elati ve g1
R e T
Fi gahiewrl Iretemadrst tittee medmatd Mezeak predsdiiore ofl udyee SREFR3
gene in the 17 different cell_ clones derived from

Seryst g escrited I B&n e 17 . Figure 13

i1 ﬁ@driﬁ es thadusel13 dapretds afhSerdleg iveexpiRssssion of
hi gher | evels ot the FGFR3 gene as conpared to song

ot here F@FRS a¥nSein dgha 17 \@il ffearaHowe Hlegilea dafelved

norpml i zed re iV £ ' (RF .
Bechre S 16 b et S Pl ) e 2
expt EBSs tora oé s t tiea tWWell Deribonan 1 hef 1Sexdidd e emtpoedd

cl ones derjved from Series_1 as described in cliExCarrpI e
17 h1$$%ﬁr%@qgls of the FGFR3 gene as compare O 'gome

other clones of Series 1. Values shown represent the

normaliéed relative fluorescent units (RFU). See
Example 18.
[0043] Figure 14 depicts the relative expression of

the MYL4 gene in the 17 different cell clones derived
from Series 1 as described in Example 17. Figure 14
illustrates that cell clone 4 of Series 1 express
higher levels of the MYL4 gene as compared to some

other clones of Series 1. Values shown represent the

normalized relative fluorescent units (RFU). See
Example 18.
[0044]  Figure 15 depicts the relative expression of

the MYH3 gene in the 17 different cell clones derived
from Series 1 as described in Example 17. Figure 15
illustrates that cell clone 9 of Series 1 express
higher levels of the MYH3 gene as compared to some

other clones of Series 1. Values shown represent the



illustrates that cell clone 4 of Series 1 express

hi gher | evels of the MYL4 gene as conpared to sone
wortheneabones of Series 1 . Val ues shown repr eBENUS1006€045352

normal i zed relative fluorescent units (RFU) . See

Exanpl e 18. [0044] Figure 15 %%pi cts the relative

expression of the MYH3 gene’ifi®the 17 different cell

cl ones derived from Series 1 as described in Exanple

17 nodr=0urAdl >dilduistd atlepridientehini¢lsonard)af Seei es
1 express higher levels of the MYH3 gene as conpared
t o Bsewwl® Hér- cl ones of Series 1 . -Val ues shown

rep t th l i f c [ : -
(RS Nsce BIRETEE TOSI S hones e ey ipgd 4n

aﬁmw]m descr ideed dan Exafems b tSer iced 11 lhiafeer s to
the cell |lipes generated in Exanple 17 . [0046] Figure
516 ‘fiti?e"'i:ﬁ‘-’(f"lts’sC{]h’gl %?Ra]\ﬁe RNA expression |evel s of

varjqs 19enesyidutdier 6 &gl de £ |rore scederd ived nfram
Series 1, as conpared to the housekeepi ngC ADPRT gene.
Theefmtdamiony psrl rerker miarus agieass sidd then)l ladald

ga 2 b). . ti
ondoHE AT SRt b S 6 ol
(F’éﬁﬁ%se(}d?é;;irgmdnyﬂfi rgeﬂeh.( TH]:LGI )fqldl(dw:i)nfg: depuninmerkers
, sferlin, )t [ ified

10| QRS S SOAGR ol 1l St R 4y (e criaeHH Rujecle
I ecept of - %A(ﬁ'ﬁrﬂ )+ (&) ) e hER2n DI 1eh iR P Rigt k- HRRbP) |
(k) MAGP 2, (1)" LOXL4, (m MaxiK ), and (n) ADPRT
(s heovanl S i efeipok e STHH) nofdal FLART onfe). tRRPERmEdsilon

o TSR TS B L S ene
ex pliesdd o Podd efase | LOOsI063 £d(in Hhyguneldigzedeldw-
1SC|qgggs%g§1Zlégtfﬁriffe} receptor-1 (OLR1), (3j) LRP2
binding protein (Lrp2bp), (k) MAGP2, (1) LOXL4, (m)
MaxiK ), and (n) ADPRT (shown for purposes of
normalization). The expression of these genes may be
useful as markers to identify smooth muscle progenitor

20 cells. Based on the relative expression patterns
illustrated in Figure 16, cell clones 15-17 of Series 1
express unique markers of novel embryonic smooth muscle
cell strains. Cell clones 15-17 and details relating
to the markers are described in Example 21.

25 [0047]  Figure 17 depicts a phase contrast
photographs of smooth muscle clonogenic cell lines
produced from hES cell line ACT3. Clone 15 (ACTC62/2-
2), clone 16 (ACTC63/2-1) and clone 17 (ACTC60/B-28) of
Series 1 are shown after thawing at passage number 7.

30 See Example 21.

[0048] Figure 18 depicts the expression of HOX and
other developmentally-regulated segmentation genes in

identifying cell types in hES-derived cell clones 1-17



express uni que markers of novel enbryonic snooth
nmuscle cell strains. Cell clones 15-17 and details

WO edode21gs t o t he markers are described in ExanptBUSM06/045352

10

15

20

25

30

[0047] Figure 17 depicts a phase contrast photographs
of snooth nuscl e cl onogenic ceII | i nes produced from
hES cell line ACT3 . Clone I5 @ACTCBZ/Z 2 ) , clone
16 (ACTC63/2-1) and clone 17 (ACTC60/B-28) of Series 1

ar s hown &f tier e Rls 1395 2 tHETFRY1 1bwindeene
Exanpl e 21. [0048] Figure 18 depicts the expression of

HOXnastiek 15t h@rrajmaxmtm W-g«mll&t edaéegﬂcéq%at (bonD1x2,

gﬁgﬁ%sﬁgnqggpt%%rles ’. File exprésggg ?ﬁ%& d @' oxs,

Eﬁl?@m?g?«%$ng ﬁazkfﬁS{Mﬁfﬁuhﬁ@Summenl.FlguEEE&&mgm® 22.
X X HQX HO , HO XA5

HOXQ%O 9(]g) H@)&@‘"Qf &5 I50RCRY O)tﬁgbr%ﬂ(fle)aaﬁ@p(re)se t)atlve
HOXBl dn o288 PRI, 2% JRAHa e Q18 1 Qudptedising a

phot ogrdph of a representative cl onogeni c col ony of
cammt@k@a@mr@sﬁa@@ rfrlélmkdlaqt;atgeém egfpression

der blast ssjon derived from

enb o cF (é% nﬁ?@ﬁ?ﬁf fguf% 20 i s a phot ograph of

a r pprsEslent atfivurd @wgeni< pleteyragth cohd dafpresentative
epi dermal keratinocyte cells expressing a_prenatal

pat@émpgzﬁmg"er@w s skt PRSI RRRad inocyte
dep| ct s ﬁw% ative ?M P et dii03 da@re%ipzfjessmn

ttern of  gene expreéssion of
di fderiemd catdm crdneso idbrhadicd raamdBerdmided dan Example
de3§£|bed in Exanple 17, as conpared to the standard
keepi ng ADPRT gene . The expression of the
fol f@oBIlg germiguwed @ NMedaplierk i) ddA2ve ati@d: F

é%%gesrg)%( ; é}g@qeﬁq@l’a ,Qé ﬁ gsa oy enft%1 é:%aldlh ecr 1I onneGS ée%)ived
from Series 1 as described in Example 17, as compared
to the standard housekeeping ADPRT gene. The
expression of the following genes were measured: (a)
HOXA2, (b) HOXB-2, (c) SOX1l, (d) ID4, (e) FOXC1i, (f)
Cadherin-6, (g) PIN, (h) SLITRK3 and (i) CRYAB. The
expression of the housekeeping ADPRT gene is depicted
in (j) (shown for purposes of normalization). The
expression of these genes may be useful as markers to
identify cranial neural crest progenitor cells. See
Example 25.
[0052] Figure 22 depicts a phase contrast photograph
of single cell-derived cranial neural crest cells
(clone 1; also referred to as ACTC61/B30) of Series 1
at passage 7 derived from the human ES cell line ACT3.
See Exaﬁple 25.
[0053] Figure 23 depicts the relative expression of
the VEGFC gene in the 17 different cell clones derived

from Series 1 as described in Example 17.



expression of the housekeepi ng ADPRT gene is depicted

in (j) (shown for purposes of nornmalization) . The
wez@reedpon of these genes may be useful as maPRPUS200€045352

identify cranial neural crest progenitor cells. See

Exanpl e 25. [0052] Figure 22 SﬁﬁiCtS a phase contrast

phot ograph of single cell -de ed cranial neura

crest cells (clone 1 ; also referred to as ACTC61/B3 0O

) ofo@®4] es lintrpRssages 71aleriyedf ramg tde, by Exis

cell line ACT3 . See Exanple 25. [0053] Fiqure 23 |

depreRBeset s eratdvEvexpress| 3 ot 1S VEGL ereyiifs 1

t he i 1€l S ri Ser. ;

destTle B e 16 PH0s A1 PR gt oA S

andt28,xtdreiy-axi s represents relative units and

clo -17 of. Series 1 (see exanples 17, 18, 22
555 KT55E)  arkianbn ot nit eSS ARTE S (oo S R ST

|11yt Rt RSy Boé ORGEH Ce | BéF A6 Fh WH& hndBode diseghd 0

performthe nmethods of the invention. Detailed

DestrYpRE &P of the | nvention Table of Abbreviations

AFP Al pha fetoprotein BVP Bone Mrphogenic Protein BRL

Buf hel oy 18l bLygs FERBOYE Nenserivlal fyr n CD O ust er

I ng Processes

EEST&Eférgk ﬁgﬁ%ﬁgﬁ?ﬁyéﬁgn]DwEM Dul becco 's nodified

e’ s medi um met hyl sul phoxi de DPBS Dul becco
10 S Kppsphate Buffegfdh S8kl otein

BMP - Bone Morphogenic Protein
BRL ~ Buffalo rat liver
BsA - Bovine serum albumin
CD - Cluster Designation
15 cGMP - Current Good Manufacturing Processes
CNS - Central Nervous System
DMEM - Dulbecco's modified Eagle's medium
DMSO - Dimethyl sulphoxide
DPBS - Dulbecco's Phosphate Buffered Saline
20 EC - Embryonal carcinoma
ECM - Extracellular Matrix
ED Cells - Embryo-derived cells; hED cells are
human ED cells
EDTA - Ethylenediamine tetraacetic acid
25 ES Cells - Embryonic stem cells; hES cells are
human ES cells
FACS - Fluorescence activated cell sorting
FBS - Fetal bovine serum
GMP - Good Manufacturing Practices

30 hED Cells

Human embryo-derived cells
EG Cells - Embryonic germ cells; hEG cells are

human EG cells



EC Enbryonal carci noma ECM Extracel lular Matrix ED
Cells - Enbryo -derived cells; hED cells are human ED

w@ei®6HDTA Et hyl enedi am ne tetraaceti c aci d BCTZEE1086/045352

Enbryonic stemcells; hES cells are human ES cells

FACS Fl uorescence acti vated cgh _sorting FBS Fetal

bovi ne serum GW Good Manuf actdring Practices hED

Cells - Human enbryo -derived cells EG Cells -

Entrcy @d1d sger m celmnfiryiin@lc elars ialomah wean sECheel keECs are
cells - Enbryonal carcinoma cells; hEC cells are human
enmbyr onal car ci nof & Qﬁbngnﬁ&n§ﬁ1§RPﬁm@qG?@éﬁents

ar gigf Xtur es of Cehlb ALk U0ahealer®ls SYA! Reldbres of
matri ces manufactured for testing purposes or for

t her apeutic apm|(uﬁhhﬂwanm.&n&ﬁn@un@lmmun@ymebamnc | CM
I nner_ cell mass of the 0 sta
erPBfF19H Loss of Fbt %? %%ﬁ %%ﬁ% dEposes
essanticyd medi um NT NUQﬂ%&fapEru%fl%f %@p‘?@@a@ﬁ@%pri@lt e
buffered saline PS fibroblasts - Pre-scarring

fi MEEHotsing G brobl asts der i VEP3om t he skin of
earigy gestati.onal ylddy Qle1deiued Je ARFRAGRLNS phat

di splay a prenatal pattern of gene expression in that
they pronote the fdpistdwyati-myagfe debrglo.wounds

vatﬂgﬂn - Loss of Heterozygosity
MEM - Minimal essential medium
NT - Nuclear Transfer
PBS - Phosphate buffered saline
PS fibroblasts - Pre-scarring fibroblasts are
15 fibroblasts derived from the skin of
early gestational skin or derived from ED
cells that display a prenatal pattern of
gene expression in that they promote the
rapid healing of dermal wounds without
20 scar formation.
RA - Retinoié acid
RFU - Relative Fluorescence Units
SCNT - Somatic Cell Nuclear Transfer
SFM - Serum-Free Medium
25 SPF - Specific Pathogen-Free
Sv40 - Simian Virus 40
Tag - Large T-antigen
T-EDTA - Trypsin EDTA
Definitions
30 [0056] The term "analytical reprogramming

technology" refers to a variety of methods to reprogram

the pattern of gene expression of a somatic cell to



scar formation. RA Retinoic acid RFU Rel ati ve
Fl uorescence Units SCNT Somatic Cell Nucl ear Transfer
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Siman Virus 40 Tag Large T-antigen T-EDTA Trypsin

EDTA Definitions [0056] The term "anal yti cal

repr ogranm ng t echnol ogy" réfgﬁs_to a variety of

met hods to reprogramthe pattern of gene expression of

a st idr eehloreotalr igho et apleyr ispehents shateof an
such as that of an ES, ED, EC aor EG cell, wherei,n the

r eprog MYy B &R €97 mhSEHIE &AE FeRECIEETE s °cCcurSs

32%&%&6& 1d &g Himpetn dihe d s i@ Oht St isGnply

into an oocyte and the acfivation of that oocyte
(sem Wi tampldfmt icdh aneeme/c332 151Gt lagd oewésh énd

26, .2001; 10/304, 020, .filed venmher o 2 1 +PCTL .
appﬁk?ecaac‘?tdn"%?rb %f%@l\%,ef' “&d Sv'e%’%érllfg,hon
2003 U. 6 / Fan 4 Rt | O 0 NSHika6 25, f2doad Awgieia 320,
2005; U.S. application no. 60/729173, filed August 20,
2005t 1ad Sovaet 9 o W27 GBI CH I BNy 5 |

20 632, L4l é%gg§t 3 20406,y tdhe

di 2%11 sﬁrdezpo% e%ég’h%l%ihgﬂfl S nczo6r'p02r at ed Ub'ydq'

r ef &pEhtes thiesreim) . . 6§ 008792 Thef tleadnAumidtulZar 2005; U.S.

reconstjtutjon" ref e t| f f

Chr Rt AP EH ul S T OH st 8 AL o e O
f ungth pi@d ¢ £6h Ino [ 09584 1 Jdes | efinéytap) asmixodd eb”

refers to the cytoplasmof a cell bound by an_jntact,

or PEEMB30% 13 0@R, bitled Huigiele 3 nt2RA6 pldeiiminstre of

bUteach of which is incorporated by reference herein) .

[0057] The term "cellular reconstitution" refers to
the transfer of a nucleus of chromatin to cellular
cytoplasm so as to obtain a functional cell.

[o058] The term "cytoplasmic bleb" refers to the
cytoplasm of a cell bound by an intact, or
permeabilized, but otherwise intact plasma membrane but
lacking a nucleus.

[0059] The term "pluripotent stem cells" refers to
animal cells capable of differentiating into more than
one differentiated cell type. Such cells include hES
cells, hED cells, hEG cells, human EC cells, and adult-
derived cells including mesenchymal stem cells,
neuronal stem cells, and bone marrow-derived stem
cells. .Pluripotent stem cells may be genetically
modified or not genetically modified. Genetically

modified cells may include markers such as fluorescent

proteins to facilitate their identification within the
egg.
[0060] The term "embryonic stem cells" (ES cells)

refers to cells derived from the inner cell mass of



| acki ng a nucl eus. [0059] The term "pluripotent stem
cells" refers to animal cells capabl e of

waledo7meant i ati ng i nto nore than one differentiPCEUSIOS/N45352
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type. Such cells include hES cells, hED cells, hEG
cells, human EC cells, and ad lFt_- derived cells

i ncl udi ng nmesenchynmal stemcell's, neuronal stemcells,
and bone marrow -derived stemcells. Pluripotent stem
celdla stmyryie sgeitbistameyeanpdili edrailarot then ehiaval bgen

nodi fi ed. Genetically nodified I
naﬁ%%ﬁ@lédbWa§§aﬂﬁgo%§s€§hgl ﬂ&%guwg Egyﬁégﬁ F%Qﬁgg an

t|1 ddff%@yéﬂyﬁéﬁédogtﬁkbhg% the «&gge k0068, TheTuer and

ryoni c stem cel célls) refers to_cells
derSSEé‘d amdomRtAh@nltng@MSc eblecidsds 60l &St eydesof the

bl ast oner uIa th t h |y
pas$agedds cgtqueng{sng§ %ayrral e %%ﬁ?ﬁé‘eg%%
undidrfanaeddeaioed oft ake e@@; @elaxpriess sPERE, ofCDMA, andlear

SSEA and TRA antigens specific for ES cells of the
spégieapter TRaGES g aFa - b&TuEH PEaTFr G Generate hES

ferc{é 11 Z 31D Ty;gm azg, R ¢ chr woﬁda)z%%rsmtgzr iBNRhe MHC

nuclear trans e ogeneS|s or by means to
genesagiteen NES e | Hegrmwi "tl'mn‘raernez@ogzysmtl)ﬂ Gt emorsdygdsi tyES

r he ter n enbryoni c stem
celcf%ﬁ‘c(%%gﬁ }%FEDS"{BO euxn ES cel l's. [0061]
The[dgaaD " cOlMOY ddinsitdo ldiryf erentiitat iddif f ereftristtion”

the differentiation of colonies of hES, hEG hu n E%
or TN the SiifsHaHdRt idmh mplsnies o EG,

Whﬁgﬁg%ﬁe Ca?%‘ﬁﬁﬁaééifgnfﬁsgfﬂﬁnﬁﬂﬁhd%HJE&&ﬁbﬁ&%@ﬁ%ﬁ;|n

nies were propagated as undifferenti ated
st einszajglyrégatemg Gdleomypolianisis WExmtinf ftéxeerﬂula':tunm wWesel in

Podi ™ i BT o d e B Ghel: Aordat S xted
stem cell 11nes Colony in situ differentiation does
not utilize the intermediate step of forming embryoid
bodies, though embryoid bodies or other aggregation
techniques such as the use of spinner culture may

nevertheless follow a period of colony in situ

differentiation.
[0062] The term "direct differentiation" refers to

process of differentiating blastomere cells, morula
cells, ICM cells, ED cells, or somatic cells
reprogrammed to an undifferentiated state directly
without the intermediate state of propagating
undifferentiated stem cells such as hES cells as
undifferentiated cell lines.

[0063] The term "human embryo-derived" ("hED") cells
(hEDC) refer to blastomere-derived cells, morula-
derived cells, blastocyst-derived cells including those
of the inner cell mass, embryonic shield, or epiblast,

or other totipotent or pluripotent stem cells of the



techni ques such as the use of spinner culture may
neverthel ess follow a period of colony in situ
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differentiation” refers to process of differentiating

bl astonere cells, norul a ceI_Is,_}),4 ICMcells, ED cells,

or somatic cells reprogramedt'o an undifferentiated
state directly without the internedi ate state of

pr cagat i ergbiynsl) firefardind e istiamvee ldrlcilettin, as dticBerm,
cells_as undifferentiated cel|] lines. [0063] The term

" hiftRch BERGRIT R VPl Y dReivetdalgsy ( Glaxddmg HES

bl astonergsdeni ked ﬁ@ér} Spad c?daes’ic\ggq 68l The nED

bl ast ocyst -derived ce I ncl udi ng those of the I nner

celdenes spaeride ydaw cveshi Btal frtepiidagsiton @f erhengg cell
totijpatent or pl i.pot ent. stem cel | of theearl,

entiiid: TRRTUEThG B TV endGER" e TBEERRL Bind
nmesotetdfand gdied HerttRfdved 1,6 anduit iedl udigibdieming
cell s that have been passaged as cell |ines. The hED

celFeChRBL Y de?F VS e it tganetntiomEs opd leggidd |
Wty égégt§wyh gﬂgﬂﬁﬁﬂ Ad. er, chromatin

transfer,” parthhenogenesi's, anal ytical reprogranm ng
t ecHHA4gy, drhéytemanshimagemwratikEgaml IceMist'h (hEG

hono sity_in the HLA region. [0064],.The, term ! human
o e et e R e [ G G G the
st edp e i Aerdesadl d&10ms tde fdordisugdrmneeidS mef or

fetal tissue or maturing or mature germcells such as
o0 dYAeLr P Eh ok D gBHF a2 @l Wt ash and gpermatogonial

dderan! 1als: | I SRS ShI SN R s s in
hEG cell’s may al so be derive rom pl uripotent "stem
celiilse fratiucedrtsy G ogeElilet ineyo ra lasad ey eteative drefams

SR et S e PO 6 SRS e o
androgenetic meansg, i.e., methods wherein the
pluripotent cells are derived from oocytes containing
only DNA of male or female origin and therefore will
comprise all female-derived or male-derived DNA (see
U.S. application nos. 60/161,987, filed October 28,
1999; 09/697,297, filed October 27, 2000; 09/995,659,
filed November 29,2001; 10/374,512, filed February 27,
2003; PCT application no. PCT/US/00/29551, filed
October‘27, 2000; the disclosures of which are
incorporated herein in their entirety).

[0065] The term "histotypic culture" refers to
cultured cells that are aggregated to create a three-
dimensional structure with tissue-like cell density
such as occurs in the culture of some cells over a
layer of agar or such as occurs when cells are cultured
in three dimensions in a collagen gel, sponge, or
other polymers such as are commonly used in tissue

engineering.
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1999; 09/697,297, filed Cctober 27, 2000; 09/995, 659,
filed Novenmber 29,2001; 10/374,512, filed February 27,
2003; PCT application no. PCTRBSI OO 29551, fil ed
Cctober 27, 2000; the disclosures of which are

I ncyguyat ed Mt &idvn vdheidc1Rdretidrerd Q6% pbilation

term"histotypic culture” refers to cultured cells

t hatf aresl I griefatasdi gigasrashtfaram teh saedilmaesivdmdlion of
structure wth tissuge-|j Il densj.ty s
in¢ eg%ﬂn%Xﬁﬁf%%fiigkg%e f%ﬁgﬁﬁr%gltéf%&%%gfggh%&%#%

S UG ntiS] € CHfr adtedr 0 1 & anecic Wd wicetbhdlddyr @& the
di nensions in a _collagen_ gel, sponge,.or other
pOIBARFNE ¥ AP SIS sIsePh fifisqpntiation that

e NeRL nﬁ:&&o&ﬁsé hee tariBy Ald9aelQnalne reiRr it uie.
popul ation of cells that originated froma snal

popl gowiprefl cells dneiizsdlated 130 déld sjeltlsatthat do
appear to share sinmlar characteristics such, as

nDrIb(%i)l FH O %kﬁf’ee presente raaetseernlcset 5 % garrse Gt towed
di fdererdl ot d et d hadertbddteind romdgiudse iofn diheseldsd lthat
in the sane culture. Aigoclonal cells are isolated

fr %S Sttt ik hateniol FRty R athdsen ditfprpriginal
ch istlc d to prolif te,
LSBT S e LU 10 Bl (L

rating a popu s that are essentially
ent [0@6] der i Teel fewom tdief fereitid tgsbprd l&ts 'orwhgn used in

simlar cells. [0067] The term "differenti.ated cells"
me%eﬁ%“é%n‘?% SRR R R oY | RS 5 o de g ion
t hi srémvsnid Dot &M Htéih | ot Bt r Stem ol desl Tefierviny
cells having reduced potential to differentiate when

corfrieerd PN phrbrito plikfpernta R ohe JIPHHRE SO the
d'f§§¥§%E'§§&¥Hpotent stem cells. These differentiated

cells of this invention comprise cells that could
differentiate further (i.e., they may not be terminally
differentiated) .

[0068] The term "organotypic culture" refers to
cultured cells that are aggregated to create a three-
dimensional structure with tissue-like cell density
such as occurs in the culture of some cells over a
layer of agar, cultured as teratomas in an animal,
otherwise grown in a three dimensional culture system
but wherein said aggregated cells contain cells of
different cell lineages, such as, by way of nonlimiting
examples, the combination of epidermal keratinocytes
and dermal fibroblasts or the combination of
parenchymal cells with their corresponding tissue
stroma, or epithelial cells with mesenchymal cells.
[0069] . The term embryonal carcinoma ("EC") cells,

including human EC cells, are embryonal carcinoma cells



cells of this invention conprise cells that could
differentiate further (i.e., they nmay not be
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"organotypic culture” refers to cultured cells that
are aggregated to create a threedlnen3|onal structure
with tissue-1ike cell density38uth as occurs in the
cul ture of some cells over a layer of agar, cultured
as sh%ha%%m%% n;anaphmel . x@EhaL Y. SeEar eun1knadet HERE
di mensi onal cul ture systen1but wherei n sai d aggregat ed
cekhswmonmathecakts of different cell |ineages, such
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cefoﬁmnenmﬂdtﬂngmmfnqmIpmynﬂgptenﬁostgp Thilds, wherein

i nvent] id th f th d
{ hie et SR D S d PR o AR S arE g optetea
smald gyddele of p%p'ﬁl'aﬂ:rlcﬁ’ﬁ'dfs c(eQ|llngG| @nglopulation being

di fferenti at ed, in the process of differentiating,
fr d:momq;rr mpzarteemelsit%m%@qrs DPRFRSEStH 08 CPNE g8 Scel | s

or .ol %_@Pegf begﬁéashéroef N ARAGALRA o QaQd¥Fe Rnditions

popu |on S -- a population belng two or nore
CG'III&]lL%ﬂ]]d’@' prudpagst i ldmidentitd o renitdewtiifoned dfy growth
nmeans of screenin anel  of con tlons .ncl

D ERRAOTS i T A L CHH e IRTETe o o ey dedia,
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i on concentratlons and co- culture w t h i nducing or

15 f eeldetucigly @y peecdemhieeihvemeon disie inventioch also

20

25

30

provides formulation and use of the cells derived from
the methods of this invention as well as engineered
tissues made of such cells. Certain embodiments of
this invention are described in the summary of the
invention section and will not be repeated in this
detailed description section.

[0071] The cells of this invention are
differentiated from, or in the process of
differentiating from, pluripotent stem cells, which
could bé any pluripotent stem cells. In some
embodiments, the pluripotent stem cells include hES,
hEG, hEC and hED cells, as well as pluripotent stem
cells derived from the developing embryo such as those
of the first eight weeks of human embryonic development
including, but not limited to, pluripotent endodermal,
mesodermal, or ectodermal progenitor cells. In some
embodiments, the pluripotent stem cells may be derived

from human or nonhuman embryonic or fetal tissues.
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the nmethods of this invention as well as engi neered
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this invention are described in the sumary of the

i nvention section and will not-be repeated in this
detai |l ed description section. [0071] The cells of this
invention are differentiated from or in the process

of [lcﬁoﬂf;ér ent |Wit:lﬂmg taadmi glesr |tpotde4ftfe§ﬁ@mlééﬁl §ESwREéhs
cou e an nt,_.st II
DS, WAL SIS Goll % LaB0REcy described,

hE%n&lEﬁEe&@é&EDleceides,oﬁs:l\midgeaﬁdolawslag@t @atves bern
cells derived fromthe devel opi ng_enbryq such as those
of dereribast f@lgmsaAééksaaﬁam% npdriferative

ﬁé & mirlh i el g?aﬂlé}w Hlmd Aﬂdlp %@ﬂc‘),an@ Wi patant

mesodermal , or ecto progenitor
ceIdes‘le,n Rompuenibndime resge mectpinﬁs oot etllst, emrcel | s

e derived fro hunan or_ nonhhu oni ¢ or
{ ol Cife NP AR IS (o e + G AF, BPEPERt at o
hES s tsi drhtithi rﬁ'd@l@éfﬁe@tﬂr@t ewdlates v e theen
descri bed, and ereas the use of clonogenic assays

havdeteeimal axsr' el qb7 U €W Qs $ifishg Red erably’ one
Pr bl Bha e USR5 01 RNG TR NRITIRAY 412 or a

ronal or puritying so ‘m Xt ures of
cel ¢rsg 1 o rnwniitbeer vwﬁ&cnﬁna‘ran:tcml]zs neplsigatleeldls, the

pre e I nventio ni que des |bes t he nqvel nethod

‘i’e&?ﬁ‘?f@tjp% ‘?@aﬁ%’s %‘%{ 5t BIStE€ 5%t erabl y one
hur@fﬁﬂeﬁnm&r@gel #8om r&mla{c&nrtglﬁdxeﬂwﬁt caldm @ells
a snal | nunber of simlar ce (ol'i gocl gnal)

di f9eclerns hB fhBm BECi mMEheprloteys Jher pluripotent

1o (RSP nd 00 £TRENYS SR e sl
mesoderm, or ectodermal cells, whereln the resulting
single cell-derived population of cells can be
documenfed not to have contaminating cells from the
original pluripotent stem cells, wherein the resulting
single cell-derived or oligoclonal population of cells
are isolated from a heterogeneous population and can be
used in cell therapy, research, for the isolation of
novel ekxtracts with therapeutic utility, or for the
derivation of ligands that specifically bind to said
cells.
[0073] The present invention also provides a means
of identifying single cell-derived populations of cells
of this. invention capable of scalability. This
invention also provides methods for identifying
conditions for the propagation of said cells, for
characterizing the differentiated state of said cells,

and for identifying single cell-derived populations of



enbryonic stemcells such as primtive endoderm
mesoderm or ectodermal cells, wherein the resulting
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docunented not to have contam nating cells fromthe
original pluripotent stemcells, wherein the resulting
single cell-derived or oli go‘cl3(§nél popul ation of cells
are isolated froma heterogeneous popul ation and can

be disleis idh@llle I RMhg IASBARE Rindreff e dre@ration o
f novel extracts with therapeutic utility, or for the
derirARsRpyatiqgands that specifically bind to said

cel 0073]+.T re%esrg [ ' ovihde
neaﬂnozwo ] [ denItr} ;b%érgga [ ngﬁ éﬁégﬁé %glg%r%ggq{io\éa%aﬁe%%gd
of moedtisiead 4 memrsnvehtidemtcapalie sdingdealalill-deyived

This i nventi on so provi des nethods for identifyin
oG e At Ve QeI iEh pypattern
chaypgald z:p9-ddha ¢l fécﬁc&%'gﬂcﬁ{cﬁ%dqgtt% efe 3 drceldithal

and for identifying single cell rived popul ati ons
of cdl Ihe #ra ERsfCind nigh sthb|pranagads tsd@tsf tigy vivo, as

tr I it e 10074 . ct_.of .
ot 3 TR St BT e Ribagarion of
si rgdied cedllls . deri ved popul ations of cells of this

i nventiaon w th ar{Jattern of fger}}(‘e?aelx ressi on

cor 7p52|ndi ngdt & e}waﬂsl_%ﬁc%_r? il r{tHéDr’_s'arFéle_sﬁ?Eih@

i n 408 iEenal aleatAtSr | A MEy By Wald s%%aqlqae@élﬁwd&ived
conditions for the propagation of said cells. [0075]

| n i lapants off el ismvahttitoie  dnwentdtdrodisgimeyifdey a

TR Bt P AN, Y08 5P gl soriing

cyttoatridyl @y anadiogisnaafridtid Yodeas ebrasidg sord inig:

t ecfhlg]rotllr?eg%/ : csﬁ'la?rhacatsernfzga[]tejfoir? obfe atdhessoer tcienl sa'n %etnhee
expression, phenotype and stability. The resulting
suspension of sorted cells may then be plated at a
density of a single cell per well for colony formation
and subsequent clonal expansion. In some case, the
cell plating step may be accomplished using an
automated cell deposition device ("ACDU"). The use of
flow cytometry is particularly useful where said cell
of this invention is rarely present in the original
heterogenous mixture of cells or where said cell of
this invention has only limited capacity to proliferate
after cional or oligoclonal isolation. Moreover, a
larger number of starting cells can be isolated to
increase the final yield.

[00761] In another aspect of the invention, the
complexity of the initial heterogenous mixture of cells
that result from the first step may be reduced to

concentrate cell types of interest by sorting cells

using antigens that are expected to be on the desired
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expressi on, phenotype and stability. The resulting
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density of a single cell per well for colony formation
and subsequent clonal expansion. In sone case, the
cell plating step may be acco i'shed using an

aut omated cell deposition device ("ACDU') . The use of

f1 oveLytopps ryrisy paendedarly hs@f fiimherie sakoel |

of this invention is rarely present in the original

het RF SHEPRERN i XE &P et L 2 aFi Gh opxpre el ami A (fqnagffruct s

t hispinv i Wy apacj t

ror i er et e T Ter ronireF S ghorBacte fhns ek 2
Mor@eR ersuch | @nger tineindeert odubdardemsy teld>spasd® in the

i sol d to increase the_fi ield. [0076] In
ano‘f%]fejre BRI o a‘?JrgeYi‘?\‘?/e‘Fﬁnﬂoné,/m% té&ﬁFpl’eiiQ%FJd?eq'he
i ni §1 Bbwhed eseaenesis] &1 ¢d We leded # Sed Nata resildcdd om
the first step may be reduced to concentrate cell

t ypE¥OBF] i nt el sANPihaprasprre P sthi vy atiigensthehat

ar ed:t e, ' e r

Gerity AT e v e D o s e i exapte,
celby wéihg exqveissd amaiiA artsdn LCct Bn tdwatt Lo miiseldnent s,
prom]tcfr% and a marker (?cine such as GFR,, such that the

partSclf dPrYeie FPHIFR Sk Fhi ¥ iF @Higeshaly via

famkdyotofc GRldnd VPeSs t-hatids, dosif&sh s ald oW e suUeh
cells to be identified and isol ated. [0077] In another

aspextrites heo¥ rﬂ@mlﬂlﬁurftd]ec@el?nodsﬁofcemtﬁaimvent i on
myer%?%%ﬁ edrog i& Xﬁﬁ@n%@%t% Pcyn %A}p gaelllr%% %ﬁtsu%eed to

mani pu IncCertain e ment's,
ex pandecbr| oxbl |yrovtiol i goel omedd yn bishdwbatbhed imanss,

D LSt et 2 et ace Ll gr, malices, o

aut ORGP dTBYe Bl S Ondife USEOndthods of this invention, for
example, passaging, feeding, and cryopreserving said
cells, with generated information being stored in a
computer database. This enables the reproducible
production of desired cell types and may be useful in a
research setting where a large number of culture
conditions are assayed. Robotic automation of the
methods of this invention may also be useful in
personalized medicine where the robotic platform is
combined with the cells from a patient and wherein each
patient has customized differentiated cells produced.
Components of such a robotic platform is illustrated in
Figure 24.
[0078] In one aspect of the invention, the method
comprises the steps of deriving differentiated or
differentiating cells by differentiating pluripotent
stem cells for varying periods of time in vitro, in

vivo, or in ovo, with or without an intermediate step



nmonitor cell growth. In certain other enbodi nents,

robotic autonmatati on nmay be used to culture and
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differentiated or differentiating cells
di féagenmliats rrgﬂpimelplmlearn agmgaéq% Eﬂb?rh B ARy yoid

perlo s of tine it Vi
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the differentiated cells in cell culture conditions
10mhe?¥ﬁrﬁ$$ﬁ?%%ﬁ?% are cultured attached to a substrate

poefop | ot densidiyet ha?é?ééibs&ﬂuﬁ% G 850 Altthe

conpose of colonies of cells derived fromwhat was
or i e rizbd ycamprhegge Tt | steps tde @@@evmrcéells

| lul ar aggregates. such e [ are
for‘ﬁr{%gg STHRY £ tﬁ%@ Pe WEILHF t%&gleocgga e aggcshégat es
i ntpl@tﬂ@da@e?%loé?%e]amfc@hmsmycm r 3 Shing za:@]glés)h,e and
aggr egat es n_anot her aspect _of the invention
15t heC ¥w&m¢hs%lsf%%e%*iJe?a"se%fmaéﬁﬂré?%e%fe’r?"smg cells

at low density in a semisolid media such that
subsequént culture can identify colonies of cells
derived from what was originally a single cell, wherein
said differentiated or differentiating cells are

20 cultured in combinations of various culture media
(including, but not limited to, media conditioned in
the presence of various cell types), growth factors,
ambient gas concentrations, and extracellular matrices.
[0080] In certain embodiments, the differentiated

25 cells or differentiating cells made by the methods of
this invention are derived from a single cell that is
documented by photography or other means of
identification, such immunocytochemical or
hybridization of probes with RNA or cDNA transcripts,

30 to be a cell of a certain differentiated state such
that it is not an ES cell in order to reduce the
potential of transplanting undesired cells, such as

undifferentiated cells including ES cells into the



differentiated at various periods of time from
pluripotent stemcells (such as hES cells) , and
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at low density in a sem solid nedia such that
subsequent culture can identifgy colonies of cells
derived fromwhat was originally a single cell,
wherein said differentiated or differentiating cells
ar e urd huradbrigh masdrf sfe Matiasies dliemany nedibe

(i i g, - it : ' onditd .
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celrer mEhQIMFIRT entdratiedaal Iy i9fe didd 8nldali RF the
cell cultures made by the nmethods of this invention

el iMHSFRNES Qyemttiarocd GEE velES aeites injected i rm

intramuscularly or subcutaneously into the rear legs of
SCID mice, large teratomas (approximately one cm) were
observed only in hES-injected mice at the site of
injection three months later. However, no evidence of
tumors were observed in the animals injected with hES-
derived clonal cell lines of Series 1 of the present
invention. No signs of malignancy, edema, erythema, or
other pathology were observed at the site of injection
or in aﬁy of the analyzed tissues in animals injected
with hES-derived clonal cell lines of Series 1.

[0081] In another aspect of the invention, the
method comprises deriving 100 or more cells from a
single differentiated cell, or a cell in the process of
differentiating, said cell resulting from
differentiating a pluripotent stem cell, such as a hES
cell, wherein the pluripotent stem cell is genetically

modified to delete genes from the MHC gene family or



this, for exanple, the tunor- formng ability of
hESderived clonal cell lines of Series 1 generated by
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cells. When hES-derived clonal cell lines of Series 1
of the present invention or _hg$ cells were injected
i ntranmuscul arly or subcutaneous Iy into the rear |egs

of SCIL.D m ce, |arge teratonmas (approximately one cm
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present invention. No _signs of mali ede
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t he od c ris rivi lls frama
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of mHiHel erdnpAtideg 3 dareMaviesulds n@of @bls or more
differentiating a pluripotent stem.cell, such as ezaahES

cel§xomTerBing i & i fnnepiticieds e e ST e gdiatecalinpm 2
gtr) efl%rgi%v%&rgflsqf&n genes Jompddhe Mdei1gens, fafd Ipkocess of

erel n genes of the MHC gene famly are first
r enbMEte et tdteimal fmies oflutieodta@getent anlly such as a

restored such .as t.0 ke hem.zygous of__honpzyg

celskagf (%e "U.‘”g.‘eraeplﬁfi at i% urnl% .enlsf:()/S f‘é" %&)i ?L :%Sedts?tr%‘med
Mayf ot A0 31 0¥t 20, flfeTierfd d o drtaibein 2hb:RR00,c tded 1l or
di scl osures of which are incorporated by refer@?}g‘f) e

[ 008 1 1 terthes (R 61 e vt 6 Hhe
CONpyd t her,defiatd on He k0 Calles QfvdAied,r anea

single differentiated cell differentiated froma

pl une fov@ntormpEigeelihe gefivahipreatd 109 tded Isr cuegwore
from a single differentiated cell or a cell in the
process of differentiating from a pluripotent stem cell
such as a hES cell wherein the hES cell line is derived
from a single biastomere. The pluripotent embryonic
stem cells can also be generated from a single
blastomere removed from an embryo without interfering
with the embryo's normal development to birth. See
U.S. application nos. 60/624,827, filed November 4,
2004; 60/662,489, filed March 14, 2005; 60/687,158,
filed June 3, 2005; 60/723,066, filed October 3, 2005;
60/726,775, filed October 14, 2005; 11/267,555 filed
November 4, 2005; PCT application no. PCT/US05/39776,
filed Névember 4, 2005, 60/797,449, filed May 3, 2006
and 60/798,065, filed May 4, 2006, the disclosures of
which are incorporated by reference; see also Chung et

al., Nature, Oct 16, 2005 (electronically published
ahead of print) and Chung et al., Nature V. 439, pp.



differentiating froma pluripotent stemcell such as a
hED cell, wherein the pluripotent stemcell is derived
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f i | uripotent stem cell-derived cells
: émﬁ%a@@d%ﬁ%rﬁp Uhssr flof d§Ca -@i%fler edti at isegond
st efted N dd¥ FidhilLONt IRLIOR $8 R R W1ROLEA Stem
cells are differentiated under a variety or
cof¥isfgoirsgasddisif erserro pawdiucieoss ngdadiced 160 that are

hetea9eR8USuch that when the cells from the candidate
cultures are exposed to culture conditions that promote
cellular proliferation or propagation, said single
cells from the candidate culture may proliferate and
expand in cell number in a manner allowing said
proliferating cells to be later retrieved for use. To
produce single cells, the cells may be plated at
limiting dilution or at low density in cloning
cylinders. To produce oligoclonal cells, the cells may
be plated at a higher density such that clusters of
related cells are isolated based on morphology of by
sampling of the cluster and testing by PCR for markers
of interest. Cells of interest may also be picked from
among the cells plated at low density wherein clonal
derivation is nearly certain. The conditions to
promote differentiation in step one to generate

candidate cultures, and the conditions to promote



popul ations of cells herein referred to as candi date
cultures ("CC') (see Figure 1 ) . These candi date
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and identified as candidate cultures (in the case of
Figure 1 as candidate cultureg,1-90 (CC-90) ) . In a
second step (see Figure 2 ) , 'said candidate cul tures
are di saggregated so as to produce single cells that
ar omsgEaetieth sueh ditatenvsen ashecceldke famomriday of
candi date cultures are expose to culture conditiaons
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proliferate and expand in cell nunber in a manner
al I@Mdﬂgﬂsmﬂj proliferating cells to be later

ret d for I el 1

oy S| S BrobR it PR T 192 et e 3l o
[ n MMlmerydzjmdefaare 'Eu:i;jriaﬂ,ucefaﬁ |egmlpdmal iceldesearch
the cells may .be pla d t a higher, dens such that
cl uldt &1l ofP #&ﬂqgey %NH¥Q%§ﬂ a&ﬁp fb
mr&@@&hﬁa@brﬁa&ﬂﬂﬂg&@f dde tqiéigix@d@tqc;rﬁsiﬂ Refowth

by PCR for markers of interest. Cells of interest may
al stadieons ckear fdue ahismpvery & Ifeqsien aelds Itewobtains

densthé/r Y%quecghelcn 1Clspr}>a4 e%dserfc?ﬁ#éxorb 13.1.3191':%@ % 58, Oadé}lt or

The’ €ornditlons 10 pronote eren ifation in's
t 0 eneipd et datee il t (et anhRhe«ldni tam?nsfdxo
pr onot epr opagati on are chosen so as to mneke ﬁn array o

of TOMTRAERSDIIHARG ARG | OrRN SR At adaP T

posgdil £ candigai & Gid tures and many pOSSIb|e
propagati on ‘condi ti ons. Cmg0085] The propagated si

cel [O%ﬂ ved Teldne cimbddgnemy e i t9re Haveenhiian y‘g‘lef or

o TR R 1 o P B el o

fOrvdf&bwykaﬂﬁémbunﬁtiﬁmN6fldlfferent conditions, such as
those conditions listed, for example, in Table I. The
differentiation condition may include members of the
EGF family of ligands; members of the EGF receptor/ErbB
receptor family; members of the FGF ligand family;
members of the FGF Receptor family; FGF regulators;
Hedgehog family proteins; Hedgehog Regulators; members
of the IGF family of ligands; IGF-I Receptor (CD221);
members of the insulin growth factor-like binding
protein (IGFBP) family of proteins; members of the
Receptor Tyrosine Kinase family to sequester certain
ligands; members of the proteoglycan family and
proteoglycan regulators; members of the SCF, Flt-3
Ligand & M-CSF family; members of the Activin family;
members of the BMP (Bone Morphogenetic Protein) family;
members of the GDF (Growth Differentiation Factor)
family; members of the GDNF Family of Ligands; members
of the TGF-beta family of proteins; other TGF-beta



factors, for drug discovery as feeder cells to obtains
ot her such cells or as feeder cells for totipotent or
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cell -based therapy and transplantation in human and
veterinary nedicine . [0086] | p one enbodi ment of the
i nvention, the pluripotent sté cells are

di fferentiated under a variety or conbination of

di fsupreeflandanditicensls ;s wehbas st bdseheomdFtbena | i st ed,
for exanple, in Table | . The dlfferentl

cofPSTERMEY (afc FEFEPTERer SoGH1pREOTEGR faﬁﬁ yCEfbeta
i gay faﬂﬁﬁ@be%%nﬁku%h%fE@%er (@b@ErQEmEQ Bror

famty; menbérs of the FGF ligand fam ly; nenbers of
t hefalé@érlaacer;arrduexfsamﬂ wheFﬁémég'uloét @ngkkmﬁgahr@geins &

| el R e RRABIL SO B3 TRAD SRR, e

e Ebeitoref drte deisdd p@romtlhlsf ;agiefibelrisk @ fhichedi Wgt family
proteln (IGFBP) fam of proteins; menbers of the
ﬂ%§€ Tedmteg e §€&&§§tept@§Ft§Pﬁt°rs

% 'mﬁirl%ﬁq{cé heep r%tr?begﬂ vy il +and | don, of

pr ot eogl ycan regul at ors; rs of the SCF, Fi

Li geerid =& Me(ﬁ&reﬁaamﬂ thdﬁamdoffatméyA@tfu Viorrmoasisl; iy;
nmenber.s of %ﬁm nthWMew
faﬂﬁﬂ?eﬂ% & W%%F?ﬁﬁ t i°8n

Fagrite fray |ééqtﬂm:l‘él&ﬁﬂa@f ntaiterl@liﬁo%@mdsy efnbliiegdn dsygen
menbers of the TGF- beta fan1|y of .proteins; other

TGRBEHES AR ARIMPAL |ng%i-”r\3&5 COmidioRsGf MERPeTer Afethe

su he,¢T
Suntda o S S L 15 0 TS BD e

f actzonisly rceﬁmmcs:esmst harfyamrie/ off thiec lekdpwio @rcom,n;me&\bers

L

f ardddefod éﬁﬁﬂkﬁtéﬁéﬁﬁéd@ﬂléﬂﬁ abﬁ@a&ﬂk&@Ukﬂﬁctmﬁﬁﬁﬁént

fai&§%§ér01al cell culture media such as those listed in
Table I} or miscellaneous inducers.
[0087] In another embodiment of the invention, the
pluripotent stem cells are differentiated under a
variety or combination of different conditions, such as
any compounds or agents that belong to the family of
teratogens listed, for example, but not limited to
those, in Table IV. Tetratogens refer to any agents or
compounds known to affect differentiation in vivo.
[0088] In certain embodiments of the invention, the
various culture conditions that may be used in the
first differentiation step or the subsequent
propagation step include but not limited to: plating
the cells directly on culture vessel wall, such as a
dish, multiwell dish, flask, or roller bottle;
attaching the cells to beads, microcarriers or disks,

or solid or hollow fibers; encapsulating the cells in



known to influence the growth or differentiation of
cells; nmenbers of the steroid famly of hornones;
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proteins; extracellular matrix proteins, anbient
oxygen conditions; aninmal ser lzigl condi tions; nenbers of
the interleukin famly of proteins; nenbers of the
protease fam |y of proteins; any one of the am no
acigisis nRiierss efl dihetynstaglandur ihanidhe, cetikers of
the retinoid receptor agonists/antagoni sts; a variety
of st meshierad S Hall SRovly & Nmddia aditc i O%s the

th ' [ | g OFJH j :
[ 08%%1:'1%1% etk }%gl;léﬁ:g &(ﬁt’lco add $28daneps niariqlétgvﬁgérlved

n anot nment of the invention,

pl uréldct entovst ém celdrerariendi fuditenting édeugdlsa in ovo,

vari ety or .conbination of differ condj,tions,. such.

o SR RSP TE (H B0 ra e P gy 200

of defatgemsediisial I e, uitagiet dilon Wadh avian

those, in Table |IV. Tetratogens refer to any agents or
Ichoil ko SFFECH IdiT fétetaldes o TR SHopEops, in

co

[0 | | n ghodi j L@+ 4 he
va%?%l&l%%%*% ‘conditi olg?éﬁr;gan%%}egg@&s % tt&he

fi rsdmmeb Sfteresd iaaid orewstagplorrdsve slaisiegueanite cells on
propagati on step inclyde but nat limt . platin
Phebaiiie Tttty i ntah o AdieiHO? adine s,

di shheupddingldndisdn1d | askextofadtd lief atddiein, in
attaching the cells to beads, mcrocarriers or disks, .
or wetidles Fth AF fiiRazonasc 55 1 i 137 Deling luding

oSS B B iy G et o0 i o
culbutr encf hinetexpoiet i thesel lotdierd bionelalelre o devd ved
uch e TS AR SRR ST ST br B bt PR 1 red
egosh&be fRrdidd zad R €067 | i lbd:2ReS SHOM T in
aVISg;ious media including, but not limited to: defined
media, media with animal sera, conditioned media with
cells of defined cell types, including stromal cells,
parenchymal cells, media conditioned with tissue,
including embryonic and fetal anlagen or media
conditioned in the heterogeneous culture from which the
single cells were originally isolated, or conditioned
medium obtained from the original culture of
differentiated cells prior to trypsinization or such
conditioned medium at 10% or 50% of the medium.
[0089] In another embodiment of the invention, the
cells can be co-cultured with inducing cells on one
layer, said inducing cells including stromal cells,
parenchymal cells, embryonic and fetal anlagen or
single cell-derived colonies on another layer.

[0090] In another embodiment of the invention, the

single cell-derived or oligoclonal derived cells may be



enbryonic cells; culturing the cells in mcrodrops, in
hangi ng drops, as cell aggregates anal ogous to
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tissue culture substrates with added ECM conponents,
i ncubating the cells to extragts .in solution, in
vesi cl es such as |iposones, or RNA extracts, including

mcro RNA extracts fromdifferentiated cells such as,
butUsRt a5 HeedEED of HexhqsBaal ish fRiblaelyY degrivation of

di f1&f etfgl:@dﬂ A% &%_,el l'ﬁqefr:fl%g?.sﬁ &—:ﬁtl ny Jl' ? tﬁgnx}aﬁ.—derlved

those liste abl'e turing the
varﬁm@M@dmlaﬂﬂi]ngLirmﬂ maq/t Hd rautlediteqt idefd nediety
r

a, th mal. se nd| ioned nedia with
ce|<?§ I Cg“etﬁ#{mb% ) : qr%e'seda tanogRIOYSe Mg ture
paren cummldo8d |s1 nedi a.[‘l'f@"!ﬂﬂgll@%l\@ Ut J1sYlonal-

i ncl udi ng_enbryonic and fetal anlagen or nedia
cor@ﬁltlﬂfﬁﬂeoﬁq el tiebiag o el naulathsice Her arbattiisally

ﬁgﬁ e A I
con t| one d&u%bt%{fn%d%% olr% t?ﬁngL (;%h éjllnlalc 2 tll?rnelZlng

of xhdnfasrmﬁlated cells prior to trypsinization or

suc co diti nedi_.um at 10% or 50% of _t he nedi ym
[ 00 n ﬁqﬁer comstiirdiG UaRd ity dhs disolatdon of

celd @, J@LlQQieﬁH}éd”@eCilVM tn{éy‘ MGG el 'n%cﬁ bR thout

| ayer,” said inducing cells including stronal S,
parwwmlotd’&ﬁ sinayrpraadie e zav mdmtaml'oras D-
Si rive e .anot_her er.. [0090]
I nq%l@tlﬁ:lré e e'Lc? q}(f%\‘ qtqnelasﬁl\r/ien i (3:nraL S]'ﬁfa‘:')é
celépld:lﬂfrmallec_t;mfwtoi I@iﬁﬂ@l&lldﬂﬁﬂﬂi@ir@eﬁcﬁmfmé kaﬁ:used

gejtders or |nducer cells for cell derlvatlon of new
ceI %)Frf'else Hoie QMBI o ISPEHFIRAL R @& wrpweh
fquﬁrn{oﬂéqq\ﬁhgﬁ{ P@ﬁ:‘és lHyreS A dee) & b &l it &ompensate

vari ety of conditions and conbined with a heter ogenous
m x&an £hsf Iegrdiafattériec diuffering damgics terldE grerum.

0|i§6531¥“ﬂ Conditions may be used to promote the growth
of cells at clonal densities such as culturing the
cells in an oxygen partial pressure less than that of
the ambient atmosphere, such as 1-10% oxygen,
preferably 3-5% oxygen, culturing the cells in media
lacking phenol red, culturing the cells with the
addition of agents useful in metabolizing the toxic

effects of oxygen such as the addition of 0.1 nM - 10

UM selenium, preferably 1.0 nM - 1 uM selenium, 107° -
10”7 M N-acetyl cysteine, (preferably 10™° M), and/or 500
U/mL of catalase.

[0093] In another embodiment of the invention, cells
from thé first differentiation step but prior to the
clonal or oligoclonal propagation step, are placed in
growth media similar to or identical to that in which
they will be clonally or oligoclonally expanded in

order to increase the number of cells capable of



derived feeder/inducer cells may also be mtotically
i nactivated using, for exanple, mtonmycin C or

w0 o7me21g8 r adi ati on. [ 0091] The conpl et e nmedi aPCEER20061045352
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, . . : be
the isolation of single cell -derived cells may |
defined medi umw thout sera -oramther uncharacterized
ingredient such as D- MEMF-12 (1:1), and with

f ' epi der ng, rowt h factor,
| edrt TG e R e e AR i nmréusd
sonenoIEten @t & cw;lrbvrmrarrp%aréargé#nﬁ?&g fﬁ r gdde

15 mM tq conpensate for the | oss of the i ng
Ezgrpac"arwto?% 12 caddrmittd arolnderateuded the final

Pr ot he: Qrowdy b el afy olonal, densit] es sueh .

as culturing the cells 1 n an oxyge
I essémteh gt Semtwheire Hédeameiciinim aifmeseh G_Eﬁt iguc h as

refer ably, 3-5% oxygen, culturing the
ceI s in neetg' 1% K éﬁer’r&llenrtéd:a Lo &t @ri RdmiBercebl she

he
e ctihen ddd iwieh @mea@enu% W3gfulel RiRtahol izing t
¥MOXI G ef f.ect of oxygen such as the3 aégﬁtl og’ of 0.1 nM

£0190cd Lymexpeeredabltiel eornwhmemtrrb'tepl mayumlso

7 Ns I n ref era M)
}o;ﬁlg/rg%lggog%rrr% 0 ¥cgt%g ggg %Fﬁégéfgl ﬁeirllr ﬁEFh that

enﬁb@uheﬁeregenheusnmextuae meg! be 5592P§E§?£g%3tand in

t to the
ol 1 5cEoral' bR35abiE: Bhoublyoraptipratenss nigrons o
d al I C ey
rrei‘uzégeg: gﬁglffls glrél(&)I Fg%%gontéh?y%z&%{‘% %@ order to
F

G589PREOHS n*Bér‘t‘éF ecef| setapabbe bépriopagating hsed

d € te is_enrjchnent step
;Ihlggv\ng gﬁﬁ%ﬁérégse ng%’? a?r ﬁﬂr%rp? HREsBre!l nunber

of igelatien @g@infer'ahereﬁofdae fhnahe AP int, the
ol éﬂ?feﬁrﬂ&ht medi um of the second step. In

Step 18 part of the initial differentiation

step in that the culture medium of the first
differentiation step is identical to, or similar to,
that of the second clonal or oligoclonal propagation
step. Alternatively, the enrichment step may be a
separate step. The cells may be initially
differentiated in one medium, then the heterogeneous
mixture of cells can be transferred at normal cell
culture densities to a different medium of the second
clonal or oligoclonal expansion step. The cells are
cultivated in that medium in a separate step. After a
period of time of 2-30 days (preferably 5-14 days) that
allows for the percentage of cells capable of being
propagated in the medium to be increased, the
heterogeneous mixture of cells is then clonally or
oligoclonally expanded as described herein.

[0094] In another embodiment of the invention, the

enrichment step may be effected or facilitated by



some cases where the nediumof the initial
differentiation step is identical to or simlar to the
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ol i gocl onal | y expanded, the enrichnent step may al so

i ncrease the nunber of prolif g%at_i ng cells such that

t he heterogeneous m xture nay be cryopreserved and in
the event that the clonal or oligoclonal isolation

yi ejided dadefadpaaeitdidry pds varieusr popseser wéd the

het er ogeneous ni xture of cells_nmay be thawed_and used
ns hESHAEERS S PG O G Sor o8 ejgﬁam%ﬁast

| SQf B A AR AGRIt L onl RAYSS A/ dr tORE BRI stlee  These
enrichment. step is part of the initial differentiation
st eprlisettshaayhé qulepamp htedineRrsE sitfe cellst at one or

di fferent.iation step.Js. i i cal . imlar to,

t hat° ot rﬁIlhn(%‘—’l Scont cﬁec?r%ﬁsdg)%lrrg (‘,‘%%lo&%&ﬁg{ O%lr opagat i on

St epi.f A deartiait vl y, drfee wary itehremii esteermimy ise te react
separate step., The cells pay he initial

|
di Fhs &bl et drid IR GR HeaR Shé"”ﬁ%’t &ag St ret
Mgt UEa & &£ lancabded nanshar rt@&ﬁ:tsiﬁﬁ”@i'y GRlllect or

culture densities to a different medi um of the second
cl qnatifyr speqiodtlomsllexpaes opsitap defimtacdiis are

cul.tivated in that. nmediumd se .t ter,
per}?%toercﬁg T of r‘%‘br edaoyﬂs rE(egtrle gof%%fp% %f%% 5%151) types.
that pddtaons dorotdienguer eanildge oftieeldrt capatidee gpfided in
bei ng propagated in the mediumto be increased,_ th
het@?b‘@@éﬁﬁ@: % tihe gﬁnecé?}fl%rq%s%%r?ra%ﬁaﬁ IQF &reells

ol i Y5 %0 L A8 bedriiey idhe [H@AHsdib
anofgﬁgeé%%d]irﬁent 01%&%1%% I nventi on, th? eneri chmensi o
st eprofil delafd evaredyiorld asie fulatiotE yptisiregn the cell

OB Pt SRS el B AR W ones

andéeénh tdhe EnfFfekamiiasi@p.odhesteage markers for which
antibodies or other ligands to such markers are
available. For example, the isolation of RNA with
subsequent gene expression analysis can yield a profile
of the éxpression of transcripts related to cell
surface antigens, and these can be useful in purifying
the heterogeneous mixture of cells of step 1 (a) and 1
(b) using affinity methods known in the art, to
increase the frequency of cells of a desired type for
subsequent clonal isolation in steps 2 (a) and 2 (b) or
the direct use of the cells without clonal or
oligoclonal isolation. According, such antigens and
markers are useful in the identification and
purification of cells made by the method of this
invention as is understood by one skilled in the art.
For example, in the case of cell clone ACTC60 (or B-28)
of Series 1, ligands to CD13 (ANPEP), CD42c (GP1BB),
CD49a (ITGAl), CD49d (ITGA4), and CD202b (TEK) may be



subsets may, for exanple, represent cells at one or
nore |ineages or stages of maturation or
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the cells with a ligand or ligands such as, but not
limted to, antibodies usefu gp positively select or
purify specific cell types, or to delete the

het er ogeneous m xture of cells of specific cell types.
A pEFSbnl ofn oilte redentsididgatiion eadamuisil dee igui ded il s
this.ef ford by the gene expression profile of cells

di sclosed in this application. This gene expression

prof00%5dat a Tamnatdet Lﬂ&fdﬂirﬂdﬁﬂ)ﬁﬁitﬂk@#@ﬁréﬂtﬁdﬁﬁ,: lthe
surface ne_expression of antigens or other nolecul es
sucht &%~ d *f@lﬁ}qjﬂqw Gtt9R M8ag L SmaiadEes S PYMHIRNA or
antatadk s i1 0t helcHAQaNds {0 Such g)?r% [& ; :
avai |l abl e. For exaé%le, t he qlsolatic?r?azr ﬁ%&%ﬁ%ﬁ?ense)
subseyuit aferrd F¥pr elsigicdnidimeg y@i@mmlydte:rmtal&:ally

r of i t exqr i Oof transcripts.related t
(F:) equéésl“ﬁlr ac e&:ln i)&gefﬁfze,sregln%dl FHsEe & & KoM I the art)
purdf yilrey ﬂjhﬁstheiieif@;esrmﬁff wa:irarxtsﬁtr Q‘fl;c‘tyc%iﬂo_‘iri@tfeh%t %talas

a) and 1 (b) using affinity nethods known in the ar
{0 At o e SR AGIR, o Ched pddacbppe stem
for I j ' [ t ) 2
(D) ot e s tak aTA T A PR o) s enac
ol iafse Iumsed sial atoimen dissctrigimg foguexaaniliegens aedome
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For_example, in the case of cell clone ACTC60 (or

B- 2 tedged St RNAL ggndafifd cdppt CANPERRCeCD42¢

(S0 AR T O T SR v

puety iadat iSkiemofCetlRiss @106 Flebn@.; Epub). RNAi has been
shown to work in a number of cells, including mammalian
cells, such as ES cells.
[0096] In another embodiment of the invention, the
initial pluripotent stem cells may express the
catalytic component of telomerase reverse transcriptase
(hTERT) (such as when the cells are ES cell lines) and
telomere length may be maintainedin cultures of said
stem cells such that differentiated derived cells made
according to the present invention have relatively long
proliferative lifespans allowing for clonal, even up to
five serial clonal isolations. In addition, since the
cells express TERT, telomere length may be increased
through the addition of agents to the culture that
increase mean telomere length in said cells. The
increased in mean telomere length in the TERT-

expressing pluripotent stem cell such as an ES cell,

then leads to an increased proliferative lifespan of



[0095] In another enbodi ment of the invention, the
first differentiation step may be nedi ated by si RNA or
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The use of siRNA (including m RNAs that naturally
regul ate cell differentiation and are known in the
art) in the first differentiaPlton step may provide a
nmeans of steering the differentiation of the

Pl WP USRI l‘%@da%itv‘é RRkE 2 ek8nRgeNesyYE leads to

population of cellsthat are biased in some direction,
f orthex amgpre s stiorb edo e londedeemacrdydder mhen setddeemls

For exanpl e,. ansfecti.on of enbryonjic.stemcells with
eSS R A RARE Fo B PP B 6 R e
di ffas-ant i3 |01 deidl prottirfaeiiyenild flispeag esenHough
et al. StemCells. 2006 Feb 2 ; Epub) . RNAI has been
shesmaagsfbrie inemaumsdRtdc ealils afndibadi syecies.

fmﬁﬂd@“ celdiSr iR AS dEenf @ldi9s [RR6h A naretien y

nt of the’invention, the initial pluripotent
st erpordd syt lex pragssl e catrglopteint odnpediemeraise
t el onerase reverse transcri e TERT) (such as when
{ hE BRSBTS (EUa T GEME T SngeR ey that
be dygidpinadivheadny g8 afi prticghtsteemnt &dig ssuch that
differenticated derived cells nade according to the

pr ebidrfteeniatiomaiae rteleatiade i Hho MEosicsIo e PRIGNHE tO

lif I i , i '

| SRS Yotk 4 SN UB, 0 RSt
eﬁmmglcm. téll'km*rei:‘efﬂes:raﬁhtriatﬁid tcelj]mﬁrfmedsatﬂqi @irgim
t he itian of, agents to t t.hat_.i

ol Ofare VY (47 SAI FRT TR ke Gaded SR
Meafhd:e! M a-d 8N Nehdl # ey riERT exdurRssigag- o .ur iguetent

stemcell such as an ES cell, then |leads to an

i noraemted Wl ineiude vyt raspaptofiim tad difer dgdibitors
ne%"g DA dc%}ﬂé’sequé:-%é %etﬂi}lscxla%xta%e 3 beta (DNMT3B;

accession number NM 175849.1) using, for example, siRNA
constructs targeting the mRNA transcripts of that gene,
or small molecule inhibitors of the enzyme. The
knockout of DNA3B in tumor cells has been reported to
increase the mean telomere length in those cells, but
the inhibition of that enzyme would not necessarily be
expected in any normal cell type such as pluripotent
stem cells with germ-line telomere length. Additional
molecular targets to transiently increase mean telomere
length include, for example, modulators of poly (ADP-
ribose) polymerase (ADPRT; accession number

NM _001618.2), TERF1l, TERF2, and the exogenous addition
of estrogen or telomeric oligonucleotides.

[0098] In certain embodiments of the invention, the
pluripotent stem cells may be transfected with a DNA
construct such that hTERT or the TERT gene of another

species is constitutively activated or inducibly by an



the repression of telonerase activity when said cells
undergo differentiation and said cells are able to
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conpared to normal somatic cells of that species.
[0097] Pluripotent stemcellschbhat are

natural | yexpressing the catal yti c conponent of

tel onerase reverse transcriptase (hTERT) and nornmal ly

r eprassindiat seipressimmanien wdld Hnovirpdirerthesteatn. In

cells differentiate eated with e geno
ot e, e e SRe i et RIS grom
Pl Widnpedenin Sé;%alce% lschebhe 1 fiehent,i ated w@aes bi@mnot

said stemcells wll display an i ncreased replicative
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for_exanpl e, siRNA constryct,s targeting th
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type such as pluripo t stemce
t el deveirmed dmgtdi Addi ti onal nol ecul ar targets to

tra tIy [ crea mean tel onere | th .incl de f

xS A O RE R Oy (R e ap S drprticn The
(AQPst dﬁcﬁféﬂé}{tﬁﬁmﬁ{ Q[ila@l&;e ZHediatdF by TERFZ
, and the exogenous addltlon of "estrogen or telonerlc

ol | KRPHARY RN ids  tHe g raseicey af idebedi memes lofta he

It P\;cﬁ&ﬁx}%ke ! V\Aeltrﬁéé”eﬁ%% cons tr(:ﬁéc;g’t %gééc%éﬁﬁat%RT

t he=Xdil egereheofplanaigtarent stem cells can be reprogrammed

by incubating the nucleus or chromatin mass from said
pluripotent stem cells with a reprogramming media

(e.g., a cell extract) under conditions that allow
nuclear or cytoplasmic components such as transcription
factors to be added to, or removed from, the nucleus or
chromatin mass (see U.S. application no. 10/910,156,
filed August 2, 2004 (US publication no. 20050014258,
published January 20, 2005); see also U.S. application
no. 60/705,625, filed August 3, 2005; U.S. application
no. 60/729,173, filed October 20, 2005; U.S.
application no. 60/818,813, filed July 5, 2006). The
added transcription factors may promote the expression
of mRNA or protein molecules found in cells of the
desired cell type, and the removal of transcription
factors that would otherwise promote expression of mRNA
or protein molecules found in said pluripotent stem

cells. If desired, the chromatin mass may then be



species is constitutively activated or inducibly by
anextrinsic activator as is well known in the art . In
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mamal i an speci es ot her than human, including, but not
limted to, equine, canine, %rC|ne bovi ne, and ovi ne
sources; rodent sources such &5 nouse or rat; or avian
sources. The differentiated cell clones generated
accifdibegdd irhearprjeﬁﬁﬁpﬂa’seerﬁémgmmnﬁh@w meglia (e.g.,
constitutiv £%¥ i mmortal or nditionally imorta

5

Sud detierRipdse e ls srthirattier & 1 s PO 165 AP
cel{ syt 16k tnog rﬁﬂéﬂ%éﬁ‘¥k%ﬂd¥é”ﬁ¥6%|é¥ﬂﬂé}l%@p%&g%ammlng
desired level . [0099] In another enbodi nent of the

i n\menilc’on Th@ Ifucrlsetusjucfn‘ afmqmamrbmnaﬁ%eweée inserted

med roqra the e |e of a
celjra?o acOn 1§ m‘?o t tcyo‘_T eqsi &gj cgﬁ atype

Forr@m@mméchazem]urdpril*%’ltdéﬁtlem&&'ldISL G@tpeb.e In another
reprogramed by incubating the Qgéleus or iglowal

masFHGHIYH; d PIRFIFRARN 28% A%l 11 witdpbated with a

r eprOor A ek AP (£ @ .g 2 GeldeleXtd:aGtdctUNd)Y allow the
conditions that allom1nuclear or cytoplasmc

c o ngpibahisnit en. serc heersovalanst rﬁapmcms faorthe cade added then

moved fr.o t he eus or_.chr. S,
( sttt BT netifind 15 "W S R RS
2004448 bt b C@iéﬁb@&:hé{(}%@jﬁﬁe@z%ctﬂiﬂﬁ isghtdrestore the
January 20, 2005); see also U S appllcatlon no
60/ TR EE ntear gt de ovds: U s degiigdatisn steps

0] i 7 I
app(FJi'Bc%lalrtZ onén%qe%%/@%%sh%i Izézl%l lﬁ% Séé,l %2%06csr m'I('Dhree

addetnés avrs cdi pfeoent mw&gmm@m@qdﬁe r@@prlt%si on

of MRNA or protein nol uIes found in cells 9 he

desfTe %%$$ ?@%ﬁfn%ﬁﬂﬁf FF SHoVAT Bt %?anscrlp iSh

f actepBodRabmvedy) dr@é@mmgpelrpra)@f@@qprmmﬁn of the

HRNQUEA and protein expression profile in the reprogrammed
cell. Furthermore, reprogramming medias may be made
representing combinations of cell functions (e.g.,
medias containing extracts or factors from multiple
cell types) to produce unique reprogrammed cells
possessing characteristics of multiple cell types.
[0100] Although human cells are preferred for use in
the invention, the cells to be used in the method of
the invention are not limited to cells from human
sources. Cells from other mammalian species including,
but not limited to, equine, canine, porcine, bovine,
and ovine sources; or rodent species such as mouse or
rat; or cells from other species such as avian, in
particular SPF chicken ES-derived or embryo-derived
cells, may be used.
[0101] In addition, cells that are spontaneously,

chemically or virally transfected or recombinant cells



or protein nolecules found in said pluripotent stem
cells. If desired, the chromatin mass may then

woeilnoshist ed in an interphase reprogranmm ng NMERCEUS2006/045352
(e.g., an interphase cell extract) to reforma nucl eus
that incorporates desired factors fromeither
reprogramm ng medi a. The nutlefs or chromatin mass is
then inserted into a recipient cell or cytoplast,

f or.m d r e Si |
o B3R “SHATH SEEAeCELl, SLLLBPrRLE B Lebaoen
i nthhat edveinthoa.r Eproghasmi sgbeddimgnte. §hataingprporate

extract) .to allow the _addition _ar.re c

fr ertehéh_@é’i PReA 5§ hgﬁ’thec%lgserlfﬁ'cnen%(?lélﬁggoFQt hgﬁal
perd@ahli ldrerd terl brd moreseauedelsq encltosest bé desmeédand
factors and restore the nenbrane integri

f
5 celdenettii cgddivy @@ ifieds cepsransimytes Flﬁééé’? rré?lt?fﬂ %&§tures
may DHe hapeaied one. o JRr &idies o dikkekeBburces may

reprogranmm ng methods nmay be perforned sequentially to
I nGrecased.he extent of reprogranmng, resulting in a

greater_.alteration .of. the NA .a I [ r han
pr o[faéHO@]i n t ! %&Oﬁhrgg%@&% .%q:F%rlt ?ngé)??é%ﬁ TS
I eprQarAmy n-dRd ity Ry the mbentdpresayt begmodified to
conbi nations of cel| functions (e.g., nedias

10 coreti iff i ahdev daths bt fogdilory Freorhiiiitary fgarers or
typ - - ' | i
chara ML SR A e oy e
Al thorgighumemsc etdlsl dmewr direrohed gy, usaiich amid ficial

| VOO §79n 0 9 Gl I P A SS s
Celis-duiam@idies wermmBhicm sheaies dmc) udidigidimg nat not
limted to, equine, canine, porcine, bovine, and ovin
15 soUb o ed dro 4 GHEmiuep et A IRIP IR RISTRF G 1 diomRiature
coL Sy LN LIBT 0B e o B Ly o
proteins into the cells or by other means known in the
art. Any method known in the art to overcome cell
cycle inhibition may be used with the invention. By
20 way of nonlimiting example, the retinoblastoma and p53
pathways may be inhibited, such as by the use of T-
antigen, the adenovirus proteins ElA and E1B, or the
papillomavirus proteins E6 and E7. In certain
embodiments, protein agents may be modified with
25 protein transduction domains as described herein. By
way of nonlimiting example, pluripotent stem cells such
as ES, EG, EC or ED cells may be transfected with a
construct that leads to an inducible SV40 T-antigen
such as a temperature sensitive T-antigen. As a
30 result, cells can be allowed to differentiate into an
initial  heterogeneity of cell types and then clonally

or oligoclonally expanded under conditions wherein the

SV40 T-antigen gene is induced to stimulate the



cells, may be used. [0101] In addition, cells that are
spont aneously, chemcally or virally transfected or

w0 e@omtdipant cel | sor genetically engi neered cePCHUREP6/045352
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al so be used in this invention. For those enbodi nents
that incorporate nmore than ong:cell type, chimneric

m xtures of normal cells fromtwo or nore sources;

m xtures of normal and genetically nodified or

t r astlddieadtdein ©f drhanodlires Ghheteldus fufcilemt orunier® of

SRR U 935,00 555, T Re et U L e
acaendibeg dovrireyu e 19N HERe ke NP diHd %@e?gc that led to

artificially inhibit cell cycle inhibitory factors or
ot Hétanasd istatriaratad tthe @smes or Replthcatdysdsiadl yemoval

t hr, RS I W0, s +.Said.artificial .
st iﬁlgtlglti on of \gt%lhg ce%l ucéylcﬁgél}%a%%%}énr?g o BESTEPd e a8 18
t hrmigh kmeaurs iwelthek movn  isuchhesathrougtl when@skubfnehe
limted- to, .the use of inducible pronoters, ,

CeRpE SEGFERIENE VS BTt e, JRRACE FhE FesrsbiisRes
delfouersy of prOlRIMSiMietbdigneeklsS @Faby TQLRRN BARSY be
known in the art. Any nethod known in the art to

ov &Xkse SpETiNge e Tigmithidlifde nemy ibs ivvedtwpt ort ke the
in‘%%{]ét-i of lhimti X lLe, the
reti olkl)jlglggl o#&f\/\%ﬁg g&%%%&t %ﬂfgqﬁafﬁﬁa’ﬁnhi bi ted, such
as ebypanise cngeropafat iont isgep,. t e ademrodinr ¢mbpHatenhs,

El ALand ElI B, or. the papillqmavirus proteins E6 and E7
N s Srear P ANt iETe MRYagendEbFay Sge DY

MO dief1ii Qe hﬁtﬁfQﬁ%b%ohk%ﬂsQQQEEQnggg%EBi,a%r by
described herein. By way of nonlinting exanple,
pl BEPErEat igesfreel (seeslick -adakSntEBpPECCcatiBD cel | s

SRSl RIS ATEL L3RR cor
seesiainple, Tcaiflisgeny Aesparmeabilized using any standard
procedure, such as permeabilization with digitonin or

Streptolysin O. Briefly, cells are harvested using
standard procedures and washed with PBS. For digitonin
permeabilization, cells are resuspended in culture
medium containing digitonin at a concentration of
approximately 0.001-0.1% and incubated on ice for 10
minutes. For permeabilization with Streptolysin O,
cells are incubated in Streptolysin O solution (see,
for example, Maghazachi et al., 1997) for 15-30 minutes
at room temperature. After either incubation, the
cells are washed by centrifugation at 400Xg for 10
minutes. This washing step is repeated twice by
resuspeﬁsion and sedimentation in PBS. Cells are kept
in PBS at room temperature until use. Alternatively,
the cells can be permeabilized while placed on

coverslips to minimize the handling of the cells and to



result, cells can be allowed to differentiate into an
initial- heterogeneity of cell types and then clonally

werooslosgex] onal |y expanded under conditi ons WhBCEUR2006@45352
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SV40 T-antigen gene is induced to stinulate
theproliferation of the cellsg/hen sufficient nunbers
of cells are obtained, the expression of SV40
T-antigen may be domnregulated by reversing the steps
t haglimeichate ttH'Ee eaftnmatﬁugatafort hef. géree cedrl sy tHeareby

ph ene enes .usi ng

re%%il %Wﬁﬁgé napggvﬁés ﬁélﬁéi&?'ln the art,

sucko Bt hr omgﬂ:lxm:ywﬁ of - atﬂteigféRdeemxn@%t%)ﬁtsemay
or the use of FLP reconbinase . [0103] In certain

entRfi RGP L ishay tngimesdd vndy beaagdegtdind ng t he
f'réﬁaﬂgJffﬂﬁﬁgﬂﬁﬁﬁyméé%H%% %ﬁm@ n&gﬁlgﬁg,gﬂ'%%_%f(%%%h as
clonal or 6ligocloftal” expansi on/propagati¢ e

certited reednifFodi fmeniitiss, itdvesritnipon)t wifer8VAhheT gaid gen may

be | roved I|v Wit h Ilposo S,

eleg% STt | %%f §§y n% &n CEdeaHBTS,

Patneith iR catSea;réxlélq n%QW%%%skane't@) one of skill
i ncorporated by reference) . For exanple, cells may be

peﬂﬁb&&i|§£§dQQyQﬁ§%%&¢V§ﬂéh&éﬁ@séﬁ@¢e@dﬁ§m1§u@Mmas
perﬁ?cﬁmdl tda‘i% f’t‘.frfL gm%' | . rre%tlgﬁ% %l ¥! ngg&ﬁ:r os

Briefly, Is are rve usi pro
an die\msdaaed fisictil iPBSed Emarmf@ldtdnmn pa et abipoiradtion,
ceIIs ar.e re uspengggeln cul_ture nedi um cont ai ni ng

di RIS Cn F?ﬂloﬁ1@PSQHE§0ﬁPﬁBF€F¥OV1ruseS

0 Q01 CheltUoN tnicieU At @EheOR tC ok Obhel le@dn 'vlrtl%?l tR%
per meabi lization with Streptolysin 0 , cells are

i ndiysrdd om tst degtakysiln aotdglent pan otbes, pioteins into

exaphe, Maghazachi et al ., 1997) for 15-30 m nutes

at roomtenperature. After either incubation, the

cel0d.0&de waime@ewyadanEmbbdgabhms abréBeXxg fier d&Qivered

m %Vtect1§hk%t%a%2ﬁ9% % H% 2% e%%?gnﬁmncgrg Y
bypassing the DNA transfection step. Several methods
are known to one of skill in the art to effectively
deliver proteins into cells including microinjection,
electroporation, the construction of viral fusion
proteins, and the use of cationic lipids.
[0106] Electroporation may be used to introduce
foreign DNA into mammalian (Neumann, E. et al. (1982)
EMBO J. 1, 841-845), plant and bacterial cells, and may
also be used to introduce proteins (Marrero, M.B. et
al. (1995) J. Biol. Chem. 270, 15734-15738; Nolkrantz,
K. et al. (2002) Anal. Chem. 74, 4300-4305; Rui, M. et
al. (2002) Life Sci. 71, 1771-1778). Cells (such as
the cells of this invention) suspended in a buffered
solution of the purified protein of interest are placed

in a pulsed electrical field. Briefly, high-voltage

electric pulses result in the formation of small



resuspensi on and sedi nentation in PBS. Cells are kept
in PBS at roomtenperature until use. Alternatively,

w0 b@70ed1bs can be perneabilized while placed oPCT/US2006/045352
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coverslips to mnimze the handling of the cells and
toelimnate the centrifugat i_olr}ﬂof_ the cells, thereby
maxi mzing the viability of the cells. [0104] Delivery
of T-antigen or other proteins may be acconpli shed

I Nd{f@edrher Oy- &1 88f e8bid i alsErdgiil analdnaract | \lroteins
DNA into |living cells (such as the cells of _thjis
i NVEREFBNYRGHER B t TR glets e Skl RYRP Hfd FHel 9 dthé n

i's gBRde. by 8@'&%aﬁ@%6ﬂé’niz§?&’ﬂr@la}!m}{@gﬁvﬂ§ close
I ectively

known to one of skill in the art to ef

t r asd ethhe ptakhi veDNAE niod udi s ghaahah vk gitos phgtee
copregcipitation dextran_ facilitated

T REr Rt O T  DpoThL T RISy By e strength
catdOntige | 4POBDEE Se BoE ¥ BEA D VE TAISES - £ Y1 d¥RS 10 b K Ry

in the art may be used with this invention to deliver

T- it 3RSy ofeirdertwFot st it PP Lt iqm 1h the, buffered

certal nbogh inds ' i I .
S T e R e e L
DNACE raebt etypen, stemn Seweradl hethods Ehat kaneewrdsistant

f skill. in, th t, .t ffectivel i
or o aiae T 4 Do TSy (e iy 1 IOl et o erall

el est £ DPDEREY Ols dHCeg OsitaICtd®N Homvd red1f USirds remain
proteins, and the use of cationic lipids. [0106]

El 62 F5pof @Y ofiveinyt ®ec ledldrarpyat ¥t utel 9957 eyt NA Y
ingﬁﬁ%é'&nl (Neumann, E . et al . (1982) EMBOJ . 1
, , plant and bacterial cells, and may al so
be @AYo i NMiodote]prote@l nead Marrelr aysed . 1B . imtraduce
(19884 ST o M LT Bl U ey ot
a cell (Capecchi, M.R. (1980) Cell 22, 470-488) where
4i£ can be integrated directly into the host cell
genome, thus creating an established cell line bearing
the sequence of interest. Proteins such as antibodies
(Abarzua, P. et al. (1995) Cancer Res. 55, 3490-3494;
Theiss, C. and Meller, K. (2002) Exp. Cell Res. 281,
197-204) and mutant proteins (Naryanan, A. et al.
(2003) J. Cell Sci. 116, 177-186) can also be directly
delivered into cells via microinjection to determine
their effects on cellular processes first hand.
Microinjection has the advantage of introducing
macromolecules directly into the cell, thereby
bypassing exposure to potentially undesirable cellular
compartments such as low-pH endosomes. All of these
techniques can be used on the cells of this invention
or the parent pluripotent cells.
[0108] Several proteins and small peptides have the

ability to transduce or travel through biological



al. (2002) Life Sci. 71, 1771-1778). Cells (such as
the cells of this invention) suspended in a buffered
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placed in a pulsed electrical field. Briefly,

hi gh-vol tage electric pulses result in the formation
of smal | (nanoneter-si zed) por%@ in the cell nenbrane.
Proteins enter the cell via these snall pores or

duHeﬂ’Q)ﬂaﬂ%sP&ﬁ@%?én@fan@B’@r angskeenyapkeaptepn-asrt he
pores close and the cell returns to its normal state.

Thendildytensy mefligskiy pryphivsygepehitenplaportt RBese
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bUEﬁﬂﬁﬂ@xﬂﬁdku@l1EHHSNTQDODNAJbﬁnﬂsngupmeSsﬁulVWQﬂh and

variety of cell pes, eve cell lines.that are
re§ﬁ§%%ﬁpsp@héﬂﬁe%n§éppﬁg lﬁetﬁﬁﬁg) QPPﬁSE ff the

OV%&@HS&%Ltﬁk%ﬁ%&c%%rOftQQeQ%hbﬁl|QWbtégﬁetQthdhbﬁQ&n
remain refractory even to el ectroporation unless

pardamaing d@mDeat é:aron[ theze Mreoteiniseceinobendssers §o

used.to introdu ntoliter .v Iu s of directly
|ntg*Fﬁé”W§a CPia ScePTRCA d'%’ecc p%ﬁFQNﬁS (To80)

Celducts A1Q1488)r afaior-ti tthean ibeo bt egldt dctiveecel,y S . R.
into the host cell genone, thus creatin

estalblashed 00| Trendsn&sliindite %qu@%@e 268 )i'nt FgEEnce

L a@g‘a&% AN P Fropt
(19%1(3)9%&%?3@%?6?%11 3490~ 3494 Thei ss. C . and

Melgmoteiks s(bmoza) tehgh beslilc R@gncz&pldwmzz@@)t diys and
tant, t
Sor B Tt Mba it p ey e trireg B ion

[ ntvpltgeldesgéﬁla,-dmyercmamgga |1qrp31crs dei ehd menttheine .
effects on cellular processes first hand.

M TSR Gt UTR AP S Mf Cdhshent
mactompla g did e td M ivHRd Ronkelds . t helevantages of

using fusions of these transduction domains is that
protein entry is rapid, concentration-dependent and
appears to work with difficult cell types (Fenton, M.
et al. (1998) J. Immunol. Methods 212, 41-48.). All
of these techniques can be used on the cells of this
invention or the parent pluripotent cells.

[0109] Liposomes have been rigorously investigated
as vehicles to deliver oligonucleotides, DNA (gene)
constructs and small drug molecules into cells (Zabner,
J. et al. (1995) J. Biol. Chem. 270, 18%997-19007;
Felgner, P.L. et al. (1987) Proc. Natl. Acad. Sci. USA
84, 7413-7417). Certain lipids, when placed in an
aqueous solution and sonicated, form closed vesicles
consisting of a circularized lipid bilayer surrounding
an aqueous compartment. These vesicles or liposomes
can be formed in a solution containing the molecule to

be delivered. In addition to encapsulating DNA in an



bypassi ng exposure to potentially undesirable cellular
conpartnents such as | ow pH endosones . All of these
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or the parent pluripotent cells. [0108] Severa
proteins and small peptides have the ability to
transduce or travel through‘b?%lbgicalnenbranes
i ndependent of cl assical receptor- or endocytosis

”Ee[hébag Rathvays, Exanphes ofipbbesespeghebpontastodely
he "HI V-1 TAT proteln the herpes sinplex virus 1

(st;td| )efDNAlbnhlen§OpmoC@m§1W2§ wikh PNB. DvésBphiita
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prQbe&&c%@hgbwlthSeﬁetﬁeghhéﬁemycbhHDgedubaskbone of the

peptldes or proteins to succes Iy tra t _the ,
c&he @g@ﬁﬁapggpogltgon @pg ¥ @éggégg;Pgnagghonlc

Ce'l' g?d%l sl 2901,295) t r SBOUEBGE AL GNIBBRS t8E the

transduction domains fromthese proteins show a high
basiac ramiolecadied ofonnertregly andndhar gpldhtyrenaged

L:&llltate | Eggg&{%g (1%@% e f egi.ans %%&ﬁk 3ér§550_

he nenbrane

St rwetyr.e @Bftl VSRS oSN W 1A QoI Sﬁ:&ﬁﬂ:e@tyr helupéso been
between all three donmins. The advan es of u
3P§g§|n

PP P A P K A IS AN EE STVl
e”tgé’raLf fggjog\.) CANGENT. atd ;. @%en@%ﬁtosa@@m@pears

to Wo cul't celT types (Fenton, M. et al.
(1Mjau}s‘e draheniols avist ot 2EZerpbea@ops AhanoDNphedde

R S S I S S e o,
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or the parent pluripotent cells.

[0110] In certain embodiments Pro-Ject Protein

Transfection Reagent may be used. Pro-Ject Protein

Transfection Reagent utilizes a unique cationic lipid

formulation that is noncytotoxic and is capable of

delivering a variety of proteins into numerous cell
types. The protein being studied is mixed with the
liposome reagent and is overlayed onto cultured cells.

The liposome:protein complex fuses with the cell

membrane or is internalized via an endosome. The

protein or macromolecule of interest is released from
the complex into the cytoplasm free of lipids
(Zelphati, O. and Szoka, Jr., F.C. (1996) Proc. Natl.

Acad. Sci. USA 93, 11493-11498) and escaping lysosomal

degradation. The noncovalent nature of these complexes

is a major advantage of the liposome strategy as the

delivered protein is not modified and therefore is less



Feigner, P .L . et al. (1987) Proc . Natl. Acad. Sci .
USA 84, 7413-7417) . Certain lipids, when placed in an
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consisting of a circularized lipid bilayer surrounding
an aqueous conpartnent. These yesicles or |iposones

can be fornmed in a solution containing the nolecule to
be delivered. In addition to encapsulating DNA in
anaqiedys tsollddeon, tcatdtanticyt.i peddnmes caese techniques

sponta eously_ and efficiently formco Iexes wi t h_ DNA,
;}b%%y%%@“ ﬁéd%eﬁi S5 heY itheds

[ ntﬁﬁq{ﬂ [FQLdMltﬂbtté}ﬁ: negatd vel y charged backbone of
t he he exact conposition and/or m xture of

catiQﬂrﬂﬂd li pilas qpseicp igareniRedimented, thependilegrupon

1oy e ) Sl & fledl YeSty @ g ol diped oo
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been plied successfully to proteln dellver
(FEpRan Iy Chman CAIeRtly Lakgd fednasigen, allow

35103 35401 oc BECHIE PF %&ﬁﬂf@%x@ra%f&rse it &/ageneous
than DNA, the physical characteristics of the protein

sucterEzranes clrartge awptsidy ophobild inarediyt [rean déece

t he ext ent of |t |ntera nW|t the ni
Ilplusxleﬁl r?paﬁéﬂseen cgnlg1 PS@ %&’?‘%[ﬁrg‘y be

celtwsead wiils 4 rmeejltpmtarn tlhﬁ:meerﬂhaolm RE &He HIV
cells. [0110] In certain enbodl ments Pro- Ject Protein
Tr driSTER S oY Fedife M e el Thed. (Tato Afect’ ) prigidmgrze and

Tr aRs{ 8Lt {9y fieageiiad! bl ZRf 4y Unidue Gat '4@" % |'fK9L‘o%l et
formul ati on that is noncytotoxic and is capable
delaler(apR Watiwtey l‘mdqcﬂ'lataalshs L4t Ip@er.ouFagelthe HIV

It|y|li))l‘c')37§ror%r ﬁ:e%ggtn?c angae: sr%osaécﬁd edll%s)eﬁim chdlﬂri\%ﬁrg&ncgel l's.

Thmémmrwﬂ@ﬁlmmﬁ@e$ Wdrtrddpmer lto
regsidues 47-57 (YGRKKRRQRRR) (Ho et al. (2001) Cancer
Research 61: 473-477; Vives et al. (1997) J. Biol Chem.
272: 16010-16017). This sequence alone can confer
protein translocation activity. The TAT PTD may also
be the nine amino acids peptide sequence RKKRRQRRR
(Pauk et al. (2002) Mol Cells 30:202-8). The TAT PTD
sequences may be any of the peptide sequences disclosed
in Ho et al. (2001) Cancer Research 61: 473-477,
including YARKARRQARR, YARZLAARQARA, YARAARRAARR, and
RARAARRAARA. Other proteins that contain PTDs that may
be fused with Tag include the herpes simplex virus 1
(HSV-1) DNA-binding protein VP22 and the Drosophila
Antennapedia (Antp) transcription factor (Schwarze et
al. (2000) Trends Cell Biol 10: 290-295). For Antp,
amino acids 43-58 (RQIKIWFQNRRMKWM) represent the
protein transduction domain, and for HSV VP22 the PTD

is represented by the residues



menbrane or is internalized via an endosone. The
protein or macronolecule of interest is released from

wo b@7o61ps ex into the cytoplasmfree of |i pi dSPCT/US2006/045352
(Zel phati, O . and Szoka, Jr., F .C . (1996) Proc.
Natl. Acad. Sci. USA 93, 11493-11498) and escapi ng
| ysosomal degradation. The noncoval ent nature of these
conpl exes is a maj or advantage of the |iposone

st r AREYTRER $ARSRIETERRRARARS AT RIPRR 6 nOtA]rﬂm&Ifa;thEififeﬁlP)d,
th i S Ikely to. lpse jts activjty. 0
 nese PR &%’gfgé%%@ 55 (B o 1Tk R ied gt confer
| nverdnoduot i dieaqal- ity phatf inoteidd el | s piP114nd o
certai Bbenbodi ments, the nuclear |ocalization sequence

of RAPCT-AMTYSCRia D htfdi ¥5 edipIFrasteich or
Str%ﬂtyﬁﬁéﬁhé@mr{@l&fcﬂ ond Wil £ yoof\‘,’vrtt}hee TAT PTD

non-coval ently linked to “T-antigen, all
t r aPepobde i ARAFARRARR i gen acnddsintdre @eldigswmiry afeshree

i l.timatel ach the nucl ear
corbhriRe s g ekt dE ARh R s o
a'ﬁﬁkiﬁgﬂﬁﬂéidﬂﬂééﬂgbtéﬁtdam%gﬁfdéﬁ%ﬁﬂ§%oteiﬁ$ are well

transactivating protein (TAT) (Tat 47-57) (Schwarze
anﬁ‘%yﬂ{ 26502t endrePHstimcsl ofSslaricus DA f8agments

10 Kraslg8tg & 003) § @4% jCine 9 - 1428-1432) .
For the I.\?rT,(él'l prcﬁ%fﬁ% -rir:lclr(f{)é ésce! _eéflé:qeuserﬁnc‘:—’lé’ )be
cordearframgedrein rrarm tdzans odath aoraeinitdidnals techniques.

B R GRS o GRPERRRLERA BV g onal

(19958hnk qued GlncGhRTInc? Git AR HRAL Bynt TS s8quence

al ogne can confer protein translocationactivity. The
TAR SRR Valso BER mendilfd catilen afi densefiriadments can

s SSUERE TSt G008 MO, oo oo
peptange esreqiente Swirdeingse batwedn ewoalconse2d@ ke gene
Ca%%%&m@%.%@&%ﬁc 15a%7%ﬁ%£2@uently be annealed to

generate a chimeric gene sequence (see, for example,
Current Protocols in Molecular Biology, eds. Ausubel et

20 al., John Wiley & 20 Sons: 1992). A fusion gene coding
for a purification leader sequence, such as a poly-
(His) sequence, may be linked to the N-terminus or C-
terminus of the desired portion of the Tag polypeptide
or Tag-fusion protein allowing the fusion protein be
25 purified by affinity chromatography using a metal
resin. The purification leader sequence can then be
subsequéntly removed by treatment with enterokinase to
provide the purified Tag polypeptide (e.g., see
Hochuli, E. et al (1987), J. Chromatog. 411:177-184) .

30 T antigen that is provided in the media may be excreted
by another cell type. The other cell type may be a

feeder layer, such as a mouse stromal cell layer

transduced to express secretable T antigen. For
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(HSV-1) DNA-bi nding protein VP22 and the Drosophila
Ant ennapedi a (Antp) transcription factor (Schwarze et
al . (2000) Trends Cell Bi ol = 19# 290-295). For Antp,
am no acids 43-58 (RQ KI WWONRRVKWW) represent the

pr r ans f \/.
|se%§p?é§en?egﬂg%ggﬂ dopeba, rasdaf o6 &8Ve2Reshed PID

r espmpes@AAammM@mE@@RA@m@Ach sequence
ive t ARG tiEi I
%ﬁ?ge%afﬁggt%gbg ra%s ucfgg% gé ?%i%% ﬁ%? coleby
aSA&thDathel9TDTnaMtbgea PaB aepﬁsﬂentpabtesn
duplicated_or nultiperized,; |nclud|ng one or

t hEOYATEPFBYpept i 4BKPARARBRARQRRR, Obr 2 TUPEPHELE 820
COE%EABhn%ABQeEBrﬁ@nQEo§Q§e56 EPIEhESQttha PTD, may be

Techni ques for maki ng fusion genes
enaddedgdﬁmscbﬁyptotéhﬁsmadeamelEnkﬁ@%haiﬁ eheodipents,

f
B 0 R B L MUEDSECO008 . con

ence§ nay

amf@fs&@&c xwltbhnﬁq&\éénble@éw wechkimi aues(zmbe)fwsboﬁASEB
gene can synt hesi zed_bhy conventional techni.ques

i neloydidd - a %&ﬁ@&dDﬂﬂl§Fﬁ§hesF?@ﬁ%tlﬂFF r BEEFyR) from

PCR %”H‘ tq@%hpgee&eggﬁ% teagmenhsscan E@b@éﬁﬁbﬁdl?Ut

using anc primers whi ch give rise to conpl énentar
oveﬁ@&mg$obeewa@nemmocedﬁsé@uﬁﬁvéOgﬁﬁ@mpﬁﬁgﬁéﬁﬂsQWRWéH

gord e anc s riay Co e e Gl £ 5t ste) Sohe
Nblt%ltl %rreBldéle@)éd EdDm kﬁu&mbéhxbe’(yoal suchJabnh\nbey &
20 Sons: 1992) . A fusion gene coding

purprfeilcmhamalté&@ereﬂ@éér@@nc@OS§&EW1§§1t&t&8%y empgygy (such
SeQUENG ey, IRy e%éc] ged i dhs N b@.h‘i‘l{%@)‘%eﬁﬁ: Gell lines

term nus of the sired portion of "'the Tag pol ypepti de
such asg ES cell lines derived from human

preimplantation embryos. Human zygotes, 2 oOr more cell
premorula stage such as blastomeres, morula stage,
compacting morula, blastocyst embryo inner cell masses,
or cells from developing embryos all contain
pluripotent cells. Such cells may be differentiated
using techniques described herein to yield the initial
heterogeneous population of cells of the first step.
Because such culture conditions may induce the direct
differentiation of the cells without allowing the
propagation of a hES cell line, the probability of a
hES cell contaminating the resulting clonal or
oligoclonal cultures are reduced.

[0113]  The single cells of this invention (made by
the methods of this invention) may be used as the

starting point for deriving various differentiated cell
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w0 e@7n621%he purification | eader sequence can tPENUR®06/045352

10

15

20

25

30

subsequently renoved by treatnment with enterokinase to
provide the purified Tag polyggptlde (e.g., see
Hochuli, E . et a |l (1987), Ch. roma. t og.
411:177-184). T antigen that is provided in the nedia

May bR ExChefedibylaneher o€l khiypenvEheiohhenycbkl the
typé may be a feeder |ayer, such as_a nouse stronal
celnrelcalyf@lOItSr a?rfs@@éfed’et @%prté§§u§e&r1é‘te§ﬁ?e T anti gen.
Foglgﬁ Eo%%%r”}\fm% %d J0 0 gRgAeeEad tae
conpri’s a S|gna pepti or a ydrophoblc sequence
t haildradi ldst aﬂﬁgoeﬂmraﬂ Poghud ed-rietniso magyf blehelepuwﬁdl #rom
Alternatlvely antlg%nogas afu5|on [ otei

t

c ORI} S rt S hGSY STOE Cas © ElygfléLlcn tgesye may

fusionpiaidy nef Ry Alantd Yildaeeddaesd .PTBudmy be
added directly to the nmedia. In certain enbodi nents,

?eldlsaggm%taede rasdtlet Mavates &Rt & MESFARST thft iSgarting
us
UL A el s DR s We e SleciR0De The SASED

onl I tioned nedium from
Tﬁ'é}n'greﬁ[ﬂjcgen secreting ceI I I [ nes i s subsequently
added to recipient cell Ilnes to rormt ceII r owt
[OlEL O3 uman S e “}@Ltsela}t TR % é th%
thal, alL agﬁile/&difﬁmé}wmee rBilE hs tsin twmns

prel nmpl antation enbryos, posti n’pl ant ati on enbryos
( s UebmsorEboraase arng orelcl 9. Sk ST [FREhCES

i nes_such _a S
pr ejr%? an?léjt?%% eﬁ’nﬂr y%@ é%u nadjﬁ{éz%eggrtéeéﬁ%g]%rbeeeg eIOInly
pr ef@rdH 18a 1 gse i cdudse s st aivey 69 pmhﬂl@nwvalgél

conmpacting norula, blastocyst enfr er | |
masSekt Uing A1 FHaA e Z;Eq'é%‘b? ea?flcn?%%lf il

pl ucEéPPt@%eé:e&I:isglﬁ?é‘@:th&%ﬁ@ Smya Per s dder entnates], Ec,

and EG cultures in vitro. It has not been possible to
preserve a pure culture of the differentiated cell type
without having the culture overgrown with fibroblastic
or other contaminating cell types. See, Ian Freshney,
Culture of Animal Cells: A Manual of Basic Technique
(5th Ed.), New York: Wiley Publishing, 2005, p. 217.
The methods of the present application can overcome
those difficulties due in part to the unexpected
clonogenicity of ES, EC EG, and ED-derived cells. In
addition, while ES cell lines such as human ES cell
lines originate from cultures of ICM cells, it is not
therefore obvious that observations made with ES cell
lines apply to ED cells, especially those made by
direct differentiation from the embryo without the
generation of an ES cell line. For example, while the
ICM of the preimplantation embryo contains

totipotential cells capable of differentiating into all
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differentiation of the cells without allow ng the
propagati on of a hES cell line, the probability of a
hES cell contaninating the re®tlting clonal or

ol i goclonal cultures are reduced. [0113] The single
cellma®hict Bes1i YaRELRR LABJELBYgLbR-TehBodsan) EhEsrts
invention) may be uséd as the starting point for
dehavienypeear mede dinf tbeepesht bd genprppesESTRELS| hgnes

| f this i t be th
Colhe? e HRECLE SBoFBYoR o enBl TET B cgh gy
of cohedibwest tenthehgeemonaheor elichoekonall lines would

popul ati ons nmay be derived from enbryonic tissues. For

ex&FEreLo&Rhr yoKPc "PPE§uESRFLBE  dPSSBEPER AR t he
celiby AerRa96eakedapTUCch ALea00rBaaERdaEebhe TRYoDE
t hen be used~as the starting parent pluripotent cells
of arfiemaiet. hdeyveothehiessi, neeheirothap0neEEeTREr echage

bR BUTELOUS, SLLSHR SO LNG DL Boce che abiiicy

cang ROMGeLS, tandhergeyaniléngeietelhs roAueedaihausthe
cell types. These nethods have been only margi nal

bed astiesesss anddag et shgrebrERs PRIkt FWEVEd e gt8n8¥1e 1CM.

ch %l ng it b@X o XY Bus teehhel ¥RES1ed i
orﬁ%?%%?%ﬁé’o%F @?Uggggg?eﬁ?}atiﬁguES, EC,eand EGF e
cultther escti eheitt ED. ckil lsasudsuriedewipbsosichtet generation

preserve pur ulture aof. the differentiated cell .
LypE i FRUC oy g HEUdEh EUFESh5aFdrotn S £ oPagate in
fi hneblastd Gaemeet hey meoRlamisnat Hegetetd, typehe Heesent
lan Freshney, Culture of Animal Cells: A Manual of
Basinverddiom . .qié @5t Kisglpsedewhpdr kotwpodenbdsi seithg, of
Zogéeﬂ%pl&%gétion embryos, including zygotes,
blastomeres, cells from the morula staged embryo, cells
from the inner cell mass, and cells from the embryonic

disc are in fact equivalent to ES cell lines and can

simply be substituted for ES cell in the present
invention.
[0116] In one embodiment of the application, any

methods of differentiating, propagating, identifying,
isolating, or using stem cells known in the art (for
example, U.S. patent nos: 6,953,799, 7,029,915,
7,101,546, 7,129,034, 6,887,706, 7,033,831, 6,989,271,
7,132,286, 7,132,287, 6,844,312, 6,841,386, 6,565,843,
6,908,732, 6,902,881, 6,602,680, 6,719,970, 7,112,437,
6,897,061, 6,506,574, 6,458,589, 6,774,120, 6,673,606,
6,602,711, 6,770,478, 6,610,535, 7,045,353, 6,903,073,
6,613,568, 6,878,543, 6,670,397, 6,555,374, 6,261,841,
6,815,263, 6,967,019, 7,022,666, 6,423,681, 6,638,765,
7,041,507, 6,949,380, 6,087,168, 6,919,209, 6,676,655,
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addition, while ES cell lines such as hunman ES cell

lines originate fromcultures of ICMcells, it is not
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lines apply to ED cells, especially those nade by
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7,105,344,
7,030,292,
6,967,102,
6,866,843,
6,787,355,
6,706,867,
6,607,720,
RE37, 978,
6,369,294,
6,245,566,
6,194,635,
5,945,577,
5,843,422,
5,725,851,
5,370,870,

publication nos.

20060193769,

7,078,230,
7,015,037,
6,960,444,
6,833,269,
6,777,231,
6,677,306,
6,576,464,
6,461,865,
6,342,356,
6,235,970,
6,171,824,
5,914,268,
5,830,510,
5,712,156,
5,366,888,

20060161996,

7,074,911,
7,011,828,
6,929,948,
6,828,144,
6,777,230,
6,667,391,
6,555,318,

6,432,711,

6,337,184,
6,235,969,
6,090,622,
5,874,301,
5,795,569,
5,688,692,
and 5,332,672,
20060251642,

20060134784,

7,053,187,
6,995,011,
6,878,542,
6,818,210,
6,749,847,
6,642,048,
6,545,199,

6,399,300,

6,331,406,
6,215,041,
6,015,671,
5,866,759,
5,766,581,
5,656,479,
and U.

20060217301,

7,041,438,
6,969,608,
6,867,035,
6,800,480,
6,737,054,
6,638,501,
6,534,052,
6,372,958,
6,271,436,
6,204,364,
5,955,290,
5,865,744,
5,733,727,
5,602,301,
S. patent

20060216820,
20060134782,
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480combination with the present methods. In certain

O,

embodiments, ED cells are directly differentiated in
the manner disclosed in the art for ES cells and

25 following differentiation, cells are plated resulting
in isolating a number of individual cultures of cells
or a nuﬁber of individual cultures of cells that are
oligoclonal, wherein one or more of said cultures
comprise cells with reduced differentiation potential

30 than the starting pluripotent stem cells and wherein
each of said individual cultures having only one cell
may be propagated into a pure clonal culture of cells

and wherein each of said individual cultures of cells
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20 cells.

[0119] In another aspect of the invention, the
methods of this invention result in the derivation of
ectodermal cells from a single cell differentiated or
in the process of differentiating from pluripotent stem
25 cells such as, but not limited to, hES, hEG, hEC or hED
cells.
[0120] In another aspect of the invention, the
methods of this invention result in the derivation of
neuroglial precursor cells from a single cell
30 differentiated or in the process of differentiating
from pluripotent stem cells such as, but not limited

to, hES, hEG, hEC or hED cells.



ED cells) . In certain enbodiments, only the initia
differentiation procedure fromthe prior art is used
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enbodi nents, ED cells are directly differentiated in
the manner disclosed in the art for ES cells and

follow ng differentiation, cld s are pl ated resulting
in isolating a nunber of individual cultures of cells

or [6‘1§Hﬂbef of hRdinéduabpest t&f eshof igedhisidbatties e
ol rgocl onal, wherein one or nore of said cultures

comptheésceflshmstth@@nC©ﬁ wesnkl ekt BRe oRepbYant g of
e sta P ur i poten e n e
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mayehe aﬁﬁﬁégéheﬂatBBOOa pHr ehel pnatessl ofire of cells
and wherein each of said individual cultur

of
cefiERaveRgiaeing fram Ei@rBPP56EFoﬁ5anﬁﬁf€% such as,

propaggked r ggksNuUpker cekl gepapdioae or
nogg@ g%%aﬁkﬁaesasg?d ?Eglv?ggalﬁgﬁltureEDof cells is

prdpagaﬂed To suotherzespeptcef| shar énUEREéPBNnt FBBed
n Stepsd of LA hvention accpifi g oot Be TeLAgds of

rogenous popul ati

Cebh%n%%o&?&%r@&e@h@haré@&térp&eandspropa@éseﬂrom a
according to step 2 of this inventio
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mesodermal cells froma single cell dlff?ﬁ$%t|ated Qr 1.
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Stemll differentiated or in the process of
differentiating from pluripotent stem cells such as,
but not‘limited to, hES, hEG, hEC or hED cells. Such
myocardial precursor cells may also be produced by
direct differentiation as described herein.

[o124] In another aspect of the invention, the
methods of this invention result in the derivation of
gingival fibroblast or gingival fibroblast precursor
cells from a single cell differentiated or in the
process of differentiating from pluripotent stem cells
such as, but not limited to, hES, hEG, hEC or hED
cells.

[0125] . In another aspect of the invention, the
methods of this invention result in the derivation of
pancreatic beta cells or pancreatic beta precursor
cells from a single cell differentiated or in the

process of differentiating from pluripotent stem cells



cells such as, but not limted to, hES, hEG hEC or
hED cells. [0119] In another aspect of the invention,
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of ectodermal cells froma single cell differentiated
or in the process of differentiating from pluripotent
stemcells such as, but not | °ri ted to, hES, hEG hEC
or hED cells. [0120] In another aspect of the

| NVREH o, e mithadsnidfed NS, iHRggNHEY) Hesuld HED he
derivation of neuroglial precursor cells froma single
celdeldisferentiated or in the process of

di fferentiati ' ; such ,
out | | o %%%%s%ﬁ%ﬁ%c%@#&%%@ﬁ%’[ 53
| n reztdidiby &S pects afnvdrg donw ergswrt, irthehwetdeodyagfion of

this invention result in the derivation .of _hepati.c

ol TR R e Gt i € H bR I Sod |

di f{erentdtct Q1 dih theHy goessedf off fdigreitdmtiatdng
frompluripotent stemcells such as, but not limted

t o, E3fES PHEG PHE o rs D ¢l liss sydn 25, hytagsithddmited
aspegt kﬂzfs t r}% NUGFH i&f"héé‘ec@@(’ds of this invention
t

resu I'n thé derivation of chondrocyte or chondrocyte
prebukxdr cellrss dnarher s e Itidh fifrereeritiicat,ed her

inth ocess of djfferentiating fromplurjpaotent,.
St ARSI LR (S b OSSR 8ot
or 5l 151 a 4109 28 orh b NI AsPE i fedditiated or in

i nvention, the nethods of this invention result in the

dertvatporcess myb o i erenrlafistardian presinaiemtc dyesm
froma sihgle 8] lndl L& enidaled of, Ikd Nl OGRS Af nep
g from pluripotent stemcells such as,

butcelbis] imted to, hES, hEG hEC or hED cells. Such
[0128] In another aspect of the invention, the
methods of this invention result in the derivation of
dermal fibroblasts with prenatal patterns of gene
expression from a single cell differentiated or in the
process of differentiating from pluripotent stem cells
such as, but not limited to, hES, hEG, hEC or hED
cells.
[0129] Dermal fibroblasts derived according to the
invention can be grown on a biocompatible substratum
and engrafted on the neodermis of artificial skin
covering a wound. Autologous keratinocytes may also be
cultivated on a commercially available membrane such as
Laserskin™ using the methods provided in this
invention.
[0130] In another embodiment of the present
invention, it is possgible to simplify burn treatment
further and to save lives of patients having extensive
burns where sufficient autologous skin grafts cannot be

repeatedly harvested in a short period of time. The



myocardi al precursor cells may al so be produced by
direct differentiation as described herein. [0124] In
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invention result in the derivation of gingival
fibroblast or gingival fibroblast precursor cells from
a single cell differentiated B in the process of
dlfferentiating frompluripotent stemcells such as,

%ﬁg? fkiﬂ1{f%5&8 oPES phEGnbER Oh bE:seI¥e burns can

n anot her aspect  of the invention, the nethods
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cel I ssuch as, but not limted to Q E

celthgreOFG)lQB]i ARTEAL h@raséa@evtsﬁ ?He ?’ﬁG@%ﬂt fbﬁrol?fasts

HEthO% 8rﬁgﬁ§nEbOEhEe§HEhoa§ bherdeksi yateavieh or
i rar precursor froma single cel

?lﬁb@ﬁ?eauamem BaldnCEﬁéSpm@yegbegﬁaﬁtereb@ngpggﬁEEed on
romp urlpotent cells such a ut
{ 0 LIRS oREEM AEE Lo f PR o 11 ﬁofﬁ? | yigh FEBLYEdne

aspeGlerOfre P@%th%ﬁC&hUO&nf%belmaIh&&Sdehcbbls |nvent|on
result in the derivation of henanglobla ts from

si igid1del | @Pﬂﬁ@ﬁ@ﬁﬂyﬁﬂéd byl Logar He BBr dcéds o?roup of

di f£fer. ti A e ldaS ~SU
DAY HIRR Bl R She® aglocmth sy o
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this |nvent|o
A e R L s
1@.eces]]rilrij|vfl{1%}ﬁr&drﬁtkﬂd.5ﬂeﬂ Rvidie from mild,

such as skin-to-skin, contact. These patients suffer
from constant pain and scarring, which, in the worse
formg, leads to eventual disfigurement, disability and
often early death. EB patients lack anchors that hold
the 1ayérs of their skin together and as a consequence,
any activity that rubs or causes pressure produces a
painful sore that has been compared to a second-degree
burn. One of the forms of EB ig lethal in the first
weeks or months of life. Some are more long-term and
cause pain and mutilation throughout the patient's
1ifetime. Infection is a serious, ongoing concern and
no treatment for EB has been effective. To date,
parents' only hope has been to attempt to protect the
child's skin with gauze and ointments, to prevent and
protect. the wounds and healthy gskin. The manifestation
of the disease is highly variable depending on the
locus of the mutation. Traditionally, there are three
categories: the simplex form with separation within the

keratinocytes, the junctional forms with separation the



process of differentiating frompluripotent stemcells
such as, but not limted to, hES, hEG hEC or hED
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the invention can be grown on a bi oconpati bl e
substratum and engrafted on tg% neoderm s of
artificial skin covering a wound. Autol ogous
keratinocytes may also be cultivated on a commercially
avaidnalrlee Inenistcane seh bassdnasar $dém31:(rtalﬁe usainm thiéeh
s provided in this invention. [01 I n anot er
‘%’ St TrEs ML S SRAFGHIBh 11 espﬁ@éé BrY to

s g vl iYs bUIThdree algTRRly fiR8lcAE LRcERLe: Liv8snef at
patients haV|n ext ensi ve burns where sufficient

autdiodsrelsiah hsmiidesmosanss bad épeatedial caliddbedna
in t, Thedead ,sKi f
pagﬁgﬁgﬂaﬁfﬂﬁéﬁggh5|%hjburn§?cgh’béﬁéfgﬁéég%%FFﬁiﬁgsemln
aboded tderes: 116 1Se\6an 7day( o) or. | modordi Fae Yo deemean

be .covered wiith any artifici in, for exanple
| ntj%edﬁﬁj:(ltnrﬂ cYtss éﬂwy/ fég&?% er¥sed aggording

dergmlt Hee hRtdHARRY I#s t@{lsdel%ntfl'olﬁr R %l%trﬁv@&oglfgﬁd sgld

according to the nmethods of this invention or derive
fromida d}‘adfelhes ey atfffede sintter Wosingn griskse o fo BBt patlents
neqder tificial: ski Wi t h sul t ant
TR 2 e SRR Sl et SO e
Epiderarainisics buIIosa ("EB") is a group of heritable

di sea that _resul.t in a | oss of nechanical strength
in éﬁiki n trhﬁ ﬁ&ﬂ\ﬁl Sc Praucseh 3CEOre ngr tepnghe methods

epiEetlis fiBnkhend emge iRl e @h i g E@l@@t gtélso
have fragile skin which can blister even rOWlm

sudle & m@dt@l§h|b10@@@n@@ﬂ otheyatpatientstsitker as is
f tant d which, jin t ADI S
f ol B R AR A RSP tiaR | caPund: £ ByoRAGetS

may be combined with collagen, including collagen that

has been cross-linked by chemical or physical methods,
and/or with other extracellular matrix components such
as fibronectin, fibrin, proteoglycans, among others.
The cells may be used in combination with hyaluronan
(HA) .

[0133] & Some embodiments of the invention provide a
matrix for implantation into a patient. In some
embodiments, the matrix is seeded with a population of
keratinocytes or dermal fibroblast cells derived
according to the methods of this invention. The matrix
may contain or be pre-treated with one or more
bioactive factors including, for example, drugs, anti-
inflammatory agents, antiapoptotic agents, and growth
factors. The seeded or pre-treated matrices can be
introduced into a patient's body in any way known in
the art, including but not limited to, implantation,

injection, surgical attachment, transplantation with
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produces a pai nful sore that has been conpared to a
second- degree burn. One of the forns of EBis |etha
in the first weeks or months 6f Tife. Sone are nore
| ong-term and cause pain and nutil ation throughout the

papbtgal' sikkiiati MBjebRieal i 8Adi 6ha BEkEQUSTheNgathgces of
concern and no treatnment tor EB has been effective., To
datbe pavention wayybmopenfagubednteothet ehppetand/or
protect the child s ski .t h_gat an [ t

pr 8véhit ®anit profect C’thQ %ngg gggghea%gygég?ﬁ&%ﬁe&
nmaghkeshathen oaf mbfebdi seaseorsthbghby war mapl eomprise
dependi ng on_the |ocus of the nutati Traditi tgnal I

t hEpetapast ﬁ?’@‘éeé’gt-eg3??e§?afﬁ81§?nﬁ$2§hﬁo?ﬁ1vﬁfl hon iy

sepakat kanwhi-Rhakhegkerati nocytes, the junctional
forms wth separation thelamna |ucida of the basenent

mﬁri‘@ﬂéléél, | an@ot fexdy et bdpRYerf 6ARSURI CRNSEFEEAt FERPEASLINg
the papillary.derm s. There_i.s_n i<d ot her
vaf BRLIATRERE R GUECtET Res Soans Sois ealy 2rY®haca
celchharina thiec nda hodt &ff &t s( UniveatabnakdditAmmalMgd
Genet C Semin Med CGenet_ 131C:.61-74 (2Q0Q4)).

Ac COMBIAGISP, ter etk &fat iCH&EWé§9oFegglsnﬁlf a second type
i Brohl 35t ROUCUAGRRANG 6@ e cBLhade eb bhbduce
invention or derived fromsaid cells may be engrafted
optap b\amf' améat. reid @3: ofulfEB lpateivedt § itssUeowensteCitnei dence

0 ion_an revent, further _hlj rd

of JolsR T o e et hurt et e AGn] Q132) cype

| NV e G dafd viedrdiaors aiad ¢l lanymmeldl sypee capable
conbi ned with biological or syntheti trices as is

weldf rssgimng W@daﬁecnf&lr&%réceéé%r 2598l ast s

”wkéﬁiéﬁgﬁﬁé“édeéébéﬂﬁéfﬂﬁﬂbhé'E%ﬂ%&dalramdra@%&rﬁ&at
components to form a cell-matrix construct. More than
one extracellular matrix-producing cell type may be
cultured to form a cell-matrix construct. Cells of
different cell types or tissue origins may be cultured
together as a mixture to produce complementary
components and structures similar to those found in
native tissues. For example, the extracellular matrix-
producing cell type may have other cell types mixed
with it to produce an amount of extracellular matrix
that is not normally produced by the first cell type.
Alternatively, the extracellular matrix-producing cell
type may also be mixed with other cell types that form
specialized tissue structures in the tissue but do not
substantially contribute to the overall formation of
the matrix aspect of the cell-matrix construct, such as

in certain skin constructs of the invention. All cells



has been cross -linked by chem cal or physica
met hods, and/or with other extracellular matrix
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anong others. The cells may be used in conbination
wi th hyal uronan (HA) . [0133] ,Some enbodi ments of the
invention provide a matrix for inplantation into a
patient. |n some enbodi ments, the matrix is seeded

WI tah’-”% Hoharmraiused dramatdade o forthher faivention or
I@G%{ ﬂ%rAsiFh |a/ee_LqL5accord| ng to the nethods of
e

thls i nventio matrix may contain or be
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a patlent s body in"any way known in the art
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sur atdach ranspl ant at wi_t hot her_ t.i ssue,
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vivo. The scaffolds of the invention may

f?ﬂfr Obc}'ra%ttl?mﬁ S rl P SIS e Ss g6 Sihe PF@destion of

Th% SOl e doNRRLT Ok TR%IALSR RR11s, generally,
mul tilayered. [0134] To forma bilayer tissue

corlsrthme @ommb@m@fa egglda cetdtuliax mtgtmu@romedna,
avs", t here t he nethod of. th

3§g§¥%§? tlgﬁg?ﬁy OfES S88 By S &ptgPeS of

Culdd]rljamrxselplmdmfceal $8C FibrioHie se , a howchaee efpkhe
for ti ssye-construct to produce a bilayered or

mul99 d & iFSu S Srere S0 135 1AR -ex EUgEE | ul ar
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may be any cell type capable of producing an
se@aoeg  exncdedling aburatotx 1imited to, neonate male

foreskin, dermis, tendon, lung, umbilical cords,
cartilage, urethra, corneal stroma, oral mucosa, and
intestine. The human cells may include but need not be
limited to, fibroblasts, but may include: smooth muscle
cells, chondrocytes and other connective tissue cells
of mesenchymal origin. It is preferred, but not
required, that the origin of the matrix-producing cell
used in the production of a tissue construct be derived
from a tissue type that it is to resemble or mimic
after employing the culturing methods of the invention.
For instance, in the embodiment where a sgskin-construct
is produced, the preferred matrix-producing cell is a

‘ fibroblast, preferably of dermal origin. 1In another
preferred embodiment, fibroblasts isolated by
microdissection from the dermal papilla of hair
follicles can be used to produce the matrix alone or in

association with other fibroblasts. In the embodiment
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conmponents and organi zing the extracellular matrix
conponents to forma cell-matrix construct. Mre than
type PEI/URE06/045352
cultured to forma cell -matrix construct. Cells of
different cell types or tissug,origins may be cultured
together as a mxture to produce conpl enentary
conmponents and structures simlar to those found in
nawhﬁeetassoeseaEecoasampbe,ishgredUCadelthéamatrix—

t roduci ng.cel |l .type have ot her cell type
T RERRERRY, Fol oY e s ErOtnEoRRoak: FREamRYl arell
nmtbhyrhabyl $aR9t iRoHBBLLYpREadUsRd BYet heckil gt ngp! be
type. Alternatively, the extracellular

na@@rkV§doéa@mnéoeer|tﬂ§§éeﬁa9faﬁ@brw@8n1ae@napﬁﬁ, or
ot el a e ed
ot BEeE P inaiERRan B LR ABCEHALLSSE BB Sni e
coptogbnt@otocbmésosachlbsfmenahchymaﬁ themmatllis may be
ect natrlx constru
SoREEh, Yo bhe SRuERaDY Bha; RBOpRoSnEPof LAPFeRELPES, b

elH@@%leOQ%%%dtﬂé aetheds ef sthks 'ﬂY@nEEQBSOQre either
derived- fromsaid cells. [0136] Wile any

exPiragered| ky WﬁFhPQSpﬁédG iLAgisEkpntigpeoragdebévadedrom
i ngaggordaRge with this invention, the preferred cel
types fGr -US6 in this invention are derived from
nededdiyne. Kerempinbetr ed gehkttypptdvaeagihbepnblased]ls
stromal cells, ,and other su Eortlng connegﬁlve ti ssue

celMPY, PRoLEehr éPeFRBI Y¥RAONER BB RAI CRPLFELL a%RETESuUNd

| ncBugRRuder RS ckaktthg Eﬁgguétbeﬂs9§uéthHHBE detgebs a
construct. Fibroblast cells, generally, produce a

nuAisEE dﬁléY?wacgraﬁFaiOWaﬁrpitpentenﬁgdlpguna¢rﬁ9sed
coh| %%?g 53 hﬁ%gggéﬁaggiﬁrﬁkoﬁ¥8€§ ?E E% %%E”% with a

pro uce owever agen

theh&mapeptewalemhelneWREOmaﬁupnﬁdﬁcbrahﬂaaélﬁebk to the

Stggkg%n%aglgetger§¥g tfgggggbgggggrceal products, growth
factors, hormones, peptides or proteins for a
continuous amount of time or as needed when
biologically, chemically, or thermally signaled due to
the conditions present in the patient. Either long or
short-term gene product expression is desirable,
depending on the use indication of the cultured tissue
construct. Long term expression is desirable when the
cultured tissue construct is implanted to deliver
therapeutic products to a patient for an extended
period 6f time. Conversely, short term expression is
desired in instances where the cultured tissue
construct is grafted to a patient having a wound where
the cells of the cultured tissue construct are to
promote normal or near-normal healing or to reduce

gscarification of the wound site. Once the wound has

healed, the gene products from the cultured tigsue



sources, including, but not limted to, neonate male
foreskin, derms, tendon, |lung, unbilical cords,
we@anwiobAage, urethra, corneal stronm, oral nucoOBET/US206/045352

i ntestine. The human cells may include but need not be

limted to, fibroblasts, but_ include: snooth

muscl e cells, chondrocytes and "ot her connective tissue
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r eqﬁé@m%@rmmmre heo okdmgyer afeddrel rat magy produstigig e |
tissue construct be

f

Hor I T G 1% RAE iR 4188 d Gy

m m@mé@fe@rﬁ& st N it diid NG- NEtfds s of
er
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pr oenﬁ_‘creep Living calds dhaki tie ot her
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-construct is produced, the mat ri xpr oduci ng cell
derh%%rorﬁwlﬂéﬁt%i mwailr@ﬂeddmwvasrmgla\zarzyatlmn, or

de II deriv fromdon
Y04 \sﬁgurgs 0 yrgg)er ng%lna IPS(O\Qma%d‘loﬂlér iM& #FLCE ures
i nanﬁjlguglea:calllws krienhr onithep 086N iand 260 ldeseahedS in

t ells be used in the invention
& R o i Pl S s o786l ap Lwes ERey Manual,
d r it y
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5 G e B BB R Pic o otig 3B PRt B ERIR ke
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invention.
[0138] Human skin equivalents ("HSE") using
biological matrices are well known in the art and may
20 include the use of hydrated collagen gels as described
by Smola et al., J Cell Biol, 122:417-29 (1993). 1In
brief, 4 mg/mL collagen solutions are mixed at 4°C with
fibroblasts to reach a final density of 1 x 10°
cells/mL. The collagen/cell suspension is then placed
25 on a membrane such as a filter membrane and incubated
for 15 min at 37°C in a humidified incubator to allow
polymerization. Then the gel is placed in culture
media of various compositions known in the art and
allowed to contract and stabilize over time. All cells
30 are either produced by methods of this invention or
derived from said cells.

[0139] In addition, synthetic matrices comprising

synthetic polymers may be used. Synthetic polymers
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growt h factors, hornones, peptides or proteins for a
continuous anmount of tine or_ needed when

bi ol ogically, chemcally, or thermally signaled due to
the conditions present in the patient . Either |ong or

shoimncugtempyehnee treod unte thepree s8id pdlygdsgiargbled- polymers
dependi n t he use indicati,on of the cultured tissue
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condstﬁct (rpl sd%4 a% t egcoﬁ%ﬁﬁ Eg{] %é%l pr?a\}fieg:ély&e\ﬁgu FdYfRere
t héldelded 1of atrfee ecittiar ed-ddusside byongithidels afe tha s
praonot e . normal._ oy near-normal heali ng or to reduce

scarT Ao Pro e Slo s isee 9 @%de St-he wound has

heaload,0]t he gaRre f9duelss (i)t e HEMNWRY may be seeded
ti ssueconstruct are no longer needed or may nol onger

be d¢§i Rd@lagicrd sin synthiets cnmataiisesbetgenetical |y
CNURRRERL I X REESS RIBLALIS Of ALLher 01 %BES % ounds

extracellular matTr r(r)ponents Whi
" nemuElor etuexpr essad fatrmhitgbnl. ev8lusho bofeeink-ad i bh s

sone _way _to ke a graft device conprisin
exfflagggl)llfﬁloﬁ}n%nét F gognﬁol ?v?‘nbogéﬁ@q/f?a‘%-i sAll cells

therapeuthedl bycagivan! ageauenbat LFPEAYEd 1WOURL i on or
healing, facilitated or “directed neovascul ari zati on,

or SETAVROz égogc g i ckdllsi-d formation. These

o qgadgcs, 2o 89Sl DOt Sube 20 e may
Lakdsat bey ubedual A1Cokd13pr bAg HaebaesPeesseiEpbe
Sp%&%%ug%&bg§’m§thgdé of this invention or derived from
said cells.

[0142] In another aspect of the invention, the
methods of this invention result in the derivation of
neural crest cells from a single cell differentiated or
in the process of differentiating from pluripotent stem
cells such as, but not limited to, hES, hEG, hEC or hED
cells.

[0143] Neural crest cells derived according to the
invention include neural crest cells of the forebrain
or midbrain origin with no Hox gene expression as well
as neural crest cells with Hox gene expression
including Hoxa-1 through Hoxa-13, Hoxb-1 through Hoxb9,
Hoxc-4 through Hoxc-13, and Hoxd-1 through Hoxd-13
corresponding to regions in the hindbrain, cervical,

thoracic, and lumbar regions such as hindbrain cranial,

vagal, cardiac, and trunk neural crest.



(1989), incorporated herein by reference. Al of the
above-nentioned types of cells are included within the
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this invention. [0138] Human skin equival ents ("HSE")
usi ng biological matrices are I known in the art

and may include the use of hydrated collagen gels as
described by Snola et al ., J Cell Biol, 122:417-29
(1993%4]11 n brSueh, vamygltilescolfl agamradokukistnsedle mayebe

at 40C with fibrobl as to.reach a final density of 1

B RIS TIRIACEA. SoHe RO GEAT L R s B BEREFBALEY. Efen

pl aGet et IFREDLAS SUCHid%ed cbnlsten 1aeABLhane ardl

i ncubated for 15 mn at 370C in a hum dified i ncubator

t o taldesw Félopedy itherieond s Pese PResgélciity peaeedspnthat
cul §. i a.. vari itiaons in_t r

o o Eat ARG Ml KOE R Behs
celdfs aaree tgigehenanpiddiescny atret Hads ahet kied 1i ARyeREI ON

or deri d fromsaid cells. [0139] .In additi ,
sy I Ynéoﬁ“@és béfoﬁ&ﬂtiweﬁ{; o CTESFoFphdr EVREy  For
be disegh1eSyRtbheti-a pRlIar $hReude1n! yethenhouiskhanse

and polyglycan, co-polyners such as Polyactive a , .
| sEXEF 1B Incroeddy tiesoNst ivedilgnasy tiesusisstingduding:

pol y (ethy| e al t pht hat |.at.e) 9 al .
(nottiere ERERAS,  Fef Rl B B RR o8t g o ponc ine
anehgidiyst ydlene agingelum, Aiderdeldositare 1eigbhenhtpr,oduced

by nethods of this invenyion or derived_fromsaid
celTORIHPEMHEPrie. Mol 'y CETPSIPIFI bitEs &SPS frdy HE
seqfefiiidild R Q@iaRl 19k 19N IHelkd MRkl ces at a

concentration that pronotes the rapid healing of
wo (renemrhnendidguess Jjodat feodmitieolpraggbiial arch nerve

ggE%%ﬁ%ﬁ?%LOE?FJ%Q %?5@%@ %m%.ér%%%aﬁob%néslgﬁd suture
mesenchyme of the cranium.
[0145] Generally, cranial neural crest cells have
the potential to differentiate into melanocytes, nerve
ganglia such as peripheral nerve ganglia such as
sensory nerves and the cranial nerves, glia including
Schwann cells, smooth muscle cells, cells of the ear
including the bones of the middle ear, and connective
tissues of the face and neck including the dermis and
cells of the anterior chamber of the eye such as the
endothelial cells of the cornea and cells of the lens,
thymus, and parathyroid gland. The migratory nature of
neural crest progenitors makes the cellg particularly
useful in integrating into diseased dermis such as that
of EB and producing normal COL7Al useful in the
treatment of the disease.
[0146] | Cardiac neural crest cells are capable of
differentiating into aorticopulmonary septum,

conotruncal cushions, SA node, AV node, and other



are either produced by nethods of this invention or
derived fromsaid cells. [0141] O her tissue such as

walc@pleagsmati c ti ssue may al so be used. Al cePCHUSVA6/045352
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ti ssues are either produced by nethods of this

i nvention or derived fron1sai% cells. [0142] In

anot her aspect of the inventi ﬁ,‘the nmet hods of this
invention result in the derivation of neural crest

celdsndudiich S ngdes et el fHeerent ialededriviatitiee of the
process of differentiati n%b{rom pluripotent stemcells

suctrds 4But art §5miREn ahBSChfsG, hEC or hED
cel {477 0143} %ré?sfte%ellcleé 'ﬁréﬁﬁfﬂh\@%ﬁﬁﬁﬁfﬁé‘%atp%le

the 1 nvention 1 nclude neural crest cells of the
f orebrai fif exremt dir man ortiqginmny tdf rdheHaelgerreypes observed

expression as well as neyral crest cells w.th Hox gene
ex pfrrés%’??}hl%nclﬁ}ﬂ’f %%(%C f%lﬁr%ugk?]rlw fSI,SW-O%e

t hrQugdy, ddxdn 91 1 438X ce 14y ough Hoxc- 13, and Hoxd-1

t hrough Hoxd- 13 corresponding to regions in the

hi nbbk48h, cebvizapthehasre<t ehdhumseteqondSuch
S rﬁ‘%&?%%%ﬁ]f %l‘g:ﬂé A on o]?@é’l.g]!ta i AHL (ke Rlor

cres vari e neural crest cells may

be ¢@laxtppdeint Silerolskhdiss twndth hawenat g qeerisitns taf gene
differentiate Lnto a unique c tellation of cell .

Y pRT T HEgh THotes | SaaHe SHe e (S e Phan the
i iSRotdes rdahti eRVI-ERRIRIM R £H&S pletipdtSitesdtaeldeslls
of ‘one type can differentiate into the cell types

nor sreti ya orlprelel Byt ahbhhiesd e PESr d88C ¢ d1iC t35HEFor
exa cranial rest ; g
xPYSET o SOr BT o bt S T e b h e A che
i nct vea bgeneent ahgimsg emed yamgg tey adk papivde@gl cords and

odopt obl ast SundenLne TR Li2s BHLROEFIEIHY 1eaa o

disease or dysfunction.

[0149] In another aspect of the invention, the
methods of this invention result in the derivation of
lung connective tissue cells with prenatal patterns of
gene expression that is highly elastogenic from a
single cell differentiated or in the process of
differentiating from pluripotent stem cells such as,
but not limited to, hES, hEG, hEC or hED cells.

[0150] In another aspect of the invention, the
method éomprises the derivation of 100 cells or more
from a single differentiated cell or a cell in the
process of diffefentiating from a pluripotent stem cell
such as a hES cell, wherein the pluripotent stem cell
ig derived from the reprogramming of a somatic cell
through the exposure of the somatic cell to the
cytoplasm of an undifferentiated cell (see U.S.
application nos. 60/624,827, filed June 30, 1999;
09/736,268, filed December 15, 2000; 10/831,599, filed



chondrocytes in Meckel's cartilage, the bone of the
mandi bl e, the articulating disk of the
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ganglion, the meningens and frontal bones and suture
mesenchyne of the cranium [0345] Cenerally, cranial
neural crest cells have the potential to differentiate
into mel anocytes, nerve ganglia such as periphera

neARE daridl i 2 fch BET sepsldoa tieny e .amETY/UE 0er/asioat ,
ner .a incl ugy wann _cel ls,. snooth nuscl e

cel @%dchn:é g,;b "t %gjocreb%r %lc'nc'l ﬁ(ﬁpﬁQLﬁaﬁé%ﬁé’? of Ot/rc:?é‘l 1657,
i ddl leede duguastd 2cgneecti;ve o/i2esyss eof ftihed acguarday,
neggggnclud'n% the derm s and cells of the anterior
chanlf&r /PR {&pe s ddr o8 FisheugrdoRifel P8I04celild 0586, 454,
t hes iGineR bR ELld, S 0fost;hede j d
paréih r oi-d glgﬁg. The nigrato%%p%g?égg%gf%%éura

cr ET/BIE03LRIGTG8s ilkes! Avgusel g, paovoeulael digsebelires
in | rating i.nto _di seased.derm s such as that of_ EB
anéhg&%%S%iﬁﬁ%n&PﬁﬁrpeﬁL RYefaf oA Che £rEathERt Uof -
t hegildease on] Bb46) oZandi, aesnegrakdchashiseehl S2868; U.s.
capabl. e of_differentiating i nto aorticopul nonary

seflh! CRGAGRr BRcal 0d (2R a3, SAleedectavenode, aaas;

ot kercoRgduegt | Hhbers ef ar te,: d I yati .
of "The. SPRTAERR o 3, RO pIRetRA Eur BB pUBes ana
Ne iCE)/ USPE<B 068!, s fiiled Bhgustusk aonescapabl dieklosures
di t§ thating.into many aof . the cell types observed
incgfgﬁggh ﬁgﬁréPCSFQSFa¥8 | 8Y BGESESRCEN so becone

adrlensagdul | any peekhisulh@}48hel ReppebPammagreet 18f mbhepe
invention, the nethods of this invention result in the
deFL+&ErERtdRtEMadnEge AR LRI Wbl asdsrmathlpgénalal

g??%g%gﬁsgggggegfﬁ?%Efﬁghgne&ﬁggggigthLStcfglhighly
elastogenic or capable of regeneration without causing
scar formation, by methods of this invention. Dermal
fibroblasts of mammalian fetal skin, especially
corresponding to areas where the integument benefits
from a high level of elasticity, such as in regions
surrounding the joints, are responsible for
synthesizing de novo the intricate architecture of
elastic fibrils that function for many years without
turnover. In addition, early embryonic skin is capable
of regenerating without scar formation. Cells from
this point in embryonic development made from the
reprogrammed cells of the present invention are useful
in promoting scarless regeneration of the skin
including forming normal elastin architecture. This is
particularly useful in treating the symptoms of the
course of normal human aging, or in actinic skin

damage, - where there can be a profound elastolysis of



process of differentiating frompluripotent stemcells
such as, but not limted to, hES, hEG hEC or hED

wa@elr®621%ich cells may be useful, for exanpl e, PEDUS100€045352
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treatment of aging and saggi ng skin, vocal cords and
the lung where age-related elastolysis may lead to

di sease or dysfunction. [0149F0Iﬁ anot her aspect of
the invention, the nethods of this invention result in

t he rerdrial ik iHNg i QRN R @ idets @i ceeling 1Wdihg
prenatal patterns of gene expression that is highly

el &sagjard and ominkdiimgl @fcdihe @kiferentiated or in

t he, progess i-ff tiati fro l iy i .St e

col 1 RIen g™ U o e il BB A8 Mene
hERegetdfrannib @e Il aned ketpospedlo dhduredsnednt i on,

t he_ met hod conprises the derivation of 100 cells or

morE FiFRTE g TR MG Ichatdsdd EHRRsutE Gty ypetul

t he.praceqg-1pfadiddiarant idlduad Deddll i, P YRRl B ic
cell such as a hES cell, "wherein the pluripotent stem
celpréauninty ehd femargs ad@dgramragsroft arss aisamied 1 as
cell_thr h the posur-e .of the ti ell _to t
cﬁ%ﬂ%f rﬁﬁh@”*&%ﬁﬁ%%&%% é%d?@’m££&mm
appnd adndsidras, .byoMHB 6f foHied ihmemtidn .19%%ch

09/ 736, 268, filed Decenmber 15, 2000; 10/831, 599, .

fi 1NsTS et PBCPLH At dtimik g5b.to: cytokines such

Pdé&%éx%ﬁunjdllgﬁpa ‘w,n%rﬁ%rf@c%—ali&xa i cation
nos . 60/ 314,657, filed August 27, 2001: 10/228, 316,
fi |iok edufpIstn 23t 0021t A8 -SB8 i |l eflemeay-\gapda -

2004; . 11/.055, 454, fil F 9 , .2005; PCT. .
AP RATHON 5 HSCR U2 9078, S AU e e
t hegyEhvaeh oRa®sr Of1 ot i, areukaneior pottatieidt dy factor,

reference; see also U S application no. 60/705, 625,
fi IRFYRRARGS Folopystimg atisy ifafidn @id macrophage

60/:171%@1%;%1;5}}; %ﬂ-&‘éﬂp—elr ZPh£002beta, 2, 3 alpha, 3

beta, and monocyte chemotactic protein 1-3, 6kine,
activin A, amphiregulin, angiogenin, B-endothelial cell
growth factor, beta cellulin, brain-derived
neurotrophic factor, C10, cardiotrophin-1l, ciliary
neurotrophic factor, cytokine-induced neutrophil
chemoattractant-1, eotaxin, epidermal growth factor,
epithelial neutrophil activating peptide-78,
erythropoietin, estrogen receptor-alpha, estrogen
receptor-beta, fibroblast growth factor (acidic andﬂ
basic),‘heparin, FLT-3/FLK-2 ligand, glial cell line-
derived neurotrophic factor, Gly-His-Lys, granulocyte
colony stimulating factor, granulocyte macrophage
colony stimulating factor, GRO-alpha/MGSA, GRO-beta,
GRO-gamma, HCC-1, heparin-binding epidermal growth
factor, hepatocyte growth factor, heregulin-alpha,
insulin, insulin growth factor binding protein-1,

insulin-like growth factor binding protein-1, insulin-



U S. application no. 60/818813, filed July 5, 2006;
and PCT/ US06/ 30632, filed August 3 , 2006, the

wale@cledos es of which are incorporated by ref eP€nUBs3006/045352
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[0151] In particular, the reprogramed cells may be
differentiated into cells wth a dermatol ogi ca

prenatal pattern of gene exﬁ?égsrbn that is highly

el ast ogeni ¢ or capabl e of regeneration w thout causing
scari kOrgediem, £ iy ol hagsu0fn 11hilse idwarii dacdoar nEl,
fibroblasts of mammalian fetal skin, especially |

cor PREYR ridr o it of 3 leris: iR ECEIRN It dfumemC AR 31

fr ' o) ticits ..as [

SU e ey RNt O PRl E® Adhe R Wem ce1
synfaesoz) ngtdemabveoel hederdved af actarc HiR e dthirenkadpoietin,

elastic fibrjls that fupction for ny ars wtho
Cur R COTTLEG TP b EaISF ot Yo & R 1 Tebatl o
of {QEaSReRatIHIi N tHOr SCRAIpHOT AR i B8k a)Celdssdum

this point.in enbryonic devel opnent nmade fromthe,
r eprdethekip bedtewh fetprescind i hrrmtToriPhagenisef ul

| noPEArRETE SRR AFORTEE e ot T A heones

par &nhé uharihyne sehthgomni st easucty ddel sypttomsdiodl t he

course of normal human aging, or in actinic, skin
danaﬁﬁ?n%%ﬂf%l?%mptanh%%m%%f AP B s 4l pha-

of t he1 $kbBy £ £SEE Lh0at @ MmABRshAPPRERsANseL & NEdlidibropin,
saggi ng and winkling of "the skin. [0152] In another
enbodf feaes e re hé- b ehny onl ol ikl n e pY Vo EIRREE RS S

are [ nd f di tiati [

ot reF R RS iRt ant LarPoE Bty FOLLFYEE S EHheat by Bfhone,

pi ggeetreni 1 hedluoagbespt opoaddt copieculsor3s' ahd-

uSoP B eapERYyRRERSl L HE LRGRS nioRBRE o Caeine.

endades fbn by, MEhedscefcbbis, | PYLRthPRoi SUsdrmone, PEC-60,
pituitary growth hormone, progesterone, prolactin,
secretin, sex hormone binding globulin, thyroid
stimulating hormone, thyrotropin releasing factor,
thyroxin-binding globulin, and vasopressin,
extracellular matrix components such as fibronectin,
proteolytic fragments of fibronectin, laminin,
tenascin, thrombospondin, and proteoglycans such as
aggrecan, heparan sulphate proteoglycan, chontroitin
sulphate proteoglycan, and syndecan. Other inducers
include cells or components derived from cells from
defined tissues used to provide inductive signals to
the differentiating cells derived from the reprogrammed
cells of the present invention. Such inducer cells may
derive from human, nonhuman mammal, or avian, such as
specific pathogen-free (SPF) embryonic or adult cells.
[0153] In another embodiment of the invention, the

cells with a prenatal pattern of gene expression made



i nducers include but are not limted to: cytokines
such as interleukin-alpha A, interf eron-al pha A D

WO p0ef062188 on- beta, interf eron-ganma, interf PCT/US2006/045352
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er on- ganmai nduci bl e protein-10, interleukin-1-17 ,
keratinocyte growth factor, |egptin, |eukema

i nhibitory factor, macrophage col ony-stinul ati ng

factor, and rracrophage i nfl ammat ory protein-1 al pha,

1- gt anethodss Qaﬂ pHe,s 3irivestre, i cgmn e e iyeneitd celidyohaetiifd ed

prat ei 3 acti Vi anphi r.equl i

ang“lloogere}lr#an iﬁﬁ%@%%lcceqqfe&tomﬁ}t%z?a siefoper gT after
celdailrion tl'bj‘cﬁigh defdhertt REUROHHIORMNVE a0l . €.0 ecither
carg i ot rorphl n-1, ciliary neurotrophic factor, cytokine

-i &Gbﬁqp%??é%ﬁttﬁﬂb@teéﬁt& or édeaxedls derived

ep'ﬂi@nﬁ?r{e’ﬁfo‘ﬁg IE) %‘Hl%r i1 %%ﬁlttll%ln aI %%%%r ?ﬂ%lallflcatlons

activating pepti 8, erythropoi étin,
r ec@pft (;rncél tl*&tupoc@mlraaaa@m oif- bam,esfsllbhOBlfa§>tLate1et—

ar tor ci IC Jheparin, FLT-

3/ 9&3#’% a]c SﬁP?ﬁ %ae P& Ve HPYEFo pRPEir
fa&th@n tﬁeYTerEi:fll)éﬂ c@1aRULeeY 8 eakRRksS iRyl at L,RGNg .
factor, granul ocyte macrophage col ony stinmulating

f adish mereE HBIFdPMESARYGROSPe i ac 16RO glmnap BECAbywn -
hepaiAaRiiBdi _G epidgrmal E@\Q%h oFagl .ace?ﬁﬁi‘é%ytne

growth factor, her egul I n- i NSU
gr @\maﬂa(mgomdilendulﬁg; pmﬂadmné_l;,, bosuhbl- Liketgaowbh

di t l'inlik wt h fact
| DB BHCESaPonE "PREPGE | FXRBFoL LGN 8h HaFRETor

ne@b&b@hﬁhﬁs3 nﬁcle@&cgéﬁab|@n@bdlﬁbaﬁﬁ@tﬂogégﬁﬁﬂg,
factor, pleiotrophin, rantes, stemcell facto

st E5REP188N | 286r mpswhegensr OFBnetlhréﬂr’@@pngeanh,lbodles to
t 2.3 .4 .5
)r%ﬂ%LOEEbESerOW%BFBaﬁhﬁﬁfagé Eﬁgl e?gf ar%ageﬁlar

, tumor necrosis facfor pha and
endl@tﬂhebdatogr owtbkfiaetosschaad baterheukhagehpia A,

prg gérgﬂzggeﬁatﬂ7b alt%ér gsogxgégg?lggtgiferon-
gamma, interferon-gamma-inducible protein-10,
interleukin-1-17, keratinocyte growth factor, leptin,
leukemia inhibitory factor, macrophage colony-
stimulating factor, and macrophage inflammatory
protein-1 alpha, 1l-beta, 2, 3 alpha, 3 beta, and
monocyte chemotactic protein 1-3, 6kine, activin A,
amphiregulin, angiogenin, B-endothelial cell growth
factor, beta cellulin, brain-derived neurotrophic
factor,.Clo, cardiotrophin-1, ciliary neurotrophic
factor, cytokine-induced neutrophil chemoattractant-1,
eotaxin, epidermal growth factor, epithelial neutrophil
activating peptide-78, erythropioetin, estrogen
receptor-alpha, estrogen receptor-beta, fibroblast
growth factor (acidic and basic), heparin, FLT-3/FLK-2
ligand, glial cell line-derived neurotrophic factor,

Gly-His-Lys, granulocyte colony stimulating factor,



and hornone antagoni sts such as 17B-estradiol,
adrenocorticotropi c hornone, adrenonedullin,

wabk@hasabanocyt e stimnul ati ng hornone, chori oni BCT/US2006/045352
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gonadotropi n, corticosteroid-binding globulin,
corticosterone, dexanethasoneg,estriol, follicle
stinmul ati ng hornone, gastrin % , gl ucagons,

gonadotropin, L-3,3 ,5 - triiodothyronine, |eutinizing
horgware; 1 deytieh yraadapdagee lcatlomyn s tfud atdxgt deiclior, GRO-

P Gt sthe s R e CBOkeBrT - oo e TgrgiAgng
9l apilddbmdinyrwd 1S tHaBEAt, | MEReOWRe, Jryiot fepidr,

rel easing factor, thyroxin-binding globulin, and o
va&tﬁﬁe@&m-aéﬂheacmamlamlmmwlléb@ﬁ@wém faseor inding

fi tin, pr | ytsise fr t £ £ibn j _—
| b e o SR et GRRARE Tl BIAAEH Brotein
sudh asisadgredarke hapartdn fadtahgt dnpudtiesdlikeakrowth
chontroitin sul phate proteaogl ycan, and syndecan. O her
R (Tt RO Ve O daRySHen e aeEORE o oty
celdrieddimidei,ned ddestie G énrt trA RV ¢da iR,
signals to the differentiating cells derived fromthe

r e prasyfresvimedt ageldes loff adiepr edaemailn gedili-gieriSigeh factor
in er. y [ f , u mgl_,

o SR TR 6L NS LD o DR B i,
enmerar @ ,ar, 44d)1,t weldrs nddithsd]s [facarat Nerl pérb egidndeita) ,
of the invention, the cells with a prenatal pattern of

geneR8Ytds e thsdesy edds Gretiss PORGh are
genglildehiddded 40 ehanes aHheraret itheLlihetlession

ei t her bé#ore or after going through nethods of this
i nvahthiamqriese andeilidraoneh anf@acemi sEisusivusdt emt 15Fem

cel elsﬁiroa{dj;ori.e, Cgﬁci%e%r?%g)rrift?/igca tlf %%Tﬁol}%%%egg (zeatc{PheZ"lome dullin,

i nventi on ¢ S may 1 n
up reeigst satnedra riafoyeep regsisiudn tafngp hatredogied e idheed agriewt h
factor (PDGF), to inprove wound, repaj.r

gonadotropin, corticosteroid-binding globulin,
corticosterone, dexamethasone, estriol, follicle
stimulating hormone, gastrin 1, glucagons,
gonadotropin, L-3,3',5'-triiodothyronine, leutinizing
hormone, L-thyroxine, melatonin, MZ-4, oxytocin,
parathyroid hormone, PEC-60, pituitary growth hormone,
progesterone, prolactin, secretin, sex hormone binding
globulin, thyroid stimulating hormone, thyrotropin
releasing factor, thyroxin-binding globulin, and
vasopressin, extracellular matrix components such as
fibronectin, proteolytic fragments of fibronectin,
laminin, tenascin, thrombospondin, and proteoglycans
such as aggrecan, heparan sulphate proteoglycan,
chontroitin sulphate proteoglycan, and syndecan.

[0154] The present invention also provides for
methods for direct differentiation of these cells from

embryos without making ES cell lines (ED cells).



when the nodified cells are introduced into a wound.
Such nodifications nmay al so include the up or

walomninegos at i on of one of a nunber of extracel Pal/a82006/045352
signaling nolecules including, but not Iimted to,
growt h factors, cytokines, exgracellular matrix
conponents, nucleic acids enc éiﬁg t he foregoing,
steroi ds, and norphogens or neutralizing antibodies to
sugh aet ALiT reSeeht ibndueeke fierel uderbekaapgenoto methods

limted to: cytokines such as interleukin-a%gha A i thout
i niodr MekdmaaldehmsirRaT FEERY Cedof- BEPY, an embryo withou
i ntenf.er 14 MRkl (2EONLARMR- puBdyekblenphet ei n-
10," |}{1%%§?I%%ﬁggﬁ-lﬁ rlk%,%ekg?ast'i ﬁ%%yt e gr owt h factnor,

| epptoios,0 Aemgkea gulitishietio Deceabear 1, m@OOSphage

col onystinul ati.ng factor nd _rmacrophage .0t tory

5 pr GERIERAE e LR B Lok Ry Rs - JOBdeS R
N RQEYIti&HRE Y ACH i26 pPretnal,n thed ditidiveurast ofi whAch are
anphi regul-in, "angi ogeni n, B-endothelial _cell growth
f adtereby dincmqnatiad b sefegancged nédForr Gpect
factaree, QA2 LA %a{ap% Nickbonf1liises B P ULeRR C
factor, cynto I ne -induced neut oplhll
cheymnat igacdranted] 1l eatuti ms effl-deminledgr @Attt heastter,

epithelial neutrophil activatin eptide- 78,
10 er A OHT Det TN st %t@@éedi%_r‘{)eﬁplﬁfﬁ%s s, Ghat are

estrogen
r eqe M vRalR id 1tHohis! o himamo (e deneandap
basic) ,” heparin, FLT-3/FLK-2 |ligand, g]ial cel

| i resteem veeeadiy Dt AR icataapmosy 221,282, filed
granul ocyte c ' ' ctor,

O AR OO ST e reana andang goa . ene
GRQLbet o= GRES gafmieh 1 HICG e hreparpardiiediheyasipi der nal

s Qouh facer, hopslocnte rowh fecior daeptlodly
1. chOslaanldkergiomeh {868 Q. i nebhslgi g icn modl.
insulin-1ike growth factor, insulin-lik rowt h _
10/831,599, filed April 23, 2004; 10/2 8,316, filed
August 27, 2002; and 10/228,296, filed August 27, 2002,
the disclosures of which are incorporated herein by
20 reference). All of these pluripotent cells may be used
as the starting cells of the methods of this invention.
[0155] The present invention also provides for
methods.for the treatment of dermatological diseases or
disorders, and one such method is the derivation of
25 dermal cells with prenatal patterns of gene expression
which may be derived according to the methods of this
invention. Specifically this may be done by culturing
embryo-derived cells, NT-derived, parthenote-derived,
morula or blastomere-derived cells according to the
30 methods of this invention.
[0156] The present invention also provides for a
method of conducting a pharmaceutical business by

establishing regional centers comprising the cells of



factor 11, nerve growmh factor, neurotophin-3 ,4 ,

oncostatin M, placenta growmh factor, pleiotrophin,

WO 2007062198t em cel | factor, stronmal cell-deri vePlCT/HS1006/045352

I B, thronbopoietin, transform' ng growt h factor-

(al pha, betal,2,3,4, 5) , necrosis factor

(al pha and beta), vascul ar en thel ial growth factors,
and bone nor phogenic proteins, enzynes that alter the
expﬂ'&spltﬁsaﬁt Horvesrisisorand Imomenespricagof she Sumelenason,

r%g_h”agiﬂchn drenocort cot§01@| C hor m%n&ﬂ“hj ﬁb‘ﬁi‘&ﬁ& of
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gl obul in, corticosterone, dexanet hasone, estriol,

fomcm @%Jﬂw:%ﬁm 7y HaiHsnseldastififerent igitedagongn the

, I dot;h |
I e tinizi ngﬁéﬁnft?neex%n[_tlatgtﬁn o;ﬂr?gn or %&or‘%@%’t ﬁlf—ezfl, cells
oX\euwdi s ,panat hyrtollduﬁmmmnm, BECS, 6EG,phRd oar YhWED
growm.-h hornpne, praogest erone,. pr ol.acti n, cretin, sex
hor bi ng} 3%1? GGG §1S'L| 1] el?&rv e,
thwﬁlmmlrmf QJf_eQ:%lr!l% fc%ﬁi Ve dINRERDRY RS have
gl obul in, and vasopressin, extracellular matrix

com@m e Flisrigeae tthe, opistiselly perehtagnent s
TGS oo dlihg {ERRZEI o)l QPO hage%m and

eogJ1 ycans such as "aggrecan, epar’an éu
pr aieédgl )y.c arherehontute tnemﬂlﬂlp:l@atsan@rl@t e@gllye]amv%ﬁid
syndecan. [0154] T resent |nvent|on al so provides

f PRt o & & e ferdRtiest ifdR o fRESECgsESuS

f 1 gepRIieH WA Wa iR 28 Geld clalnn%% UERacel k11
Direct differentiation refers, for exanple, to

metthsasrat implgaigl dovmistateam stem cel I's from an enbryo

T DR, (SRS B B

i ntrertiatd @falcopatverdinabl ptatrmeetti MO0 b2SA0@ss wherein
the single or oligoclonal-derived populations of cells
generated by the methods of the invention are marketed
to healthcare providers, researchers or directly to
subjects in need of such cells. One aspect provides a
method for conducting a pharmaceutical business,
comprising marketing to healthcare providers,
researchers or to patients in need of such single or
oligoclonal-derived populations of cells, the benefits
of using any of the cellg described herein in the
treatment of a disease or disorder. A related aspect
provides a method for conducting a pharmaceutical
business, comprising: (a) manufacturing any of the
cells described herein; and (b) marketing to healthcare
providers, researchers or to patients in need of such
cells the benefits of using the cells in the treatment
of a disease or disorder. In some embodiments, the

rights to develop and market such single or



publ i shed April 26, 2001, the disclosures of which are
hereby incorporated by reference) . Al so, direct
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pluripotent cells such as NT-derived,

part henot ederived, norula or %%agtonere-derived, cells
that are honpbzygous in the HLA,~ those put into the

gene trap system (see U. S. application nos .

10/ ZRIG2XB2n 1 4 de iAugliiorR 6, a t200% arfd cH1/168®16%®, conduct
filed October 2003, the disclosures .of which are .,

| n TIPSR A Ty ) L RS ke by 21T
dedidFef et ald g dstdtd GVt ORlAHEE ARSI i0ReR UoF the
application nos. 10/831,599, filed April 23, 2004,

10/ 2pesrgtien f el gRigustarsy mepdetedarnd ofy Mg pggher
filed st 27 002, I sl r of ich are

[ nc]garcpor At ed’ rT%lel%dejiznr?o ’bybég]ef%eoséeﬁlgle %%dilﬁﬁo’oft% ese

pl ussttped et 1 Cled  Smayi sbe drsedilas ddie shaprdaig aeldrofdfle
the pmethods of this invention. [0155] The present

i nvent§o Gl $rovi des for nethods for the treat nent

of el gt ol 0 ae i SBASEHA 1Y deie ihdRe HEhe
method is the derivation of dermal cells with prenatal

patimven:igin genel @xXpe aiimrmgd dn mayhieh ddiopshput

acc i to th t_ho f. this Jnventign. .
Spe%;]%ll%gllfé;lrf% ietsencfqua@l%eesgo]ﬁleo ri/ ec:oulci%‘u%r is%helne’odr ylcgl the art
- detdaed €t ] s, MNIdflar | {zaah 0 )parddmmnotresalerdlvambl. 10,
norul a or_ bl ast onere-derived cells according to the

met e &/ tHI&L 112t i onthg FIEE e s drite steps of

| VSR |10 @ QO 8 Srd it A dTRIRAY Ghu VA& the

pharmaceuti cal busin€ss by establishing regional

cernwnizex anpréaidigh idns déldis @in e fresgead. | Rantaxemple,

In one,aspeel . ofy fhe 1 0ventd ofl, 4 %e?tv% od JeiEs such

t he derivation fromaSubject of pul ati'ons 0 Wo or

nmorgs 38ef erab| 35 Dhevdiln di ety 's raare eeldtsi firaed &for

single cell differentiated or in the _ .
tissue culture techniques. Also of potential use in
this invention are automated spotting, colony-picking
robots or liquid handling devices. Most of these
devices use an X-Y-Z robot arm (one that can move in
three dimensions) mounted on an anti-vibration table.
The robot arm may hold nozzles in case of non-contact
spotting. In contact spotting, the robot arm may hold
pins. Nozzles or pins are dipped into a first
microtiter plate to pick up the test media component or
cells to be delivered. The tips in case of pins are
then moved to the solid support surface and allowed to
touch the surface only minimally; the solution is then
transferred. The pins are then washed and moved to the
next set of wells and test media. This process is
repeated until hundreds or thousands of test conditions
are tested. One example of a robotic platform is the

CellMate robotic platform.



process of differentiating frompluripotent stemcells
such as, but not limted to, hES, hEG hEC or hED
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popul ati on of cells can be docunented not to have
contam nating cells fromthe quiginal parent

pluripotent stemcells (such as ES, EG EC or ED

cells) , wherein the resulting single cell-derived
popifllEdlon ofIrceldrstainme antadhiehtfsr,omoa obttadno garicous s
popul ation from sai d subj.ect and can_be used in cell,

Enerdly TP E e SLESB AT e I HESER S PH SR e
al seprovides donf MRIPGOf HeOMRllIRI A of

phar maceuti cal business wherein the single or

ol ips naasneqs inca pdpratdomeldis) c eltes pdart@dateéd by

t he .net.h f e | nv [+ Net:1 e 0
hegﬁgﬁgggg;6%g9% é?g, ﬁgégggb e?§H§¥h§1r§E I&E?gerformed
sukjeecis Krowiearb efnes Wil ldeld Sin @i aspedMdiedtades al.,

nmet hod for con&g%ctin%ta &Barrraceuti al busi ness,,
cortpri@iP hrar K8 g 43¢ Hea337card %provildecertain

T eSEHLNGESHY, 10 AL RN 1 irb%ﬁqSOfpe%lfQJ}n%id‘e ROt hat

ol i gocl onal -derived populations of Cells, th
bemefstt sveflaudiang anyelgiglteharaddl | s Iaesihicye @nfmddiments

t he treatnent.-of .a disease or disorder. . A.related
asglelcn%lecplrrl iédlelsutalorpetj‘r?o&) efrororénc?ndl?éltcl%né: hé’l € host wells

phaia¥ee eutd 1ad 1 H usl RSSloreOMu v tels (of) mmtifipaed Waligs .
any_ of the cells described herein;, and (b) marketing

t o HEH Yhcar €9rvidiet SO S5 ied dha8htdS n
neeh o Sk aalis HRRAENS! i, e YSINE BR:LCRIHsS 1N

the treatnent of a di sease or disorder. In sone
enbmabiarstits, te Hee rdghted tup disv etadp eandatdrlicst bmfcire being

singl e oraligoclonal -derived. popul ations of cells or
to(%ed?quﬂffot%%ceh Ren catctcfﬁrf(ﬁldi%egps may be l|icensed to
athird party for consideration. In certain
emrqsh e tsiaxdis t he

[0161] The disclosed methods for the culture of
animal cells and tissues are useful in generating cells
or progeny thereof in mammalian and human cell therapy,
such as, but not limited to, generating human cells
useful in treating dermatological, retinal, cardiac,
neurological, endocrinological, muscular, skeletal,
articular, hepatic, neurological, renal,
gastrointestinal, pulmonary, and blood and vascular
cell disorders in humans and nonhuman animals.

[0162] . In certain embodiments of the invention,
single cell-derived and oligoclonal cell-derived cells,
derived by methods of this invention, are utilized in
research and treatment of disorders relating to cell
biology, cell-based drug discovery and in cell therapy.
The single cell-derived cell populations derived using

the methods of the present invention may already have



invention, the cells are marketed along with other
factors including, but not limted to, the
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of said cells. [0158] In certain enbodiments, the
met hods of the invention cou gdoe performed in a high
t hr oughput format using techni ques known to one

UL R e (o0 T O

autpinedd @htofa f 16h BsweBf. t IR P'BGRHEL W0 paraxial or
robotics could further enhance the number of
c orfi™a sl quiskc caimdle tasstledlerlorede xmmilet i9Gonelfl cells

m [ t .ahe Il .densjtie h
SSﬂa%}anéﬁlrf% § v%%f eo%rf oJrHrra ssrtce\grﬁc e %Ei iqelrﬁn 2’ %ud% r_tol%igﬁg
culdarre exgotwsgiues, Al sEmmafi quitsent iaa|pri$$‘1%1U:a|'l &ﬂaﬂt?zern of
i nvention are automated spotting, col ony-pi.cking

r ofST SPRAT P Thatitft ity e RTIREE 10 561 Ligses #ound
deegRs MSAN X prodtORY ABHIY LN Caf APVR 111

t hree di nensions) nounted on an ant i1-vibration table.
Thénadpste dian mxpwlad fdwdcesdll scdseteld nonTeddeadil,
spatti{Ng;. tact -spatting, the.robot m hol d
PO SO SRS LS Pl S TRLRY dens
i erfottHee mupcatle tekqlicta lupyidtent;esle1MRdicE €ORPORERbUS

or cells toegﬁtdel'vered. The tips in case of pins are

t hért STotfed G50 & Ts G TaRpERE o3 FaEé oavid calilewed the
tousladcha rliihatendnloe Mgl JHieuakubialehs Haels
an ve e

transferred. The pins are then washe to t

nexf $ée denpdidprisida evistesdi aelllsi ofptbeesantiegumentary
re unti-l. hundr.eds ar. thousands of test

co%%i%:tleegnﬁs e %152? &4 &:éng%é’nﬁyg%gf“;aoffoﬁgtlilé of the

pl afefswrmiirs: ddve rizd) |dyiicent.0bGlich Rleatikomak] 858k abny
certaitn %(n;oodi nments, to obtain cultures wth single

ceFr& 152% 1y Ge Pritiocompetdd So 1ol thgnethe cells are

grafted into the tissue into which the cells would
normally differentiate. Such final differentiated
tissues are well known from the art of embryology and
by way of nonlimiting example, some are listed in Table
IIT. Such tissues include for example (as listed in
Table III), but not limited to: endoderm-embryonic
tissues; mesoderm-embryonic tissues; ectoderm-embryonic
tissues; or extraembryonic cells.

[0163] In certain embodiments of the invention,
single cell-derived and oligoclonal cell-derived cells
are introduced into the tissues in which they normally
reside in order to exhibit therapeutic utility. For
example, the clonogenic populations of cells derived by
methods of this invention may be introduced into the
tissues including but not limited to the tissues listed

in Table II.



cells, the cells (such as the popul ati on of
het er ogeneous popul ation of cells) are plated at
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as is known to one skilled in the art (Mretta et a
., J I'munol . (1985) 134 (4) §£299-304) . In certain
enbodi nents, |limting dllutlon is perfornmed such that
most wel | s have a single cell. In other enbodinents,
| i foLE6AY d|Imnloart31peemb®demesb%h0fh%benE@Yemﬁﬂ¢%r

have a_sin ocl.onal ust e 0 I
01607 Bof AL aRBE BRpoSHE) GhLSORI AFhea T braha o Selle.
melhedseaf bihinethBdeNbEOBhMBY i hechesbrd &pe tibElized in
capacity to be scal ed ug inroller bottles before

é

beingudestghheediafpronbdatéandPlaPeh ApRI RELPPHARE Stem
[ 0464} - TheodlSelpaed TBHNGAS o1 Gk NeeFul burevalh ani mal

ceFFs*8nd trss es are use in“generating cells or
prpgpayatheneobflneﬁﬁsnahpahlandfhbﬂangcprbpageta@y;n

such as, not limted to erating_h
us§FGFolwhﬂ&§apﬁﬁE aéPﬁﬁﬁoFBg%@QFyOPéF?R%FQHCar§ aéene
neurol-agi-¢ah, 1%nG%%Eun0haguﬁahc1ﬁ§8@nbaalfsbeéﬁtahtlon of
articular, hepatic, neurol o%lcal re

gaf}thgmnpéglﬁll@@rtenﬁulswﬁ]apy 1gnd Sﬁéédcaﬁé {adegkapn is a
ce | SOr
n ggppglme%%bo % %H?%%%&ﬂgddgf@g9g391éﬁhgﬁl§n Eﬁé6g£rly

ime he invention, single cel
- dekbe§d . anma@ylwmﬂemmabldglmeddeaﬂ&gdusefu% cdé&uvyges
by net hods of th| nve tign, are u

an@rﬁréét%@ﬁp §1V@I§99H8&Fob§gngBPé%§§§rCh
Cdéﬂbﬂyﬁﬁ r$§%€%%erMn%ﬂ@dlﬁgcgbhnhhebaﬁﬂ nébgons,

sin cell -derlved cell popul ations derived u5|n%
{ hesmetirodsedfl %, h@gpaeseric besat Ceh Lfay 280 dedgnitive

ha
o PR o atTivey RAY SEapr S oteCohar e

Orof cells capable of being propagated in vitro while
maintaining an embryonic pattern of gene expression can
be cultured in a variety of in vitro, in ovo, or in
vivo culture conditions to induce the differentiation
of other pluripotent stem cells to become desired cell
or tissue types.
[0165] Induction may be carried out in a variety of
methods that juxtapose the inducer cell with the target
cell. By way of nonlimiting examples, the inducer
cells may be plated in tissue culture and treated with
mitomycin C or radiation to prevent the cells from
replicating further. The target cells are then plated
on top of the mitotically-inactivated inducer cells.
Alternatively, single cell-derived inducer cells may be
cultured on a removable membrane from a larger culture
of cells or from an original single cell-derived colony
and the target cells may be plated on top of the

inducer cells or a separate membrane covered with



somat opl euric single cell -derived popul ati ons of
cells may express genes consistent with dernal

wo Rl obd19st gene expression, in particular, a PCENS1086/045352
pattern of gene expression useful in pronoting
scarl ess wound repair and in gpnmting el astogenesis .
Such cells include for exanple, those cells listed in
Table I'l, including but not limted to: cells of the
hea’fﬂrg%’félql%l]oﬁ e Pristwtiereted aalasys agndeldls tdfe

r e f splr r te
“r’]g %I%JJ?] fé‘e‘%%?llli‘;cr|I‘r1:1e(ﬂs]§§/(:“é erﬁgorgtear ) ofﬁ} egv&}sllicull ?f
Sys’tb:elayetleld)JS of 1 Idenderind opdl teited sitstweiireeldmmfplanted

the, i ntegunmentary system cells of the urinary system
or TP <7 oFPH HAV IS 1999 nt ¥ tFHATUISA tidin Cambi il o0

5 MaYs PEow tahbye 19T Af tad-dd & i St oaamati %%%QI?% ﬁﬂ{kﬁgded

the cells are grafted into the tissue |nto
celvasqwldd swppedt y(zkd f efentéxammleSucmtfémational

et 6T Doy e bS5l R roa TP A e v

li sted 200 akhtiee |ddscleird l@jsw&sldmcwdﬁeﬁéﬁy exanpl e
(as, listed in Table I11), but not limted to:
endbRTROEATS It Cefygnee) mestrerimdugas yails may also

10t SSdesroRcd Q&%f@? g&@r%ﬂi%%{p Tte Cee§tert9rce ls

including
extraenbryoni c cel rtain embodi ments of
t hehEhventhiEh, cel in) elrce/lrmaiera vl @ik addrgoctwrialhas been

cell-derived.cells ro ed inta the tissues in

i TR g ek e PR G it e Temdvea

t hestapeiltl ¢ wdli ttyypér@ru@(ﬂmmﬁl dieyid igeirived and
popul ations of cells derlvedrﬁ¥ met hods of this

i nvehtg ol eRA! meed hrderetieed G0 mass g liude wisep of

15 bmlﬂkﬁicﬂidﬂ Leh 1 Qe i T3 5UES d4Stigd dcfbu-&atﬂﬁ:urally in

.[0164] 1n certain enbodi ments of the 1 nventio
SI n@m&:blémwtarcmﬂecd davke lobprgodd onal cel | -deri ved

Ce|t§166] In certain embodiments of the invention,
single cell-derived cells and oligoclonal cell-derived
cells, derived by methods of this invention, are used

20 as "feeder cells" to support the growth of other cell
types, including pluripotent stem cells. The use of
single cell-derived cells and oligoclonal cell-derived
cells of the present invention as feeder cells
alleviates the potential risk of transmitting pathogens

25 from feeder cells derived from other mammalian sources
to the target cells. The feeder cells may be
inactivated, for example, by gamma ray irradiation or
by treatment with mitomycin C, to limit replication and
then co-cultured with the pluripotent stem cells.

30 [0167] In certain embodiments of the invention, the
extracellular matrix (ECM) of single cell-derived and
oligoclonal cell-derived cells, derived by methods of

this invention, may be used to support less



derived by methods of this invention, are utilized in
i nducing the differentiation of other pluripotent stem
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popul ati ons of cells capable of being propagated in
vitro while maintaining an enpbryonic pattern of gene
expression is useful in |ndUc?%g the differentiation
of other pluripotent stemcells. Cell-cell induction

isd?ff@ Elgﬁéascgilg'Q§€é'§90?k5@f&eéﬁ|§l|Onst@mtbélls
ear ryo. Many potentially nedically-useful cel
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detiinttirke cheaahapet et I(RoéEékSetSamgl epeel byder i(zed4)
popul ati ons of cells capable of bejng proga éed in
Pepe iLﬂ

vi 228 (@hi: BESmditnt ai ARAGMERTEFLFFBNPE fPYene
exBE%éﬁﬁQﬂrﬁﬁ@ Qﬁdcﬁg%t L8l RaBrYRLEBLMiAG EB1YI fhfAe (see

OVO, Or in-vivo C e condltlons to i nduce the
d|Wbe99¢QDaﬂﬂ®n sﬁchthertbbuSE@omenEesfehr@bﬂﬁgttélne

besom gel et icel oo ok SSus | YPes. L REEh, LadheL o

] Wt apese alhe . |nducer cell with the target cell. By
way of nonI|n1t|ng exanpl es,_ the |nducer cells ma

b
pI d@éé 8ln ti JsuEeEtipitr E"RRELPEBEFeBIWER ATV Sﬁﬁé%gﬁ'gthe
o1 oo Eh'l 570 R4t Bl EV SRt Fgﬁgleelclemf Bemikenl heating

e target cel re then plated on top of
thelﬂgb@ﬂbmaﬂlpeﬁﬂadsmuaeédce&duceﬂtu§ﬁssmay be

Al ternative]y, S|n e G ed. i nducer I

e O R Lo St E R AmBPin g PEo, 8o SPgal cTBhed
Culdedi@nPf  @@lilss condfitamnaa &bﬁguﬁaha§lb@|€ormulated and
cell -derived colog%@and the target cells nmay

pnge[therepya séygbapgngéﬁgpgﬁg meglum
S an %&Ge %h \Mtthlqtb%rt%e b LSRRG BUiaR0%EE reP Rt ikRed

state and allow propagation of cells such as
pluripotent stem cells. In certain embodiments of the
inventibn, conditioned medium of single cell-derived
and oligoclonal cell-derived cell cultures derived by
the methods of this invention, can be used to induce
differentiation of other cell types, including
pluripotent stem cells. The use of conditioned medium
of single cell-derived and oligoclonal cell-derived
cell cultures may be advantageous in reducing the
potential risk of exposing cultured cells to non-human
animal pathogens derived from other mammalian sources
(i.e., xenogeneic free) to the cells.

[0169] . In another embodiment of the invention,
single cell-derived and oligoclonal cell-derived
paraxial mesoderm, neural crest mesenchyme, or
somatopleuric mesoderm, derived by methods of this

invention, can be used to induce embryonic ectoderm or



two cell layers in direct contact. The resulting
bi l ayer of cells may be cultured in vitro,
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conditions to allow growth in three di nensions while
bei ng provi ded vascul ar suppo%% (see, for exanple,

i nternational patent publicatidon nunber WX2005068610,
publ i shed July 28, 2005, the disclosure of which is

hesgbyliencenporatadddy cibfgbatieectodben hducer cells

may al so be froma source of pluripoteng st mcellsh £

| nEeFAtAGORES SEr TREDUEEI 18, SIATWKEER2ZCEupErggratting tor
CORRANC! IR GRS " AUC a@u%gahsbts@ter@,he i nducer

cell's "¢4n b6 renoved At Wil I'T types useful in

si @iy odel | - der ianedhend egbioddoeatabicéhe iaeeniagn, the

i nduct i may .i ncl yude cases .of _i.ndyct.i hI e
LS5 Ph 6 GirdruSry SCn oRGY AT 28NBry o 812 ek Bvea

deyRlepital d1ALE6ndsddeek, aide raéreadbyemes hotist b€ this
invention, single cell-derived cells and oligoqloqm
celinvgaritgay && Iiqduser iepeayRRice ersgsesm o single cell-

i ”Va%'}{%'v%;& QP I ABnaeedsn cRlliSed @ubRRAL heodern
gro of other c types, 1 ncluding pluripotent stem
celirto Theinse tafdesimegl eeddld cd@ribled ofeldeneaading CNS

ol i gaocl onal cell-derived cells of the ese .

i n\%ﬁtclisoﬁ“aé’s%eeéifé?g‘@eﬂns DY Etegseaff?%‘ 6&%%‘3&%““9 tor
i sfedfoddnadpddivg daldegeys didomfieeddlscetidry. The
derived from other mapmal jan sources to the target
celdingIrheqldediariced SNt @I e sidd, - Fegived

ex g ' [ atd ry e with
S O YT Meddd i B b i T

c o-tetH i durreich twi drie Iyl splasr idectcarnitbest dvaresalnl $hycmdythien
certain enboduggnyf of the.inv ntigg, t he
extPRIATUMSR Hat rfE (EPSH ity cel | -derived and

ol i ppeional ced lansterdy sl insentdesti watk bynveatthians, afhe
single cell-derived and oligoclonal cell-derived
notochord mesodermal cells, derived by methods of this
invention, are identified by their expression of
brachyury. In normal development, notochordal cells
induce the floor of the neural plate mesoderm (which
induces the spinal chord) to make sonic hedgehog
("SHH") , a ventralizing signal, that induces the floor
of the neural tube to express SHH as well, which
induces the expression of FPl, FP2, and SCl by the
floor plate of the neural tube. Therefore, notochordal
mesodermal cells can be used to induce neural plate
ectodermal cells or neural tube neuroepithelial cells
to differentiate into spinal cord neurons. Such
neurons may be identified and confirmed by assaying the
gene expression assays described herein for cells

expressing FP1l, FP2, or SCl. These cells expressing



this invention, may be used to support
| essdifferentiated cells (see Stojkovic et al ., Stem
W@ ®612005) 23 (3) :306-14) . Certain cell tREEES1006045352
normal ly require a feeder |ayer can be supported in
feeder- free culture on a matphx_(Rosier et al., Dev
Dyn. (2004) 229(2) :259-74) . The matrix can be
deposited by preculturing and lysing a matrix- form ng
celdnd jare Mosme AMD OGYsEO TR kerss g las behalsstolmigs epinal
fibroblast |ine, (LATCC Accession No. CRL-1503) , or
hurfeh plracent a at-Tlloonr'obl asts . [0168] In cert?ai n -
enbidi7ent S aud ke vkttt whatt kerdendi tdionde redila of
'single cell -derived and oligaoclonal cell -derived
celdercifadirayd mhigpeliialedodd, - Ioddrved FaliltSeridy Satdy
st ; i '%ﬁgg AN By oy aQndlivkii Qe j
> ma)(;ér ey?%}lqrrﬂlqgltﬁeé and nfj%&d forr-grijg?ear chv;alnd the:rfg%yflrass
Suctt duredizt ieontmd/areidi haror yeentadilowtse numengdust diviearg of

a less differentiated state.and al | ow prapagati.on .of .
celniless%(f?éﬂ"ag's Jrﬂdtﬁﬁeﬁ:otcee alsstté)mlglél‘}cse. Cfln&(?eer nézllr#lon o
enbadirrit isc afctdiednnvwentdribdeaandi Howatkned inglef cell-
single cell -derived and oligaclonal cell-derived cell
cul Qﬁléée%léﬂ@éﬁlltﬂpqlﬁéi%tq?gds“dﬁrlt‘ﬁ% SvightiT  can

be [ ' ntyiafd f ’
10 b by S Al entl ! SRIed ) ddine o
condiis anecemetbummefy shenglse el |in derduwadiandgs well.

ol igoclonal cell -derived cell culture b

St SRR SRR et RIS A0 Loy Sxpress shn
eXRASd Nh&r I Bebeed | Sorbia d¥0ed Wedornad i g8l e i diggens
derived from ot her mammal i an sources (i.e.,_xenogeneic

fr eegsqdermrl cedlls it FxnLesh M Har SmaRf iRt~ brand
s LB 500001 o €A oY Rl lagord lconors
we&aqnh@mmescé;tracellular prggeins of the Wnt family and
thereby induces other somite mesodermal cells to become
dermatome mesodermal cells that express gMHox, and
dermo-1. Meanwhile, the myotome expresses N-myc and

20 myogenin.

[0173] The juxtaposition of the inducer and target
cells provides a useful in vitro model of
differentiation that can be used for research into
early embryonic differentiation, for drug screening,

25 and studies of teratology. The target cells
differentiated by the single cell-derived inducer cells
may also be used for research, drug discovery, and
cell-based therapy.

[0174] In certain embodiments of the invention, the

30 single cell-derived and oligoclonal cell-derived cells,
derived~by methods of this invention, may be used to
generate skin equivalents, as well as to reconstitute

full-thickness human skin, according to the methods



somat opl euric nmesoderm derived by methods of this
i nvention, can be used to induce enbryonic ectoderm
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keratinocytes for use in skin research and grafting
for burns, wound repair, and drug discovery. [0170] In
anot her enbodi nent of the invéntion, the use of single
cell -derived and oligoclonal cell-derived prechorda
pl atesdrEsederim Uwea.i weghldyareohodesof OHios 7, A¥ént ifdded

oF Mot oA (i e amaion Bheerdoaotieaids 2
neyy aectadey MRl.e®ld:S «apaklig ;0f )genenali, ng iGHd orldetber

may be useful in neuron research and grafting for
neut o fdneliatd veoulildemtdsn aed &00g 0di2dO&Per pubtshed

single cell, - jwed ' onal W - |

pr gg‘fﬁ)‘fsg:alégﬁl %t%;dzéésogyr%%gd% %Ié [ élr?t%leg\floéf(?qrg{/elrv%q 2004
transoy @iukalfmaia?tﬁicm aﬁ:.dlasmﬁohemm,eipmbﬂ]"jrshagh Jdure 2,
expression of, for exa e iml. 71] In, th
B TN tE 1T A YT (o0 X O ngReTEale LTgrRpERted
an i : derg JTRs; -
ceﬁ%é%g%y\aggé %iﬂn%%eh'odsﬁdg?%%ﬂﬁ%ﬁ i on,q%g{é;well

i dedetr fvestl dyd tdilsigoabqurads siedr -seiremshyagyls mavhdraral

devel opnent,. notochordal_ cells |nduce e, fl. of e
m&%ﬁﬁ%ﬁﬁéseﬁﬁ% &eféﬁkgﬁ%%éﬁﬁﬁﬁﬁ&
to fmkpusani£ diesgehag (1S Jella Mgty alrizianglis qgreede
that induces the floor of the neural tube to express

SHHEeeR®| 7ol Wi arey ddirte £ & Wik sidt oRt e E‘?ﬁf,t 2,

andsé&téﬂe&'ﬂse é%lo@fdgflc?f edf1d e die W aortidhSrous cell

Ther ore, notochor mesodernmal cells can be used to
i nduizet weeir al T aff er sv toeler My nay cmalaidalanysell

AR A L AR e AP

conbaFrReubyr ASEavatithddeces. Other cell types that may
be used in the first cell layer are CaCo2 cells, A431
cells, and HUC18 cells. The second cell layer may also
include cells of any type, but preferably includes
mesencyhmal cells, in particular, fibroblasts. The
layered cell sorted tissue possesses an epidermal-
dermal junction that is substantially similar in
structure and function to its native counterpart. That
ig, the tissue expresses the necessary integral
proteins such as hemidesmosomes and collagen I,
collagen IV, and collagen VII, to attach the epidermal
and dermal layers with the proper basement membrane
morphology. The single cell-derived and oligoclonal
cell-derived cells may then sort to form an epidermal
layer that contacts the connective tissue component.
The layered cell sorted tissues comprising the single
cell-derived and oligoclonal cell-derived cells may be

used as a skin graft that could be used on graft sites



gene expression assays described herein for cells
expressing FPl, FP2, or SC. These cells expressingone

woromoerIDf these markers coul d be useful in SPCTEBE2006/045352

cord regeneration. [0172] Qur discovery that various
single cellderived and oligaclggnal cell -derived cells
in early enbryonic |ineages may be propagated w t hout
the loss of their enbryonic phenotype all ows numnerous
t y pesclofasresederatalc iwvmduokr agel Isato dimjduge

di f iation in enbryonic,.ectqder r endoder.m
ronbTERET g ABHR | TRP T ocitnart aary om

- degi verh cadl s dd o andaderdn st 1esiodeidml - dd fieage sells
derived by nethods of this invention, may be useful in

i ndRietiloks anvgntiorFaraekmpleed A fadea deerifeatd ty

poctin S H N TTA AP E TR E Y

- t vast 1t Paxe Iregpck ssaed ace Bt adelrlm vildsrgaas

anot her exanpl e, notochord expresses extracell ul ar
o QoS FEEBAC THO e (5 | GATL S e AT TR Sifertrap
Sor@m%j:@%@ﬂr@érmch Sot &1 KT e oMe  SEsRde rdal 1 s

cells That express gvHox, and dernp-1. Meanwhile, the
my crayrebe xprds sus metryedamt vk iivertoiors] ark assayed
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usegefiortrfs amitbetfntas edid ey ywhinf terentiate in vitro

differentiation, for dr creeni ng,, and studi es of
erdl ThyT i he (HHGEIC MR Y MUY ASRE by Theel1s

singh® £6F!getiaid Med dindicss oeldise B A 501 Bie dSathe gene
for research, drug discovery, and cell -based therapy.
[ 01743p | nackexai as i dieelt dof ferrnt intenmtaemn, rehiewed in

S NgLes S L SPT1 VedhaRd BLLOOPL 808 Seld15 988 ) Vethe
disclosure of which is incorporated herein by
reference). The vectors and methods useful for making
gene trap cells and for detecting changes in the
expression of the gene trap markers as the cells
differentiate are also described in U.S. pat. no.
5,922,601 (Baetscher et al.), U.S. pat. no. 6,248,934
(Tessier-Lavigne) and in U.S. patent publication No.
20040219563 (West et al.), the disclosures of which are
also incorporated herein by reference. Methods for
genetically modifying cells, inducing their
differentiation in vitro, and using them to generate
chimeric or nuclear-transfer cloned embryos and cloned
mice are developed and known in the art. To facilitate
the identification of genes and the characterization of
their physiological activities, large libraries of gene
trap cells having gene trap DNA markers randomly
inserted in their genomes may be prepared. Efficient

methods have been developed to screen and detect



derived by nethods of this invention, may be used to
generate skin equivalents, as well as to reconstitute

wo edol7/06x1b8 ckness human skin, accordi ng to the PCT/US2006/045352
nmet hodsdescribed in U S. application nos . 09/037,191,
filed March 9 , 1998 (U.S. pubjjcation no
20010048917, published Decenber 6 , 2001) ; 10/013124,
filed Decenber 7 , 2001 (U. S. publication no.
20020428850in puihe | Séredl AofuskpP8ss POD) S i oBnd 8Brap
filed venber 5 , 2004 (U_.S. publication no. . .
200881 %EEG?SpE%?i%ﬁggSJéhggér,nﬁb%%? R RF o¥r et ve
of eachiph MBEEHAESEbACORREE BheUs hegBé Nedyl f @é Ll ead eor
For exanple, the single cellderived and oligoclona
cel plideriondl ceeli-Aayivedi pebtporat UL farentlaks efwgther
cel | d;ti h i pel i SC [ I

o\ ayopSoadea hy SH Epl Bhe BE HEFP PRSLECIRLY S ERereeret
i N ybt fForhyat beispphtaasbugosonet ngs ohlbevéd foodewelop;
hompgenous cell mxture, The first_cell .layer, ma
| CERBEoHng LPT E5bh VhER BRePBRHbESEPACPIEsS Yo form a
epi hiigh bak eghhsrebNuRAL (REURT , akr 8tl PREYAGSthe ArTES
cell types that nay be used in the first cell |ayer

ar eugdep2cenflisiopasthakl FesubhdipugzBeEerign Fhean embryo
105CQRA.CEL! o) BUGLATRY BLIQILACI LS £6b) 3nPLndN¥ntYBE: more
e ¢yhmal “celTs, i

but “pref erably 1 ncl udes nese
par tileubaeniti Bi6beashsiathd tayksedintel hnsbmirede-

tissue possesges an egidernaldergzg %unction t ha
a

o
subSPEREPELEGIsPRi PaltPROSPPREEY gskuRRt s t(8'-§ts a

nat ke pCRUBALE! Pakt & Lhabehsict RAct k&sUBCR%PY €s8E8Sal Néwing
necessary integral proteins such as hem desnpsones and
col tagehomas compageanpvdijffigreskiaged wellstboafpa®n In

1o, R BRC 08 TRLbelS” Syt bhes g v
and colibgetbaaal ceelll-dederidedetakl sondyfEbheansortet further
for?%%ﬁu%%ig%&ggking the cells in a monolayer, in
suspension, or in three-dimensional matrices, alone or
in co-culture with cells of a different type, and
20 exposing them to one of many combinations of chemical,
biological, and physical agents, including co-culture
with one or more different types of cells, that are
known to capable of induce or allow differentiation.
[0176] In another embodiment of the invention, cell
25 types that do not proliferate well under any known cell
culture conditions may be induced to proliferate such
that they can be isolated clonally or oligoclonally
according to the methods of this invention through the
regulated expression of factors that overcome
30 inhibition of the cell cycle, such as regulated
expression of Sv40 virus large T-antigen (Tag), oxr

regulated Ela and/or Elb, or papillomavirus E6 and/or

E7. To artificially stimulate the proliferation of



| ayer that contacts the connective tissue conponent.
The | ayered cell sorted tissues conprising the single
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be used as a skin graft that could be used on graft
sitessuch as traumatic moungsgﬁng burn injury. [0175]
I n anot her enbodi nent of the Tnvention, single cel
-derived and oligoclonal cell -derived cells of this
i ngaRhi ealimyihesupeddased neang tbeidenhofly afdthe

characterize genes that are trapscriptionall
acPreared éPvgﬁﬁﬁggseaiﬁglPﬂ °¢ IFée nagrgg fuch as hES
di EE?&%nﬁa?I bane5aLre%arB! fithi br prhesiaf ceapertesp

single ce derived or oligoclonal cell -derived
cekbatmyibg matembpratthedsesfithve WHEaRE! 8f, SYAA Tag
assayed to detect changes.i I e ssi0mg7 .
of & é@qﬁgﬁg ?Vas %ﬁPﬁgrgig§gF%288e ¥§E8?%Fe?g%Fi§?e in’
Vi @ and d1n Adao scihesaesbeds obeblaaki(mgogehe t Tap

cells and for detecting chan%eg in tEi exgrgssioa ofo a
t héngeisd blea Fomn RS §e44 5t RESCEPRY it PEPEntPat'BYSFE

I e, d.i [ gt cib6EenangiRes Ta61999kh
9:¥%§%§§§§£H¥¥§ES?ggFggﬁpglgf wh[cﬁ.isTF%corporgted
hengiimdnceadefssmgrce) thEhaonperoissavg Fefpeastyser of

f or in ene tr.a ells far ectl _
T R e o
celils if farrnidiale relialisnsdes Gorbedrien cdlSs papt have

no. 5,922,601 (Baetscher et al.), U'S pat. no.
6, PAE U4 YITESY dharARSYr Fd Athey. §.°%H§f(é3ﬂ‘tal
gluggipclaltdaﬂﬂé}% %@%%%%&%ﬂleettoa&e}mv‘ém&he ectopic

osures o i ch”are also incorporated herein %y
r ef@sren ciag B csTUacegenetinda Mpymbgi Bydcerddished by

i nduci ng. thei.r differentiation. i A , j
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entymas ol wdaned tiae fiiadriesl deed tard rowr iFLR kd te

art. To facilitate .
specific recombinases (Sargent and Wilson,
Recombination and Gene Targeting in Mammalian Cells.
Current Research in Molecular Therapeutics, (1998)
1:584-590). When these recombinases are expressed in
cells they efficiently catalyze recombination at a high
frequency, specifically between DNA containing their
respcective recognition sequences. For example, genes
flanked by the loxp recognition sequence for the Cre
recombinase may be specifically deleted on
intracellular transient expression of Cre recombinase.
[0177] For example, construction of H-2Kb-tsA58/neo
and H-2Kb-tsA58/neo/loxp vectors may involve the 5!
flankiné promoter sequences and the transcriptional
initiation site of the mouse H-2Kb classl gene being
fused to the SV40 tsA58 early region coding sequences.
The 4.2-kilobase (kb) EcoRI-Nru I fragment encompassing
the H-2Kb promoter sequences are ligated to the 2.7-kb
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inserted in their genones nmay be prepared. Efficient
met hods have been devel oped tgy screen and
detectchanges in the | evel of expression of the gene
trap markers as the cells differentiate in vitro or in
Vingl 1rBatwD Peidiesist fderivetlcirgn sibgylteldd |early

-derived or oligoclonal cell-derjved cell
di Fretentgare PR LAY MPHRIEET 1%%%%@8 ol dacoRt and
cepl St Nt O7Re bh@st PCyste t Os F197 R Be & NbyRYS D@ Mbine 0K dratw

is allowed to devel op; fusi nﬁ,a stemcell with_an
enfichement obchseheni¢hbim aohiicP¥ArpelgRR¥ase Uhjfo allow
( ., _apd [tyrin N, & | ession
rggg%fb?lngaeﬁg a F%ngo%i]g%'\%—#b#%g%%g? ?lgé arlﬁjfﬂ%v\% to
deyebepi pRU2kpptemss n@aanestoralnor xdoiegehiirad Sci USA
differentiated cells Lnto an i neconpr o sJe_g oLy

) C

hi 88088RpaPLBPe (R8EL) ani nBP FESRSC & P rouse. o?eaTag

sypdepslc Egé' gé&NQB_@BEA angdrakbovhngakeeatenas isolated
conprising differentiated cells to form In vitr

0

methods ther pMadNepRglai HgLEoEeRF addhpyéfasf fragment and
oligoclonal. cell -deri ; to_diff [ t
fulsgﬁ&lof“ﬁgl &&E%ﬁﬁ‘re[ Er .nge%‘ %{égggl SQF{?} géﬁg%c;l% a%eorr, i
SUSRART@R, pBI-2KB - thAse/thaensiorateats rd Q5 2Kl -¢dwd 58r'neo
inco-culture with cells of different type,. .an
expesitey whéely basné&her Pig ﬁffg cbfibr ﬁ/d?‘?% ﬁsa}lsg%é e dgnied
bi @d%ﬂ'si%%gs ¥9irGd ragefblnatiohudenfetoesyl tuwne loxp
Wi one~or nore different types of cells, that _are

knedn domcdpattlideofdupldxes erealsyanhgrirefe siicatigrted

540 K R MR BT B T ooyl Lo

celdaiqulditees aondi tilens: e kepretuten oo ssesitsse eade 1n

grﬁgbéﬂgkghﬂg%1§?1ﬁ§%Ié??é%‘ﬁéféé?@%'d% %%e expression
casgettes on recombination. Each oligonucleotide
duplex reconstructs a functional restriction site and
an inactive restriction site such that the entire
loxpH-2Kb-tsA58/neoloxp cassette can be removed intact
by restriction endonuclease digestion with EcoRI and
SalI. To construct this vector, a DNA oligonucleotide
duplex molecule containing the loxp recognition
sequence (Hoess et al., Proc Natl Acad Sci USA, (1982)
79(11): 3398-402) and single stranded ends
complementary to restriction endonuclease EcoRI-cut DNA
is ligated into EcoRI digested pH-2Kb-tsA58/neo vector
to create the ploxpH-2Kb-tsA58/neo vector. A similar
loxp oligonucleotide duplex containing single stranded
ends complementary to restriction endonuclease SalI-cut

DNA is ligated into Sall digested ploxpH-2Kb-tsA58/neo

vector to create the plopo~2Kb—tsA58/neoloxp vector.
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expression of SvV40 virus large T-antigen (Tag) , or
regul ated Ela and/or Elb, or qapillomavirus E6 and/or
E7 . To artificially stinulate the proliferation

of such cell |ines produced using the methods of the
presgot tovenanofeciplomi potenis shiém eells i PERLHES

cel | be t fected. w.t | ] t i
CORPAT RGP o PE: Y e Banare, Dty (liihor 1o
reguh gt £ty vy gREER1 ct Db édaiudleamet el gédaiomtwidih

., Proc Natl Acad Sci USA 88:5096-5100 (1991)) . The
i ndeeRbl e Tag hES cells are then allowed to undergo a

finghzepund L diEtetenhi ahdogsvbbhidagent dhetransgenic
uni nduced state at the nonpernissive tenperature of%f7

OCcaitd iLansedinewm backRerforwegehBusrgakiay FntBEFerd
in.six differin nditigns. . o0 : have
poLREFaPHT BFPPRerSpetLe BitErRsABIY EaLeazheed
appkigatbensel teiBytheedeayr bpl eransfembiagt hénearbped

SV40 Tag DNA sequences. This may.be acconplished .
il @A@Sﬁgdt Nec¥ay RHdSOEREFCBRABLT PROPS ngegﬁsngéémlcal

Wi th the Jeqagni-bhgRnseaugaaes shor tihas€eerabnFkPssene
speci fic reconbl naSes (Sargent and W/ son,

Red@ireimeattiasn amd pGeNé oTgAyetrAgTiReNarfapPan eCePtls
et Y 107 o814 AR BAT 2RRUILC Snal 2igRkon,

tHeése réconbi nasés are expressed in
celpas .t s eidhneizenthy 3aat-akyz  2086onbindasiteblat a

hi gh frequency, specifically between DNA ¢ n% i_ni_n
o B

t hémaneEqsaattsy ESAECEGM ol e TSRS Bor TR EY 1R

ge f 8% by the I oxp recognition sequence for the
Clgﬁggé%ﬂg#%ase may be specifically del eted an

i ntieackd]l ul arfrersdsiceriore epce ssitew ldphmeaty edofbiPRsgenic

cell lines may also be performed by chemical
transfection. Human H9 ES cells or other ES cells are
transfected with linearized pH-2Kb-tsA58/neo using the
ExGen 500 transfection system (Fermentas).

Transfeétion of human ES cells is carried out in 6-well
tissue culture plates two days after plating on MEFs,
using established conditions described above, and is
performed as described by the manufacturer's protocol.
Specifically, 2 ug of plasmid DNA plus 10 ul of the
transfecting agent ExGen 500 is added to about 3 x 10°
cells/well in a final volume of 1 ml medium per well.
The 6-well tissue culture plates are centrifuged at 280
x g for 5 minutes and incubated at 37 °C in a humidified
low oxygen incubator for an additional 45 min.

Residual transfection agent is removed by washing the
cells twice with PBS. The following day, cells are

trypsinized and approximately 5 x 10° cells are replated



[0177] For exanple, construction of H 2Kb-tsA58/ neo
and H 2Kb-tsA58/ neo/ | oxp vectors may involve the 5°'

wo b@nksa1gs pr onot er sequences and the transcri ppCDNS2006/045352
initiation site of the nmouse H 2Kb cl assl gene being
fused to the SV40 tsA58 early Oreg_i on codi ng sequences.
The 4. 2-kil obase (kb) EcoR~ NP | f ragnment
enconpassi ng the H 2Kb pronoter sequences are |igated
t 0 gehe 12. ZnkkBakukeBapisH cbhagirihgdenaeedvhted hhemycin

tsAS8 early region_gene and pUCL9 doubl e-di gested.wi th
EooREiZRaTalE CoHE Boliwp SPVE FOILPUATIEp aY, the

th f fs BSpheniohha ¢al haBNA Rel YARI g86wth

I t%g}égﬁ%g'% &%lggﬁnpgqﬁhg Nru qui?e to generate the% "
Tagneedmnes s Adit eve epprophiniellys ABS 1g) deyety §k18 rppgstant
Nat| _Acad Sci USA 88:5096-5100.(1991)). To cr .

5 dr6§ﬂ§%F§?igﬁpeoﬁifxyggror,lpﬁ&%N%Fﬁé% 8F%Cef%?é§§%gnare
cagseikleR ib? i=s @liatresh ifpcemet, halipMdcileaRadl Antectairlas cdumps
Xhol / Sal | fragment and subcl oned into Sail |inearized

H Zh-aedABE waet G ans fgareca d@toHan RE- A8 Ced Urf dish
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Si treesipacirft I ecdiisd ratd expsegiseh beforews toggge in

ol i_gonuc) eoti de dupl exes are synthesi zed _and |i gated
10 { S PR RO 0 e 0™ FHE Y bR and
Sai forddies t hatardd e idie L¥Prassikli tagset ofs tanthdgenic

an orientation that allow del etion of the expressiaon
casslth deinge mech s StatioReHramest Ryofl@dsarpFration.

QURL £ LLCONSIL Yl Sidh N InAlg 1Y LN 1y Yhele

an imactive restriction site sucsh that the entire
| oxpty ki 1 sASE M el 6% cassEt ¢ doart tvwarensised shachc tCA)
by restriction endonucl ease, di gestion w.th Eco n

15 gajtaking AR rtij%tmjﬂf'r"%l%Feoqjdﬁ’s,qocalaﬁl\lb&)rbljingc?nucll%e%]taef g:eell
dupd e & 254 & Eont Rl i dguddieed axitl e@Eymddiam, and
sequence (Hoess et al ., Proc Natl Acad.Sci USAl
(19@@guspended in 0.5 ml hES culture medium, not

containing antibiotics, at a concentration of 1.5-3.0 x
107 cells/ml. Immediately prior to electroporation, 40

20 ug of linearized vector DNA is added in a volume less
than 80 ul, and 0.8 ml of the DNA/cell suspension is
added to each electroporation cuvette (0.4 cm gap
cuvette; BioRad, Hercules, CA). Cells are
electroporated with a single 320 V, 200 uF pulse at

25 room temperature using the BioRad Gene Pulser II.
Electroporated cells are incubated for 10 minutes at
room temperature and the contents of each cuvette
plated at high density on a 10 cm culture dish seeded
with neomycin resistant MEF cells. G418 selection (50

30 ug/ml, Invitrogen) is started 48 hours after
electroporation. After approximately two weeks of G418
selection, surviving colonies are picked using a

micropipette to dissociate nascent colonies into small



79(11) : 3398-402) and single stranded ends
conpl enentary to restriction endonucl ease EcoRl -cut
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vector to create the -pl oxpH 2Kb-tsA58/ neo vector. A
sim lar |oxp oligonucleotide,gdyplex containing single
stranded ends conplenentary to restriction

endonucl ease Sail -cut DNAis ligated into Sai

di geBl el hex prh® KhedrsA58 mesb gt 64 twe lolr detsyeheculture

t pl oxpH 2Kb-{ sA58/ neol o ector. Pr.i t f. .
o ORT e i ee A HEK BT ST A s AT SR . 1B hES
OF 04 PR HE2KDs 1,5ARS/ HEOhQKAL VLt ®r iThd iCEEs i zesti dyant

restriction endonucl ease digestion with EcoRI_ . {O 78]
Tr anbbries onranexpanded | kefer Wiy HHyemRabetis by PCR

l'ines_may: be perfor . Dy I tdnes

or UBther %gflﬁp%A ﬁlgt% #§@$$gé§ﬁﬁk£§?i€§%iﬁature
sepsiktbvee Tagdbyotransf 8¢4 0 Nhatdaclrazetgeh assferage 1in
vector by electroporation_or usihg_the chem ¢
tréh@ﬁé@tPbﬁr?%%@en?rEﬁﬁﬁﬂeE%ﬁdé}Egﬁg?%%i?%hogyst%%$

(FFSE?EE@é)c@én@§e¥£éu§é¥c9§éﬁéabﬁﬁ ¢Eigesretbaod .,
Current Biol, 11:514-518 (2001), Zwaka and Thomson,

NatnaByetechnol copfignation (9DR3)IeREMLE PR isolated

transfectants sel ected i e e . L he nyci n
anirop CALB TepoaaptrraRerd e e RaREr AR Lhp uRERTY
traaggenabetebl birobesmiyonl shebrepeyébdnnedsbgtte or the

chem cal transfection. Hunman H9 ES cells or other ES
cePV40aftargeafsPEeBER with |ineari zed

- Phipdkht SAS8LRER 1 uSENGabhexpxeeriRg0ckLapshest pdated in
systenlaFernentas) . Transfection of _human ES cells is

caer isedndatrdi 6 @e&éltissgsuéuégprarélﬁFat@§ Pm6?8§§§

dedevehen aBovee Snatvetie PPTeRTab Rt nr Btk b

magHoactrwen slapkotecebnfluence. The hES cell growth
medium is replaced by any of the combinations of
specialized media or other culture conditions described
herein (see Table I) and the hES cells are allowed to
differentiate under a variety of conditions and for
varible periods of time as described herein.
[0182] The resulting heterogeneous mixture of cells
is then rinsed with phosphate buffered saline,
dissociated into single cells such as with trypsin
(0.25% trypsin) and the differentiated cells plated out
so as to allow clonal or oligoclonal growth as
described herein. The differentiated cells are allowed
to proliferate for 14-20 days under permissive
temperature and the resulting colonies are cloned and
plated in 24 well plates containing the same medium
supplemented with gamma-interferon under the permissive

temperature of 32.5°C and extracellular matrix from

which they were derived. The cloned coloniesg are



Specifically, 2 ug of plasm d DNA plus 10 ul of the
transfecting agent ExGen 500 is added to about 3 x 10X
waeedormbses | in a final volume of 1 m| medi um PET/USENG/045352

. The 6-well tissue culture plates are centrifuged at
280 x g for 5 m nutes and i_r]oﬂlpzé\t_ed at 37 0Cin a

hum di fied | ow oxygen incubator for an additional 45

m n. Residual transfection agent is renoved by washi ng
t heexqedrdded viicc obtiatim RPBSit oHke dfoldedisngndayhecaldld diae

trypsini zed and approximtely x, 105 cells.are

re té?‘g(cﬁJeei'rel(F%’rfF e isﬁ%cglﬁltﬁrﬁ‘ﬁ?ge ﬁ:ﬁ]éactﬁa\}—‘éctegél of

ne | nefosdsdiat, Ml celllls abeo s doldowHeg same

repl ating, the neonycin anal og G418 (200 ng/m)_is

addeewn tredugasv i R Uiin CORAEIE LRk itvatd \Eolel. £ ree

days resi ol _anj q{&ﬁ; aa-Ngl e
Strans gﬁﬂ@a C%Fdoe?#%goarf’e %Hc%ztdq%f;e am ce;égrgisp%‘%g,

di ssampeatathtataf SIdd ftdminfisreofdeged | s, and

transferred jnto 24 - | cultyre dish containin
et TAT dt b v es Vark e Rt P ger
cel{shék e expanded before storage in liquid nitrogen

or used for differentiation. [0180] Transfection and
est B 83hnentTofremeis geif ol - 154/ RS SRISHEon

perfornmed. b | ect at | on. |
10 cel (F%S%er%t%%rgreos eédé))gfié ’geénegjl e {%/%E%r}%%aé%o% 8’?%%{%5%3
g/ ekpredidh r@gedst Carfeabate @Ye, RKP npraeiilent
m nimze dissociation into single ﬁ#‘ suspensi ons.,
Cel%f%c%mlélﬂ\%t%%edf%t??(wl%t&?%rﬁc}% § esUs peRISE T2
0. 5,01 BES G 4 11 EndBAli iR 1 N0 WU B FHHHoANE b4l | Bissed
at a concentration of 1.5-3.0 x 107 cells/m.
| midi &tahy piilrCre reeenrbporat iGmllarrgy ransfected

15 G ZER YSG e LB el Rde g enn g
t 0 enehiehectrapofati bon cowagdeet € 0. Zox nexgamp Laviehe eExGen
Biog%g’tgggggéggiogm\yétgﬁl%ﬁéémghtas). Transfection of
human ES-derived cells is carried out in 6-well tissue
culture plates, using established conditions described
20 above, and is performed as described by the
manufacturer's protocol. Specifically, 2 pg of Cre
expression vector DNA plus 10 pl of the transfecting
agent ExGen 500 is added to about 3 x 10° cells/well in
a final volume of 1 ml medium per well. The 6-well
25 tissue culture plates are centrifuged at 280 x g for 5
minutes and incubated at 37 °C in a humidified low
oxygen incubator for an additional 45 min. Residual
transfection agent is removed by washing the cells
twice with PBS. The following day, cells are
30 trypeinized and replated at a density of approximately
1000 cells/10 cm culture dish or at a density of

approximately 1 cell/well of a 96-well tissue culture

plate. Each colony growing on 10 cm tissue culture



el ectroporated with a single 320 V, 200 uF pul se at
roomtenperature using the Bi oRad Gene Pul ser 11
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roomtenperature and the contents of each cuvette
plated at high density on a 1@3cm culture di sh seeded
W th neonycin resistant MEF cells. (418 sel ection (50

mg/m, Invitrogen) is started 48 hours fteg

el pdeteporaei BACkAdt éRtappPekl hetetyVEno S waeks 3f “¥ald
Sel%%EEOQEV§EEY'gé@ﬁsclegke§eﬁiﬁt@h§ke@ey§bUﬁré screened
n15?op|pette 0 di'ssocl ate nascent colonies into

smayl eelRl fokruipssand H-2EbEESASE/nrposgquenckF BRdshE
culture plates seeded with nycin_resist MER

celSeR Sk IHES Y gﬁhecéﬁflgi ﬁ.ﬂﬁg '58035‘/ of EZ%E&D %@584?50
I eSicthRMNcee0heRl eenEheneypandedubbbeneanadyeiguaking 32p
anal ysis by PCR using priners specific for the
nedmpsilied @siobesnaorasset Fe 2&kd tF8P 8/ REOSORGSFAFGe T
ant Tapaere o%%%?RB lhquivd1 iR QGe 1 ool nés @d 1E@bratory
di f ntiation. positive clones are rescreened by
Sowtdiardl o136t mhet ysi s F@0l coldlid rinyiony U TRP SRR -
DNA isol ated from (418 resi st.ant .cl a .

ny R ng v FPrCkbs SIBCAEobes Prom TRE T o the
NeonyGidy-£ agsht trddirildie BYA0 dyasige akraitd galy. HeO E8ked

I nduci bl e Tag-expressing cells are plated in a

st anidar chBligeldnali PReEedma Gre RFICHSE ToNFHEET] ayer

OF SDUSE AP oM (INNQb! A% AL IOaG ddd Rllor

0 confl uence. rowh nmediumis
r ephasedi dy @yl afydike coomdsatayoris gfoigysstital ig@roteln

nmedi a or_other culture ndi ti qQns .descr.i_bed her.ei
( selerapgiwcyion é#ﬁ“allﬁb cel Iol{c}foatreelnaIlﬁro‘—’lv\n/esc?{1 L{(%t%&l
di fd&nemmd Aloundate B ¥ iely- Qivaeadily ansiand dortactors

vari bl e periods of ti'me as described herein. [0182]
Thethais ubvé il dretes ldgeredls FHiBQ e DfLAeIThe

translocation of said factors across the cell membranes
so the protein may ultimately reach the nuclear
compartments of the cells. PTDs that may be fused with
factors that override cell cycle arrest include the PTD
of the HIV transactivating protein (TAT) (Tat 47-57)
(Schwarze and Dowdy 2000 Trends Pharmacol. Sci. 21: 45-
48; Krosl et al. 2003 Nature Medicine (9): 1428-1432).
For the HIV TAT protein, the amino acid sequence
conferring membrane translocation activity corresponds
to residues 47-57 (Ho et al., 2001, Cancer Research 61:
473-477; Vives et al., 1997, J. Biol. Chem. 272: 16010-
16017). These residues alone can confer protein
translocation activity.

[o185] In another embodiment of the invention, the
PTD and the cycle cycle arrest factor may be conjugated
via a linker. The exact length and sequence of the

linker and its orientation relative to the linked



is then rinsed with phosphate buffered saline,
di ssociated into single cells such as with trypsin
W@ 00025668198 ypsi n) and the differentiated cel | s PCHUSZ06/045352
out so as to allow clonal or oligoclonal growh as
descri bed herein. The differengaated cells are all owed
to proliferate for 14-20 days under perm ssive
tenmperature and the resulting colonies are cl oned and
pl HKTSHETH WY Ve Yat e ST ARt §hath & i sfediferm

su ed, Wt gy s | rf Lo er, & d b
peB%s 1've ?Ze’rrple@atur’e oo%' S%fé%%;en%m{é%%r acelTulfar Y °¢
matse bedtraainhwdach drhelesieresl gerdpest.ieEheucdhored
col oni es, areexpanded to obtain a stock of cells _and
Che T e T e b S7 T et oM ne

5 t hgp At @I 10 fer@RIte R £S5 HHN, 1 itk 1C @lhs nfprsiid ted
to the same medi um reduced in serum concentration by
20-Fwrek ianale squRifa Usafark dragh, theneugl fimtion,
no 1,SSi.ve ad . Qf . 37 f] d . :
Re%e\?%{g%f&f\il- 2%- ts Lé{]agcolq{/ne’ct%ff %rextflﬁd \r?(;eee’sq%ﬂfgr%ecéflulsmn
i mesofdikB3] To renove the H 2Kb-tsA58/ neo expression

casseftes fraomecells, cells are transfected wi th an
expf%’séqe]on ca%‘%éﬁcéﬁfed? ?r‘i‘@%”ée,ntﬁﬁ SIS St
10 I ecOiNase1 - e oXAP| & tdie Rft-dlad e 1e0quBSaPRells

vector  containing a nuclear localization signal fused
i n ¢F drwl s invedrtel ore deatbibrasrePCEtaymade ba #5f ect ed

Wi t exnessi o or orat i .
chedr}ll(%:% T antglf%c #]oélnt:ea%eagten %@}f g}rorvgé?an%t‘derocﬁw%@l@e%
50Ccdatansfect i an dystribddermmantas )app liraatsife@ctricon  of
human, ES- deri ve J,LpgeFeAnIs is carried out_in 6-well tissue

cul RU B3 et s, Pusth 1 s P TorthiS i GRP iFedo-
15 aboyes7 80 15, Pef f R Asedess i by the apfplcj:.rcation
e

manufacturer's protocol. Specifically, 2 ng o

no. 60/818,813, filed July 5, 2006, the disclosures of
which are incorporated herein by reference. Briefly,
the cells may reprogrammed to an undifferentiated state
using at least a two, preferably three-step process

20 involving a first nuclear remodeling step, a second
cellular reconstitution step, and finally, a third step
in which the resulting colonies of cells arising from
step two are characterized for the extent of
reprogramming and for the normality of the karyotype

25 and quality. 1In certain embodiments, the single cell-
derived'or oligoclonal cell-derived cells of this
invention may be reprogrammed in the first nuclear
remodeling step of the reprogramming process by
remodeling the nuclear envelope and the chromatin of a

30 differentiated cell to more closely resemble the
molecular composition of an undifferentiated or a germ-
line cell. 1In the second cellular reconstitution step

of the reprogramming process, the nucleus, containing



expression vector DNA plus 10 ml of the transfecting
agent ExGen 500 is added to about 3 x 10s cells/well

w0 poog/odieaml vol ume of 1 ml medi um per wel | . TheECBUSENN$/045352
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tissue culture plates are centrifuged at 280 x g for 5
m nutes and incubated at 37_ én_a humdified | ow
oxygen incubator for an additional 45 m n. Residual
transfection agent is renoved by washing the cells
t witdee wianpdRESd Thee fesit ewiveg akey ofcsltiep e, is then

trypsinized .and repl ated .at ensi ty. .of. s y
1000 PG BT a5 S ch i B
appid it elpparaald /weldh ofs alebiel,| ddgsitecwittir ehe
pl ate. Each colony growing on 10 cmtissue ,

cul txpepiererd Huclitke P medURing uACREIAS B o 96

- V. %\?&K fier | AL I920.0,0880 81 i8¢ cell
s\c/:\ﬁyé%% %%%R%égé ossscoéfailleSKC??s%Sg?Eﬁgo sequelncesce °

ancdcdysehsiof wigl ietdieiarug B e Idsiscdfstep of the

H 2Kb-t sA58/ neo_sequences ar.e confirsed by sout hern
el ST TS 35V S e B (Fom e Selefid! £rom
H- 24chs t SASS/ Matb&asset d€l { SatdHiintinartkdiusselg two are
Mol ecul ar C oni ng A Laboratory Manual, 3rd Edjtion,

200Tha R R SHFIREParPer Preny of (XRRAITaTHMs et for

enbodi .t he j ty f rJ iych
it B A e R R
pr odned hst wraps csel ecidedmi ngh el dels vidried] tetamthels not
cells. For_exanple fa%tjgfs that overri celldc. cIet
a1 rESTUHESE o0 | BRARRP T o bl TR PO AU | B bt
(PTRcesEsp)ein s6naSabst 1o o@) Nshe cvel @iidy ®Ff the
non-covalently linked to factors that override cell
cycteindreselify| eontrel t9EeR| b R¥JFPBICS H LR act or s

acrgﬁéf% yaﬁﬁééh8§ggéa§§? &éé&rE%$%é§€g{hr%?b%%ﬁftions

ul ti reac nucl ear conpartnents

cel sch Pifshthah tegnbel dnisediownt h Fatables, téatonies of

ove%éégggggkkegygéflgréﬁgé ﬂggéuggnégﬁéfwgéryotype but not
sufficient degree of programming may be recycled by
repeating steps one and two or steps one through three.
[0187] In another embodiment of the invention, the
single cell-derived and oligoclonal cell-derived cells
may be used to generate ligands using phage display
technology (see U.S. application no. 60/685,758, filed
May 27, 2005, and PCT US2006/020552, filed May 26,
2006, the disclosures of which are hereby incorporated
by reference) .
[0188] In another embodiment of the invention, the
single cell-derived or oligoclonal cell-derived cells
of this invention may'express unique patterns of gene
expression such as high levels of angiogenic and
neurotrophic factors. Such cells may be useful for the

delivery of these factors to tissues to promote

vascularization or innervation where those responses



of the HV transactivating protein (TAT) (Tat 47-57)
(Schwar ze and Dowdy 2000 Trends Pharnmacol. Sci . 21:

W@ 260748219%<r osl et al . 2003 Nature Medicine (9PCT/US2006/045352
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1428-1432). For the HV TAT protein, the am no acid
sequence conferring nenbrane {gansl ocation activity
corresponds to residues 47-57 (Ho et al ., 2001,

Cancer Research 61: 473-477; Vives et al ., 1997, J .

Bi ¢lre CHenapeErriclc0Fer eseuple, Thesber esisdued &hene

ca fer . I.n._transl.qcat.i_on tivity. [0185].1
T Fa Bt L R S RetEtStandsnacvele
cydfe sayt daartoast ifmdtueli nda WEEEAGOR, ugat od v ara

i nker,. The exact |ength and sequence of the linker _ .
anFNFCRNEAF AL OF rel &y &%t GreRenlpRkeds dqdeacéglivery
”er\eé{rhb%gﬂl%é ISR teOTRY k3R +heheX@IRGe 2o

10, 20, , or nore am no acids and nay be sel ected
basked iorerd esilded thedp expres ss geli dasngdloglenliict factor (s) to

| engt sterj. aration, .etc. In particul ar

err‘ri%1 |ur(r:eentasn, lﬁff?%sﬁferf%%a§%§gﬁﬁreiu§écaeff%ﬁ&?“i'onﬁ‘ls an
segbents dys efiuricon 3t iepautist ictat ren atdeleegfenen ex@iression
nodi fication, for exanple, of the fusion protein.

[ 0 Pf61Ehen asdOre ienfedtREnVEGE G Be theeRElds, dsTAyRe

celd-gerdved on al4 geclanal..cql | -derived cells of this
i nvention .may be reprogramred to an undifferentiated
st &t0d 8Hr ougFheoweiprespriogr afnigegeseckinitiee cedds of this

descri tl),%d in US a Iti cat.i ogt no.. 60/ 705, 625, fi Ihed
AudeSEE 1oL 058 1BG §CCSEBIPESyi oNSRE U TEBFFSg Of74he gene
fi leagbr@a=aler 126e120@ky YeSpeaiFplrivedt b9 ang- known methods
60/818,813, filed July 5, 2006, _.the disclosures of

whiigh Hce dtcolpsradddch &g Roby 1L Ecente., Bicarpyray

(VSR SRt R TR | B8P UL AL L eoon

pr@eesysis and Northern analysis. The gene expression
levels may be represented as relative expression
normalized to the ADPRT or GAPD housekeeping genes.
Based on the gene expression levels, one would expect
the expression of the corresponding proteins by the
cells of the invention. For example, in the case of
cell clone ACTC60 (or B-28) of Series 1, relatively
high levels of DKK1l, VEGFC and IL1R1 were observed.
Therefore, the ability to measure the biocactive or
growth factors produced by said cells may be useful in
research and in the treatment of disease.
[0190] | The formulation and dosage of said cells will
vary with the tissue and the disease state but in the
case of humans and most veterinary animals species, the
dosage will be between 102 - 10° cells and the

formulation can be, by way of nonlimiting example, a

cell suspension in isosmotic buffer or a monolayer of



involving a first nuclear renodeling step, a second
cellular reconstitution step, and finally, a third
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fromstep two are characterized for the extent of
reprogramm ng and for the npgﬂy}ijy of the karyotype

and quality. In certain enbodinents, the single

cell derived or oligoclonal cell-derived cells of this

i nveritlisom treyhisel tep roylayiesd ofn exiteraicieddulagcmegirix such

renodel ing step of .the _reprogranm ng process by
reﬁﬁﬁ&qQ%%qﬁﬁéauﬁﬁ%%ﬁ“%nvelope and the chromatin of a

di ffoarsant i at ach eeld da@erte murselphiresemdtloest hehe cells
nol ecul ar conposition of an undifferentiated or a

geriidan e dhe mathate Sfcdid ScemMVianar oM 86is Bt HEPeh tO
st ep, ffcd & d SRR NG ROGESIud REMGELYS improve

cont al ni ngt he renodel ed nucl ear envel ope of step 0One,

i s thensdnumey witdewadyjitoples e Hkén dontwaiumidngepair or
req‘%i site nti.t oti c_apparatus which is cil:pabl.ehetr%%%tilg%r
wi tIF TR erTe SRPBY Srodlidi%hg & .

poptyAtd:empife U e IHdAtRE, HRMaTRIdes U ram1BSed
or ED-like cells capable of proliferation. In the
t hifer &t osq hes imsh Asgrigifivh ¢t Fees8iladdiBhi es of

celd SadSiped RO R 3] o @ i‘-}@lllﬁiirn%sw WaY of
fromstep t are characterized for the extent o
r e prapglriamitiingy asxchofdre t Hewnworanedrid wedfe tilme rvareypdmggde

and cal oni.es of hi uality are sel.ected. Wil.es 6
PR At bl R i 19 i etyad) 19° - 10

I epE O AP dife AMk-iisl AOtorN @GAS T ,Y Hyh we@MdE nonlimiting
applications, the inclusion of the third quality

COrRFBIP I e 190 Ik TUSRBE MITe T SRR UHFRPHASS 4 &
?fg%?%?%ﬁ%% ?%ﬁfﬂgﬁ%%ﬁﬁé%ﬁggT%ﬁﬁgéﬂgﬁﬁﬂgggéﬁ%annEd
celdssttdwadl lhaheer anatorinal sudr yeot Y tastctrest  omifeftiici .ent
d(:"(‘:]t’oeil.e92011c br oSq,{C nTE'Sn onPyceblelsr %ﬁ'}/a‘Ti:l %drotr)l}/ote angiogenesis
or neurite outgrowth may further be combined with an
adjunct therapy that includes young hemangioblasts or
angioblasts in the case of angiogenesis or neuronal
precursors of various kinds in the case of neurite
outgrowth. Such combined therapy may have particular
utility where the mere administration of angiogenic
factors or neurite outgrowth promoting factors by
themselves are not sufficient to generate a response
due to the fact that there is a paucity of cells
capable of responding to the stimulus.
[0193] In the case of angiogenesis, the senescence
of the vascular endothelium or circulating endothelial
precursor cells such as hemangioblasts may blunt the
response to angiogenic stimulus. The co-administration
of young hemangioblasts by various modalities known in

the art based on the size of the animal and the target



repeati ng steps one and two or steps one through three
[0187] In another enbodi nent of the invention, the
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may be used to generate |igands using phage display
technol ogy (see U.S. applicatiggn-no. 60/685, 758, filed
May 27, 2005, and PCT US2006/ 020552 , filed My 26,

2006, the disclosures of which are hereby incorporated
bytieteeeateny. widhagplia aapehée ehbddl HERTLIBE he

i nvention, .the _single ¢ - ' ' n ; ;
coPnouRPrhLt SErrarer fitd PEoeLeroRh pbedirdiaheiogentc
uni-gdpopatt er pachf agetiadexpieasobnansgthgasehighcarvees

of angi ogeni ¢ and neur ot r ophj actors, Such

hj c cel |
beugséill 1PoPTPREtAEH W@P&?goiﬂeta égaffsb?o}féswf?riéggion
tooEreggEﬁega?%Bh@rkéaﬁggﬁeﬁﬁaiBﬂ@hVébiQQeﬂhﬁy@chbaﬁﬁm,

responsesare erapeutic. For exanple, in the case of
t hekaigitedenpr Eacvtohsmuselle,| skés tRat iaxphessafpgAt

| evel s of ,such.factors _incl udi . , ;
ornﬁﬁéﬁég&thF§9P 8?C?ESC§R%geg?rg%?gﬁ%ﬁﬁédogéfﬁgglg
dehijvery)t echrelsegnes a&pdnhep!,i dtieetrg9 bbeet abget tissue
to_deliver cells that express %gigéangio%%ni factor .
(spredn-d@deélangi dgeREStLero P PRELESEG! PE &ffedPVeRETOM
an a Elsgur I G relsatirve ngerells of
ex§$§35| %egﬁlgﬁb%gﬁ%eggghﬁgs g??gﬁ 6EGFC in the cells
dertided ifrvemtdlconesyl b7 defte@avingsl-1 Mepgrggmeneof the

expressi on of genes of .the cells this 4 [
begﬁﬁfbﬁﬁgﬁﬁféRﬁbéﬁP$%§ﬂmﬁﬁ1¥%§%%gﬁg%%gp% S%%gan%Wh
| evRlthomy ke Ry faariTed deyl uaiincK e noet Addd tied ttoe

art, including but not linited taq, nlcrgarray en

. e
ex FHessIoer ah AS7S SXOREEP 19T AP3ddie Sex ogray gene

lanaé:%ﬁsziesssﬁ'l% N LA aaﬂ‘gi ¥Rirthehe RN HI €95ieOR}ene

evel's may be represented as relative expressi on
expression levels may be represented as relative
expression normalized to the ADPRT or GAPD housekeeping
genes.
[0195] In another embodiment of the invention, the
single cell-derived and oligoclonal cell-derived cells,
derived by methods of this invention, may be injected
into mice to raise antibodies to differentiation
antigens. Antibodies to differentiation antigens would
be useful for both identifying the cells to document
the purity of populationé for cell therapies, for
research in cell differentiation, as well as for
documenting the presence and fate of the cells
following transplantation. In general, the techniques
for raising antibodies are well known in the art.
[0196] A cell produced by the methods of this
invention could produce large amounts of BMP3b, and

this cell could therefore be useful in inducing bone.



normal i zed to the ADPRT or GAPD housekeepi ng genes.
Based on the gene expression |evels, one would expect

wo b@7esppessi on of the correspondi ng protei ns PYT/URD06/045352
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cells of the invention. For exanple, in the case of

cell clone ACTC60 (or B-28)_ gfygSeries 1 , relatively

hi gh levels of DKKI, VEGFC and | LI R were observed.
Therefore, the ability to neasure the bioactive or.

gr d@iB7i act ofs protbherdembodamgntepfsthayipeensepnt fFalls

{oFa] BEPBRCanA 00Eatua0F "EAPA 6l FeNwk FPOUaTy i TRDST

t hent 9sees5any ,t iexdi(gaeasessbat aubbbri NMt be2sase2df or
humans and nost veterinary animals species, the dosage

wi PNGBE2pdaneersiop nurdeTclM 804A47t Ae - f BFnBFAFTon
Ca%n%?bg@%e@@%.%%c@%&%'g% ' gee§ﬂgEE§or@ GekFul in
suspensron 1 nisosnotic buffer or a nonol ayer ofcells
at iaclhed nto aagibapeesit ekenadebkeckead mmt viixosashcasl

ted gelatin, [Q191] In _the. f hi
B e o R

I NVeNtiiQl, may Rdcws edmba neadueeht BembRRY QN Yat e9Bhek a
tissue such as to inprove the sensory innervation of

t havigiitd ced Lyodma ctépyaitedoprr 8géddrattane sPTobFEr 10
sens .Qr r.J r.yat i _ I -
N I R S A R i
delivene ame skeortmimatentr one alreokdgioesisegll kwhewn implated

the art including by way qof nonlimtin ampl e, . .
hunghs it %ﬁéﬁ%ﬁ?? e é?ﬁp|“11(F8ttilg’ﬁ‘§>i\)aggf‘@cttﬁé’ated
dosage Medr Rribetwaery Hidro-1REicel Ifscard st hguch as
formul ati on can be, by way of nonllnltln% exanpl e, a

celdravesydmsi ¢he ROcsass efharrgons: tolhondngydnigry to

cells tl qﬂﬁl to an layer of extracellular matrix
sucaggg gghtr%%ted gelatin. [0192] Such use of cells

t hafo1®ajnot e Iangiregdresiesnbodiment of the invention, the

single cell-derived and oligoclonal cell-derived cells

may be used for the purpose of generating increased
quantities of diverse cell types with less
pluripotentiality than the original stem cell type, but
not yet fully differentiated cells. mwRNA or miRNA can
then be prepared from these cell lines and microarrays
of their relative gene expression can be performed.
[0199] In another embodiment of the invention, the
single cell-derived and oligoclonal cell-derived cells
may be ﬁsed in animal transplant models, e.g.
transplanting escalating doses of the cells with or
without other molecules, such as ECM components, to
determine whether the cells proliferate after
transplantation, where they migrate to, and their long-
term differentiated fate in safety studies.

[0200] This invention contemplates using the cells

derived from the methods of this invention in a number



or neurite outgromh may further be conbined with an
adj unct therapy that includes young hemangi obl asts or

war@robdiasts in the case of angi ogenesi s or neRPCDNS1006/045352
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precursors of various kinds in the case of neurite
outgrowt h. Such conbi ned therapy oay have particul ar
utility where the nere adm nistration of angi ogenic
factors or neurite outgrowh pronoting factors by

t hePE eV es- arBheee el fs chamntbe digpterer creseasPonselhese

due he, e | (o]

cap% ?1eé ’of?%%%% oépd%egﬁ?%é’t hdé]? s%in?ﬂ# u%i él]f%tl%%]ei%%c% hferom
caseheode angl Dgenegilse tded sEnesaencel @il Ihe @S ctanple,
endothelium or circul ati ng endothelial precursor cells

suchPasE et obt bses PIEMt  tHE rFPBR eFAGFOTS

angkogLMt &4 S ML LB fd¢ £0sAANE PhSEI Afd®Nadd YUY These
hemangi obl ast’s by vari ous nodal ities known in the art

bas@@lbjm n#e seree ods t heedeil m}bﬁ]dﬁwzhetlu%lr@@;w@m,
al Oﬁg?&\%@iﬁ? lLs capable of detivering apy angiogen e qq

sti us w provide an i nproved afngi ogeni ¢ Tesponse.
SuckeBhs i NdTité | Ol Ofir@ngedenesds tladsdecebls thay be used

pronot | ng wound_heal i ng, the vascul ari zati on of

ti s5ReEPREReTt B FERMet Bl S B FgHP i dtyells in

skeletghas 06 SERPLE i HSSL Eon Skin (as in the case of
nonheal i ng skin ul cers such as decubitus or stasis

ul c€é0201] i ntésieae, otdhereise |dekinedonell ofepraieal and
[0194% | n. angt her enmbodi nent of .t he iqxention, t he. a
expPesEPoh of Gehes %?e%r TePHE 517T he'C et T1IC JPeTRtY 28
I NVeshmenl yreynder sieded Nbyeshe MR SOIF@I®RaEy 0fk i e penche
expression |l evels nay be perfornmed by any known . ,
met #bbls i ArtFRsaret ¢erflbfhg Bhie Petserhi sRectplcation,

M Cf 0A1 {@YngCaEE LXPE £S3L O AR ¥ShSropead array gene

expression analysis and Northern analysis. The gene
expi@282bn | eWersheny Belesprethervisasre@hirededy

context, singular terms shall include pluralities and
plural terms shall include the singular.

[0203] ' Generally, nomenclatures used in connection
with, and techniques of, cell and tissue culture,
molecular bioclogy, immunology, microbiology, genetics,
developmental biology, cell biology described herein
are those well-known and commonly used in the art.
[0204] - Exemplary methods and materials are described
below, although methods and materials similar or
equivalent to those described herein can also be used
in the practice or testing of the present invention.
[0205] All publications, patents, patent
publications and other references mentioned herein are
incorporated by reference in their entirety.

[0206] Throughout this specification and claims, the
word "comprise," or variations such as "comprises" or

"comprising" will be understood to imply the inclusion



expression nornmalized to the ADPRT or GAPD
housekeepi ng genes . [0195] In another enbodi nent of

wo b@7iosaaesit i on, the single cell-derived and ol PgDUSNED45352

cell-derived cells, derived by nmethods of this
invention, may be injected intp,fmce to raise

anti bodies to differentiation antigens. Antibodies to

di fferentiation antigens would be useful for both

i dertfi fay isrig ttefe icrejé@n @nj@gmﬂtgntoﬂ hewtmgdntsy afc not the
popul at.i ons for. cell er apl for research ﬁqn cell

di f Fer et G 3 @5 e intsg o QiR Hhe ntegers.

pr esaamg;gamzf ai@dsflﬂshe cells follow ng
trans d%é)ant ation. gﬁneral the techni ques for

rai si%P7dnt i b&ﬂeesc Mgle defsiined tife tdvits qrpigglatAon

brodiee PR SRR GH B R Tl i

the@ﬂdree:tb@msemccl"n ilnduc iBagk bmzaea [O@Eiﬂsslam angt fpros,

Quant ] abde T AR oA | MG L e

(Accass o fewrhey M2k 602 Or ,lefneAN@"B?f Series 1, was
(Accessi on nunmber NM 001147 .1 ) , or other

angld@é@ﬁé-é:l%i R tTIe dnd 2906 sk éfa@r dTKeAgcassion No.

d Il
U090 T SO

t herapy, when mtotica

injected in vivo, or when conbi ned W|th a mtrix in
either a mtotically- inactExampdesr native state for
use in inducing angi ogenesis. PTN- producing cells
des@iapgpd e 3 t he present invention are al so useful

when inplated in vivo in either a native or

m t dt0i2(9@|]| y- ihfgc tdeddise chrst arewiort cddldrweranigyoid bodies

neur g;active factors. such .as preventing the apoptosis
of n orffqeoﬁfgw ﬁé’glrﬁ%% NOi-d &9 J@%&?Gﬁ Olfg-é]edi n

15an0iiher:aeRbedi nenlo40f 1tiha genventi el1dderuly 20, 2005; pCT

application nos. PCT/US05/002273, filed January 24,
2005; PCT/US05/25860, filed July 20, 2005, the
disclosures of which are hereby incorporated by

reference) and said embryoid bodies are plated in

20 standard tissue culture vessels in the presence of DMEM

media supplemented with 10% fetal bovine serum to
obtain a heterogeneous population of cells. The media
of said cultures is collected after 24 hours and the

cultures are refed. The collected media are pooled,

25 filtered through a 0.2 micron sterile filter and stored

30

at 4°C as conditioned medium. After a total of 10 days
of differentiation, the differentiated cells are plated
at limiting dilution, photographed to document the cell
number in each well as well as the differentiated state
of the cell, and fed the conditioned medium with
biweekly refeeding, and cultured for two weeks in low

ambient oxygen (5%), then microscopically analyzed for



single cell-derived and oligoclonal cell-derived cells

may be used for the purpose of generating increased
wa@e@nbexipes of diverse cell types with | ess  PCT/US2006/045352

pluripotentiality than the original stemcell type,

but not yet fully differentiatgd cells. mRNA or mi RNA

can then be prepared fromthese cell |ines and

m croarrays of their relative gene expression can be

per ot Y. fprnanionn JRer helpsernedi vty lefcehe-derived

i nv j t Si ce - i ved and ol i gocl onal
cel ?Q%%I??%%Uh%él +151(9111n§s3’/’ bcl’veglrlljs‘geigélllL nlg%n?}?%&fm%?(ghspl ant
nodetrgopregertednsphant tngeasced Bledy Hdoseshdir tdctern of
cells with or wthout other polecules, such as ECM
ConPonent LT T tet er i it WHE MR 9% He LETLSHID | Feranie as

s5af tes G&BNSPh&M i Ofhe WA¥¥ € they nmigrate to, and
their longtermdifferentiated fate in safety studies.

[026930%hi s | Fivertivreevmispl caleniss mythe qetitsern of

der e S, his_,invention in a,

nu r%éellf‘%f e‘;;\%@g& Qﬁ]rgg%&g%?tggnngayw%eh ur%é% f?ﬁ hEEEETh.
Thesesodtts, atdeicagtagenlen wpLoet |Srdiddet e inBdr of
fromihese cgltllrs, may be used therapeutically, for

exa > YT Sl g SRR IO PN pRRSLY Th Igrasmat ively,
f - i £
10 f acd e B eIt &St I £edd:s H@ylﬁl%ocfgf tggq Sé)gagfreasﬁde

used. These cells may serve as fee
derRXRfAS B nNodiastoroeresis nissfarcdwfimtytemeel | s,

su ls. .The .cul ture dia framthese cells
na;ghbézsctu(%di: eféolsfﬁ” u(%le § |afrfsé)rleaﬁ}r£seéi i6h 0f"Gl uri pot ent

stemcells in nmethods of this invention. [0201] Unl ess

ot IBxamgsle dfi ned, all technical and scientific terns
used herein have the sane neani ng as comonly
undd&tod byhEesadfl soradienaymovwskidd Adrnt kenarioid bodies

e o e B A (- PO o
January 23, 2004; 11/186,720, filed July 20, 2005; PCT
application nos. PCT/US05/002273, filed January 24,
2005; PCT/US05/25860, filed July 20, 2005, the
disclosures of which are hereby incorporatéd by

20 reference) and said embryoid bodies are plated in
standard tissue culture vessels in the presence of DMEM
media sgpplemented with 10% fetal bovine serum to
obtain a heterogeneous population of cells. The media
of said cultures is collected after 24 hours and the

25 cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4°C as conditioned medium. After a total of 10 days
of différentiation, the differentiated cells are plated
at limiting dilution, photographed to document the cell

30 number in each well as well as the differentiated state
of the cell, and fed the conditioned medium with

biweekly refeeding, and cultured for two weeks in low



[0202] Further, unless otherw se required by context,
singul ar ternms shall include pluralities and plura
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nomencl atures used in connection wth, and techniques

of, cell and tissue culture; 1md ecul ar bi ol ogy,

i mmunol ogy, m crobi ol ogy, gegeglﬁs, Qevelopgﬁnggl

e\Mole) TN i, ol descri be erein are 0

3@%: -knovt\:n(’:l%EIJX é“on(%%ﬁvy%%?&d“ﬁlﬁrPﬁEOBFF?tlE@rzen]ﬂyzed for

Ex@mﬁb@wyfnehhmd®nandTw@t@bggkgegrgiggggrbgggrggk9$%d

al thouah nmethods _and materials simlar or equivalen

to5 ﬁggéeﬁengiE&&nﬁérepﬁncﬁhealbg pspasdddi n EBEOS]

r agtbpe e rtast i of L,h I nvent|on,

KII gﬁglFcafions,a%gteﬁ?s?og%?éﬁ?g%UbﬁF a#ﬁ8ﬁ§ BAgtern of

otH@Fer6K§K§ﬁ§é§nn§nstededshagegenarexpﬂégéﬂéﬁagggapg as

refer ggg'kﬂoagegk Fggiregy. [ 0206] Throughout"thls

speci?icatlon ané c |n§F_the mord""conprlse," or

valPalibns shohthss" 6RERPLEESEo0n] EOMPILE] Qgpaef/\&%é%bgf

understood to inply the inclusion- Il of state

i nPeYEr SHPTGFBUBRoFonRi 8RRt Wwith nohat hcefB geemmmlnapf
esren ; r integers. Biologica ,

Depost (o T0200r Ehe e FF: e dBhcPTiS Toithgiicreatic

apPPteatebh, hasdbeepesiepos] tesll W thaidel ARLd £an. Type

Culture Collection ("ATCC'; P.O. Box 1549, Manassas,

The B-2 8
Y/ 4SA) under the Budapest Treaty.
cefh%ﬁ%,—

also referred to as ACTC60 or choge 1ZT82
Sefd , d jted on June 8 2006 and has .
nolofBal " B ERORL AN BT R b g Bl Apdies
belBRv. Exaenl o3, Bxosid @atli 40208 . MeT 08l |sp AT & gran
[ bodi es
tngr%arrrmygné%r,yoiodO% 11/186,720, filed July 20, 2005; PCT
application nos. PCT/US05/002273, filed January 24,

2005; PCT/US05/25860, filed July 20, 2005, the

disclosures of which are hereby incorporated by
reference) and said embryoid bodies are plated in
standard tissue culture vessels in the bresence of DMEM
media supplemented with 10% fetal bovine serum to
obtain a heterogeneous population of cells. The media
of said cultures is collected after 24 hours and the
cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4°C as conditioned medium. After a total of 10 days
of differentiation, the differentiated cells are plated
at limiting dilution, photographed to document the cell
number in each well as well as the differentiated state
of the cell, and fed the conditioned medium with
biweekly refeeding, and cultured for two weeks in low
ambient oxygen (5%), then microscopically analyzed for

colony formation. The observed single cell-derived



(EB) (see U.S. application nos . 60/538,964, filed
January 23, 2004; 11/186,720, filed July 20, 2005; PCT

wa@pplioeavs on nos. PCT/ US05/ 002273 , fil ed JanuBeul2m06/045352
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2005; PCT/ US05/25860, filed July 20, 2005, the
di scl osures of which are hereby4i ncorporated by
reference) and said enbryoid bodies are plated in

st gneat e 14 ss [ture vessels in the presence of
DVEM e |éaé ’su%%le&n%% d Wit ﬁ’ﬁi’%l?eeteé‘fpad}ﬂﬁqwe serumto

obt@iyprErdmterane neois HoRbaion & celd $helhe éﬁ‘t%;@gam of

of said cultures is collected after 24 hours an
cul T e ST TR L et 19 i egnee dixprarss igooleadays as

filiened 1t hugh @ Qi .5 on sterile filter and

stored at 40C as conditioned nedi um After a total of

10 RIS Iof diTf drtvinst jestangre ,t e ldinfifer Q}l’iﬂ:lhﬁfag@)a@:%'e'r% of
ar at t.J.imting .dilution, photographed to
dogﬁﬁghﬁ é%%%ﬁﬂnnﬁﬂﬁ%&sﬁﬁﬁte&Eﬁhwéﬁﬁta§ﬁmﬂqt0§§rmﬁé

di fdedrlantivat ddesindld of e el lin ABH-LALI!NGng epidermal
condi tioned nediumw th biweekly refeedi ng, an

cultGreR %WeTweeks in | ow anbient oxygen (5% |,
then m croscopically anal yzed forcol ony formation. The

obggg%@gesungle cell -derived colonies, or clones, can
t hen De eXpanded, cryopreserved, quality controlled,
nr pa r ssiop tested using ne

expression arrays as i s wefl "Known i'n
| n (ER) s (exenp)- 6. epbdnicesivht hoa.pabyses, ob4geneleq

' [ ' that of _paraxial nmesoderm
g P23 aRP R opht 18y 82 0scat A aranker 261 260Ps BCT

usepplicatsoar hess skirfusepabozoRbt efﬂﬁéhvﬁéﬂuaggr ?E'
e isolated that express protein of

;:§§3g52§é§/§gaé £aP6Pn fhiedi Aglel 28t 0gensdsi shahen

tr§m§@lé§ﬁ§gsiBfV%MQChEéfgphgrgby incorporated by
reference) and said embryoid bodies are plated in
standard tissue culture vessels in the presence of DMEM
media supplemented with 10% fetal bovine serum to
obtain a heterogeneous population of cells. The media
of said cultures is collected after 24 hours and the
cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4°C as conditioned medium. After a total of 10 days
of differentiation, the differentiated cells are plated
at limiting dilution, photographed to document the cell
number in each well as well as the differentiated state
of the cell, and fed the conditioned medium with
biweekly refeeding, and cultured for two weeks in low
ambient- oxygen (5%), then microscopically analyzed for
colony formation. The observed single cell-derived
colonies, or clones, can then be expanded,

cryopreserved, quality controlled, and their pattern of



[0210] hES cells are grown to form enbryoid bodies
(EB) (see U. S. application nos. 60/538,964, filed
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appl i cation nos. PCT/US05/002273 , filed January 24,
2005; PCT/ US05/ 25860, filed-Julty 20, 2005, the
di scl osures of which are hereby incorporated by

r efes,en A0k sal oid bodies are plated in
st a%ar gé%p | ssue cuq-l ure a/é“gss]é}% 519 FERIESERTe gfrays as

DI\/EMW&ﬂiJalmcp\pianfrﬁkeadamﬂh 10% fetal bovine serumto

obt het neous popul ation of cells. The nedia
@gﬁ' cultﬁﬁbgﬁﬂflﬁﬂq dcéﬂﬁ@ﬂe@4wh¢@r9-@w¢teha of

Cmgﬁﬂéﬁéﬁyﬂéééﬂaﬂjcdﬂgaéﬁgﬂ(aWE%% Eﬁdla E?g%rgﬁ

filtered through a 0.2 mcron ster

st AP 406  astoomdilt ifiredbieditem ndluaing kahcef
10 1davs of i f a%%Sntla i,on, the differentiated cells

are p ated At Prviticng 1divEdti BRNCFRECAGr apHeg t §ermal,

docemedt, ReM eellionynbed iinteachnwel kras el t
dlfferegtlated state of the cell? and fegg?hgeﬁﬁs Q%e

cONGEE: §R&d traarRieices ibPweekl y ref eedi ng, and
cultured for two weeks in | owanbi ent oxygen (5% |,

thﬂﬁgghg@oscopically anal yzed for colony formation.
The observed single cell-derived col onies, or clones,

carnfochen be gxpapdedg 8E¥°Qiféﬁ%&ego 8u§%?5§§F6ﬁte

controlled, and their pattern of gene X
te§ﬂ§BOH§|ﬁ9r@énQ BRpreddi banasrayd asthsuvekbrikpayn

in ] e colognies with a
a?@gfﬁegﬁ BéﬁéééxﬁPgsgrgndﬁgﬁggg?Eh?tﬁﬂtﬁofhh9 @ays in
enﬂMEHr wafligeslispherehdeat Witﬁd169rfé'§§l ! Bo%riz‘{grs&?m‘n 'to

pan eatic geta cell, and intestina
tr% ptanta ?Bﬁrogﬁ%ﬂﬁp% B°$@Q§Q}OME§fc@¢lbsar§hgrmwm1a

to%gféggéggiye???éoﬁéeéoif@%tééegfééés2fpﬁgﬁggléﬁg 0

cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4°C as conditioned medium. After a total of 10 days
of differentiation, the differentiated cells are
trypsinized to form a single cell suspension, the
trypsin is neutralized with serum, and the cells are
incubated for 15 minutes while gently agitating cells
to keep them in suspension while allowing the re-
expression of cell surface antigens that may have been
removed by trypsin. The cells are then sorted by flow
cytometry to select cells positive for endosialin
(CD248) using antibody to the antigen. CD248 positive
cells and/or other cells are dispersed one cell per
well in a multiwell tissue culture plate. The cells
are fed the conditioned medium with biweekly refeeding,
and cultured for two weeks in low ambient oxygen (5%),

then microscopically analyzed for colony formation.
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di scl osures of which are hereby incorporated by
reference) and said enbryoid ppglies are plated in
standard tissue culture vessels in the presence of

DMVEM nmedi a suppl emented with 10% fetal bovine serumto
obtHi$ WPIVTERD DS qdguidarioedoicadaniss , The midnes,

of | t ' lected after 24 hours and the
cul%ﬁgcsﬁgirﬁ:%(eg!&% %[é co Iogcg:teesgrr‘r’ee 'a T8 13680 ed,

fi laeres tledugEnd the nripatarrst &f kerld ld@re@dd on tested
stored at 40C as conditioned nedium After a total of

10 Ay A (FEERIIET GTTaIe o fifeMedtli dpewncd she
areey.ated at limting dilution, photographed to

docunent the cell nunber in each well as well as the

di it i at S $thdtse corpe, caible, fahdobddstise are used for

co Qdajltli 'i'jf% CFE%LQJnU ma\gqgt rJ]f.ol%‘i \ﬁ:‘\%@g’#& I[agl%%%gl)?%g ’é’.ﬁla Ei%%-na’l

cul ture or two ‘'weeks 1n [0

t heppliicadsicos caldhy aandoyz @etohor 166l eayri xRt oRg
Thﬁe%ﬁserved single cell -derivedcol onies, or clones,
ca e'Sve expanded, cryopreserved, quality
controlled, and their pattern of gene expression

t egxaghplel B gene expression arrays as is well known
in the art. [0213] In this exanple, colonies with a

patfoeud]of gem® expnessrenateBakat eat gWrkh Lhat ook
ectodermal cells are identified for use I n neuronal,

an¥1EPPYEr kermingnEsl gailat Lénes Brdnpliehduf02e4ihnihES
CoLBo 205 U0 ILETHS 4B, 0o BR0LER(EBL L5Gel i
11PY8E, m2diaf supgdléukbytaq, w2051 0PCFeaaD! b6et heN=B888m to
chégggg/gO%%Z%tognggugaggg£Xa§§bn of cells. The media
of said cultures is collected after 24 hours and the
cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4e°cC as conditioned medium. Candidate cells
differentiated for 4-8 days in 10% fetal bovine serum
are trypsinized, the trypsin is neutralized. And the
resulting single cell suspension is sorted by flow
cytometry using techniques well known in the art using
an antibody to AC4, an antigen known to sort neural
crest cells. Single cells are plated at a density of a
single cell per well using an automated cell deposition
device ("ACDU"). The single cell-derived cultures that
result are used for a number of research aﬁd
therapeutic modalities that use neural crest cells,
including the identification of cell cultures that
display a dermal prenatal embryonic pattern of gene

expression useful for transplantation into the face for



2005; PCT/ US05/ 25860, filed July 20, 2005, the
di scl osures of which are hereby incorporated by
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standard tissue culture vessels in the presence of

DVEM nedi a suppl emented with {1p% fetal bovine serumto
obtai n a heterogeneous popul ation of cells. The nedia

of said cultures is collected after 24 hours and the
cultegenerate nefald st andlidatadineedin the geaimdd, and for

fil A 0.2 mcraon sterile filter and
st&g (ﬁdct lg%)éuasrlceos’nsdl |or§£d:er?€d1rUm After a total of
10 days of differentiation, the differentiated cells

ar Exnggdled 7t |imting dilution, photographed to
docunent the cell nunber in each well as well as the

di fFEAIAdt | at ediTstadle Dfatchaldeled ard diFEdiaditiate
condi %loned medi um wi t h _bi weekly refeeding, and
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trypsin is then neutralized with serum. And the cells

are then incubated for 15 minutes while gently
agitating to keep them in suspension, while allowing
the re-expression of cell surface antigens that may
have been removed by trypsin. The cells are then
sorted by flow cytometry to select cells positive for
endosialin (CD248) using antibody to the antigen. And
the CD248 positive cells and/or other cells are
dispersed one cell per well in a multiwell tissue
culture plate. The cells are fed the conditioned medium
with biweekly refeeding, and cultured for two weeks in
low ambient oxygen (5%), then microscopically analyzed
for colony formation. The observed single cell-derived
colonies, or clones, can then be expanded,
cryopreserved, quality controlled, and their pattern of
gene expression tested using gene expression arrays as

is well known in the art.



obtai n a heterogeneous popul ation of cells. The nedia
of said cultures is collected after 24 hours and the

weoro6asgs are refed. The collected nedia i s poRCEUS2006/045352

10

15

20

25

30

filtered through a 0.2 mcron sterile filter and
stored at 40C as conditioned neglium After a total of
10 days of differentiation, the differentiated cells
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or clones, can then be expanded, cryopreserved,
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media supplemented with 10% fetal bovine serum to
obtain a heterogeneéus population of cells. The media
of said cultures isﬂcollected after 24 hours and the
cultures are refed. The collected media is pooled,
filtered through a 0.2 micron sterile filter and stored
at 4°C as conditioned medium. After a total of 10 days
of differentiation, the differentiated cells are plated
at limiting dilution,. photographed to document the cell
number in each well as well as the differentiated state
of the cell, and fed the conditioned medium with
biweekly refeeding, and cultured for two weeks in low
ambient oxygen (5%), then microscopically analyzed for
colony formation. The observed single cell-derived
colonies expressing pigment, or pigmented clones, can
then be expanded, cryopreserved, quality controlled,
and their pattern of gene expression tested using gene

expression arrays as is well known in the art.
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cultures are refed. The collected nedia is pool ed,
filtered through a 0.2 mcronjggerile filter and
stored at 40C as conditioned nmedi um Candidate cells

differentiated faor, 4-8 days in 10% fetal bovine serum
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that the injected RPE cells deposit new Bruch's

membrane proteins and regenerate the membrane.

Example 9

[0223] ° hES cells are grown to form embryoid bodies
(EB) (see U.S. application nos. 60/538,964, filed
January 23, 2004; 11/186,720, filed July 20, 2005; PCT
application nos. PCT/US05/002273, filed January 24,
2005; PCT/US05/25860, filed July 20, 2005, the
disclosures of which are hereby incorporated by
reference) and said embryoid bodies are plated in
standard tissue culture vessels in the presence of DMEM
media supplemented with 10% fetal bovine serum and
pooled members of the FGF family FGF-2, FGF-8, FGF-15,
FGF-17 at concentrations at the ED50 for each factor as
is well known in the art to obtain a heterogeneous

population of cells enriched in neuronal cell types.
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EM@$@24] In this example, colonies with a pattern of
gene expression consistent with thaﬁ of neuronal cells

are useful in research and cell transplantation.

Example 10

Identification of differentiated tissues and cells from

genetically modified hES cell lines for therapeutic
purposes

[0225] | Master libraries of differentiated tissues
and cell types from hES cells modified to prevent or
reduce the severity of rejection by the host immune
system may be ultimately used for therapeutic purposes.
For example, dopaminergic neurons may be used to treat
patients suffering from Parkinson's disease.

[0226] In this example, hES cells derived from O
negative donors are first modified by gene targeting to

delete the Major histocompatibility group loci HLA-A,
HLA-B and HLA-D.
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cultures are refed. The collected nedia is pool ed,
filtered through a 0.2 micromsterile filter and
stored at 4C as conditioned nedium After a total of
d s of differentiation, the differentiated cells
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determine the cell or tissue type. Further additional
characterization of differentiated cells and tissues
may include immunocytochemistry for specific cell
surface antigens, production of specific cell products,
and 2D PAGE.

[0228] Growth of hESCs. Briefly, hESCs are

maintained on inactivated mouse embryonic fibroblast
(MEF) feeder cells in Dulbecco's modified Eagle's
medium/Ham's F12 (DMEM/F12, 1:1) supplemented with 15%
fetal bovine serum (FBS), 5% knockout serum replacement
(KSR), 2 mM nonessential amino acids, 2 mM L-glutamine,

50 pg/ml Penn-Strep (Invitrogen, Carlsbad, CA,

http://www.invitrogen.com), 0.1 mM B-mercaptoethanol
(Specialty Media, Phillipsburg, NJ,
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that the injected RPE cells deposit new Bruch's
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15 UG EOn Ol B M0 IR AR I g pe
weldsddhoym ¢dut ehardulture substrate as follows. For
short-term cultures of two days or less, the collagen
solution is simply applied to the substrate and allowed
to dry. The collagen solution is diluted 1:20 with 30%
20 ethanol, spread over surface of sterile glass
coverslip, and dried in a tissue culture hood. For
long-term cultures or greater than two days, such as
when culturing cell in the propagation step from a
single cell or a small colony (oligoclonal
25 . propagation), the substrate can be first coated with
polylysine or polyornithine. 1In this case, polylysine
or polyornithine (MW or 30,000 - 70,000) at 0.1-1 mg/ml
in 0.15 M borate buffer (pH 8.3) is filter sterilized
and spread over the culture substrate. The covered
30 substrafe is incubated 2-24 hours at room temperature.
The solution is then aspirated, washed three times with
sterile water, and gelatin or specific collagens in

solution (100 ug/ml in water) are added and incubated
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Exanpl e 10 ldentification of differentiated tissues
and cells fromgenetically nogpfied hES cell lines for
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Uggay for cell culture.
[0232] A polylysine-coated culture substrate can
also be used as follows. A 0.01% solution of 150,000-
300,000 molecular weight poly-D-lysine (Sigma P4832) is
added to the culture vessel at about 0.5mL per 25 cm® of
surface area, incubated at 37 °C. for 2-24 hours,
removed, the substrate is rinsed twice with DPBS, and
used immediately, or stored at 4 °C.
[0233] Fibronectin may also be applied to the
culture  substrate. Fibronectin is an extracellular
matrix constituent used for the culture of endothelial
cells, fibroblasts, neurons and CHO cells. Briefly,
stock solutions of fibronectin can be prepared by
dissolving 1 mg/ml fibronectin in PBS, which is then
filter sterilized and frozen in aliquots. The stock
solution is diluted to 50-100 pg/ml in basal medium or

PBS. Then, enough solution is added to pool over the

surface of sterile glass coverslip. The coverslips can
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of sterile glass coverslip. The coverslips can be
incubated for several hours at room temperature. The
laminin solution is then aspirated to remove the excess
laminin solution and the coverslips are then rinsed
with media or PBS. Immediately thereafter, either cell
suspension or growth media igs added to prevent the
fibronectin coating from drying. Furthermore, coating
the glass coverslip first with polylysine or
polyornithine followed by coating with laminin may
increase the concentration of laminin applied using
this method.

[0235] Neural Differentiation. Neural

differentiation of ES cells is induced by the mouse
stromal cell line PA6 as described by Kawasaki et al.,
Neuron, 28:31-40 (2000), with some modifications.

hESCs are cultured to form colonies on PA6 feeder cells
in Glasgow minimum essential media (Invitrogen)

supplemented with 10% KSR (Invitrogen), 1 mM pyruvate
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us i S; .l |
10 [ O%%éﬁ%ﬁ%\% (%Mé%:%ﬁt% ZAL}Jel 10233# g\ﬁg’ﬂfgjr%@c ﬁu es -
gener@t eA Bt ato il ccltiayer ethec aldldgemmoatricgatlte with

col | agen sol utjon. as described above . s spread. on the
SUBRETIRRY RO utiin B e ARaEISHER (1 204 f or

2 mfuieson tde @R 48N f1drad devasiiel sy pl aci ng
the substrate in a covered dish containing filter

papgefonRde Q¥ YU duhicent (Brdl ERniamimanroxith Difige, CA,
15 0 SRS SLIGORD Loty SWPSIAR | S SN,
samelbl adhesni drs gelddyl OVv@ICAM)e, synapsin, synaptophysin,
and dopamine beta hydroxylase (DBH [Chemicon, Temecula,
Ca, http://www.chemicon.com], 1:200, 1:20, 1:100, and
1:200); and neuron-specific class III beta tubulin
20 (TuJl) and tyrosine hydroxylase (TH [Sigma], 1:2000 and
1:2000, respectively). Localization of antigens is
visualized by using respective secondary antibodies
(Alexa fluor 594 or 488; Molecular Probes, Eugene, OR,
http://www.probes.com) .

25 [0237] Reverse Transcription-Polymerase Chain

Reaction. Total RNA is extracted from undifferentiated
or differentiated cells using RNA STAT-60 (Tel-Test
Inc., Ffiendswood, TX). cDNA is synthesized using a
reverse transcription kit (RETROscript,Ambion,Austin,
30 TX) with 100 ng total RNA in a 20-pl reaction according
to the manufacturer's recommendations. RNase H 1 pul
(Invitrogen) is added to each tube and incubated for 20

minutes at 37°C before proceeding to the reverse



surface of the gelled collagen and air dried. The

doubl e | ayered col |l agen substrate is then used the
waae/o6ays f or cell culture. [0232] A polyl ysi neeT/081086/045352

culture substrate can also be used as follows. A 0.01%

sol ution of 150, 000- 300, 000 npl ecul ar wei ght

poly-D-lysine (Signma P4832) i3 added to the culture

vessel at about O .5nL per 25 cnR of surface area,

| Nnaaied-iaft iDh-Go Lyniefas?- 2haioureaatdmny €@ TPCRS

substrate is rinsed twi ce with DPBS, and_used

i mARlaiElsy, BT Sasted R reasE o 033 MR RoRe LEMRLate

may; 2130 P& ARPId R, 1t ¢ dhe i t1RnRUREA®e RedTag DNA

Fi bronectin 1s an extracel |l ul ar matri x constituent
us gblfvoretdwe cilfitamed .ofThendytdidincalpag@iniesers are as

fibrahl asts, rqns_.an QH% l's. Briefly,  stoc :

5 sol{ﬂoji ‘ofg%ie(gr glhé@ﬂ“ﬂ:eda %:d’pﬁef)nalrnégeby 7(% tscg’ollivimr:1L§'ute
1 3§ idranact ithd PdBSyolki cls ipgrddeied idyt @n initial
sterilized and frozen in aliquots. The stock sol ution

i s dEnat B TIePBRE G0 HHHSS RhadalC R faldevssshy a
Thej?.tnaeln r?éﬁ'?ﬁ i&]” 165 RAGHBL d QiPORlo OVerRdNE time PCR
rtface of sterile g

su ass coverslip. The coverslips
canbe uswdibat edhifrori 30-4te dieusles oft MRIBMazayss=pitay @f
The_fibronectin solution is then aspirated to re

10 ¢ el sgyiékﬁ?ﬁﬁa T SBUTDT i THe Covt sﬂ?;a\giﬁ?n

t hefh i AgRshini Ly neeski e 1ih PB& 1 dramedinat)eland rersmfdmsen
either cell suspension or. growh nedia js added to _,
pr eveagente fRorpkmdtelerelet | B THom Ryi ng ¢ im0l is)
A LELOBLANE] Voo | A Nidh BN e AP Ttk dudfortall t Ui
subsirtate. Lamnin is an extracellular matrix

consdn it erent o fisdarf Drig heowwd timesd dfo righe arpyptent of the

15 P AIELLEL S Sypl e SpOVsR oDl colusld G0 el
di hed-28ed B9/ @lohaig b1 1f £S5, prddedt ¢ 5 ddirty human
fllcé&A as a template, into the PCR4 vector (TOPO TA

cloning kit [Invitrogen]). The purified fragment
solution is measured in a spectrophotometer, and the

20 molecular number is calculated. Plasmid solutions are

then used to generate serial dilutions. PCR analyses
are conducted in triplicate for each sample. The
primer pairs used for real-time PCR analyses are
sequence verified. The acquisition temperature for
25 each primer pair is 3°C below the determined melting
point for the PCR product being analyzed.
[0238] Detection of Dopamine. hES cells are cultured

on a PA6 cell layer for 3 weeks and rinsed twice with
Hanks' balanced salt solution (HBSS). To induce

30 depolarization, 56 mM KCl is added into the cells for
15 minutes. The medium is then collected and stabilized
with 0.1 mM EDTA and analyzed for dopamine and DOPAC.

Dopamine and DOPAC levels are measured using an HPLC



sterilized and frozen in aliquots. The stock sol ution
is diluted to 10-100 ng/m in basal nedium or PBS.

wab@n/oeamough solution is added to pool over tPET/US2006/045352

10

surface of sterile glass coverslip. The coverslips can
be i ncubated for several hour room tenperature.

The lanminin solution is then igﬁlrated to renove the
excess lam nin solution and the coverslips are then

ri neRbd dedi &9 RRS.odnae diratelte ddwer eafddeyl, 5200,

ei ther cell suspension or@@grovyth media_is _added to
pr &ntInthe fGhsidmdanch t MHED Podugrlyisigetrode

Furd WJIH gsa%ataénglt WL G dP JditRf M tErSA data

poI yl'ysine or polyornit |ne y coati'ng wt
| ans e tni aray(Mable &8 )t heSaccrqﬂ@ssnt(rZe& |pdr) @frd am:lmcrced by an

lied
E R ERTEG SCT  TC RN

i s [Ngueedhdnt tdie nuse s::tr;prm#o G, Add18 AR IAMD-150
descri bed by Kawasaki et al ., Neuron 28:31-40
(200883, indh ls>0ﬂeThﬁadmebﬂclaﬁ ihese rfrsscsiograémém tﬁﬁl&ifattéon

form.c cgl I @%CH’%
ess%%n SOA%H a (I nwl\i rogen4) suppl emant ed w t%ﬂ 10% KSR

(I red id-ogehun sa T pmqmatmim,gma)d 'L% edtpMitrile (pH
nonessent| al argl no, aci.ds nd _0. -
rrer%a HoTe . 1?04301 aﬂpeaémé}ee YromPERC £re

dengidye of i da QQ&@' {OXH 6% ARFirdy CM H @ hnv) ThendresktAdn 4 ihg

changed on days 4 and 6 and every day thereafter.

[ 028B}ctirrdamcid D HeW ,stzregspe@chm%ﬂs&forﬁreﬁ hasin eatqulated
and neuro en1s%gﬂééﬂé%ﬁ?% ﬁjﬁut of detection is

nocy’f' ai ning procedures are as
des&gsp:b@dlrmtealputsly EeneetimjeqtSirem Cel |'s, 21: 647-

653 (2003) . Briefly, the ES cel re fix with 4%
5 par &éﬁ%l defﬁ&&%ﬁﬂﬂ%—ﬂf—@ﬁﬁ 1% riton X
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- 100 A 184 Pl Se kit rd e GeddSiad ecﬂ)m%ﬁé’sé!\iérlﬂ array
filters for human stem cell genes pathway genes and
mouse cytokine genes (Hs601 and MM-003N, SuperArray
Inc, http://superarray.com) (Luo et al., Stem Cells,
21:575-587 (2003)) are used according to the
manufacturer's protocol. The biotin 2'-deoxyuridine-
5'- triphosphate (dUTP)-labeled cDNA probes are
specifically generated in the presence of a designed
set of gene-specific primers using total RNA (4 ug per
filter) and 200 U MMLV reverse transcriptase (Promega,
San Luis Obispo, CA, http://www.promega.com). The
array filters are hybridized with biotin-labeled probes
at 60°C for 17 hours. After that, the filters are
washed twice with 2x standard saline citrate (SSC)/1%
SDS and then twice with 0.1x SSC/1% SDS at 60°C for 15
minutes each. Chemiluminescent detection steps are
performed by incubation of the filters with alkaline

phosphatase-conjugated streptavidin and CDP-Star



primary anti body. The primary anti bodi es and the
dilution used are as follows: Nestin and

whe@moeaexyuri ndi ne (BrdU [ BD Pharm ngen, San BEEUS2006/045352
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CA, http://ww. bdsci ence. con], 1:500 and 1:200);

neural cell adhesion nolecul e {NCAM , synapsin,

synapt ophysi n, and dopam ne beta hydroxyl ase (DBH

[ Chem con, Tenecula, Ca, http://ww.chemn con.com,

1: 20hstiraft(s . ArdGQ; mendhrEreZE0 prearckpos@dono Speyi ffiilm.

class Ill_.beta tubulin (TuJl) and tyrosine hydroxyl ase
(TIPS G0 e S e R el (R ey Le

L 0Gad vt ZvknkeD) vt FAHA 1G0T Snadfe \WoTutdlalreed RPNAS i®roarray
respective secondary antibodies (Al exa fluor 594 or

A8 SXORIT el e o e i witR new filters and RNA

ht ty0; J Y O d3Q083] 3e

Tr af"ﬁsscé:rl pt %eg%]%y%er aste t[éh(%%ri egscq]t%’n f.rQPot%’le Fgﬁ,&ulsse d
extamacte e dmdapdirfdeertdnt icaingd rareddi fafrer emial atrachy itself

cells using R TAT- 60 (Tel -Test Inc., Friendswood,
X)L ¢ te@n&?&ﬂ FH 'i'nfe’?f NS Te 1324mrEeri%t i on
Ki t(i(EshRCscri pt, Anbi on, Austin, TX) with 100 ng total

RNA in a 20- nml reaction according to the

mankfZ&&ur er 'Qf o Afen @S FerRggsatiqd) byl the array, 50
I nyd ' t; h . i t for

b0 Yot B, SRS o U SR AR L

r eviertsattreaah sior iyptdidifepanmetase cefldisn meactd dmd(IRBRCR)
anal ysis. For each PCR r ion, .0.5- m _¢cDNA tenpl at

"o RAF e PHGran Fenc i ORI e
DNA P SR T AERE HedePPrs, HiciTn RbIRANARNRL elpare as
follows: 94 0OC, 1 mnute; 550C, 1 mnute; 72C, 1

m it kigre 80 sdyclead-raped JpdR 1 yrelta iixs medesades byprgh
I nit.i atd o : 1_nut t C
foleltl&%{etdqﬁ{/}?etﬁ'i nfa %gﬁté%ﬁgnw’o%%i%’m%%&%és%%%%zaﬁ’é NT3

Realrd ierpiRERdd ats éd dherquavidlfsy itrhe Hee\dEIEf edferitRNAed

expression of Nurrl, . PCR reactio are carried out
R iwﬂi?h is consistent ﬁl h results o tgined by

usi
RT-PCR.
[0241] The expression of markers for dopaminergic
neurons, as well as other neuronal markers, in hESC-

derived. differentiated cells is examined by
immunocytochemistry, RT-PCR, and microarrays. The
markers associated with the mature dopaminergic
neuronal phenotype: TH, DAT, AADC, GTPCH, PCD, DHPR,
and VMAT2 are expressed. The growth factor receptors
TrkA, TrkB, TrkC, GFRAl, GFRA2, GFRA3, p75R, and c-ret
and the‘Shh receptors Ptch and Smo are also present.
Transcription factors Nurrl, Ptx3, Lmxlb, and Sox-1
associated with dopaminergic and neuronal
differentiation are expressed by the PA6 cell-induced
cells. Nurrl is detectable in both undifferentiated
hESCs and PA6-differentiated cells, but quantitative

RT-PCR verified that a threefold increase in expression



instrument (M) Research, Waltham MA) and SYBR G een
reagents (Roche Ml ecul ar Bi ochem cal s, |ndi anapolis)

wa@ewanailpg) to the manufacturer's instructions. PATES2006/045352
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content of Nurrl is normalized to the content of the
housekeepi ng gene cyclophilin, Standard curves are
generated by cloning arrplifl"e?j2 roducts, using human

cDNA as a tenplate, into the PCR4 vector (TOPO TA

cl ommgakédcldvwdtwogendidferdhel auidd | eshd nagmat
solution is nepasured in a spectrophotoneter, and the

ol PRI SFSFnbRrthe BAIRRFHStE 9% bshiky sommncsiaiiag or

t hegrseed 494 GENEE AL 8oS8d %} %Aytli%@as ﬁfgﬁéeyses

are conducted in triplicate for each sanple
pr i giekMypld t soms esppertiaa) -therecRCR wniadry S tarene - induced

se e.verified. The acquisitiopn tenperature faqr

ea_cﬁ pr i%ff%%??t}%t%g(f %ﬁﬁ%éﬂﬁﬁ“@ﬂﬁ% rfféartiq?% than
poimdrddretdey RER P it el N asdaigtbrd 23} rkers,

Det ectjon of Dopam ne . hES cells are cultured on a

PACCRRH NG EGET fORAB REKRBET rans el ut@natsigie (GAC and

Hanlesa anced ' (. . '
depol a)r P@%’ti on, @%%Mé% Hieg{]alﬂg’?@l njtnéi%éed]%qﬁor}so’r
15 ndigasing hehengehent sl e eprdeactecbmref multiple

stabilize ith 0..1 nM EDTA and agnal yzed for dopam ne
andjwd; i e % BRFACT e\t Cthsk '

us gl B ddbGenup @B all ERAKed oghemd,| daled Opppas,
(Mode|l 52 00, ESA, Inc., Chelnsford, MA) with a dual

- el3Rq (O W @RIinely SxPraased Ba £he dlififEnerdd aksiong

an EoA-data stpdd (r% ; 8%)&&@1 e
injected by an au(%g:sla Idcgirat?%l]\?khzf Hﬁggat(ae%g%&s d” ot
r e sslghase MESUoul(t3ires diffidrer]te stiexe o3 BRGL TR 11s.
mm  Anal ytical MD-150 [ESA, Inc.]) . The nobile phase

f or. separation consists of 75 mM NaH2P04, 1
.5 z: 21-@l'o-r@‘g’c-t-n"-'g-lnesuI fonic acid-sodiumsalt, 10 mM EDTA,

and[072°{fﬁ08t or}irlyt 'ﬂl%r(i%Hotent stem cells, such as ES cell

lines and embryos, ICMs or blastomeres directly

differentiated without making lines, may be used as the
source of generating the cells of the present
invention. Direct differentiation refers, for example,
to methods of making downstream stem cells from an
embryo without making ES cells (see U.S. patent
publication no. 20050265976, published December 1,
2005, and international patent publication no.
WO00129206, published April 26, 2001, the disclosures of
which are hereby incorporated by reference herein).

The resulting cells are "embryo-derived" ("ED") cells,
meaning cells made from embryos by directly
differehtiating them in vitro without making ES cell
lines.

[0243] In this example, hES cells are derived from a

gingle blastomere of a cryopreserved embryo wherein the



3.0, adjusted with H3P04) . Dopam ne and DOPAC are
guantified using the reducing (-250 nV) and oxidi zing

web@chsnges (350 nV) , respectively, and then PCT/US2006/045352

10

15

20

25

30

cal cul ated as nanonol ar concentration. The limt of
detection is approximtely 0.3399-per injection.

[0239] Focused Mcroarray Analysis . The

nonradloa ve CGEArray(tm Q series cDNA expression

ar ray*t %rs%f Wm@ﬁ%@ve%mmaﬂ@mhegenes
andalrﬁblfcﬂné?bg okd nesdenes 448601 2 qu N DES cell
Super Array I nc, http://superarray. corﬁ a(

St eritEe Mith thes 2555 8hq2088).) mSese;mmndudwdrﬁes

th r. ot acol ., The biotin
e St R AR nn a8 g Afarestiation
pr dhesrlﬂrmlmﬁg:lﬁhszralllxy eeraraled ivhalhe Rhesence of a
t, of, gene specific primers using total RNA
et| L?Jemwvnlge\t@m @dlloanwr iffroas e
Prtqlr@ga, R [ sp htt ga. co
.( The ar rc;&%ﬁr:etugr%ssga@rle %’Ugﬁo\ S ﬁoﬁ’lso %r%‘ﬁl {6&&g in
pr ¢ihes datf e@Glb¢nOhYHhmwux.shbmﬁrlhh@hgu&gelflhheﬁﬁis

th rd saline citrate (SSC)
e L s A e pood the
foradﬂiﬂtttblmubés 1eaclpsChemick- Wi 95868k gek%ﬁlsoﬁfsﬁ% (1-
agperforrred bg i ncubation of the filters wt

i f8YBRodphahase exapnilegatedays: ephavidihsande
CDBr§b§&§EQ§Hf§h8 ?5%%& g@”?&%ggsgglgﬁfa g%ﬁgségpé%hat

film Quantifi catl géne expre
i sSTPEFf eAdd havk Sckdnbiregee3dft wane. weDNA gi-er oarray

' t th new filters and RNA
eé ﬁékgggéﬁmﬁ‘g?g gﬁt dyi“i%g§\émrﬁe*é§uﬁt§l¥l%ﬁw €RGLf deused

arfa¥idéﬁtiﬁﬁGPEHaenitydéggfhéﬁeﬂavénghéhﬁo?#ﬁgioglcal
itself is validated gvxan et al ., Exp Neuro

13B2581¢BBTE 19555 1) E-

low ambient oxygen (5%) for ten days and

The plates are incubated in

microscbpically analyzed for the presence of cell
colonies. Colonies are photographed, trypsinized and
passaged in the same media and characterized by gene
expression as described below. Based on the type of
tissue, the cells are lapelled by lentivirus carrying
GFP or other markers such as beta galactosidase and
injected into the corresponding tissue in an

immunocompromised mouse to test engraftment.

Example 12
[0244] Human blastocyst ICMs are isolated by

immunosurgery and ICMs are plated in conditions to
promote the direct differentiation of the ICM. In this
example, the ICM-derived cells are from a nuclear
transfer embryo that is female O- and HLA knockout.

They are differentiated by culturing them in conditions



[0240] O the 266 genes represented by the array, 50
genes are expressed in the induced neurons but not

waeledogntads i n undi fferentiated cells. These i ncP@OESA46/045352
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markers for stemand differentiated cells, 22 growth
factors and receptors, adhesips nol ecul es, and
cytokines six extracel lular matrix nol ecul es, and

t.he artlcular Soxl, Map2 , TrkC, and
N e 0hiie S 3 iHihe iy pnen it such b
di fdcarcaintiicatee d Hatdl kﬂﬁﬁﬁb wh' '
results olbt ai ned by RT-PCR t%%zﬁ@%@%%&é&ﬁ Eanr?tgflx
marEE gy Fdepu der ginc thésr emsynpds , Welondds iohhew se
ne I [ eri.v dlfferentlated cells
|s%gggﬁ%ﬁggrgﬁk%ﬁ%uggggﬁocﬁgﬁ1E%Fy adgttper ofnd0% FBS.

m éfsan aps iouEhperdickier sfagsael ated ovi HQy"s')‘e iPBEULE
dopam nergi c. neuronal phenotype : TH, DAT, AADC
CTRCERED, SoRBRS. a o IRTA SapEcckBrbssaa othends piahed

f aeitorn ikBeepLOHs 17,
GFRA3 } p75RboanduEK?2t£gE§ tﬁ SWRQEEQ%%%OYS aBPch ghpgle

SnEeate alfys WﬁééénﬁreTphnSodeUmentédctaraeNUhétrate a

d h _.d
RS roRal G Fr SPEAPPE: BROaF BE pF odG8H By C RavpaBhe

cembrphd&ogdcaélbaraNatéksl5fd§h99§agéﬁl'n POLNs1ates are
undi ff ntlateg hESCs and PA6-dif ferenti ated ?F
buﬁnaﬁgﬁgﬁéa%Pv OWWaW@P?OErP¥Y§ﬁntﬁ§%)afohreeﬁoddys and

|nﬁﬁ@@égcbﬁléé@i§s§h9mg%§daﬁégcﬁﬁéegegnénc?h%f cell

differentiation not expres

THPéSNEEFe c@@lgnb§8|ananpb@amgragh@d RIPERs ia0ged and
KA stinmulation,

I| gn yag relea
sup%%??g ?ﬂe cong %l%ﬁéf%a? PR ?ﬁﬂ%%%ﬁlﬁﬁgxﬁﬁl$ene
feespreasédnc&blde@tflﬁ@@aﬁéﬁﬁwglCB&@&@G&nt@H@ type of
%adrenergh %£ addi tion to dopami nergic nmarke
hot THET i the CRaT arar Al ted by itembieigies ¢@AGing
aﬂﬂFP or other markers such as beta galactosidase and
injected into the corresponding tissue in an

immunocompromised mouse to test engraftment.

Examgle 13

[0245] Colonies from the hES cell line ACT3 were
differentiated using in situ colony differentiation by
culturing the cells in conditions that induce
differentiation without removing the colonies from
their initial culture vessel, such as conditions that
occur in the differentiation matrix shown in Figure 1.
In this example, the condition used was #456 which is
removal of LIF-containing medium and the addition of
DMEM medium containing 10% FBS. At various intervals
of time (5, 7, and 9 days of exposure to
differentiation medium), the cells are trypsinized, and

plated onto 15 cm gelatinized plates and cultured for



KGA) markers were detected in the induced neurons,
i ndicating the potential for generation of nultiple

woewro6abs t ypes by this nethod. On the ot her heemUS2006/045352
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undi fferentiated ES cell markers (hTERT, Oct3/4,

Dppa5, and UTF-1) are not expressed in the

differentiated cultures, indicating that HESC oul 1

f |at d Cs do not persist in cul tures
ere ﬁnbi@'EEFFéf upkdes dnfuceosdffengptiation

pl Lirritm;oteemietﬁix%@eﬁ@du% TGRS S G ?Jlg fe#n'fﬁ‘z'o‘ﬂqg c&ll

enbryos, ICNB or bl astoneres directl nt1 at
wi tRERS Rekith (Gimed, qmau@@t@s@magrehe Shere¢ont, in

e [ cel f4th pre i nv ntlo Di r ect
gl??%%iﬁ?%' %h ?é er%ll o%e %ﬁ%&e ddnsP

Wama@@ldmeskmikuurEBemﬁchbk&rb@@ﬂbaﬁseGﬁEf@r@hEHQHEd cell
ES cel | U.S. patent publication no.

20 g@%@sdﬁéngpﬁd §ﬁ8&eeéee%béﬂfferezeeetlaﬁd1nduc1ng

i Nicehdatiionsl, be%blﬁ bEbﬁ@EEQBnn945¥£Q}%%$QW% of LIE
publ i shed Aprll the disclosures o i C
heeedytbﬁceﬁdéﬁap@doﬁylﬁéf@Bemceandreha)secaha belng #339

e el r y der | ("ED ells,
Lei%kﬁgﬁgeﬁlheﬁﬁ ron1 H%F§O¥1E§ gpfe@?ﬁygng grown on
di geépénni &MAg themin vitro without making ES cel

4 -£0243] . In this exanple, hES cells are derived
ﬁ?%siingl@hﬁl8§EgﬁeﬁepeﬁrﬁdcP§6g?égefveaobhasy@c,
mheheughtheeekageﬁéoéﬂbﬁﬁoab§e8£¥88ée?ﬁavﬁgrggéh” and
the blastonmere s used to genherate a
ceFFyPpheigPrehanfecpuntkdovkbbt a TheseehESoustér, and a

CeYPILES, PEFL LRSS AU e 10 L2190, 00

i ndetésdwhbelantodtitet Yhtbogélseimyviag iHecROt POLES

O el oL LY S E2Ret ag it e i Smmemoreed with
10% FBS, rocked twice counterclockwise, twice
clockwise, twice vertically, twice horizontally to
disperse the cells and subsequently incubated in 5%
ambient oxygen undisturbed for two weeks.
[0247] Clonal colonies were identified by phase
contrast microscopy and those that are uniformly
circular and well separated from surrounding colonies
were marked for removal using cloning cylinders as is
well knewn in the art. The dish of colonies at day 9
of in situ differentiation followed by 20 days of in
vitro differentiation on gelatin and plated at 2,500
cell per dish was stained with crystal violet solution
for 10 minutes, rinsed with water and is shown in
Figure 3.
[0248] The trypsinized cells from within 61 cloning
cylinders (P0) were then replated into gelatinized 24

well plates and incubated. Of 61 colonies isolated, 45



the differentiation matrix shown in Figure 1 , in this
exanpl e, condition #456 which is renoval of LIF and

wo b@7acdpg i on of 10% FBS. After vari ous peri odBCDUS1006r@45352
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(1- 100 days) in this exanple, 6 days, the cells are
trypsinized and plated at lim44ng dilution such that
nost wells have a single cell. The wells are
photodocunented to denonstrate a single cell is
reéi%%%ﬂ avpulipdtians &@@@H@oponéﬁaemhelmotbboﬁégmeéﬂ

[ Th at.es ar.e
\ﬁa@% ont ﬂgx%&éﬁ%(e%%a tASH ?éﬁ’pg & 254 an °p 2tea ik 12
m medscgmlmmrmwahlme@sf are2hhe preseeee ,olacqkhls
col oni es. ni es are phot ographed, trypS|n|zed and

pa§§§§§@|99 emande fhg S&nWSERal ac taETy b8 YPyigased and
SXPLRtTON AT R4/ IRAd 0% 0y gaé%%soquhe tb@etggse, 40

tISSUG the cells are ape ['entivirus carryi
GF#»e@arr@t ivomn fimegr ansuvkeras ttyena fgairact osi dase sanxdwell

|n car re; ondi I ssue_in
%%%gnl%bn1§ﬁ§tﬁ§use ggttbﬁ Faf3€nEﬁFameE§8H§ﬂBent
12ab@Z&ékeHﬁ&@@shhﬁ&b@Cﬁ&H b@HEearinﬁoh@be%mbgelatlnlzed
|nnunosurger and |Cvs are plated in conditions to
pr&ﬁﬁﬁ@etﬁé-%PF@C@lﬁpffgﬁéntlQﬁléheéﬁ t Ré bewpmen this

ex aRlrg uchite shgWhdek r

transfe?eenbf 0 thg% ¥§9P%§hhzeg gnangghﬁRQE%%EEOUP.

Th@?laﬁéndﬁﬁﬁeﬂﬁﬁtféﬁ@ﬁsbyP6MItuREpgeEhaUatmve phase

co induc itu differentiati
u%%h%g%con FFSﬁraPEEthLESFEFanht §i PFeP&Re; aFFSﬂal
rrat:bnmthmn anbi g@terlthel Aotibth gXaERLE, (8@NdhLEOBhown

#456 which is renoval of LIF and the addition of 10%

FB3D AfE¥FSv4ri ous periods of time (1-100 days) in
t higgaaxqnpl erp days, chﬁguesgl ﬁQEEdtaxaétheﬁﬁsaﬂgrmal

plated at limting dilution suc ave
a bupghekaryotype. RNA was harvested from the cells in

order to characterize the cell strains and the nature
of their differentiated state. Other aliquots of cells
were plated onto glass coverslips for
immunocytochemical characterization of their
differentiated state using antibodies to antigens such

as are listed in Table V.

Example 14

[0250] Colonies from the hES cell line ACT3 were
differentiated using in situ colony differentiation by
culturing the cells in conditions that induce
differentiation without removing the colonies from
their initial culture vessel, such as conditions that
occur in the differentiation matrix shown in Figure 1.
In this example, the condition used was #456, which is
removal. of LIF-containing medium and the addition of

DMEM medium containing 10% FBS. The cells were



cell . The wells are photodocunented to denonstrate a
single cell is resident and that it does not have the

woreroploedieg)i cal parameters of an ES cell. The pPEr/@S2086/@45352

i ncubated in | ow anbi ent oxygen (5% for ten days and
m croscopi cal |y analyzed for {hg presence of cell

col oni es. Col oni es are photographed, trypsinized and
passaged in the same nedia and characterized by gene
expilesEepeniaatted cionet dasroy Ratmabwre tihre type of
tis C are.lapelled by .l-entiyvir carrying
G:Pé%ff%%%g?laﬁéairiré rnée%lulg as’ éflaabgla ’ac(%/at}’siu%ase and

| nj &Lt Betrdmt Datd® @Ol T sparelidy drnsisier] it rypan blue
imTunoconProm' sed nouse to test engraf tnment . Exanple
13 USRI HHi S from the hES cel | |ine ACT3 were

5 di fferent i at eshys) g # frsidih HAPLBEdIS FAS téiﬁd O Rhis

culturing the cells in conditions that induc
di féxpeptnent drecdudwithe etmwialy preyegoltont esldreorm-2

thejrinitial |t h ondi ti ons .t hat
boctict@lied) jiak LHG 8P o IHEA SHKE NS L)
leells s eXedmial 1d heewondi tduredisied avashdid Thmhivaith

is renmpval of LIF-containing nmediumand the addition _
of TNENPWE 0T WA U 1Ty HOREBST AN \ArqUigsl ized media.

101 Ntegygd s Of FdMB U ol budil Sda%S 1 SXRMEM &dLa with

differentiation nedium , the cells are trypsinized,
and? pliaf ereort FBS amaplatdmiaed piatesciand ey tiured day

f or.an itional, 20 days to further jnduc .

o 1T arE e RO SO e THIed i o e oalatiip-
endyied tiddud YRES 8% tdieddaloandigrl oMM @ a with
Therefore, in this exanple, the cells were

di 1§ i 2% PI ntiP @it & RUIHRfFes Esfch media tested

15 hetgroge difd erpntd ated cel 14 @%ﬁdéﬁgﬂ ot
sequential differentiation-inducing conditions, one
beipwimondi ti on #456 (renoval of LIF

[0253] For the culturing of cells in specialized

20

media, approximately 2,500 and 10,000 of day 7
differentiated cells were plated in 15-cm gelatin-
coated tissue culture plates containing any one of the

following cell selction/growth media in Table VI:

Table VI - Cell Selection and Growth Media
Media Manufacturer Catalog Number Addition
Airway
Epithelial Manufacturer
1 | Growth Medium { PromoCell C-21260 Supplement
Epi-Life LSGS (Low
(LSGS) Serum Growth
2 Medium. Cascade M-EPIcf/PRF-500 Supplement)
Neurobasal
3 Medium - B27 Gibco . 12348-017 B27




and the addition of 10% FBS) , and the second being

#339 (grown in nedia without LIF with 10% FBS and
w@e@mecass gel atin ECM) . [0246] The cel | s appeP€BUS2006/045352

| argely fibroblastic, though heterogeneous in

appearance and were then trypgsai zed and counted wth

a Coulter counter, and a volune containing 2,500

cel+s—5.000 cells and 25 000 cells was introduced

info gel atijpized_ 15 c Lssue culture plates
cont a?ni ngllnﬁbéﬁl Pédi'uaeé ppEEREREEH ﬁFE%hGIGWPBB,edia

rocked twice counterclockw se, twice clockw se, tw ce

veftidally, twice horizontally t¢ disperse the gells
angd subseqﬁ%‘?ftai y i pclBatEetr¥e5y) afitiadng owpgen| Addition

undi stjwebedbdsan twp Weeks. [0247] Ctonal—cotomes—were

i deptilfjgd, by phase.contrast m cfoscopy and thoge that
ar e_urli eorlrlfy g?rc ngrcoand wel | 5%%)3a4iﬁé¥%7d from | N2

suf r oyrit¥PAEPZX®EoONi s were mar ked| for renoval us|ng

cl pai ngrayl i nders agidce Wel | knojw,jo3_the art. Jhe
di sh—af—eelonies—a day 9 of in situ differentiht]on

LILIDEA® A CUT O COo

fo]l owed by 20 days of in vitro differentiation| 8BS (Human
ge| at i|Frankifsl at ed| at 2,500 cel || per dish was slméda€bnocyte
W th grestel violep solution for| 10 mnutes, rinsed. .
wWith v x guand is shown_ in Figureg 3 . [0248] The
trypsilntzed cells frEiTHE thin 61 “IFAFHFREYPIhdefupplenent)

(PO wérdothedmak ep| ated into gelatinized 24 wel
pl gt es cand dgubated. O 61 col oni es i sol at ed,

450% on%l g.,quf)u' ations becane confluent in the 24
pl jat es and wef AN r ypsi [ff28d82%nd pl at eSupplagent

%ﬁaufacturer

wel | gelatinized plates (P2) . OF these, 44 Wel|®pithelial
becamg confl uent and these were in turn trypsinized

and pllated in 6 wel] | gel atinized plates (P3) rowth

t hese| 40 becane clonfl uent and re transferred Tagtonwo Basic

silx weEhdothelial Fibroblast
8 Cell SFM Gibeo 11111-044 Growth Factor
Skeletal
Muscle Growth Manufacturer
9 Medium PromoCell C-23260 Supplement
Smooth Muscle Manufacturer
10 | Basal Medium PromoCell C-22262 Supplement
Stem Cell Manufacturer
11 MesgnCult Technologies 05041 Supplement
Melanocyte Manufacturer
12 | Growth Medium | PromoCell C-24010 Supplement
[0254] The cell selection/growth media may

preferentially select and sustain growth of particular
cell phenotypes for which they were designed.

5 [0255] Each media tested was carried out with one
plate of each cell concentration.
[0256] The day 7 differentiated cells cultured in
either the DMEM/FBS or cell selection/growth media were




gel atinized plates (P4) . O these, 34 becane
confl uent and were trypsinized and plated in a 100 mm

w@edoaenipged tissue culture dish (P5) . O theBeT/USB06/045352

10

15

became confluent and were trypsinized and transferred
to gelatinized T75 flasks (P6)3¢ Representati ve phase
contrast photographs of cells in the original clonal
col “§ (9 and aftfer the fourth passage (P4) are
shovvn YE GUrER 02490 Frycdla foum lﬂcé@m@ﬁledthe
di spdlpeckea dIsEd m&wq&m@l e G LR
fromthe cells in order to characterize 51

st i A< Pl tHigtc rtdieo fsatee ime ddlivinf e.lrem«t’rilaﬂﬁd:l'&tyab)%.re

a i q l.ated onto gl ass .
co%ogﬁ{i'ps 63? l?lcr%%ﬁﬁéiélsat glﬁﬁpclﬁ Gty SEPEMOLst iten obtain
t heél rstidif @rfera:telldtsechmi a:th@e 4uSiIng 1apld ReARS Qe
antfjgglens suchg;s are listed in Table V. Exanple 14
] ‘fromthe hES cell line ACT3 were

dlf[foezrseyr]tlateﬁlx{iﬁ @H c iff ntlalonb
cul turing the cel Igg i r?nggﬁgll:étll %E(gg}llﬁqofﬂ E)g toc samples

di Pfetést icstlilod ineshere tekewn figrt beneob&plré%sfibﬁmand

th%lr;n | lLture. vessel, such as conditions that
occurulhﬁ fsjﬁ?log?# elrée%tlygtli%n matrix shown in Figure 1

In this exanple, the condition used was #456, which

iswof LI F-contai ni ng nedi um and the addition
of DMEM nedi um cont ai ni ng 10% FBS. The cells
vver[@aﬁﬁﬂer enCealedfiom PiuﬁlaySEby(EEstgégltpme H-9

%ferentlg%éon nEdITak and vi able, day 7

fereénti dVEEFI BLlaEre #Btar At Aedaviabt vgbant bbsee

exehmsuga hhedon[ 928dtabry: L -di-f L er cells

were used ?ﬁ this exgerlnent %%cauég ?ﬁéé% %%fyonlc

préggﬁPP%FSEﬁoﬁ@dBaQ owed to grow for 9 days to
confluence. The hES cell growth medium was replaced by
6 differentiation media as shown in Table VII, and the

hES cells were allowed to differentiate for 3 days.

Table VII - Differentiation Media
hES
Cell
Well Differentiation Catalog
Number Medium Addition Manufacturer Number Addition
Airway Eiphelial Manufacturer
1 Growth Medium PromoCell C-21260 Supplement
Neurobasal 12348-
2 Medium - B27 Gibco 017 B-27
. . ' M- LSGS (Low
Epi-Life Medium EPIcf/PR | Serum Growth
3 - LSGS Cascade F-500 Supplement)
Endothelial Cell Manufacturer
4 Growth Medium PromoCell C-22221 Supplement
Skeletal Muscle
Cel? Growth Manufacturer
5 Medium PromoCell C-23260 Supplement
SH302285 10% fetal
6 DMEM + 10% FBS Hyclone -03 bovine serum




(ACTC #59) was isolated fromthese differentiated
cells. The cells were cultured in either DVEM wi t h

wQ ar7oed9soncent rati ons of FBS or in special i zedI/nsmioe045352

[0252] For the culturing of cells in DVEM nedia with 3
di fferent FBS concentrations,iapproximately 1,000 day

7 differentiated cells were plated in 15 cm

gel atjncoated, tiss culture plates containing DVEM

ne 'azJ%ﬁth ei rceggbsFB@,relG%YPSnérzeQ]O%SFﬂBs. OEQ&H
MedirPeAst RANAT G A8 OYL | L ¢ai,89,0f 3. dishes
per data point . a[ 0253] For tﬁgr%gﬁtgjur%i ‘ﬁ’%slc%f’ &‘gltr"? FLRW
spéditadried tnidisgucagpl xirenpdby e, 5oAtandihg, 080epbryoid
day, i ffarentiated cell re_plated in 15-cm

gel gtéiyggroegtqugtsi %élﬁémc& &Fgﬁﬁl X&ég'cﬁﬁfia?ﬁﬂﬁyegnijooﬁ@rm
of embreryfodld daidigscel | selction/growth nmedia in Table

VI :[0254] The cell selection/growth nmedia my
preferentially select and sustain growth of particular

cett—phenotypes—for—v [0255]

Each nedia tested was carried out with one plate of
each cel | concert®s 1Y o dmbrpeddiBpdy Media
differentiated cells cultured in either the DVEM FBS
or .gell  sel ection/grow h Eppxtioddwer eal | owed to grow for

77F eg s to.formc I_oni’%%‘%:Y ¥ee col oni es cl oned and

Pl i@me&ii%ﬁi&tﬁéﬁéﬁ%@' 8l £5,gont ai ning

theisaye medi Upydedd) Whi ch L%gt)é)\AE ﬁelg{/@? yrhb?a u b
i ndi vidual col onies are expanded,fq Obtain a S{ORREUTEF Mumber
cel I s and gii@agelibndiine stocks agghyopreserved .

[ 02S12] 1DurNedgut he cl onal expansi @FouRhOkREh, SAMBLES, c-21260

of the cell lines are taken for gene expression and M-
i mrunophenot ype anal ysis. Exanpl epit5if&258] Cells fromgprce/pre-
human ES (hES) cell line H 9 (LSGS) Medium  Cascade 500
Neurobasal Neurobasal
Well 2 Medium - B27 3 Medium - B27 Gibco 12348-017
Neurobasal
4 Medium - N2 Gibco 12348-017
Epi-Life (LSGS) HepatoZyme-
Well 3 Medium. 5 SFM Gibco 17705-021
] M-
Epi-Life EPIcf/PRF-
6 (HK@S) Medium Casgcade 500
Endothelial
Endothelial Cell Cell Growth
Well 4 Medium 7 Medium PromoCell C-22221
Endothelial
8 Cell SFM Gibco 11111-044
Skeletal
Skeletal Muscle Muscle Cell
Well 5 Cell Medium 9 Growth Medium PromoCell C-23260
Smooth Muscle
10 Basal Medium PromoCell CC-22262
DMEM + 20% SH302285-
Well 6 DMEM + 10% FBS 11 FBS Hyclone 03

12 Melanocyte PromoCell (C-24010




passage #48 were plated in a standard 6 well tissue
culture plate on a feeder |ayer of nouse enbryonic

wo dwrobdiast s and al l owed to grow for 9 days toPCT/US2006/045352

10

15

20

25

confl uence. The hES cell growh nedi um was repl aced by
6 differentiation nedia as shgg\@ in Table VII, and the
hES cells were allowed to dif entiate for 3

days [0259] The cells were trypsinized using 0.05%

trypsin and transferred to Corni riigogtiwetetijaultra | ow

attachnent tissue culture plates containing 12

enbryoi d body nedia as shovvg in Ta_tIJ_I gl \ {/: I I and
db . Tabl e -
Enp BocyPie AT Tt yoiHd SRESCBectods vl aeeire
D‘ fdieriemd aigm 1M Ry o gelg_' nal, g)l}{%gﬁi?i‘ (o dglf%alrent

Attachnment Enbyoi"d Body Cat al og Iat pPlIrate
I\/bdfi@ailﬁvmlﬁ a?dﬂlmad Nmth@rrrAlen\bayoAldr eyl i Eisp h e lFioad

1 Medi,um Pr onoCel | ,
& B Sl 1 Dt pEpREE S R 0a88) fodRa plate in
Camdm Sﬂfé Iuemsr eRasa wiewr abasakdell d%fhz’%%ﬂmlatgﬁn
3 Medium - (3 bco 12348 017 Neurobasal 4 Medium -

N2 AETHEY Fz‘? dippr gor) Scdpyee aaltﬂozgmm wekk| 3

0 ERl cf/ PRI
W@'t%&)l@lﬁgge:gu%rgggg%ﬂggg %%1% aggl p%t c%d c:a El of

an ultra low attachment plate containing the same
Airway Eiphelial Medium and the other half of the cells
transferred to a second well of the ultra low
attachment plate containing Epi-Life LSGS Medium.

[0261] The embryoid bodies were allowed to
differentiate for 7-10 days, collected, washed in
phosphate buffered saline, dissociated into single
cells with trypsin (0.25% trypsin) and the
differentiated cells plated out in extra cellular
matrix coated 15 cm plates (see Table IX). The
differentiated cells are allowed to proliferate for 7-
20 days and the resulting colonies are cloned and
plated in 24 well plates containing the same medium and
extra cellular matrix from which they were derived.

The cloned colonies are expanded to obtain a stock of

cells and the cell line stocks are cryopreserved.

Téble IX ~ Extracellular Matrix & Growth Medium

Extra
Cellular
15 cm Plate Selection & Growth Media Matrix

Airway Eiphelial Growth
1 Medium Gelatin




Endot helial .Endothelial Cell Cell Gowh Wll 4

Medi um 7 Medi um PronmoCel | C- 22221 Endot helial 8 Cel
WEEM7@hte 11111- 044 Skel etal Skel etal Miscl e RBUBB06/045352

Cell Well 5 Cell Medium 9 G owth Medi um PronoCel |

C- 23260 Snpoth Muscle 10 Baga%% di um PronoCel |

C- 22262 DVEM + 20% SH302285- | 6 DVEM + 10% FBS 11

FBS Hycl one 03 12 Mel anocyte PronoCel|l C-24010G owt h

Media [0260] One well of differentiated hES cells were

di vi ded ERidle y¥Het Byarazeldhdlare otaiind B9 G oitH ®le@iilum

nmedia and allowed to form enbryoi d bodi es. For exanple

> well nunber 1 of the original 6 well plate in “hiﬁﬂtra

the hES cells were allowed to differentiate in Aire ular

Ei phetbabmMediaed f or g31dans NG Hi%%ﬁ‘ffE%dti%ypSi ”i%\%rix

and half the cells are placed in a we an ultr

| ow attachpent plate.c i ni he sanme Al rway

Ei phel i al %di um ang t %gtfgt E%Egﬁ% ?‘eaﬁu{“he cel | sCollagen IV
transferred to a second well of the ultra | ow

attachnment plate containing Epi-Life LSGS Medi um

[0261] The enbryoid bodies were allowed to

differentiate for 7-10 days, collected, washed iPoly-lysine
phosphat e Buf f er edNeHFpPhasadi ¥edtimt edBR27t 0 Si Ngt EBioCoat
cells wth trypsin (0.25% trypsin) and the

differentiated cells plated out in extra cellul aoly-1ysine
matrix coated 15 cNepltabesalseedTadl € kX) . The _ giscoat
differentiated cells are allowed to proliferate for 7

- 5 HepatoZyme-SFM Collagen IV

6 Epi-Life (HKGS) Medium. Collagen IV
Endothelial Cell Growth

7 Medium Gelatin

8 Endothelial Cell SFM Gelatin
Skeletal Muscle Cell Growth

9 Medium Gelatin

10 Smooth Muscle Basal Medium Gelatin

11 DMEM + 20% FBS Gelatin

12 Melanocyte Growth Medium Gelatin

[0262] During the clonal expansion protocol, samples

of the cell lines are taken for gene expression and

immunophenotype analysis.

5 Example 16

[0263] Colonies from the hES cell line ACT3 were
differentiated using in situ colony differentiation by
culturing them in conditions that induce

differentiation without removing the colonies from



20 days and the resulting colonies are cloned and
plated in 24 well plates containing the sanme nmedi um

wapa7exxipe cel lular matrix from which they werBCT/US2006/045352

derived. The cloned col onies are expanded to obtain a

stock of cells and the cell liES stocks are

cryopreserved. Table I X - Extfracellular Matrix &

Gowh MediumExtra Cellular 15 cm Pl ate Sel ecti on

G o!x/\’mdniivbdﬂlhtmm rveis$el wayudh pheldald Giaomd tHatVesbaig in

Celatin )Lr)% Extracel lular, Matrjx & G owh Mdi um
{he &iThFses

PP e DTk S Medi P this

Mat &k am ; Lthe 288 i dpdign e lipgen MRl ylé Yl oval
3 Neur obasal Medium - B27 - Bi oCoat Pol 'y- | ysi ne

Ne @B bla5B1 2 Mm@ di leen addipt 1omj okl ?%pathZané‘-@FMls of 5,

> Eﬁlﬂ%’?%%ﬁql a%/ (?%}Fslp %—&o‘%fh ﬁ#@(}l déC—?ueI atd 4891'%?3203 hel i al

10

15

20

25

30

Cel dli SFtGet baten, Sked edal 1 Misete tﬁﬁ)ﬂsﬁm&m Sredialmoo
Gel at/i 10 Smo}f% %%scl e Basal Medium Gelatin 11 DVEM

SVEF M Anbe ViR SRR IR b et g

[ 02621 t & d NEot Nen CA Al 1 SRPANS] QbR Oécpcsﬂrtmrﬁﬁme

of the cell lines are taken for gene expression and

differentiation into a heterogeneous mixture of early
embryonic cell types as the final candidate culture.
These cells were then cryopreserved using DMSO as is
well known in the art. The cells were subsequently
thawed, cultured for two days on different ECMs
(gelatin, plasma fibronectin, poly-D-lysine, and
tenscin-C) and in chemically-defined, serum-free medium
(Lifeline Lifeline Fibrolife Medium LM-0001). The
cells were then trypsinized and counted with a Coulter
counter, and a volume containing 5,000 cells in the
cagse of day 5, and 1,000 cells in the case of days 7
and were introduced into 150 mm tissue culture dishes
with the same medium and array of ECMs and subsequently
incubated in 5% ambient oxygen undisturbed for two
weeks with the exception of feeding after one week.
Colonies are then identified by phase contrast
microscopy, isolated, expanded, and characterized as

described above in Example 13.

Example 17

Single Cell-Derived Cell Lines of Series 1

[0264] To derive the cells of Series 1, colonies
from the hES cell line ACT3 were routinely cultured in
hES medium (KO-DMEM, 1X nonessential amino acids, 1X

Glutamax-1, 55 uM beta-mercaptoethanol, 10% Serum



i mmunophenot ype analysis . Exanple 16 [0263] Col onies
fromthe hES cell |line ACT3 were differentiated using

w0 noogios219g 0l ony differentiation by culturing tPENMUBIN06/045352

10

15

20

25

30

conditions that induce differentiation w thout
removing the colonies fromhejf;culture vessel, such
as conditions that occur in the differentiati on matrix
shown in Figure 1 . In this exanple, the condition
3 . wHl P liasmeseieal 16f nd/mladd ft,héd ng/ml

us

addidd=an 9% [ rval.s of. 5 , and .9

dasis};td;? t eétert #%%{ﬁ%o%nﬂl Ae%’ ha Sééll}r?at%&oéli‘f f g‘nEé:’ntciej‘llé, were

t heoledldds aters® ¢+ <o z:@d,lsalpélﬁ&,so% d@qlslhlst \A@hage]? days
| ated onto 15 cm gel atinized plates and culture or

o ST FARE D Haydit SHUR HEF S Addeerentiated using

di fdcarcent iiaf ind G fReksr: SRS LIX UL M Yp.
errbryc():ﬁiiai: lceII t pels as thea?i %z?lll gr?gedat%e%g%ﬁt g)?_e.L F
Thé&setadnis iume st yiver @sidﬁ\té@nusifn@MEMB@eaalums
wel inthe e cells re subsequently
s i s S B B e e
(géH1ati3n,. plradarer fvisdhrionec petriodel wEDehiwei ne, andang o
tensci n- and in chem cal |l y-defined, serum free

medPuih O FERARETS &1 Fié FrrBRsiptd oneapdamiy 00be) cells
Thﬁe&%'E%jﬁ%ﬁ%i&%%naEBYBiﬁﬁbaegnﬁgdlgpgﬁtggag%gggﬁl%ow

Coul ter counter, and a vol une contai ni ng
i ndeReitasefofppapx8matady 1,000 cells part he’ casecal with

da 7 re. hntroduced into 150 _mMntissue_culture
di s Sse%%?ﬁ\e%ﬁgu%%tﬁe%%% L6 PARE AR AyPEf L laggn
SuﬁseQaeﬂhDy(Eab&ba&edcbﬁd5%&aﬁbHQBb)QXMﬁéncultured for

undi st ér hed fog two weeks with the exception of
n

f e8i RGYAFteradneOndars €pl EHreBenr énthien dghereneiation

R e e e e R R
be clonally expanded (the enrichment step). Series 1
cells wére then trypsinized and counted with a Coulter
counter, and the cells were plated at increasing
dilutions with a volume containing 2,500 cells, 5,000
cells and 25,000 cells introduced into the 15 em tissue
culture plates and subsequently incubated in 5% ambient
oxygen {(Table I, condition #449) undisturbed for two
weeks.
[0265] Clonal colonies were identified by phase
contrast microscopy and those that are uniformly
circular and well separated from surrounding colonies
were marked for removal using cloning cylinders.
[0266] The trypsinized cells from within each
cloning cylinder were then replated into collagen
coated 24 well plates and incubated. Of 61 colonies
isolated, 54 grew at a relatively rapid rate of
approximately one doubling a day. The cellgs were

karyotyped and determined to be normal human. Colonies



Exanple 17 Single Cell-Derived Cell Lines of Series 1
[0264] To derive the cells of Series 1 , colonies from

wo b@7i&39gel | |ine ACT3 were routinely culturebPlCT/nS1vBS045352

5

10

15

20

25

medi um (KO- DMEM | X nonessential amno acids, IX

3 utamax-1, 55 uM bet a- nercapt gst hanol , 10%

Ser unRepl acement 10% PI asrmnat e 10 ng/m LIF, 4

ng/ M bFGF) and passaged by trypsinization. hES cells
verecpt e el at 15 00rawn 000 geldsipeed Rcmallsh, 12I'h/vee'le1, 6

da t sa cel i ff tiat
usﬁ%ﬁé olfe%sn%?l nmgzll Qi L?f%i’f%%.t ﬁﬁ’oﬁr—gﬁ/ ﬁgdj S rpfand
Ll Foong@mani d@é@dtcblm anpk & h er scicl +f 1 g 10ff e PVEM (TR U r Face

cont ai n| ng 10% FBS (Table | _, conditions #456 and
#113552) ghere \EreerEsnpeand st afing o (Blawid mideragen.

dayss 0f 1 EXPOSH &s t t ,
cells were tryp%l’ nil)siedi andeﬂr#éant"lieﬂ n%?lql%r%msp?%eess 1a(t 43

| ovgensit ya orfebaptpxmlymrtaqt:;d Jraom afeldpppetindizly one
coaj e th t extr [l ul ar r|x protein T I

col algge]\fl]\i et a?e"i%) ( et't}éeﬁe < %5 'oriL%#S%‘g]) L}llgerﬁl
Culpwﬁbétﬁﬁd afo agkh td‘r@“&'la%@:sd@.lﬁ%l werbuthier c'r%%%%served
differentiation in the sane conditions in which

Wi ILFSJSY&&)s]eQﬁJé?REWJ%éJE%QM%D ebepatdenat @aémanﬂqmd
St gdre a6 ]f?ft'd‘sm}ﬂﬁcf éh(esrée aﬁsiLéql ed ang of those

count ed W|t er co [1s "Were
pl ateeldl altiner&:rmmeﬂ | dut |tdrs pmdsharﬁt vialwdrion assigned

co ' 2,500, cells 00 cell s, and. 25,000 cells
iR e I e the crpad o o PReRs GRd on in

subsiaggtent I%dgwtmledllﬂéé%cﬁu@ﬁ@n QfY g&rd Takled -
condi tion #449) undi sturbed for two weeks . [02 65]

A ShiatPlrsshide Cardtdt i ey mwwmémmmell to
\T/el I" “separ aaacr%l}} :Bg%eo;bgg%h%d&ﬁgq{é%%%@ llfrrggt Shg“r’]dthe
capacity for long-term propagation in vitro beyond that
point. The cells were karyotyped and determined to be
normal human. Cell morphologies and cell growth were
monitored by phase contrast microscopy and recorded by
photomiéroscopy. Cells were cultured in 6 well tissue
culture plates or 6 cm tissue culture Petri dishes
prior to freezing to harvest mRNA for gene expression

analysis using the Illumina human sentra-6 platform.

The cell lines isolated are shown in the table below.

Series 1 Exp.
Line Name | ACTCNo. | pMedium
1
2 £
2
3 &
4 £
>
[a]
5 m
5
o &
B-1 )
B-2 51 &
B-3 55 g
B4 66




were nmar ked for

renoval using cloning cylinders.

[0266] The trypsinized cells fromw thin each cloning
wa@ydozieass were then replated into col |l agen coaP@du2206/045352
wel |l plates and incubated. O 61 col onies isolated, 54
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B-32

B-33

B-34

B-35

241

63

2-2

62

2-3

70

24

4-1

4-2

69

4-3

44

5-1

5-2

5-3

54

68

55

6-1

64

TOTAL COLONIES SERIES 1= 54

24 well, 12 well, 6 well tissue
T75, T150 flasks, and in sone

er Bottles (850 cnR surface area)
storing in liquid nitrogen. O 61
pmthe cells of Series 1, 43 grew
d rate of approximately one

hese colonies, 19 cultures

50 cnp flasks and were then

10% ti ssue grade DVSO i n et hano
si gned ACTC nunbers (see Table X))
| i nes described in the present

ned ACTC nunbers di spl ayed the capacity

itro. Those cell lines not given
ayed a capacity for propagation
roximately 5xl G5 cells but nmay or

int. The cells were karyotyped and
mal human. Cell norphol ogi es and
itored by phase contrast

ded by photom croscopy. Cells were
issue culture plates or 6 cm

di shes prior to freezing to

e expression analysis using the
a-6 platform The cell lines

n the table below. [02 67] O the

r which gene expression analysis

8 (B2 or

[0267]

Of the first 17 colonies for which gene

expression analysis was performed, clone 8 (B2 or

ACTC51) of Series 1 displayed a pattern of gene



ACTC51) of Series 1 displayed a pattern of
geneexpression consistent with dernmal fi brobl ast

w@e@geavors with its expression of derno-1 ( TREBUR006/045352
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dermat opontin (DPT) , PRRX2 (which is a marker of
fetal sgar‘l ess(vvound repair_(gdghnvest Dermatol 111(1):
57 63 1998)), PEDF (SERPINFI), AKRI O, collagen

ha 3 (COL6A3) , mcrofibril- associated

TP 20‘{17@2@529“‘3 ViHi tdh desrren 1o dhiporodyita sof

eI Brade Mth B cg}iépﬁrs %'QDUI 9 q:?%g_lNl ()TWISITI?r) !

associ at ed wth el astogenes
de\as s traprteirat E0PEK IBRRXPe (MAGRR ﬁ_r@taemfarik%r of fetal

th eep dernmis _and around hair follicles.
'?'(I:Ea e;ISL(rjee&J’sgl one cf 5\#@5‘5 hnil Peert dsgimadelt d W Wp 5t7063
si X-9de)l)d HEprer (drREMErINr, e@mlmst alfq 1 ta%%rﬁ Riq_s'/{aﬁ%th

Its expreSS| on precedes el astin synthesis I'n

de&@l&ﬁ%@ﬁ (B bad lal assoyiateids gdyloemroBtiochem
46( 1- ) , W SP2, CHI3L
QB et ad 7 CaRREeReaghi Sp6reim ke isted

( ARGRECT) briRE@VAa EBH@@nehheaB%@@ﬁb@édf%ﬁtBYQUQ%QBb%ne51s
aC| i.ch_pr % scarl ess vvound repair (CD44) , "and

a rervL\{'til el d %{ﬁ%ﬁ the 18nH6VRRRBEePEERAEAd okia, the
ﬁthG@QOb&%%b1%UQ@ e rActeln 1 GARHR &eéé E@%%stnghground

ure 6 0268] | n devel opi ng prenat
NA érpﬁQhéPﬁ e - deﬂ@@t@GprﬁsshendeépMdePnlhaanﬁeen

ar odpd har ¢ obg'ﬁéeio %E% %Xgé B%FSEE thy pﬁgnatal

been reported to b 0 si X-

pr ehatel theat potshaatadustanat atsaaﬂpréés%ﬁr $8L88es
nthe is in devel opnent (G bson et

prgg g§§$g§%%5586 ] 1Ra ﬁ@?%OPﬁﬁﬂtuﬁgabépy eeati fyJ.
deﬂmatoah@@entyﬁb%hébonh8Wé? r§9i°§8§f(£$§%8fv$§ﬂ&ggT
derm s include the positive expression 0O

PRIEXGP2: MEEP3 L1 an@dtir SPRrped | RethsedorpédaRi e, t 0 ADPRT

aSafi§P¥Poietin-like 2 (ANGPTL2), RGMA, EPHA5, the
receptor for hyaluronic acid which promotes scarless
wound repair (CD44), and a relative lack of the smooth
muscle actins of a myofibroblast such as Actin Gamma 2
(ACTG2)‘(see Figure 6).
[0268] In developing prenatal skin, the MAGP2
protein is detected in the deep dermis and around hair
follicles. The expression of MAGP2 has been reported
to be up to six-fold higher in the prenatal state than
postnatal and its expression precedes elastin synthesis
in development (Gibson et al., 1998).
[0269] Markers that uniquely identify dermal
progenitors from this region of the developing dermis
include the positive expression of TWIST2, DPT, PRRX2,
MAGP2, and WISP2 at levels comparable to ADPRT as shown
in Figure 6 , and the relative lack of expression of

ACTG2 in relation to ADPRT as shown. A phase contrast



in Figure 6 , and the relative |l ack of expression of
ACT& in relation to ADPRT as shown. A phase

wa@onrnedpphot ogr aph of the derrmal fibrobl ast PCT/US2006/045352
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progenitors is shown in Figure 5 . Al levels of gene
expressi on were conpared to-tjwsinternal reference
expressi on of the housekeepi ng ADPRT gene. [0270] The

relative bundant expression of EPHAS and RGVA in
t hés¥ é’i"y i fﬂr}o&é’l’ﬁ ld@rr@aér dibrebragitopalogentigooat lis

angHowervatriguf st he xhqr Aing i §3u are therefore
usef ul iﬁ‘reégﬁérating SKi N owhi Te pr%%o i AGPERESLen were
i nIYOMPREeen tef thise isitierngafre feirbhcee BSPiEsBEBHOBE anRd

is l.e O es _not expressed at conparable
|e§§ﬁ§%§%§?ﬁ§ a %%%TﬁgnFelatively abundant expr essi on

of [8R2Fi0dpoi etrhe- lriekaﬁi@rAll@PEbahdiaﬁta@QFQggﬁgéﬁ”BLfenglAS

I ith tal pattern o
giép Lgﬁgh,iﬁgkge§g %;g%gﬂepvggéaﬂﬁﬁrsaprgmotéxaaptenal
di 0 h scribed.in
e Sy S G R R M SR R

expPesséaraonecbnbadhy regehbeatihyyski hawhpost fababt Yng
the cl onogenic cells

we t o _be_expressed b (

de?ﬁ\e/ggﬁlﬁ%¥t$%}:%8Pn§£nEﬁ%n.Sﬁ'[“GZ?éTftrh@lF}él E@W%Zrlnneurons
i | yre Sgek | eLy C

F?azgr;ﬁgfngfgaﬂg%ﬁa?Fyégﬁﬁfeﬁsédgﬁgfésgéoa%?yglnp?ﬁ%ble

enbFy5-EhBRSHB3EALL B | yThe ozer%a}tﬂ*h@hsl@wn%m&e\qsro ession
i c der m ¢l one 0

ACToon S oL P P S S B PLE RSt prgmsle or

SO¢rmat eelbmewivi ch psemat@blya@m®f@3§ﬁd%@m%y in the

CNS, ) S, t has_al so been reported to be

expr g%%%H+%’o?€t? P RELE (YRS ¥ezat e udi ng t he

neural crest, mammary anl agen, ear fold, nose, and

| i Eebepitis . 18

[0271] According to the methods described in Example

17, a number of other genes that are normally expressed
more brbadly in the embryo than postnatally were
observed to be expressed by the clonogenic cells
derived in this invention.

[0272] The following markers were uniquely expressed
in our other cell lines that are normally expressed
more broadly in the embryo than postnatally:

[0273] The SOX1l gene was expressed by the cells
derived from clone 1 (B30 or ACTC61) of Series 1 (see
Figure 7 and Example 17). 80X11l is a gene which is
largely expressed only in the CNS in adults, but has
also been reported to be expressed in other places in
the embryo, including the neural crest, mammary
anlagen, ear fold, nose, and limb buds.

[0274] Some complement components, such as C3,

MASP1, carboxypeptidases such as CPE and CPZ, like



[0274] Sone conpl enent conponents, such as C3, MASPI,

car boxypepti dases such as CPE and CPZ, I|ikeFurin
w@eao7wex1e8 pr ohor nones and ot her proteins i n eaPCYUS2006/045352

enbryogenesis, but in the later fetal and adult stages

of devel opnent, these conpl engpt conponents and ot her

enbryoni c proteases are largely used only for the

conpl ement cascade or digestion. CPE (carboxypeptidase

E Fusim 3¢toho: e merdomwerntes erld kg Har iprchmdinis in early

[ i . I d d i
0B e DR 61 ol AL SRS d DATE. ceages

enmbs§ adde Tefidnt Cafid dagmplidBtlicdmpeeldrit Hfand other
cephal i ¢ bones, devel opi ng vertebral bodies, dorsal
sur§RRE JH ¢ dERIES2 SRR 3T dAKHSL Yepiaatelqmid o e

Ex ' ¥ i € i f
5 ol e e R R ot s R ey Yaase
ti SBuel genagrathoamaens ceyenaraatd dnikeerfimbsemdedis The

CPE._gene was ressed by the cells derived from

ol Gresna i Y B et (e sterass L s
or AP ic Sikd Yandl (- In anid-st (FrankhiNf =2e4H es
1 (see Figure 8 ) . The CPZ gene was expressed by the

cel §PEIT e d 93 0m Faielsl W BPBoxiEs )cells (H7 or
A(ﬂgggﬁ : g%g% - 8
10 (B26 oraJAECt‘?'Ct:SSO a’g[:fi é%’gf;r&??l) gor%éﬁ?glﬁlog%d%g}%e)sdof S]a%

(semifigpe 0B Yonguhe B gefmatasrye quriedsdd vwy. t he

cel rived,from cl ones (B2,.0r ;ACTC51) ... 9 7 _or
ACT@ , 10%’%?2%590?5 Atng}&eé‘)lsar?&sﬁa(yéél%rt%é‘%ryﬁmc
Sergascehri G dddlienekd) protit MASRInpeNRMas; capable of
expressed by the cells derived fromclones 8 (B2 or

ACTHeBycing (F ¥ B35 EeneriGipn 2nf] RN tAcressre 14
s (g dFT e 38 Gk UGl g0 e 5 Lon
geremiascs @ xprays sSelbrines tthe(Bd I darmiassd f ronfsdldres 10
(B2%R%54), 4 (B6 or ACTCSE), 5 (4-1), 6 (4-3) and 7 (B-
10) of Series 1 (see Figure 8). The CPZ gene was
expressed by the cells derived from clones 8 (B2 or
20 ACTC51), 9 (B7 or ACTC53), 10 (B25 or ACTC57), 11 (B11
or ACTC58), 13 (B26 or ACTC50) and 14 (6-1 or ACTC6E4)
of Series 1 (see Figure 9). The C3 gene was expressed
by the cells derived from clones 8 (B2 or ACTC51), 9
(B7 or ACTC53), 10 (B25 or ACTC57) and 12 (B3 or
25 ACTC55) of Series 1 (see Figure 10). The MASP1 gene
was expressed by the cells derived from clones 8 (B2 or
ACTC51), 10 (B25 or ACTCS57), 11 (Bl1l or ACTC58), 14 (6-
1 or ACTC64), 15 (2-2 or ACTC62) and 16 (2-1 or ACTC63)
of Series 1 (see Figure 11). Finally, the BF gene was
30 expressed by the cells derived from clones 10 (B25 or
ACTC57), 12 (B3 or ACTC55), 13 (B26 or ACTC50) and 14
(6-1 or ACTC64) of Series 1 (see Figure 12).



ACTC57) , 12 (B3 or ACTCS5) , 13 (B26 or ACTC50) and
14 (6-1 or ACTC64) of Series 1 (see Figure 12) .[0276]

wab@7B&EHR8 (FG- Receptor 3 ) gene was expr esserChysS10ne045352
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cells derived fromclone 1 (B30 or ACTC61) of Series 1
(see Figure 13) . The FG-R3- (f43F Receptor 3 ) gene is.
expressed primarily in the CNS but also in other

ti duri e enesis . [0277] The MYL4 (nmyosin

I : 3 t chain rl)ﬂ)e Fg%{%&?va@% SECSHEET 30 aldepee wgise sspdressed
by yheleelded 1derdetad dd @R Mt (BGr3y AGT %ﬁe‘pcgqf) of
Serjes 1 (see Figure 14) . WL4 is an atrial tal

i sOFEHRTR tifeeprsceines n3ﬁdicahEn@GaRguswbqfaFe@pt&@r3)

f fii i al_.arch.t hat y be useful in
?eggggbﬁ%;%%: ggg%g% ﬁ@?g i ﬁﬂsgﬁgscyﬁ PrE also in
depithe réssofst berfings embir-gbgBhakiarch such as

ft di ble. [Q278] The MYH3 (nyosin heavy
Sﬁiﬁhgéaf’ypeﬁﬁe@%ﬁ (&é(ﬁ[élmaélehﬁr ebséd by pheecehbsalso

desbeed fiicamel erer2<684 8 @ﬁgcgéilgfdggﬁkgaeiﬁééggéane

Figure 15) . Since the MYH2 gene I'S™ norna .
i n*elBPy6EKi BCIREFt af Aastke, 1t iecoVELupEcss) ON AfLe is

[ cel.ls derived fromclone 9 suggests
:E?? ?ES§SQZ£FF§1n§§°§8r8n8 ybiif cPhokelR: piediFebing a

cetbigcl Expmpteridr| 6270he Onerof EP&anP&Itggéhagﬂggtﬁay

of . the cLo ogenic differentiated cell lines generate

acl@%rldfﬁgu?o BhEcReRrelsape foF sregereraoing sntubeles of

obskREVab+ORat Db st BE PRLOED n, pe

phot odocument ed not toﬁhaveé%%ggén%?%%ﬁgg?r%? pcEs

cePpschady ehethesnindhbgleol ony and subsequent cul tures
, ood of harboring

e P T e o BB Ly By R Rt e beige o

growasvas| anpesssedl 188 e lve TTBY &30P AL clone o

eaa;),} ycgnreczgcgf]égi’?)d of Series 1 (see Figure 15). Since the
MYH2 gene is normally expressed in embryonic skeletal
muscle, the overexpression of this gene by the cells
derived from clone 9 suggests that these cells may be

embryonic muscle precursor cells.

Examgle 19

[0279] One of the important aspects of the
clonogenic differentiated cell lines generated
according to the methods of this invention is the
observation that the original cell can be photo-
documented not to have the morphology of an ES cell,
and the resulting colony and subsequent cultures have
vanishingly small likelihood of harboring
undifferentiated ES cells. Since hES cells can only
grow as colonies and as such, have unique and easily-
recognized morphology as well as requiring special

growth conditions, the likelihood for hES cells



nmor phol ogy as well as requiring special growh
conditions, the |ikelihood for hES cell sexisting

wowvdohioseivhe cl onogenic differentiated cell |i nBCT/1S2006/045352
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hi ghly unlikely. [0280] Since the characterization of
cell formulations for therapy will require extensive
docunent ation that the fornul&t#on does not include ES
cells, the clonogenic differentiated cell Iines with

r edé&&&%ﬂ&% NPLaPNH afdatil dihdesiceldis fean e Hsed d 1
determ ne The threshold concentrations of
contimgats fyl BE  omEBEQelsel |'s tol erabl e i n hES-based

t he i cs.o.J{028 i ent. . gses of S cells
(M{W i ﬂég%ﬁt%ag%ocﬁ%sﬁlo%ﬁ%%u Kot ﬁfgﬁ( hECQ)
cel tSrfldG biedig Foredhegrait wiclrs iryenofr ESxaadd eidre
teratocarcinoma cells) w be transplanted into SCID

'l
m CERCURN DR [l thEd P RES el 4399 MF include ES
gmacﬁﬂéﬁt@ﬁje %%@%&ﬁ@%i%nwé%é@éﬂﬁm@% with

er doses o e ES and EC cells transplanted wth
t heredwred e (nali dderantiattiory &I eelgenarat g used to

according, to the t hod f this .,nvention,until_ at .

t hé ee%%lr‘g n§ K'Y r%ee%&scge%?rﬁﬁﬁtroanqlyorfshedfclcoo FEmReting
di ffer ent it et&El 4 St SrisidgiraiRIHH IRt hd @48t ics.
First, for the transplantatjon of hES, two SCID mc

wi | FO3T nj eck FFHF19RS o EPIESTANS M {Wrrlpread
| e%&t@%ﬁg@&m fag) TNEL AN S B | RS SAcrid | 68 being

after s and histology w be perforned on
t eratroabhigidnet hvemei el ds Bhncdel edlarardtiahhyimpenscells)

of f]uprescence d anti bodi e jrected tg human
" oD S8 S Rt R S B Sy s ARt B2 nas
hESged i ved €Dnogeni T &l ¢ Sandpiarfidd 48 ¢ gddide: dose,

transplanted with 3 X 106 cells obtained from Exanpl e
13 WitExampl et and hanghl 9 8¢9 10F Hee UES Rt i 5§ it s

transplanted with the clonogenic differentiated cells
generated according to the methods of this invention,
until at the end of the gradient spectrum, only the
clonogenic differentiated cells are being administered.
{0282] First, for the transplantation of hES, two
SCID mice will be injected with 3 X 10° hES cells (GFP-
H1) in one leg quadricep muscle. The animals will be
sacrificed after 60 days and histology will be
performed on teratoma. The human cells can be
identified by means of fluorescence and antibodies
directed to human Class I HLA.

[0283] Second, for the transplantation of hES-
derived clonogenic cells, two SCID mice will be
transplénted with 3 X 10° cells obtained from Example 13
or Example 17. The animals will then be sacrificed
after 60 days and histology will be performed on
teratoma, identifying human cells by means of

fluorescence and antibody to human Class I HLA.



after 60 days and histology will be perfornmed on
teratoma, identifying human cells by neans of
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Finally, a gradient of doses of hES or hEC w Il be

m xed with the cl onogenic di_fil% entiated cells
generated by the present invention at 0.01% 0.1% 1%
and 10% of the total cell nunber. The sensitivity of

t hel Gy t o Klietadlclty ES epldds atit lofb@ladeieiofi med ior thime
mass, cg tissue._ Evjidence of benign or_malignant growth

or HadssH 114 He e SANRSER IO SHSTE srgnthetrer €ells
t neyecleanaaeniny difd gretldl adnesldidd RS ian e gTiged 15,

Wi GFP hES to allow visualization of the int'eracti’on

of arkk 188 |of viihieh thitfefleraaitli avimbgroel [Theamerisissvesyi f

at t t.herehy giwvi re i.nsi ght jnto the . |,
nattg{rez an yijs%s Cg(?‘q:et':‘?fevﬁ!ﬁ1 %eg}r:i ni"ldted S &t eEHeed in the
Exatgse 0 tWehee Bodyrilds@ian @ O fb ey BN o Miia) QQing nSt wth

Cells and Differentiated Progeny Cells in Mce [02 86]
ThéY FERFTFS Ehd'iniigbe idsresmikgdan enbryoni c stem

cel jozssAnd t hejye Hiiddgrential ed PLRgeny. ciiirff%‘%kéga%iated
tissues and cavities are identifie y whol e body

i magildg loineas @ fjee otiegdnivtilt hg &F@t hES| Ity eddioki ed hES
cel |.s r. their differentiated, progeny, . by ,

teé}ﬁﬁo aggllzé% el Ioiljf (& HERESE N0 ?%d ChS R 18 Withn

t hids feferenatiiat itg) e 1tkatand & igenekl cal by teedicbiad to
express _reporter genes are introduced into mce by

i njteEESSY @vddd Wane dnsHehtadgée thespatuge and uses of

| NthRAUGEG dPL it AKeRRYS Qfi Rt raperi t oneal

injection. Cells may be genetically nodified with a
transgene encodi ng the Green Fluorescent protein
(v@gmple 26 al . (2000) Proc. Natl. Acad. Sci . USA 1

97:1206-1211), or
Whole Body Imaging of Human Embryonic Stem Cells and
Differentiated Progeny Cells in Mice

[0286] The locations and migration of human
embryonic stem cells, and their differentiated progeny,
in mouse tissues and cavities are identified by whole
body imaging of mice injected with genetically modified
hES cells, or their differentiated progeny, by
technologies well know to those versed in the art. 1In
this approach, cells that are genetically modified to
express reporter genes are introduced into mice by
injection directly into the target tissue, or
introduced by intravenous or intraperitoneal injection.
Cells may be genetically modified with a transgene
encoding the Green Fluorescent protein (Yang, M. et al.
(2000) Proc. Natl. Acad. Sci. USA, 97:1206-1211), or
one of its derivatives, or modified with a transgene
constructed from the Firefly (Photinus pyralis)

luciferase gene (Fluc) (Sweeney, T.J. et al. (1999)



one of its derivatives, or nodified with a transgene

constructed fromthe Firefly (Photinus pyralis)

wo c@7hexiase gene (Flue) (Sweeney, T.J. et al .PCT/US2006/045352
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(1999) Proc. Natl. Acad. Sex. USA, 96: 12044-12049), or

with a transgene constructed fggmthe Sea Pansey

(Renilla reniforms) lucif erase gene (R uc) (Bhaum k,
S., _and CGhanbhir, S .S . (2002) Proc. Natl. Acad. Sci
UBroc oVatzyy- 3803d. Jhik. Pl 194 : tIrasgarsss: ey e with a

co ' ivel resse sing.,a "house- keepi gene"

pr (r}fsrltoétﬁeéfgééﬂu(% hé/c%rﬁ%t?rfétee(?er;%w gﬁhegegr?eas szl'rbgeég pp 3 n
mamgerot fatthi el lsc tfevadd HedeValludr HUBROr el ang
trans es magl be expressed using a tissue specific or
de@?%%ﬂ%’rﬁ'al K agk? CifiQe gefRtpr dimsicer Ssuich Udiat
onlew celd gt have lacated. into particyl ar ni ches
and devel oped into specific tissuUes or cel tk%fpes may
be GAmtHHl b uteid/e [0 28 re@rseat iwnimf d udideyeasesyinddFRenen

Ex | ogeni.c Cell_Lines Human ES cells or '
thg{r glr%%er%ég | gcteheaot pr 8y A€ 9y td igaEmeapsed in
nodicfrivemidlll exqirles Hton O NeveAnt JNiche féx%%ga[: =ia

genes encoding the Firelfly |uciferase gene ( o
RerfiASISNGT 856 @Y @TORERSES) usiog gr élé@sslleg@rp@w%ﬁn@e or
I iR} =10 e 1SIa | | nce proteins. . S
oot el ettt SrE Fr st icraltha

verdgys cas Isl ddwitd haver dlocatierdali nrec bars iceady- niches and

for oy are engineered as proprietary expression

veéiie&% g CPRer& s 5%5& 4 CAGFHREaGES c@é{eﬁypﬁéeﬁlﬁﬁgbe
pr epsiuelldried.eporter vectors for the applications

descri L‘; d herein: tissue specific or devel opnental

st 3@8 peci £rsatBmefeLaicd frrRECy 98] GFE Eaplre_aﬁdng

id | I l4 es ypes differentiate
ceﬁlghﬁﬁeéat%fge&ﬁd%ﬁlﬁl%% vgg&ghofggecgﬁlsl gng €6F viral
vediidfexkntiated progeny are first genetically modified

with expression vectors containing reporter genes
encoding the Firelfly luciferase gene (FLuc), Renilla
luciferése gene (RLuc), or green fluorescence protein
(GFP) , or similar fluorescence proteins. These
reporter gene vectors are available from commercial
vendors as plasmid or retroviral vectors ready-for-use,
Oor are engineered as proprietary expression vectors.
There are several advantages to engineering proprietary
reporter vectors for the applications described herein:
tissue specific or developmental stage-specific
promoters can be used to mark and identify specific
classes or types of differentiated cells in vitro and
in vivo; choice of plasmid or viral vector allows
optimizing delivery of the reporter vector to cells;
and construction of vectors with proprietary reporter

genes not commercially available.



optim zing delivery of the reporter vector to cells;
and construction of vectors with proprietary reporter

w@ernegsea1et commercial ly avail abl e. [ 0288] | n t hPGT/US2006/045352
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exanpl e, we describe the procedure for generating hES
cells, or their differentiategsprogeny, including the
dermal progenitor cells ACTC 59 (B2) , containing the
pFB- Luc retrOV|raI vector (Stratagene, La Jolla, CA)

st aﬂﬂ%ﬁ nt egrit édlh%teéiaﬁﬂﬁé%elweuld@rscgaﬂv@mtheDMocedure

Lu R Il transductian i ci enci es
argkggternﬁ%@ég%irﬁ%g§ﬁﬁing Iuc% gﬁ&églggFF@PFﬂ% tid
| yetcgerf, vinddsidimie ahed deetral, p¥genitor cells ACTC 59
[ m*r:)%gcyt ochem cal | é staining cells for Luciferase
exprédsi GPRERTRY Fhte OFBrélsc FREAOFE rRdnivestoant
CeHB&ﬁa& Heur .5 n on_of t.Cell
with a Va‘lréléél Super %2%1 EA hl%gg‘fﬂg [latge gl&g% O% the
peCEdlid@n @e@@m@swat e fuat feehkel [Leeelar anabbeluo
be thevral su enatants are able to
bet%%aﬁéghcegn 01e§§§§§saFﬁ &ESFW&?le byheegppging
suﬁ@cnibaaBe ab@Z9@LyDaﬁ lysaPegpaki 99r-har infected cells,

%nsductl on [0291] .1 . _For both NIH3T3 positive

¥r SMMEBPFY teRterarget vk pénindcradiagfohe et fiakase
pr@ Reb@h ogel C, 2 | s.usin
6-wel | tissue %ﬁldt %edgﬁgtegsh\?mtteggig i%ﬁh FP%SE%Pt
welFellphiis suédiing.density may vary W|th t he target
celp 2l8|951e,, - N nf ect| on
i s desifable: ‘ ;
i nSupalrnatamer ni ghlis [:Qaﬁgliu@@bZoﬁ 1sTﬁ3é£‘§9£'ﬁé89tBhe
Tar, Cells [02 94] Prior tothavmn]gthe vi ral
suﬁgpﬁsﬁsﬁﬁtetEEaSrEQléréaﬁaStﬁéecab ghbal e beransduced,
CaEHEH'EMe'G§P§§t§9?é9%%ggﬂt§'QPeogbigaggggé éransduced,

t hor oughly wi ped w
and to assess the quality of the viral supernatants.

[0290]  Day 1: Preparing for Transduction

[0291] 1. For both NIH3T3 positive control cells
and target cells, including the dermal progenitor cells
ACTC 59 (B2), seed 6 wells using 6-well tissue culture
plates with 1 x 105 cells per well. This seeding
density may vary with the target cell line; ~20%

confluency at the time of infection is desirable.

[0292] 2. Return the plates to the 37°C incubator
overnight.

[0293] Day 2: Transducing the Target Cells

[0294] Prior to thawing the wviral supernatant, the

area around the cap should be carefully inspected for
any sign of leakage, and thoroughly wiped with 70%
ethanol. Media should be prepared and aliquoted into

prelabeled Falcon® 2054 polystyrene tubes prior to

thawing the virus.



et hanol . Media should be prepared and aliquoted into
prel abel ed Fal con (r) 2054 polystyrene tubes prior to
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supernatant (nominal titer approximately 2 x 107/nl)
by rapid agitation in a 37005520 bath. Screw caps
shoul d be renoved in the hood onIy and any fluid

around the outside |] f th
SU9295L of Lhe %Sc@%uf?w eI o e

!ér‘f‘éx%mé{‘ft%f B?%&(E é"@f‘g'z :@nﬂovﬁg)t s yepskoul d

di spose hawed virus shoul d be
t@gpeaatohylstaréﬂ°©nH2@eba¢hnotS@§%ﬂ ROt Rty . b

[ 0296 Pr epa utlon s |e ton
4r?‘ﬁoj§?éw}ﬂ Bt} bﬁ?‘?z BLd ot n%g‘é%g%%%&?% e
t yhes) asupphesented mubé £E¥fhdeXﬁ$ﬁ@ea$unfécaa¢f the

concentration of 10 (1:1000 dilution of t
t ngbBhDEAE- a@xpaﬁﬁfggézkylpﬁédwet% 3. Elﬁ?u%nﬂ?gﬁ?édmth

oRer %g%%lt Oa?@oéﬁg' E{RQQ?E éHQ@ldéﬁQ SUBPLEBBNGE WA N

Fran'to Renove the pl ates
CceRtahbbag thhaWadgerusl Bho@Nﬂl—B@FSt@@PP!iaﬁhéIYt aggéﬁd on

cells) fromthe .incubato 0298] 4 . Renove d
dP§@aF§ PRE MEGAUNTEF ﬁ?%ﬁ%gﬁellg For tubgs o

cq@baini ng undi lbHepdrsupernatanbnapdries €aoh 1:10 to
dilution, add 1.0 ml per well to_both the N H3T3 and
targef tel gromgh medpum ( %e%n!al(%l‘-&‘ﬂ%)P%FE e stxtH054

te n ni.n
oEberdl SRrl S E A DER aliE rbBTRL A nal,
ddﬁdﬁmmﬂaiﬂmm rot ad flyaltnlt HE (0O Al ignopt the 10
resu ti in a loss of % of th ena
% Y& CIEs %thﬁgeac ug)sequent h{i?élggélt
Xaqp%rr{aQ:%gﬁ'] 15 .arRelddit {idaeiplates bad kepple@ent wi tth

i ncubat or
DEAE-dextran to 10 pg/ml.

[0297] 3. Remove the plates containing the target
cells (NIH3T3 cells and target cells) from the

incubator.
[0298] 4. Remove and discard the wmedium from the

wells. ﬁor tubes containing undiluted supernatant and
for each dilution, add 1.0 ml per well to both the
NIH3T2 and target cell. Add 1.0 ml media (no virus) to
the gixth well for an uninfected control. The
remaining supernatant should be aliquoted and refrozen
at -80°C. It should be noted that the titer will drop,
resulting in a loss of <50% of the remaining infectious
particles with each subsequent freeze-thaw cycle.

[0299] 5. Return the plates to the 37°C incubator
and incubate for 3 hours.

[0300] . 6. After the 3 hour incubation, add an

additional 1.0 ml growth medium to each well.



and i ncubate for 3 hours. [0300] . 6 . After the 3
hour incubation, add an additional 1 .0 mM growth

wore@omivd each wel |l .[0301] 7 . Return the pl aP€BUSH06/045352
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the 370C i ncubator and all ow 24-72 hours for analysis
of expression of the luciferaggyprotein by luciferase
assay, I mmunocytochem stry, or direct visualization of
| um nescent cells. [0302] Luciferase Assay.

Tr a6k | on &f f iRgtaHet ddheoofoledldss tar ¢hget3dr @ degubptor

as ' I f. V] i.nfected .cells for .

I uiala%ie %glsle%f)?%gﬁc il'barﬁlr{zfccf éar%éaslé’ Sr%’agy 052 &4 aefés&ol?s ioﬁfg the
conimericieatd g guaddein dokiltuei Adrad aseanpl e, we

descri be neasyring |uciferase production using a
LucifeRey IR r AR Sisctgdievald zadiioa ofa)

[ 03Q3di ddant i Lyuci ferase from Ti ssue Cul ture Cel s
The cell lysis buffer is designed to extract

| uciG32dse f rlomikanegd Aesayssud remsdncs icel lef frilidencies

ar r fected w.th the ci ferase reporter gene. .The
e ek Y B e Yeate e g yirue
bufifrefealddwselhe fhr daicilfetiasOfprmm-thiyres hudiifesd@e
culture cells, such as HeLa cells _and fibroblasts. The
qudky stieesa%ﬁaﬁeﬁie Wi MAMRFeR Lily e 1gkdeodditsar e In
OPldrle Ukdnff1 o s RIS it SP LA £13Ua0 ~9. 4
cnm2 of surface area In each well . The volunme of the
celdrddusits dyuffssimansy e iddinasteedssary tkilss erooulStuet agene
pl at.es of-ath sizes. [0304] 1 . Being careful not to
di :q’hc?dgjgﬂ&r?y 0 )t'he cells, remove the nedia fromthe

ti skoB®3qul 't uExyYeattel ke IThe: ided awas Eridie Taelshis ileare

wth_ | x PBS. [0305] 2 . Using a Pasteur pipet, renove
as Gald® -PRINEs G5ddlsilprsel s &achswelesigned to extract

luciferase from mammalian tissue culture cells that are

transfected with the luciferase reporter gene. The
inclusion of 1% Triton® X-100 in the cell lysis buffer
allows the direct lysis of many types of tissue culture
cells, such as Hela cells and fibroblasts. The
quantities of the reagents given in this protocol are
optimized for a 35-mm tissue culture plate having ~9.4
cm2 of surface area in each well. The volume of the
cell lysis buffer may be adjusted for tissue culture
plates of other sizes.

[0304] 1. Being careful not to dislodge any of the
cells, remove the media from the tissue culture plate
wells and wash the cells twice with 1x PBS.

[0305] 2. Using a Pasteur pipet, remove as much PBS
as possible from each well.

[0306] 3. Make 1x cell lysis buffer (25 mM Tris-
phosphate (pH 7.8), 2 mM DTT, 2 mM 1,2-
diaminocyclohexane-N,N,N”,N”-tetraacetic acid, 10%

glycerol, 1% Triton® X-100) by adding 4 milliliters of



[0306] 3 . Make Ix cell lysis buffer (25 mM
Tri sphosphate (pH 7.8), 2 nMDIT, 2 mM 1, 2-

waole@miosaaes/cl ohexane-N, N, N , N -tetraaceti c aci dPCT/0%2006/045352
glycerol, 1% Triton (r) X-100) by adding 4 mlliliters
of dH2O per mlliliter of the fggcell |ysis buffer
Equilibrate the lysis buffer to roomtenperature
bef use .,[3382] 4 . Cover the cells by adding

ap Mt W 1366- 560 AL &hel Bxcerlll] yyisd shblffdert.o

e a@qdﬁﬁ'i'bra[t%3 Q:%]eS @.ryrr]s il Gbl&tf%te%. Q:Fﬁe relo%t g 5?1%)8%3?,%_63 before

tenperature for 1 nutes, sw rling oc
[03@%]- 6 . Scrape the cells and buffer fromeach well

I nt arate mcyocentrifuge.tubes. Place the tubes
on[?3§99[031%T 7%£V$5}%@§ F%Zlﬁi YoBeAirer agereghaately
5 f oR0DBE0D5 pdeedndsk. cepiln1tBest YesekNLd eagh well.

m rgﬁgﬁtrifuge at 12,000 x g for 15 seconds at room
teﬁﬂ ure or 2lRrHEeEs hhesptate[ 8811pod tefpanstere

t hgoguper fram:each t w
nic?ocent&??ﬁggsfu%g?§ﬁgg?2FBga%9?ﬁﬁgg¥ateIy assay the
sup@Bfffant For Borkber abe aellwi aydabaordingrba then

r ol. _provided bel ow or store the supernatant at
ngggé %BEOIgFQ?IGES.mﬂ6§?§?nFF1§H%%IHugésnotBHaFﬁathe

10 eathbéseeﬁeibhaM/cycle results in a significant |oss

of b ihﬁerase activity (as nuch as 50% . [0314]

Pelf g ing Ldci f ¥PAEEXABRE Vi grogenyri Thee f olbesi Aigr 10-
pr 95 0gakohgsba 0 | ertupe | um nomet er.

Lun nonet er s cgggﬁlgh%f§%§§%y$%gaﬁ%%??%%$?t5%€Y%§ at
(elg. 900bxvel fopl af es¢cands saphishrh Cadmse EQFRLE €51 2

SO to_progess |arge nunbers of sanples are al so
coﬁ%ﬁ?ﬁ%gl 27 V6T abl . Al t hough bot h

15 [0311] © 8. Transfer the supernatant from each tube
to a new microcentrifuge tube.
[0312] 9. Immediately assay the supernatant for
luciferase activity according to the protocol provided
below or store the supernatant at -80°C for later use.

20 [0313] = It should be noted that each freeze-thaw
cycle results in a significant loss of luciferase
activity (as much as 50%).

[0314] Performing Luciferase Activity Assay. The

following protocol is based on a single-tube
25 luminometer. Luminometers capable of assaying multi-
well plétes (e.g., 96-well plates) and sophisticated
computer software to process large numbers of samples
are also commercially available. Although both
scintillation counters and photographic film can be
30 used to detect the light emission, they are not as
sensitive.
[0315] 1. Prepare the luciferase substrate-assay

buffer mixture by adding all of the assay buffer (10
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used to detect the |ight em ssion, they are not as
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substrat e-assay buffer m xture by adding all of the
assay buffer (10m) to the vifdscontaining the

| yophi | i zed luciferase substrate and m xi ng wel |

[ 0318] . .Divide the luciferase substrate-assay

buf% trﬁ RF &35l Foattadasine ¢hearn yapividprest d usiiferbse

avcgtgjév@ilgﬂeolaq_d rnﬁ?é%lgt haw-cycl es. The |uciferase

substr at e- assay m xt ure is best if used within
one[Qi!dqﬂ]h when StDJr\BaﬂeattheZCDLﬁGf@ra\Met Bubs@he tyedksay
ore - 70, Avoi d unnecessary freeze-thaw
cyc #‘Bf‘gt&ret He: Oualflé‘fru%é bbby 3perapFapteuriee to
ﬁlXﬁm&mﬂﬁﬁdﬂﬂﬂplﬂnfrdé¥gtzha% cyQHEQM/tﬁﬁelﬂﬁ L3898
substrat e-assay buffer m xture“to reach room
t efyEEE@te -as 92w equ pertatrant. sf beststi€pudednwithin
Ex c L £, m Ti eCuIt eCeIIst
retggl% Edggl%ht g&r{perzft%%%e %631@?%% AH& 66‘ ﬁPeoVe?ﬁeWhen
Iu@tbeﬁdsetswﬁﬁﬁﬁateassaw.hmbbeésﬁbKQUEerﬁeathaw cycles
poI sgéérg %tu e that fits in the lum noneter (e.g
al"Con "6y ST FEnEIPshRateoresAYt BBEfer [nesmg}:e
5 frdd1992@ .M of supernatant to the tube, mx
gentl and i nmedi ately put the tube into the
gﬁéter 3[-0324]log thBedhnifenssei mgbtheateghtsay
pr m the.re gn_=8 seconds_af t er i ng. t he
sugggggg aﬁnt S%u3| ng anéi%% egfratio eF‘PﬁEagFr% 3£gEE the

seeupdsnaﬁ:aazl]frbmmnepypoﬁ:heﬂksté&ftiﬁ{; fetlSerase from
[ quot of viral transduced

?ressn ng, ggm feraig . An ali

cef 85HPe“talFtiuPedetof §°d5§§‘35f rePmnwheEReE_RF RS vier e

hafossggd 4. Add 100 pl of the luciferase substrate-—
assay buffer mixture to a polystyrene tube that fits in
the luminometer (e.g., a 5-ml BD Falcon polystyrene

round bottom tube).

[0319] . 5. Add 5-20 pl of supernatant to the tube,
mix gently, and immediately put the tube into the
luminometer.

[0320] 6. Begin measuring the light produced from

the reaction ~8 seconds after adding the supernatant
using an integration time of 5-30 seconds.

[0321] Immunocytochemistry for Cells Expressing

Luciferase. An aliquot of viral transduced cells are

cultured for 3 days after which cells were harvested
and prepared on cytospin slides. Slides are stained
with monoclonal antiluciferase antibody (Novus,
Littleton, CO) 1:100 for 1 hour, followed by donkey
polyclonal antibody to mouse IgG-FITC (Novus) 1:100 for
30 minutes. The slides are mounted with Vectashield

medium with DAPI (4’,6-diamidino—2-phenylindole; Vector



[ [ [ t ai ned
and prepared on cytospin slides. Slides are s
wi th nonocl onal antilucif erase antibody (Novus,
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polycl onal antibody to nouse 1gG FITC (Novus) 1:100
for 30 minutes. The slides argggounted with
Vectashield nediumwi th DAPI (4

6-.di,ani di-no- 2- phenyl i ndol e; Vect or Laborat ory,

But & TYeaPurIgnganesd Gdnt r svdduced cehits-aaseuced

i 2J.0322] _Di-rect | maging of
use@las %@Qﬁﬁkﬁﬁi%ﬁﬁﬁﬁ%ﬁﬁﬁgk.%%%%Fﬁﬁﬁ

Luci f erase Expressi ng . ‘condi tions for
DNdoééﬁﬂveryE§m§Cdemw@ﬁmgdoﬁyLaddmﬁqa@@cg&gkbgsgggS

' ; I Probes) to_the cell culture
e B 0 e S vy oo
expdensidiedl byhedueper 1ekigensn %'-Fgﬁ@Zm’i‘F €, 567 eened

by using_an intensified charge -coup evi ce carrer a
(%ﬁﬂgﬁcgé?ngﬁﬁﬁﬁﬁéutPh@h@nbcél Bafaoats el iy, adapanyht

Sehosies ob aells BxALERsALLANL are expanded for
xenot ranspl antation into nmce . P i
Xefigiieansfhahtuaesonref s€ekbaciinby kg &%Cfnééﬁsif%?d
angg i zed 9 I .p. .injection of aBBrOX|nately 40
of “a Eg%é‘ﬁn"ﬁ@ éﬁddgw%}?i femesa 1fC36P bt PansHamamatsu
I nPeotediwkt hua [ ,3 _Lu e
expr eser g col Lot ne 00 o Yo PR o r ece1orF e o reelle
pe ?PB%%%F“@a@?E?toﬁrﬁnﬁép@edediﬁoraxé%@ermnsﬁlaﬁxaﬁibn

' resaklowed to recover, maintained in a
ggﬁ§$%lﬁé§éénvironnent and moni tored weekly for 8
web®k323b tr a¥knobeansgtani ot andof | oal 1 glesti Haki Q. 0fyi e

Luciferase expressing cells using Xenogen I'vIS Tmaging
Sy%%énr%t rg%gtgéer‘?le%e%i uhi E?;ld’éﬁ%‘ét%%t : sa.tpmlu?ﬂgﬁmbf 40
exp esBi & gkSNTREH B2)da i 0geN f or 68l S, &

iﬁpépted intradernallydﬁﬁ_doses g?”ﬁ_x ]ﬁﬁ? %inﬁﬁa, 1
x TOESCHY W & 1aepeerimately oo Lfi fmkd fevesed

| Nd:80td NS P&Ee1ls in 100 pl of PBS directly into the

peritoneal cavity or injected via tail-vein. Injected
mice are allowed to recover, maintained in a controlled
environment and monitored weekly for 8 weeks to track
the migration and final destination of Luciferase
expressing cells using Xenogen IVIS Imaging System 3D
Series bioluminescence imagers. Luciferase expressing
ACTC59 (B2) dermal progenitor cells are injected
intradermally at doses of 1 x 10°, 1 x 10%, 1 x 10°, and
1 x 10° cells in three animals over 4 injections per
animal and engraftment and migration of the cells are
tracked over three months using Xenogen IVIS Imaging
System 3D Series bioluminescence imagers.

[0324] Whole Body Imaging of Luc-Marked Cells

Injected in Mice. Imaging of mice containing cells

expressing Fluc reporter genes requires injection of

mice with the cofactor Luciferin for light production



ani mal and engraftnent and nmigration of the cells are
tracked over three nonths using Xenogen |IVIS | magi ng

wEyarmmi3O Series bi ol um nescence i magers. [ 03Pdl/UNvoé/e45352
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Body I magi ng of Luc-Marked Cells Injected in M ce.

| magi ng of mice containing celis expressing Flue

reporter genes requires injection of mce with the

cofactor Luciferin for |ight productionand
anéthémesddiesd gatilon muqxagmgmaMmg ar M:Llcej ected by

an ;i i al, nto the aninmal's | ower '
ab&gﬁ%ﬁgﬁﬁf ;ﬁ?ﬁhf‘féﬁé epftQ?e FCrgESf | t&%tﬁn&méé
gaagmerxeeleufe \aibdlomd rladc @mm&oh@m@n 1( &2 &g/r&hg@r £30ted
|n PBS, dose of__150 / D - Luciferin,
W&%Py (ot & FeLsenrsarLe Tlg%gﬁvﬂ&Pleéﬁ@géﬁlgéﬂ@nog15

#xagyaglbrt hal 9@, Quedako dbst bBUL S glggwgl,ac q

ani mal s for about 15 m nut'es he mce
i nbycd ferdan Eumf@nfaspoanesunessalbox1(2 §7815% Xenogen

ded S nmonj t ori ng
of CRESERN R 10015 RS 4 TRIORRS" bRy B el Rabrre: hE
anbwaks anémhﬂeafbkngboﬁheSLmBemﬁhaﬁe§Uppﬁh§SmEB€ are

anesthesia to the_box is split so that the sane
coﬁi@ﬁ?éa&PEﬁ 8f CaRest RésKagilaspl anpethesiahbox (2.5-3.5%

angsbhesbaafani £akd EQQGREdu?QﬁFQSe&hs%%HEIZeganﬂE§ng of

chanber. After the mce are y anes
ar Bher anémal Fedef gonphhecboxet il fedabsemtnBess the

h fold i the magj ng chanber of_ a
igﬁgggﬁnggﬁgl%ﬁggﬁhl§§$teﬂP %é?lgéagnﬁﬂﬁp}l?ﬁetﬁ%or
|Sanésshdslandothﬁe"B@ﬂUhée byttga tRattcRt LhGe

Xeno Li ving | mage on the conputer screen
g?FVEFéﬁlgWh@flﬁﬁ@ﬁﬁgeﬁﬁﬁelﬁspb@mheéntgnbheo five

”‘Qﬂé§§h8§iasﬁgﬁlfgﬁasﬂgcé¥§5t{ﬁélde on A D er.

experiment. Wien the mce are turned o?sa? ?%
eng@r Fb@ wice aeesémllytaegsth@tb@e&;stﬁéy abser ved

f0£r§H¥f3£QQ§ from the box to the nose cones attached to
the manifold in the imaging chamber of a Xenogen IVIS
Imaging System 3D Series imager, the door is closed,
and the "Acquire" button (part of the Xenogen Living
Image pfogram) on the computer screen is activated.
The imaging time is between one to five minutes per
side (dorsal/ventral), depending on the experiment.
When the mice are turned from dorsal to ventral (or
vice versa), they can be visibly observed for any signs
of distress or changes in vitality. The mice are again
imaged (maximum five minutes), and the procedure is
complete. The mice are returned to their cages where
they awake quickly.
[0325] Alternatively, for mice containing cells
expressing the RLuc reporter genes, an aqueoug golution
of the substrate coelenterazine (Biotium; 3.5 mg/kg) is

injected via tail vein 10 minutes before imaging. The



of distress or changes in vitality. The mice are again
i mged (maxi mumfive mnutes) , and the procedure is
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t hey awake quickly. [0325] Alternatively, for mce
containing cells expressing t RLuc reporter genes,

an aqueous solution of the su rate coel enterazine
(Biotium 3.5 ng/kg) is |njected via tail vein 10

m aoteslbebare theagpigcedheananilighareighenchhabed, i and a

a lLight-tight_ chanber, and a scal e body-surface
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arEhéran$maﬂraddbyheﬁlﬂgaﬁsmhugedgﬂhﬁ@dghethébﬁﬂgaﬁéuire
Maci nt osh 8100/ 100) runni ng an i nmage
prSSéi?gEGdaBB& LBEPERAEPHOTeSHREPP e AdBBeOBy Rt BB, A

MogBEabBeMlBY, ifAe- rEha¥seffdhs 16 ﬁEeQﬁEehgﬁﬁgs(ﬁfge

pseudocol or i mageS are superinposed by usin
| Mh§eprocasshnag soflt nademoandinhevsal i Dasganeradelédobyan

UShOBGEnSH gl ARULSESOL WUSREFRRE LENESLE.

inﬁgaﬁgfappédabye&suﬁgng §Eﬁg in module (Hamamatsu) to a
computer (Macintosh 8100/100) running an image
processing application (PHOTOSHOP, Adobe Systems,
Mountain View, CA). Gray-scale reference images and
pseudocolor images are superimposed by using the image-
processing software, and annotations are added by using
another graphics software package (CANVAS, version 5.0,
Deneba, Miami, FL).
[0326] ° 1In whole body imaging approaches using GFP,
and derivative, proteins, mice are anesthetized with
pentobarbital (70 mg/kg body weight) placed in a warmed
light box or directly on the microscope stage. A Leica
fluorescence stereo microscope, model LZ12, equipped
with a 50-W mercury lamp, is used for high-
magnification imaging. Selective excitation of GFP is
produced through a D425y60 band-pass filter and 470
DCXR dichroic mirror. Emitted fluorescence is collected

through a long-pass filter GG475 (Chroma Technology,
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A Leica fluorescence stereo mcroscope, nodel LZ12,

equi pped with a 50-Wnercury {s4m. is used for

hi ghmagni fi cation imagi ng. Selective excitation of G-P

i's roduced thro%gh a D425y60 band-pass filter and 470

DCRR GRS mVir oon BnHemamatisuo£68dendechsp cooled

col u l.oan filter

Techact oy Brat L eplrd aphies arih, HlAneb o Photonics

3- Slispensol éatld@e@natcehar ye) -~ cmmabgé dewi peocaBBed for
Hamemat s Phat oni,cs . Syst ens,_ Bri dgewat er

Inagegrgﬁg g gtpﬁ§scéﬁér§§FlﬁﬁédeF§Htﬁé@suéﬁdOf

anaM%GEdPWDt@LU@e3uies@EthQ$€E ﬁggﬁgwg?bérﬁeﬁggg E&1ver

(Medi a Cybernetlcs Silver Springs of

1, 6P%139%24Mp) xeL5ages @épﬁueéd a| Wéét byxehsanrtByaPECured

I u
°f8§9?‘é§2?‘3??g§ A B Bl BB 2B Fhggh Todse)
Dnaguhgoatalbmgh magbﬂﬁtmahlSBnthtRVméaéll§E$ kheoo
ent Lre an nﬁ arried out _in a |ight box
i | |(uﬁ{lﬁat Ea Bi? bl E@algfLBﬁt afj %@Weép'{ﬂﬁﬁ§1€£¢§ﬁ%©@| ghat
Reseéﬁémlzgﬁctﬂétéﬁtlgé)aﬁﬂﬂalnﬁgegaP¥15§|QQF gﬁdev C%ht

t hernoel ectrically cool ed color charge -couple
caRe¥alliymimatedbby bbu@ellﬁlx'anﬁi]eeﬁlopi%s?s Denﬁled%clélss
S cl 03 es fromthe

el T T 7 he ACTICRARERG! PR} (AR A webed hg prich: e
cotbﬁymdeléetemtahlyonobyedh@oI@ﬁD&Hér@é coupled device
LI F-cont ai ni ng nedium.,and t he additi on of M medi um
contar hfhg® io@eﬁﬁﬁﬂ bad{ @POV&r i ous periods of tine (5,

7 , and 9 days of exposure to differentiation nedium

, EXsmePél31were trypsinized, and plated onto 15 cm

pl ates coated with the

hES-Derived Smooth Muscle Progenitors

[0327] Colonies from the hES cell line ACT3 were
differentiated using in situ colony differentiation by
the removal of LIF-containing medium and the addition
of DMEM medium containing 10% FBS. After various
periods of time (5, 7, and 9 days of exposure to
differentiation medium), the cells were trypsinized,
and plated onto 15 cm plates coated with the
extracellular matrix protein collagen, and cultured for
an additional 20 days to further induce
differentiation. The cells were then trypsinized and
counted with a Coulter counter, and the cells were
plated at increasing dilutions with a volume containing
2,500 cells, 5,000 cells and 25,000 cells introduced
into the 15 cm tissue culture plates and subsequently

incubated in 5% ambient oxygen undisturbed for two

weeks.
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counted with a Coulter counter, and the cells were
plated at increasing dilutionggMih a vol une
containing 2,500 cells, 5,000 cells and 25,000 cells

i ntr ed into the 15 cmtissue culture plates and
éu6£§%§§nt|y%ﬁﬁea afedord esyysrsi efdensifged by phase

' d i 8 onal. col.Qni es were
ot e ae chO3e nEtonee B8 BRE By b

ar@lﬁﬁPﬂQFnﬁchWE@&IaﬁpamdtadlErsmpauakednﬁﬁﬁglgolonies
[ ol.ani es were marked for renoval using
if%%?%gg‘%%ﬁdé%. r‘T’WS"FﬁyBﬁHEz@ OReRgsCY L bR ERi nThe

eathypkdningdcykinderrwar @ithen é§8h35§9nﬁﬂ%ofggkhag§n
coated 24 well plates and incubated. O 61 col0nies
isHFﬁ?eBPGQQr@PEﬁFﬁﬁ antel gelyapgnr apatledagé well plates

Xk ne upl i .. Ih el.ls re
oo e e, St d o B b ¥ TR RS e aF 2
geRohREivrpresspdd aanbysfsapsiaginfieell| saknaceysiLy a

|s. []032 d 15 (2-2 or
neRs) ! hEoHs Pl DERE T Ryobrrd pdoge e R e OF o be
Senoesal hﬁﬁ@nEXaﬂptétéf)%Qﬁéﬁi@yéﬁp§e€§{$ﬁrQngi¥gfge

expressi on consistent with snooth nuscle progenitors
andS{RE Wihe hl hiwetvBassEsieni was gogehesnddi oy expresskg.

i nes _oerd L, splaying attern
2?t93§%£ art%??ﬁ%§0%$i2§ %d%%ﬁ%%%cg%gbtﬁgnggcfezraéﬁTC63)
clané 17 ©B2$e®re3C1CS®1bvv&>ﬂgS@rp@é5tBr gsﬁéé 13 A AR %7)

h le in that the lines 15 an expresse .
fggg%%gu %‘gh?egéa‘f‘é%ﬁlso IR r TERT /T 0 t PN Rt with

Nusmb &t 18 G e D& MBodet LI AZan PGEES SO Numerous
NM 001615, 2, snnotﬁ%%uscle actin (ACTA2, Accession No.

NVFOERBASIY genes Hee brglothetested ecidpt orlones 15 and 16

of Series 1 displaying a pattern of large artery
(aortic) wvascular smooth muscle, and clone 17 of Series
1 showing a pattern of enteric smooth muscle in that
the lines 15 and 16 expressed relatively high levels of
expression of the smooth muscle actin gamma 2 (ACTAG2,
Accession No. NM 001615.2, smooth muscle actin (ACTAZ2,
Accession No. NM_001613.1), the endothelial receptor
for angiopoietin-1 (TEK, Accession No. NM_000459.1),
tropomybsin~1 (TPM-1, Accession No. NM_000366.4),
calponin-1 (CNN1, Accession No. NM_001299.3), the
unidentified gene LOC51063, the oxidized low-density
(lectin-like) receptor-1 (OLM1), LRP2 binding protein
(Lrp2bp), MAGP2, LOXL4, and relatively low levels of
expression of dysferlin, PLAP1l, and MaxiK compared to
the housekeeping gene ADPRT. The enteric smooth muscle
clonogenic cell line 17 (also referred to as B-28 or

ACTC60) showed markers for smooth musgcle actin gamma 2,



for angiopoietin-1 (TEK, Accession No. NM 000459 .1 )
, tropomyosin-1 (TPM 1, Accession No. NM 000366. 4)

wa20opo6a1p8 1 (CNNI, Accession No. NM 001299 .3 PCT/US1966/045352
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uni dentified gene LOC51063, the oxidized_lomfdensity_
(lectin-like) receptor-1 (CLSQ LRP2 bi ndi ng protein
(Lrp2bp) , MAGPZ, LOXL4 , relatlvely | ow | evel s of
expression of dysferlin, PLAPI, and Maxi K conpared to
thémﬁﬁﬁgb%§§ﬁﬂﬁga§§ﬁ@ ABPRE2) Thehentedbt hefnaf h reuspker

I B- 28 or
CreRas il e g (hekd S BBl 186eu8 BT Eronmosin-
, SApdIPMrIS C Ioexr@amm(eA%AZ)lbrobmasenkoae kiah s,
rece tor for % oietin-1 &TEK% PLAPI | evel's of
tré -t C%ﬁﬁ | FOZ&hpalabi’. t anfli beéprayelyi kew
ceu%&elgabﬁoa&@rés%§8H|Bf d§§¥é%1lﬁhxkﬁgygp dpptitipd

relatively low |l evels of expression o
unB@@ﬁtPppééOéénean@cslala3Lraﬁprbahpateﬁ2bp chapar ed

t e ADP ee Figure 16. A phase

cgﬁkpgggggﬁgﬁg ggﬂﬁ gﬁgﬁﬁbotﬁTﬁugégg 8l bRogefi BhaEER

||neﬂtraSShpthbgrEngb€ iﬁooﬁﬁ3ﬁgkcibechﬁBQQﬁBchel1
L 1ine 17 of Series 1 (B-28 or ACTC60) (seée Exanple

17 iBgs 48pSEPIBEJiRI FRIYKE AWerican Type Cul ture

Coltbegbion (TALCE] onb. ghlgoéei§4?1 QHPQSgﬁsﬁﬁgé }O§B 28
USA) under the Budapest Treaty Fne’ 7

haQ€ é@@@é@?OWSﬁanﬁeamplérlPWAw&éSdepahiSedewithlﬁnelS

any [ nuSc Wi th potenti al

cl|ﬁ?gg¥8§pgyﬁca? oHUT h%ﬁi?cé+%%aZeATgﬂeur§sﬂs B4

othE49agHanebah§d VASZOLas, dUSEASEndEANEERE  BAASbest
estlnal di sorders. 0331] Large vascul ar snoot h

nu EPRL¥ePsTWREN’ an? @9br yaid ch %ﬁ@e@%@%ﬁ?lﬁatm@mheanTCC

geﬁﬁAe%@ﬁﬁss'@Hl@”é?lfiﬂf?ée¥§l qémﬁ%fﬁﬁfgeneSI tm%ﬁcle

shown herein have clinica ut|I y I'n rea

vasedl atidésedte potential clinical application in heart
disease, aneurysms and other age-related vascular
disease, cancer, and intestinal disorders.
[0331] Large vascular smooth muscle cells with an
embryonic (prenatal) pattern of gene exXpression with
high levels of elastogenesis as shown herein have
clinical utility in the treatment of vascular disease
such as strengthening the arterial wall by direct
injection, or by IV injection, allowing the cells to
home to sites of vascular lesions such as atheromas or
aneurysms. These cells could be modified to carry
therapeutic transgenes to the gites of malignancy.
These cells could be injected into cardiac or skeletal
muscle to strengthen the muscle. Also, particular
splicing isoforms of the OLR1 gene known in the art
(Biocca et al, Circ. Res. 97(2): 152-158 (2005)) could

be introduced to these cells and the cells could then

be protective against myocardial infarction, or to be



such as strengthening the arterial wall by direct
injection, or by IVinjection, allowing the cells to
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aneurysnms. These cells could be nodified to carry

t herapeutic transgenes to the sites of malignancy.

These cells could be injectbdli%tb cardi ac or skel et al
nmuscle to strengthen the nuscle. Also, particular

sphigd RG itgRf @rl(“j@ir@erti% QR i@ene dk R nick riele valcul ar
(Biocca et al, Grc. Res. 97(2): 152-158 (2005)) could
be timsisduc @ teg ih et Misale COsd 1sePirs S&@HLt Rén
be ' ' 0 hal sinfanction,.
e b i g R L GO TR
vascdtaradtidsites, Ent erliec tsmsoteh emgsicleerdeld ofariamtestinal
useful in strengthening the wall of the intestine,

[ Wo contractility, or the tissue engineering of
intestinal tissue. Exanple 22 The use of Hox gene
ex:eeglan 40 i dentify clonogenic cell lines derived
frompluripotent stemcells such as hES cells [0332]
TheriaxX RIAs Y OMHN ddie RapeaEod dldeitify clonogenic

develiopnBifed derived W HneIsadl t PLAERRI 1Y BUIE as
a ys@ef Weyiey ker of the origin of the clonogenic cel

lines. This is generally not the case where the cells

haVﬁnasﬂet er OgeNeALS Qi d G- B HeH A fAPlfd dtter
cell clones described in exanple 17 above were

c onjpreskbdreemn traell lat - negl v ds sefomperied isut e s mrdwdde a

genes d simlar el opnental Jy.requlated .
sedﬁﬁ#ﬂhi%ﬂr é§9%¥h g%%q%ﬂ<H€§%F%%%§q%9%5&ﬁé§§9bn
ar el ftds shomt s S Wendlrdli gHn-tl & ey eddee whigfesdiortells
of Dixl, Dx2 . The expression of DI xI and DI x2 , but
nothaY& 3 heysapoeRs@is RTigiy. &l fare Sxed@ s dihe

I_IC))%Aézlfrk‘,jlcg_ll?é(s:‘Bzdescribed in example 17 above were compared

for relative levels of genes such as the Hox genes and

similar developmentally regulated segmentation genes.
Those that displayed no expression are not shown.

Shown in Figure 18 are the expression of Dlxl, DIx2.
The expfession of D1xl1l and D1x2, but not DI1x3, DIxS5,
D1x6, or Dlx7, and the expression of HoxA2 and HoxB2
shows that cell clones 1, 3, and 7 of Series 1 (see
Example 17) derive from the region of the third and
fourth rhombomeres and would migrate to the region of
about the dorsal first or more likely the second
branchial arch. Clone 7 of Series 1 shows HoxB2 but
not HoxA2 expression, confining the region of the cells
to the junction of the third and fourth rhombomere.

The smooth muscle cell clones 15 and 16 of Series 1
show HoxC6 and HoxCl0 expression, consistent with these
cells being of thoracic origin. The mesenchymal cell

clones 8-14 of Series 1 including cell clone 8 with



shows that cell clones 1, 3, and 7 of Series 1 (see
Exanpl e 17) derive fromthe region of the third and
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about the dorsal first or nore likely the second
branchial arch. Cone 7 of Serd£s 1 shows HoxB2 but

not HoxA2 expression, confining the region of the

cells to the junction of the third and fourth

r hGPEEIRdr ®rogemd tewpeharreselrd stekk , cbbnes HbEAA0Nd ahbl

of i8S X o, and Ho Cl O _ex S

coﬁ??%ﬁgnf §?%£%;g%e EEFPES g étgfg éegcmﬁﬁﬁﬁFHYmal
Theelidssencmyamlly(;elclelal enese8i4oef sSerkas1lykpgl HALRG -
cell cl wi t hdermal progenitor characteristics,

sh& W°H5%AWBSEAS Hgﬁﬁﬁptéfﬁﬁgé§ﬁoha§oH@Kéﬂ@nﬁndnHhXAﬂﬁb
budxresrs BUTBLLLC bk Suoks! by, nbeLl oCLoRRLL: 8, Series

1 with enteric snoboth nuscle c aracterl I'CS
Ho£RNe1gkenHowALh éhpsessééhsdermUtngbﬁfﬁmoBohbxéhChn

ex S onsi st th thes ells deriying._from
soﬁ%%egh&%a% 32 §n§ W%Slgﬁe ?ﬁeﬁﬂ§eaﬁ Fﬁiaﬁgé

r edevedogeeetapiprirabul ¥t eagubghedt s€98BNGa8LEQN-genes
to.,i.dentify the nature of cell clones but also in
naﬁéﬁpﬁéthE EelPEUES Pﬁecﬁé%tP%QF@%ants§@§O|mSUWeschlng
t haheCebh $5MRSt L RUI g n

obta?ned aﬁd used. Exgﬁ%ﬁgt%éﬁ gg%%?é |%nt%?t cells
ny@@ﬁﬁdsaﬂtpdoéenltuaaspiangatnducarevoBtatﬁédeaﬂ@dﬁéaa.
cells. Visceral endodermcells have an inductive

ef | anchnic nesodermto differentiate into
ceE"ﬁ“;&n 2.8 nyocardlal | i neages. Pluripotent stem

cel ch as ED,. hEG.or. spl anchnj c
neéggg?ﬁ1cellgﬁgﬁg HUTEAC by Y R TTEE b PT At Pbtsusing

then@uesenvlsnafallend@a@rbecenﬁycedvi@c@féieéﬁ@é&@%@
into %s of cardiac |ineages by juxtaposing said
st &Rt VG R indeerdye entlbRier e splanchnic mesoderm

to dlfferentlate into cells of the myocardial lineages.

Pluripotent stem cells such as hES, hEC, hED, hEG or
splanchnic mesoderm cells produced by the use of the
methods of the present invention can be induced to
differentiate into cells of cardiac lineages by
juxtaposing said stem cells with visceral endoderm
cells, including but not limited to cells expressing
relatively high levels of AFP (Accession number
NM_001134.1). 1In this example, hES cells are cultured
as described herein, then three days following
subculture, colonies are scraped from the dish and
placed onto confluent cultures of visceral endoderm and
cultured in PromoCell Skeletal Muscle Medium (Table I,
condition #1112) or its equivalent for 2-6 weeks.
Myocardial cells can be identified by the use of

markers well known in the art, including the presence



cells, including but not limted to cells expressing
relatively high levels of AFP (Accession nunber
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as described herein, then three days foll ow ng

subcul ture, colonies are scraped fromthe dish and

pl aced onto confluent cultures of visceral endoderm

and cultured in PronmoCell Skeletal Miscle Medium

( Talll evocarcdrdi tiyms itl he2yyochatis MyH7vdbenestapn2nBmber
we . rdial cells can be identified by the use
of%ﬁgpfergﬁﬁéﬁr known in the art, including the
presenceof nyocardi al myosi n heavy chain MYH7

( a@Exasmilen 2aunber NM 000257.1) . Exanple 24 [0334] hES
cell colonies fromone six well plate were grown to

f orfm3emt)r yoi hEsodieds (CBBbn(isee frémg oneUgi&pﬂbﬂQaFﬂaﬂe
nunber 60/538,964, filed 1/23/2004, internationa

pat'efe SRINc&a dRrio emapysddobediegsuBEBshdge8) 4£2005 US
an . ;ﬂﬁgl' ti a 2 1 , i shed
1/26#%§6€@§%ﬁggl|scfggﬁ/g%%f@ggéhgggg%hﬁgég/geﬁgfeby

i ndotpamattddnayl peftenénpeapladodtpbat ed. oWO060 7000LMm,

id I i tes .t |
oD L e e A be G20 5y OB E, BuPL R Rpn no-
cobanise® 1fasem,t he1ESheal b /bisneobd, wene dittepenttabed

by the renoval of LIF-containing nmediumand the
ad §eCHo R fofhiigbviise dieteloyo AgPAPR 2 E8% PBSreAptencs) and

days ;@RS WL dndle fi%‘%ﬁx%h%&?%t%@%ﬁbst heafellfress
were trypsinized, and plated onto bacteriologica
pl &t eseaad adulpaditednf of genaddixpresalioR0 days to

f i nd di.ff, tiati id bodies._ The,
el PE3Rr ot RBS Ty Sz o0 ROP 128 ARl GECuPER Bebsoq ine
t 1 ¥ios kid/reDEA £ flReiéhitalkiczed by theDVEMoKRAI B @Rt abRtAEning

10% FBS, counted with a Coul ter counter, and
medium and the addition of DMEM medium containing 10%

FBS. After 5 days of exposure to differentiation
medium, the cells were trypsinized, and plated onto
bacteriological plates and cultured for an additional
20 days to further induce differentiation as embryoid
bodies. The cells were then trypsinized for 10 minutes
with 0.25% trypsin/EDTA, neutralized with DMEM medium
containing 10% FBS, counted with a Coulter counter, and
the cells were plated at limiting dilutions from 5,000
plated cells, to 2,000 cells to 500 cells introduced
into the 15 cm tissue culture plates with EpiLife
medium (Cascade Biologics) Cat# M-EP/cf medium
supplemented with calcium, LSGS (Cat#S-003-10) and
recombinant collagen (Cat#R-011-K) per manufacturer's
instructions. The cells were subsequently incubated in
5% ambient oxygen undisturbed for two weeks.

[0336]  Clonal colonies were identified by phase

contrast microscopy and those that are uniformly



the cells were plated at limting dilutions from5, 000
plated cells, to 2,000 cells to 500 cells introduced

WO n40g/063188 15 cm tissue culture plates w th EpiR¢CT/@S2006/045352
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medi um ( Cascade Bi ol ogies) Cat# M EP/cf nedi um

suppl enented with calcium L (Cat #S- 003-10) and
reconbi nant col |l agen (Cat#R-011-K) per manufacturer's
instructions. The cells were subsequently incubated in
596%Wﬁﬂuﬂﬁ1‘G%ybemelﬁmbeﬂanduﬂﬁfﬁnbm\MMﬂMﬂﬁﬁﬂldgxﬁbﬂidles
d ol gni es. wer.e |de ifi.ed phase contrast
n13$%£03%yq%ﬁ§ %?ﬁxﬁquy &Fﬂjﬁhl nek i Ydirsetend A

veldepnepairatar o B oy qwﬂsmlp QP @R WLTR mar ked
for re val u5|nqﬁflon|ng linders. ATrepresentative

col s shoWie iTrymsgiurie Cel333 Aromherittiyips iegiched
celdipdipmaniiidL.eanh dhanl na gyl fqd%ltg &o1]3hen coated

replatednto collagen coate
i nQfbatedd iplates sank :rmnhhamedntllrﬂ thhike s@aiel sdd@agN until

fI Thos t hat__gr ow at a relatively rapid rate
of B TRrEY IR a HaFsarbathgon at a
kaﬁ&ﬂk&ﬁﬁdﬂkﬂ]ﬁ%ﬂﬁﬁfﬂdﬁ% bﬁa%pbg%&lﬂé%eﬁ?rgﬁl RYBA ing a
the

ceIIs A total nom c expression anal ySis using
|| 193 %ﬁaéfnqmqﬁertpod@é@rmnehéh@el It$1ey[ %&8]

Fo &l 1 Paly! keratlnoc tes
rogﬁgﬁgbrgﬁgF%rg¥$V§§capagF%§%a Pe Com %@nﬁaﬁﬁoﬁerna
fi lemeBlyasiss usiithy aher eniamlnaatsyet@noﬁsgehéneplé&%&mea on

rodu ski n equi val ents capable of inparting a
re&%ﬁ §§ﬁ5% capacity to postnatal skin. Exanple 25

Cr&MBBB]NGUFGbrCHﬂ@&og%HI%ohgé3r%ph1?0pﬂh@tk@@%t?&ocytes

neural crest cells of cranial, vagal, cardiac
t r Wk Porrhuss pxelidegatiivedcapesitiyngreocbhbimetihedsh

degerted £ B L R8 REESEALL 4 prenatal pattern of gene

expression to produce skin equivalents capable of

imparting a regenerative capacity to postnatal skin.

Example 25

Cranial Neural Crest Cells

[0339] Populations of neural crest cells of cranial,
vagal, cardiac, or trunk origins can be derived
according to the methods described in the present
invention as these cells are formed in association with
the differentiating central nervous system, neural tube
and many differentiation conditions including in situ
differentiation of hES, hEG, hEC or hED cells, embryoid
bodies formed from hES, hEG, human EC or hED cells, or
analogous differentiation systems that will form a
complex'mixture of neural tube-assgociated cells
including the juxtaposition of neuroepithelium with
inducing cells such as non-neural ectoderm (presumptive

epidermis) in order to increase the number of neural



i nvention as these cells are forned in associ ati on
wth the differentiating central nervous system

woemrab2iveibe and many differentiati on conditi OPGT/US2006/045352
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including in situ differentiation of hES, hEG hEC or

hED cel | s, enbryoid bodies foyged fromhES, hEG human

EC or hED cells, or anal ogous differentiation systens

that will forma conplex m xture of neural

t ubsresis quicepesd toetd o1 Nlaididugi ritilse jabdtcapasi trdeannefic
neur oepi.t hel.i. i.t h i nduci ng cells such as non-neural
ot i et S G ddh SHaa el Rt ¢ vpes
thee @ redfcNyBIGHRS! PrEgiddHerdferddifis mixtures of
adm ni stration of retinoic acid to shift the

di fSHEht 99T Sl e wnineiress aspsds ruygenitar scagdainal
ty ra 0 M f ural  crest

ol D RsUREFL PR D AT BT Bt crest
ol ikl dnalepapul dd dsolaft ddhaocmmdiugy eurtde ele@diods
Celséc tc}égjg)s Cﬁan I sol ated accordi,ng to the nethods
destT 9% tthe| ég@.ﬁeq%mqn&}_o uc UG 158 Iy may

t hedhdie Kehaitagteid zed d rapudhhd eide iR R FeRRne
expression or protein profiles to confirmtheir

i deEHRUSEHPThEW Frraddt nugifides v a lreonfdgm dhetihe

hungyy ] ny. Ci qt her. t han the

| abora oﬁ{}} %ug%%c#?lch?%{s:tn,ceetﬁﬁg'parlﬂ é:u “arSTar I?gr §h§T
varhiumen repercdlescraesl nealyt spavcd erotott@ypltiel he
characterized . [0340 ~way of nonlimting exanple,

exarpi ¥ 2FF et eprcei&?lq]ﬁ?emﬁh&q RS Hes Fariered of
of et ANl r&daiaal] NYUHAl Fr emAldes f rom

hES cells such as the hES cell line ACT3". Using the
metHwR desdidased i n Exanpl e 17 above, single cell

-derd v, cranj.al cel-l.s .(al referred to as cel
cl o[:1de34(r:djrrber @f&a%%?ﬁ%éﬁlﬁn%gﬁx:aéﬁfe)’ v(\aé{raénpsle 917] of
gerndraatpatk sehtphaseraaidn akis qalitieegzaph ttfod RESs @btelini ng

at passage 7 i.S
oné%lcranial neural crest cells from hES cells such

as the hES cell line ACT3. Using the methods described
in Example 17 above, single cell-derived cranial crest
cells (also referred to as cell clone number 1 or
ACTC61/B30 of Series 1) were generated. A phase
contrast photograph of these cells at passage 7 is
shown in Figure 22.

[0341] These cells displayed some but not all of the
markers reported to correlate with mammalian cranial
neural crest as well as novel aﬁd unexpected markers.
The gene expression profile of cranial neural crest
cell clone 1 is depicted in Figure 21.

[0342] Cranial neural crest cells are well known to
originate from the 1lst-6th rhomomeres of the hindbrain.
Depending on the rhombomere from which they originate,
they differ in their expression of genes such as the

HOX genes. Those originating from the third rhombomere



shown in Figure 22 . [0341] These cells displayed sone
but not all of the markers reported to correlate with
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unexpected markers. The gene expression profile of
crani al neural crest cell ClOngl_iS depicted in
Figure 21." [0342] Cranial neural crest cells are well
known to originate fromthe 1st -6th rhononeres of the
hi re{press HBFeh diAnyreos itdre Ncho o roered 3f5r.am \atmice HORER)y,

i.gi-nat e, .th di ffer in thei.r expressi.on of genes
St RS PTG FeHe €7 Ol b JrdARG f7GH fHee that
t higatbrdThorg eexpries ©HOMA o AcEeTwi-0mING: MMoA06 7%,

.3)_and HOXB 2 , unlike the neural crest cells

i s&YEt e ¥ A28t -hatSuesasHesaHivgh deddelcd asfe Sawiber 1

Si | 2 Dyn. : - .
Sor ERPcdd B2 AN e et PO B Qg At
negatt \hdwr) 3O Ciek pressisen SQkata (mmicesimi\(mm) Nmé_t di d

I i, No.  _NM 003108 . se i qure
oA 1 B B imer St sad a5
(ACBE:BI Bf) ghd ot eppiess /@slgciabl edrevwsdss-<af

NCX (TLX2) expression, even though previous studies
haWe tasiaitled kaial snadr AICxcr@8&X2¢ elepressiiped fevem though

' ' E I it for this
B I S R e e v iy e W SEE
( datesrinmtd shoown )micet kerd marikerts st IifabndiEsthioc@gllil&siafﬁel‘le
h Gr.ani Aal [ 1 .one n er o]

SR YR S Goe rheseRsr el P ypos ) nelBe
| D4 oloACiens:3i 80 N33 M (RS 4B - ZhownTOXClorhAGC 8shen ¢

No. NM 001453 .1 ) , Cadherin-6 (Accession No.
NMEGG49 3R s ing iRl (thec dwwiean cnenini 0epg2d oept, cell

SIS agse on A MUY ) AT B e

23 tyfess riglctidee IEdpr(@ssicas iloey dlos  oifv_lvesa emankeroxc1

”OQE%Jégﬂiaﬁ‘HQJ“NM_001453.1), Cadherin-6 (Accession No.
NM 004932.2), PIN (Accession No. NM_002825.5), SLITRK3
(Accession No. NM_014926.2), and CRYAB (Accession No.
NM_0015885.1), as shown in Figure 23. The relative
expression levels of these markers normalized within
the Series 1 data set are compared with the expression
of the housekeeping ADPRT gene, as shown in Figure 21.
[0343] The cranial neural crest cell clone 1 of
Series 1 (ACTC61/B30) is also negative for HOXBI1,
HOXA3, HOXB3, HOXD3 and HOXB4 expression (data not
shown) . This further suggests that the cells
originated from the third rhombomere and normally would
have migrated into the second or third branchial arch
largely at the level of the fourth rhombomere.
Derivatives of the migrating cranial neural crest
derived from the third and fifth rhombomeres stem from

the region of the fourth rhombomere and migrate through



the Series 1 data set are conpared with the expression
of the housekeepi ng ADPRT gene, as shown in Figure 21.
wQ OB48521The crani al neural crest cell clone 1 PET/BSI00EB45352
1 (ACTC61/B30) is also negative for HOXBI, HOXA3,
HOXB3, HOXD3 and HOXB4 expressgign_(data not shown)
This further suggests that the cells originated from
the third rhonbomere and nornally woul d have mi grated
i nttehe eecerdridranchiak disttaniohilaldearsmdsargutly st thee

| ev- t ouf t onboner e. r.ivatives of, {he

i g%fflgénlé %%%i a ‘%é%:ha}f ot es?nedgftil}}aeds tfy\rﬁoo%m%& P‘]‘rﬁqa&nent’
andcHe f4ty Ydidrboredess sta furemdthpdLgitdied hRich as
fourth rhonponmere and mgrate throughthe second

br alrithi G e | RRE Hotes SHARPHSIS he& Hesdsioitbr mnd
5 of ﬁ}lﬂ? &@rf&p%eiﬂfhﬁ yﬂ@yﬂg%réuﬂs e g tJ]:eaSn:'Lt%le nerve

styl oi d process, and e stapes, cl€s such a
budCihamnt ays atsshnl Ht apmginessatsing ohywimhusand gshes as

posterior belly of the digastric, and cranial nerve
\ Iéeashc Jal?ee(%u%éellfeulrni n regenerating nunmerous tissues as

despr3dEld hermich ¢03441 SuedyLlr,aniaddiacagat twandirRGiral
or trunk neural crest cells can be used in a w de
var§ERst dfe bl FRathissh Vet mife yaane i

1onedagsglraecg@forpsotfhr@é@@fﬁ&fw%ﬁm{m%ﬁmci e for both
applications. By way of nonliimting exanple, ihe cell's
mayrdrealssd and dihdisrpeution ganetiicedd dgnranodidy ived @t a

genetically-nodified formin Il -based assays faor
dr it SREVE, ST o M LB el AR dithre ther
matddngered tef d -l 15y Qo deriat et fagast i @Aodified form

cytokines, growth factors, and chenoki nes, or
f orifll 2R el RaRPd TR P o e S5ty ofusaghdits or

R e S A R R B
t hgfaerﬂmgm suth s choseiddsst efrcalidy faadronsy and

chemokinesg, or formulated and introduced into the
bodies of humans or nonhuman animals in cell therapy to
repalr or regenerate tissues that these cells normally

20 form in the embryo such as those listed above, or to
deliver embryonic cytokines or growth factors such as
to promote angiogenesis or neurite outgrowth as
described herein.
[0345] . The desired cell types can be differentiated

25 from the neural crest stem cells by inducing
differentiation and obtaining a population of cells
enriched in a desired cell type, or by differentiating
the neural crest cells into a heterogeneous mixture of
downstream cell types and purifying out the desired

30 cell type using techniques known in the art including
genetic selection, or the use of affinity purification
such as the use of antibodies or peptide ligands to

antigens specific to the cell type of interest.



del i ver enbryonic cytokines or growth factors such as
to pronote angi ogenesis or neurite outgrowh as

waleacstiesl herein. [0345] . The desired cel |l tREEESIA6045352
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be differentiated fromthe neural crest stemcells by

i nducing differentiation and P?%aining a popul ati on of
cells enriched in a desired ce type, or by
differentiating the neural crest cells into a

het EY3difdneouBymiwetyuras afordduwistimen rxeatdl dsy pehear@ t hods

puri fying out .the desired cell type using techniques
kndﬁﬁlﬁQéQQ%aEﬂﬁ SRR afdivst ol SbecaEairl Gireshe cells

usenstf iafdlivid ¥ HUEdGAH ORI e oBS 10heys8, of BMP2 for
anti bodi es or peptide ligands to antigens specific to

t hé W [WeakFp & o fgansrartss choagascyBg swaprofl oOnaM i ni t i ng

ex t:he to i nduce the differentiation.of

t he ncelﬁé%éjlllclglr éLrsTt%t ‘%& %so gnvgy/e%%nglouggnteﬁgtgdl%c 'W&nlnatcle&?rs or
of pEGrimjlemalomeBMesf.or two weeks to generate
chondrocytes, or 10 nM neuregulin-1 for two weeks to

gengr at eS wann cells or peripheral neurons . Exanple
26%§@§E§$—%gne cell types do not proliferate well

undey. y kngwn cell .culture conditions. To

arﬁﬁ ﬁ?ﬁa||y%8m%nﬁe&9¢%¥P SpF@IPPErQFP&ﬁféFa§§CWell under
celany, knemhke1geldullhie E3nksthibaBst eghbed Witth 3511

plasm d _construct containing a tenperature sensitive
nuttkdfudrtevabeT paptliiferattayg) ofegucht edlby, athanhls cell

i nterfera@n . pr I e i.bed t .et al Proc

et R 4o CBRRSEsR s Yo% paady e Fhetingtc: bi e

TagonES inghnbs aaterpkea tarkowedst aivadangana bifr st74st ep
in the uninduced state at

of dif.ferentjiation with Ta

t h&GF5Er Tres) & eﬁ@ﬁrﬁéﬁﬁt B e 0B ama0 N5 RA CPROROBF aRPECT

| acki desexeBeAOUS 8RB 1l Nt Lher RAciNasky dihf 8Ehng

Cog%t%b%2§5?%o (1991)). The induclble Tag hES cells are
then alloWed to undergo a first step of differentiation
with Tag in the uninduced state at the nonpermissive
temperature of 37°C and in medium lacking exogenous
gamma-interferon in six differing conditions as
follows.
[0348] Inducible Tag-expressing cells were plated in
a standard 6 well tissue culture plate on a feeder
layer of mouse embryonic fibroblasts and allowed to
grow for 9 days to confluence. The hES cell growth
medium was replaced by 6 extracellular matrix/growth
media (see Table XI) and the hES cells were allowed to
differentiate for 3 days.
[0349] The cells were trypsinized using 0.05%
trypsin and transferred to Corning 6-well, ultra low
attachment tissue culture plates containing the same

differentiation medium. The embryoid bodies were

allowed to differentiate for 7-10 days, collected,



follows. [0348] Inducible Tag-expressing cells were
plated in a standard 6 well tissue culture plate on a

wo ewdes21bayer of nouse enbryoni c fibrobl asts aPdI/usS2006/045352

all onwed to grow for 9 days to confluence. The hES cell
growth medi um was replaced by 6 extracel I ul ar
matri x/ growt h nmedi a (see Tabl e %I) and the hES cells
were allowed to differentiate for 3 days. [0349] The

cel Vashed el rphesphate husf ferdd 050 iny psiitsodiated into

tr e i 6-well, ultra | ow attachnent
ti gés]%gﬁ{:éul%%gs p Jglttrhes Fnihgthdmmin) and the

di fdif Beermit iaredrasi e Jhe @tsmoidh kadies Were T 4
all owed to differentiate for 7-10 days,
col &t el TRfs h Phdslpae Giatle &d)sdn nde same

5 di ssatiah t ' ; I 1.t | r in (0.25% .
T AP S P ot DR, Sl ibea
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_e:xtg%r?\tc@rﬂ Lﬁ]ar(d]_rﬁﬁlr)i wmf&ttm Bgs :cs_rmuql?-@tl@s))(mmeef ]zélh)e

in Salr i um.s emented wt amma- interferon
s HOT ST e B Fo0 7 s UBResg s entaey o

underl tshereeratilssiode toemReatiee tef £32- 340G,
di ffer%nt.i ated cells are allowed to proli fgroatdég}%orand the

14525 S AHEs a3@ clogecokodi pdaged dhoradwand
pl af1ea ddn 2 wsld; S taini.ng the sane nedi um

su%%]enented mﬁtﬁnggﬁﬁg ?%h er gﬁgﬁ ﬁHHQﬁeﬁﬁgteg with
pefRMggiateafigecat undeaf tB2. pErangsexkr aepbkvbalre of

matkhi X of which th re derived. The cl oned
coﬁgﬁﬁegyggg'g% gﬁ&?ZXPgEEbWﬁFﬁlﬁ §rpekwhichethsyanare

thde@&hdein@h&t@Q&ﬁedr@oQBﬁQggeﬁﬁévégF §83§:£§L§%?§an a

t he pattern of _gene expression, the ce

toSF%SLSSﬁeCﬁé&%uﬁﬂﬁeﬁﬁ@eéeﬂh $dnanstoakentrati on by

20 ] f | fer and _at th
ckgbdrebbegel 03BTRLLOLALLE P, B0, 2L, 3E gene

nonperm ssive tenperature o
expression, the cells are shifted to the same medium
reduced in serum concentration by 20-fold, free of
gamma interferon, and at the nonpermissive temperature
of 37°C for five days.

Table XI
Extracellular Matrix & Growth Medium

Extra

Cellular

15 em Plate Selection & Growth Media Matrix

1 Smooth Muscle Medium Gelatin

Poly-lysine

2 Neurobasal Medium - B27 - BioCoat
3 Epi-Life Medium - LSGS Collagen IV

Endothelial Cell Growth
4 Medium Gelatin

Gelatin
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Medi um - B27 - BioCoat 3 Epi-Life Medium- LSGS
Col I agen I'V Endothelial Cell Fpowh 4 Medium Gelatin 5
Gel atinTable XI Extracellular Matrix & Gowth Medium
Extra Cellular 15 cm Plate Selection & Gowh Mdia
Matrix Skeletal Muscle Cell ot hyfMedi um 6 DVEM + 10%
FBS Gelatin [O @éﬁ@ﬂi

pr ot ocol , sahpﬁgg}%%y%%gg%%P%a€+nes are ta en‘?or gene
expression and i nmunophenotype anal ysis. Exanple 27extra
Producti on of ED endoderm and pancreatic beta cel l®i11ular
[ 035115] snl Riledebl astsalecesonr &Sickoweah HRasa! | S SUsRtrix
as isolated norul asee1kEM crlibg1ar 8l $0kaLEML as

described in U S. peavis onal Application No
60/ 839, 622, filed 8/23/06, its disclosure is

her ebyi ncogpor at ed refepen These cells are,
addedyontognitotichFM g|§gct;§§ated feeder cells ? %ﬁln

express high levels of NODAL or cell lines that
exdi0889Imenbéuging the clonal expansion protocol, samples

of the cell lines are taken for gene expression and

immunophenotype analysis.

Example 27

Production of ED endoderm and pancreatic beta cells

[0351] Isolated blastomeres or similar ED cells such
as isolated morula or ICM cells are igsolated, as
described in U.S. provisional Application No.
60/839,622, filed 8/23/06, its disclosure is hereby
incorporated by reference. These cells are then added
onto mitotically-inactivated feeder cells that express
high levels of NODAL or cell lines that express members
of the TGF-beta family that activate the same receptor
as NODAL such as CM02 cells that express relatively
high levels of Activin-A, but low levels of Inhibins or
follistatin. The cells are then incubated for a period
of five days in DMEM medium with 0.5% human serum.
After five days, the resulting cells which include
definitive endodermal cells are purified by flow
cytometry or other affinity-based cell separation
techniques such as magnetic bead sorting using antibody
specific to the CXCR4 receptor and then permeabilized
and exposed to cellular extracts from isolated bovine

pancreatic beta cells as described in U.S. patent



of the TG--beta famly that activate the sane receptor
as NODAL such as CMD2 cells that express relatively
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or follistatin. The cells are then incubated for a
period of five days in DVEM npdium wi th 0.5% hunman
serum After five days, the resulting cells which
include definitive endodermal cells are purified by

f | GWeld Grheitqry 20H0 Tt Heb2 = f (irist dilsadedsured |besiepar at i on

t echpl ch.a netic bead_ sorting using

antc'%t}ggo %p%%*ibj trgéa%]ree%4 ?r epﬁeogﬂﬁ&ﬁd“% hen
perireahiddeazrasb iandnieiose b ¢0ald W exly 3 fikced

I sol at ed hovi ne pancreatic beta cells as described in

U. SO RShdoIGeckal i i TRoms00psing dist $heins dllexn@de using
being-HNGRIO At ; ce) e t

het er ogeﬁie%{)us m%ul%eci)?fe%g%%s' t r?&eg%aéegzie@n alljr%gl}clzléea‘l

t ovirre didiva diefl fle mtirftfiertesmt iiattico paine ridaer oc lbested cedilrg or
te i ques -descrihed herei.n. These .cells are then

i FOT ST SRR Ol FarEragers BoOTCan §hgr art
betfarc &lif fresitisind SRt aibHyANeS KRAWN dal 11he natt
for differentiating human enbryonic stemcells into

suchel9ed 15y By Ryulauwliturg noh & heEBESelced 1on onndadecer
cel SRALY eld k4 eSCI erein.. Exanpl e
28 dﬁaa:lLrsIEr Cap()i{aalrmngécerlc}sggglfga?}ﬂ Slc\j/lgg?)glér ?%f Al ysi s of
Wiol e Organi sm Ti ssues, hES, and Differentiated hES
CeBxampdes 280352] The quantitation of gene expression
in whol e organi smtissues, human enbryonic stemcells,
andasiea] Cagitifrer Micirpseedrpyr egdniiicaperaagonphilydd by
mi #hodier Sy gewdismo Togisee suehESknawdt Diflfesrenteated hES
t h€edilt Lifiessue sanpl es from bi opsi es and cel |
colonies containing differentiated hES cell progeny
mayl0B&2] The quantitation of gene expression in whole

organism tissues, human embryonic stem cells, and their
differentiated progeny, are accomplished by microarray
technologies well know to those versed in the art.
Tissue samples from biopsies and cell colonies
containing differentiated hES cell progeny may be
isolated using Laser Capture Microdissection (LCM) to
capture small populations of cell for analysis (Baba,
et al, 2006, Trans. Res. 148:103-113, Sluka, P. et al,
2002, Biol Repro 67:820-828). In this approach, total
RNA is purified from target cells, cell colonies, or
tissues and RNA prepared by linear amplification with
T7 RNA polymerase such that there is a linear
appearance of mRNA product in direct proportion to the
amount of RNA template in the samples. These amplified
samples are then fluorescently labeled and gene
expression levels determined using microarray analysis.

Selective collection of Cells by LCM



i sol ated using Laser Capture M crodissection (LCM to
capture small popul ations of cell for analysis (Baba,

we@t00ale212906, Trans. Res. 148:103-113, Sl uka, PCT/USL006/045352
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al, 2002, Biol Repro 67:820-828). In this approach,
total RNAis purified fromt et cells, cell

col oni es, or tissues and RI\FAaJ;J pared by |inear
anplification with T7 RNA pol ynerase such that there

I s [@353]ear &ipgayanrgecdmensNArer edivetded dinr gglssue-Tek
proportion to the anmpunt of RNA tenplate in the

safples. HEROBDI Miiled sdR5-es Edk@aglen Ind) and frozen
f 1 yer exeaidy diahaled ang, 1@%P 888 A hB¥RkSr frozen

determ ned using mcroarray analysis. Selective
coldesttiicgrs efreCaidasiuped, Cfi6383]inBeopdy spbenmdnsodugion,

TR L et S0 TSR AR L 3 Bpees

| Cewrel &9k 1 i0REIL i fdkese s @81 iLemS (e 1plogdueedurus
fixed in a 70% et hanol solution, and stained with

he FRSBASH Ehd 16651 n Mogaraia Ydewr s Cadd fdefodtlioydng the
pi Hp- M : - I i i | ne. ;
oo T STk, SRR, Ml puck
as MR, eHouslry Rigs @Smildd BOEMEEnagBuic RFVRZhBamge 1Z , RF,

Smi , .Chyaqui_ RE, Zhuang Z , Goldstein SR et al .
o e i e B 2000 o BTl gR s s deton.
1930 e | @BGER 1012, 1BewersRisosEmeint- BaekndR rE0l €

K, Pohida T, Chuaqui R, Goldstein S, et al . Laser
c aptmies tdiBs e tMBon Caisl &oulPohisdallysiChugaudi Egy&oldstein
Scien sh, : : .- 2). ir .
ol 1 Senaas T T S R o B, Byt
ti sfueidstd . sSqienrfaer ngthsisi MF)a 1PIOYGRI78 1Kk 8llager. The

captur.e m crodi.ssection m,croscop turus ,

G G A eioove GRPSACEER i, from the

f I yomesaangaid | ghlcM Ay R feaGlR Sertingn & Picelineatredaser

with a PrepStrip tissue preparation strip (Arcturus)

t o capture microdissection microscope (Arcturus
Engineering, Mountain View, CA), equipped with a
fluorescence light source. Each section is pretreated
with a PrepStrip tissue preparation strip (Arcturus) to
remove loose debris and to flatten the tissue.

Sections are then visualized using a 20x objective, and
capture is performed using a 30-mm diameter laser spot
size set at 20-30 mW with a pulse duration of 5 msec.
Cells are captured using CapSure LCM caps (Arcturus)
and stored in a desiccator prior to extraction of total
RNA.

Extraction of total RNA from BEC

[0354] Total RNA is isolated from the collected
cells using a StrataPrep Total RNA Microprep Kit
(Stratagene, La Jolla, Calif), according to the

manufacturer's instructions. A preliminary examination

is conducted to confirm the quality of the tissues as



renove | oose debris and to flatten the tissue.

Sections are then visualized using a 20x objecti ve,
wa@pa7oegaptire i s performed using a 30-nmm di anet PCT/USRE6/045352

spot size set at 20-30 mWwith a pul se duration of 5

msec. Cells are captured using,fapSure LCM caps

(Arcturus) and stored in a desiccator prior to

extraction of total RNA. Extraction of total RNA from

BEGE 4103543 : Thntzdl IR iwas sottatesdt fd dmdnhecleoldepetied ng

cells .usin StrataPrep Total RNA M croprep Kit
(Stprantanoerhgt?ﬁLsapeJ%:W%?S Cl 119 T’R%r.@'{ﬁ%o{ @Rt}ih.e .
NMBREAGELT RS, MdNSEidCEhONSzed B dlldBR/IPhRETNL on
is conducted to confirmthe quality of the tissues
asfiIdensletagayesmoeh& ract ed from the remai ning

 POTgd : . (G R,
Rocc{(é\ffiklnlag’?p ang an%?gd%‘ngoéﬁ op%c?llr?)e3| s in
f or A XRdhyde Teigel A gettscadBere faml itHec atdldrednedl2ells
RNA pol ynerase [0355], Total, RNA extracted fromthe .
colllsggjt%'ﬂeag:]rs}f salri‘é.lﬁ M3l | Y RSP TRPSRNA Eh &
PolngBYAfA MV dRNR MasSagenm aRNAKIH, @I ONiThe applied
Austin, Tex) . The applied procedure consists of
r e RIESE QU S S toh ol trevarss itge g Einsdiorewith an

beali; a ) I d | Vi ranscription of .
0 e R 4o B e e gl SR et et g £
huridregdss 1t igo it dow s dsheo freantlitsiens ®NARMA tomi7eKNf each
MRNA .per sanple. To confirmthe efficiency and

rﬁgﬁdﬁ’]t&&%@dﬁa@

ac AHASFTHS G h SYUHS Erifd it ds, of
pr eldviidese oam r@&% It RRIGORMIBA, Y G ApaaTPhe of
human ovary total RNA (Stratagene, La Jolla, CA) as
f olqist v the | e £X gyl astcyh amsh agmarmpayoodl tRRAdiesie
15 ?_Egajrd elisiu tc%a#éi%}ﬂ%é&?@c%qe LG9 Rrocedune, o
performed using a sample of human ovary total RNA
(Stratagene, La Jolla, CA) as follows. First, 2 pg of
human ovary total RNA is amplified twice by the gene
amplification procedure. The resulting amount of
20 amplified RNA is then determined and compared with that
of the original. Secondly, the genetic composition of
the amplified RNA is compared with that of the original
by cRNA microarray analysis. cRNA probes are labeled
with fluorescent dye, generated using an Illumina Total
25 Prep RNA Labelling kit (Ambion, Inc, Austin, TX), from
samples of (1) original human ovary total RNA, (2) RNA
after refining poly(A) wRNA (OligotexdT30, (Super)mRNA
Purification Kit; Takara Bio, Inc.), (3) RNA after
single amplification, and (4) RNA after amplifying
30 twice. All samples are hybridized on a cRNA microarray
(I1lumina Human Sentrix 6 Beadchip, Illumina, Inc, San

Diego, CA), and the fluorescence signals of the

resulting spots are sgcanned by an Illumina 500



anplified RNA is then determ ned and conpared wth
that of the original . Secondly, the genetic
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of the original by cRNA mcroarray analysis. cRNA
probes are |abeled with fluorgpgent dye, generated
using an Illumna Total Prep RNA Labelling kit

i i , f les of (1)
é?%%%ﬂ%t%%ﬁzhAEE%#§a@§§;oqq¢éﬁ§Z§2%@§;ﬁ§§L;p@gtmuuging
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of cell lines secreting the TAT-Tag fusion protein

Exa@ple 29

Generation of cell lines secreting the TAT-Tag fusion
protein

Construction of TAT-TAg expression blasmid
[0357]  The SV40 large T antigen is amplified by
polymerase chain reaction (PCR) with primers flanking

the open reading frame. The 5’ PCR oligonucleotide

sequence included DNA sequence complementary to the 5’
end of the SV40 large T antigen and DNA sequence
encoding the TAT PTD (YGRKKRRQRRR). The PCR product was
cloned into the pEF6/V5-His TOPO® TA vector
(Invitrogen, Carlsbad, CA) according to the
manufacturer instructions. Transcripfion is under the
control of the hEF-lalpha promoter (hEF-lalpha) and the
fusion protein (TAT-TAg) contains at its C-terminal end
a myc and his epitope tags.

Cell culture, transfection, and replication labeling



Construction of TAT-TAg expression plasmd [0357] The
SV40 large T antigen is anplified by pol ynerase chain
wo e@cenms (PCR) with priners flanking the openPCPESI006045352

frame. The 5 ' PCR oligonucl eoti de sequence included

DNA sequence conplenentary to;the 5 ' end of the SV40
| arge T antigen and DNA sequence encodi ng the TAT PTD
(YGRKKRRQRRR) . The PCR product was cloned into the

pEFEI3BRH s TOrGH rgeTA Mot raxd rerrawro gen ,deCard isieadd

CA) ording o the manufacturer instructions. ,
Tr aa}]%%??’ptq? %tllles Uty e ¢ cicf%lo%fcq I?r%'—;‘:l%'pl% in
pr aonEer s hiethat phd)widid 16w fdisd 10mbRFatei gb At T-18A9)
contains at its C-termnal end a nyc and his epitope
t adBtutnax o AR Rone FaRE et | M naRF i iTatgrsete cell
5 | abel A9 Q3581 ¢ Hrash £ Iwﬂ§§ r esGrjb
above, by the tsuppl ylf}gﬂ\%'n or o@nc%gﬁl abor gjtseolfi, Slglrriel ﬁ%
DIVEN anupipe atreech tvett i tthe T09% fletrade b \dntel gt wmndixeuct
gl ut amax, ., and. ngnessent | m no acids. To create cell
i n%sgl%cﬁ?&%d%og&ﬁﬁﬁ% ,Sa‘fi%%%ﬂﬂréﬂwem% fienq pexapy
tr ansdfteaied sud idw TATR) adgenikiay 179?,@6%@ Tdeadid DNA
usi ng GenePorter Transfection Reagent (Gene Therapy
Sy st'ens , Msaie M eyl c CAMEY anckimg iy idth PI admiTyENNA
in Ser r.ee and. m xi it .
1o con%oﬁgnﬁﬂg%ﬁ %ne orter rfglaieggea:%%n\%,&f {%efgtearpsﬁ awla‘rlﬁzg:Lng
nmediaednyn oiwem 60 dimuouldulrenml shisk tvh tie e leeldes, 14, hithis

solutian is added.tp the cells.. After 5 hrs, 2 nl of
VT BT o G et B ke~ Aftsw gt Ugd of

hr MEM &t Diastd ol dids 1% atird .t A Adhe GHIHSES 4P hrs,
select for stable Hela cell transf ectants .

Bl ddt9 Gt Rlesitsidmiindiomdsiechrte ek ewil taxgeanded select
15 an%&f‘esi%%flle %ﬂ%{ %é?qe%ﬁ@fgfg@taa%@sy.z%afs@icti%n
presence of the TAT-Tag fusion proteln by
i maesold ettt mploelilesereagtiscsked, expanded and the cell
conditioned medium analyzed for the presence of the
TAT-Tag. fusion protein by immunoblotting cell extracts,
conditioned medium and cell pellet as described below.
20 Antibodies
[0359] The following primary antibodies are used:
anti-myc tag mouse monoclonal antibody (clone 9E10);
anti-his tag mouse monoclonal antibody (Dianova,
Hamburg; Germany) ; anti-SvV40 large T antigen mouse
25 monoclonal antibody (PAB 101). For immunoblot analysis,
horseradish peroxidase-conjugated anti-mouse IgG
(Amersham, Buckinghamshire, U.K.) is used.
Immunoblot analysis
[0360] = Transfected COS-7 cells are extracted for 30
30 min on ice in RIPA buffer. In brief, we analyze cell
extracts and cell pellets by immunoblot using anti-myc
tag mouse monoclonal antibody to detect the TAT-Tag

fusion protein.
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Anti bodi es [0359] The following prinmary anti bodies are
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9E10) ; ant i-his tag nouse nonocl onal anti body

(D anova, Hanburg, Germany)_;;#nti-SV40 large T

anti gen nouse nonocl onal antijbody (PAB 101) . For

i mmunobl ot anal ysi s, horseradi sh peroxi dase _

- c&ldg Sosewitiraouse |1 gG (Anersham Bucki nghanshire,

U Kghdi§ USE i I nal ysi.s [0360], .Tr ansf ect ed
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buftirerat Igrdutitefne dirimargiprepraelle wa el s uaed ogekhe

el |l et,s by i nobl ot using anti-nyc tag nouse
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Pr @leans. Gelel o cuidld Ure hORRH mlATulad BEChelNg, 1Bl 8
cell lines are used to treat growh nedium appropriate
f omagyesied &y eisepiretiipnenttidekreldi aas. aBpileEly to

TAT- : reti La _cell re cultured in growth
negie-l%%%]%%% %ﬁ,g&:igr%l{llﬁg Uﬁgls\le?Pg&iﬁ/ 0533' atforlag by
fireeredeand capplsi ¢ wonieckpdenl otluinoBibUEesy as
Upt.ake ogﬁt he TAT-Tag by recipient cells is nonitored
by SeRftHE6 oPECNE -as descri bed above. Exanpl e 30
Mtonycin C Treatnment of Cells [0362] 1 . Gowcells

t oegafbpheenge in 15 cmplates or T-150 flasks. 2 .
Infect Zm of sterile water (or PBS) into Mtonycin C

( SmegBmyeah? cVE284taMe: Wicabeghd di ssol ve conpletely.
Concentration of Mtonycin Cis 1 ng/m . Once

prepasad, M.tonyckpof EélggogonEnQQEHhcé Ygeks @Heﬂlates
stored at 4 degree C. 3 . Prepare about

or T-150 flasks. 2. Inject 2 ml of sterile water (or

PBS) into Mitomycin C (Sigma, Cat# M4287-2MG) vial and
dissolve completely. Concentration of Mitomycin C is 1
mg/ml. Once prepared, Mitomycin C is good for about 2
weeks when stored at 4 degree C. 3. Prepare about
10 ml of warm medium for each plate or flask. Add 100
ul of Mitomycin C to each 10 ml of medium.
Concentration of Mitomycin C is 10 ug/ml. 4. Aspirate
medium from the plates or flasks and replace with the
Mitomycin C medium (10 ml per plate or flask). Place
in CO2 incubator at 37 degree C for 3 hours. 5.
Aspirate Mitomycin C medium into disposal trap
that containing bleach. Wash Mitomycin C treated cells
2-4 times with warm PBS. Aspirate PBS into bleach
containing trap. 6. Trypsinize cells, neutralize
the Trypsin with DMEM + 10% FBS and count the number of
cells with a Coulter Counter or hemacytometer. 7.
Determine the number of cells needed to cover the
vessel of interest. For example, for mouse embryonic

fibroblasts (MEF) feeder cells, at least 500K cells for



10 mM of warm nedium for each plate or flask. Add 100
ul of Mtonycin Cto each 10 m of nedium

w@orcmexipamt i on of Mtomycin Cis 10 ug/m . 4 PCT/US2006/045352
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Aspirate nmediumfromthe plates or flasks and repl ace

with the Mtonycin C nmedium (19gn per plate or flask)
Place in C02 incubator at 37 degree C for 3 hours. 5

. Aspirate Mtonycin C mediuminto disposal trap that
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Examphken3l. Differentiation of Directly Differentiated
Enbryo -Derived Cells into Hepatocytes

Example 31. Differentiation of Directly Differentiated
Embryo-Derived Cells into Hepatocytes

[0363] Human embryos are attached to collagen-coated
tissue qulture vessels and cells from the ICM are
allowed to attach and spread in SR medium containing 1%
DMSO. The cultures are fed daily with SR medium for 4
days and then exchanged into unconditioned SR medium
containing both 1% DMSO and 2.5% Na-butyrate, with
which they are fed daily for 6 days. They are then
replated onto collagen, and cultured in a hepatocyte
maturation medium containing: 30 ng/mL hEGF + 1% DMSO
1% DMSO + 10 ng/mL TGF-o + 2.5 mM 30 ng/ml HGF +
butyrate 2.5 mM butyrate (see U.S. patent no.
7,033,831).

[0364] . The differentiated cells are allowed to grow
for 7-10 days to form colonies, the colonies are cloned

and plated in 24-well gelatin-coated plates containing



[0363] Human enbryos are attached to col | agen-coat ed

tissue culture vessels and cells fromthe ICMare
w@bdoamexiog o attach and spread in SR nmedi um conPEi/NB20g6/045352

1% DMSO. The cultures are fed daily with SR nedium for

4 days and then exchanged intp;ginconditioned SR medi um

containing bot h 1% DMSO and 2 5% Na- butyrate, with

h t hey are fed daily for 6 days. They are then
%ﬁ SRS HI dgewhishd thet ared ginowa .heTakocyt e

mat 1nJ g G + 1% O
it Af‘éfw‘%‘eél?ﬁf*%e SR MpaRdeR0LE CRERn i shor
buKVﬂéﬁe&@dSbﬁﬁ b@ﬂyrauae(SeecHsSar@abegbp&@served
% :‘j . ferentiated cells are
aI | "owe 6% to g g]tjflelﬁ’ EEPPEEAPBOPEREESOLt RE step
5 colQnisespdlees Jroned @%@lphéhgg b?ezéak@ﬁlkog ene
gel ati n-coated plates containi ngthe same nmedi gmin

whFERTEREY-OFr @ngr dfunThbenativpedenklystioni es are
expanded to obtain a stock of cells and the cell |ine
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2. Differentiation
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15 Fi smo breiics bacd qﬂaﬂeﬁglmls gradpeRetyiuisy det Pl

Pe& % dMSret1n01c acid in a 60 mm Fisher brand

bacteriological grade Petri dish. In such Petri dishes,
embryonic stem cells cannot adhere to the dish, and
instead adhere to each other, thus forming small

20 aggregates of cells. Aggregation of cells aids in
enabling proper cell differentiation. After two days,
aggregates of cells are collected and resuspended in
fresh DMEM plus 10% FBS plus 0.5 uM retinoic acid, and
replated in Petri dishes for an additional two days.

25 Aggregates, now induced four days with retinoic acid,
are trypsinized to form a single-cell suspension, and
plated in medium on poly-D-lysine-coated coated tissue
culture grade dishes. The stem cell medium is
formulated with Kaighn's modified Ham's F12 as the

30 basal medium with the following supplements added: 15
pg/ml ascorbic acid 0.25% (by volume) calf serum 6.25

pg/ml insulin 6.25 pg/ml transferrin 6.25 pg/ml
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enabl i ng proper cell differentiation. After two days,
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Bodi es into Neuronal Cells

Example 33. Differentiation of Embryonic Bodies into
Neuronal Cells

[0369] Human blastomeres are removed from 8 cell
embryos and plated onto collagen-coated tissue culture
vessels. and cultured for two days in DMEM medium with
10% FBS. The cells are then removed by scraping and
placed in Neural basal medium on bacteriological
plates. Media is supplemented with the following
growth factors: retinoic acid (Sigma): 10°'M (Bain et al
(1995) or 10°°M (Bain et al., 1996); TGFPl (Sigma): 2
ng/ml (Slager et al., (1993) Dev. Genet., Vol.l4, pp.
212 224.); and BNGF (New Biotechnology, Israel): 100
ng/ml (Wobus et al., 1988). After 21 days, EBs are
plated on 5 pug/cm® collagen treated plates, either as
whole EB's, or as single cells dissociated with

trypsin/EDTA. The cultures are maintained for an
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10% FBS. The cells are then renoved by scraping and

pl aced in Neural basal nedium on bacteriol ogica

plates. Media is supplenentedl%&th the foll ow ng

grow h factors: retinoic acid (Sigm): 10"7M (Bain et

al a(dlﬁgﬁl)orﬁﬂ e aMd1Ba Mfls Hespet90E1yT@E:H U.s. patent
(Slgna) 2 ng/m (Slager et al ., (1993) Dev. Cenet.
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day@%‘I EOB]S are at ed on l%tt/e(;@mc lclésl %%erﬁ tltroglgetdgé: © grow
pl dicas,7-€i hckaty@&mkﬂdm Eﬁlsmms ashsd rm@lle)mﬁd @re cloned
diSSOCIa ed with trypsi n/ EDTA.. The cuI res ar

mai Fft F di° It di4SRsh eRT 22 (pdy O the present
r esRRMHMvRIY e 1dt2d Raf ent-waa.1 éeqﬂa%ﬁfi%)oate[& _'iQ:\]tes
The differentiated cells are allowed to grow for 7-
dayznte froime ddleormaams rrtﬂﬁelhtffoll@mvé@@&r &hsiyoges grown

ac di a t rese
|n$@% |g%han§£%1ateggﬁn' 4%%ﬁ%l %g%ln cé%ﬁé p%ﬁ%%OCk
cordfidelng tarel sare geddi Unren smimddm tehrey arefcaarved.

The_ individual col onies xpanded to obtain st ock

of KA1 and HHATEEITHY (OG0 RS A Bt FFTEEsHvedambles
[ 037 JcHarddg, tihe&d qnal ﬁ%ﬁéﬁ“%d%“g@ﬁ@‘§%§De§§¥BH‘%id
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5) Epiregulin 6 ) HB-EGF 7 ) Neuregulin-3 8 ) NRG
isoformGGEF2 9 ) NRA |[|soform SVMDF 10) NRA
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[ Tororegul in- 1 13) TMEFF2 14) EG- Ligands pool ed
(1-13 above) EGF R ErbB Recepigs Fam ly 15) EGF
Receptor 16) ErbB2 17) ErbB3 18) ErbB4 19) EG- ErbB
Receptors pool ed (15-18 above) FG&?" Ligands 20) FG-
acidic 21) FGF basic 22) FG--3 23) FG--4 24) FG--5 25)
FGF-626) KGF/ FGF-7 27) FGF-Bebls FGF- 9 29) FGF-10 30)
FGF-11 31) FGF-12 32) ¢uitume Mpriadildst 34) FGF- 15

EGF Ligands

1) Amphiregulin

2) Betacellulin
3) EGF
4) Epigen

5) Epiregulin

6) HB-EGF

7) Neuregulin-3

8) NRG1 isoform GGF2

9) NRG1 Isoform SMDF

10) NRGl-alpha/HRG1l-alpha

11) TGF-alpha

12) TMEFF1l/Tomoregulin-1

13) TMEFF2

14) EGF Ligands pooled (1-13 above)

EGF R/ErbB Receptor Family

15) EGF Receptor

16) ErbB2
17) ErbB3
18) ErbB4

19) EGF/ErbB Receptors pooled (15-18 above)

FGF Ligands

20) FGF acidic
21) FGF basic
22) FGF-3
23) FGF-4
24) FGF-5
25) FGF-6



35) FGF-16 36) FG-- 17 37) FGF-18 38) FG--19 39) FG--20
40) FGF-21 41) FGF-22 42) FGF-23 43) FGF Ligands

w@omee1020- 38 above) FGF Receptors 40) FGF R PALpSHO@H045352
R2 42) FGF R3 43) FGF R4 44) FG-. R5 45) FGF Receptors
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pool ed (40-44 above) FG-F Reguigtiors 46) FG-- BP

degehogs 47) Desert Hedgehog 48) Soni ¢ Hedgehog49)

In n Fbggghog%SO) Hedgehogs pool ed (47-49 above)
ors 51) Gasl 52) Hip 53) Hedgehog

Remw a@Qﬁs4pooled (51-52 above) JGF Ligands 54) | G-I
55) IGF Il 56) |IGF Ligands pool ed (54-55 above) |G|

Re@dpt GIGH-CD221)
29) FGF-10

30) FGF-11
31) FGF-12
32) FGF-13
33) FGF-14
34) FGF-15
35) FGF-16
36) FGF-17
37) FGF-18
38) FGF-19
39) FGF-20
40) FGF-21
41) FGF-22
42) FGF-23
43) FGF Ligands pooled (20-38 above)

FGF Receptors

40) FGF R1
41) FGF R2
42) FGF R3
43) FGF R4
44) FGF.R5
45) FGF Receptors pooled (40-44 above)

FGF Regulators

46) FGF-BP

Hedgehogs

47) Desert Hedgehog
48) Sonic Hedgehog



57) IGF-1 R GF Binding Protein (IGFBP) Fam |y 58) ALS
59 I GFBP-4 60) CTGF /CCN2 61) | GFBP-5 62) Endocan 63)

WO B6BReR964) | G-BP-1 65) | GFBP-rpl /| GFBP- 7 66) PCTHERI0&R045352
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67) NOV/ CCN3 68) I G-BP-3 69) G- Binding Protein Famly
pool ed (58-68 above) Receptor ngpsine Ki nases 70) Axl
71) Clg R1/CD93 72) DDRI 73) F} =3 74) DDR2 75) HGF R
76) Dtk 77) IG-11 R 78) Eph 79) Insulin R CD220 80)
Eph#¥) 8lndMiCSleddy8X)g EphA2 83) Mer 84) EphA3 85) MSP

R’ﬁ%% %Qédégﬁggé pooled (47-49 above)

Hedgehog Regulators

51) Gasl
52) Hip
53) Hedgehog Regulators pooled (51-52 above)

IGF Ligands

54) IGF-1I
55) IGF-II
56) IGF Ligands pooled (54-55 above)

IGF-I Receptor (CD221)

57) IGF-I R

GF Binding Protein (IGFBP) Family

58) ALS

59 IGFB?-4

60) CTGF/CCN2

61) IGFBP-5

62) Endocan

63) IGFBP-6

64) IGFBP-1

65) IGFBP-rpl/IGFBP-7
66) IGFBP-2

67) NOV/CCN3

68) IGFBP-3

69) GF Binding Protein Family pooled (58-68 above)

Receptor Tyrosine Kinases

70) Ax1
71) Clg R1/CD93
72) DDR1



87) MuSK 88) EphA5 89) PDGF R al pha 90) EphA6 91) PDGF
R beta 92) EphA7 93) Ret 94) EphA8 95) ROR 96) EphB

w@72007RCR28 98) EphB2 99) SCF R/ c-kit 100) EphB3PAdDL$2006/045352
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Tie-1 102) EphB4 103) Tie-2 104) EphB6 105) TrkA106)
TrkB 107) TrkC 108) VEGF RILF#B-l_lOQ) VEGF R2/ Fl k-1
110) VEGF R3/FIt-4 111) Receptor Tyrosine Kinases

pool ed (70-110 above) Proteoglycans 112) Aggrecan 113)
Lum®arFua Bi gl ycan 115) M mecan 116) Decorin 117)

NG MFpr2
75) HGF R
76) Dtk
77) IGF-II R
78) Eph
79) Insulin R/CD220
80) EphAl
81) M-CSF R
82) Epha2
83) Mer
84) EphA3
85) MSP R/Ron
86) EphA4
87) MuSK
88) EphAS
89) PDGF R alpha
90) EphA6
91) PDGF R beta
92) EphA7
93) Ret
94) Ephas
95) ROR1
96) EphB1
97) ROR2
98) EphB2
99) SCF R/c-kit
100) EphB3
101) Tie-1
102) EphB4
103) Tie-2
104) EphB6
105) Trka



w@koopioeans 3 125) Testican |/ SPOCKI
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118) Endocan 119) GOsteoadherin 120) Endorepellin 121)
Syndecan- 1/ CD138 122) G ypican 2 123) Syndecan-3 124)

Testican 2/ SPOCK2 128) A ypican 6 129) Testican

3/ SPOCK3 130 ) Heparan sul fatggproteogl ycan 131)
Heparin 132) Chondroitin sulfate proteoglycan 133)

Hyal uroni ¢ acid 134) Dernatan sul fate

pr &t%gl%Pr ot eogl ycan Regul ators 135) Aryl sul fatase
A ARSA 1344 ) HAPLNI 137) Exostosin-like 2 138) HS6ST2
13 9 ) Exostosin-like 3 140) I1DS 141) Proteogl ycan
Reduléat SIRSHGUl //l t(-135- 140 above) SCF, Fit -3 Ligand &

M CSE |1 |t - 43) M CSF R 144) FIt-3 Ligand 145)
sﬁfde@ﬁ@@%& -ISCF R/ c- ki t

110) VEGF R3/Flt-4

111) Receptor Tyrosine Kinases pooled (70-110 above)

Proteoglycans

112) Aggrecan

113) Lumican

114) Biglycan

115) Mimecan

116) Decorin

117) NG2/MCsPp

118) Endocan

119) Osteoadherin

120) Endorepellin

121) Syndecan-1/CD138

122) Glypican 2

123) Syndecan-3

124) Glypican 3

125) Testican 1/SPOCK1
+ 126) Glypican 5

127) Testican 2/SPOCK2

128) Glypican 6

129) Testican 3/SPOCK3

130) Heparan sulfate proteoglycan

131) Heparin

132) Chondroitin sulfate proteoglycan

133) Hyaluronic acid

134) Dermatan sulfate proteoglycan

126) 4 ypi cROT/BSHRFTY45352
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148) Pool ed factors (142-147 above) Activins 149)

Activin A 150) Activin B 151) Activin AB 152) Activin
w@2@38321M00l ed Activins (149-152 above) BMPs (IBOIES2006/045352

Mor phogenetic Proteins) 154) BMP-2 155) BMP-3 156)

BMP- 3b/ GDF- 10 157) BMP-4 158)%-BMP-5 159) BMP-6 160)

BMP- 7161) BMP-8 162) Decapentapl egic 163) Pool ed BMPs

(154- 162 above) GDFs (G owth Differentiation Factors)

164ptePhilycafiSReGfaRot86) GDF-3 167) CGDF-4 168) CDF-5

169) CGDF-6 170) GDF-7 171) CGDF-8 172 ) GDF-9 173 )

GEs10nt{d sh1EREakk A7BRSEBDF- 12 176) GDF-13

136) HAPLN1

137) Exostosin-like 2

138) HS6ST2

139) Exostosin-like 3

140) IDS

141) Proteoglycan Regulators pooled (135-140 above)

SCF, Flt-3 Ligand & M-CSF

142) Flt-3

143) M-CSF R

144) Flt-3 Ligand

145) SCF

146) M-CSF

147) SCF R/c-kit

148) Pobled factors (142-147 above)

Activins

149) Activin A
150) Activin B
151) Activin AB
152) Activin C
153) Pooled Activins (149-152 above)

BMPs (Bone Morphogenetic Proteins)

154) BMP-2
155) BMP-3
156) BMP-3b/GDF-10
157) BMP-4
158) BMP-5
159) BMP-6
160) BMP-7



177) CGDF-14 178) GDF-15 179) GDFs pool ed (164-178
above) GDNF Fam |y Ligands 180 ) Artem n 181)

wokwrertbh 182) GDNF 183) Persephin 184) GDNF BECT/HSZIS6/045352
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pool ed (180-183 above) TGF -beta 185) TGF-beta 186)
TG--beta 1 187) TG--beta 1.2 ?@ TGF-beta 2 189)
TGF-beta 3 190) TGF-beta 4 191) TG--beta 5 192) LAP
(TGF-beta 1 ) 193) Latent TG--beta 1 194) TGF- beta
podé&id (EM-893 above) Ot her TGF-beta Superfamly

Li gands 195) Lefty 196) Nodal 197) M S/ AVH 198) O her
TGI%l- b PK5 erfbfé&y;]oeo? (195- 197 above) TGF-beta

Supes S anbd L ReepHr 61510Ns AdHotid) RIA ALK- 2 200)
GFR al pha- 1 201) Activin R B/ ALK-4 202) GFR al pha-2

203(; Activin RII A 204) GFR al pha- 3
‘DFs (Growth Differentiation Factors)

164) GDF-1
165) GDF-2
166) GDF-3
167) GDF-4
168) GDF-5
169) GDF-6
170) GDF-7
171) GDF-8
172) GDF-9
173) GDF-10
174) GDF-11
175) GDF-12
176) GDF-13
177) GDF-14
178) GDF-15
179) GDFs pooled (164-178 above)

GDNF Family Ligands

180) Artemin

181) Neurturin

182) GDNF

183) Persephin

184) GDNF Ligands pooled (180-183 above)

TGF-beta

185) TGF-beta
186) TGF-beta 1
187) TGF-beta 1.2



205) Activin RIIB 206) GFR al pha-4 207) ALK-1 208) MS
RI1 209) ALK-7 210) Ret 211) BWPR-| A/ ALK-3 212)

waae7ioed1as Rl / ALK-5 213) BMPR- | B/ ALK-6 214) TGRPGRUS2008/045352
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215) BMPR-11 216) TGF-beta RI1b217) Endoglin/ CD105

218) TG--beta Rl 219) TGr-begg fam |y receptors

pool ed (199-218 above) TG beta Superfam |y Mdul ators
Annlonless 221) GASP -2/ Wl KKN 222) BAMBI/ NVA

2231)8 PS5%)2 Car ont e 225) NCAM 1/ CD56 226)

Cerfaggyu A2de 2 ggin 228 ) Chordin 229) PRDC 23 0 )
Clwordl)nSTLclgFI‘(e 1t 23%) Chordi n-Li ke 2 232) Smadl 233)

SelP )2 305F Srettts £35) Snad7
191) TGF-beta 5
192) LAP (TGF-beta 1)
193) Latent TGF-beta 1
194) TGF-beta pooled (185-193 above)

Other TGF-beta Superfamily Ligands

) Lefty
196) Nodal
) MIS/AMH
) Other TGF-beta Ligands pooled (195-197 above)

TGF-beta Superfamily Receptors

199) Activin RIA/ALK-2
200) GFR alpha-1

201) Activin RIB/ALK-4
202) GFR alpha-2

203) Activin RIIA

204) GFR alpha-3

205) Activin RIIB

206) GFR alpha-4

207) ALK-1

208) MIS RII

209) ALK-7

210) Ret

211) BMPR-IA/ALK-3
212) TGF-beta RI/ALK-5
213) BMPR-IB/ALK-6
214) TGF-beta RII

215) BMPR-II

216) TGF-beta RIIb
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236 ) Smad 237 ) CRIM 238 ) Cripto 239)

Crossveinl ess-2 240) Cryptic 241) SOST 242) DAN 243)

WO 2008106219 bet a bpl 244) TMEFFI / Tonor egul i n- 1IPCHE$2006/045352
FLRG 246) TMEFF2 247) Follistatin248 ) TSG 249)
Follistatin-like 1 250) Vasorinp251) GASP- 1/ Wl KKNRP

252) TGF Mbdul ators pool ed (220-251 above) VEGF/ PDGF

ot b los SSRsE 258) VEGF R /FIT-1 250) POGE R

al phwes 263 r MG, R H k-1 261) PDG- R beta 262) VEGF
R3/Flt-4 263) PDG-- A 264) VEGF 265) PDGF-B 266) VEGF-B

219)

TGF-beta family receptors pooled (199-218 above)

TGF-beta Superfamily Modulators

220)
221)
222)
223)
224)
225)
226)
227)
228)
229)
230)
231)
232)
233)
234)
235)
236)
237)
238)
. 239)
240)
241)
242)
243)
244)
245)
246)
247)

Amnionless
GASP-2/WFIKKN
BAMBI/NMA
Gremlin
Caronte
NCAM-1/CD56
Cerberus 1
Noggin

Chordin

PRDC
Chordin-Like 1
Chordin-Like 2
Smadl

Smad4

Smad5

Smad?7

Smads8

CRIM1

Cripto
Crossveinless-2
Cryptic

SOST

DAN

Latent TGF-beta bpl
TMEFF1/Tomoregulin-1
FLRG

TMEFF2
Follistatin



267) PDGF-C 268) VEG- C 269) PDGF-D 270) VEG- D 271)
PDGF- AB 272) VEGH/ PDGF Fami |y pool ed (253-271 above)

wr@kieahs Prot ei ns & Wit I nhibitors 273) Dkk- 1PQuu$2006/045352
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Dkk-2 275) Dkk-3 276) Dkk-4277) Soggy- 1 278) WF-|
279) Pool ed factors (273-278 pbpve) Frizzled & Rel ated
Proteins 280) Frizzled-1 281) Frizzled-2 282)
Frizzled-3 283) Frizzled-4 284) Frizzled-5 285)
FriZ?A)ed S 286) Frizzl ed-7 287) Frizzl ed-8 288)

Fri e Zj%) ERR-. 0) sFRP-2 291) sFRP-3 292)
sFRgZF?-ZdZ 2903)1 ﬁﬁi@)ﬂﬁ%c ors pool ed (280-293 above)
Wht2 90)gafed1296) Wit - 1

251) GASP-1/WFIKKNRP

252) TGF Modulators pooled (220-251 above)

VEGF/PDGF Family

253) Neuropilin-1
254) PIlGF

255) PIGF-2

256) Neuropilin-2
257) PDGF

258) VEGF R1/Flt-1
259) PDGF R alpha
260) VEGF R2/Flk-1
261) PDGF R beta
262) VEGF R3/Flt-4
263) PDGF-A

264) VEGF

265) PDGF-B

266) VEGF-B

267) PDGF-C

268) VEGF-C

269) PDGF-D

270) VEGF-D

271) PDGF-AB

272) VEGF/PDGF Family pooled (253-271 above)

Dickkopf Proteins & Wnt Inhibitors

273) Dkk-1
274) Dkk-2
275) Dkk-3
276) Dkk-4



296) Wit -2 297) Wit -3 298) Wit-3a 299) Wit -4 300)
Wit -5 301) Wit-5a 302) Wit -6 303) Wit -7 304) Wit -8

wW@omy/o¥Yvs 8a306) Wit -9 307) Wit-1 GCa 308) Wit - | BOT/BRB)6/045352
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Wit - 11 310 Wit Li gands pool ed (295-309 above) O her
Wit -rel ated Ml ecules 311) befgs;Catenin 312) LRP-6
313) GSK-3 314) RORI 315) Kreieh-1 316) ROR2 317)
Kremen-2 318) W SP-1/CCN4 319) LRP-1 320) Pool ed
fac2ors §ddy319 above) Other Gowth Factors 321) CIG-
/ CCN2_322) NOV/ CCN3 323) EG VEGH/ PK1 324) GOsteocrin
3253 7He gisEoti n

279) Pooled factors (273-278 above)

Frizzled & Related Proteins

280) Frizzled-1
281) Frizzled-2

282) Frizzled-3
283) Frizzled-4
284) Frizzled-5

)
)
)
285) Frizzled-6
) Frizzled-7
) Frizzled-8
) Frizzled-9
289) sFRP-1
290) sFRP-2

291) sFRP-3

292) gFRP-4
293) MFRP
294) Factors pooled (280-293 above)
Wnt Ligands
295) Wnt-1
296) Wnt-2
297) Wnt-3
298) Wnt-3a
299) Wnt-4
300) Wnt-5
301) Wnt-5a
302) Wnt-6
303) Wnt-7
304) Wnt-8

305) Wnt-8a
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326) PD-ECGF 327) HGF 328) Progranulin 329) beta- NGF

330 ) Thronbopoi etin 331) Pooled factors (321-330
W@b@vmy21R er oi d Hor nones 332) 17bet a- Est r adi ol BBGBYS2006/045352
Test osterone 334) Cortisone 335) Dexanet hasone
Extracel | ul ar/ Menbrane Proteingz336 ) Plasm

Fi bronectin 337) Tissue Fibronectin 338 ) Fibronectin

frqgﬂgnggg%ﬁp) Col | agen Type | (gelatin) 340) Coll agen

Type I'l

Col | agen Type 111 342) Tenascin 343)

Mat307A Mettaddozpr ot ei nase 1 344) Matri x
Metal |.oprotei nase 2 345) Matrix Metall oproteinase 3
Pt

%(W%Ralloproteinase 4 347) Matrix

Metald)op@t-gisnase 5 348) Matrix Metal |l oprotei nase 6
349) WMatri-x Metalloproteinase 7 350) Matrix

Mettdl0l pitofldigeasie ®o8BEX NRbsi-8 0bekablkepr ot ei nase 9
352) Matrix Metalloproteinase 10 353) Matri x

Nbb@hggpWg@ebgﬁéﬁﬁ%lmggé%ﬁggérag Met al | opr ot ei nase 12

355) Matrix

311)
312)
313)
314)
315)
316)
317)
318)
319)
320)

opr
beta-Catenin

LRP-6

GSK-3

ROR1

Kremen-1

ROR2

Kremen-2

WISP-1/CCN4

LRP-1

Pooled factors (311-319 above)

Other Growth Factors

321)
322)
323)
324)
325)
326)
327)
328)
3209)
330)
331)

CTGF/CCN2
NOV/CCN3
EG-VEGF/PK1
Osteocrin
Hepassocin
PD-ECGF

HGF
Progranulin
beta-NGF
Thrombopoietin
Pooled factors (321-330 above)

Steroid Hormones

332)

17beta-Estradiol



356) ADAM | 357) ADAM 2 358) ADAM 3 359) ADAM 4 360)

ADAM 5 361) ADAM 6 362) ADAM 7 363) ADAM 8364)
WODANI021865) ADAM 10 366) ADAM || 367) ADAM 12PGBB$2006/045352

ADAM 13 369) ADAM 14 370) ADAM 15 371) ADAM 16 372)

ADAM 17 373) ADAM 18 374) ADAMy49.375) ADAM 20 376)

ADAM 21 377) ADAM 22 378) ADAM 23 379) ADAM 24 380)

ADAM 25 381) ADAM 26 382) ADAM 27 383) ADAM 28 384)

ADA D9 BEosisasd 386) ADAM 31 387) ADAM 32

334) Cortisone

335) Dexamethasone

Extracellular/Membrane Proteins

5 336) Plasma Fibronectin
337) Tissue Fibronectin
338) Fibronectin fragments
339) Collagen Type I (gelatin)
340) Collagen Type II
10 341) Collagen Type III
342) Tenascin
343) Matrix Metalloproteinase
344) Matrix Metalloproteinase
345) Matrix Metalloproteinase
15 346) Matrix Metalloproteinase
347) Matrix Metalloproteinase
348) Matrix Metalloproteinase
349) Matrix Metalloproteinase

350) Matrix Metalloproteinase

W O J U W N R

20 351) Matrix Metalloproteinase

=
o

352) Matrix Metalloproteinase

e
l_l

353) Matrix Metalloproteinase

=
N

354) Matrix Metalloproteinase

=
w

355) Matrix Metalloproteinase
25 356) ADAM-1

357) ADAM-2

358) ADAM-3

359) ADAM—4

360) ADAM-5
30 361) ADAM-6

362) ADAM-7

363) ADAM-8
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388) ADAM 33 389) ADAMIS-| 390) ADAMIS-2 391) ADAMS- 3
392) ADAMTS-4 393) ADAMTS-5 394) ADAMTS-6 395)

WODAIO&198 396) ADAMIS- 8397) ADAMIS-9 398) ADAMICE/182006/045352

399) ADAMTS-I11 400) ADAMIS-12 401) ADAMIS- 13 402)
ADAMIS- 14 403) ADAMIS - 15 4Q4) _ADAMIS- 16 405)

ADAMTS- 17 406) ADAMIS-18 407) ADAMIS-19 408) ADAMTS- 20
409) Arg-dy-Asp 410) Arg-dy-Asp- Ser 411)

Asg4@ RDANpPOSer - Pro- Al a- Ser-Ser-Lys-Pro 412)

Arg-dy-4d u-Ser 413) Arg-Phe-Asp-Ser 414) SPARC 415
@25)\3%@ p ) )

PM51E y-Tyr-lle-dy-Ser-Arg 416)
CygsPenpAlg1Al a- Arg-Lys-G n-Al a- Al a-Ser-11le-Lys-
Val - Ser- Al a- Asp-Arg 417) Elastin 418) Tropelastin

367) ADAM-12
368) ADAM-13
369) ADAM-14
370) ADAM-15
371) ADAM-16
372) ADAM-17
373) ADAM-18
374) ADAM-19
375) ADAM-20
376) ADAM-21
377) ADAM-22
378) ADAM-23
379) ADAM-24
380) ADAM-25
381) ADAM-26
382) ADAM-27
383) ADAM-28
384) ADAM-29
385) ADAM-30
386) ADAM-31
387) ADAM-32
388) ADAM-33
389) ADAMTS-1
390) ADAMTS-2
391) ADAMTS-3
392) ADAMTS-4
393) ADAMTS-5
394) ADAMTS-6
395) ADAMTS-7
396) ADAMTS-8



419) dy-Arg-dy-Asp-Ser-Pro-Lys 420)

Ay-Arg-Ay-Asp-Thr-Pro 421) Larninin 422)
W w7 @39sThr - 11 e-Pro-Ay 423) Ser-Asp- G y- Ar g- B/ USDAY/045352

Vitronectin 425) Superfibronectin 42 6 )

Thronbospondi n 427) TIMP-1 42836 T+ MP-2429) TI MP-3 430)

TIMP-4 431) Fi bronodulin 432) Flavoridin 433) Coll agen

IV{!@@ Z%BEM V 435) Collagen VI 436) Collagen VI
437 I ageﬁ%rl | 438) Collagen |1X 439) Collagen X
44@oolATageErs -4 d 441) Collagen Xl | 442) Entactin 443)

Fibrillin 444) Syndecan-1 445) Keratan sulfate
prg{éegc)glws),ﬁﬁﬂi ent Oxygen 446) 0. 1-0.5% Oxygen 447)

0. SrokPp @OrgEIy-448) 1-2% Oxygen 449) 2-5% Oxygen
5 401) ADAMTS-13
402) ADAMTS-14
403) ADAMTS-15
404) ADAMTS-16
405) ADAMTS-17
10 406) ADAMTS-18
407) ADAMTS-19
408) ADAMTS-20
409) Arg-Gly-Asp
410) Arg-Gly-Asp-Ser
15 411) Arg—Gly—Asp—Ser—Pro—Ala—Ser—Ser—Lys—Pro
412) Arg-Gly-Glu-Ser
413) Arg-Phe-Asp-Ser
414) SPARC
415) Cys-Asp—Pro—Gly—Tyr—Ile-Gly—Ser—Arg
20 416) Cys—Ser—Arg—Ala—Arg—Lys—Gln—Ala—Ala—Ser—Ile—Lys—
Val-Ser-Ala-Asp-Arg
417) Elastin
418) Tropelastin
419)Gly-Arg-Gly—Asp—Ser—Pro—Lys
25 420) Gly-Arg-Gly-Asp-Thr-Pro
421) Laminin
422) Leu-Gly-Thr-Ile-Pro-Gly
423) Ser-Asp-Gly-Arg-Gly
424) Vitronectin
30 425) Superfibronectin
426) Thrombospondin
427) TIMP-1
428) TIMP-2



450) 5-10% Oxygen 451) 10-20% Oxygen Ani mal Serum 452)

0. 1% Bovi ne Serum 453) 0.5% Bovi ne Serum 454) 1. 0%
w@onwire218er um 455) 5. 0% Bovi ne Serum 456) 10% BOWURB06/045352

Serum 457) 20% Bovi ne Serumd58 ) 10% Horse Serum

Interl eukns 459) 1L-1 460) 1Llyrgy 461) IL-3 462) IL-4

463) IL- 5 464) 1L-6 465) IL-7 466) IL-8 467) 1L-9

46 IL&J 469) IL-11 470) 1L-12 471) 1L-13 472) IL-14

47879 L f%g‘Pzrﬂ) I L-16 475) 1L-17 476) |L-18 Proteases

ATER oYMPTp448) MWP- 2

431) Fibromodulin
432) Flavoridin

5 433) Collagen IV
434) Collagen V
435) Collagen VI
436) Collagen VII
437) Collagen VIII

10 438) Collagen IX
439) Collagen X
440) Collagen XI
441) Collagen XII
442) Entactin

15 443) Fibrillin
444) Syndecan-1

445) Keratan sulfate proteoglycan

Ambient Oxygen

446) 0.1-0.5% Oxygen
20 447) 0.5-1% Oxygen
448) 1-2% Oxygen
449) 2-5% Oxygen
450) 5-10% Oxygen
451) 10-20% Oxygen

25 Animal Serum

452)
453)

0.1% Bovine Serum
0.5% Bovine Serum
454) 1.0% Bovine Serum
455) 5.0% Bovine Serum
30 456) 10% Bovine Serum

457) 20% Bovine Serum



479) MWP-3 480) MWP-4 481) MWP-5 482) MWP-6 483) MWP-
7 484) MWP-8 485) MWP-9 486) MWP-10487) MVP-11 488)

wOonM7A21489) MVP- 13 490) MWP- 14 491) MWP- 15 49PQT/NMRod/645352
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493) MWP-17 494) MWP-18 495) MWP-19 496) MWP-20 497)
MWP-21 498) MWP-22 499) MWP-239500) MWP- 24 501)

Cat hepsin B 501) Cathepsin C 503) Cathepsin D 504)
Cat sin G 505) Cathepsin H 506) Cathepsin L 507)
Try{lﬁ’% 08) PR F£BWY) El ast ase 510)

Car boxypepti dase A
Interleukins
459) IL-1
460) IL-2
461) IL-3
462) IL-4
463) IL-5
464) IL-6
465) IL-7
466) IL-8
467) IL-9
468) IL-10
469) IL-11
470) IL-12
471) IL-13
472) IL-14
473) IL-15
474) IL-16
475) IL-17
476) IL-18

Proteases

477) MMP-1
478) MMP-2
479) MMP-3
480) MMP-4
481) MMP-5
482) MMP-6
483) MMP-7
484) MMP-8
485) MMP-9
486) MMP-10



511) Carboxypepti dase B 512) Carboxypepti dase G 513)
Car boxypepti dase P 514) Carboxypepti dase W 515)

w@arboipept i dase Y 516) Chynotrypsin 517) Pl ap@T/nSpe6045352
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518) Plasmn 519) u-type Pl asm nogen acti vator520)
t-type Pl asm nogen activator Hgd)_Pl asm nogen
activator inhibitor- 1 522) Carboxypepti dase Z Am no
Aci ds 522) Al anine 523) Argi nine 524) Aspar agi ne 525)
AspEt )i MR L 526) Cysteine 52 7 ) d utami ne 528)

a ggﬁgﬁﬁgj 529) dycine 530) Histidine 531)

| sol euci ne ) Leucine 533) Lysine 534) Methionine

53%)8PheMp allzani ne 536 ) Proline 537) Serine 53 8 )

Th% %ﬂi%ﬁug%%;) Trypt ophan 540) Tyrosine
491) MMP-15
492) MMP-16
493) MMP-17
494) MMP-18
495) MMP-19
496) MMP-20
497) MMP-21
498) MMP-22
499) MMP-23
500) MMP-24
501) Cathepsin
501) Cathepsin
503) Cathepsin
504) Cathepsin
505) Cathepsin
506) Cathepsin

D Q@ U n w

507) Trypsin
508) Pepsin
509) Elastase

510) Carboxypeptidase A
511) Cafboxypeptidase B
512) Carboxypeptidase G
513) Carboxypeptidase P
514) Carboxypeptidase W
515) Carboxypeptidase Y

516) Chymotrypsin
517) Plasminogen
518) Plasmin

519) u-type Plasminogen activator
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541) Valine Prostaglandins 542) Prostaglandin Al 543)
Prostagl andin A2 544) Prostaglandin Bl 545)

El 548) Prostagl andin E2 549)

Fl al pha 550) Pr gﬁéagl andi n F2al pha 551)
Prost agl andin H 552) Prost agl in 12 553)

Prost agl andin J2 554) 6-Keto-Prostaglandin Fla 555)
16,52®) Dt negbey | P 505k Gk @ gt i 2 &56)

15d- Prostagl andin J2 557) Prostagl andi ns pool ed

( 54225567 HEFUIEYOFRR | FoF B 3 e priht 1 it sk s/ Ant agoni st s
55835 t@%&gﬁp j ) All trans retinoic acid 560)
9-Ci si\geti noi c A%‘%P%%% Z13- C s Retinoic Acid 562)
Retinoid agoni sts pool ed (558-561 above) 563) Retinoid
antAefote A&id64) Retinoic acid receptor isotype

RARal pha 565) Retinoic acid receptor isotype RARbeta
5665)2%etAm3€n%Ci d receptor isotype RARgamma 567)

Retd noj ¢, {I%:I%)tor i sot ype RXRal pha 568) Retinoic X
receptor isotype RXRbeta 569) Retinoic X receptor

I saype RARgeaaEndM scel | aneous | nducers

525) Aspartic acid

Pr ost agl andi
Prost agl andi

5 33533535 S

526) Cysteine

527) Glutamine
528) Glutamic acid
529) Glycine

530) Histidine
531) Isoleucine
532) Leucine

533) Lysine

534) Methionine
535) Phenylalanine
536) Proline

537) Serine

538) Threonine
539) Tryptophan
540) Tyrosine

541) Valine

Prostaglandins

542) Prostaglandin Al
543) Prostaglandin A2
544) Prostaglandin Bl
545) Prostaglandin B2
546) Prostaglandin D2
547) Prostaglandin El1

B2 546) Prostaglandin D2 547) PCT/US2006/045352



570) Plant lectins 571) Bacterial |ectins 572)
forskolin 573) Phorbol nyristate acetate 574)

WEI0yAOR21PE/si ne 575) 1, 25-di hydroxyvitam n D 57BJT/US2006/045352
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| nhi bi n577) Heregulin 578) dycogen 579) Progesterone
580) IL-1 581) Serotonin 582)_. Fibronectin - 45kDa

Fragnment 583) Fi bronectin - . Fr agnment 584)

gl ucose 585) beta nercaptoethanol 586) heparinase 587)
pi t5die) aPyrosxgdendid8E2chor i oni ¢ gonadot ropi n 589)

adr, corticotropi.c hornmpone 590) thyroxin 591)

Boé%ggi r@@%ﬁg Redil@lBN893) " Gastri n- Rel easi ng

Peptiode p294 laReR AN i ) Isoproterenol 596)
s poodt 597§a%E§A%%gs)a%%§§?inic Aci d 599) NADH 600)

OxyPéei Fregtpavasdpnessi n
552) Prostaglandin I2
553) Prostaglandin J2
554) 6-Keto-Prostaglandin Fla
555) 16,16-Dimethyl-Prostaglandin E2
556) 15d-Prostaglandin J2
557) Prostaglandins pooled (542-556 above)

Retinoid receptor agonists/Antagonists

558) Methoprene Acid

559) All trans retinoic acid

560) 9-Cis Retinoic Acid

561) 13-Cis Retinoic Acid

562) Retinoid agonistes pooled (558-561 above)
563) Retinoid antagonists

564) Retinoic acid receptor isotype RARalpha
565) Retinoic acid receptor isotype RARbeta
566) Retinoic acid receptor isotype RARgamma
567) Retinoic X receptor isotype RXRalpha
568) Retinoic X receptor isotype RXRbeta
569) Retinoic X receptor isotype RARgamma

Miscellaneous Inducers

570) Plant lectins

571) Bacterial lectins

572) forskolin

573) Phorbol myristate acetate
574) Poly-D-lysine

575) 1,25-dihydroxyvitamin D
576) Inhibin



WO 2@@a0eEps | ng Enzyne | nhibitor 607) Chondroit i PeEESAB6/045352
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602) Vasotocin 603) Angiotensin | 604) Angiotensin Il
605) Angiotensin | Converting Enzyne 606) Angi otensin

608) Chondroitinase C 609) Brain natriuretic

pepti de610) Calcitonin 611) Cal ciumionophore | 612)
Cal ci um i onophore Il 613) Cal 8P&nri onophore |11 614)
Cal ci um i onophore 1V 615) Bradykinin 616) Al bumn 617)

Pl . LI'F 619) PARP inhi bi 62 0
%?i@?%%ﬁ%@?l& ) i nhibitors )

Lysop ¢ acid 621) (R)- METHANANDAM DE 622) 1,2
5- DF HYDREXdxbIAM N D 3 623) 1, 2 - DI DECANOYL - GLYCEROL
(10: 624) 1,2 -DI OCTANOYL -SN GLYCEROL 625) 1,2
-[]%i%i)é%gﬁiﬁEﬁﬁ8$?(18:1) 626) 10- hydr oxycanpt ot heci n
62738d)l, 11121 - EPOXYEI COSATRI ENO C ACI D 628) 12 (R)

- HETE 629) 12 (S) - HETE 630) 12 (S) - HPETE 631) 12

- VESHOXYBECEGANTE C AC D 632) 13(S) - HODE 633)

13(§§2¢F§¥%}onectin - 45kDa Fragment
583) Fibronectin - 70kDa Fragment
584) glucose
585) beta mercaptoethanol
586) heparinase
587) pituitary extract
588) chorionic gonadotropin
589) adrenocorticotropic hormone
590) thyroxin
591) Bombesin
592) Neuromedin B
593) Gastrin-Releasing Peptide
594) Epinephrine
595) Isbproterenol
596) Ethanol
597) DHEA
598) Nicotinic Acid
599) NADH
600) Oxytocin
601) Vasopressin
602) Vasotocin
603) Angiotensin I
604) Angiotensin IT
605) Angiotensin I Converting Enzyme
606) Angiotensin I Converting Enzyme Inhibitor
607) Chondroitinase AB
608) Chondroitinase C

609) Brain natriuretic peptide



W@38)y/04508) - HETE 639) 15(S) - HPETE 640) 15- KETQEIT/US2006/045352
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634) 13, 14- Dl HYDRO- PGEl  635) 13- KETOOCTADECADI ENO C
ACI D 636) 14, 15 - EPOXYEI COSATRI ENO C ACI D 637) 1400W

COSATETRAENO C ACI D 641) 17-Allyl am no-gel danamycin
642) 17- OCTADECYNO C ACI D643) 17- PHENYL - TRI NOR - PGE2
644) 1- ACYL - PAF 645) 1- HEXADERYL: 2 - ARACHI DONOYL-
522 ) 646) GLYCEROL 647) 1- HEXADECYL- 2- METHYLGLYCERO 3
PC 648) daHRAREGYL- 2 -O - ACETYL- GLYCEROL 649)

| - HEXADECYL- 2- O- METHYL- GLYCEROL 650)

1- OCTRADERA C umERMpeIorGERO- 3 PC 651) 1- OLEOYL -2

- AGET- ROYL- 2- LI NOLEOYL

-GL%\E(lz Caqc E;Mﬁ-"% - ARACHI DONOYL- GLYCEROL 654

) ®1H- dialentmmtmmmmme 655) 24 (9S)

-hy r oxychol est er ol %&24 25- DI HYDROXYVI TAM N D3
9%&6%)@\% 1358) 2- ARACH DONOYLGLYCEROL

659;)153 /ﬂ_lM TI C ACI D 660) 2- HYDROXYMYRI STI C ACI D

66£ rret hoxyant| nycin A 3 662)
16 )c ildrusiisocoumari n 663) granzyne B inhibitor 664)

4- 65 ) 4 - HYDROXYPHENYLRETI NAM DE 666)
+ “BATERERE ¢ haD

618) LIF

619) PARP inhibitors

620) Lyéophosphatidic acid

621) (R)-METHANANDAMIDE

622) 1,25-DIHYDROXYVITAMIN D3

623) 1,2-DIDECANOYL-GLYCEROL (10:0)
624) 1,2-DIOCTANOYL-SN-GLYCEROL
625) 1,2-DIOLEOYL-GLYCEROL (18:1)
626) 10-hydroxycamptothecin

627) 11,12-EPOXYEICOSATRIENOIC ACID
628) 12 (R)-HETE

629) 12(S)~-HETE

630) 12 (S)-HPETE

631) 12-METHOXYDODECANOIC ACID

632) 13 (S)-HODE

633) 13 (S)-HPODE

634) 13,14-DIHYDRO-PGE1l

635) 13-KETOOCTADECADIENOIC ACID
636) 14;lS—EPOXYEICOSATRIENOIC ACID
637) 1400W

638) 15(S)-HETE

639) 15(S) -HPETE

640) 15-KETOEICOSATETRAENOIC ACID
641) 17-Allylamino-geldanamycin
642) 17-OCTADECYNOIC ACID



667) 5(S)- HETE 668) 5(S)- HPETE 669) 5
,6-)EPova| COSATRIENOI C ACID 670) 5 ,8 ,11, 14

WO ECORATETRAYNO C ACID 671) 5,8 ,11 - El COSATRUIVNEI0G5/045352
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ACI D 672) 5- HYDROXYDECANOATE 673) 5-i odot ubercidin

674) 5- KETOEI COSATETRAENO C 4? 675) 5 '-N- Ethyl
car%oxan1doaden03|ne ( NECA) 2%% 6, 7- ADTN HBr 677)

6- FORMYLI NDOLO [ 3, 2- B] CARBAZOLE 678) 7
 7- T NETRHESSATIFENORG BRE2D 679) 8

NOl C ACI D 680 ) 8- met hoxymet hyl - | BMX
6816;@33?35%%’5 9('S) - HPODE 683) 9
1@4@@TADWE 263RR BATDORBTY, 85286 1886 3ESRUL,

f nesyl -1 st ei ne 687)
ﬁ &Aar Cé\Ps? H@Q@PYIBIERQea PEu- Nl e- CHO 689)

ACowT, At s, B AN € A0 (22
n- 6 692) I MM 693) AG 1
( TPAShodt HEXAPECEQ6 R -AGMBTAYRIE), YAEREA0 698) AG 879
650) 1-OCTADECYL-2-METHYLGLYCERO-3 PC
651) 1-OLEOYL-2-ACETYL-GLYCEROL
652) 1-STEAROYL- 2-LINOLEOYL-GLYCEROL
653) l—STEAROYL—Z—ARACHIDONOYL—GLYCEROL
654) 2,5-ditertbutylhydroquinone
655) 24 (S) -hydroxycholesterol
656) 24,25-DIHYDROXYVITAMIN D3
657) 25-HYDROXYVITAMIN D3
658) 2-ARACHIDONOYLGLYCEROL
659) 2-FLUOROPALMITIC ACID
660) 2-HYDROXYMYRISTIC ACID
661) 2-methoxyantimycin A3
662) 3,4-dichloroisocoumarin
663) granzyme B inhibitor
664) 4-AMINOPYRIDINE
665) 4 -HYDROXYPHENYLRETINAMIDE
666) 4-OXATETRADECANOIC ACID
667) 5(S)-HETE
668) 5(S)-HPETE
669) 5,6-EPOXYEICOSATRIENOIC ACID
670) 5,8,11,14~-EICOSATETRAYNOIC ACID
671) 5,8,11-EICOSATRIYNOIC ACTID
672) 5-HYDROXYDECANOATE
673) 5—iodotubercidin
674) 5-KETOEICOSATETRAENOIC ACID
675) 5'-N-Ethylcarboxamidoadenosine (NECA)
676) 6,7-ADTN HBr



699) AGC 700) AGEC 701) A la -Ala-Phe- CW 702)
al anmethicin 703) Alrestatin 704) AM 92016 704) AM 251

wQa@Yy/0sdpH80 707) AMANTI DI NE 708) AM LORI DE709PCT/US2006/045352
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Ami no-1, 8-naphthalimde [4 -Amino- 1 ,8-522)

napht haI i mde] 710) Am nobenzam de (3- ABA) [3-522)
am nobenzani de (3- ABA) ] 71130%AM ODARONE 712)
ANANDAM DE (18:2,n-6) 713) ANANDAM DE (20: 3, n-6) 714)

ANANIAM Db R8s 1 NDO TR %1@-36}%}1%&&@@( 22: 4 ,n-6)
716) anisonycin 717) aphidicolin 718) ARACH D(]\IAM DE

71@W3M%¥)%1EJNEIHMQEJQQ§$D1ENQJS)AIZIO )
(L= B2 an acid 722) Arvanil
R%%a?scdnycu rﬁ%ﬁ%& W%Qf& 725) BADGE 726)
bafad mmesinte thdxyfathyBARBAXAM 728) BAY 11-7082
681) 9(S)-HODE
682) 9(S)-HPODE
683) 9,10-OCTADECENOAMIDE
684) A-3
685) AA-861
686) acetyl (N)-s-farnesyl-l-cysteine
687) ACETYL-FARNESYL-CYSTEINE
688) Ac-Leu-Leu-Nle-CHO
689) ACONITINE
690) actinomycin D
691) ADRENIC ACID (22:4, n-6)
692) 1mM
693) AG-1296
694) AGi478
695) AG213 (Tyrphostin 47)
696) AG-370
697) AG-490
698) AG-879
699) AGC
700) AGGC
701) Ala-Ala-Phe-CMK
702) alamethicin
703) Alrestatin
704) AM. 92016
704
706
707
708

) AM-251
) AM-580

) AMANTIDINE
)

AMILORIDE



729) BAY K-8644 73 0 ) BENZAM L 731) BEPRIDI L 732)
Bestatin 733) beta-lapachone 734) Betulinic acid 735)

whewdfetipst e 736) Bl ebbistatin 737) BM.- 190 73P@I/JS2006/045352
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BOC- GWM CHO 73 9 ) bongkrekic aci d740) brefeldin A 741)
Brono-7-nitroi ndazole [3 -Bronp-7-nitroi ndazol e] 742)
Br ono- cAMP [ 8- Br omo- cAMP] 743508 ono- cGWP

[ 8- Bronmo- cGW] 744) bunetani de 745) BWB 70C 746) Cl16

%Dﬁaﬂﬂé% 19516@ C%CSDIHYS %749)

M DE" 750) RAM NE 750
75]r)am1®97mmzbde753) cal peptl n 754) cal phostin C 755)
Cal |92§1 @%%1%5 m%ﬁ’ pZ {) nt SN 5. (3-

ABA)]

711) AMIODARONE

712) ANANDAMIDE (18:2,n-6)
713) ANANDAMIDE (20:3,n-6)
714) ANANDAMIDE (20:4, n-6)
715) ANANDAMIDE (22:4,n-6)
716) anisomycin

717) aphidicolin

718) ARACHIDONAMIDE

719) ARACHIDONIC ACID (20:4, n-6)
720) ARACHIDONOYL-PAF

721) aristolochic acid
722) Arvanil

723) ascomycin (FK-520)
724) B581

725) BADGE

726) bafilomycin Al

727) BAPTA-AM

728) BAX 11-7082

729) BAY K-8644

730) BENZAMIL

731) BEPRIDIL

732) Bestatin

733) beta-lapachone

734) Betulinic acid

735) bezafibrate

736) Blebbistatin

737) BML-190

738) Boc-GVV-CHO

739) bongkrekic acid



761) CARBACYCLIN 762) castanospernine 763) CDC 764)
Cerul enin 765) CGP-37157 766) chelerythrine 767)

WEL@ZOTAFONE 768) Cl MATERCL 769) CinnGEL 2Me 7iQ)/US2006/045352
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Cl RAZOLINE 771) CITCO 772) CLOFI BRATEW - 208 - 773)
cloni dine 774) CLOPROSTENOL N a 775) cl ozapi ne 776)
C-PAF 5 777) Curcunin 778) Tye?b -
[Arg-Qy-Asp-D- Phe-Val ] 779) cycl ohexi m de _780)
pr Ot4e )n Imafidiesirs A nhi bi tor 781) cycl ohexim de -
,}/ t hanoate 0 782) cycl opam ne 783) CYCLOPI AZ(]\II C
38 ro(f%‘ﬂoé’p‘&rﬁ% a’FB?SL)e chp&memohr7i-mitg®)indazole]

cyt% [7 %%l n D 788) D
TAGLANDI NJ2 7 0) dammacant hal

743) Bromo-cGMP [8-Bromo-cGMP]

744) bumetanide

745) BW-B 70C

746) C16 CERAMIDE

747) C2 CERAMIDE

748) C2 DIHYDROCERAMIDE

749) C8 CERAMIDE

750) C8 CERAMINE

750) C8 DIHYDROCERAMIDE

751) CA-074-Me

753) calpeptin

754) calphostin C

755) calyculin A

756) camptothecin

757) cantharidin

758) CAPE

759) capsacin (E)

760) capsazepine

761) CARBACYCLIN

762) caétanospermine

763) CDC

764) Cerulenin

765) CGP-37157

766) chelerythrine

767) CIGLITAZONE

768) CIMATEROL

769) CinnGEL 2Me

770) CIRAZOLINE

771) CITCO

772) CLOFIBRATE



791) DANTROLENE 0 792) decoyinine 793) Decyl ubi gui none
794) deoxymannojirinycin(l) 795) deoxynorjrinycin(l)

wQ@o@y/oemps enyl 5 797) DI AZOXI DE 798) di but yryl PET/IUBI06/045352
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AVP 799) dibutyrylcyclic GWw 800) DI CHLOROBENZAM L

801) DI HOMD- GAMVA- LI NOLENI C_AGhP 0 802)
DI I—%(DROSPHI NGOSI NE 803) DI | NDOLYLMETHANE 804)

DI LT EM 805) . di phenyl enei odoni um Cl 806) di pyri danol e
SO%JQE-%: HI NGOSI NE 808) DL- PDMP 809) DL- PPVP
G)

810)7 DOQRAEAENIC,ACI D (22: 6 n-3) 811)
DOCOSAPENTAENO C A 12) DOCOSATRI ENO C ACI D (22: 3
n- 37913y akmwimebi ci n 814) DRB 815) E- 4031 816) E6

ber. ' ) E-64-d 818) Ebselen 819) EHNA HC 820)
El c@? r&g%u ENO C ACI D (20:2 n-12) 821)
El COSADIENGUmIACI D (20: 2 n-6) 822) EI COSAPENTAENO C

D (20:5 _n-3
AC|7 7 8() Cyclo [)Arg-Gly—Asp—D— Phe-Val]

779) cycloheximide

780) protein synthesis inhibitor
781) cycloheximide-N-ethylethanoate
782) cyclopamine

783) CYCLOPIAZONIC ACID

784) cyclosporin A

785) cypermethrin

786) cytochalasin B

787) cytochalasin D

788) Dlé—PROSTAGLANDIN J2

789) D609

790) damnacanthal

791) DANTROLENE

792) decoyinine

793) Decylubiquinone

794) deoxymannojirimycin (1)

795) deoxynorjrimycin (1)

796) Deprenyl

797) DIAZOXIDE

798) dibutyryleyclic AMP

799) dibutyrylcyclic GMP

800) DICHLOROBENZAMIL

801) DIHOMO-GAMMA-LINOLENIC ACID
802) DIHYDROSPHINGOSINE

803) DIINDOLYLMETHANE

804) DILTIAZEM

805) diphenyleneiodonium C1



823) EI COSATRIENO C ACI D (20: 3 n-3) 824) ENANTI O PAF
Cl6 825) epibatidine (+/-) 826) etoposide 82 7 )

WO-2RNBNRSTHI OACETI C ACID 82 8 ) FCCP 82 9 ) FIRRONS1006/045352
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830) FK-506 831) FLECAI NI DE 832) FLUFENAM C ACI D 833)

FLUNARI ZI NE 834) FLUPROS TENQ$835) FLUSPIRI LI NE 836)
FPL- 64176 837) Funonisin Bl 838 ) Furoxan839)

INOLENIC ACID (18:3 n-6) 84 0 ) gel danamycin
%}{%& Foyvaidages 8@le GF- 109203X 843) G NGEROL 844)

G 800X DR, B4 BN D ﬁb@ék%kﬁ%ﬁiﬁg) GLYBURI DE 847) Gwb001
848) (Go6976 849) N Ill 850) GW5074 851)
GW\B0862D852PPMH7] 853) H-89 854) HO

809) DL-PPMP

810) DOCOSAHEXAENOIC ACID (22:6 n-3)

811) DOCOSAPENTAENOIC ACID

812) DOCOSATRIENOIC ACID (22:3 n-3)

813) dokorubicin

814) DRB

815) E-4031

816) E6 berbamine

817) E-64-d

818) Ebselen

819) EHNA HC1l

820) EICOSA-5,8-DIENOIC ACID (20:2 n-12)

821) EICOSADIENOIC ACID (20:2 n-6)

822) EICOSAPENTAENOIC ACID (20:5 n-3)

823) EICOSATRIENOIC ACID (20:3 n-3)

824) ENANTIO-PAF C16

825) epibatidine (+/-)

826) etoposide

827) FARNESYLTHIOACETIC ACID

828) FCCP

829) FIPRONIL

830) FK-506

831) FLECAINIDE

832) FLUFENAMIC ACID

833) FLUNARIZINE

834) FLUPROSTENOL

835) FLUSPIRILINE

836) FPL-64176

837) Fumonisin B1

838) Furoxan



855) HA- 1004 856) HAL077 857) HAL4-1 858) HBDDE 859)
Hel )enal in 860) Hinokitiol 861) H STAM NE 862) HNVPA-

W@ 20dp/0821863) Hoechst 33342 (cell perneable) PCT/US2006/045352
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Bi sBenzi m de) 864) Huperzine A [(-) -Huperzine A ]
2(365) | AA-94 866) | B- MECA 867) ohBMX 868) | CRF-193 869)
| karuganyin 870) Indirubin 871) Indirubin- 3

- [ ' t hacin 873) juglone 874) K252A
87MLW%9£}\§%5C%@@ -)i KT=6720 878)

L- 780 8318 ha fwnculin B 880 ) Lavendustin A 881)
L -cis 3% LTI AZEM 882) LEUKOTOXIN A (9, 10- EODE) 883)

LEGKGPO4 S tefn 13 - EODE) 884) LEUKOTRI ENE B4 885)
LEWGTRIJENG (4 B86) LEUKOTRI ENE D4

843) GINGEROL
844) Gliotoxin

845) GLIPIZIDE

846) GLYBURIDE

847) GM6001

848) Go6976

849) GRAYANOTOXIN IITI
850) GW-5074

851) GW-9662

852) H7]

853) H-89

854) H9

855) HA-1004

856) HA1077

857) HAl4-1

858) HBDDE

859) Helenalin

860) Hinokitiol

861) HISTAMINE

862) HNMPA- (AM) 3

863) Hoechst 33342 (cell permeable) (BisBenzimide)
864) Huperzine A [(-)-Huperzine A]
865) IAA-94

866) IB-MECA

867) IBMX

868) ICRF-193

869) Ikarugamyin

870) Indirubin

871) Indirubin-3'-monoxime



887) LEUKOTRI ENE E4 888) Leupeptin 889 ) LFM Al13 890)
LI DOCAI NE 891) LI NOLEAM DE 892) LI NOLEIC ACI D 893)

W LMOENPELC ACI D (18:3 n-3) 894) LIPOXIN A 4 89B)T/LSINAMMES352
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896) L- NASPA 897) LOPERAM DE 898) LY-171883 899)
LY-294002 900) LY-83583 901) lyforine 902) LYSO PAF
Cl6 903) Manoal ide 904) manunycl n A905) MAPP,
D-erythro 906) MAPP, L-erythro 907) mastoparan 908)
MBGQ 2009 nduBletlB6:1910) MDL- 28170 911) MEAD ACI D (20: 3
n- 12) g%D ETHANOLAM DE 913) net hotrexate 914)

VE Y L 915) Mevinolin (lovastatin) 916)
MGgh33 %bE2z2M | ri none 918) M NOXI DI L

875) Kavain (+/-)

876) KN;62

877) KT-5720

878) L-744,832

879) Latrunculin B

880) Lavendustin A

881) L-cis-DILTIAZEM

882) LEUKOTOXIN A (9,10-EODE)
883) LEUKOTOXIN B (12,13-EODE)
884) LEUKOTRIENE B4

885) LEUKOTRIENE C4

886) LEUKOTRIENE D4

887) LEUKOTRIENE E4

888) Leupeptin

889) LFM-Al3

890) LIDOCAINE

891) LINOLEAMIDE

892) LINOLEIC ACID

893) LINOLENIC ACID (18:3 n-3)
894) LIPOXIN A4

895) L-NAME

896) L-NASPA

897) LOPERAMIDE

898) LY-171883

899) LY-294002

900) LY-83583

901) Lycorine

902) LYSO-PAF Cle6

903) Manoalide

904) manumycin A



919) M NOXI DI L SULFATE 920) M SOPROSTOL, FREE ACI D
921) mitonycin C 922) M7 923) M9 924) MiTBAP 925)

wOoLmass2188 926) nonensi n 927) MY-5445 928) M/ cPEITERING/ 45352
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aci d 929) N , N- DI METHYLSPHI NGOSI NE 930)
N9- | sopr opyl ol onouci ne 931) CETYL- LEUKOTRI ENE E4
932) NapSul -1 e- Tr p- CHO 933) RACHI DONOYLGLYCI NE
934) NI CARDI PI NE 935) NI FEDI PI NE 936) NI FLUM C ACI D
93805y gevri M98 0hM GULDI PI NE 939) Ninesul i de 940)
NI MODI PI NE 941) NI TRENDI PI NE 942) N-LI NOLEOYLGLYCI NE
9430 o ol e AN IE PHENYLANTHRANI LI C (CL) 945)
NPRR) 846, NSs 947) NS-398 948) NSC- 95397 949) OBAA
950) okacf\ai c "acl

908) MBCQ

909) MCI-186
910) MDL-28170
911) MEAD ACID (20:3 n-9)
912) MEAD ETHANOLAMIDE
913) methotrexate
914) METHOXY VERAPAMIL
915) Mevinolin (lovastatin)
916) MG-132
917) Milrinone
918) MINOXIDIL
919) MINOXIDIL SULFATE
920) MISOPROSTOL, FREE ACID
921) mitomycin C
922) ML7
923) MLOS
924) MnTBAP
925) Monastrol
) monensin
) MY-5445
928) Mycophenolic acid
) N,N-DIMETHYLSPHINGOSINE
) N9-Isopropylolomoucine
931) N-ACETYL-LEUKOTRIENE E4
932) NapSul-Ile-Trp-CHO
933) N-ARACHIDONOYLGLYCINE
934) NICARDIPINE
935) NIFEDIPINE
936) NIFLUMIC ACID
937) Nigericin



951) oligonmycin A 952) ol onouci ne 953) ouabai n 954)
PAF Cl16 955) PAF C18 956) PAF Cl18:1 957)

WE200M0aNRETHANOLAM DE 958) Part henol i de 959) PRXI/UE10MEZ045352
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960) PCA 4248 961) PCO 400 962) PD 98059 963) PEN TREM
A 964) pepstatin 965) PHEI\IA_MG%B%_G) Phenant hri di none
[6 (5H) -Phenanthridinone] 9 Phenoxybenzam ne 968)
PHENTOLAM NE 969) PHENYTO N 970) PHOSPHATI DI C ACID, D
| PAR) TAMCT DI PRiNEeat annol 972) pifithrin 973)

Pl IDE,9742 PINACI DI L 975) piroxicam 976) PPl 977)
PPZ 8)N ide 979) Pregnenol one | dal pha

carda®y)i tyiivc»198%e PRI MA-1 981) PROCAI NAM DE 982)

PROPAFENONE
941) NITRENDIPINE

942) N-LINOLEOYLGLYCINE

943) nocodazole

944) N-PHENYLANTHRANILIC (CL)
945) NPPB

946) NS-1619

947) NS-398

948) NSC-95397

949) OBAA

950) okadaic acid

951) oligomycin A

952) olomoucine

953) ouabain

954) PAF Cleé

955) PAF C18

956) PAF Cl18:1

957) PALMITYLETHANOLAMIDE
958) Parthenolide

959) PAXILLINE

960) PCA 4248

961) PCO-400

962) PD 98059

963) PENITREM A

964) pepstatin

965) PHENAMIL

966) Phenanthridinone [6 (5H)-Phenanthridinone]
967) Phenoxybenzamine

968) PHENTOLAMINE

969) PHENYTOIN

970) PHOSPHATIDIC ACID, DIPALMITOYL



wO3Oy/09814 990) rapanycin 991) resveratrol
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983) propidiumiodide 984) propranolol (S-) 985)

puronycin 986) quercetin 987) QU NI DI NE 988) QUI NI NE
9B} /US2006/045352

RETI NO C ACI D, ALL TRANS 993) REV-5901 994) RG 14620
995) RHC-80267 996) RK-682 994),Ro 20-1724 998) Ro
31-8220 999) Rolipram 1000) roscovitine 1001)

Rot rin 1002) RW- 60475- (AM 3 1003)

RY. II‘?Elﬂﬁ?AF)aISB’ 202190 1005) SB 203580 1006)
SB-#H2845; £kQQ4); oB- 431542 1008) SDZ- 201106 1009)

S- FARNE YL L- CYSTEI NE ME 1010) Shi konin 1011)

si ArE20RMORIDE) SKF- 96365 1013) SP- 600125 1014)

SPRAGOS N c1p11,
975) piroxicam
976) PP1
977) PP2
978) prazocin
979) Pregnenolone l6éalpha carbonitrile
980) PRIMA-1
981) PROCAINAMIDE
982) PROPAFENONE
983) propidium iodide
984) propranolol (S-)
985) puromycin
986) quercetin
987) QUINIDINE
988) QUININE
989) QX-314
990) rapamycin
991) resveratrol
992) RETINOIC ACID, ALL TRANS
993) REV-5901
994) RG-14620
995) RHC-80267
996) RK-682
997) Ro 20-1724
998) Ro 31-8220
999) Rolipram
1000) roscovitine
1001) Réttlerin
1002) RWJ-60475- (AM) 3
1003) RYANODINE



1015) Splitonycin 1016) SQ22536 1017) SQ 29548 1018)
staurosporine 1019) SU 4312 1020) Suram n 1021)

waeneans ne 1022) tanoxifen 1023) Tanshi none PCEUSDAE)45352
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taxol = paclitaxel 1025) TETRAHYDROCANNABI NOL- 7-O C
ACI D 1026) TETRANDRI NE 1027) phel idoni de 1028)
THAPSI GARA N 1029) Thiocitrulline [L-Thiocitrulline

HCl 30). Thio an 1031) TMB- 8 1032) TOLAZAM DE
103‘%801‘%0&%1&4\% 1034) Tosyl - Phe- CMK (TPCK)OSé)OBS)
TPEN A3 Tresd isi n1037) trichostatin-A 1
trifluoperazine 1039) TRIM 1040) Triptolide 1041)

TTNAEY o B8 - 4R &Ganyci n 1043) tyrphostin 1 1044) _
tyrphpst idg 9 5104p) tyrphostin AG 126 1046) tyrphostin
AG 370

1008) SDz-201106

1009) S-FARNESYL-L-CYSTEINE ME
1010) Shikonin

1011) siguazodan

1012) SKF-96365

1013) SP-600125

1014) SPHINGOSINE

1015) Splitomycin

1016) SQ22536

1017) SQ-29548

1018) staurosporine

1019) SU-4312

1020) Suramin

1021) swainsonine

1022) tamoxifen

1023) Tanshinone IIA

1024) taxol = paclitaxel

1025) TETRAHYDROCANNABINOL-7-0IC ACID
1026) TETRANDRINE

1027) thalidomide

1028) THAPSIGARGIN

1029) Thiocitrulline [L-Thiocitrulline HC1]
1030) Thiorphan

1031) TMB-8

1032) TCLAZAMIDE

1033) TOLBUTAMIDE

1034) Tosyl-Phe-CMK (TPCK)
1035) TPEN

1036) Trequinsin



1047) tyrphostin AG 825 1048) Tyrphostin- 8 1049)
U- 0126 1050) U 37883A 1051) U 46619 1052) U 50488

wWaAW3ped98122 1054) U 74389G 1055) U- 75302 105B(T/US2006/045352
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val i nomyci n 1057) Val proic acid 1058) VERAPAM L 1059)

VERATRI DI NE 1060) vi nbl astine;{£61) vinpocetine 1062)
W7 1063) WN 55,212-2 1064) W skostatin 1065)

Wor.t nin. .1l MW 14643 1067) Xestospongin C 1068)
Y-f'ggg fﬁéé% Yohi nbi ne 1071) Zapri nast

1072)3 g3an ZL3VS 1074) ZM226600 1075)
zwsé%))gsgz t%%%?o%%lﬂa%ﬁ% _prolinal 1077) zVAD-FMK 1078)

Asd&BiFat ERIM
1040) Triptolide

1041) TTNPB

1042) Tunicamycin

1043) tyrphostin 1
1044) tyrphostin 9
1045) tyrphostin AG-126
1046) tyrphostin AG-370
1047) tyrphostin AG-825
1048) Tyrphostin-8
1049) U-0126

1050) U-37883A

1051) U-46619

1052) U-50488

1053) U73122

1054) U-74389G

1055) U-75302

1056) valinomycin

1057) Valproic acid
1058) VERAPAMIL

1059) VERATRIDINE

1060) vinblastine

1061) vinpocetine

1062) W7

1063) WIN 55,212-2
1064) Wiskostatin

1065) Wortmannin

1066) WY-14643

1067) Xestospongin C
1068) Y-27632

1069) YC-1



1079) 5-azacytidine 1080) 5-azadeoxycytidi ne 1081)

Hexanet hyl ene bi sacet am de (HVBA) 1082) Sodi um
wheaoynexies 1083) Di net hyl sul foxi de. 1084) GoosPCDUS2006/045352

1085) dycogen synthase kinase -3 1086) Galectin-1

1087) Gal ectin-3 Cell Adhesiogqlblecul es 1086)

Cadherin 1 (E-Cadherin) 1087) Cadherin 2 (N Cadherin)

1088) Cadherin 3 (P-Cadherin) 1089) Cadherin 4

(R-CXdherYohimoons Cadherin 5 (VE-Cadherin) 1091)

Ca ' - herin) 1092) Cadherin 7 1093)
Cagﬂzﬂﬁ gaé]f}}b‘%&cadheri n 9 1095) Cadherin 10 1096)

Cadheren 2drd&BerGadherin) 1097) Cadherin 12
(BR-Cadherin) 1098) Cadherin 13 (H Cadherin)1099)
Cadh®fih 4%3Y%ane as Cadherin 18) 1100) Cadherin 15

5 (M {ggberimlo4d®d) Cadherin 16 (KSP-Cadherin) 1102) LI
Cadherin Culture Media 1103) DMEM (Dul becco's Modified
Eagl@7%) M3 39372 HyCl one Cat. No. SH30285.03 1104)

Al r@%)gp%m%?ﬁéisﬁpbﬁ%% ha di um (PronoCel | Cat. No.

G2 enen t No. C 3 9160)
1077) =zVAD-FMK
1078) Ascorbate
10 1079) 5-azacytidine
1080) 5-azadeoxycytidine

1081) Hexamethylene bisacetamide (HMBA)
1082) Sodium butyrate
1083) Dimethyl sulfoxide.
15 1084) Goosecoid
1085) Glycogen synthase kinase-3
1086) Galectin-1
1087) Galectin-3

Cell Adhesion Molecules

20 1086) Cadherin 1 (E-Cadherin)
1087) Cadherin 2 (N-Cadherin)
1088) Cadherin 3 (P-Cadherin)
1089) Cadherin 4 (R-Cadherin)
1090) Cadherin 5 (VE-Cadherin)

25 1091) Cadherin 6 (K-Cadherin)
1092) Cadherin 7
1093) Cadherin 8
1094) Cadherin 9
1095) Cadherin 10

30 1096) Cadherin 11 (OB-Cadherin)
1097) Cadherin 12 (BR-Cadherin)
1098) Cadherin 13 (H-Cadherin)



1105) Epi-Life (LSGS) Medium (Cascade Cat. No.
M EPI cf/ PRF-500 wi th supplenent Cat. No. S-003-10)

wa1@6peesir al Basal Medi um B-27 (G bco Cat. NoPCT/US2006/045352
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12348-017 with B-27 supplenent Cat. No. 12587-010)
1107) Neural Basal Medium N.-2,§G bco Cat. No.
12348-017 with N -2 suppl enment Cat. No. 17502-048)
1108) Hepat oZyme-SFM (G bco Cat. No. 17705-021) 1109)
Epi+49%)e QadEs)inveEd uﬁ%ﬂ@mwmim5)gﬂ01 5 1110)
EPI-cf { RRF i uRpl nt .Cat. No. & -

Endlgltdhoz icg‘é%%ﬂﬁ g%vﬁﬁ Cﬁ%%elﬁﬁn( PromoCel | Cat. No.

C 22220 Wadhestippliere(iSiCadieri@)39221) 1111)
Eng]]tt}fe)l |61allO Cell SFM (G bco Cat. No. 11111- 044 with
ba 38 i Groliasdegrowt h factor Cat. No. 13256- 029
epi dermal growth factor Cat. No. 13247-051 and

fi ulneatd Mdaats No. 33016-015) 1112) Skeletal Miscle
Medi um (PronoCell Cat. No. C - 2326|O with Isuppl enent
CatrioM9. C 393H , .
(Pr or?tl?%ell Cat . m(g%%gggwﬁowﬁgg ggnéﬁte Clgz?#e%fn)
C- Jyfdopel £a4). MeseSEHMR 8 EBUM (St em Cel |

T lyogi 05041 with supplenent t. No.

Teshanhg, s ot Ny R0 HIOPh LGBl

No .Ca€ .2 810 Cwi2til2 63U pltemetioplatento ca€- #3410)3518))
Hami's F-12 Medi um 1118)

F-10 Medium 1117
Baﬁgl%?)ﬁém s F-EPléqgé/f% S€S1119) Medaym JCrpgpfiee@at. No.
Dul ' [ {-MDIM), Lboyit z'sS -

s ﬁﬁqgfﬁf h?/b@glg% i NE%%%%QII\%diIS%iLCédN%ME) O30
16460k di um Yer3RlGBasgdwWedVEM BEREM(Gib24) CEagl Nos

MeduUls_017 with B-27 supplement Cat. No. 12587-010)

1107) Neural Basal Medium N-2 (Gibco Cat. No.
12348-017 with N-2 supplement Cat. No. 17502-048)
1108) HepatoZyme-SFM (Gibco Cat. No. 17705-021)
1109) Epi-Life (HKGS) Medium (Cascade Cat. No.
M EPIcf/PRF-500 with supplement Cat. No. S-001-5)
1110) Endothelial Cell Growth Medium (PromoCell
Cat. No. C-22221 with supplement Cat No. C-39221)
1111) . Endothelial Cell SFM (Gibco Cat. No. 11111-

044 with basic fibroblast growth factor Cat. No. 13256-
029, epidermal growth factor Cat. No. 13247-051 and
fibronectin Cat. No. 33016-015)

1112) Skeletal Muscle Medium (PromoCell Cat. No. C-
23260 with supplement Cat. No. C-39360)

1113) Smooth Muscle Basal Medium (PromoCell Cat.
No. C-22262 with supplement Cat. No. C-39262)

1114) MesenCult Medium (Stem Cell Technologies Cat.
No. 05041 with supplement Cat. No. 05402)

1115) Melanocyte Growth Medium (PromoCell Cat. No.
C 24010 with supplement Cat. No. C-39410)
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1125) Medium 199 1126) MEM Eagl e-Earle's Anti biotics
1127) Penicillin 112 8 ) Streptonycin 112 9 )
w@eewvamies n 113 0 ) Neonycin 1131) (418 O her PET/US2086/045352
1132) Human plasma 1133) Chick enbryo extract 1134)
Human pl asmanate Table |1 Diffegentiated Cells and

Ti ssues Heart 1 ) Ventricular nyocardium 2 ) Auricular
myocardi um 3 ) Sinus node myocardium 4 ) anterior,

m ddl e and posterior internodal tracts 5 )

atﬁh.wgnt&i l ars (1R qﬁ16 ) Hi's bundle7 ) right and
| eft bundl e branches anterior- superior and
positleri)or -Hawf'ey iForl2diMdd&ivons of the |eft bundle 9 )

The _Pur.ki nj t k Muscul o, - Skel etal 10) Cartil age -
I—Iygjiltge} Il%%%%’ggils%%&s/ﬁoc M) Cartil)age S
Fi brious 13)sBare & MRRada B eens s ¢2askd Q4smks)

Intervertebral disc

1120) TLeibovitz's L-15 Medium
1121) McCoy's S5A Medium Modified
1122) RPMI 1640 Medium

1123) Glasgow's MEM (GMEM)
1124) Eagle's Medium

1125) Medium 199

1126) MEM Eagle-Earle's
Antibiotics

1127) Penicillin

1128) Streptomycin

1129) Gentamycin

1130) Neomycin

1131) G418

Other Factors

1132)
1133)
1134)

Heart

Human plasma
Chick embryo extract

Human plasmanate

Table II

Differentiated Cells and Tissues

1) Ventricular myocardium

2) Auricular myocardium

3) Sinus node myocardium

4) anterior, middle and posterior internodal tracts

5) atrioventricular (AV) node

6) His bundle
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16) Skel et al \ _ _
neurons of the substantia nigra 18) Autonom c -

weanasyaipat heti c 19) Autonomi ¢ - Synpathetic 2BQT/US2006/045352
Schwann cells 20) Cranial nerves 21) Myelinating -
Schwann cells 22) Mt or neuro??ﬂ27) Qut er neur obl ast

ic layer of the developing re

muscl e Nervous Tissues 17) Dopam nergic

a 28) Inner neurobl ast

ic layer of the developing retina 29) Quter nuclear

| aybr wighthendtie 3ndls eiraplawd orm | ayer of the
1)_JInner nuclear |layer of the retina 32) Inner

pl eXi formi ayers BT 389 mesfpricidmiar iy [divdypdons

of dfheHetlidr: Indihal anus 35) Hi ppocanpus 36)
Hypot hal anus 37 ) Cerebral cortexRespiratory System

reté' na

38)° Tridieh & dgin TR awafestronchi al  epi t hel i um 40) Brochi

41) Lungs 42) Type | pneunocytes 43) Type |

5 PRV E ner ¢
45) Anterior pituitary 46) Neural pituitary 46)

Adﬁ@ﬂabd%ﬁﬂfﬁ§e - Hyaline

11)
12)
13)
14)
15)
16)

4 ne System 44) Pancreatic beta cells

Cartilage - Elastic

Cartilage - Fibrous

Bone - compact

Bone - cancellous

Intervertebral disc

Skeletal muscle

Nervous Tissues

17) Dopaminergic neurons of the substantia nigra

18) Autonomic - Parasympathetic

19)
20)
20)
21)
22)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)

Autonomic - Sympathetic

Schwann cellg

Cranial nerves

Myelinating - Schwann cells

Motor
Outer
Inner
Outer
Outer
Inner

Inner

neurons
neuroblastic layer of the developing retina
neuroblastic layer of the developing retina
nuclear layer of the retina

plexiform layer of the retina

nuclear layer of the retina

plexiform layer of the retina

Ganglion cell layer of the retina

Thalamus

Hippocampus

Hypothalamus

Cerebral cortex



47) Adrenal nedulla 48) Thyroid gland 49) Parathyroid
gl and Vascul ar System 50) Aorta 51) Pul nonary vein 52)

w@eapiobAaes es 53) Vascul ar endot hel i um 54) VascRCHIS2006/045352
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snoot h nmuscl e 55) Pericytes 56) Adventitial cells
Hemat opoi eti ¢ system 55) Hematopoi etic stemcells 56)
Lynphoi d progenitors 57) Bl ocytes 58) T

| ynphocytes 59) Mel oi d progenitorslntegunmentary

Sy ReemiGQkober Siysted) Epi dermis 62) Hair follicles 63)
Sebaceous gl ands 63) Sweat gl ands 64) Subcutaneous
adizosaraicheye Urinary System 65) Kidney 66) Renal
tubul e epithelial cells 67) Renal cortex 68) Ureters
69)° 7Bl ZAGEHCPPFoDFEiRLa cRAshedilHMest i nal system

40) Brochi
41) Lungs
42) Type I pneumocytes
43) Type II pneumocytes

Endocrine System

44) Pancreatic beta cells
45) Anterior pituitary
46) Neural pituitary

46) Adrenal cortex

47) Adrenal medulla

48) Thyroid gland

49) Parathyroid gland

Vascular System

50) Aorta

51) Pulmonary vein

52) capillaries

53) Vascular endothelium
54) Vascular smooth muscle
55) Pericytes

56) Adventitial cells

Hematopoietic system

55) Hematopoietic stem cells
56) Lymphoid progenitors

57) B lymphocytes

58) T lymphocytes

59) Myeloid progenitors



71) Oral epithelium 72) Cheek epithelium 72) Teeth 72)
Esophagus 72) Gastric nucosa 73) Jejunum 74) |l eum 75)

wewdesains 76) Col on 77) Pancreas 78) Hepatic PCT/US2006/045352
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parenchymal cells 79) Hepatic Stellate (I1to) cells
Sensory systens 79) dfactory,epithelium 24) |nner
ear25) Lens 26) Cornea 23) Sensory neurons 25) Eye 26)
Retinal pignent epitheliumlable 111 Differentiating
Celintpgymentiagy wete8PF chi ck enbryonic tissues,
nonhuman ani mal enbryonic/ fetal cells and tissues,
and NMumarmdmbr yoni ¢/ fetal cells and tissues Endoderm

- r ig.1.) Definitive endodermal (entodernal)
ceﬁﬂg %ﬁﬁigﬁwgéht endodermal cells 3 ) M dgut
endedemwlr gelllls Aex H ndgut endodernmal cells 5)
Ventral pancreatic bud cells Mesoderm - Enbryonic 6 )

| ntordeMSRPSHCMsgd686emal cel | s

63) Sweat glands

64) Subcutaneous adipose tissue

Urinary System

65) Kidney

66) Renal tubule epithelial cells
67) Renal cortex

68) Ureters

69) Bladder

70) Urethra

Gastrointestinal system

71) Oral epithelium

72) Cheek epithelium

72) Teeth

72) Esophagus

72) Gastric mucosa

73) Jejunum

74) Ileum

75) Duodenum

76) Colon

77) Pancreas

78) Hepatic parenchymal cells
79) Hepatic Stellate (Ito) cells

Sensory systems

79) Olfactory epithelium

24) Inner ear



7 ) Prechordal plate nesodermal cells 8 ) Notochordal
pl ate nesodermal cells 9 ) Notochord nesodermal cells

wa)o7@ea1ai al nmesodermal cells 11) I ntermedi at BCT/US2006/045352
mesodermal cells 12) Lateral plate nesodermal cells
13) Spl anchnopl euiri c nmesoder cells 14)
Somat opl euri ¢ nesodermal cell 5) Sonitoneric
nmesodermal cells 16) Somite mesodermal cells 17)
Cerad)calerspm t e mesodernmal cells 18) Thoracic somte
mesoder mal cells 19) Lunbar somte nesodernal cells
2072 8a&oAneSoni t e nesoder mal cell's 21) Scl er ot one
nmesaderdms s 2onhdWot ome nmesodermal cells 23)
Epi mere myot one nesodermal cells 24) Hyponere nyotone
megddertlyel cel | s 25) Der mat ome nesodermal cel | s26)
Angj gqbl_ast.s 27) .Mural pragenitor cells 28) Vascul ar

5 Gnaseh ﬁ&a‘:‘é 8@191”?%)85’#%?’1@&% 30) Myoepi t hel i al
cells 31) Enteric (intestinal) snooth nuscle cells 32)
Li b bud nesenchyne 33) Osteoblasts 34) Synovi ocytes
35) Hemangi obl asts 36) Angi obl asts 37) Skel etal nuscle
myobl asts 38) cardi ogeni c nesoderm



39) Endocardial prinordial cells 40) Epi -myocardi al
prinordial cells 41) Dorsal nesocardial cells Ectoderm
WO 2@mosaiesi ¢ 42) crani al neural crest 43) car dPEL/US2006/045352
neural crest 44) vagal neural crest 45) trunk neural

crest Extraenbryonic Cells 46p2klypobl ast (primary
endodern) 47) Extraenbryonic endodermal cells 49)
Ammi obl asts 49) Syncyti ot rophobl asts 50)
Cyt of #BpRobT&st s 51) Extraenbryoni ¢ mesoder nal

cel |l sTabl e 1V Terat ogens Abow S Acebut ol ol Acebut ol ol

hydr ochl %iﬁfeﬁé‘ﬁaf;@ﬂ 4814804 %er chick
Acetan] éﬁ&% d ? %mgrfonlz/;:tal
on?hm I?& tlssu?%so | CEt |c a i ﬁF £ ells and
yI i tT osat ni nonet nyl & ?‘m%e? S RRanfetati @
ggetonltrlleS- (al pha- Acet ®15%r a- ni t robenzyl) -4

17 e 5 P ehoaT S hae pregn- 4- EN- 2 0- YN 3- one
1) Definitive endodermal (entodermal) cells
2) Foregut endodermal cells
3) Midgut endodermal cells
10 4) Hindgut endodermal cells

5) Ventral pancreatic bud cells

Mesoderm - Embryonic

6) Intraembryonic mesodermal cells
7) Prechordal plate mesodermal cells
15 8) Notochordal plate mesodermal cells

9) Notochord mesodermal cells

10) Paraxial mesodermal cells
11) Intermediate mesodermal cells
12) Lateral plate mesodermal cells
20 13) Splanchnopleuiric mesodermal cells
14) Somatopleuric mesodermal cells
15) Somitomeric mesodermal cells
16) Somite mesodermal cells

17) Cervical somite mesodermal cells

25 18) Thoracic somite mesodermal cells
19) Lumbar somite mesodermal cells
20) Sacral somite mesodermal cells

)
)
)
21) Sclerotome mesodermal cells
)
)
)

22) Myotome mesodermal cells
30 23) Epimere myotome mesodermal cells
24) Hypomere myotome mesodermal cells

25) Dermatome mesodermal cells



Acet oxypheny | nmercury Acetoxytriphenyl stannane 1
- al pha- Acet yl net hadol hydrochl ori de Acetylsalicylic

wa@edod/osaes yl tryptophan Acid red 92 4 - PCT/US2006/045352
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(9-Acridinyl am no) methanesul phon- et a- ani si di de
Acriflavin hydrochloride Acrylic acid Acrylonitrile
Acti haenyl Actinonycin ActinoftyCin C Actinonycin D
Acycl ovirAcycl ovir sodium salt Adal at 1-Adanantanam ne

hy R @c ingidel axtapi n Adeni ne Adenosine-3 , -

al.pha- am no- par anet hoxyhydr oci nnamam do) - 3,
Sdéﬁé}y-@?rﬁ:k cﬁ?&qwt%iﬁﬁyﬁ%ci d bis (2-ethyl hexyl)
estay) A gthel B€ighdidiitnls @ &fe1Adi pic acid di

(2- hexyl oxyet hyl) ester Adobi ol Adona trihydrate
1- RftlerRa4 ¥ %41 ori de Adrenocorti cotrophic hornone

Adrd AmpgFSL A N Lf5l4a oxin Bl
31) Enteric (intestinal) smooth muscle cells
32) Limb bud mesenchyme
33) Osteoblasts
34) Synoviocytes
35) Hemangioblasts
36) Angioblasts
37) Skeletal muscle myoblasts
38) cardiogenic mesoderm
39) Endocardial primordial cells
40) Epi-myocardial primordial cells

41) Dorsgal mesocardial cells

Ectoderm - Embryonic

42) cranial neural crest
43) cardiac neural crest
44) vagal neural crest

45) trunk neural crest

Extraembryonic Cells

46) Hypoblast (primary endoderm)
47) Extraembryonic endodermal cells
49) Amnioblasts

49) Syncytiotrophoblasts

50) Cytotrophoblasts

51) Extraembryonic mesodermal cells
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amoni um chloride 3 - (Al kylam no) propionitrile

Al kyl benzenesul fonate All an;Z?c?gi c acid, potassium
salt Alloxan A lyl chloride yl gl ucosinol ateA |1yl
i sot hi ocyanate 6-Allyl- 7-di hydro-5h-di benz (c,e)
azepi ne phosphate Allyl est Tabdle IV

(4- Al lyl oxy-3-chl orophenyl) acetic acid Alternari ol
Al ternariol nononet hyl etTerazogealsternariol (1:1)

Al ternariol -9-nethyl ether Al um num acegl utam de

Al Wwhawirs chl ori de Al umi num chl ori de hexahydrate

Alym num lactate Alum nium (111) nitrate, nonahydrate
(1%3‘:.%3)11@,&?%%1 ni um pot assi um sul fate, dodecahydrate

Amrcasal t disir ogfd 3 dicies ARt yci n Anf enac sodi um

nmonohydr at e
Acemetacin

Acepreval

Acetaldehyde

Acetamide
5-Acetamide-1,3,4-thiadiazole-2-sulfonamide
Acetazolamide sodium

Acetic acid methylnitrosaminomethyl ester
Acetohydroxamic acid

Acetonitrile

3- (alpha-Acetonyl-para-nitrobenzyl) -4-hydroxy-coumarin
para-Acetophenetidide
17-Acetoxy-19-nor-17-alpha-pregn-4-EN-20-YN-3-one
Acetoxyphenylmercury

Acetoxytriphenylstannane

l-alpha-Acetylmethadol hydrochloride
Acetylsélicylic acid

Acetyltryptophan

Acid red 92

4,-(9-Acridinylamino) methanesulphon-meta-anisidide
Acriflavin hydrochloride

Acrylic acid

Acrylonitrile

Actihaemyl

Actinomycin

Actinomycin C

Actinomycin D

Acyclovir



Am cardine N |-Am dinosulf anil am de Am dol ine 5 -
((2- Am noacetam do) nethyl) -1- (4 -chloro-2-

w@ eoovloeaabg or obenzoyl ) phenyl) PCT/US2006/045352
-n,n-di methyl -1 H Stri azol e- 3-carboxam de,
hydrochl ori de, dihydrate Amn etonitrile bisulfate
Am noacetonitrile sulfate 2- obenzi m dazol e
2- Ami no- 6- benzi m dazol yl phenyl ket one
AmAmtdrEsilp ediidn igald Am no- 1| -bi s (di met hyl am de)
phas o%yl -3 -phenyl - 1,2,4- triazole 2-Am no-

- == 6-phenyl -4 (1h) -pyrimdinone 4-Am no- 2-
(4-hurpeH ey enldi-doni1bdigzepin-1-yl) - 6, 7-
di me_t hoxyqui nazol ine hydrochloride
2- A9apdts- but yl benzi mi dazol e5- Ani no- 1
, 6-dj hydro-7h-v-triazolo (4,5-d) pyrimdin-7- one 3 -
> (Z}Eﬁﬁﬁéﬁﬁhyl) i ndol -5-0l 3 - (2-am noethyl)
| ndglerfpstnecngat (alliph skl iftRl-@alrzans- 4- A

t ni noet hyl cycl ohexane-| -carboxylic acid _
Am‘q%gwqa%@tymrm%@r@ww) 3-3ny GeexybEn foidd mesherl

8- A= Gdvd -(23, nedi f onic acid,
cod S %%o(-zﬁ-eﬁz—g@%e%tbﬁggy% -t%;yri dazi nyl )
- bévigmies gicfion aliibges v3- Amitieas 4- net hyl benzenesul f

R A
(4a880ie12- et hyl pyri m di n-5-yl) nmethyl -3- (2-
ch%g&ggrﬁ¥& Yaiétgitrosourea

1-Adrenaline chloride
Adrenocorticotrophic hormone
15 Adriamyéin
Aflatoxin
Aflatoxin B1
Afridol blue
Agent orange
20 Alclometasone dipropionate
Alcohol sulphate
Aldactazide
Aldecin
Aldimorph
25 Aldrin .
alpha-Alkenesulfonic acid
Alkyl dimethylbenzyl ammonium chloride
3-(Alkylamino) propionitrile
Alkylbenzenesulfonate

30 Allantoxanic acid, potassium salt
Alloxan
Allyl chloride
Allyl glucosinolate



2-Amino -4- (methylsulfinyl) butyric acid
5- Am no- 2- napt hal enesul f onic acid sodi um sal t
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4- Ami no- 2-nitroani | i ne Am nonucl eosi de puronycin

2- Am nophenol 3- Am nophenol 4- An1nopheno

net a- Ani nophenol , chl ori nated?® -~ (d- al pha-
aninophenylacetan1do) desacet oxycephal osporani c acid

3- A RAPHeRkeRbLEEhatRet a- Ami nopropionitrile fumarate
Anmi nopr opyl am noet hyl t hi ophosphate 3 - (2

- A ﬁ\ééﬁfémﬁl y7 -Padgtaoarhndpbenizdi(re e2- Aarndpar phaephate
-GAHHggIéqE% gxrlne sodi um sul f onat e

yriné-barbital 5-Am no-2-beta-d-ribofuranos g
| - gg~-nlilgdioxy33 -cAHprophendgiAaceeiz a2id5, 5-tetraki s
(trlfluorone&hyl) -3- imdazoline 2-Anmno- 1,3
4P EEFREIG e 2- Amino- 1,3

4Aﬁ@b§%b%€%heﬁﬁﬂb%%Q59ﬂ'@%h%rAghaoal%erﬁarlol (1:1)

4~t hi adi azol e-5-sul fonam de sodium salt 1-Am no- 2 -
(4Aﬂﬁeamamypﬂ S5mgshyilnedaesl ecar bani ¢ acid i sopropyl
es @gp tr| I|ne N oxide Am trol e Ammoni um
va%g %alo Srochloride

Aluminum chlorlde

Aluminum chloride hexahydrate

Aluminum lactate

Aluminium (III) nitrate, nonahydrate (1:3:9)
Aluminium potassium sulfate, dodecahydrate
Ambroxol hydrochloride

Ametycin

Amfenac sodium monohydrate

Amicardine

N1~Amidinosulfanilamide

Amidoline

5-((2-Aminoacetamido) methyl) -1-(4-chloro-2-
(orthochlorobenzoyl) phenyl) -n,n-dimethyl-1H-S-
triazole-3-carboxamide, hydrochloride, dihydrate
Aminoacetonitrile bisulfate

Aminoacetonitrile sulfate

2-Aminobenzimidazole

2-Amino-6-benzimidazolyl phenylketone
Aminobenzylpenicillin

5-Amino-1-bis (dimethylamide) phosphoryl-3-phenyl-
1,2,4- triazole

2-Amino-5-bromo-6-phenyl-4 (1lh)-pyrimidinone
4-Amino-2- (4-butanoylhexahydro-1h-1,4-diazepin-1-y1l) -
6,7- dimethoxyquinazoline hydrochloride

2-Amino-5-butylbenzimidazole



Amoxicillin trihydrate dl-Anmphetam ne sulfate
Ampicillin trihydrate Anrinone Ansacrine |actate
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venom Andr of | uor ene Andr of urazanol Andr ostanazol

Andr ost enedi ol di propi onate Andr ostenedi one

Andr ost enol one AndrostestoﬁegﬁpAﬁgel dust Angi ot oni n
Angui di nAni l'ine violet 6- (para-anilinosulfonyl)

ek _@gﬁhﬁalges 2aARiAracenanl oei Apbibi 04 8- BB-HBrimidin-7-
Antibiotic BB-K8 sulfate Antibiotic BL-640 Antibiotic
MActhd4Al Anti nony oxi de Aphol ate 9-bet a-d- Arabi no

2?5?22§éh8§%%g%2§)Agﬁggﬂggyglidine Ara-C palnmtate
3- (2-aminoethyl) indol-5-ol creatinine sulfate
trans-4jAminoethylcyclohexane—1—carboxylic acid
Aminoglutethimide
2-Amino-3-hydroxybenzoic acid
8-Amino—7—hydroxy—3,6—naptha1enedisulfonic acid, sodium
salt
4—Amino—n—(6-methoxy—3—pyridazinyl)—benzenesulfonamide
3-Amino-4-methylbenzenesulfonylcyclohexylurea
2-Amino—6—(1,—methyl—4,-nitro—5,—imidazolyl)
mercaptopurine
1—(4—Amino—2—methylpyrimidin—S—yl)methy1—3—(2—
chloroethyl) -3- nitrosourea
2-Amino-4- (methylsulfinyl) butyric acid
5-Amino-2-napthalenesulfonic acid sodium salt
6-Aminonicotinamide
2-Amino-4-nitroaniline
4-Amino-2-nitroaniline
Aminonucleoside puromycin
2-Aminophenol
3-Aminophenol
4 -Aminophenol
meta-Aminophenol, chlorinated
7—(d-alpha—aminophenylacetamido)
desacetoxycephalosporanic acid
3-Aminopropionitrile
beta-Aminopropionitrile fumarate
Aminopropyl aminoethylthiophosphate
3- (2-Aminopropyl) indole
Aminopteridine

2-Aminopurine-6-thiol



Arat hane 1- Argini ne nmonohydrochl oride Aristocort
Aristocort acetonide Aristocort diacetate Aristolic
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met hanol Arotinoid ethyl ester Arsenic ortho-Arsenic
acid Arsenic acid, disodiumsald,_ heptahydrate Arsenic
acid, sodiumsalt Arsenic trioxide Asalin 1-Ascorbic
acid 1-Asparagi nase AtrazineAtromd S Atropine

At pefineeysihkattedizml suAdoaage i n Aur ei ne

1- Aur ot hi 0-.d- gl ucopyr anose Ayush-47 Azabicycl ane
ci %@pﬂf&%ﬁaﬁ%&%ﬁi di ne Azaserine Azat hi oprine

5-Amino-2-beta-d-ribofuranosyl-as-triazin-3- (2H) -one
4-Amino-2,2,5,5-tetrakis (trifluoromethyl) -3-
imidazoline

2-Amino-1,3,4-thiadiazole
2-Amino-1,3,4-thiadiazolehydrochloride
2—Aminofl,3,4—thiadiazole—5—sulfonamide godium salt
1-Amino-2- (4-thiazolyl) -5-benzimidazolecarbamic acid
igsopropyl ester

Amitriptyline-n-oxide

Amitrole

Ammonium vanadate

Amosulalol hydrochloride

Amoxicillin trihydrate

dl-Amphetamine sulfate

Ampicillin trihydrate

Amrinone

Amsacrine lactate

Amygdalin

Anabasine

Anatoxin I

Androctonus amoreuxi venom

Androfluorene

Androfurazanol

Androstanazol

Androstenediol dipropionate

Androstenedione

Androstenolone

Androstestone-M

Angel dust

Angiotonin

Anguidin



Azel astine hydrochl oride 1-2-Azetidi necarboxylic acid
Azi nphos nethyl Azo blue Azo et hane Azoseni de

woezapetibene Azoxynet hane Bacci dal Bacneci | | i ne@T/B81006/045352

10

15

20

25

30

Barbital sodium Bariumferrite Bariumfluoride Bayer
205 Bayt hi on Befunol ol hydrochl ori de Bendacort
Bendadryl hydrochl oride Ben’ed?e?t,iti"nBenorryl Benzar one

d- Benzedri ne sul fate Benzenam ne hydrochl ori de Benzene
Bemzgne rikexaehkeri de- g-i soner | -Benzhydryl -4- (2-

(2- hydroxyet hoxy) ethyl) piperazine Benzi dam ne

hy $roQRGredd 13 ngsy frnygad2 ometandammd dgci d 1-

(2 Bi%iﬂ?a%%%lr%h)e -3-nethylurea 1 , 2-Benzi sot hi azol -3
(ZEI) -one-1, 1-dioxide 1, 2-Benzisoxazol e-3
- mMdrtide salifc @Bakisde

Antibiotic BB-K8 gulfate

Antibiotic BL-640

Antibiotic MA 144A1

Antimony oxide

Apholate

9-beta-d-Arabino furanosyl adenine

Arabinocytidine

Ara-C palmitate

Araten phosphate

Arathane

1-Arginine monohydrochloride

Aristocort

Aristocort acetonide

Aristocort diacetate

Aristolic acid

Aristospan

Aromatol

Arotinoic acid

Arotinoic methanol

Arotinoid ethyl ester

Arsenic

ortho-Arsenic acid

Arsenic acid, disodium salt, heptahydrate

Arsenic acid, sodium salt

Arsenic trioxide

Asalin

l-Ascorbic acid

l-Asparaginase

Atrazine
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Benzo (al pha) pyrene Benzo (e) pyrene Benzoctam ne
hydr ochl ori de par a- Benzoqui none nonoi m ne

2- Benzot hi azol yl - N-nor phol i nosul f ide 2 -

(et a- Benzoyl phenyl ) propionic_acid

2- Benzyl benzi m dazol e BenzyT £hf of i de Benzyl
penicillinic acid sodiumsalt Berylliumchloride
Beratdddmig axi de Bestrabuci| Bet anet hasone

Bet anet hasone acetate and betanet hasone phosphate
BetdriEid¥bne benzoat e Bet amet hasone di propi onat e

Betz@ﬂﬁé - i [ hosphat e Betel nut Betnel an
phosp #gﬁﬁ%déo%%jg%d@) Bi ndon et hyl ether Binoside
4- Buptsemyfiiacet i ¢ aci d 2- Bi phenyl ol 2-Bi phenyl ol ,
sodiumsalt 3 - (4-Bi phenylyl carbonyl) propionic acid
2, BIDYG di ne Bi's (para- acet oxyphenyl)

- 2-nehivd v cophexyddiensigidane 4 , 4-Bi s
(1-am no- 8- hydroxy-2 ", 4-di sulf o-7-napthylazo) - 3,3, -
bi thaygh-4"et rasodi um sal t

Azabicyclane citrate
Azactam

Azacytidine

Azaserine

Azathioprine

Azelastine hydrochloride
1-2-Azetidinecarboxylic acid
Azinphos methyl

Azo blue

Azo ethane

Azosemide

Azoxyethane

Azoxymethane

Baccidal

Bacmecillinam

Bal

Barbital sodium

Barium ferrite

Barium fluoride

Bayer 205

Baythion

Befunolql hydrochloride
Bendacort

Bendadryl hydrochloride

Benedectin

PCT/US2006/045352
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1,4-Bis (3-bronopropionyl) -piperazine 1,3 -Bis
(carbanoylthio) -2- (N, N-dinethylam no) propane

cycl ohexanebi s (net hyl am ne) di hydrochloride Bis
(2-chloroethyl) am ne hydrochheside 4 ,- (Bis

(2-chl oroethyl) am no) acetanilide 4,- (Bis

(2-chl orqgethyl) am no) -2-fluoro acetanilide dl-3-
(p:ﬁgél-onty%i.s (2-chloroethyl) amino) phenyl) alanine Bis
( bedearGhlgioet hyl ) net hyl am ne Bis (2-chl oroethyl)

nmet hyl am ne hydrochl oride Bis (2-chloroethyl) sulfide
N ANBergieslrizec isiudrfe¢rchyl ) -N-nitrosourea N ,N ,-Bis

(2- hyl ) -para-phenyl enedi am ne Bi s
(paB(r‘ng-Z%%]lggltrlgéhéﬁ’ﬁr)ocz‘&gffilg%aci d 2,2-Bis (ortho,
paBancdehher ophenyl) -1, 1 ,1 - trichloroe thane 1,1

par a- chl orophenyl) -2 ,2 ,2-trichl oroethanol Bis

_B'

( blgsé&&@%naéwprlﬁmiﬁl@-Bi-sspmea;hl oroacetyl) -1,

B o o 3 e oace | |
g e e PV B R B hB R Rk h T mimebamies)
zi Bepz dgBineShpisothlpxrliddi met hyl et hyl) -

Ahyd heny! thyl) .thi ti i d 2-ethyl hexyl
ot P e ot B oyt ) suitare 2.4 Bio
(ethybaBen@imifacBlolp=-5-heiAZiNeBI s (ethyl mercuri)

phosphate Bis - HW A- TDA Bi shydroxycoumarin Bi s
(41nyaPER¥1i80EBLABPLNG 43B1renacldledhykidster 1,4-Bis

((2; 2(62nbydoRxyst BYL ) napPhnRL <81 PYL1L29LN0) -
Benzo (alpha) pyrene
Benzo (e) pyrene
Benzoctamine hydrochloride
para-Benzoguinone monoimine
Benzothiazole disulfide
2-Benzothiazolethiol
2-Benzothiazolyl-N-morpholinosulfide
2- (meta-Benzoylphenyl) propionic acid
2-Benzylbenzimidazole
Benzyl chloride
Benzyl penicillinic acid sodium salt
Beryllium chloride
Beryllium oxide
Bestrabucil
Betamethasone
Betamethasone acetate and betamethasone phosphate
Betamethasone benzoate
Betamethasone dipropionate
Betamethasone disodium phosphate
Betel nut

Betnelan phosphate

-Bi s (2-chl or obenzyl PCFUS2H06/045352



9, 10- at hracenedi one diacetate Bis (i sooc
tyl oxycar bonyl net hyl thio) dioctyl stannane Bis
w@ 2e0mo61exy et hyl) ether Bisphenol A 1,4-Bis (ptiEng1006/045352
am no) benzene Bis (tributyl tin) oxide 2-(3,5-Bis
(trifluoromethyl) phenyl) - 234 -
- N- et hyl hydr azi necar bot hi oam de (9Cl) Bl adex
Bl eqnycj n sul fate Bont Bracken fern, dried Bradykinin
Br e%ﬁi wcﬁ?‘irﬁ‘%?rdeéronaci | Bromazepam Bronocri pt?/ne

Br aimcdd Ptd 18, 1mesiHat e 5-Brono-2, - deoxyuri di ne
2-Bronp-d- |ysergic acid diethylamde 6-Bronmo- 1,2
- ndpindwild none Br onoper i dol Br onophenophos

3; %‘%ﬁ?ﬁﬂ%&%ﬂ%%@mﬂg SBSLT?P& Ellmlhlyé:r ochl or i de
5 Bupmr -emiagshdnyieslhydr ochl oride 1,3 -Butadi ene Butamrate
citrat iepl'}érfi;lBouf a nediamne,,

3-(4-Biphenylylcarbonyl) propionic acid

2,2-Bipyridine

Bis (para-acetoxyphenyl) -2-methylcylcophexylidenemethane
10 4,4-Big(l-amino-8-hydroxy-2,4-disulfo-7-napthylazo) -

3,3,- bitolyl,tetrasodium salt

1,4-Bis (3-bromopropionyl) -piperazine

1,3-Bis (carbamoylthio) -2-(N,N-dimethylamino)propane

hydrochloride
15 trans-N,N, -Bis(2-chlorobenzyl) -1,4 cyclohexanebis

(methylamine) dihydrochloride

Bis (2-chloroethyl) amine hydrochloride

“4,-(Bis (2-chloroethyl) amino) acetanilide

4,-(Bis (2-chloroethyl) amino)-2-fluoro acetanilide
20 dl-3- (para- (Bis (2-chloroethyl) amino) phenyl)alanine

Bis(beté—chloroethyl) methylamine

Bis (2-chloroethyl) methylamine hydrochloride

Bis (2-chloroethyl) sulfide

N,N, -Bis (2-chloroethyl) -N-nitrosourea
25 N,N, -Bis (2-chloroethyl) -para-phenylenediamine

Bis (para-chlorophenyl) acetic acid

2,2-Bis (ortho, para—chlorobhenyl)—1,1,1—

trichloroethane

1,1-Bis (para-chlorophenyl)-2,2,2-trichloroethanol
30 Bis (beta-cyanoetyl) amine

Bis (dichloroacetyl) -1,8-diaminooctane

3,5-Bis-dimethylamino-1,2,4-dithiazolium chloride

Bis (dimethyldithiocarbamato) zinc



1, 4- But anedi ol di nmet hyl sul fonate 4-Butanolide
But obar bi tal But octam de sem succi nat e But or phanol
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2- But oxyet hanol par a- But oxyphenyl acet ohydr oxam c aci d
Butriptyline Bronoperidol Broggghenophos 4-Bronophenyl
chl oronmet hyl sul fone Bucli zi ne di hydrochl ori de

Bud ni de Buni trol ol hydrochl ori de Buprenor phi ne
hydfgg%1%ﬁ?%ﬁﬁﬁg%Fd¥mﬁ%ﬁﬁ¥ﬁﬁbxihaﬁirate citrate

1, %m&ge&g&gﬁﬁnétﬁyﬁ%m%@@étﬂé meg fuyd .zs.%éh%g{e}yl

4- But anoli'd ut obar bi tal Butoctam de semni succin
But®#tg#ianol tartrat eBut oxybenzyl hyoscyam ne brom de

e B TR T o Aot ¥ bt y1 &l conol
se BB s al el ariaid - BitaH1 S riazine

Bis (ethylmercuri) phosphate

Bis-HM-A-TDA

Bishydroxycoumarin

Bis (4-hydroxy-3-coumarin) acetic acid ethyl ester

1,4-Bis ((2- ((2-hydroxyethyl) amino) ethyl) amino) -

9,10- athracenedione diacetate

Bis (isooctyloxycarbonylmethylthio) dioctyl stannane

Bis (2-methoxy ethyl) ether

Bisphenol A

1,4-Bis (phenyl amino) benzene

Bis (tributyl tin) oxide

2-(3,5-Bis (trifluoromethyl) phenyl) -N-methyl-

hydrazinecarbothicamide (9CI)

Bladex

Bleomycin sulfate

Bomt

Bracken fern, dried

Bradykinin

Bredinin

Bremfol.

Bromacil

Bromazepam

Bromocriptine

Bromocriptine mesilate

5-Bromo-2, -deoxyuridine

2-Bromo-d-lysergic acid diethylamide

6-Bromo-1,2-napththoquinone

Bromoperidol



al pha, - ((tert -Butyl am no) nethyl)
- 4- hydr oxy- net axyl ene- al pha, al pha-di ol Butyl
w@earopaeab®e Butyl car bobut oxynet hyl pht hal at e Be€T/US2006/045352
di chl orophenoxyacetate Butyl ethyl acetic acid Butyl
fluf enamate n-Butyl glycidyt Z6er n-Butyl nercaptan
n- Butyl - 3, ort ho-acetyl - 12- b- 13- al pha- di hydr oj ervi ne 1-
(tert-Butyl am.,no) -3- (2-chloro-5-nethyl phenoxy) -2-
pr g%%%qp 5K ori de al pha - But yl benzeneret hanol
5- Butpdombhengiin dazateeiianisuladnd net hyl ester
5-Butyl,K -1-cyl cohexyl barbituric acid 2-sec-Butyl -4,
6- U tirigre feihvAamaideyide dj phenyl -3, 5-di oxo
pyr@zldisng n-Butyl -N-nitroso- 1-butam ne N Butyl
-N-nitroso ethyl carbamate n-Butyl nitrosourea
5| - Batryl t121q16 Hyduqeetisloddd i di de | - Butyl - 3-sul fanil yl
urea | -Butyl-3- (para-talyl, sulfonyl) urea 1-Butyl -3-
(P BRITISARA T DI BT 1501 um 2al ¢ Butyi -2, 4
5-t1j sl araphanoxyacet at el - Butyryl -4- (phenylal 1 yl)

pi perazi ne hydrochl ori de Buzepi de net hi odi de Cadm um
Cad#ittiaiinaye s dét8qe Cadnmi um chl ori de Cadni um

chl P,ri%tag{éﬁ’lda{ﬁr?e Cadm um conpounds

10 1,4-Butanediol dimethyl sulfonate
4-Butanolide
Butobarbital
Butoctamide semisuccinate
Butorphanol tartrate
15 Butoxybenzyl hyoscyamine bromide
2 -Butoxyethanol
para-Butoxyphenylacetohydroxamic acid
Butriptyline
Bromoperidol
20 Bromophenophos
4 -Bromophenyl chloromethyl sulfone
Buclizine dihydrochloride
Budesonide
Bunitrolol hydrochloride
25 Buprenorphine hydrochloride
1,3-Butadiene
Butamirate citrate
1,4-Butanediamine
1,4-Butanediol dimethyl sulfonate
30 4-Butanolide
Butobarbital
Butoctamide semisuccinate

Butorphanol tartrate



Cadni um oxi de Cadm um sul fate (1:1) Cadm umsulfate
(1:1) hydrate (3:8) Cadral azine Caffeic acid Caffeine
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phosphononyci n hydrate Cal ciumtri sodi um di et hyl ene
triam ne pentaacetate Cal ci unyyql proate

Cal ci um N- 2- et hyl hexyl - bet a- oxybut yram de .

sem succi nat e Canbendazol e Canphorated oil Candida
al BiHEAY RANAGp Felesyarcaen aictiisle Cannabi nol Cannabi s

Cap (gapjdggj,@%t}parﬁ Gapt af ol Captan Carbamates Carbaryl
Car bendazi'm and osodl umnitrite (5:1)Carbi dopa

Camrmﬂﬂlttoamwlarﬁ/dmwpzyihy@&to&ranﬁ@r kefidr an Car bon
%%p(éar bon di sul fi de Carbon nonoxi de Car bon
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tetrg
n-Butyl acetate
n-Butyl alcohol
sec~Butyl alcohol
tert-Butyl alcohol
alpha, - ((tert-Butyl amino) methyl) -4-hydroxy-meta-
xylene—‘alpha,alpha—diol
Butyl carbamate
Butyl carbobutoxymethyl phthalate
Butyl dichlorophenoxyacetate
Butyl ethyl acetic acid
Butyl flufenamate
n-Butyl glycidyl ether
n-Butyl mercaptan
n—Butyl—B,ortho—acetyl—12—b—13—alpha—dihydrojervine
1—(tert—Butylamino)—3—(2—chloro—5-methylphenoxy) -2~
propanol hydrochloride
alpha-Butylbenzenemethanol
5-Butyl-2-benzimidazolecarbamic acid methyl ester
5-Butyl-1l-cylcohexylbarbituric acid
2-sec-Butyl-4, 6-dinitrophenol
4-Butyl-1,2-diphenyl-3,5-dioxo pyrazolidine
n—Butyl;N—nitroso—l-butamine
N-Butyl-N-nitroso ethyl carbamate
n-Butylnitrosourea
1-Butyl-2',6'-pipecoloxylidide
1-Butyl-3-sulfanilyl urea
1-Butyl-3- (para-tolyl sulfonyl) urea
1-Butyl-3- (para-tolylsulfonyl) urea, sodium salt
Butyl—2,4,5—trichlorophenoxyacetate
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steroid No. 1 d-Catechol CAZ pentahydrate Cefamandol e
sodi um Cef ot axi ne sodi um Cetazgsi_one Cef azol i n sodi um
salt Cef netazol e Cef netazol e SOdI um Cefroxadi n

m)noptaal C@% l}l_d]raﬁgl:&gellr Celluhpgfse acetag%n

(Fhed ' f
Ce e iden nfsshiagiirdeesi um arsenate Cet hyl ami ne hydro
| uori de al pha- Chaconi ne Chenodeoxycholic acid

mlcoa(gntlirhz%nne Chl or anbuci |
Cadmium (II) acetate
Cadmium chloride
Cadmium chloride, dihydrate
Cadmium- compounds
Cadmium oxide
Cadmium sulfate (1:1)
Cadmium sulfate (1:1) hydrate (3:8)
Cadralazine
Caffeic acid
Caffeine
Calcium EbrA complex
Calcium fluoride
Calcium phosphonomycin hydrate
Calcium trisodium diethylene triamine pentaacetate
Calcium valproate
Calcium—N—z—ethylhexyl—beta—oxybutyramide semisuccinate
Cambendazole
Camphorated oil
Candida albicans glycoproteins
Cannabidiol
Cannabinol
Cannabis
Cap
Caprolactam
Captafol
Captan
Carbamates
Carbaryl

Carbendazim and sodium nitrite (5:1)
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Chl or anpheni col Chl or anpheni col nonosucci nate sodi um
salt Chl oranphenicol palmtate Chlorcyclizine

Chl or cycl ohexam de Chl ordane Chl ori m pram ne

Chl orinated canphene Chl orinajg6 di benzo di oxins
Chl ori sopropani de Chl or madi non par a- Chl oro

di net hyl ami noazobenzene 2- Chl oroadenosine 1 -
(3-C@ﬁ %yl) -3,5, 7-triaza-I|-azoni aadamant ane

chl @416k, 13- | Q¥Qr 449 g - ((para- (2-

(Chl oro- olr t%oﬁ%ﬁ%ﬁ@‘?ﬂyﬁ&ﬁ%nw ) sulfonyl) -3-

cyl@Gatimdramr ea Chl or obenzene ort ho- Chl or obenzyl i dene

mal ongni trj.l e .1- para - Chl orobenzyl -I1H indazole
BT

- 3-Car box id 7-Chloro-5- (ortho-chl orophenyl)

- 1,cadubrhydrefriFilmedr oxy- 2H 1, 4- benzodi azepi n-2-one
Chl or ocyl ci ne 6-Chl or o-5-Cycl ohexyl -1 -i ndancar boxylic
aciCFERSH Jlmoxide? | 3-di chl or ophenoxy)
- 2ty thid iJp;dazol e 5-Chloro-2- (2-
(di et hyl am ng;&%g%[ﬁo@)%y benzanilide 7-Chloro-|
, 3-Githhpprost- phemetthardidel , 4- benzodi azepin-2 - one
Chl groet hyl, mercury 1- (2 -Chloroethyl)

Gt

al, .
- 3-6V XY -1 -ni trosour ea

Carmetizide

Carmofuf

1-Carnitine hydrochloride
Carnosine

Carzinophilin

Cassava, manihot utilissima
Catatoxic steroid No. 1
d-Catechol

CAZ pentahydrate
Cefamandole sodium
Cefotaxime sodium
Cefazedone

Cefazolin sodium salt
Cefmetazole

Cefmetazole sodium
Cefroxadin

Cefuroxim

Celestah-depot

Cellryl

Cellulose acetate monophthalate
Centbucridine hydrochloride
Centchroman

Cephalothin

Cervagem
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| - Chl oro-3-ethyl-I-penten-4-YN-3-OL Chl oroform
4- Chl oro-N-furfuryl -5-sul fanoyl anthranilic acid
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7- met hanoi soi ndol - 2-YL) -3- sul fanoyl benzam de (-
)-N- ((5-Chloro- 8-hydroxy ZZoethyl -1-0X0- 7 -

i sochromanyl ) carbonyl) -3 -phenyl al ani ne

5- Chl oro- 7-i odo- 8- gui nol i no

( o8R8y 8X2SRaLRY| phenoxy) acetic acid 2 -

( 4=Ehkakar 2emalAybrherexyk propanocic acid (R (9C)
4- Chl Or o- 2- net hyl phenoxy- al pha- propi onic acid
7 aCpher-Chatoméngy| - 5-phenyl -1H 1, 5-benzodi azepi ne -
2,4 (3H 5 sdhone _2-.Chl oro-11- (4-nethyl pi perazi no)
dF@@&f@e YEPOLE AT azepine 4 - ((5- Chi or o- 2- OXO 3
( 28n odhemzeichi azol yl ) acetyl) -1- piperazi neethanol 4
- (3- (2-¢Chl grophenot hi azi n-10-YL) propyl) -1-

i A&t Hanol  4- Chl or ophenyl al ani ne 1-

pi

( R R Rridaha- phenyl benzyl) -4- (2- ((2-
hydr oxyet'hoxy) ethyl) piperazine) 1 -

( el rGhipdreopivedy Moncgu cinditee Slo@icEy Isadsy| - 5-

0X razole 3 - (.para-Chlorophenyl) -1, 1
W%%Pelé?ﬁ, P(a}-“gn?ﬁ%&%ophenyn _7-ethyl -1-nethyl
- Thil3didrarHkidere b3 (1, 4) di azepi n-2-one

N—3-Ch|oropheny|is%Propylcar amate 3 -
( Framusispieniyile hyfnosdt 9 A nethylurea 2 -

( = -2- (met hyl am no) cycl ohexanone
( 3%%1%}%1?%%@&%3&8 ( y ) cy

Chlordane

Chlorimipramine

Chlorinated camphene

Chlorinated dibenzo dioxins

Chlorisopropamide

Chlormadinon

para-Chloro dimethylaminoazobenzene
2-Chlorocadenosine

1- (3-Chloroallyl) -3,5,7-triaza-l-azoniaadamantane
chloride

3-Chloro-4-aminocaniline

1- ( (para- (2- (Chloro-ortho-

anisamido) ethyl)phenyl) sulfonyl)-3- cylcohexyl urea
Chlorobenzene

ortho-Chlorobenzylidene malononitrile
1-para-Chlorobenzyl-1H-indazole-3-carboxylic acid
7-Chloro-5- (ortho-chlorophenyl) -1, 3-dihydro-3-hydroxy-
2H-1,4- benzodiazepin-2-one

Chloroc?lcine

6-Chloro-5-Cyclohexyl-1-indancarboxylic acid
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WO 200ploe21ys - 5- t hi azol eacetic acid 1 - PCT/US2006/045352

10

15

20

25

30

(para- Chl or ophenyl sul fonyl ) -3-propylurea
par a- Chl orophenyl -2 ,4 ,5-trjghl orophenyl sulfone
4- Chl orophenyl -2 ,4 ,5-trichl orophenyl azosul f ide

' i 1- bis_ (4-chlorophenyl) ethanol
g‘nl gg‘&ﬁf’tﬁ?&l e réﬂddﬂéﬁrog'( ﬁa@be%@my dRooletdyildtio-
Chiiegw iy ANlor oqui ne di phosphate N -
(3-Chloro-ortho-tolyl) anthranilic acid 2 - ((4
D I B 28 o

i€t hyl phasphi ne) go . .

3??%F@?F%%Q&SE%P@?@¥%%r%:%$@aw v%éhﬂoﬁphéﬁ?oépﬁZﬁélg—z-
(4onepara - Chl orphenyl) -4-hydroxi peri di no)

- par af | uor but yr ophenone Chol ecal ci ferol Chol esterol
aggrrf@&rﬂe&ﬁ%emeﬁ@wrani ¢ gonadot ropi n Chromi um

hharibd i Vk). .0XI 1:3) Chrom um
fr?SﬁFOFFgg&%§§§§32r§tS%EFgﬁs%y%i% A3CECFOUESRO05 C. |
Di fe€hlpirge3tethyétiapedtam-galii-€-br, Direct blue 6 ,

te ikumsalt C 1. Direct _blue 14, tetrasodium salt
C. F.ﬁiﬁgrgg%fmbl ue 15, tetrasodi um salt

4—Chloro—N—furfuryl—5-su1famoylanthranilic acid
Chlorogenic acid
endo—4-Chloro—N—(hexahydro-4,7—methanoisoindol—2—YL)—3—
sul famoylbenzamide

(- )—N—((5—Chloro—8—hydroxy—3—methyl—l—OXO—?—
isochromanyl) carbonyl) -3-phenylalanine
5-Chloro-7-iodo-8-quinolinol
(4-Chloro-2—methylphenoxy) acetic acid
2-(4—Chioro—2—methylphenoxy) propanoic acid (R) (9CI)
4—Chloro-2—methylphenoxy—alpha—propionic acid
7—Chloro—1—methyl—S—phenyl—lH-l,5—benzodiazepine~
2,4 (3H,5H) -dione

2-Chloro-11- (4-methylpiperazino) dibenzo (b,£) (1,4)
thiazepine
4-((5~Chloro-2—OXO—3(2H)-benzothiazolyl)acetyl)—l—
piperazineethanol
4—(3—(2—Chlorophenothiazin—lo—YL)propyl)—1—
piperazineethanol

4-Chlorophenylalanine
1—(para—Chloro-alpha—phenylbenzyl)-4—(2-((2—
hydroxyethoxy) ethyl)piperazine)
1—(meta—Chlorophenyl)—3—N,N—dimethylcarbamoyl—s—
methoxypyrazole

3—(para—Chlorophenyl)—1,1,dimethylurea
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Cilostazol Cinoxacin Citreoviridin Citrinin Gtrus

hystrix DC, fruit peel extract Cavacin Cindanycin-
PCT/US2006/045352

2- phosphat e C oazepam Cl obet asone butyrate C oconazol e
hydrochl ori de O of edanol hydr8éRl oride Cl of exani de
phenyl but azone C om phene racem c-C om phene citrate

t r ams (2 Gor RisHenEl f LAt i di oy oL MY B8, - o1
d on'iS§<2i C lglcei) dd ox%lz)gl az%p%n?%ggi\%%%dldo%aguﬁ :Yse 2

Cobrtene | {3, Jcet ylI ket brdtazaoiraia-qid ) chloride Corn
ol 2o A R SRR € ot tonseed o
( urdy tk ofjenatgsherGalnel +ue @t 1 et hylurea
2—(orthb—Chlorophenyl)—2—(methylamino)cyclohexanone
hydrochloride
3—(para-Chlorophenyl)—1—methy1-l—(1-methyl—2-propynyl)
urea
4- (para-Chlorophenyl) -2-phenyl-5-thiazoleacetic acid
1—(para—Chlorophenylsulfonyl)—3—propylurea
para-Chlorophenyl-2,4,5-trichlorophenyl sulfone
4-Chlorophenyl-2,4,5-trichlorophenylazosulfide mixed
with 1,1- bis(4—chlorophenylfethanol
Chloropromazine
Chloropromazine hydrochloride
Chloroquine
Chloroquine diphosphate
N- (3-Chloro-ortho-tolyl) anthranilic acid
2- ((4-Chloro-ortho-tolyl) oxy) propionic acid potassium
salt
Chloro(triethylphosphine)gold
Chlorovinylarsine dichloride
4-Chloro-3,5-xylenol
Chlorphentermine
g- (4- (para-Chlorphenyl) -4-hydroxiperidino) -para-
fluorbutyrophenone '
Cholecalciferol
Cholesterol
Cholestyramine
Chorionic gonadotropin
Chromium chloride
Chromium (VI) oxide (1:3)

Chromium trichloride hexahydrate
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met a- Cresol Cunvesterol S-1- Cyano -2-hydroxy-
3-but ene Cyanotri net hyl andr ost enol one Cycasin

Cycl ohexanam ne hydrochl ori de Cyclohexi m de

Cycl ohexyl am ne Cycl ohexyl anjpe sulfate 2 -

(Cycl ohexyl am no) et hano

N- Cycl ohexyl - 2- benzot hi azol esul f enam de 4 -

( 4-Byrsingimyesxiyd 23- chl or oph. enyl ) - 4-oxobutyric acid

| - 0 - 3-para-tol ysul fonylurea Cyclonite
Cygiggagg%ﬁ%yclophosphanide hydrate Cyclopho

sploramme-«ytphawey ol opiczeRida ik &adt
(Cycloprqpylcarbony%% - 2- benzi m dazol ecarbam ¢ acid
metthyl - d5ir&c r G194 rAGEeCHE Gpditei ne - germani ¢
acicd 10/achalas) B V! ehalasi £ Quhastasan Oyt oxal
al cohol Cyt oxyl "am ne Demnet on + net on- S
De fbtlonDOuestthydluge mst, r ikt rasodium salt

Cilostazol

Cinoxacin

Citreoviridin

Citrinin

Citrus hystrix DC., fruit peel extract

Clavacin

Clindamycin-2-palmitate monohydrochloride

Clindamycin-2-phogphate

Cloazepam

Clobetasone butyrate

Cloconazole hydrochloride

Clofedanol hydrochloride

Clofexahide phenylbutazone

Clomiphene

racemic-Clomiphene citrate

trans-Clomiphene citrate

Clonidine hydrochloride

Clonixic acid

Cloxazolazepam

Clozapine

Coagulase

Cobalt (III) acetylacetonate

Cobalt (II) chloride

Corn oil

Corticosterone

Corticosterone acetate

Cortisol

PCT/US2006/045352



Denopam ne II-Deoxo-lZ-beLaa _ _
13- al pha-di hydro- 11 -al phahydroxyj ervine o

wo lzoolmgbmﬁ er viyne- 4- EN-3-one 2 , - Deoxy- 5- f | uor oRCT/tiB1066/045352
2- Deoxygl ucose 2 , - Deoxy- 5-i odouri di ne
4- Deoxypyri doxol hydrochl oridg,Pephosphate
br onof enof'os Depof em n Depo- nedrate

N-Desacet yl t hi ocol chi ci ne Desoxynet asone o
2- gosr obarbital Detergents, Liquid containing

U I ni t hasone
AES ety antzs, - dd«l contai ning LAS Dexane
acet at el Dexanet hasone 17, 21-di propionate

DeX&@fdneEsste qddl nfurdtyeldexiaared) Dextran 70

Dextd qRL2Roxyphene napsy al pha - DFMO Di abenor
Di ace?‘)%lr%glr phi ne hydrochloride Dialifor D am cron

5 2, Lridvertiimo- 6- net hyl -5-phenyl pyri m di ne2, 4- Di am no-
5- phenyl_ - 6- et hyl pyri ni di ne 2 ,4-Diamno- 5-phenyl -
6- B\ﬁﬁﬁy%ﬁﬁpﬁfi dine 2 , 4-Di am no- 5-phenyl pyrinidine 2
, Sebhmgekpatghuene di hydrochl ori de
S-1-Cyano-2-hydroxy-3-butene
Cyanotrimethylandrostenolone
10 Cycasin
Cyclocyfidine hydrochloride
Cycloguanyl
Cyclohexanamine hydrochloride
Cycloheximide
15 Cyclohexylamine
Cyclohexylamine sulfate
2- (Cyclohexylamino) ethanol
N—Cyclohexyl—z—benzothiazolesulfenamide
4—(4—Cyclohexyl—3—chlorophenyl)—4—oxobutyric acid
20 1—Cyclohexyl—3—para—tolysulfonylurea
Cyclonite
Cyclopamine
Cyclophosphamide hydrate
Cyclophosphoramide
25 alpha-Cyclopiazonic acid
5—(Cyclopropylcarbonyl)—2—benzimidazolecarbamic acid
methyl éster
Cyprosterone acetate
Cysteine-germanic acid
30 Cytochalasin B
Cytochalasin E
Cytostasan

Cytoxal alcohol



Di azepam Di azi non 6- Di azo- 5- oxonor | euci ne Di azoxi de
Di bekacin 5H Di benz (b, f) azepi ne-5-carboxam de

wokbDiokEsg (b, f) azepine, 3-chloro-5- (3- (4-ceChuasmwyé/e45352

10

15

20

25

30

4 - piperidinopiperine Dibenz (b,f) (1,4) oxazepine
Di benzacepi n D benzyline hydra¢hl oride 1

, 2- Di br ono- 3- chI or opr opane 3, 5- Di br ono
L 4- )%y -2-ethyl -3-benzofuranyl ketone
Di brionmo el n| m de 1 , 6-Di bronmomannitol D butyl
pht hal ate N, N-Di - n- butylf ormam de Di butyryl cyclic
an@@l@mb&ﬁed@m@rcams nmet hyl et hyl sul fide

D| r badodecabaqr. anyl net hyl propyl sulfide 1-

%a % ?rﬂ?%f‘;?ﬂ i ndazol e- 3- carboxylic acid
Dojan@mcfﬁtonltrlle(ortho- ((2, 6-Dichloroanilino)
phenyl ) acetic acid sodiumsalt ortho-D chl orobenzene

lﬁﬂﬁﬁllé}eobenzene 4
di | f,
- qulhl or o f&h t\%?qgen 2 Sudc1 ng:}](? il'é‘a@@l""adl ene

hydroxyjerv1ne
ll-Deoxojervine-4-EN-3-one
2,-Deoxy-5-fluorouridine
2-Deoxyglucose

2, -Deoxy-5-iodouridine
4-Deoxypyridoxol hydrochloride
Dephosphate bromofenofos
Depofemin

Depo-medrate
N-Desacetylthiocolchicine
Desoxymetasgone
2-Desoxyphenobarbital
Detergents, Liquid containing AES
Detergents, Ligquid containing LAS
Dexamethasone acetate
Dexamethasone 17,21-dipropionate
Dexamethasone palmitate

Dextran 1

Dextran- 70

Dextropropoxyphene napsy
alpha-DFMO

Diabenor

Diacetylmorphine hydrochloride
Dialifor

Diamicron

2,4-Diamino-6-methyl-5-phenylpyrimidine



1 ,4-Dichloro-2-butene 2,2-Dichloro-1, 1-difluorethyl
met hyl ether 5 ,5-Dichloro-2, 2 ,-dihydroxy-3 ,3
WO 2@7/062190bi phenyl 5 1 , 1- Di chl or oet hane PCT/US2006/045352
2, 3-Dichl oro-N-et hyl mal ei ni m de Di chl or onal ei m de
Di chl oro- N-net hyl t nal ei m de- 2246 Dx chl or o- 4
-ni trodi phenyl ether 0 2,4-Dichl orophenol (2

" 4-Digchlaro tic Aaq) othyl ester (2
CRENSEe s SRR i (2
, 4-Dj o icaraipteerioyphe it A8 - pr s lby2=in(id ine
4- Di chl or ophenoxy). prapionic acid 5 (+) -2- (2
1T e BSOS d

& I o GroRReNQRC &ty Bl hloride

3
2, 4-Di chl or ophenoxyaceti ¢ acid propyl ene glycol butyl
S etHarazepast 2 - (2, 6-Dichlorophenyl am no) -2

i 'J?jaazzlqlcgrpe_ 0 3 ,6-Dichloro-2-pyridinecarboxylic acid
Di critorvos D cycl ohexyl adi pate
Di oy iotvaxys ~ckibreirwirdiine
Di c]%‘cl opent adi enyl di chl orotitanium5 7
, 8- retinoic acid Dieldrin Diethyl carbitol
D ety e ponate Diethyl nmercury O Diethyl phthal ate
Diethyl sulfate 2 - (Diethylamno) -2 ',6

10" - aFetdbdnali e £) azepine-5-carboxamide

SH-Dibenz (b,f) azepine, 3-chloro-5- (3- (4-carbamoyl-
4- piperidinopiperine
Dibenz (b,f) (1,4) oxazepine
Dibenzacepin

15 Dibenzyline hydrochloride
1,2-Dibromo-3-chloropropane
3,5-Dibromo-4-hydroxyphenyl-2-ethyl-3-benzofuranyl
ketone -
Dibromomaleinimide

20 1,6-Dibromomannitol
Dibutyl phthalate
N,N-Di-n-butylformamide
Dibutyryl cyclic amp
Dicarbadodecaboranylmethylethyl sulfide

25 Dicarbadodecaboranylmethylpropyl sulfide
1-(2,4-Dichlorbenzyl) indazole-3-carboxylic acid
Dichloroacetonitrile
(ortho- ((2,6-Dichloroanilino) phenyl) acetic acid sodium
salt '

30 ortho-Dichlorobenzene
para-Dichlorobenzene
4,5-Dichloro-meta-benzenedisul fonamide

2,2,-Dichlorobiphenyl
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2-Diethylamno-2 ',6 '-acetoxylidide
hydr ochl ori deort ho- (D et hyl am noet hoxy) benzanilide 2

(2- (Diethylam no) ethoxy) -2, -chloro-benzanilide 2 -
(2- (D ethylam no) ethoxy) -3;,+chloro-benzanilide 2 -
(2- (Diethylam no) ethoxy) -3,

- chl or q- net hyl benzani | i de

( pArELasaslind -dmteskiensxyphenyl ) - 1- phenyl -2

- par 1994 18hanal - (2- (D ethylam no) ethyl)

r egé?lg{ﬁr%?ﬂ%- Di e?ﬁﬁu;cr%nﬁo- 5-net hyl -s-triazolo (1

, 52al2pid)-hiyrioridilnel i INoRee iyl berzagnesyht onani de

Di et t%y_bj.c rbamaéi ne E&g&hyl carbamazi ne acid citrate

Di 8t Iy &icﬁl-}é’r’r’;ﬂ‘ di‘chi SR e 3DBet BN faolipbenyl

D et hybere1ghveshapenonet hyl et her

1, 2-Di et hyl hydrazi ne 1, 2-Di et hyl hydr azi ne

di RydrddrihdrireeNNekhpilanhplihswideni de

N, N+ Bhethyl»4=08t Ryl - 3- oxo- 5- al pha- 4- azaandr ost ane- 17-
bet é- carétn?gr%gg]gﬁé, 3-Diethyl-I- (neta-pyridyl)

t r Pagbhere-NamBtayhyhiefl)ded, 4, -stilbenediol bis
(dihydro hosphate) a ,a-Diethyl-4, 4

, - gl’lx| @éﬁgﬂPgP-évgaaF%ﬁ%ah@nﬁ eﬁg]}ﬁrst ubes terol
Di et bybsthh besphehodi pal m tate Diethyl stil bestrol
di propi onate Difl orasone di acetate Diflucortol one

vallér arBighlarpphembky) uacenit hytbdnbut bikpetByt é2cer
4'@&fhUﬁi@ﬂfSP%ﬁﬂeﬁé&&fyéégtfgigcid dimethylamine
4—(2,4-Dichlorophenoxy) butyric acid
2-(2,4-Dichlorophenoxy) propionic acid
(+)-2—(2,4-Dichlorophenoxy) propionic acid
3,4-Dichlorophenoxyacetic acid
2,4-Dichlorophenoxyacetic acid propylene glycol butyl
ether ester
© 2-(2,6-Dichlorophenylamino) -2-imidazoline
3,6—Dichloro—2—pyridinecarboxylic acid
Dichlorvos
Dicyclohexyl adipate
Dicyclohexyl-18-crown-6
Dicyclopentadienyldichlorotitanium
7,8-Didehydroretinoic acid
Dieldrin
Diethyl carbitol
Diethyl carbonate
Diethyl mercury
Diethyl phthalate
Diethyl sulfate
2—(Diethy1amino)—2',6'—acetoxylidide
2-Diethylamino-2',6'-acetoxylidide hydrochloride

- 5-br onbbenzani | PABRUR2006/045352
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, 3-adi taw -bidxi etilgd. aldi nde tHscy)algehrerali ilyidieo] er vi ne

10,11 ;D hydrq-5- (,3- .(nethyl.am no ropyl ) .~-5Hdi benz
1041 (P N8 () o 10 propyl) 3]

, 7-Di by A St A G-y ), &, Dl WM -8 3RirG 18Ged
Di hydr ostrept onyci n 4-Di hydr ot est ost erone 3-al pha,
17-%bet?- Bigdnoaninglgterendrostdie-dgpranilide

MG R S0 A A1 e
( (i orra@H e tin)l aneitrtnd t Hdemhdnydl)cahghenyl -2 -para-
1- D hydrooxyphenyl -1-alanine |-(- )-3- (3,
4- [i“?ﬁylﬂlf](ﬁ%%l‘féﬂyl ) -2 -nethyl anine 17R,
21-2l Wcﬂé&%&%ﬁmr&&ﬁw yatddah@niaim hydr ogen
tartrate DI (2 -Hydroxy -n-propyl) am ne Diisobutyl
adi e i leomiuia 5 e e latse tat gieel o (., 5-alpha)
10 ( Dﬂffﬂf@iﬂeam no) ethyl) -al pha-phenyl -2-
N,N-Diethylbenzenesulfonamide
Diethylcarbamazine
Diethylcarbamazine acid citrate
Diethyldiphenyl dichloroethane
15 Diethylene glycol
Diethylene glycol monomethyl ether
1,2-Diethylhydrazine
1,2-Diethylhydrazine dihydrochloride
N,N-Diethyllsergamide

20 N,N-Diethyl-4-methyl-3-oxo-5-alpha-4-azaandrostane-17-
beta- carboxamide
3,3-Diethyl-1- (meta-pyridyl)triazene
a,a-Diethyl- (E)-4,4,-stilbenediol bis(dihydrogen
phosphate)
25 a,a-Diethyl-4,4,-stilbenediol disodium salt
Diethylstilbesterol
Diethylstilbestrol dipalmitate
Diethylstilbestrol dipropionate
Diflorasone diacetate

30 Diflucoftolone valerate
dl-alpha-Difluoromethylornithine
5-(2,4-Difluorophenyl) salicylic acid
Difluprednate



pyri di neacet amde DilantinD laudid Diltiazem
hydrochl oride Dimatif Di nethoxy ethyl phthalate 1,2

WO Diomesiexy et hane 3, 6- Di met hoxy- PCT/US2006/045352

4-sul fani | am dopyri dazi ne Di net hyl adi pate O
, O D net hyl nethyl carbanoytn2tsyt phosphordithioate
D met hyl phthal ate Di nethyl sulfate D nethyl sulfoxide

0 Digr%eﬁﬁ{ hyl phosphoram dot hi oate N

, N Det'hyl acetam de 0, 0-Di nethyl -S- (2- (acetyl am no)
et WilBydHrtduiaophosphate 4 - (Di net hyl am ne) -3, 5-XYLYL
-N-net hyl carbamate D net hyl am noanti pyrine
4- BITRASHA O SRS T - DI e

t hyd iaiiehkenaenadigzesediwp sul phonate 5 - (3-
(D met hyl am no) propyl) -2 -hydroxy- 10,

51| SdidmRiryzBiatiGoeltz (B0 4 -Idiamghloxydehkoyl) -1-piperazinyl) -

(3-0.napt hyl am_napropyl i dene-6, 11- di hydrodi benzo (b,

6 YA Ridni nS T aaRTS: | de 10- (2 (Di et hyl ani no)

pr Gpyd - iplyenet-hi-azi-nel i Rieti s ez 2ropr a0 eng 1 -

1, -,%ﬁmet@%l tgl guanide 1 - (2-

(1 S5 et/ 2293 8%€ny | i dene) hydr azi no) pht hal azi ne

Di et hul-dieRta 4l et e en

_9- D'met hyl - ST h;@éﬁn{%ﬁ%’l}%@&?‘é’%ﬁrﬁﬁ’ Yy &fsgen
10 t acifogre (- &) plraping- Dhyetroghdphisteer one

5,6-Dihydro—para—dithiin—2,3—dicarboximide
12,b,13,alpha-Dihydrojervine
10,11-Dihydro-5- (3- (methylamino) propyl) -5H-
dibenz (b, £)azepine hydrochloride

15 1,7-Dihydro-6H-purin-6-one
7,8-Dihydroretinoic acid
Dihydrostreptomycin
4-Dihydrotestosterone
3-alpha, 17-beta-Dihydroxy-5-alpha-androstane

20 3-alpha, 7-beta-Dihydroxy-6-beta-cholan-24-0IC acid
1 alpha, 25-Dihydroxycholecalciferol
3,4-Dihydroxy-alpha- ( (isopropylamino) methyl)benzyl
alcohol
1-Dihydroxyphenyl-1-alanine

25 1-(- )-3-(3,4-Dihydroxyphenyl) -2-methylanine
17R,21-alpha-Dihydroxy-4-propylajmalanium hydrogen
tartrate
DI (2-Hydroxy-n-propyl) amine
Diisobutyl adipate

30 Diisobutyl phthalate
alpha-(2- (Diisopropylamino) ethyl) -alpha-phenyl-2-
pyridineacetamide

Dilantin



N - (5 (((1,1-D nethylethyl) am no) sulfonyl) -1, 3, 4-
t hi adi azol -2- YL) acetam de nonsodi um salt
WO D621eg hyl - para ((para- fluorophenyl) azo) BOI/UB0eEN45352
me t hylf or mam de 1 ,1-Di et hyl hydrazi ne
1, 2- D et hyl hydrazi ne 2 , 6- D net hyl hydr oqui none
Di nethyl impram ne 1, 3-Di net B§Pi sot hi ourea
1, 3-Di et hyl nitrosourea 3 , 3-Di net hyl
- 1-phenyd{di azene Di net hyl thi onet hyl phosphat e
N, N-Di net hyl -4- (para-tolylazo) aniline 5 - (3
, 3-Ibi hiptagem | hydreotekonider dazol e -4 - car boxam de
cit , 6-Di met hyl -4-tridecyl nor phol i ne
1, é%g%ef%yl urea 2,4-Dinitroaniline 4
, 6-Ii e tHxPré oy X rsischaa@®ni um sal t 2
,6-Dinitro-N, N-di propyl-4- (trifluoronethyl)
5 benzend i TR BOXYR R3S r ophenol 2 , 4- Di ni t r ophenol

sodj wnrsald iR} 14 A80pt peragl; i3 fid 1ot ol uene 2
, 6-Di ni%t ol u}Eel%e D nopr ost et Irlé%%elr ef] nopr ost one
n- ioetthybradigatte Di oxane net a- Di oxane-4 , 4-di nmet hyl

}3194]'63%%3%%@3%6 _rﬁé;lfyﬁ%aﬁr%%ﬁo”ﬁn@@h% N9XAl NS o thicate

Dimethyl phthalate

10 Dimethyl sulfate
Dimethyl sulfoxide
O,S-Dimethyl phosphoramidothioate
N,N-Dimethylacetamide
O,0-Dimethyl-S- (2- (acetylamino) ethyl) dithiophosphate

15 4- (Dimethylamine) -3, 5-XYLYL-N-methylcarbamate
Dimethylaminocantipyrine
4-Dimethylaminoazobenzene
para-Dimethylaminobenzenediazosodium sulphonate
5- (3~ (Dimethylamino) propyl) -2-hydroxy-10,11-dihydro-5H-

20 dibenz (b, £) azephine
11-(3-Dimethylaminopropylidene-6,11—
dihydrodibenzo (b, e) thiepine hydrochloride
lO—(2—(Dimefhylamino)propyl)phenothiazine
Dimethylbenzanthracene

25 1,1-Dimethylbiguanide
1-(2-(1,3-Dimethyl-2-butenylidene) hydrazino)phthalazine
Dimethyldicetylammonium chloride
9,9-Dimethyl-10-dimethylaminopropylacridan hydrogeﬁ
tartrate

30 6-alpha,21-Dimethylethisterone
N-(5-(((1,1-Dimethylethyl)amino) sulfonyl)-1,3,4-
thiadiazol-2- YL)acetamide monsodium salt

N,N-Dimethyl-para ( (para-£fluorophenyl)azo)aniline



3 - (2- (I,3-Doxo-2-nethylindanyl) ) glutarimde 3 -
(2- (1, 3-D oxo-2-phenyl-4,5 6 ,7-tetrahydro-4 ,7 -
walkaohioedipglanyl ) ) glutarimde 2 - (2, PCT/US2006/045352
6- Di oxopi peri den-3YL) phthalimdeN - (2
, 6- Di 0x0- 3- pi peridyl) phthati&Pd8ine 1 ,3-Di oxo- 2-
(3 pyrldylnethylene) i ndan Di phenyl am ne
qg ; 44 phenyl hydant oi n and phenobar bi t a
- EQ 3-Dp en propyl ani no) propyl - 4 ",5 " -
tn]mﬂ*ibmyettequ]da;tckﬁwﬂtmchl oride Dipr opyl di pat e
c-Qct ht hal ate Di sodi um et hyl ene- 1
Zqﬂfé %ﬂ?@ﬁh%éh%é%ﬁé&??)sodlun1et|dronate Di sodi um
| NOS) d1ad Bnd A 1HECH R fanear senat e D sodi um nol ybdat e
d| hydrat e Di sodi um phosphononyci n Di sodi um sel enat e
5 Di shimetakdmRIRIMNGM 45 2 , 2-Dithiobis (pyridine
-1 PX qﬁ #ﬂ e trihydrate
ét e} g %€r| I ne- J%g - di oxi de Diuron al pha - DFMO
Dob1113 ammﬁwldtﬂml'dsmum Don'peri done Dopam ne
[ orid
DoDan]qgim3%¥q%Fh phenyltrlazene
Dimethylthiomethylphosphate
10 N,N-Dimethyl-4- (para-tolylazo)aniline
5-(3,3-Dimethyl-1-triazeno)imidazole-4-carboxamide
citrate
2,6-Dimethyl-4-tridecylmorpholine
1,3-Dimethylurea
15 2,4-Dinitroaniline
4,6-Dinitro-ortho-cresol ammonium salt
2,6-Dinitro-N,N-dipropyl-4- (trifluoromethyl)benzenamine
2,4-Dinitrophenol
2,4-Dinitrophenol sodium salt
20 Dinitrosopiperazine
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dinoprost methyl ester
Dinoprostone
25 n-Dioctyl phthalate
Dioxane
meta-Dioxane-4,4-dimethyl
1,4-Di-N-oxide of dihydroxymethylquinoxaline
1,3-Dioxolane-4-methanol
30 3-(2-(1,3-Dioxo-2-methylindanyl)) glutarimide

3-(2-(1,3-Dioxo-2-phenyl-4,5,6,7-tetrahydro-4,7-
dithiaindanyl)) glutarimide
- (2,6-Dioxopiperiden-3YL)phthalimide



Dori den Doxifluridi ne Doxycycline 1-Dronporan tartrate
Duazomyci nDur abol i n Duricef Dydr oge sterone Dye C

wee@nagabe nitrate Efl ornithine hydrochl ori de PCT/US2006/045352
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El asi omycin Elavil Elavil hydrochl oride El ynocl avi ne
EM 255 Enmoqui | Enorf azone Enalapril mal eate Enavid
Endosul f an Endrin Enf | urane™Enoxaci n Epe Ephedrine
Epi chl orohydri n Epi dehydrochol esterin 2-al pha,

3- a&¥ pta- = i drk - S-@i geha-drigrgdstael-ivi-chietea- OL
45 %pllgﬂln}%/—al—e 3ongl)§;rr:ﬂ<:{yelm%:t>:Nl'1y%pe%e l:ﬂnréian
Diphenylamine
Diphenylguanidine
Diphenylhydantoin and phenobarbital
3-(3,3-Diphenylpropylamino)propyl-3',4"',5'-
trimethoxybenzoate hydrochloride
Dipropyl adipate
Diquat
DI-sec-octyl phthalate
Disodium ethylene-1,2-bisidithiocarbamate
Disodium etidronate
Disodium inosinate
Disodium methanearsenate
Disodium molybdate dihydrate
Disodium phosphonomycin
Disodium selenate
Disulfiram
Dithane M-45
2,2-Dithiobis (pyridine-1l-oxide)magnesium sulfate
trihydrate
2,2-Dithiodipyridine-1,1, -dioxide
Diuron
alpha-DFMO
Dobutamine hydrochloride
Domperidone
Dopamine
Dopamine hydrochloride
Doriden
Doxifluridine
Doxycycline
1-Dromoran tartrate

Duazomycin
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1, 2- Epoxyet hyl benzene Eral din Ergochrome AA (2 ,2)
-5-beta, 6-al pha, 10-beta-5 ',6 '- alpha, 1-, -beta

Ergo term TGO Eryt hronycin Escherichia coli endotoxin
Escin beta-Escin Escin, sodiugysalt Estradi ol

Estradi ol di propionate Estradi ol polyester with
phosphoric acid Estradiol -17 -valerate Estradiol -3
- bePott@l Bt radi ol -3 -benzoate mixed with

proges ne (1:14 noles) Estradiol-17-caprylate

Est rarr%(g%?,n phosphat e sodium Estra-1, 3,5 (10)

- t rhedweedgshetenali ol - 17- tetrahydropyranyl ether

Estri ol _Estrone Ethanol am ne Ethi namate Et hi nyl
est?¥di%l Et hi nyl estradi ol and norethindrone acetate
17-al pha- Et hi nyl -5, 10-estrenol one dl - Et hi oni ne

Et hi:sdes £5e= amok e ed hyl sti | best rol
Eflornithine hydrochloride

Elasiomycin

Elavil

Elavil hydrochloride
Elymoclavine

EM 255

Emoguil

Emorfazone

Enalapril maleate
Enavid

Endosulfan

Endrin

Enflurane

Enoxacin

Epe

Ephedrine
Epichlorohydrin
Epidehydrocholesterin

2-alpha,3-alpha-Epithio-5-alpha-androstan-17-beta-0L

4,5-Epithiovaleronitrile

EPN

Epocelin

1,2-Epoxyethylbenzene

Eraldin

Ergochrome AA (2,2)-5-beta,6-alpha,l10-beta-5',6'-
alpha,1l-, -beta

Ergocornine methanesulfonate (salt)



6- Et hoxy- 2- benzot hi azol esul f onam de 2- Et hoxyet hanol
2- Et hoxyet hyl acetate Ethyl alcohol Ethyl all-trans-9-

W@ Zeompoiexy-2, 3 ,6-trinmethyl phenyl) - 3 ,7-di PEL/NFI006/045352
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2,4,6, 8-nonatetraenoat eEt hyl apovi ncam nate Ethyl
benzene Ethyl (2,4-dichlorophgggxy) acetate Ethyl
flucl ozepate Et hyl hexyl ene gl ycol Ethyl nercury
chloride Et h rret hacryl ate Ethyl nethanesul fonate

Et h g?r‘é?‘hw effa5RIr 0- 2 , 6- di met hyl -

(M%Eéﬁphﬁy| ) -3,5 - pyri di nedi car boxyl ate Et hyl
hi ne hydrochl ori de di hydrate Ethyl thiourea al pha-

W@?@Mlmt hyl ) -meta-hydroxybenzyl al cohol

4- thiadiazole 1-Ethyl -1, 4
d%w% 0- ‘91 et ‘%?11 -641‘{1063839{} 8- napht hyri di ne- 3-
carBexdt i c acid Ethyl -S -di net hyl am noet hyl
nmet hyl phosphonot hi ol ate Ethyl -N, N -di et hyl
ca 'tFeg%rhyl ene bis (dithiocarbamato) ) zinc
Et mdene dyanghydnin 1,2 - Ethyl ene di bromi de Ethyl ene

di chl ori'de Et hy ene glycol Ethylene glycol diethyl
et Fatm@diyllene gl ycol methyl ether Ethyl ene oxide

Estradiol dipropionate

Estradiol polyester with phosphoric acid
Estradiol-17-valerate

Estradiol-3-benzoate
Estradiol-3-benzoate ‘mixed with progesterone (1:14
moles)

Estradiol-17-caprylate

Estramustin phosphate sodium
Estra-1,3,5(10) -triene-17-beta-diol-17-
tetrahydropyranyl ether

Estriol

Estrone

Ethanolamine

Ethinamate

Ethinyl estradiol

Ethinyl estradiol and norethindrone acetate
17-alpha-Ethinyl-5,10-estrenolone
dl-Ethionine

Ethisterone and diethylstilbestrol
6-Ethoxy-2-benzothiazolesul fonamide
2-Ethoxyethanol

2-Ethoxyethyl acetate

Ethyl alcohol

Ethyl all—trans—9—(4—methoxy—2,3,6—trimethy1phenyl)-
3,7-dimethyl- 2,4,6,8-nonatetraenoate



Et hyl enebi s (dithi ocarbanmato) manganese and zinc
acetate (50:1) Ethylenedi am ne hydrochl ori de

waERdyloexiesli am net et raacetic acid PCT/US2006/045352

Et hyl enedi am net etraacetic acid, disodiumsalt Ethyl
enei m ne Ethyl estrenol 2- Et hybbexanol Et hyl
- par a- hydr oxyphenyl ket one Et hyl nmercuric phosphate

net carb mat e Et hyl -2-nethyl
-4h§<§‘h}f‘361»\L \ﬁ%& e 5-Ethyl -N-methyl
-S-Wylkb@ﬂ@éﬁéjrl c aC| d 2-Ethyl -2 -nethyl

succi nimde 1-Ethyl -4- (2-norpholinoethyl) -3
3 i phkn(d - 2-dishyrorhenemwy IN-EetateN- ni t r osobi ur et

£a Ethylnorgestrienone
17 E%][ %{9 nor%:&#{)sterone N- Et hyl - para- (phenyl azo)
5an|H:thq;e1 Sdatddne Sylphesiyl barbi turic acid 1-5-Ethyl
hydant oi n 3- Et hyl -5-phenyl hydantoin 5 -
%{WHP%WT Ggﬂ‘lrSlqﬁst hoxyphenyl) -s-triazole
T e ieEiidnami de Ethyl trichl orphon Ethyl -3
7 II-trlmeth Icfldeca 2 ,4-dienoate Ethylurea and

soﬁﬁhﬁhﬂ&ﬁh@%%ﬂllﬁorﬁtﬁwl urea and sodiumnitrite

norp“]“i)lﬁf'}(Ef gx%%g'tlo' 17U EE A —%lmet)ﬁ?ﬂ W heta-

10 nitrophenyl) -3,5- pyridinedicarboxylate
Ethyl morphine hydrochloride dihydrate
Ethyl thiourea
alpha- ((Ethylamino) methyl) -meta-hydroxybenzyl alcohol
2-Ethylamino-1,3,4-thiadiazole

15 1-Ethyl-1,4-dihydro-7-methyl-4-oxo-1, 8-naphthyridine-3-

carboxylic acid
Ethyl-S-dimethylaminoethyl methylphosphonothiolate
Ethyl-N,N-dimethyl carbamate
Ethylene bis(dithiocarbamato)) =zinc
20 Ethylene chlorohydrin
1,2-Ethylene dibromide
Ethylene dichloride
Ethylene glycol
Ethylene glycol diethyl ether
25 Ethylene glycol methyl ether
Ethylene oxide
Ethylenebis (dithiocarbamato) manganese and zinc
acetate (50:1)
Ethylenediamine hydrochloride
30 Ethylenediaminetetraacetic acid
Ethylenediaminetetraacetic acid, disodium salt
Ethyleneimine

Ethylestrenol



2- al pha- Et hynyl - al pha- nor-17-al pha- pregn-2 0- YNE- 2-
beta, 17-beta- diol Etizolam Etoperidone ETP E .
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Fanoti di ne FD&C red No. 2 FD&C yell ow NO. 5 Fel dene
Fencahl oni ne Fenestr el Fenoprg%gn cal ci um di hydrate
Fenot erol hydrobrom de Fent hi Fent hi ur am Fer bam
Ferrous sulfate Fertodur Fiboran Firemaster BP- 6

Fi rermmasterhdfadolF|l avoxat e hydrochl ori de Fl onoxef

sodi um Fl oxapen sodi um Fl ubendazol e Fl ucort ol one

FI JHaRY 21 BRE 31 I Sem e X900l i de Fl uni trazepam

Ethylmercuric phosphate

Ethyl-N-methyl carbamate
Ethyl-2-methyl-4-chlorophenoxyacetate
5-Ethyl-N-methyl-5-phenylbarbituric acid
2-Ethyl-2-methylsuccinimide
1—Ethy1;4—(2—morpholinoethyl)—3,3—diphenyl—2—
pyrrolidinone

N-Ethyl-N-nitrosobiuret

1-Ethyl-1-nitrosourea

Ethylnorgestrienone
17-Ethyl-19-nortestosterone

N-Ethyl-para- (phenylazo) aniline
5-Ethyl-5-phenylbarbituric acid
1-5-Ethyl-5-phenylhydantoin
3-Ethyl-5-phenylhydantoin

5- (2-Ethylphenyl) -3- (3-methoxyphenyl) -s-triazole
2-Ethylthioisonicotinamide

Ethyltrichlorphon
Ethyl-3,7,11-trimethyldodeca-2,4-dienocate
Ethylurea and sodium nitrite (1:1)

Ethylurea and sodium nitrite (2:1)

Ethynodiol

Ethynylestradiol mixed with norethindrone
2-alpha-Ethynyl-alpha-nor-17-alpha-pregn-20-YNE-2-
beta,l7-beta- diol

Etizolam

Etoperidone

ETP

E. typhosa lipopolysaccharide

False hellebore



Fl uoraci zi ne N-Fl uoren-2-YL acetam de
Fl uor obut yr ophenone Fl uorocorti sone 5-Fl uoro- 2,

WO d@oxynys | di ne 3- Fl uor o- 4- di met hyl am noazobene€&rnes2006/045352
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FI uor ohydr oxyandr ost enedi one2- Fl uor o- al pha- net hyl - (1,
1, -biphenyl) -4-acetic acid 3s7(acetyl oxy) ethyl
ester 4, -Fluoro-4- (4-raethyl piperidino)

but henone hydrochl ori de 3-Fl uoro-4
-pH%%ﬁf%@dratropic acid 5-Fluoro-| -

(t ergmadtytdiodair an- 2- YL) uracil Fluorouracil Flutam de
Fl ut azol am Fl ut oprazepam Fl utr opi um brom de hydrate
Fol FR&Gcref P roben hydr ochl ori de Fonazi ne nesyl ate

RN#E&@%Q% } de Formhydroxam ¢ acid Fornoterol
fumar at € ?ﬁ?gggggmh-Fornyl-N-hydroxyglycine

N- Ftglderer vi ne For phenicinol Fortitnicin A Fortimcin
A sl lahe fotfd n Fulvine
Fenestrel
Fenoprofen calcium dihydrate
Fenoterol hydrobromide
Fenthion
Fenthiuram
Ferbam
Ferrous sulfate
Fertodur
Fiboran
Firemaster BP-6
Firemasﬁer FF-1
Flavoxate hydrochloride
Flomoxef sodium
Floxapen sodium
Flubendazole
Flucortolone
Flunarizine dihydrochloride
Flunisolide
Flunitrazepam
Fluoracizine
N-Fluoren-2-YL acetamide
Fluorobutyrophenone
Fluorocortisone
5-Fluoro-2, -deoxycytidine
3-Fluoro-4-dimethylaminoazobenzene

Fluorohydroxyandrostenedione



Fum di | Furapyri m done Furazosin hydrochloride 2 -
(2-Furyl) -3- (5-nitro-2-furyl) acryl am de Fusarenone

woK208006219% aci d cal cium salt Fusariotoxin T 2 PCT/US2006/045352
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Fusi di neFyrol FR 2 Gabexate nesyl ate Gal actose
Gastrozepin Gentamycin Gentagweih sulfate Gentisic
acid Germani um di oxi de Gestoral G ndarine

hydr ochl ori de d uc 2 - (beta-d-d |
o ttaRgmia i e e 1 R BRSE YA ol ey Aesd -

RSt & R s G ey 2ic aci d.
annDYE L isad 4 - Golrek tSndipimpetrhidimed) s YERRdeonspi n
r Iyg:c?%crl%gwrolrggne agoni st Gossypol acetic acid

3-Fluoro-4-phenylhydratropic acid

5-Fluoro-1- (tetrahydrofuran-2-YL)uracil

Fluorouracil

Flutamide

Flutazoiam

Flutoprazepam

Flutropium bromide hydrate

Folic acid

Fominoben hydrochloride

Fonazine mesylate

Formaldehyde

Formamide

Formhydroxamic acid

Formoterol fumarate dihydrate

N-Formyl-N-hydroxyglycine

N-Formyljervine

Forphenicinol

Fortimicin A

Fortimicin A sulfate

Fotrin

Fulvine

Fumidil

Furapyrimidone

Furazosin hydrochloride

2- (2-Furyl) -3- (5-nitro-2-furyl)acrylamide

Fusarenone X

Fusaric acid calcium salt

Fusariotoxin T 2

Fusidine



G isoful vin Guanabenz acetate Guanazodi ne Guanfaci ne
hydr ochl ori de Guani ne -3 - N-oxi de Guanos i ne

woiBKHabaesi sone Hal of antrine hydrochl ori de Hal BEEUSZI06/045352
decanoat e Hal opredone acet at e Hal ot hane Hal oxazol am
HCDD Heliotrine Hematoidin - 259 -
Hept anet hyl phenyl cycl ot et rasi | oxane Heptyl phthal ate
Her oi n Hexabr ononapht halene Hexachl or obenzene 2, 2
+ FYFOL 5852 pexachl oro-1,1 /-biphenyl 3,3 4,4
, 5, 5" -Hexachl or obi phenyl Hexachl orobutadi ene
Hexachl or ocycl opentadi ene 1,2,3,4,7,8

- Hexaasdd o dihgfizafe ur an Hexachl orophene 4,5, 6,7, 8,
8- Hexachl or-Di, 5-tetrahydro-4 ,7-nethanoi nden

1- 1EdefEQffani ne Hexadecyl tri net hyl ammoni um broni de
i*»ggsgfggéfﬂggtone Hexaf |uoro acetone trihydrate

5 Gentamycin
Gentamycin sulfate
Gentisic acid
Germanium dioxide
Gestoral

10 Gindarine hydrochloride
Glucagon
2- (betard-Glucopyranosyloxy) isobutyronitrile
d-Glucose
Gludiase

15 Glutaraldehyde
Glutril
Glycidol
Glycinonitrile
Glycinonitrile hydrochloride

20 Glycol ethers
Glycyrrhizic acid, ammonium salt
Gold sodium thiomalate
Gonadotropin releasing hormone agonist
Gossypol acetic acid

25 Grisofulvin
Guanabenz acetate
Guanazodine
Guanfacine hydrochloride
Guanine-3-N-oxide

30 Guanosine

HBK
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Hexat net honi um brom de Hexamet hyl mel ami ne n- Hexane
1, 6- Hexanedi am ne 2- Hexanone Hexocycli um net hyl sul f

wat@7beohe Hexoprenal i ne di hydrochl ori deHexopPE&rabion€045352

sul fate n-Hexyl carborane Hi stamethizine Hi stam ne
di phosphat e Honof ol at e Human |nnunoglob|n CoG 78
Hyal uroni ¢ acid, sodi um sal £®8ycant hone

met hanesul f onat e Hydant oi n Hydral azi ne Hydral azi ne

hﬁQiPQEEQBhge Hydr azi ne Hydrochl orbenzet hyl am ne
eat e drochloric acid Hydrocorti sone sodi um
sHa&Dﬁaneerdrhvdrppbéﬁﬁldzl acet at e Hydrocorti sone-

rate dr.ocor |sone- 17-butyrate- 21-propionate
S FP??&HéecﬁTg pRosphat e Hydr of | uori c acidp
1Q3Q%b4eﬂb&boaeé@&ye17 al pha- et hynyl - 4-estren- 17- bet a-

- 3-one Hydroqui none- bet a-d- gl ucopyr anosi de

NHH9@¢@@Weethyl car bamat e

Haloxazolam

HCDD

Heliotrine

Hematoidin
Heptamethylphenylcyclotetrasiloxane
Heptyl phthalate

Heroin

Hexabromonaphthalene
Hexachlorobenzene
2,2',4,4',5'5'—Hexachloro—l,l,—biphenyl
3,3',4,4',5,5'-Hexachlorobiphenyl
Hexachlorobutadiene
Hexachlorocyclopentadiene
1,2,3,4,7,8—Hexachlorodibenzofuran
Hexachlorophene
4,5,6,7;8,8—Hexachlor—D1,5-tetrahydro—4,7—methanoinden
1-Hexadecanamine
Hexadecyltrimethylammonium bromide
Hexafluoroacetone

Hexafluoro acetone trihydrate
Hexamethonium bromide
Hexamethylmelamine

n-Hexane

1, 6-Hexanediamine

2-Hexanone

Hexocyclium methylsulfate

Hexone

Hexoprenaline dihydrochloride
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4 ,-Hydroxyacetanilide N Hydroxy-N-acetyl -2-am nof
| uor ene N-Hydroxyadeni ne 6- N- Hydr oxyadenosi ne 3-al pha

5- bet a- andr ost an- 3-one 3-Hydroxybenzoic acid

par a- Hydr oxybenzoi c aci d ethyglgqjester5 - (al pha

- Hydr oxybenzyl ) -2-benzi m dazol ecarbam ¢ aci d net hyl
ester 1-Hydroxychol ecalcif erol Hydroxydi nethyl arsi ne
oxHEEOPKER®%yBF nevhiRr e si ne oxi de, sodi um sal t

Q-Hyﬁégfyebgggggf%ﬁe 2 - (2 -Hydroxy ethoxy) ethyl -N-

(al pha, ™ al pha, a atrif luoro-neta- tolyl)
antihsbanébheziHgdr oxyet hyl starch

bet a- Hydr oxyet hyl car bamat e 1- Hydr oxyet hyl i dene- 1,
LB SR RGN O HRFRPA9% bet a- Hytr 0%y
7-abpbeonrtOyl andros t-5- ENE- 3-one

7- Hydr oxynet hyl - 12- et hyl benz (al pha) ant hracene

| - EyarexyABERyP ookt BY9EdT 8 mi de- 2- oxi de

5- hyl : 4- Luracil 2-Hydroxynet hyl phenol 5
- %¥g¥€§%$%§y¥é§éin%%ﬁy?ﬁ9$%£*- 3- phenyl propyl ) am no)
et Hiy¢ansladine yoe andues hyfowetd ori de N -

(Hydroxynet hyl ) phthalimde 3 - (1 -Hydroxy-
ZH%Y%%?¥%+%oethyl) -5 -phenyl isoxazole citrate

Z-Hy&&émathe(3- (meta- (piperidinonethyl )phenoxy)
PR 825 G asml Se fad o0t o T rochiori de)
Hydrazine
Hydrochlorbenzethylamine dimaleate
Hydrochioric acid
Hydrocortisone sodium succinate
Hydrocortisone-21-acetate
Hydrocortisone-17-butyrate
Hydrocortisone-17-butyrate-21-propionate
Hydrocortisone-21-phosphate
Hydrofluoric acid
10-beta-Hydroperoxy-17-alpha-ethynyl-4-estren-17-beta-
OL-3-one
Hydrogquinone-beta-d-glucopyranoside
N-Hydroxy ethyl carbamate
4, ~Hydroxyacetanilide
N-Hydroxy-N-acetyl-2-aminofluorene
N-Hydroxyadenine
6-N-Hydroxyadenosine
3-alpha-Hydroxy-17-androston--one
17—beta;Hydroxy—5—beta-androstan—3—one
3-Hydroxybenzoic acid

para-Hydroxybenzoic acid ethyl ester

-one 17- bet a- Hydr oxyPCT/US2006/045352
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Hydr oxypr ogest erone caproate beta- (N
( 3- Hydr oxy- 4- pyri done) ) -al pha-am nopropi onic acid

5- Hydr oxyt etracycline hydrochl oride

17- bet a- Hydr oxy-4, 4, 17- alph % i met hyl - andr ost-5- ENE
(2, 3-d) |soxazole Fydr oxy tT %heny

1st annanedl - Hydr oxyt r ypt ophan 5- Hydr oxy- 1-tryptophan

dl -3y Ity sl aphdre bz Hy)drDxen Zdintirdgddptarbamic acid
dro§%érea 3- Hydr oxyxant hi ne Hydr oxyzi ne panoate
%br onmi de Hypochl orous aci d Hypogl yci ne B

Ibqpr *yéﬁgmgcgféyggfgml tartrate | MET 3106
4-1m dazo (1, 2-al pha)

pyrHXﬂrpxyddeﬂhﬂﬁﬁﬁﬁiﬁﬁkbvﬁzhheacet|c acid | mdazol e
s ustacd 2ol mdasol i dinethy oe %54 dazgli di net hi one
2Ignﬂyaﬁbxygﬁmdp@&@m@gol|d|none I nprosul fan tosyl ate
e O oyt iecy) ey Y N O e K gt g & O1
trifluoro-meta- tolyl)anthranilate
Hydroxyethyl starch
beta-Hydroxyethylcarbamate
1-Hydroxyethylidene-1,1-diphosphonic acid
17-beta-Hydroxy-7-alpha-methylandrost-5-ENE-3-one
7-Hydroxymethyl-12-methylbenz (alpha)anthracene
1-Hydroxymethyl-2-methylditmide-2-oxide
5-Hydroxymethyl -4-methyluracil
2-Hydroxymethylphenol
5- (1-Hydroxy-2- ( (1-methyl-3-phenylpropyl)amino)ethyl)
salicyclamide hydrochloride
N- (Hydroxymethyl) phthalimide
3~ (1-Hydroxy-2-piperidinoethyl) -5-phenylisoxazole
citrate
2-Hydroxy-N- (3- (meta-
(piperidinomethyl)phenoxy)propyl)acetamide acetate
(ester hydrochloride)
Hydroxyprogesterone caproate
beta- (N- (3-Hydroxy-4-pyridone) ) -alpha-aminopropionic
acid
4-Hydrokysalicylic acid
5-Hydroxytetracycline
5-Hydroxytetracycline hydrochloride
17-beta-Hydroxy-4,4,17-alpha-trimethyl-androst-5-
ENE (2,3-d) isoxazole

Hydroxytriphenylstannane
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| ndapami de | ndel oxazi ne hydrochloride Inderal Indium
Indiumnitrate | HIndol e-3-acetic acid

woO pa3l062188 car bi nol | ndonet haci n | nol i nl nsul i n PEEUBIMNG6/045352

protanmine zinc |ocarnate megl um ne | odoacetic acid
| opram ne hydrochl oride | ot rxpate megl un ne
| pratropi um brom de Iron-dextran conplex Iron nickel

zinc oxide lron-poly (sorbitol-gluconic acid) conplex
| A HyseooivitaslvPEeopadygdal i n | soanyl 5 |, 6-di hydro-7,

8-di hyl, ~4 .. rdi @ 4H pyrano (3, 2-c)
qt#ﬁgﬁrr%(-y}lcg}rg’gx%él | sobutyl nethacryl ate
paa-Hysaswdyydiopthaepi ¢ aci d | socar boxazi d | sodecyl
nmet hacryl ate | sodonazol e nitrate Isoflurane

| SO ¢ AP dzi de |sonicotinic
R eoacetate Y
3-Hydroxyxanthine
Hydroxyzine pamoate
Hyoscine hydrobromide
Hypochlorous acid

Hypoglycine B

Ibuprofen piconol

Ifenprodil tartrate

IMET 3106

4-Tmidazo (1,2-alpha) pyridin-2-YL-alpha-
methylbenzeneacetic acid
Imidazole mustard
2-Imidazolidinethione
2-Tmidazolidinethione mixed with sodium nitrite
2—IminofS—phenyl—4—oxazolidinone
Improsulfan tosylate

Indacrinone

Indanazoline hydrochloride
1,3-Indandione

Indapamide

Indeloxazine hydrochloride
Inderal

Indium

Indium nitrate
1H-Indole-3-acetic acid
Indole-3-carbinol

Indomethacin

Inolin



| sophosphani de | soprenal i ne hydrochl oride |soprenyl
chal cone | sopropyl al cohol |sopropyl-2,4-D ester

wo s@pegays | di ne azastreptonigrin 4,4, -1sopropRCT/US2006/045352
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i denedi phenol, polynmer with |-chloro-2, 3 -

" epoxypropane |sopropyl ne thanesul fonat e
%ﬁc;ﬁgfo

| sosafrol e-n-octyl sul foxide 45352 - 265 -

| sot hi acyani ¢ acid, ethylene ester |sothiocyanic acid,
phamyuldsi er | sothiourea Jervine Jervine- 3-acetate
Josanyci n Kanamyci n Kananycin sulfate (1:1) salt KAO
264 & HN RPN IREP BAECKer | one Ket ani ne Ket opr of en

SO 'o‘Herﬁ%tt%t in{ fmtilirl%r ate KF-868 Khat | eaf extract KM
11%I 6 KPE Tact0se

Iodoacetic acid

Iopramine hydrochloride

Iotroxate meglumine

Ipratropium bromide

Iron-dextran complex

Iron nickel zinc oxide

Iron-poly (sorbitol-gluconic acid) complex
Iron-sorbitol

Isoamygdalin

Isoamyl 5,6-dihydro-7,8-dimethyl-4,5-dioxo-4H-pyrano
(3,2-c) quinoline-2-carboxylate

Isobutyl methacrylate
para-Isobutylhydratropic acid
Isocarboxazid

Isodecyl methacrylate

Isodonazole nitrate

Isoflurane

Isonicotinic acid hydrazide

Isonicotinic acid-2-isopropylhydrazide
Igsooctyl-2,4-dichlorophenoxyacetate
Isophosphamide

Isoprenaline hydrochloride

Isoprenyl chalcone

Isopropyl alcohol

Isopropyl-2,4-D ester

Isopropylidine azastreptonigrin
4,4,-Isopropylidenediphenol, polymer with l-chloro-2,3-
epoxypropane

Isopropylmethanesulfonate

Isosafrole-n-octylsulfoxide
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Lat anoxef sodi um Lead Lead (11) acetate Lead chloride
Lead (Il) nitrate (1:2) Lecithin iodide Lenanpicillin

whyaroetibori de Lendorm n Lente insulin Lenti naPCT/US2006/045352

Lept ophosl1-Leuci ne Leurocristine Leurocristine sulfate

(1:1) Levami sol e hydrochl orpde kevorin Levothyroxine
sodi um Li bri um d-Li nbonene Li near

al kyl benzenesul fonate, sodiumsalt_ Linoleic acid
(oEbUhzadyaniot AFEdni ALY HOPOPTSEtchari de,
escherichia cqgl | Lipopplysacebaeide, from B . Abortus
BiﬁagﬁtP?H?ﬂﬁgcg?ggha?e (g:l) Li t hi um carnine Lithium
chkeehdeukksi domyci n Lobenzarit di sodi um Locoweed

Lof et ensi n hydrochl ori de Lucant hone netabolite

Jervine
Jervine-3-acetate

Josamycin

Kanamycin
Kanamycin sulfate (1:1) salt
KaO 264
Karminomycin
Kepone

Kerlone

Ketamine
Ketoprofen sodium
Ketotifen fumarate
KFr-868

Khat leaf extract
KM-1146

KPE

Lactose

Latamoxef sodium

Lead

Lead (II) acetate

Lead chloride

Lead (II) nitrate (1:2)
Lecithin iodide
Lenampicillin hydrochloride
Lendormin

Lente insulin

Lentinap

Leptophos



Lut ei ni zi ng hornone anti serum Lut ei ni zi ng
hor none-r el easi ng hornone Lutei ni zi ng

whoromoea9s el easi ng hornone, diacetate (salt) PCT/US2006/045352
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Lut ei ni zi ng hornone -rel easi ng hornone, diacetate,

tetrahydrate Lyndiol Lysenyl jwgrogen naleate
d-Lysergic acid diethylam de tartrate Lysergide
tartrate Lysine Mafenide acetateMagnesi um gl utamate
hy drdtitsii®e Magnesi um sul fate (1:1) Mal at hi on

Maliy# Mal:ati | ate Mal t ose Manganese (11) chloride
Nhﬁggﬁggglgﬁﬁ%%ethylenebis (di t hi ocarbanmate) Manganese

(| Deuwgicfrdse ihe: EulMapeot(il:ine hydrochl ori de Marezine

hydrochl.or i.de t ansi ne Mazi ndol Mec Mecl i zi ne
d?%?%?g%ﬁP&FiHg%%BEEi?Fﬁthydrochlorlde Medenyci n
Medeegesthone Medroxyprogest erone Medroxyprogest erone

acetate Medullin '
Levothyroxine sodium

Librium

d-Limonene

Linear élkylbenzenesulfonate, sodium salt
Linoleic acid (oxidized)

Liothyronine

Lipopolysaccharide, escherichia coli
Lipopolysaccharide, from B. Abortus Bang.
Lithium carbonate (2:1)

Lithium carmine

Lithium chloride

Lividomycin

Lobenzarit disodium

Locoweed

Lofetensin hydrochloride

Lucanthone metabolite

Luteinizing hormone antiserum
Luteinizing hormone-releasing hormone
Luteinizing hormone-releasing hormone, diacetate (salt)
Luteinizing hormone-releasing hormone, diacetate,
tetrahydrate

Lyndiol

Lysenyl hydrogen maleate

d-Lysergic acid diethylamide tartrate
Lysergide tartrate

Lysine

Mafenide acetate



Mel engestrol acetate Mentha arvensis, oil Mepiprazole
di hydrochl ori de Mepyrapone Mequitazi ne 2- Mercapt o-

wa200e6p1b8 m dazole 1 - (d- 3-Mercapt o- 2- met hyl PCT/US2006/045352
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-1-oxopropyl) -1 -proline (S, S) N -
(2-N®rcapto-2-nethylpropanoyW%éié-cysteine

6- Mer capt opuri ne nonohydr at’e r capt opuri ne

3- N-oxi de Mercaptopurine ribonucl eoside d
, 3Megreainy alliuteiMareu hiydradebatigeMer curi ¢ oxi de

Mercury- Mercury. (I1) chloride Mercury (11) iodide
Nb&%@?%sﬁgﬁhfpéﬁﬁ&ﬁidé‘@érthiolate sodi um Mervan

et panel-aniope salt Mescal i ne Mesoxal yl urea nonohydr at e
Mestranol m xed with norethindrone Metal utin
Metlagedimédenol sul fate Met hadone Met hadone
hy aQBQEQEE@e dl - Met hadone hydrochl ori de Methallyl
-19-nortestost erone Met ham nodi azepoxi de hydrochl ori de
1- Mefthasphet am ne hydrochl ori de Met haqual one
hy%&%%ghgggd?ll) chloride

Manganese (II) ethylenebis (dithiocarbamate)

Manganese (II) sulfate (1:1)

Maprotiline hydrochloride

Marezine hydrochloride

Maytansine

Mazindol

Mec

Meclizine dihydrochloride

Meclizine hydrochloride

Medemycin

Medrogestone

Medroxyprogesterone

Medroxyprogesterone acetate

Medullin

Melengestrol acetate

Mentha arvensis, oil

Mepiprazole dihydrochloride

Mepyrapone

Mequitazine

2-Mercapto-l-methylimidazole

l—(d—3—Mercapto-2—methyl-l—oxopropyl)—1—proline (8,8)

N—(2—Mercapto—2—methylpropanoyl)~1—cysteine

6-Mercaptopurine monohydrate

6-Mercaptopurine 3-N-oxide

Mercaptopurine ribonucleoside

d,3—Mer¢aptovaline



Met hedri ne dl - Met hi oni ne 1-Met hi oni ne Met hi oni ne
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3- Met hoxycar bonyl am nophenyl - N- 3,
- met hyl phenyl car bamat e Met hoxyghl or
5- Met hoxyi ndol eacetic acid 4 - (6-Methoxy-2-naphthyl)
- 2-but anone(+) -2- (Methoxy-2-naphthyl) -propionic
adM?F@TrE3)¢mﬁ¢ﬁm®pthyl) -5, 6-di hydro-s-triazolo
a a gui noline 2 - (para-

?@E?ﬁ&@ X1 %enyl - indenyDphenoxy) triethylam ne

hyﬂ@@@@f@rlde 2 - (para-

(par a- Met hoxy- al phaphenyl phenet hyl henox
trM@?%??&n{%i) Hﬁ%rlde NI - e V)

(SM%@%Qggy(ngy{@gi@gl) sul fani | am de Met hyl al coho
oxynet hyl acetate Methyl benzi m dazol e-2-YL
caMbauarE Betkyhghlovigeacryl ate Methyl chloride

-Imggkﬁﬁgi?éoggé ﬁ&%&gy:e(gg:ﬁil . ?- oxoprost- 13
- EMebva@ATELMabDNhige hyhlket one Methyl hydrazi ne
Met hyl isocyanate

Mescaline

Mesoxalylurea monohydrate

Mestranol mixed with norethindrone

Metalutin

Metaproterenol sulfate

Methadone

Methadone hydrochloride

dl-Methadone hydrochloride
Methallyl-19-nortestosterone
Methaminodiazepoxide hydrochloride
1-Methamphetamine hydrochloride

Methaqualone hydrochloride

Methedrine

dl-Methionine

1-Methionine

Methionine sulfoximine

Methofadin

Methophenazine difumarate

Methotrexate

Methotrexate sodium

Methoxyacetic acid
3—Methoxycarbonylaminophenyl—N-3,—methylphenylcarbamate
Methoxychlor

5-Methoxyindoleacetic acid

- (6-Methoxy-2-naphthyl) -2-butanone



Met hyl mesylate Methyl nethacrylate Methyl
(met hyl thi o) nmercury Methyl parathion Methyl

w@envactibor ophenat e Met hyl pheni dyl acet at e MeP¢/US2006/045352
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salicylate Methyl thiourea Methyl urea and sodium
nitrite Methylacet am de l\/bthé/ - 5- benzoyl
benzi m dazol e -2 -carbamate 1-Wethyl - .
2- benzyl hydrazi ne 1- Methyl -5 -chl oroindoline
byl roMatdioxy -2 -naphthyl) proplonlc acid

cycl-iyne3- | chol ant hrene N- Met hyl
[vztzﬁ%:/y%moc % e\fl g;g\/ﬁ} dl’ﬁodé” WEERe (5, 1-alpha)
- N-Jmspnetanureol chi ci ne N-Met hyl - di br onoral ei ni m de

ta-Meth Id| XI n 17-al pha- Met hyl di hydr ot est ost er one
Rfl@let RATeg y Baratech Erjle51}"163t-et r ahydr opht hal i ni de

s oo gt

- Met hyl'enebi s ( am no-
2- RetPprendppchopeopany-allahhne Met hyl er gonovi ne

h?‘%g’léhin%%h%ﬁg?%&&"iﬁ%ﬁ?ﬁ;fi@ﬂﬁmég@? Fregpehiocide
n
3 NBtHglMeShekhyh - p’{?rQEQﬂytLB‘Mg@EBH!Lﬂlede g
3- Mg%mﬁeg%g}/’l est radi ol Met hyl I c aci
Methyl azoxymethyl acetate
Methyl benzimidazole-2-YIL, carbamate
2-Methyl butylacrylate
Methyl chloride
Methyl chloroform
Methyl (beta)—ll—alpha—lG-dihydroxy—16—methyl—9-
OoxXoprost-13-EN-1-0ATE
Methyl ethyl ketone
Methyl hydrazine
Methyl isocyanate
Methyl mesylate
Methyl methacrylate
Methyl (methylthio) mercury
Methyl parathion
Methyl pentachlorophenate
Methyl phenidyl acetate
Methyl salicylate
Methyl thiourea
Methyl urea and sodium nitrite
Methylacetamide
Methyl-5-benzoyl benzimidazole-2-carbamate
1-Methyl-2-benzylhydrazine
1-Methyl-5-chloroindoline methylbromide
Methylchlortetracycline



N- Met hyl f or mami de Met hyl hesperi di n (al pha-
(2- Met hyl hydr azi no) -para- toluoyl) urea,

wormslyrdpobr om de 4- Met hyl - 7- hydr oxycounmar i n REL/N$1006/045352
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-ortho- (4-hydroxy-3-nethoxyci nnanoyl) reserpate
2- Met hyl -1, 3-i ndandi one N-Methybj ervi ne N- Met hyl
Iorazepan1thhyInercuric di cyandi am de Met hyl nercuric

hos rcu Met hyl mer cury hydr oxi de
F fk%%?%é?hﬁ@%%lyl) ¥2 , 5-di t hi obiurea d
- 3- MM xi\&r?awéﬁg;péﬂmn PhosRRAl AN MY -

alpha net pha- phenylsu00|n|n1de 2-Methyl -1,4
resaagihyteBbiakmg ni dazol e- | - et hano

-Nuﬁ%@¥%§§%$if§f5ﬁ?$§§?Iﬁﬁ?o uani dine 4 - (N-Methyl

- 1- but anone N- Met hyl
- N-ba tt o -@6e0ny 1 dd arex v Met hy | N-nitrosoethyl car bamat e

Nﬁ%ﬁ{giggéﬁé%££§§§£hy£¥é%égggggg}gggbthyl
( 3-vaidwty 14-33X@-c‘§ltpfw@rs i no-@-d v aagld A HLenglae

acetic aC|d ethy ester
|oﬂmﬁhmﬂ§nﬁnﬂh1@@m¢me 2-acetic acid N-Methyl -para-

gﬁﬂﬁkﬁfrlde.*g%éﬁ%ﬁ%Q*i#@h engre?ghgg{ﬁrg:agehbthyl-
4 pmewHMénhy&éhemﬁQNZHéMﬁﬁd%ﬂ%ﬁﬁﬁibﬂiadﬁazole)
_phtfﬁgéﬂgf&héé&éﬁég@égznylalanine

Methylergonovine maleate

3-(1-Methylethyl) -1H-2,1,3~benzothiazain-4 (3H) -one-2,2-

dioxide

4-Methylethylenethiourea

3-Methyl-5-ethyl-5-phenylhydantoin

3-Methylethynylestradiol

x-Methylfolic acid

N-Methylformamide

Methylhesperidin

(alpha- (2-Methylhydrazino) -para-toluoyl)urea,

monohydrobromide

4-Methyl-7-hydroxycoumarin

Methyl-ortho- (4-hydroxy-3-methoxycinnamoyl) reserpate

2-Methyl-1,3-indandione

N-Methyljervine

N-Methyllorazepam

Methylmercuric dicyandiamide

Methylmercuric phosphate

Methylmercury

Methylmercury hydroxide

1-Methyl-6-(1-methylallyl)-2,5-dithiobiurea

d-3~Methyl-N-methylmorphinan phosphate



N- Met hyl pyrrol i done Met hyl sul fonyl chl oranpheni col
17-Met hyl test osterone N-Methyl -3, 4 ,5

wO seoesriahydr opht hal i m de Met hyl t hi 0i nosi he PCT/US2006/045352
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6- Met hyl t hi ouraci | 6-Methyluracil Metiapine Meticrane
Met oprine Metoprolol tartrate Metrizam de Mexiletine
hydrochl ori de Mezi nium net hyl2%ul fate Mezlocillin

M bol er oneM conazol e nitrate M cromycin M dodrine

per T TR e T St el e e
sol yandt i T ex, MAdpiaisqul dhel 695 Mobi | at Mol ybdenum
MOy P D S SR S BTy ! vt azeme
N-Methyl-N'-nitro-N-nitrosoguanidine
4- (N-Methyl-N-nitrosamino) -1- (3-pyridyl) -1-butanone
N-Methyl-N-nitrosoaniline
N-Methyl-N-nitrosoethylcarbamate
N-Methyl-N-nitroso-1l-propanamine
N-Methyl-N-nitrosourea
(3-Methyl-4-oxo-5-piperidino-2-thiazolidinylidene)
acetic acid ethyl ester
10-Methylphenothiazine-2-acetic acid
N-Methyl-para- (phenylazo) aniline
3-Methyl-2-phenylmorpholine hydrochloride
N-Methyl-2-phenyl-succinimide
Methyl-4-phthalimido-dl-glutaramate
N-Methyl-2-phthalimidoglutarimide
N-Methylpyrrolidone
Methylsulfonyl chloramphenicol
17-Methyltestosterone
N-Methyl-3,4,5,6-tetrahydrophthalimide
Methylthioinosine
6-Methylthiouracil
6-Methyluracil
Metiapine
Meticrane
Metoprine
Metoprolol tartrate
Metrizamide
Mexiletine hydrochloride
Meziniuﬁ methyl sulfate
Mezlocillin

Mibolerone
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wakooess1e8 Moxni dazol e Mucopol ysacchari de,

8- Monohydro m rex Monosodi um [
( _ gl ut amat e Mor ph
hydr ochl ori de Morphi ne sul fate Mr phocycl Pngne

acid ester Ml danine Mycosporin Naf oxi di nep PCTIUB2006/G45352

hydrochl ori de Naftidrofuryl_oxalate Naja nigricollis

venom Nal oxone hydrochl ori 8% Na
pht hal ene bet a-
| avonel- Napht hol Navaron Neem oil Nenbut al Sgdrﬁﬁ?thof

Neocar zi nost at j.n_Neoprene Neo [ [

_ proserine Neo
Mk???ﬂ?%?ﬁ 2%%?%Ee Ni ckel Nickel carbonyl i{gigrrlne
@98pPerpdsnN ckel subsul fide N ckel ous chloride

Sggggigggllne Ni cotine
Mikelan

Miloxacin

Miltown

Mineral oil

Mineral oil, petroleum extracts, heavy naphthenic
distillate solvent

Mirex

Mithramycin

MN-1695

Mobilat

Molybdenum
Monoethylhexyl phthalate
Monoethylphenyltriazene
8 -Monohydro mirex
Monosodium glutamate
Morphine hydrochloride
Morphine sulfate
Morphocycline

Moxestrql

Moxnidazole
Mucopolysaccharide, polysulfuric acid ester
Muldamine

Mycosporin

Nafoxidine hydrochloride
Naftidrofuryl oxalate
Naja nigricollis venom
Naloxone hydrochloride
Naphthalene
beta-Naphthoflavone



Ni cotine tartrate (1:2) N-Nicotinoyltrypt am de
Ni pradilol N sentil Nitric acid Nitrilotriacetic acid

wo poogoaiiosn salt nonohydrate N trobenzene N tr OPCT/ERL006/045352
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Ni trofurazone 4 - ((5-Nitrofurfurylidene) am no)
- 3-net hyl t hi onor pholine - 1,1- dioxide N trogen
di oxi de Nitrogen oxide Nitrog%kerin 1-
(2-Nitroi m dazol -1-YL- 3-nethoxypropan- 2-CL

N tr qgfigigcitrate
2-Ni tr opropane4- Ni t roqui nol i ne- N-oxi de Nitroso
coMpommsr N-Ni t roso conpounds N-Nitrosobis
(qugexo rapyl ) am ne N trosocinetidi ne N-Ni
t r 0Sodi éthyl  anmi ne N-Nitrosodi met hyl ami ne N-Ni trosodi
- Npim i amgariiNaNi t roso- N-et hyl ani |l i ne
N-Ni troso-N-ethylurethan N-Nitroso -N- ethyl vinyl
am e NG HFsStesfahy dr oazepi ne
N- N 059]dn dazol i di net hi one N-Nitrosopiperidine 1 -
(Ni'trdsopropyl am no) -2-propanol
Neoproserine

Neosynephrine

Netilmicin sulfate

Nickel

Nickel carbonyl

Nickel compounds

Nickel subsulfide

Nickelous chloride

Nicotergoline

Nicotine

Nicotine tartrate (1:2)
N-Nicotinoyltryptamide

Nipradilol

Nisentil

Nitric acid

Nitrilotriacetic acid trisodium salt monohydrate
Nitrobenzene

Nitrofurantoin

Nitrofurazone

4- ((5-Nitrofurfurylidene)amino) -3-methylthiomorpholine-
1,1- dioxide

Nitrogen dioxide

Nitrogen oxide

Nitroglycerin
1-(2-Nitroimidazol-1-YL-3-methoxypropan-2-0L
Nitromifene citrate

2-Nitropropane



N-Ni troso- N-propyl urea N zof enone fumarate
Nor chl orcycli zi ne Norchl orcycli zi ne hydrochl ori de

wd2nanegaphephri ne 19- Nor et hi st erone Nor et hi st ePONES2006/045352
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enant hat e Norgestrel 1-Norgestrel

19- Nor pr egn- 4- ENE- 3, 20- di one 19- Nor-17-al pha-pregn-5
(10) -EN-20- YNE-3 -al pha, 17-4¥6l-

19- Nor-17-al pha-pregn-5 (10) -EN 20- YNE- 3- bet a,

17- il £ A9yt s i@l ez piegn- 4- EN- 20- YN-17- OL Novadex
Nut meg oil,; east i1ndian Nystatin Ochratoxi nOchratoxin
A Mot vess ademm@rads onodi phenyl

OCtﬁ—Cbli]:IL or odi benzodi oxi n Cct ocl ot hepi ne Ol oxacin

A eam n%rﬁ%y?%r?ﬁ’%%n Sydro fluori de Oncodazol e

Ophy ezt Fo£¥1904 €2 NSxdFpheFadmites hydr ochl ori de

Oxaprozin Oxati m de Oxazol azepam Oxepi nac
itrosocimetidine

N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodi-N-propylamine
N—Nitroéo—N-ethyl aniline
N-Nitroso-N-ethylurethan
N-Nitroso-N-ethylvinylamine
N-Nitrosohexahydroazepine
N-Nitrosoimidazolidinethione
N-Nitrosopiperidine

1- (Nitrosopropylamino) -2-propanol
N-Nitroso-N-propylurea

Nizofenone fumarate

Norchlorcyclizine

Norchlorcyclizine hydrochloride
1-Norepinephrine

19-Norethisterone

Norethisterone enanthate

Norgestrel

1-Norgestrel
19-Norpregn-4-ENE-3,20-dione
19-Nor-17-alpha-pregn-5(10) -EN-20-YNE-3~-alpha,17-diol
19-Nor-17-alpha-pregn-5(10) -EN-20-YNE-3-beta,17-diol
19-Nor-17-alpha-pregn-4-EN-20-¥YN-17-0L
Novadex

Nutmeg o0il, east indian

Nystatin

Ochratoxin



Oxf endazol e Oxi bendazol e Oxi ranecarboxylic acid, 3 -
(((3-nmethyl-I- (((3- nmethyl butyl) am no) carbonyl) -

WO edoipbiest er, (2S- (2- al pha-3- beta )R¥))) NPET/US2006/045352
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(2-0x0-3, 5 ,7-cylcoheptatrien-I-YL) am nooxoacetic
acid ethyl ester 2 - (3-0xo-I37mdanylidene) -1,
3-i ndandi one Oxolam ne citrate N -

(2-0x0-3- pi perjdyl).pht hal.im de Oxybutynin chloride
O TS hyRRUaH o e

betcetQursgd gyl ni trosam ne Ozone Padrin Pal m oi l
Panor al d - Pant et hi ne_ Pantocri n Papai n Papaveri ne

¢ hl SRR A RAFAGREIPar amat hasone acet at e Par aquat
di Cd’t%t%dl ﬂ:’%gﬂ{@ on Paraxant hi ne Pavi soi d PE-043
Pent enl

urt do cillic acid PenitremA

Per¥falcittaoriobenzene

Oleamine

Oleylamine hydrofluoride

Oncodazole

Ophthazin

Orgoteins

Orphenadrine hydrochloride

Oxaprozin

Oxatimide

Oxazolazepam

Oxepinac

Oxfendazole

Oxibendazole

Oxiranecarboxylic acid, 3-(((3-methyl-1-(((3-

methylbutyl)amino) carbonyl) -,ethyl ester, (2S8-(2-

alpha-3- beta )R*)))

N- (2-0x0-3,5,7-cylcoheptatrien-1-YL)aminooxoacetic acid

ethyl ester

2- (3-0x0-1-indanylidene) -1, 3-indandione

Oxolamine citrate

N- (2-0x0-3-piperidyl)phthalimide

Oxybutynin chloride

Oxymorphinone hydrochloride

beta-0Oxypropylpropylnitrosamine

Ozone

Padrin
Palm oil

Panoral



w@eowatiieor ophenyl
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2,3,4,7, 8-Pentachl orodi benzof uran
Pent achl oroni t r obenzene Pent achl or ophenol

Pentostatin Pentothal Pentothal sodi um Pentoxyphyl

I i ne Perchl oroet hyl ene Perdi pjnhe Perfl uorodecanoic

acid Periactin hydrochloride $EPiactinol Per phenazi ne

hydrochl ori de Pharmagel A 1 , 10-Phenant hrol i ne

Phehedntetdrimed dePhenet hyl al cohol Phenf | uoram ne

hydr ochl orj de Phenol 4-Phenoxy-3- (pyrrol idinyl)

- 5-FARHSFOV? benzoi ¢ acid Phenyl salicylate

Ph AGetic acid (Phenyl acetyl) urea 1-Phenyl al ani ne

17- bet a- Phenyl am nocar bonyl oxyoestra-1, 3 ,5 (10)

- t rHampererdine matllodostcheitepar a- (Phenyl azo) aniline

2-R %r%/%i- 5-ebenzot hi azol eacetic acid | -Phenyl -3
3-diethyltTi azene 2- Phenyl -5,5-di methyl -tetrahydro-

1, bapeartitisone acetate

Paraquat dichloride
Parathion

Paraxanthine

Pavisoid

PE-043

Penfluridol

Penicillic acid

Penitrem A
Pentachlorobenzene
2,3,4,7,8-Pentachlorodibenzofuran
Pentachloronitrobenzene
Pentachlorophenol
Pentafluorophenyl chloride
Pentazocine hydrochloride
Pentostatin

Pentothal

Pentothal sodium
Pentoxyphylline
Perchloroethylene
Perdipine
Perfluorodecanoic acid
Periactin hydrochloride
Periactinol

Perphenazine hydrochloride
Pharmagel A
1,10-Phenanthroline

Phenazin-5-oxide

chl ori de Pentazoci ne hydr ocPtDUSZIE6/045352



hydrochl ori de 1-Phenyl -2- (1 ',1 '-diphenyl propyl-3
-am no) propane 4-Phenyl-|, 2-diphenyl-3

WO 3e0p96H20! | di nedi one net a- Phenyl enedi am ne  PCT/US2006/045352
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2- Phenyl et hyl hydr azi ne Phenyl net hyl cyl osi | oxane, mi xed
copol ynmer N-Phenyl pht hal i m di ne_ Phenyl -

2-pyridyl nmet hyl - beta- N, N-di T‘re”]z/l am noet hyl et her
succinate 2 - (Phenyl sul fonyl am no) -1,

3, eHdiadipz ol @sghasul f onami de 1- Phenyl -2 -thiourea
Phonopsi n ‘Phorbol nyristate acetate

PhRponatetanine duphradhd ogdide Phosphor ani de nust ar d
eye‘%hp 3<]yl am ne salt Phthal azi nol Phthalic anhydride

Pht'hal'i m de Pht hal i m donet hyl - O, O di net hyl
phos{rosmsityt 48 -ogdefedihitdialydl )y-Sk-sadfanidyd leaizbid acid
- Pnht hal yl i sogl ut. am ne Physostigm ne sulfate

PhyR ke @f43i% Picl oram Pi | ocar pi ne

no oedliofd de-R nozi de 2 , 6- Pi perazi nedi one-4 , 4
, - propyl ene di oxopi perazi ne Piperidine 3-Piperidine-I,
1- di eyl agetgplinolred 1) net hanesul phonat e Pi perin

Pl Rer oyl P X de
17-beta-Phenylaminocarbonyloxyoestra-1,3,5(10)-triene-
3- methyl ether
para- (Phenylazo)aniline
2-Phenyl-5-benzothiazoleacetic acid
1—Pheny1—3,3—diethyltriazene
2-Phenyl-5,5-dimethyl-tetrahydro-1,4-oxazine
hydrochloride
1-Phenyl-2-(1',1'-diphenylpropyl-3'-amino)propane
4-Phenyl-1,2-diphenyl-3,5-pyrazolidinedione
meta-Phenylenediamine
2-Phenylethylhydrazine
Phenylmethylcylosiloxane, mixed copolymer
N-Phenylphthalimidine
Phenyl-2-pyridylmethyl-beta-N,N-dimethylaminoethyl
ether succinate
2- (Phenylsulfonylamino) -1,3,4-thiadiazole-5-sulfonamide
1-Phenyl-2-thiourea
Phomopsin
Phorbol myristate acetate
Phosphonacetyl-l-aspartic acid
Phosphofamide mustard cyclohexylamine salt
Phthalazinol
Phthalic anhydride
Phthalimide
Phthalimidomethyl-0,0-dimethyl phosphorodithiocate



w@k@uiosins t hym ne bl ue Podophyl | i n Podophyl | ot BRI/NS2006/045352
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Pi pet hanate et hyl brom de Pipram Pituitary growh
hornone Pl afi bride cis-Pl ati nous di anm ne di chl ori de

Pol ybr om nat ed bi phenyl s Pol ychl ori nat ed bi phenyl
(Arocl or 1248) Pol ychl orinated bi phenyl (Aroclor 1254)
Pol ychl ori nat ed bi phenyl (Kén%%%l or 300)

Pol ychl orinat ed bi phenyl (Kanechl or 400)

Poly-cit trid Twitedh i gyl c (deaechl or 500)
PoICIY):oxyet hyl ene sorbitan nonol aurate Potassium
bi Shrihetel Pot RSB UATE® enoat e Pot assi um chr omat e

(Vigp IRl anud te Potassi um cyani dePot assi um
fl uorf%e Pot assi um i odi de Potassiumnitrate Potassium

ni tBhytteoHemadglRat iasisi um per chl or at e Pot assi um
thiEp.c%lanat e Potato bl ossons, gl ycoal kal oi d extract
Potatv “fteen parts Pranoprof en Prednisol one

SuGEi s - el MENs, &b atesate Predonin
Pimozide
2,6-Piperazinedione-4,4, -propylene dioxopiperazine
Piperidine
3-Piperidine-1,1-diphenyl-propanol- (1)
methanesulphonate
Piperin
Piperonyl butoxide
Pipethanate ethylbromide
Pipram
Pituitary growth hormone
Plafibride
cis-Platinous diammine dichloride
Platinum thymine blue
Podophyllin
Podophyllotoxin
Polybrominated biphenyls
Polychlorinated biphenyl (Aroclor 1248)
Polychlorinated biphenyl (Aroclor 1254)
Polychlorinated biphenyl (Kanechlor 300)
Polychlorinated biphenyl (Kanechlor 400)
Polychlorinated biphenyl (Kanechlor 500)
Polyoxyethylene sorbitan monolaurate
Potassium bichromate
Potassium canrenoate
Potassium chromate (VI)
Potassium clavulanate

Potassium cyanide



9-beta, 10-al pha-Pregna-4, 6-diene-3 ,20-dione and 17-
al pha- hydroxypregn-4-ENE-3 ,2 ortho-dione (9:10)

Wo2@bpbmE9s 7- al pha- Pregna- 2- EN- 20- YN- 17- OL, aceP@r/@S2006/045352
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Premarin Primaqui ne phosphate Prinobol an Pri nadol

hydr obrom de Procarbazi ne Procarbazi ne hydrochl ori de
Procat erol hydrochl ori de ProZh® of promazi ne
Erggesaﬁrong PLoIingnethyltetracycline Pr onet hazi ne

ydr ochl ori ro ri ne hydrochl ori de Propane sul tone
1.?%&#?%&%Wm£§%ﬁﬁ£ﬁ%lﬂ2 - Pr opanedi ol Propagidide
3-Franadphy abaesdr opart hri nPropazone Propiononitrile
Propoxur 2-Propoxyethyl acetate d -Propoxyphene
hyRivozse bah delPFap§| car bamate Propyl cell osol ve

o e Rk R Phr opy T ane oxide o Y ene
Potassium perchlorate
Potassium thiocyanate
Potato blossoms, glycoalkaloid extract
Potato, green parts
Pranoprofen
Prednisolone succinate
Prednisone 2l-acetate
Predonin
9—beta,10—alpha—Pregna-4,6—diene—3,20—dione and 17-
alpha- hydroxypregn-4-ENE-3,2 ortho-dione (9:10)
5-alpha—17—alpha—Pregna—2—EN—20—YN—17-OL, acetate
Premarin
Primaquine phosphate
Primobolan
Prinadol hydrobromide
Procarbazine
Procarbazine hydrochloride
Procaterol hydrochloride
Prochlorpromazine
Progesterbne
Prolinomethyltetracycline
Promethazine hydrochloride
Propadrine hydrochloride
Propane sultone
1,3-Propanediamine
1,2-Propanediol
Propanidide
3-Propanolamine

Proparthrin



2- Propyl pent anoi ¢ aci d 2-Propyl pi peridine
6- Propyl -2-thiouracil Propylthiouracil and iodine

WQ@2007 0198 aler am de 2- Propyl val eric acid sodi uPCBEE1006/045352
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Prostagl andin Al Prostaglandin El Prostaglandin E2
sodi um salt Prostagl andin Fl -al pha Prostagl andin
F2-al pha Prostagl andin F2- =l -“tham Protizinic acid
Proxi| Pseudolaric acid A Pseudolaric acid B
Pupsaiiyai-dee Purine- 6 -thiol Pyrantel panpate
Pyrazine-2 , 3-di carboxylic acid imde Pyrazole
Py%@@émﬂom;tmld@hl ori dePyri di nam ne (9Cl) 2, 3-
Pyrlg %I %Uf;:ar boxi m de 3 , 4-Pyridi nedi carboximde 1 -
Pyr| y -3,3-dimathy| triazene 1 -Pyridyl-3
- net-iprlopckyeetiyll alddtazene 5 - (para- (2-Pyridylsul f
arm(%lp) phenyl azo) salicyclic acid Pyrimdine-4
TR PR BYFHAFPdO NG 2- Pyr i i di nyl - sul

fa@ﬂ@yld%a%a%@é ol Pyronaridi ne
Propyl cellosolve
n-Propyl gallate
Propylene glycol diacetate
Propylene glycol monomethyl ether
Propylene oxide
2-Propylpentanoic acid
2-Propylpiperidine
6-Propyl-2-thiouracil
Propylthiouracil and iodine
2-Propylvaleramide
2-Propylvaleric acid sodium salt
Prostaglandin Al
Prostaglandin E1l
Prostaglandin E2 sodium salt
Prostaglandin Fl-alpha
Prostaglandin F2-alpha
Prostaglandin F2-alpha-tham
Protizinic acid
Proxil
Pseudolaric acid a
Pseudolaric acid B
Purapuridine
Purine-6-thiol
Pyrantel pamoate
Pyrazine-2,3-dicarboxylic acid imide
Pyrazole

Pyrbuterol hydrochloride



N - (1-Pyrrolidinylnethyl) -tetracycline Quaal ude
Quercetin Quinine- 2-Quinoline thioacetan de

whyaroetibori de Ral gro Ref osporen Reptil ase ResPCPURm®06/045352
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Retinoid etretin all-trans-Retinylidene nethyl nitrone
Rhodam ne 6G extra base

2- bet a- d- Ri bof ur anosyl -as-tr i45h ne- 3,5 (2H,4H) -dione

| - bet a- d- Ri bof uranosyl -1, 2, 4-tri azol e- 3- car boxam de

Ri @yrikiif@micien @R)R famycin SV Ripcord Ritodrine
hydr aochl ori de Ri,zabenRgbaveron Ronnel Rose bengal

sodir IMFRSLEHEFE IRGROFAMIR6wat i n R Salt Rubratoxin B

Rbeqn(ﬂ@l}igqlﬂe@iga@bgﬁmﬁq%eSal icyclam de Salicyclic
aca—(Pyridyl—3)—3,3-dimethyl triazene
1-Pyridyl-3-methyl-3-ethyltriazene
5- (para- (2-Pyridylsulfamoyl)phenylazo)salicyclic acid
Pyrimidine-4,5-dicarboxylic acid imide
N1-2-Pyrimidinyl-sulfanilamide
Pyrogallol

Pyronaridine

N- (1-Pyrrolidinylmethyl) -tetracycline

Quaalude
Quercetin
Quinine-

2-Quinoline thiocacetamide hydrochloride

Ralgro

Refosporen

Reptilase

Reserpine

Retinoid etretin

all-trans-Retinylidene methyl nitrone

Rhodamine 6G extra base
2-beta-d-Ribofuranosyl-as-triazine-3,5(2H,4H) -dione
l-beta-d-Ribofuranosyl-1,2,4-triazole-3-carboxamide
Ricin

Rifamycin AMP

Rifamycin SV

Ripcord

Ritodrine hydrochloride

Rizaben



Salicyclic acid, conmpounded with norpholine (1:1)
ortho-Salicylsalicylic acid Salipran Sal nonel |l a

We@ni0g106219%li s endot oxi n Sar konyci n SCH 20569 ScP@DUSI006/¢45352
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Sefril Sel eni um Sel enodi gl ut at hi one Semni car bazi de
hydrochl ori de Serum gonadot r o:]pE} Sfericase Silicone
360 Sisomcin S . Marcescens %o’pol ysacchari de Snoke
condensate, cigarette Snokel ess tobacco Sodi um
paRabavierasal i cyl at e Sodi um ar seni t eSodi um benzoat e
So%]i um ki car bonat e Sodi um chl ori de Sodi um chlorite
Sodi®dMSchondroi tin pol ysul fate Sodi um cobaltinitrite

Sodioe® BRihigshi ReBihanesul f onate Sodi um cyani de
Sodi um cyclamat e Sodi um dehydr oaceti c acid Sodi um

di &etenempanur at e Sodi um di et hyl di t hi ocar banat e

Rowachol
Rowatin

R Salt
Rubratoxin B

Rythmodan

Salicyclaldehyde

Salicyclamide

Salicyclic acid

Salicyclic acid, compounded with morpholine (1:1)
ortho-Salicylsalicylic acid
Salipran

Salmonella enteritidis endotoxin
Sarkomycin

SCH 20569

Scopolamine

Sefril

Selenium

Selenodiglutathione
Semicarbazide hydrochloride
Serum gonadotropin

Sfericase

Silicone 360

Sisomicin

S. Marcescens lipopolysaccharide
Smoke condensate, cigarette
Smokeless tobacco

Sodium para-aminosalicylate

Sodium arsenite



Sodi um di phenyl di azo- bi s (al pha- napht hyl am nesul f
onate) Sodium fluoride Sodium (E) -3- (para- (IH

WO pdodagbs 1 - net hyl ) phenyl) -2- propenoate SoPET/IG2006/045352
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i odi de Sodium lauryl sulfate Sodium | um nal Sodi um
nigericin Sodiumnitrite Sodiumnitrite and
carbendazine (1:1) Sodi um nit4%te and 1-citrulline
(1:2) Sodiumnitrite and 1 - (methylethyl) urea Sodi um
Ni tgf1i /o dsyyde Sodi um pent achl or ophenat e Sodi um
pi cosul fate Sodi um pi peracillin Sodiumretinoate
Sodiaghwaduiranhersddi um sal i cyl ate Sodi um sel enite
Sodi um. sel eni t ent ahydr at eSodi um sul fate (2:1)
Sogéloulé{%u cﬁﬁyorrgi#ne Sodiumtol metin di hydrate Sodi um
2 Sbdliwhlariepheroxyacet ate (22s, 25r)
- 5- al pha- Sal anj dan- 3- bet.a- O. Sol ani d- 5- ENE- 3- bet a,
12-59% i dindeeid innolysgifatied- 5- EN- 3- bet a- OL
Sol 0 NGy URaseMl - Speet ogard Spi cl omazi ne
hydr ochl ori de

Sodium colistinemethanesulfonate

Sodium cyanide

Sodium cyclamate

Sodium dehydroacetic acid

Sodium dichlorocyanurate

Sodium diethyldithiocarbamate

Sodium diphenyldiazo-bis (alpha-naphthylaminesulfonate)
Sodium fluoride

Sodium (E)-3- (para- (1H-imidazol-1-methyl)phenyl) -2-
propenoate

Sodium iodide

Sodium lauryl sulfate

Sodium luminal

Sodium nigericin

Sodium nitrite

Sodium nitrite and carbendazime (1:1)
Sodium nitrite and l-citrulline (1:2)
Sodium nitrite and 1- (methylethyl) urea
Sodium nitroferricyanide

Sodium pentachlorophenate

Sodium picosulfate

Sodium piperacillin

Sodium retinoate

Sodium saccharin

Sodium salicylate

Sodium selenite

Sodium selenite pentahydrate



Spi ramycin Spiroperidol SRC- 11, heavy distillate
| -ST-2121 Sterculia foetida oil Steroids Stinulexin

wkoogpsaapg/ci n Streptomyci n and di hydr ost r ept onPCI/NS2006/045352
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Streptonycin sesquisul fate Streptonycin sul phate
Streptonigran Streptonigrin nmethyl ester
Streptozoticin STS 557 Styrer@4Subti gen Succinic
anhydri de Succinonitrile Sucrose Sul fadi azi ne silver

Sa%%fig%n fS%qifrg%%hoeéywr i m di neSul f adi et hyl di azi ne

Su nmonomet hoxi n Sul'f anoxol e-tri met hoprim mi xture

gulssbaiﬁl fh]lnallai—atelg&o&ﬂrn‘eani | am do- 2, 4- di met hoxypyri m di ne
- Sul fani |l am do-3 , 4-dinethyl -isoxazole

SulSeSHIY | %%tﬂlpygﬁﬁttgc et ani de

al RhariSl-fohenzdeRicplehioxydiceedicem Sul fur di oxi de

(22g,25r) -5-alpha-Solanidan-3-beta-OL
Solanid-5-ENE-3-beta, 12-alpha-diol
(22s,25r) ~-Solanid-5-EN-3-beta-0OL
Solanine

Solcoseryl

Spectogard

Spiclomazine hydrochloride
Spiramycin

Spiroperidol

SRC-II, heavy distillate

1-8T-2121

Sterculia foetida oil

Steroids

Stimulexin

Streptomycin

Streptomycin and dihydrostreptomycin
Streptomycin sesquisulfate
Streptomycin sulphate
Streptonigran

Streptonigrin methyl ester
Streptozoticin

STS 557

Styrene

Subtigen

Succinic anhydride

Succinonitrile

Sucrose'

Sulfadiazine silver salt

sulfadimethoxypyrimidine



Sul furic acid Suloctidyl Sultopride hydrochloride
Supercortyl Superprednol Surgam Surital sodium

weoomoedips mal eat e Suxi buzone Sweet pea seeds ByDER1N06/045352
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net a- Synephri ne hydrochl ori de Synephrine tartrate
Synsac 2,4,5-T T-1982 T-2588 Jaganmet Tar vve_ed TCDD
Tel lurium Tel ' uri um di oxi deTemephos Tenor m n

Ter but al i ne sul phate Terodiline hydrochloride
Testueshiaed vdstigaigeone hept anoat e Test ost er one

G- g‘{t r aﬁﬂ Oé1 3:? englo;rﬁtr raﬁb-lij-te%/l‘ g::ﬁ?orzogc;t one
Sulfamoxole-trimethoprim mixture
Sulfanilamide

.6-Sulfanilamido-2, 4-dimethoxypyrimidine
5-Sulfanilamido-3,4-dimethyl-isoxazole
Sulfanilylurea

N-Sulfanylacetamide
alpha-Sulfobenzylpenicillin disodium
Sulfur dioxide

Sulfuric acid

Suloctidyl

Sultopride hydrochloride

Supercortyl

Superprednol

Surgam

Surital sodium

Surmontil maleate

Suxibuzone

Sweet pea seeds

Sygethin

meta-Synephrine hydrochloride
Synephrine tartrate

Synsac

2,4,5-T
T-1982
T-2588
Tagamet’
Tarweed
TCDD
Tellurium

Tellurium dioxide
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1,1,3, 3-Tetrachl oroacetone 3,3 ,4,4'
- Tetrachl oroazoxbenzene 1, 2,3 , 4-Tetrachl orobenzene

, 6- Tetrachl orophenol Tetracycline Tetracycline
hydrochl oride Tetraethyl |eaggg-trans -D9
- Tetrahydrocannabinol 2 - (para- (1, 2

, 3, 4-Tetrahydro-2- (parachl orophenyDnapht hyl ) phenoxy)
t rrembyhoan ne 2, 3,4,5 -Tetrahydro -2, 8-di methyl -5-
(2- (6-nethyl -3- pyrldyl) ethyl) - IFprrld

0- f818rBéka) indol e Tetrahydro-3 ,5 -dinethyl -4H 1,3

5Tg§ggtg;hﬁg Qulphgag 56, 7,8- Tetrahydrofollc acid 2
(1, 2 etrah%dro |.- napht hyl am no) -2
-|wEua@oﬂnn@ hydrechleride 4

h L pyranyl adri anmyci n hydrochl ori de par a-
S%e¥_$ef%ranethylbutyl) phenol , polymer with
et@éb@@%tQdee asgtBapankdehyde 2, 2, 9,

9- Tetranet hyl -1, 10- decanpedi ol Tetranethyl | ead
TeF?&&@Fﬁ?FQH@cPﬁBﬁFPnPgFeTetranethyl thiourea 1,1, 3,3

-T§ﬁ5a@e%hxg%&%@u£§qh§@hcotyI fructose Tetrapotassi um
hexacyanoferrate Tetrasodi um fosfestrol Tetrazosin

hy @r, Gc M, Br-Ted raicky dSeCd bergPiEd8R de Thal |i um acetate
Thaldd AR, one
1,1,3,3-Tetrachloroacetone
3,3',4,4'—Tetrachloroazoxbenzene
1,2,3,4-Tetrachlorobenzene
3,3',4,4'-Tetrachlorobiphenyl
2,4,5,6-Tetrachlorophenol
Tetracycline
Tetracycline hydrochloride
Tetraethyl lead
1-trans-D9-Tetrahydrocannabinol
2—(para—(1,2,3,4—Tetrahydro—2—(para—
chlorophenyl) naphthyl) phenoxy) triethyl amine
2,3,4, 5-Tetrahydro-2,8—dimethyl-5—(2—(6—methyl—3—
pyrldyl)ethyl)- 1H-pyrid 0-(4,3-beta) indole
Tetrahydro-3,5-dimethyl-4H,1,3,5- oxadiazine-4-thione
5,6,7,8-Tetrahydrofolic acid
2—(1,2,3,4-Tetrahydro—l—naphthylamino)-2—imidazoline
hydrochloride
4, -0O-Tetrahydropyranyladriamycin hydrochloride
para—(1;1,3,3—Tetramethylbutyl)phenol, polymer with
ethylene oxide and formaldehyde
2,2,9,9—Tetramethyl—l,10—decanediol
Tetramethyl lead

Tetramethylsuccinonitrile



Thal I'i um compounds Thal |'i um sul fate Thebai ne
hydr ochl ori de para- (2-Thenoyl) hydratropic acid
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line 1- (Theophyl 1lin- 7-YL) ethyl -2- (2-

(par a- chl or ophenoxy) -2- nethyl propi onate Thi am ne
chloride 2 - (Thiazol-4-YL) t?@r?gi'rri dazole 2 -
(4-Thi azol yl) -5-benzi m dazol ecarbam ¢ aci d net hyl

ester _Thi ' Thi oi nosi ne

ThitTge_ttrr!ae e%%lgfgtr‘l:gg%%%ﬁor am de 2-Thiouracil Thiram

Ih%mldﬁlne -tlngmnréththyeaxi n Thyroxi ne Ti apride
ydrochl aride _Ti carcillin sodi unili cl odone Ti nmepi di um

br FRtFE A FE PSRact i n Ti ndurin Tini dazol e

Ti R did duudnef Mebicdanbrawirzicem br oni de
Tetrasodium fosfestrol
Tetrazosin hydrochloride dihydrate
Thalidomide
Thallium acetate
Thallium chloride
Thallium compounds
Thallium sulfate
Thebaine hydrochloride
para- (2-Thenoyl) hydratropic acid
Theobromine
Theobromine sodium salicylate
Theophylline
l-(Theophyllin—7—YL)ethyl-z—(2—(para—chlorophenoxy)~2—
methylpropionate
Thiamine chloride
2- (Thiazol-4-YL) benzimidazole
2- (4-Thiazolyl) -5-benzimidazolecarbamic acid methyl
ester
Thioacetamide
Thioinosine
Thiotriéthylenephosphoramide
2-Thiouracil
Thiram
Thymidine
Thyroid
1-Thyroxin
Thyroxine
Tiapride hydrochloride

Ticarcillin sodium



2,4, 5-T isooctyl ester Titanium (wet powder)
Ti zani di ne hydrochl ori de Tobacco Tobacco | eaf,

wok@aeeama gl auca Tobramyci n Todral azi ne hydr optit/os20d€045352
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hydrat e Togal Tol metine Tol uene para- Tol uenedi am ne
sul fate ortho-Tol uidine Torpogyg 2 ,4 ,5-T propyl ene
glycol butyl ether ester Traxanox sodi um pentahydrate
Tri am noguani dine nitrate para, para,

- Triias hedi benzenesul f onam de Tri azol am

ﬁﬁ 3{ oﬁﬁﬁ{‘,%g{% Y 2_ Tf| IL: g|rﬂ00r20benzene

hydchiercbripheny| ether (2,2

2 Trichl oro-1-hydroxyet hyl ) di net hyl phosphonat e N -
(Tri K Dridhet hyl thi o) phthal imide 4 - (2,4
5- F4iplopphenoxy) butyric aci dal pha- (2, 4
5-Tri chl or ophenoxy) propionic acid
Tri%imigtaggsrlopi onitrile Triclopyr Tricosanthin

Tridet narnh eTrh)%lpohcahr}LeorTlrd ethyl |ead chloride

Tiquizium bromide

2,4,5-T isooctyl ester

Titanium (wet powder)

Tizanidine hydrochloride

Tobacco

Tobacco leaf, nicotiana glauca

Tobramycin

Todralazine hydrochloride hydrate

Togal

Tolmetine

Toluene

para-Toluenediamine sulfate

ortho-Toluidine

Tormosyl

2,4,5-T propylene glycol butyl ether ester

Traxanox sodium pentahydrate

Triaminoguanidine nitrate

para,para, -Triazenylenedibenzenesulfonamide

Triazolam

Trichloroacetonitrile
1,2,4-Trichlorobenzene

Trichloroethylene

2,4,4,-Trichloro-2, -hydroxydiphenyl ether
(2,2,2~-Trichloro-1-hydroxyethyl) dimethylphosphonate
- (Trichloromethylthio)phthalimide

4—(2,4,S~Trichlorophenoxy) butyric acid
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Triethyl enetetramne 2,2, 2-Trifluoroethyl vinyl ether
3 ,-Trif luoronethyl-4-di net hyl am noazobenzene Trif

wo e oeabhyl perazine 2 - (8, -Trifluoronethyl - BCT/US2006/045352

- qui nol yl am no) benzoic acid, 2,3- dihydroxy propyl
ester Trifluperidol Triglynmeghri-nebuti ne nmal eate
(beta) -Trinethoquinol Trinmethoxazine 5 -

(3,4, 5-Tri nmet hoxybenzyl) -2 ,4-di am no xrinidine
TeilpbahyR , ke ad TERCHL PYEPRPRREY hyPrﬁHbgg St 8T met hy!

phosphi-t 5= Tri hyl -2 , 4-di ket ooxazol i di ne
T&Fﬁg 1§%§%§§Pﬁg %%ggélf onate exo- Tri nethyl
emenegyaane 1 ,1,3 -Trinethyl -3 -nitrosourea 1,3
,5-Trimethyl-2 ;4 ,b-tris (3 ,5-Di-tert-butyl-4-
h . 1 ) benzene Triparanol Tris Tris
(%&qqgmdyﬁyl) - par a- benzoqui none Tris- (1l-aziridinyl)
phosphi ne“oxi de TrisaziridinyltriazineTris
( ImstipHaatehyl ene) phosphoric triamde Tritoly

GR{e-sedr ochl ori de 1-Trypt ophan

-ﬁ)- Si?e&&pg/ si-E:?g oc?{rmne ungst en
Triethylenetetramine
2,2,2-Trifluorocethyl vinyl ether
3, -Trifluoromethyl-4-dimethylaminoazobenzene
Trifluoromethylperazine
2—(8,—Trifluoromethyl-4,—quinolylamino)benzoic acid,
2,3- dihydroxy propyl ester
Trifluperidol
Triglyme
Trimebutine maleate
(beta) -Trimethoquinol
Trimethoxazine
5—(3,4,5—Trimethoxybenzyl)-2,4-diaminopyrimidine
Trimethyl lead chloride
Trimeth?l phosphate
Trimethyl phosphite
3,3,5—Trimethyl-2,4—diketooxazolidine
Trimethylenedimethanesulfonate
exo-Trimethylenenorbornane
1,1,3-Trimethyl-3-nitrosourea
1,3,5—Trimethyl—2,4,6—tris(3,5—DI—tert—butyl—4—
hydroxybenzyl) benzene
Triparanol
Tris
Tris (l-aziridinyl) -para-benzoguinone
Tris- (l-aziridinyl) phosphine oxide

Trisaziridinyltriazine



dl - metar Tyrosine 1-Tyrosine Ubi qui none 10 Uracil
Uracil mxture with tegafur (4:1) Uranyl acetate
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Urfam cin hydrochloride Uridi on Urokinase Val bazen

Val i son Vanadi um pent oxi de_ (?y@t) Vasodi | an Vasodi |l i an
Vasodi stal Vasotonin Venae i enti pul mn Veratram ne
Veratrine Veratryl am ne

Vimead e(icals sl ete\f e Je uRotsipdstd ige tetilaice (1: 1)
(salt) Vinyl chloride Vinyl pivalate Vinyl toluene
Vi TiA LR PRIFRIFF R R-5- Vi nyl - 2- oxazol i di net hi one

Tropacaine hydrochloride
1-Tryptophan
TSH-releasing hormone
Tungsten
dl-meta-Tyrosine

1-Tyrosine

Ubiquinone 10

Uracil

Uracil mixture with tegafur (4:1)
Uranyl acetate dihydrate
Urapidil

Urbacide

Urbason soluble

Urethane

Urfamicin hydrochloride

Uridion

Urokinase

Valbazen
Valison
Vanadium pentoxide (dust)
Vasodilan
Vasodilian
Vasodistal
Vasgotonin
Venacil
Ventipulmin
Veratramine
Veratrine
Veratrylamine

Vincaleukoblastine



Vi onmycin Vipera berus venom Viriditoxin Visken
Vistaril hydrochloride Vitamn A Vitam n A acetate

wHRaamba199\ acid 13-cis-Vitamn A acid Vitam n RCT/US2006/045352
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palmtate Vitamn B7 Vitam n B12 conplex Vitam n Bl2,
methyl Vitamn D2 Vitamn K Vitamin MK 4 Voli dan
Vom toxin Wait's green nounta?h antihi stam ne
Warfarin Warfarin sodium Wite spirit

Xarpl Lol Syl & Xanas,p@ndi ol ni catimat e Xyl eneret
a- Xyl ene ortho- Xyl ene para-Xylene Xylostatin N - (2,
3- i) cntdwidsic acid Ytterbiumchloride

Vinyl pivalate

Vinyl toluene
Vinylidene chloride
R-5-Vinyl-2-oxazolidinethione
Viomycin

Vipera berus wvenom
Viriditoxin

Visken

Vistaril hydrochloride
Vitamin A

Vitamin A acetate
Vitamin A acid
13-cis-Vitamin A acid
Vitamin A palmitate
Vitamin B7

Vitamin Bl2 complex
Vitamin B12, methyl
Vitamin D2

Vitamin. K

Vitamin MK 4

Volidan

Vomitoxin

Wait's green mountain antihistamine
Warfarin
Warfarin sodium

White spirit

Xamoterolfumarate
Xanax
Xanthinol nicotinate

Xylene



Zar oxol yn Zear al enone Zi nel i di ne di hydrochl ori de Zinc
carbonate (1:1) Zinc chloride Zinc (11) EbrA conpl ex

wa@eoc/oeapgle Zinc (N, N ,-propylene-I|,2-bis PCT/US2006/045352
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(di thi ocarbamate) ) Zinc pyridine-2-thiol-I-oxide Znc
sul fate Zoapatle, crude | eaf28Xtract Zoapatle, sem
-purified | eaf extract Zotepine Zygosporin A Zyloprim
Table V_Anti bodies Used to Determ ne the

DTt eF+eed Status of Cells Panel |

U@fgﬁgr)@?iéﬁé ed Cells Antibody Anti gen. Cel |
Specificity SSEA-I human ES/ | CM SSEA-4 human ES/ | CM
TRAada 60y hem@an ES/ | CMTRA- 1- 81 human ES/ | CM SOX- 2

h foE'rSét]: Cct-4 human ES/ | CM Nanog human ES/ | CM
Pa T Bfoad Differentiated Cell Characterization
Anttri body -yt yyesnetrdnSpiecideidty Cxcr4 Definitive

endoderm Vi mentin Connective tissue cell /primtive

Ytterbium chloride

Zaroxolyn

Zearalenone

Zimelidine dihydrochloride

Zinc carbonate (1:1)

Zzinc chloride

Zinc (II) EbrA complex

Zinc oxide

Zinc (N,N,—propylene—1,2-bis(dithiocarbamate))
Zinc pyridine-2-thiol-l-oxide

Zinc sulfate

Zoapatle, crude leaf extract
Zoapatle, semi-purified leaf extract
Zotepine

Zygosporin A

Zyloprim

Table V

Antibodies Used to Determine
the Differentiated Status of Cells

Panel I: Undifferentiated Cells

Antibody Antigen Cell Specificity
SSEA-1 human ES/ICM
SSEA-4 human ES/ICM

TRA-1-60 human ES/ICM



woedoffesang | at ed Cel |
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neur oepi t hel i um Cytokeratins Epithelial cell
Neur of i |l anents Neurons L ,M,H Panel 111l: Narrow

Cell Specificity Ectoderm Nestin Neural progenitor
S-100 Neuroect oderm CD56 Neur oect oder m CD57

Neur oect oder m Ant i body Anti ge%%:erl Specificity CD99
Neur oect oder m Neuron - Neur oect oderm specif ic enol ase
M crot ubul e Dendritgg-negh ons Basignd? aisized VAP 2 )
GFAP Astrocytes CD133 Neural stemcells el in basic

d i godendrocytes F#@%ei nNeur al Di furesre S /28 @4 neurons
Tubul i n Noggi n Ne S I\/bsoderm

Progenitors nDrphg%Cg@m% protein recepri\/gnfse% liver

Endot hel i al progenisamdsg ki nase-1 (thlddr) ES/ICM

Panel II: Broad Differentiated Cell Characterization

Antibody Antigen Cell Specificity
Cxcri Definitive endoderm
Vimentin Connective tissue cell
/primitive
neuroepithelium

Cytokeratins Epithelial cell

Neurofilaments Neurons
L,MH

Panel III: Narrow Differentiated Cell Characterization

Antibody Antigen Cell Specificity
Ectoderm
Nestin Neural progenitor
5-100 Neurcectoderm
CD56 Neurcectoderm
CD57 Neuroectoderm
Antibody Antigen Cell Specificity
CDh99 Neuroectoderm
Neuron- Neurcectoderm
specific
enolase
Microtubule Dendritic neurons
Basic Protein
(MAP 2)
GFAP Astrocytes
CD133 Neural stem cells

Myelin basic  Oligodendrocytes
Protein

Characterizati on Anti bodyP@nUsTHe6045352
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Snoot h nuscl e Snoot h nuscl e nyosi n VE- Cadheri n Snoot h

muscl e Desm n Muscl e cel

S (mul tinucl eat e)
w@enenexesi fi ¢ Ost eobl ast al kal i ne phosphat asePCT/US2006/045352

Ost eocal ci n Osteobl ast CD34 Hemat opoi e tic/ nuscl e

satel lite/ Endot hel i al
Ant i body Ant xgen Cel

and mesenchynal
anti gen-

CD44

1 mesenchynal

enchymal
xty c-Kkit

Spefxggg

progenitors Stem cel

progenitors
Hemat opoi eti c
Hemat opoi et i c/

(sca-1) Stro-1 Bone narrow

stromal / Mesenchyppl-;$tem cel | spOekbagatibted neurons
Chondr ocyt es Col aggmﬁ V ChondrocytesCD2 9 Stroma
ce

cells CD44 Stromal
St ronual

Al bum n" Hepat ocyt es

s CD73 Stromal
cells Brachyury Mesode

Sox!| 7 Vi sceral aﬁ&ggéPinitive

Definitive endoderm Goosecoid (-) Viscera

cells CD 66

Eﬁ%gg@thhord) Endoder m

rm Goosecoid (+)
endoder m

Mesoderm

Bone Mesenchymal Progenitors

morphogenic

protein receptor

Fetal liver Endothelial progenitor

kinase-1 (F1lk1l)

Smooth muscle Smooth muscle

myosin

VE-Cadherin Smooth muscle

Desmin Muscle cell
(multinucleate)

Bone-specific Osteoblast

alkaline phosphatase

Osteocalcin Osteoblast

CD34 Hematopoietic/muscle

satellite/Endothelial

CDh44 Mesenchymal progenitors
Antibody Antigen Cell Specificity

c-kit Hematopoietic and

mesenchymal progenitors

Stem cell Hematopoietic/

antigen-1 mesenchymal

(sca-1)

Stro-1 Bone marrow stromal/

Collagen II
Collagen IV

Mesenchymal stem cells

Chondrocytes
Chondrocytes
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B-1 Integrin Hepatocytes Table X Single Cell -Derived
Cell Lines of Series 1B-19 B-20 B-21 B-22 B-23 B-24

B-33 B-34 B-35 2-1 63 2-2 62 2-3 70 2-4 4-1 4-2 69 4-3
4-4 5-1 5-2 5-3 5-4 68

Endoderm

CDh29

CD44

CD73
CD166
Brachyury

Sox17

- 295 -

Stromal cells
Stromal cells
Stromal cells
Stromal cells

Mesoderm (Notochord)

Vigceral and definitive
Endoderm

Goosecoid (+) Definitive endoderm

Goosecoid (-) Visceral endoderm

Albumin”

B-1 Integrin

Hepatocytes
Hepatocytes

Table X

Single Cell-Derived Cell Lines of Series 1

Series 1 Exp.

Line Name

ACTC No.

Medium

aldhjIN]|~

B-2

51

B-3

55

B4

66

B-5

B-6

56

B-7

53

B-9

B-10

B-11

58

B-12

65

B-13

B-14

67

B-16

4l

B-16

59

B-17

B-18

DMEM 10%Fetal Bovine Serum




5-5 6-1 64 TOTAL COLONI ES SERI ES 1= 54Wat is d ai ned
is: 1. Anmethod for deriving cells from pluri potent
wer@mocabs s wherein said derived cells possessPCHUNNOE045352
differentiation potential than said pluripotent stem
cells, conprising the steps. ofggs (2) selecting all or a
subset of differentiation conJ?tions froma plurality
of differentiation conditions that may result in the
di t#®rentjiati on of said pluripotent stemcells; (b)
exp®d®i ng |said pluripptent stemcells to said sel ected
al | Bor a |subset| of d{fferentiation conditions from
step22(a) |{for various|tine periods resulting in a
het ersogeneous popul ation of cells conprising cells
Wi [ bzar eddced diffferentiati on potential than said
pl pedspot gnt sst em cel | s; (c) plating said heterogeneous
popedsatidn @ clells o isolate a nunber of individua
cu[ggres[of cellls or|a nunber of individual cultures
of (gl s [thal are ol |goclonal, wherein one or nore of
sa[gcultiurgs clonpri se cells with reduced
di Tigrentiatjon potential than said pluripotent stem
cefts ang wherei n each of said individual cultures

hayigg—orty—one cel | | may be propagated into a pure
cl ppat—eytture—of cells and wherein each of said
| neiyi-eugt—euttiures of cells having cells that are
ol ;%C!O.a! rFay) be propagated into a | arger nunber of
celFE: and teh)—propagating one or nore (or all) of
sal 8 indilvidball cultlires of cells in conditions
sel&ted lto*hromte the propagation of said one or
Mot 70

24

4-1

4-2 69

4-3

44

5-1

5-2

5-3

5-4 68

55

6-1 64

TOTAL COLONIES SERIES 1= 54




(or all) of said individual cultures of cells.2 . A
nmet hod for deriving cells fromenbryoid bodi es derived

wo e@miopd1o8 | pot ent stem cells wherein said deriReTUSEN6/645352
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possess reduced differentiation potential than said
enbryoi d bodi es derived from pluripotent stemcells,
conprising the steps of : -(&97sel ecting all or a
subset of differentiation conditions froma plurality
of differentiation conditions that may result in the

differentiation of, said enbryoid bodies derived from
pM@@p&é@M—é@'l s; (b) exposing said embryoid
bodi es derived from pl ur. e ekhs st ¢roai d
selected al Lor & :ﬂ?& éDtd (%%Ed:a%f%trvg%ati or? condi tions
fféﬁ'{lxsitﬁ?ce(r?c) SrQim i 16U svHeines np essiidd slerd et iofd 1en a
het

er ogeneous popul ation of cells conpri.si:n .S, +
wigids sestiu crafiutte éiﬂefrﬁ%ﬁqtdﬁtﬁ&?bm%%ﬁlﬁ&n%g%ﬂd said

pl uri pot ent_.st o ( Qoratdingy s« dtripar ageneous
p }%tl?cgtne%$ sgg%rﬁgéétﬁolsi"soloﬁe a lgﬁjnber of _i ndi vi dual
cul tures of cell s{akractelrating Haviary diYPite el |

or cells that are oligocl gnal ' ; re of
S e S Lo PR TS TR e Y P

di {1{ff&Péﬁ@lé@ﬂoﬁ%&ﬁmi@ioﬁ@ammmta;pl reswot e Eiem
cells and wherein each of said, individual culﬂjé_es

hadi Afepahyiantorepf payd L WFHRIERe Pl o3 puf e
clonal culture of B?' Iéx%r;?iﬂ\%:eégi@ ]_geg@fipcstém dstem
és of ¢ S

i ndi vi dual cul tur aht are oligoclonal may
becp1 ppagat edidntelactadgatl nomber sepsel P§; and (d)

CURtaFeseDRi6BRPE FRCORUPTP ohbel S5t BuTh oamot s he

prggﬁgabggﬁoag $akd1eAagoinMar Reterogeneous population of
cells comprising cells with reduced differentiation
potential than said pluripotent stem cells;

(¢) plating said heterogeneous
population of cells to isolate a number of individual
cultures of cells or a number of individual cultures of
cells that are oligoclonal, wherein one or more of said
cultures comprise cells with reduced differentiation
potential than said pluripotent stem cells and wherein
each of said individual cultures having only one cell
may be propagated into a pure clonal culture of cells
and wherein each of said individual cultures of cells
having cells that are oligoclonal may be propagated
into a larger number of cells; and

(d) propagating one or more (or all) of
said individual cultures of cells in conditions
selected to promote the propagation of said one or more

(or all) of said individual cultures of cells.



(or all) of said individual cultures of cells. 3 . A
met hod for deriving cells frompluripotent stemcells,

wob@res119sai d derived cells possess reduced  PCT/US2006/045352
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differentiation potential than said pluripotent stem
cells, conprising the step§eé§é (a) exposing said
pluripotent stemcells in v ous differentiation
conditions for various tine periods resulting in a
het er ogeneous popul ati on of cells conprising cells
with reduced di f fremeniticat ifer petranting defids Saioh
pluripotent stemcells; (b) plating said hetero us
popwhzitdish hsidias 1Geiyeds T Wﬁ?&&ﬁn& S5 \% 33%
cul.tures of cells Qfed uimherndfsddylindgduald cul tures
of "€l that are ol 1 gocl onal’, wherein one or_nore of
sad 1F fattdnt Est onpotsmttial ] $hen Baish gegryoid bodies
differentiation potential,_ than sai | ur i ent_ st
ceFBIRY & u?%RﬁF?ﬁtsé%e i n&ﬁ§?d3%#ﬁgﬁﬁ¥ﬁF%§§ﬂg
hqg&@gsqgfy one cell may be propagated into a pure

a

clon culture of cells and wherein each of sqid £
i ndi vi dual cul t ur &3) ofS%JéFCF"s“T‘%\ﬁ]rPS Fel? ST ©

ol Lgocl onal . e HL PG £ fath 02 1 @F LRI tpUsber  of
cé??gfeg% ti%?¥%$o%§%§tlng %ne or ng$e (or_all) of
sa@ gf Fedent taal onutondisiofs cehals May comeitl ol the

sel ected to, pronote_the, propagati . SAal r
mofeL EBFeRFLFC PR SThEI § 18h84188! 8oPLfe £xom
. ﬁiﬂgggggeﬁgrsggﬁiggngsgelIs fromenbryoi d bodi es

detri ved fron1p|urigotent sten1ce|l§, ﬁgerela ga&d
derived cells posébss PEBHAEERIJFRIRr BHPTRPTBNPOES

fgtgggg'gg'g %hSﬁaﬁhgingEh{?%EQh stemscebl 5aigospLEStag

exposing said etnbryoid bodies
degilvedrf noBUpkBLi pdt dnffsrentistioni aopdirdges from step

(a) for various time periods resulting in a
heterogeneous population of cells comprising cells with
reduced‘differentiation potential than said pluripotent
stem cells;

(c) plating said heterogeneous
population of cells to isolate a number of individual
cultures of cells, each culture having only one cell or
cells that are oligoclonal, wherein one or more of said
cultures comprise cells with reduced differentiation
potential than said pluripotent stem cells and wherein
each of said individual cultures having only one cell
may be propagated into a pure clonal culture of cells
and wherein each of said individual cultures of cells
taht are oligoclonal may be propagated into a larger
number of cells; and

(d) propagating one or more (or all) of

said individual cultures of cells in conditions



differentiation conditions for various time periods
resulting in a heterogeneous popul ation of cells

wa@ w068 g cells with reduced differentiati onPCT/US2006/045352
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potential than said pluripotent stemcells; (b)

pl ati ng sai d het erogeneous popul ation of cells to

i sol ate a nunber of individu@2%ultures of cells, each
culture having only one cell or an oligoclonal nunber

of ce c%edWQ%r%%EpﬁggegucggEgpg%a§§Eﬂ.Sf!gaﬁasone or more

conprlse cells erentiation potentia
thqbrsaRQ)pb&rspdﬁenhdsweduaélbalandeahefebaléach of
sai d individual cultures having only one ceII may be

pr opagat ed |nto a_pu cl.ona ulture of
wher ei n each of s§lge%98dv%85é SEal'tt gegegﬁ F?s t hat
ar %Mﬁlga%le%alstw cka 1" opdeated katda aelra.iv@ar calber

of “cells; and (c)_ propagating one or nore gor all) of
saipdsisediov ingsaicesudiffes oot 16608 PRLEBRAPL 5RED AL
sel CL8 pr g [ 0 ai e Q.
% % qﬁ% %&%%al ﬁﬁd|V|3%&Esq tEF%sngB%eP? 5
The met hod accor(@i)ng expoaiyncomseidf pdlaiipetent, stem

further conprisin ep of .di t.1 id
oG b 0E P St Hr e OO G Opar Ty Y g Lous
e d 0D R GIHIRGE P 1§ @ 'He@e,ro\g‘é@xre@u@ paipdilation of

dlsaggregatlng step is _perfornmed by trypsinzing the
hetcald@ewmm@rpl@gmgatqedﬂ%ﬁﬂlééq jrgduped P E @éieﬁlgdatlon

20COING L0 A Y LA i cchierhne i 1 sl ¢

pléilng sal ogeneous populatlon of cells is
pl ated at I | mti ng(wi | gtliaanind saithhererogeneceer di ng

Lgtggﬁglgr%&&%ferceélnls Itrgb S’:L%o aezl atl n n%e%:p’otsz?Lin%ividual
cultures of cells or a number of individual cultures of
cells that are oligoclonal, wherein one or more of said
cultures comprise cells with reduced differentiation
potential than said pluripotent stem cells and wherein
each of said individual cultures having only one cell
may be propagated into a pure clonal culture of cells
and wherein each of said individual cultures of cells
having cells that oligoclonal may be propagated into a
larger number of cells; and

(c) propagating one or more (or all) of
said individual cultures of cells in conditions
selected to promote the propagation of said one or more

(or all) of said individual cultures of cells.

4. A method for deriving cells from
embryoid bodies derived from pluripotent stem cells,
wherein said derived cells possess reduced
differentiation potential than said pluripotent stem

cells, comprising the steps of:



popul ation of cells, after disaggegation, is plated at
l[imting dilution. 9 . The nethod according to claim?7

w@roocloed1ss 8 , wherein limting dilution is perPOr/IBI06/MS352
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mul tiwel | dishes . 10. The nmethod according to any one
of clains 1-6, wherein, in saqh plating step, said
het er ogeneous popul ation of cells is plated at |ow
density. 11. The method according to claim 10, wherein
3a| d heter ogleneous(apop@b@piS(ingofsadél egbslyai8dPaeiPsw
ensity is ated on _sem sol_id di-a. t hod
acgﬁr&x’ﬁ& 503}193(1611;%13 < %aisri%se mln-%ﬂ‘isv\%ér gﬁ%qggg‘;
helRregenerus Hiep ldinddn iehsC €ors vatrisuep time aeeiods
plated in juxtaposition with feeder _or i nducer iﬁl l's.

13 resTHd imst Hed S deHediasf e Uen Pobive 358 Qtnset-F2,

V‘h%!o?dg{kdiss;ﬂn% heharoganeoys R atilrgl reftaeldionf Poential
enbrya odies prior to plating. 14 . The netho
acath nghitd pAnyr igue eoft dtaimeel-153, wherein sai d

pl uri potent stem C@DI)I S recﬁg_{g{q%%rie tﬂe"i‘:t&%%éﬁ'e%e\gutsr o, in
: im

vivo, or in ovo. 1 accor to any one

of Sl AiTE: forf ohariel 1 15 idd1eiter egenses pdpulrativdrual
of cel'l s are plated as single isolated cells _at |ow
dermsilyuies PBerrlslt i arttid e b ndgidy one cell or

acear g Ao, one Alwsl 2B deths Wildlidhn ighe@d more of
pl at’i ng ep,  sal et erogenous popul ation of cells
ar esl dat @il Asresd nepreptisod atedd < ofitth atedusedensity in

2|2$n éé%%égfgkf%%tﬁggéﬂtfg& QH%%'E%JE“%fE%%ﬂé@%H%té%em

cells and wherein each of said individual cultures
having only one cell may be propagated into a pure
clonal culture of cells and wherein each of said
individual cultures of cells that are oligoclonal may
be propagated into a larger number of cells; and

(¢) propagating one or more (or all) of
said individual cultures of cells in conditions
selected to promote the propagation of said one or more

(or all) of said individual cultures of cells.

5. The method according to any one of
claims 1-4, further comprising a step of disaggregating
said heterogeneous population of cells prior to

plating.

6. The method according to claim 5, wherein
said disaggregating step is performed by trypsinzing

the heterogenous population of cells.

7. The method according to any one of

claims 1-4, wherein, in said plating step, said



further conprising the step of culturing said single
isolated cells as an aggregate. 18 . The net hod
waewanailpg) to any one of clains 1-4, wherein sBETUS2006/045352
het er ogeneous popul ation of cells is cultured at |ow
cellular density such that colg@nies of proliferating
cells derived froma single cell can be easily
identified and isolated. 19 . The nethod according to
anyedrRE agengaaisnpopulgt igeodi welie d&l pdaitedsaitd limiting
I NG.wi cul tures, or progeny thereof, are
dogbﬁﬁﬁﬁgJ'by genot ype or phenotype . 20. The nethod
according to any one of clainms 1-18, wherein the cells
in said indi&.dualTheulntarhes], agcomddgenyta kdrdaf 5,ar e

docynent.ed hy phatography . 21. The, hod accordi ng
Wk VR e e S B e N

I Nnjopuduali SUIdAUIRS,1 NI dFtege M dabRfeRRfcicl € is é)lated at
document ed b nmunocyt ochem sty. 22. The netho

[
accoitigs slidiEisie of clainms 1-18, wherein the cells
in said individual cultures, or progeny thereof, are

docunent ed bwbriﬂiezagt%éaofa&r&gﬁﬁgw ai'él%npp PNB1aim

transcript. 23 . The nmethod accordi any one o
cl & ,mwvhber22n dherdiimos &lid yilion pet @etrfstremdednl swatewell
sel cﬂFd fromthe group consisting of ES cells, EG
celP$*EC cells and ED cells. 24. The met hod accordi ng
to claim 23, wherein said ED cells are selected from
the group congi.stimg afethdllaaceeldihgard amyeoneelolf
mass cells. 25. The method accordi ng any one of the
5 pr My Ic16ai MR eLMireil® SHE PLEHIEG EFchst &Ricel | s

heterogeneous population of cells is plated at low

density.

11. The method according to claim 10,
wherein said heterogeneous population of cells plated

at low density is plated on semisolid media.

12. The method according to any one of
claims 1-11, wherein said heterogeneous population of
cells in step (b) are plated in juxtaposition with

feeder or inducer cells.

13. The method according to any one of
claims 1-12, wherein said heterogeneous population of

cells form embryoid bodies prior to plating.

14. The method according to any one of
claims 1-13, wherein said pluripotent stem cells are

differentiated in vitro, in vivo, or in ovo.

15. The method according to any one of

claims 1-4, wherein said heterogeneous population of



are human cells. 26. The nethod according to any one
of the preceding clains, wherein said pluripotent stem
waeel®6ape genetically nodified such that the RMICUSHNEB15352

are deleted. 27. The nethod according to any one of
claims 1-25, wherein said pl wgpatent stemcells are
genetically nodified such that the WHC genes are first

del eted and then alleles of the MHC gene famly are

r estedrled asec plefigd aﬁe§én§t1@mié;@llla§egr EchdRi 2fgé0Y or

honpz us .,for. one.al lel.e of..the MHC gene famly. 28.
Thg gd l&c@of&mﬁ’otlédar?%d&tﬁé of the preceding

claims, wherein said pluripotent stemcells are

derived fromaishe dieeeaietticd ercenttidatigomnyf omebofoni ¢
cell.'s without the derivation of r.yoni stemc%ll
AR I ORGE T abt PG 0 S CorE Rt R

pr q-]e‘eegg | 8] | Yy iR PNlatHEMs single
cel sarlggg erciﬁive Ofp\yg%wtﬁt@ r%glpr ogr ammi ng%{}f. somati c J
celisdlrmdrelis etpdswr alegfsidai dsenmiEngied 19999 t he
cytopl.asm of an undifferentiated cell. 30. The nethod
ac qﬁeto any one of the preceding clains, wherein
one of nore cells in said individual cultures of cells

are endoder nal7 celfise n2thotheawetrhbichcadooradiaign tid ,any
one_of the preceding claing, wherein one of nore cell.s
| ST QTRR A T Tt S el T4 e (OHS rrse‘ﬁndle
celd $y1 Feq The nethod Ay igitd 0 any one of clains

1-4, wherein one of nore cells in said individual
cultures of cells are nesodermal cells. 33. The nethod

according to Hhy e glethnd FIRIAIRY A, Weri n
onecfgtitT@rf~4:,el\z!zl'§ef&r§aé§id heterogeneous population of

cells is cultured at low cellular density such that
colonies of proliferating cells derived from a single

5 cell can be easily identified and isolated.

19. The method according to any one of
claims 1-18, wherein the cells in said individual
cultureé, or progeny thereof, are documented by

genotype or phenotype.

20. The method according to any one of
claims 1-18, wherein the cells in said individual
cultures, or progeny thereof, are documented by

photography.

21. The method according to any one of
claims 1-18, wherein the cells in said individual
cultures, or progeny thereof, are documented by

immunocytochemisty.

22. The method according to any one of

claims 1-18, wherein the cells in said individual



i ndi vidual cultures of cells are neuroglial precursor
cells. 34. The nethod according to any one of the

w@e@coaipg) cl ai ns, wherein one of nore cells | PCHEBI06/045352
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i ndi vidual cultures of cells are hepatic cells or
hepatic precursor cells. 35. J@f met hod according to
any one of the preceding clains, wherein one of nore
cells in said individual cultures of cells are

chandramds, ar gheremc \the racedcurese dostument@gl bihe
met hod accordi ng to any one of the preceding claing
R B ot FEBee i ai i i G "B -

of cells are mnyocardial or nyocardi al precursor

cells.37. Theyet hof ¥l REdard@ny oy end kE
precedi ng cl ains, wherein one of nore cells in said

| ndiha ideml L ARt oferesn cdlild iy ifaler fisd €edils are
Sk%Lg%gﬁﬁa §§4§%1R5E§%%§3 (§§A§%sé% g.EEEEE§Q£5¥¥s EG

accor claim erern saidsmooth nuscl€ or
skejetlad, Mol Iy enitt Ky «zdlllss. are sel ected fromthe
group consisting of somatic nuscle precursor cells,

muscl e satelljte em cel .l s. and bl ast cell.s. .39.
The method accor diny % FHEQ %W%ﬁﬁ?égﬁﬂﬁhf%’

cl ajiBre NS LI MNa-Ofl dene eRlldetddl SRidh ivHl \Grbigd
cultures of cells are gingival fibroblast or gingival

fi brontsesting e@ﬁjrwul@emesgl.lmcﬁndrrﬂélw s ladEsTiGRg 1 -
to any one of the preceding clains, wherein one of

more cells | el gt il a SRS Aly ld HAfithe
pancreatic beta cells or pancreatic beta precursor
celpsecddind hel avstdho dvizencoindi e d langipterndf stwm cells

are human cells.

26. The method according to any one of the
preceding claims, wherein said pluripotent stem cells
are genetically modified such that the MHC genes are

deleted.

27. The method according to any one of
claims 1-25, wherein said pluripotent stem cells are
genetically modified such that the MHC genes are first
deleted and then alleles of the MHC gene family are
restored such that these stem cells are hemizygous or

homozygous for one allele of the MHC gene family.

28. The method according to any one of the
preceding claims, wherein said pluripotent stem cells
are derived from the direct differentiation of
embryonic cells without the derivation of embryonic

stem cell line.

29. The method according to any one of the

preceding claims, wherein said pluripotent stem cells



precedi ng cl ains, wherein one of nore cells in said
i ndi vidual cultures of cells are dermal fibroblasts
wowvah/opzienat al patterns of gene expression. 42PCT/URE06/045352
nmet hod according to any one of the preceding clains,
wherein one of nore cells in sajd_i ndividual cultures
of cells are retinal precursor cells. 43 . The nethod
according to any one of the preceding clainms, wherein
one2&¢ ﬁ@FéV@@I¥§OmntbaiEePn@gvammémgc@ft@¢m@tb¢ cells

are [ a The h ccordi to an

onc-BFORRE ChLTekSodtne st R AEEE] B IF FF B

5st eayteblssar ef hamaunl fifépehebstsdeteTel | s. 45. The
nmet hod according to any one of the preceding clains,

wherein said uri pot ent sé§n1cell .are derived froma

library of humBn ehbtyBRFROL: 2ATREFIRY TRARY PR @f the

i b%ﬁﬂé&e@ihﬁuﬂﬂﬂirﬁgbﬁyﬁé‘féiﬁt 8t C8F | fo FONPE] BES1StEM
cells, each of which i's hen12ﬁgous or honozygous for
at ledsvidvel Miclavres cobresbhs dre cendederpabuteatloan,
wherei n each nenber of said library of stemcells is

hem zygous OfsROMDENGHSAGE ZdLIALIEN o SEhy bndHhr the

alleles relative to the remai ni ng nenbers o
| i bpeegedilty Fheimet hedenetordiagof anctai velbs ies®lid

said Library,of human enpryonic stemcells comprises
st e}ﬁ‘%bﬁ@ﬂ%}} a?ujz}f’érﬁ%n? yé%ﬁjss ot hioToZ afg e@r? .
MHC al |l el es present in a human popul ation. 47. The

net hod according tThanye®ed 0dcebadily ledtanpheri&i &r
sai d plurigotent stemcells or enbryold bodies derived
t heFE#+B% ard: eWpRsR tona Qhrnery eally rieremidating

congi i PNGua F8ouTHer SR HPA-SLLOT AL 0Gd & AW e & 1 = .

33. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are neuroglial precursor

cells.

34. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are hepatic cells or

hepatic precursor cells.

35. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are chondrocyte or

chondrocyte precursor cells.

36. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are myocardial or

myocardial precursor cells.



clainms 1-47, wherein the plating step is perforned at
various time intervals after exposing to the
waledo7meant i ati ng conditions. 49. The net hod ackPOF/UB19g6/045352
to any one of the preceding clains, wherein in the
exposi ng step said pluripotentgstemcells are exposed
to said differentiation conditions for 1-100 days. 50.
The net hod according to any one of the preceding
clainms, further conprising the step of determ ning the
li neage of t e deriRRed'sidias asprdingtivodyt anesh fde

a ptd iy dBiing aarandid io‘?{é Yr og%a%%ﬁlgc% hati g
said patient is in need of cell -based therapy,
co sridpahecslttapeofof (@l lebtaaienisngpcdi dhysatlice rir;

(b)) dent i yi VHC proteins expressed on the surface
of ss]éae:jldé];pala]t %J‘elpn%lse é)é:lpﬁcél:rs(oc]:) cﬁﬁg\ﬁ ‘ding a library of

human cells that have reduced differentiation
potenti al thas saiThehuramheridmeridi st em ealdisn rede

according to the nethod of claim45 or 46; (d)
se|“8£fi“?erf*3‘ t9e- h P e MU G e ©5 FRalstaly Musstl emreeursor

saick1nad I8 "o NI R FRIDS HN 3R %‘qugkﬁllgcgﬂ $omatic
and that are appropriate for treating said patient's
comiadlen weditsmas ealiat, masddes sedied ljdte ertteni elded and

of -Pﬂ_se t-herapy and optionally further
> di fr@?rﬂén | atﬁdenlgl%s'ai d hurman cell; (e) adm nistering
said human cells fromstep (d) to said patient. 52.

The nmethod acsor diThg tettlodl RIcebrMimer &ion as8i drneidiod he
is perforned i.n a reg]i onal, center. 53. The _nethod

ac &G TG % TR 5 ¥R Peiones Sifd MOEGi Givdil scém @@ iids

a hesiiidlual cultures of cells are gingival fibroblast or

gingival fibroblast precursor cells.

40. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are pancreatic beta cells

or pancreatic beta precursor cells.

41. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are dermal fibroblasts

with prenatal patterns of gene expression.

42. The method according to any one of the
preceding claims, wherein one of more cells in said
individual cultures of cells are retinal precursor

cells.

43. The method according to any one of the
preceding claims, wherein one of more cells in said

individual cultures of cells are hemangioblasts.



54 . A nethod of treating a patient suffering a
condi tion or disease such that said patient is in need

w@R00cmb1198 based t herapy, conprising the step 0OPCT/US2006/045352
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adm nistering a cell derived froma nethod according
toany one of clains 1-48 or_piggeny thereof that are
further differentiated. 55 . The nethod according to
any one of clainms 1-50, wherein one or nore of said

derived cells secrete growmh factors. 56. The met hod
accordi ng to %hy dhe etdiod mecprmnavier @ny e of the

cul e f .on f i d..deri ved I [
s S IR (P e Sl S St 23
cl a&mes Huwk Hirifoe et Eadraecedrldi.ng to any one of

clains 1-50, wherein one or nore of said derived cells

secrete growh fagtors . .5 The t hod accordi ng to
any one of cI%‘m%%&eRﬂ?%r&Cﬁqr T 15U PR Y e ReL Mo e

onecdlitey AflSaiy] deldregth erlils ﬁl%ﬂi?ﬁie@f’c &tem cells

differentiation condition in any one of clainms 1-50.
are derived from a library of human embryonic stem
cells, wherein said library of human embryonic stem
cells comprises stem cells, each of which is hemizygous
or homozygous for at least one MHC allele present in a
human population, wherein each member of said library
of stem cells is hemizygous or homozygous for a

different set of MHC alleles relative to the remaining

members of the library.

46. The method according to claim 45,
wherein said library of human embryonic stem cells
comprises stem cells that are hemizygous or homozygous

for all MHC alleles present in a human population.

47. The method according to any one of
claims 1-46, wherein said pluripotent stem cells or
embryoid bodies derived therefrom are exposed to a

variety of differentiating conditions.

48. The method according to any one of
claims 1-47, wherein the plating step is performed at
various time intervals after exposing to the

differentiating conditions.

49. The method according to any one of the
preceding claims, wherein in the exposing step said
pluripotent stem cells are exposed to said

differentiation conditions for 1-100 days.
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50. The method according to any one of the
preceding claims, further comprising the step of

determining the lineage of the derived cells.

51. A method of treating a patient suffering
a condition or disease such that said patient is in
need of cell-based therapy, comprising the steps of:

(a) obtaining said patient;

(b) ddentifying MHC proteins expressed
on the surface of said patient's cells;

(¢) providing a library of human cells
that have reduced differentiation potential than said
human embryonic stem cells made according to the method
of claim 45 or 46;

| (d) selecting the human cells in said
library that match said patient's MHC proteins on said
patient's cells and that are appropriate for treating
said patient’s condition or disease that renders said
patient in need of cell-based therapy and optionally
further differentiating said human cell;

(e) administering said human cells from

step (d) to said patient.

52. The method according to claim 51,

wherein said method is performed in a regional center.

53. The method according to claim 52,

wherein said regional center is a hospital.

54. A method of treating a patient suffering
a condition or disease such that said patient is in
need of cell-based therapy, comprising the step of

administering a cell derived from a method according to
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any one of claims 1-48 or progeny thereof that are

furtherAdifferentiated.

55. The method according to any one of
claims 1-50, wherein one or more of said derived cells

secrete growth factors.

56. The method according to any one of
claims 1-50, wherein the culture medium of one or more
of said derived cells is used as a differentiation

condition in any one of claims 1-48.

57. The method according to any one of
claims 1-50, wherein one or more of said derived cells

secrete growth factors.

58. The method according to any one of
claims 1-50, wherein the culture medium of one or more
of said derived cells is used as a differentiation

condition in any one of claims 1-50.



