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within this context that the following background material is reviewed.

During development of multicellular organisms, different cells and tissues acquire
different programs of gene expression. These distinct gene expression patterns appear to
be substantially regulated by epigenetic modifications such as DNA methylation, histone
modifications and various chromatin-binding proteins [21, 22]. Thus each cell type
within a multicellular organism has a unique epigenetic signature which is thought to
become “fixed” once cells differentiate or exit the cell cycle.

However, some cells undergo major epigenetic “reprogramming” during normal

development or certain disease situations. Reprogramming involves the removal of
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epi genetic marks in the nucl eus, followed by
establishnment of a different set of marks [23-25].
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however, that not all regions of the genome are demethylated at this stage. It is believed

that the oocyte cytoplasm contains demethylation factors that specifically target or

exclude certain sequence classes in sperm chromatin.
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Hi stone Modification: Maternal chromatin is organized

so that DNA nethylation and chromatin nodifications
wae@7aseelant at fertilization. These include boOL/S2006/029944

nucl eohi stone nodifications and chromatin proteins

assogi ate it h_.act] and. r epr.essi . r :
ex a??ﬁ?tgl}e ﬂqO\éﬁfi%go%gﬁ?qr%zgtcpr&%gat@%P%fg%illz)é/& gcé@%%]l)ggexgethylatmn

andVe B rdfin deddifEatidhaine abntait atFedidizatint Yitrbeicluls both and
H3K4ne are found in the fenal e pronuc| eus

nuglgphistpiee BogEinaBaRa0d ChEImAINGRP eI $S0GHPdaY! li%gfi@%g’??l gepressive
T O S e
as asSylaied tgihamridH3 Rémeatedomidinubé fuslapenhéled [B4, 36, 37].
S LR BRI P v
asgr?g%aﬁé;/cfwﬁﬁ L ?éi}r@s@lv%c%%?rﬁa'%ﬂ statd rékegalté’(ﬁﬁx‘éﬁe%t.m en DNA

ation’rs sti resent’ in the mal e pronucl eus.
The Histogessssoorgedhivithdhemalsgirdrivskens oreshigltly @eety latpdt[44:t30d

oy HeAfeey TRty ReoarEr hd i AR PTIhA &li3ifkormet
ar8 Q1A 3728910 ThidR¢ ek jkeh DNS nf2assdtion il sitepRydnii (o male

From the one cel| to blastocyst stage in the nouse,
protvsteys. Ahe progreshize histensgeedifiertigns peaurningaortas pgipmal gppome

DNA net.h t | S:: . r [ j
BB | ol SR RECHI BRI oS
replication [40, 41]. Dnntlo, a DNMI1l protein
inherited fromthe oocyte, is excluded during the
first three cl eavad)ere’dﬁlm?lg?%ﬁfvé‘fpnﬂl]t, accounti ng

for ggvt Qérﬁletg?laﬂgﬁ: hP%ﬁ{ 1RRnD¥elftoPAgtb MRt st£fd in the mouse, there

mechani sm Hi stone nodification: The degree to which
arb figthen ehamgek ini glaltal EA arethylatiopr dY¥ Ammeshlylation isgedyasdi ve

DNA denet hyl ation i s uncl.ear . present. Eni i G o
raRSTARLY V1004 FIHEYAEE CEGTI LR B8 Rareat Sy ptication
[40i 49t D8 GEDRIMPLAlotIN ink¥eRE fo {RHTBY e excluded during the

enbryogenesis occurs at the norula stage and results ,
fissnthrdeesldaypgndivistone 142, M 1. leaeraintig fqr thanloss of regay lagign by a passive
mt rJOEhoect oderm (TE) lineages in the blastocyst. The
St smfor the cell fate decision is unknown.

| nt eFREdneRddificdtivn: ddkldepkast whieh dstarcanadifitdtions are
toti potent but b

y. the fqur-cel]l sta in mce
repjogesaEch uang rRaspive SV dpae bjia&‘ﬁn &é@%@&é@d’meﬂt )
totipotential [44]. dobal 30 differences in DNA
nmet hyl ati on bet ween extraenbryoni c and enbryonic
| i neages haveEpRend@ic239mhtus 5646 liPGEeUSRDOBNER9944

e Ve e Sy et ARG Ry B A EhBE AP oD genesis

oceurs at the morula stage and results in the formation of the Inner Cell Mass (ICM) and

trophoectoderm (TE) lineages in the blastocyst. The mechanism for the qell fate decision
is unknown. Interestingly, two-cell blastomeres are still totipotent but by the four-cell
stage (in mice) lineage bias is present based on decreased totipotential [44]. Global

differences in DNA methylation between extraembryonic and embryonic lineages have
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conbi nations of active and passive denethyl ati on have
resulted in a lower state of nethylation in the TE. In
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the earlier they are examined, with less abnormal ones surviving to later stages [46].
Epigenetic defects described in cloned offspring and SCNT embryos include
errors in X-inactivation [47, 48], imprinting [49-51], DNA methylation (both global and

specific loci) [36, 47, 52, 53], histone acetylation [43], methylation [43] and alterations in
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gene expression [54] including the failure to
reactivate COct4, a key pluripotency and
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e B e AT DA T S S St st i

mdthFRaREERYdaltioRy BRACIisQsntly DRE m¥H9ERloh GeRAZNE GNMI

functions to optimze transmethyl ati On reacti ons by
r egublacinadN-nisthySitansSasse( GNMT) Opiémizee Trapsmgthylation deactions:

abund d |
RPN o AT RNME HEia S opBae ity B ol R ER RNy
re28latghgyiik ISAM SAVI adti0 Wi usaByltoheurs WBPABUNnGAnt BE ISAM levels are

groups_originati (r;% fromthe one-carbon pool by

clevatadp G disposest v sppesriettbylrzapnpsrtyioraing spistiae Hom
gl&éﬁ{'ﬁ@M%ﬁgfre m% f erk g]i)l?%ﬁ %‘%ﬁg{l g?&?g %Ji g néiti %frf)mﬁl%fn&carbon

paol biviathityiting bR Ol-rﬁethpllemtetrahyémfg’lme redatase ()DVIHHER)I [6%, 68], the
ni ne

e s B B b PR RS A RAIF i i PR BTHE). -
Mbﬂl%l—?H‘F' i¥ Ed1¥te [cggnzy?& tKQJdothe§§§ﬁ1%ﬁ1§7F gfoﬂ}\)/?o H@&B&’}lste_fﬁ':to form

| evel s due to inhibition of result’s in
methianirer d3eseuserd- mh‘élthHF\alswolms t@l@WMTF%@tmh@tt Hawactivity [69,

ctivate L.on f .
e s iR oy A AR B R R oA THE R A pgsuls in
anfificidaden th WtiQith ¥ ENMEN FAQofeRALESVHESNMY 1éddgo downregulation

hypot hesi s that activation of GNMI in cells in

ofgisthylfranyfergsnst Beludingddidaethlinapseragisat i on. However,
]CGI?IVI\\/IHTC?QQE tt ere%gv%g%%%ﬁé{sqg&m tﬁ @%&ﬁ@{l’tﬂé’cla%{/ac%n%tf

I N rodents or ex
GNMT in cells in culture results in reduced DNA methyla‘uon However, a few reports

have described dietary manipulation of GNMT in rodents [71-73]. For example, diets
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7 WO 2007/ 016566 PCT/ US2006/ 029944 suppl emented with
vitamn A and vitamn A derivatives, e.g. all-trans

WO edqo700i566 aci d  (ATRA), result in increased GNMIT/US2006/029944
activity and hyponet hyl ated DNA in rat hepatocyt es

sullgmepfes v Egni Ay S Bn A0t By S Bt oRGAS acid

(ATRAY kbt @ircFeaSRBEGNIMT adtivet§ a8 hyHJ}H&hylﬁ&Hlquélﬁ ) 'h%patocytes
of methionine cycle 5 conponents and adj usting t

whilg dcesgsesan aliqtertyifpiatey clalingshetgine ashgtamingBs esze?«h&o result in
de?%é? éi:beﬁAl eth ahttn? r?%)%élgi[%cffﬁ%cs) t glrul(iisg ?ﬁ%ﬂ%ﬁlleﬁms %e&uomnc cycle

coﬁmmnags and @djuﬁirig&he hi‘mﬁeﬁﬁ‘efvaﬂa‘tﬁh@)ofﬁﬁetﬂi}& RIoAGHs aspTEdRgt Possible in
nodi fy r}’§ conponents involved in single-carbon
W%taBIPfSP‘F srio demethylate IRiAangd sestors apieatiil) 1o glateqppypriqr attempts to

reﬁll ? I'n Uaé}gglgﬂl-e Ciégﬁ?ﬁ%nc pr Og}? 1o ﬁﬁ%ﬁlﬁ I' r e@ﬁlﬁ%o%% EQQ%Olved

inisinglre¢angorcaletabo kg, cnj;ueangmwtglemmvaﬂarhmﬂys amtépreati@ring GNMT have
beprl marily upon SCNT, involving nuclear reprogranm ng
SRIFACH | esser extent exposure to cel | extracts,

f usi Citrét M&thdds ﬂ)]‘/ﬁ‘ﬁﬁmﬁﬁ ¢ ell R YGHrarinidpy ot @adnt el B
None of these nethods owever, overcomne the E}rl mary

indugieg @qllﬁepmgar@nmfg inmaneniels dmgen@mrnmlm ypeu $@N | welvsng
Lﬁ%%feg?o%rgﬂnf f :gﬂ %%ssg' eﬁ?{ﬁ C?]gogufypo cell ex 55}%% %usulm of cell

Pifcrent I reprog

ty @ dembval of nﬁdfléa&l’ﬁibﬂeﬁlsSN@hé ofhdsespeBbds, (ha{?vaer overcome the
denet hyl at.ion of |sty|caIIy|neff|C|ent
Praearygﬁtswmlﬁgg glep @a? 5%1}9131@8 Ié‘,%z‘f\nneélwéﬁmglew‘émﬁqﬂeed for efficient
regxf %&a‘fmﬁ reprogrammi ng of gene expression to silence
or ce gene expression and activate an enbryonic
pat tl‘éucrieanfRe@mgarﬁﬁn@dimeﬁ“mmnNuElememprogtmanmgtlk derendent on

CHTBHECS Ei 209 SRt DR SRERY OBk NAbvhie sy Regient or
sI&W%. AeMEERIRAS NP IIBERSSqlils @eent %}ﬁ@éﬁﬁﬂﬁnﬁ@ dr gene expression

probably gastrul ation. Because reprogrammng is Slow
togHenqsrdogeieesdli seae exression ang detivaie dn ambryiond pajten efegenel

oG5B BOTR e G G SR W

evgRMR elid lobyursoemattérSANIE, ‘tﬂﬁtheﬁ@dﬁtﬁﬁ%s 2806 eleprhieend pRIFrd3kes through
are being applied to apﬁ?l cations for directin
CleAvR AP BTG RastEHatioPeR PRI IEPIOGIREME, is §loxr angd napgregsive, NT

I
B R RO W SR Porc S R e cpmbrvos
st ent Imehb&odis)dqsmbb.dmome forawuclead transfen dretmeﬁaﬂyrﬂmmbve to the
lngel | s and s made dvances

9 St e ells .
tlar grtelhgrr arg; ﬁ]alg aaph citg ganglc 1ﬁrpsr é?éﬁ regt feren’uatlon
of(stRIrOSIRS Howdvbr, 3kS®y AIE6LINY BFpIRAUEHPdcpBIE LSR nﬁc'IééF fhS¥er

technologies. Geron (Menlo Park CA) has used embryonic stem cells to produce nerve
cells and heart muscle cells and has made advances in manipulating stem cells to produce
other kinds of tissue. Infigen, Inc. (DeForest, WI) also received several nuclear transfer

patents primarily directed to livestock cloning applications.
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30 patents primarily directed to |ivestock cloning

applications. 8 WD 2007/016566 PCT/ US2006/ 029944 In
worheniase enpts to i nprove efficiency of nucl eB€T/US2006/029944

transfer, Dr. Rudol ph Jaeni sch of MT, Whitehead

s o253 PR LB BV S 0. €3 BB o Gt sneisch

of NAEK i Whi€ehlehd Tristituid/6de BDNA BiGbAFays k¥ esta}ﬂi@ﬁ itifeCRoRcular criteria
primary focus is on_human di sease such as cancer, and

for apleng renrpetageiag spacifically dn gesiag Hpners titadasgisek’s pgimagy focus
s EBLRYE RO ASBL L el Q0L AT bt P 1l g e
to@sipalvkicpipe bR vepiogydnahingn I—Bmmaﬁeﬁf@gr}ambé@ fobesed on

uﬁ%ﬁ%gﬁgﬁ%@&%ﬂsmt&ﬁ%@@gﬂﬁeﬁ&&%@@@ aﬁgﬁfa}@ Epepggming the
m@iﬁ&ﬁi@dagteh&ﬁe by kﬁ@l‘ﬁg&ﬂg a&%}amjdek/ao? legfle&etlrz{ns{iek 1€ erated

using t l1Tnes to uce NI un 136
urmedetVbldenmthylaﬁom' bﬁbﬂl@km ongé DNMY'1 iirs dencaeelhlines emdvusmg the

dneffi amm ng affects cl oned enbryos. Dr.
1“555 Eﬁﬁgmgglégﬁgtﬂggcuses primarily on physiologic
dat ape KathTi it BETERSe Uhi RAGROk ¥RBSIna L 18w HeMiaa

[137, 139]. Dr. Kevin Eggan, of Harvard University is
reprogtasyning atalschsed spdnmsmbiit hathamisaesesrchfpcusesprmarly|on

L e T A
humebr. $idvin Bglan, wi Hhrvard @nibergioniscissdseing bewlthd @emr@memal fate

a hybrid that | ooked and acted |ike the stem cel

Ofp?é?taéﬂltt call Fan bwﬁﬁqgeddrqpé%@ameé}a usige nuglearanspr as a model, and
m%cgé #ééﬁﬁlg@qﬁ Qg??ﬂgﬁ?n%s%‘g 4 th LSy ﬁe&fé&éfﬁ% @Jnlbﬁfofnﬁr stem cell to create
a hyhmlsthatgaokedranﬁ@pteﬂ flidxel tilot stem cel, p@teanakbelalymgm foshdation for

like cells are the pract s of r Verlin of the
crpasi oo, Esirber BT Remaelr for b5 Do

Fer t Al biteP nfetiods end&rhwed@atioh Edr pry@iidtion D ¥teBIRI18 %8 stem-

a nethod that uses a cell fusion process for fusing

likeoeHls pes theprastivastof Usi ¥enlinelyl, of tl@rR@h&wh@@Gyntha{nstlhée ({n
ol
Vi offfegtlrﬂézﬁa 08 fCli:I)ln oC?ﬂ? '5%5 if, emeréz‘j]s]}& &}1%]?)85 % eetléogﬁléattuses a cell

fu@ibncp@(bdess s fishe mmhlcenmrith steﬂﬁcrdlls Nakiyie iasry #Rotht ﬁdﬂ@bules of
produced 10 enbryonic, stemcell |ines %%glng his ne

thepeimuiq eplls syl magﬂdh? é)ffeF%lﬁH?‘%qa%ﬂle Rismesabls yaie th @ifue of cell
asaRe %Mﬂ%%%n%ﬁﬁ%l br'}lgﬁ\%b@hlf@cess to 8hb BicREAR 41 fines

invention I's direc or restoring
uwkng‘ lie newtStah Bod (ganédrybrid) tedyqud o ergbiybs bzl usaNA
nmet hyl ati on of the cell

SUMMARY OF THE INVENTION
An object of the present invention is directed to a process for restoring cell
differentiation potential by reducing global DNA methylation of the cell.
A further object of the present invention is directed to the treatment of cells and/or

nuclear transfer (NT) units and/or stem cells in culture to yield a globally hypomethylated
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A further object of the present invention is directed
to the treatnment of cells and/or 30 nuclear transfer

W@ boy/owssé s and/ or stemcells in culture to yi BATIUS2006/029944
gl obal | y hyponethylated 9 WD 2007/ 016566

gefﬁ’?%é g Teora mriel e et on s g (P2 SbirBleafta
*)étbﬁi&l efdi R hotipiehtial), definepas eietceRis)abiligtd diédrensiati igto new

s ability to dif erentiate into new cell types.
Ceﬁﬁﬂwpresent invention is directed to a nethod for

Egﬁgl?ll% éa%ggglltn %v&t@ﬂ%??%?cttécﬁo aﬁn&ﬁb& for&%oﬁﬁhﬁﬂﬂg a eukaryotic
cely; thel ﬁw deiprishiagad aefa) admnmsmlgfﬂamjmygﬂmmmneamse

SAM to-SAH rati o nth kar eH
ad gmymr}oew%}ﬁe RSN SAT 56) 1 he figst tlcﬁFﬁf Eﬁwgﬁ&'to‘
S/%H Datfy calnqj% Q&d@%tl &rlgsfsej%l‘%ﬁk%l OQQM lé%:rs dn@%ﬁ@st ﬁ&&ably 1.00

can i1 n e cont act i ng
ordess e Stepdaf ¢amnn¢1h¢e gnmpng dmilsmﬂn@ s1BNASEez@ct¢d:fromd® group

b S ) S BB 58 AGES TR expesion,

acﬁ@ﬁﬂl \Gr bythodxpesyieh Bed &bt fbylgwcfml@a erankfehisdwithia the
eu aryotlc cell. Step (a) can also include contacting

eukpryotie b¢1L. wiStep (ahca@mbsmnd@de gonteating dheccel laﬁlaﬂaalzeml@@tWé retinoic

rease ex

acgﬁ%tlf gl%/? f/lol A fe egcﬁ)iécs&ﬁtel a%ﬁ& %to%%f)tl%é'xgpeg%@rrl gfé&éﬁ%ﬁétﬁ% glycine-
Nirﬁahyqe&ahsfefa@e adtlirt fhorellt hﬁadﬂﬁtdmodlelnmhmtﬁmsl,udass asstep (b),

&hl reducing | evel s of 5-ineth ctoine.inE)N@. oy
redpding levels of aunethyleytpsing i PNA qu‘{ %(ﬁ ?‘ﬁiaﬁy otifgell K iy wifhin the

! d stdp)(b) also

e 5SS YT rku B AT by a0t S
inslup@y @Sﬁlﬁn@l}eﬂmmssn@ expragsidny a¢tivityper expprssion iaodh a@tm{ty of DNA

mgtgﬂglév' L {agésc\g n tg a.lf}{?&l%g eg‘%B Zl?) C&Hﬁrﬁogcé’m(%ﬁ? (é‘or%taclj%lng the
cetllr\%th £&NA Yl&ettﬁylﬁal%s@%lﬂﬁitérr Frsther, 888 (bydahRbinfise contacting

Further, step (b)) can conprise contact i ng the cell
thejcelh mth@mpp@ggq)mnff@cftfvg emoviat efroueall-igterfering ribonucleic acid

(sgﬂﬁ%kgngetﬁlg@gg& e dr! %91'%8% gl{lpgar%g 'eggx%gmén%%)ﬁx rnethyltr]gnsferases

con ured €SS expression
DNA TRed hughdnkt ﬁﬁ@ﬁﬁérﬁﬁ%&o dirEbed ps & aertodi forrptdgpaminngsd @draryotic
directed to a nethod for repro @nn1n? a eukaryotic

cedlpfie methed ARIPIYING GiBieP $DnEpecialy SprTesfing SNRICPF L AP YL Of
%9%9 ﬁfaﬁh Q?t ‘gﬁ&g hc}ﬁct: t gl%?éfkfa¥es wWithin ﬁ’éﬁkﬁ?&i@&lla%&

erases Wwthin a eukaryotl C
smﬁlllthmaoasllg* aSStdSpJth) amassﬂgwxplasswu e\ptu@t)), or h@ﬂx@apnesﬁgon and activity

pres ctl ex on, and acti

yepeé# i E Rk T S PREBLE S 50 flgan colibhie
h§ Qlhd &nc&iah a s REssloR e ffedilvE ARt $E a STRIVA AGhédddhnbl end
Wi th a suppression-effective anbunt of a si RNA

cczhﬂwmlu torseppresscexpreesipn DA methylipansietsee xper 68 icahaled
coDrrl}plehse con%éc{mg ﬁlséfcgﬁ W suppre@sugf‘f‘-)effgaﬂe%%nt of a siRNA

dimensioned and configured to suppress to reduce 5-methylated cytosines in DNA in the

cell by at least about 5%. Step (b) can comprise contacting the cell with an amount of a

10
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conprise contacting the cell with a

suppression-effective anount of a si RNA di nensi oned
wara)7o0566 gured to suppress to reduce 5-net hyl BEBUS2006/029944

cytosines in DNA in the 30 cell by at |east about 5%

e |
S50 AN LS8 S ABL AR SR g v o
glyeine-hboimethyt irandéthecwithie thocdll dtepde caxplse sehprise contacting the

ct bot h [ d acti
oo ek Rt o s Rplc FeFaraF Grh P Pl A Safeting eyt o
bt $10at GRIHR Ml 188 O Aid edcep@r.t HeaddfRInlto \Mew (e@'ahd {4)24h8 method
retinoic acid. Further, step (b) can incl
canigneludesi agstené) cwetifigalbsugpressngwithn the acll bxm@@wa\, activity, or
){pg%slsﬁgla%d a t'[xﬁgr doet%%g g%yrlnﬁ é%]ecggxpfr(t)m%e r%ug E:Sn?s%s’u(n%)of %nfj()-

me§tnbletrahydto ol edasthstthndi cybtamlddae)eta&&ﬁnﬂﬁw rIessswmm the scope
activity, or . expression and .activity of an_ enz

oisthe proset inveatipn rcaptast fhecsHavith 3 HENg¥ sefectedyfrom t & Broup
cd}‘ﬁfsﬁ}{% Ef@g@t Y5 of. gLat e reductase and

cyst at hi one- et a-synthase. It is within the scope of
Thdwprepfme serhtiomisdnttharnlitecied oné aethotlhie chalge difif¢rbntition Rbtantial in

| ect ed ro consj st.ing of., S
SO0tz selh B8 Lo st oalreied s R kay St fipd with an
arﬁoﬁfﬁto?g‘glﬁl@AC‘Q/ﬁ%ﬁl 1k EfRev 2 it digehQondacin@RbhAburki o ﬁltpﬁress

eukaryotic cell, the nmethod conprising contactin
em%amwtf IDN 4 hathyliransferases wpechficatly, m@ﬂd thet the i loes not
d and nf |
s e N B R P P A th b i efectve

toSiB@6def defidinb Yvid® DOVA dedeth Flﬁtloﬁ Wﬁl@‘ﬁélﬁb&lﬂ&&ﬁﬂ@&h’ua’uon potential is
suppress expression of glycine-N nmethyl transferase,

ingtrasesh crhsienketpatio peilsmee pedecindrizem theoaroup ensisieg & stem cells,

PYERRLPEN Lo TR LU SR ) ok e 7

cadisk affhot nethodd dan@ises s@ltating dhd codlrwitline silRMNAI that is dimensioned and

c S|st|n of ste enit ells,. sonatic
Jgueed 19 SHP RIS 9od "ﬁsﬁﬁ{% b eSS Lan Rl N AIPP i aase selected
frBﬁﬂﬁé ERJup (cbﬁsmt?r@ éﬁjNAIﬂétﬁylffﬁﬁQQ‘g& Pgﬁlﬁﬁi fé?e@NA methyltransferase

contacting t a si R I mensi onéd

3addhmchnf m@dbﬁé mcthgkhqapfﬁfe@se %lpébmﬁil P! Mhe mieghod further comprises

I DNA net Itransf | ected 20 fr.om
o BRI i et Rg RS B PTG FouIIGieaSe SXpHpn of
acli)vat%f [ or %tmyiﬂrés@f&fcﬁ‘ A8 Gctivde c(f %}ﬂlm@ﬁf)—meﬁ@ﬂtr@%rase such as
'transferase 3b (Dnnt_ 3b) met hod furt her
feé@ﬁ*ﬁrﬁcéie@ allciggnsgetingie a@lﬁ eTb%Wllswm Alsq e &ﬁ@taﬁ@d fithg composition
r
SAFRGE In pnBEbhE AP RA SIOALEARERTONIA: | o
de: yesere iivenddmid fut'thaﬂiifeefed?o@a nietiedl tagncreat ld[fﬁarentmubni potential
irp et el e gg;ﬁ;)g;%@%gﬁ&ggog@}%fg é&&@?éq?ﬁteﬁ Sell, in vitro,
tf e I
“&ﬁg‘%@;’éﬁ?nr’ﬁ@ riSingH iR A A3 (08 KRR ffective
amountrf esasd-idict feeng nibbaidon agpd (8RNiAg) wherein the siRNA is

dimensioned and configured to suppress expression of DNA methyltransferases
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in adifferentiated cell, the nmethod conpri sing

contacting a differentiated cell, in vitro, wth a
W@ 0Wp0si566 on conpri sing, in conbination, as stBEI/83006029944
knockdown-ef fective anmount of a small-interfering

spééiﬁ?ﬂgrf k)i i agln?o%i 90\7@1%%%3 &M&%tedfnd inlQﬁAS&i%ihﬁedSand configured
I mensi e ané contigure O sSuppress expression OP
to @hcjgrprﬁ%tzdgg%e}sfé% gt; ?’f a&@ﬁle_s?l_féct‘é‘ld)lfrﬁﬁﬂf(ﬁé _(g;kﬁi@&ﬁ)nsisting of 5, 10-
P specifica ; I a
m h)sék%taﬁwémf@l@fq o nCiTe ARE CYTabion ket suntats rshdid agpmpound

effség Wd qu@r?asete Pﬁ’gg&{ %%ctﬁ?iﬁr ESSH 1th Qipr@ﬁic%(r}?f‘)éﬁﬁ activity of,

ecte romthe grodp consisting of 5,
glyandriiHaathy btrassfrakeo fvdlesdtie theedl ¢¢ esactauidwith the composition for a

s Pty & gt bl i ik Brtidiof YR His G, vy
cel@kah dﬁfé@éxﬁfaﬁb%ot‘éﬁtiél Rfinfehiedi t hedhethd Gbﬁ‘lﬁﬁé@'cbhﬁﬁﬁﬁgyﬂhe cell

transf er ase, erein the cell is contacted with the

wiglharpempediben ¢amprising ¢ SR that isidjmensioried qind sonfigured to suppress

o q Lot Chin t | b
BSFRTF PS5 U PR AR 0 8 bl
coftBibiatlo DN msbslteasiast | (Pnhhe), DNA methilaisferase 3a (Dnmt 3a),

SR IR HAE T SR W S e St
t hwl : . f 1o
exPrdshion BB aEMbly %&f ﬁ%ﬁ?%&)l%glﬁﬁﬁieﬂld arcﬁWt}I( %ﬁ r%tgfc%é?\l-%thyl

onsisting o transtferase 1
tramsfelrask ] is aetafodr asd oSal-{rbmetiBay acidadtic Bbls are contacted with a

sl el R e dg posmagne ohRERy BTy SOFT Pl porn o
eX pregShieien® fnveRthAis Hirtler Virbdted & &/fki8d For®idhilining

transferase, is retinoic acid or all-trans retinoic _
deyelogmemiabpetential ode geltdhe methed comprisiag dsierninine$ AM-odSAH ratio

. fromith Lou nsicsti ng of., SEQ. | i oA-47.

in 200 abeftiiRoBTES A B 1S gl inalseleh e

ddvelopgehel fotehtiy) of deumel1o e Aethoduohgistainedduridg eedthylation of
t he nmet hod conprising determning SAMto-SAH ratio in

cyfgpincoiepiduespreseat i the BAV pEthsapLrsherein aretidation lessihan about

102}]‘3 ﬂjtl%{jlca]cequ{:l{ggg.Fg%%9ao%rgé{tglggﬁ%tiafj@f\ﬁﬁé eafrent al potenti al

e ce e net nprises measuring
met hVheapresemt ofveniiort isthaecongsisdsie mefrodsfentorntrollidpsdi fiantiation

of the cel], wherein nmethylation |less than ..
ot st Gl 8 AP G AR 06 SRR AR TAHBR AL 5 AFHgtio in
thE 8L1H to IEBEHRA S5RA1Y .0; INE ) nPinthiit\GEhS RABA LS SftodndRETIAE in
for controlling differentiation potential in a cell,

DNeofithe hdlitoclossphis atryt 48%. Sihepnetlzdd oferlaimadshicomprising, as step ()

SAM.t.0- SA | Ogl h | | | h b Qs
oS T LIS B MR o
mbihtaifIiA 11 mEth@la€ieh bf Erodins fesid0adindMNAtof4Relllio desyrtidnabout

of clarm 34, conprising, as step (a) 25 naintaining
2@%e SAMto-SAH ratio in the cell to | ess than about

0.5 Tﬁ‘@ﬁires&ﬁ iVfefifod Rturther directed to a cell culture medium for increasing
differentiation potential in a differentiated cell disposed within the culture medium,, the

culture medium comprising a base medium sufficient to maintain viability of the cell, in

12
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mai nt ai ni ng the nethylation of cytosine residues in
DNA of the cell to |less than about 20% The present

wo paweoidsen is further directed to a cell cult UPET/DBTNERII44
for increasi ng differentiation potential in a

di ff rent I osed. Wi t hi e cultur
coflyiefint Wit Bk B P R AT b eyt ot bE S inhe el
culteei igdiemf TTheifedbr i gelo@ed framthy bfhblcbhdistiy dffenteldteine and
in 12 WD 2007/ 016566 PCT/ US2006/ 029944 conbl nation
allyfyang retinoaeeddd. AHsmativelyiche fagtariive syppsgssioptehiprtivoaunt of a
SRR Py BB Eald T BTN FheK i o e
al | -Thegnesentinivetion 1aalsd diréétectonatmiethed yor itiaeifymgtoomposnds that

ssion-effective. amount of a i.RNA di nensi oned
affgreelglifte gaRaEp, Hhe ﬁ‘&b%%%n@mgewtsﬁaaf regpgAng percentage of

cytRIRY it DRSS 64 83PRat 2e mﬁqyﬁ’e[tgéﬁﬁﬁt 164 866Ut 85, 'v?ne?én% Ehe cell has
directed to a method for i'dentifying conpounds t

a fafst plenotypk pridi foftbe eqsubtaen; end, a5 nep itk mﬁ@lcmgrﬁAMstp@H gatio in

Bl st PRI R Slong) el AR Bt p0ib ha

su¥phRtediof affetingedel] &ﬂ&ent@atfohr &id, ROaBetd)REmPRIiAY tHeTirkthienotype
reduction; and, as step é &redum ng SAMto-SAH rati o
B

ofithe cellife Phematypeof the gelt m sigpdek whein anpgaragee affes gtep £9) of a

f
ph%;?%@{ {h#&%gfé @% ﬁ%: f rwéo%l?n@ ,eﬁ,ﬂmﬁgﬁg th%@th%‘é%&%%ﬁx@fh% an affect on
cetl mlmfﬁaemt[@lohh Stdpl (aptanphelndd yedeacing thet geecenedgk of oytosines in the DNA

i A et oSy sl Bvois St Omb 4 i akp nghueducing
thé g&e&ﬁtgge ey RsinROBENIEA lof el B pﬁat&pmw&@t about

S an on cell differentiation. can
107 cTheleelk @aunéinde 2 re@oﬁar&yemmatgen@ﬁtoc yhmﬁmestramcmpt@n Whlch
DNA of the %el | that ar e nglt t%éﬁt ed ¥.; eastt a £
m%q§k1re§pgek§ertc§)o &4 509Me G W&Wﬁ C qm th,a HRIDGORSIStng O uc1 erase
acHeitE SRtaAdEaRbsCICHIRY NRE Veth-daletddRsOhctt cel | that
are nethylated by at |east about 10% The cell can

i ncl theeresenbisaentean is gireerd o metiod of resirainges!lidifferentiation
pottefnt%ﬂf&{n;ﬁﬁ r?% whi ch neasures presence of an enzyne
ct

ed fromthe group consisting of

| uci (b redigingAdNAvinetiylation ar donedtiaweld aueet, colls, ynd/angpecific parts
a- gal act osi dase, activity The present invention is
Of&ﬁﬁ%‘ex Equeine eiwilifloRoS " Vi or i ng cel | differentiation

H&b@sﬁn RS C%hr(‘.)g GI\(I\@f g'eﬁéaj At / s ggl%e AEGAY @bt R8It in

|n so tic ce , cific parts
deofeassel 3 AMbYA Hedtioiang dﬁmdtsycd led@hcnf PN A mathylatior(; b)

act 61 T5Eine SRR i v E s e ond P g pfpecific
enPRELARBAs NVEFR 0/ 0P taBIdNKLREA-Shithase (Cbs);
(d) reducing the activity of DNA methyltransferases including Dnmts 1, 3a
and/or 3b;
(e) increasing homocysteine and/or SAH levels ir vitro, glucagons, or related

factors to lower the SAM:SAH ratio (reduced SAM:SAH will lower methylation);
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25 (c) reducing SAM SAH rati o by reduci ng expression
and/or activity of specific enzynmes such as MIHFR

W@ o16566/St at hi one- bet a- synt hase (Cbs); (d) rednus10g6/029944
the activity of DNA nethyltransferases including Dnnts

1, 3 ;s | ' ,he and/ or

s DS e Lokl O B A Bl L et ors
t o | @vetevelbpinSARin&GPidediattha ifcdogmuate dnSdiMnofeAM the hbove factors to
|, ower thylatign); 13 WO 2007/ 016566 . . o

oo TR0 Buuas dcficient Bynany Laprgratasdie i ddiisnel ¢ o

h SRER, §é\l}/,1 SAH ratio; (g) devel opi ng defined nedi a
thaf i ncorporate one or nore of the above factors to
redud demelopingta renw ssasdbased defifiog ebetailactamedeybpatten gerns and/or

di. with additi.onal h cysteine, etc. ). 5. (h

ol rgrs 6t 108 Tpessn BURENRO GRS orriadito Pt that

inteRAFdnSErigRMEFANIGTIMT bAve br thiaBidbRtify QMBI FRftord @R e&ivities that
(luciferase, beta glucosidase, or others) to identify

stidete GNMdaactivityidae® transcri ption of the GNMI gene,

or t . . ; _ T
ot e e 050 JLOEL G B o BELILES hRy ecn o
otharsdyblb apetengenss (Ingifaadecbaa phcoddass corratipas Y te idapeifiefactors that
nd/or 10 othe | abl e reporfer genes uci.f erase,
re @qeéragwa&qndgg‘%% ﬁéﬁ w}h@ﬁgﬁw%w BhESs ?r§}Lﬁ‘td€?16¥f2é Ofbffactors or
adiORHLS Sl FANSE fHePictiOfy 8f DNIAEm tRbRstd ansferase
genes, or that identify other factors or activities

t hat Thethvestiomenchedds\but is mft libNfedet hyl t r ansf er ases.
The j nvention |

| yd but i t lLimted :
oo eal i teaastH el gt e lizst estiifnd Gt Bl e enabe
inGllrb pr&dudiidh FepograndBed BellW WitR rét Q@ ifféRnahtion potential
reprogrammed cells wth restored differentiation

(tpidppmtiall plugipetanpiel emtliinptenpipl) by gemeriaing the genome;
ot ert e beft b ¥R 88 HEATAE IR neR) (REYn bo used

for hedeamhroritRetapedtic dgplicatsear ch or therapeutic
applications; (c) a new assay Z%\ISt em for nonitorin

GV (e AR §158 ST (T IR SO U TeRsBIession Psigs aibgfh lactamase
regglﬁ@r;;ehé',qhéi%rgs%,ebetg g&lactgﬂhés%f A1 R er 18BH R e thfeéenes, to

evant’ reporter génes, to assess the inpact GNVIT
asesys tesimimet off GHIMIE ex@etsion drythen actidtyom nesforing differentiation

iffereptiation potential of the cell; (d) a new
p%%%té{;ogg’ﬁtcg i for nonitoring DNA nethyl transferase
EXPr &Y Sd My B9y ftem for monitoring DNA methyltransferase expression using a
beta lactamase reporter gene, luciferase, beta galactosidase, and/or other relevant reporter
genes, 1o assess the impact of DNA methyltransferase expression or other activity on
restoring differentiation potential of the cell;
(e) improving the efficiency of somatic cell nuclear transfer; and
(f) improving the derivation of embryonic stem cells from SCNT reconstructed
embryos (or units).

The embodiments include:
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beta | act amase reporter gene, luciferase, beta

gal act osi dase, and/or other relevant reporter 25
w@enem1656® assess the inpact of DNA net hyl t r anBEBUSRE6/029944

expression or other activity on restoring

di ff ntl.ation. potential . of the cell ;. ( | oyi. n

Che @1 FRbE of%R bR R ottt UR A (RARK ifeases
GNMT irfmeaptiditaddnetidiy, lyatis ol SAMESRHYMO Gnd H&MR86 hsthylation

from SCNI reconstructed _enbryos (or units). 30 The

possmbiabeirrehs and rrstonesediffoventghionmd/op dewdepmental potential;
PCT/ . i i St - j
cn ARG B ind i AR LG RTELTLEL a8 o
DNAamsihyitpinsfenasend , datdndidry3b dshvpeinserfdrangSAMA SAkhalagy mesulting
._and decrease thyl ati on potential of cells and
1 e °8§g%vegq ??Qﬁ%f‘%ﬁly}l%}wnénw or devel oprent al
pot ggj 'n?ddifyﬁﬁ’% eﬁ@ﬁ'ﬁé YbighefthiSdr J18e:GRENE LG ERALIO kn SN &S wn of
nmedia to enabl e knock down of 5 DNA nethyltransferases

MTHFRaandendCbs usbg istierfgring R&¥A éschnglogiartsehseobogther knock

ohBEE b Ges bRl Bometeir o Rl S B N msliidarion
knoql) chedifydhg eMEtirERc ameieddialBiSotHed MediRb eidredseABe RNA
technol ogy, antisense, or other knock down

transeripiaNTy g efsin expssioigandracivey o4 SEIVEmorgiipe indeercased
s A0S AR AL KA WederiRAI fYing exi sting commerci al
or ‘other nedra to rncrease’ the transcription, protein
ex pr(ep snalifyamglesictiny conimetcitiNViothasntdib ng dedresbeS ANSRAH ratio
SAM SAH rati g and DNA net hyl ati on; (e) i fying
bye%lf%wdgveﬁ%ﬁﬁgﬁeﬂwadoewsw%r Chsip i JBAs SAPSAM SAH
r at i @ithBY vikhigk! R;I%ta ] ;
hoqsgistepﬁg&a%g?g?h%gﬁééﬁg&('thggéﬂgﬁgﬁgﬁaﬂ?ghggn%gF&annt
inventiongit evdplliavet thetmétbyl grloeps movidedfremizbéidietl culfere media, or the

resent . invention, it is believed t net h r.oups

fo ittt Pl ren apetent Bt Ereard a1 B

de&i@ieﬁéﬁred@p@rt@eﬁf-re%gl@ﬁgﬁbp@&sﬁ@giylaafoﬁ_r@&ﬁeﬁi.i ®lettly®Eroups
normal function. t group deficiency leads to

hyl
sugphigel frerg dheadipoler enltyre érrﬁgiwéx inyheformref chelins andsnetoninglor from
Cod i . ) . _
SRR ep R B AR SRl G 00 5l b
nuhtdradserahemethgition aetions. Mstaped AH i3IS prodactasfitiavisthetlyation

eSS i hYEL PO oS el R e ety brapsTppsnadie rto of
S e S D e o
intracellular supply of SAM is critical for transmethylation, but the regulation of this ratio
is important as well.

The cytosolic enzyme GNMT functions to optimize transmethylation reactions by
regulating the SAM/SAH ratio. When methyl groups are abundant and SAM levels
elevated, GNMT disposes of the excess methyl groups by forming the essentially inactive
metabolite sarcosine from glycine. SAM also reduces the supply of methyl groups

originating from the one-carbon pool by inhibiting MTHFR, the enzyme responsible for
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SAM SAH is an inportant index of transnethylation
potential. Therefore, the intracellular supply of SAM
wo gooeoidsse€al for transnet hyl ation, but the regPdBUSING/029944

of this ratio 25|s important as well. The cytosolic
o | i
LG B e

hasmbctwsten@rto lfpnsn are&mxhnmﬁmhusa 3einSAM-THY ealsza birdsetu &N and

4 S SERTGPrdperebetan e e BB iel e auyies pF MR by

SAVY fdsiils in2ANh@LSR ih BfURESity BEGRNPD! (Yorf%rsgﬁft ¥der 95 Q4#Sns of
30 originating fromthe one-carbon pool by inhibiting

degmease] mtethe'l grovpsrand BAND iy iphibitfaprof MBHFR ig 60179 @ dplsgHng to an

inplee T ey G oonp b PL AR pbshent i bibon oF vt Bhis

ex{mfmye&&@atm grOups Qe IIRENED Tt B porBas ddfism&thyletibyteadttdns when
also binds to GNMI and inhibits its activity, a

metyl erop aypilabilifsihgempropmisedy Bpaselgee factors it wiapproprigely activate

AMER P ien e S0} B OGRS R IR ARk el e
inpedrtayt mgh? nmgltetrmthMn dpipeopriakd inethiy ation btaddl IHFR is
I 5- -TH
Egﬁiﬁ? Pa%sggwlgg @%s‘??g%%géh 61%3}#@ iq ?%Efe @?WF’PHWF Qf new,

nRRSHTRBvE, NticiBRIAMtho &Y GBS rﬁfr@grﬁﬁﬁﬁ@% \eeh bRihddTRApiAMe
transnet Nyl ation reacti ons when yl group

digeaietiadid devglopmeobefthempetidallyTenaflocdls, mahﬁmgsstetm a¢lls, new

i na oprdately acti ate oth
oG R belbriiectEh Fet ! pd b SehlfestEn
o@@%&foﬁlﬁﬂ‘ vhIabl8 ®r BRdAkeRa AR, afd pRBRERRY of3igh value genetically
yl ation state. The present invention was driven by
engigecordeanimalsaccel er at e devel opnent of new, nore
effe
Suc hﬂlé i{ﬁ/e%t%rf s%llr%?tfe%l Weﬂg‘sd&scg&le ;ﬂr(I)bIE %g (é@tgl g@é}éﬂgeth?ds for
dédaﬁ"emp&aﬁngaallh,)and aédiﬁbﬂeﬁtmtaigi tBem iinto hedi dals. s$pam51ﬁxally Scurrent
new_ research tools for ac rating stemce]l and,
maﬁwéﬁ Reparily fased o byare ﬁgé rlé‘ﬁfl iciegt, ﬁ‘n‘lg] @!ﬂji&‘ﬁ? ypreligble results.
THERUR A RnBEn SAARNGETSCo ARICIE GandRlidnRl IRCHACHLiRBd BB,

val ue genetically “engineered aninals. The invention
SCH Toimits @t{hﬂblﬁd@f@tm re@8aing Iy Apnetbyletien, widlidiogi defani¢ncies in

ds f Lffer tlatln ells,, and .
BRI R ios P afTthirReb AT Eereet Mhamprming The present
1rﬁ/@ﬁﬁ<ﬁfk§verd'@ﬁé%‘1ﬂi% sp&ﬁﬁé"ﬁro'biel/n based on SCNT, are highly
inefficient, and produce unreliable results. 20 The

new iTA¢ ews@rs anvpntipel glse wall gaable andhimeirees the eHipignsy of §GANT for

tﬂg éJ? cﬁ{%’?’lgﬁ ?E&Eﬂngérg]i %%%alu? %&agcrl IH/%lst‘i)a( K cr clie% x}a‘uon of ES cells

n regu t1on, 1nc
bgahpoviagahe 8ed1fferent1at10n (global demethylatlon) process requlred after

reconstruction.
The invention also will enable development of new cell-based therapeutics that
overcomes the critical problems of immune rejection and limited source of material

associated with the use of embryonic stem cells. By enabling the use of a patient’s own
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gl obal denet hyl ati on, which contributes to inefficient
cell reprogranm ng. The present invention overcones
wao biog/osgseci fi c probl em The present invention BCHUS2M06/029944
enabl e and inprove the efficiency of SCNT for 25 the
soiRa@Ieg s Ol Freastamoes g re%iﬁ!'fé?@ﬁtﬁauoﬂ %ﬁtH %eﬁd,‘éﬁ dypes, the invention
| ivestock and derivation of ES cell by inproving the
wil @e0 videgreimimung-eompaiiblhpureseafiseliy rﬁ@m oM deprasietsef starting cell
pr qui red after reconstruction. The invention also
wi'll enabl e devel opnent of new cell-based therapeutics
t haiMoreyesrcthegis]d dfatant téll eadardH 18 il linfited BAMkB@uUrrent time by

rejectiagn and limted source of rraterl al 30 associ at ed
inagequpte sl dwresrand mpdjanior astteipingdelly m f@;dl%%lﬁratwgstetﬁﬁe or for

dird S S ORI ERia® L sl En ! Pipllays, proseins and

relatad moé@tjl.rlefsetsmaidtm with thertew inesntoal lelteypris detéiepment of new

nvent OVI ; i ble source of
culdér 8 Bt oo est i FhTa, ST Edht Dresgpag ention will
prd\@dieel%(i@fnarl@e]i‘seoif diftbfnBition A EQFbrehBSRAL &IY 1h aBil@*‘ t/produce
limted at the current tine by 5 |nadequate cel

neydlifferenigatether inixtis ahat oyill ﬁﬁthdaumdlngo'v@é{ bwpioyiding and enhancing

nef bl S SRyt o Do S ey,

pr otldeTeld an gell-baseal tﬂdraF@thtﬁﬁlib Bfghdy Hagicdlag ﬂxdl\d:drfbnlt kigne due to
new i nventi on will enab devel opnent of new cultures
lingifegl sewpses of wharting ereéesiad anf e3Ren st e gihpdn 8t isglagiongnfpxpansion

ungaﬁ(f‘vﬂiﬁé%ﬁ‘ﬁ LHERRLL Oflo; gé)%bqg}éérg‘(ﬁéj@as@ %Wn%rctéﬁrtﬁeﬁhl ty

erenti ation and e ntiation e ab
app]mcanotnsl m\ealmﬁig rtmmsplllaﬁfaeba off idetentlls &b prdduce sSnduhiatin widbletic

eed dru i.scover rovi di ng, and .enhanci n new.,
a8 AL TSRO B ATy P e A b el Gronad g ent oell
foﬁﬁ@ﬁé@ﬁ%nt T‘Fﬁe f&kat 8l @) ix k?l%%@fédtah %{r@d@@fﬂﬁﬁg,ﬁﬁxeb@
imted the current tine due to limted

sh@mmwgs bfy Sgraﬁ@amlg lna:lr@*rma Itheamow;ﬁef iséArting meterisd andfdesired
X ansi 0

I.d
pro g cr & ufe ﬁ}@r OYET, 58$h Ge ccaém an Wg\ﬂgsgnilgg 1n|21%c1ng a%{verse

1mﬁﬂﬁlelr6ﬁbt1@1ﬂ§1 thevetipidd@ ThapspbAThatith Bfdilesledtat ©@bdcEming
to produce insulin in diabetic patients, current
thigpreRles byeeffierirgithgtonperypity fbuscapatiant’d oay eellsragheigource of

stﬁﬁ%h&k&ﬂ:} cells for just one patient. The present
invention is directed at overconing these

shorithegiresegs ihygnisogBiditecad tdwardspethodnthat & e omnte thé

starting materi.al and desir uct e, used .
PP S &ProgARPing by §e&3§aﬁ% I5A iR Bn. MedRSdstamed at aering
thd BGHETHY AANE 08B UM AR thRk R8s icBuldRvE SighficeMeffects

The present invention is directed at overcom ng
increasing the efficiency of reprogramming by altering the SAM:SAH ratio. One
approach is to alter the regulation of methyl group metabolism by specifically altering the
expression of key enzymes using compounds such as retinoic acid (RA) and retinoids.
Administration of ATRA and other retinoid compounds induces and activates GNMT,

compromising SAM-dependent transmethylation reactions, including the methylation of
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this problemby offering the opportunity to use a

patient's own cells as the source of starting
worioeniabe The present invention is directed tPURBUSR06/029944

nmet hods that can accelerate the progress of
DN & peagdtiagin hygohythyegiohalf gagpohlidDN®! Dthat have ush trietiytation
..aimed at altering 25 the expressi on_andifi)r as%l'bvity
inhipitqmuei a3 rEacERdine Aad dza-d uflepspaxiiling forerteasimipNA

| 5&%%5 L of reprogramm ng by

megf t@ﬁﬁ&%jﬁe &O%ihﬁﬁtgtﬁ{og%ﬁ%m&gm%ppr oach is to alter

t he Amether ateittand iofo oreerdrpiesg pdametnpiaab ol somatigyeells in culture. To

specifically alterin he expression of key enzynes
datﬁs‘?%@’“&ﬁf)@ﬁ% _S%E%%f%é _e"rne‘ﬁ?’ﬁg‘ieg- acid (RA) and

r et AR KES advaAEIFeHbBhe pkdseit iRfenHIROvaioR inttiods eidlnit d

conpounds i nduces and activates GNMI, 30 conprom sing

SAMTHe pesredtion dogsanos invohvgithe issrofmaalert teanster, thes angidsghe high

e 55 ERE P b5 o oY pERARR po devclopment

of  JgwB diikedtiBiNAoes@od es1$ ub@vibe usedlf emthriiyhiatstenncells as starting

i nhi bitors, such as 5-azacytidi ne and. o .
mageripipfop celf diflepenfiation. Hdus.dt eessunse prisal lipiting bartie in
avéif‘a‘!’aﬂh'gof‘gﬂrtﬂfgq}{étgﬁal?‘m itunor effects [82]. Another

nethod 1s to overexpress a denethylase in somatic

cel Theiimventibh varebe Ted t&imierves ermbryasiciand adeltrstelydedigmlture

has not . heen vali dated...The. key advantages of the
SYFPIBS EHPIRASPPBARRRS At eHiatiARt hods i ncl ude: The

| NV EkiidRndes doftot kY Ap¥EehbS bR Stédh cllkdr@d@er foreign materials

transfer, thus avoids the high |Ievel of inefficiency,
fori devalopineat ofinspr rsgenemativegel theranies, and das misisvisdscherpeiential for
. The inv%ntibonthdoets pot rely upon the use of enbryonic
IMEREHF YT WsE PR ng 10 materials for cell

di f fiekemddntibh @Rploitiihdural me@VEN ECPITRSsEs B & ingdd nutritional

limting barrier in availability of startin

appepel) it redyrang whe snmbenolcampbisatiigigcioss tnairogidcontribute to
FaifUFRr PR b E RN Eo%&é Lfféoﬁrﬁlipﬁ@éd'b Clohpdlufids S¥B b8 FBatelytidine and

m ii'm ze spont aneous erenti ation. e I nvention
azgbi@ding Galse Rhywn poAzeCinng amnofastueed welel thedrademhgk VIDAZA by

foreign materials 15 for devel opnent of .new .
PHAgBEROF BOR YT O RRHERE 8 SR qUCUSn 5 Y pifgsing an
ach® @Jﬂﬁétﬁirlaéeq[sing AMREedealyget on by the patient. The

I nvention exploits natural netabolic processes by a

si nplhe inventionicambé usedgp iroprolis SEMNJs r educi ng t he nunber

of l[icatin act ar,s _t hat.coul.d.caontribute.
Fai (e fioh S b fiee§ plat SLar Ry BBBV B Aiyhfin o s cets
frdiR SEUINgenecpatédedbryds (@a@gyt i di ne and

The objects and advantages of the invention will appear more fully from the

following detailed description of the preferred embodiment of the invention made in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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20 azacitadine (al so known as Aza C and nmanufactured
under the tradenmark VI DAZA by Pharm on of Boul der,

weR7oI6s5€qUI ring a genetic alteration such asPCT/US2006/029944
overexpressing an active denethylase using a

tr apsGenes $ ¥ b8 Mepithiap irfld8ns 188]sCEbyRRitesBethlyttioRih ®veine
SCNT. The invention can be used to nore efficientl

serigimuelear trarsfaedonoaspmgtio relisnite grawilpt gondlyence in gr%wth media
oSSR BAF L RIBSER o R0 SRR, ot s
Vil i T Bt ) o 1 1

conflfdc? issreraph Hlustling e E”b’%‘rf{} i (ﬁglvﬁ?%%e SEETession gappeasured by
T

confbhatct e gtevibl medif abyied €M), garvihi media treatedbiiéh RMSO

ial nucl ear tr.ansfer. donoy somatic.cel.l.s r
ORI pod g ebmetacE o4 Grb Al aariioil eI AR See Bramle

1.9rowth nedia treated with DMSO (DMSO), and growth

nedia treated wth all-trans retinoic acid (ATRA

ISe e F;&&niafx end 3BgreEpiGtographs iHugratips bpying selluirsaty 45%11'@Scribed in
eV . .
b O SRR Al a3, TrAot o, W nf el

poSiii@tahigeith oflfre®O (@rcomintont sain ¢arifpids feléowing gy TRM kreatment.

nedi a al one (CON), growth nedia treated wi th DVSO
Se¢ Bv@aple Zand growth media treated with all-trans

r et i@k Cs AGhH 4BATEMoto H8EnEABIR Emudne 393 Fh &Siis @it
phs |(”) s@? ggn(} I d

3B are photogra ating vine cells treate
AERA delsowddigdostepgecangictio meBiagas @rcsbrolis Exeiipte 4f Figr 4A

treat t wth ATRA. _Fi B shows..cell s af.t
el ey B exie PRGENF £ P EIRSING LS BOBTGE Bheprpaese
staliﬂj?%dﬁ%. 1Bl depING A ERALHING REICRAL phospRAte BxAERli£1tidn with alizarin
FI GS. 4A and 4B are phot ographs show ng nurine 3T3 L1
stagmhgs treated with 15 ATRA fol |l owed by osteogenic

i nd ion nedia esgrjbed..i . | g+
doptiaPs S duf BV PPt pBERETHSEHibE ot AR Sxifn (o ATPhy for
os&Btdlsinwhil kbl kedédbtasphssifiahagkers, Bitmiria®T3 El gellviRated with
depicts cells exhibiting calcium phosph?t
ATR AP Howedby esicqdents inflycagp medias 1 e AiXaAHp eF‘F—G 5is a

FF’;}?t "s?‘?%ra% 6B HEbhbtobiphe 8 JNUIUSRRIS RS Btk ABwhRY the
Dnmt1 gene by siRNA, as described in Example 5. Fig. 6A depicts the specific knock
down of Dnmt1 using a Dnmt1 siRNA. Fig. 6B depicts the specific knock down of lamin
using a lamin siRNA.

FIG. 6C is a photograph of a gel showing that the knock down of Dnmt1 as
shown in Fig. 6A persisted through at least the two-cell stage. See Example 5.

FIGS. 7A and 7B are graphs illustrating the effects of DNA methyltransferase 3b
siRNA transfection on murine NIH3T3 somatic cell methylation, as described in

Example 5.1. Fig. 7A depicts real time PCR results showing a 79% decrease in Dnmt3b
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20 osteocal cin and cbfal, osteobl ast-specific markers,

in murine 3T3 LI cells treated with ATRA foll owed by
W@3aeoydné ¢ | nducti on nedi a. See Exanpl e 4. FlBSI/USM06/029944

and 6B are photographs of gels illustrating the knock

mRNAvievefs dshemperudith ca@ids. Dyigs TR picR HIMES edsubeshoving a 52%
Exanple 5. 'Fig. 6A depicts the specific knock down of
relatiierpdustip én methydated eiteape inthgcellsB depicts t he
speci fic knock down of lamn 25 using a |am n si RNA
FIG 6C is a photograph of a gel showi ng that the
knock down of ABBREAATIONSWAND DERINIBOMEr si st ed

t hr h at |east the two-cell age. See Exanple 5.. .
I Bt Oten e dsrubyl Bnid. e Flbvas dRgmrRe SRrbRyiaons

Wilp&%éwgué%@ﬂﬁg 8kas8uyab Si RNA transfection on nurine
NI 3 somatic cell nethylation, as described in 30

ExadpIRA Beans #i-transyatideipacitls real tinme PCR results

sho 'ng_&a 79% ecrrleqﬁ%e_ i n, Dnnt3b 19 WD 2007/ 016566
PCT 687 925922 RROTETE s as conpared to

conCel Reprdpr@nmiig xﬁe@isqné%w%s@by it & teB M) differOm ¥ted cell
relative reduction in nethylated cytosine in the

canclq jesioredppREtAtAMherest mthaiptemjat foliffesntigtedsts a new cell type.
ML RMEBRE G Medln I)}Q?%sf Phdi MGk A 08P

ot
and eviations W roughout
supphostigomawei of CERA neans all-trans retinoic acid. Cbs

hi -b : h Cel | '
e ahemelie el i DopeiiEnae CrouTT Hen bt mapsa
suif®ld medifmc@Paihig of S8IpRHaR Jrowh SiRlle invg‘ﬁﬁﬁné.rtthﬂ asnkbe

potential to differentiate into a new cell type.
der@ethylatien MEBNAN or G owt h Medi um neans a suitable

di bl f ti h, of l]
oD REREL iRy e SROPIRET B G RGPS TR e
funYBEhAIR SpBEAtzed dugiab ealdrponiegiveiBpaaRRAb! e of supporting

growh of cells in a manner that induces 15

denPMYP aptann dspetrlaulipkifeer ent i ati on means t he

pr o ' . . me structurally and

f unCB?\?%ﬁ%?%l/\@ésogégglgaﬂ@%%&g%r ing enbryoni c devel opnent .

DVEON¥e dMighylbti®t fyhnsthié ftchohent oflaNAethglagisup (a -CH3 group) to a

deoxyrib r}ucl eic acid . _ ) ..
cytosine {one of four nitrogenous bases found in DNA) in a eukaryotic DNA. This is
done routinely, as a way to protect self DNA from the enzymes and chemicals produced
to destroy foreign DNA, and as a way to regulate transcription of genes in the DNA.

DNMT means DNA methyltransferase.

Epigenetics refers to the state of DNA with respect to heritable changes in
function without a change in the nucleotide sequence. Epigenetic changes can be caused
by modification of the DNA, such as by methylation and demethylation, without any
change in the nucleotide sequence of the DNA.

FRET means fluorescence resonance energy transfer.

GAPDH means glyceraldehyde-3-phosphate dehydrogenase.
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20 DNA Met hyl ation neans the attachment of a nethyl

group (a -CH3 group) to a cytosine (one of four
woRdwoygseous bases found in DNA) in a eukaryot PCT/DBN06/029944

This is done routinely, as a way to protect self DNA

f r oGNNIE mg@&n@ml\@asm@aéf&aw oduced to destroy
fore|% DNA, and as a @éﬁ regul ate transcription of
ﬁ@n

genEBKidme meamspethyiajam abkYHyl t r ansf erase. 25
2o
or PEREHOT ARl RSOt fad 3R 1y ne 9

on hisedre@3.de sequence. Epi genetl c changes can be caused
by mpdification of the such thyl ati on an
denﬁlﬂ%eaww a GJpsg 198 afot%mylol%qﬁ%%gf%urrcﬁntcggm%serr@aﬁsa%ns le for

oorﬁ SRR TN R enbtih Nt iF @ﬁfﬁf‘@ﬁﬂﬁl A MRS BRGS0t 880 NE WS e
er gy transtfer. 30 GAPDH neans

h1sgjn;zs, dlavadehyeDBpbibibp lgetus ThetyoplasyenGseell-wableggmember of the

2007 6566 PCT/ US2006/ 0.2 4
doR P ARESR ReHy RS SPRL Dopis DN TEANEPelsin bish Sqnely
res@iblds MORRaktidhistoed. H3KOME2/ 3 neans di/tri
rret gél ation of specific |ysine residues such as |ysine
MR Breaid selpity lmepiydapintreans a cl ass of protein
nol f onbsones responsi ble for
corrf?gwtl%gansgﬁ%chlgu;aﬁgso that it wwll fit within a

nucFKusck fmxkamymses saprers thdwxpeessioh of agese ml-bgtmeepemﬁc
t he DNA _of the genus Thernop| as a cell-wall-I|ess
fashiomn d} ok thetias oasr«?ﬁnwwwag @é@%gm es‘;ﬁo gs a knock-

do@h%%%g&; ﬁm%k%{bqk_lag rot ei n which strongly

rese aryotic histones. 10 | BMX neans
|soMﬁ‘)Slnmanmdyxh)dy$p1mg syndtbinaeans i nner cell mmss.

gend! [P B eendSabemr R B OREERRetro i AR 2l hasone

or Wc?tegﬁéh@@ a dkPQ6HHBE fHRNe reprd)dilcﬁ% @élf ®Hich @ivA8esthy meiosis
knock-" down or%‘?msm or SI 'y a "knock-down." 15 NDS

intrfeihapiped erdipsiviabng eneyrgy n@an o rRligedhbisa sperm cell.
O 507 DU Sl B 5 SRR Sy oo

priff@kPassse typebo four haploid cells, formng one ovum

that can be fertiljzed by a spermcell.
RA means retinoic acid.

Reprogramming means removing epigenetic marks in the nucleus, followed by
establishment of a different set of epigenetic marks. During development of multicellular
organisms, different cells and tissues acquire different programs of gene expression.
These distinct gene expression patterns appear to be substantially regulated by epigenetic
modifications such as DNA methylation, histone modifications and other chromatin
binding proteins [22, 23]. Thus each cell type within a multicellular organism has a
unique epigenetic signature which is conventionally thought to become “fixed” and

immutable once the cells differentiate or exit the cell cycle. However, some cells
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Pl uri potent neans capable of differentiating into cell
types of the 3 germlayers or 20 primary tissue

WO 2@e®165RA neans retinoic acid. Reprogramm ng PEBNS2006/029944
renovi ng epigenetic marks in the nucleus, followed by

undsg@ihjos bpohetf “reprdghimeriggt dwiis kmelpdayeloptieat craseckisin

. During devel opnent of nulticellular organisns,

disggse piyationscel | s and tissues acquire different prograns
of GRNIELLXRY E5iueRic 7d These di stinct gene expression
patterns appear to be substantially regul ated by
epi BARRCR aneanw divieiseditansuibed polynesasbiainetdatibmat i on,

hi s nodi ficatiqns and, ot her chromatin bindi ng
pr oPEl eﬁé-a%ﬂo_sﬁgﬂrggcyég&?. cell type within a
nul §iAGehledhf8-2a68RRInsdthibARed UNi que epi genetic

signature which is conventionally thought to becone
"f i RENT mpaehs sometic goll suddersdransfer.cel | s differentiate or

O AU PO AP

sil&@RingeRI¢AL ¢ "reprogramm ng" during nornmal devel opnent
or certain __disease sjituations. RNA rregns ri bonucl eic

aci domptre pifs eapAny il g cedls of amernsRdhdiaysetiiegntiated into

' QN - h e
O S8 e 5 SO DSl
espeelally anepgar sgermnsilgiromsviiRNta nevansgasisal ¢anideveloplr i ng

RNA, . .al so kno*qngec s, short interfering RNA or silencing

RNATEFBe28S foPpeectdef nean any of the cells of an

or 9autip&ehtiatanl %H}ﬁab@é o & ERpIndliAE o ddlblett BRbH SSRSan.,

organs, etc. of the body (as opposed to germvcell -

any TgiD maaisollgazsdidinedionespeci al |y an egg or sperm

cell, fromwhich a new organi sm can devel op). TE neans

trophoect oderm Toti potent neans capabl e of devel oping

into a coNPELAISIDESCRIPAIQENOF THE TFDENREION

Thi azol i di nedi one. DETAI LED DESCRI PTI ON OF THE

| NVERY Prasentiavestion dptol yesvrdicingAemaiiyilatng of gpdippis adult stem

i . i . | . P L. .

colfETLN B Altiaa Bk cB in AL il RfordHifrofHition potentil
and est o wssd di Bifi enteltgoas scmcepafttbertpeatic cells; or, using the demethylated

cells to improve the efficiency of SCNT and to more efficiently generate patient-specific

ES cells to be used for therapeutic purposes.

The present invention is specifically directed to specialized cell lines and a
specialized cell culture. The methods for achieving both are critical to the invention. In
its basic sense, the methods involve demethylation steps that yield reprogrammed cell
lines. The factors that enable demethylation are included in the cell culture medium,
which is used to produce cells that can be differentiated into new cell types.

The present invention is directed to cell culture medium to which ATRA and/or
siRNA can be added, or components adjusted sufficiently, to reduce DNA methylation

levels to such an extent as to restore differentiation and/or developmental potential either
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20 and can be used as an autol ogous source of

therapeutic cells; or, using the denethylated cells to
wOo proveses he ef ficiency of SCNT and to nore ef PCTUSIOG/§29944

generate patient specific ES cells to be used for

by LIRER E%ﬁi $ebific RIS Entialidl FARAS 8idh dsN¥@MHok Bited to cytokmes,
specitically directed to speC|aI|zed cell lines and

gros@e éacmrs,zt@@mrmuondmt@na rad/ompEngriherismsthydatechedhis 4ot HgN 1

e S

haw leddddiffepintigtianmpectnciel {totipaterstial T}bianbatéhﬁals ntdiﬁpotem@ddp e
denet hyl ation are_included_in the cell cul tc{Jre medi um
e

resigied Ry |d§m@§bé’éatttkg the ganeee c&he §mtbﬁ§’tm"é‘é$1 g
di féaﬁrﬁ&hi @6 AYEOA R’N‘Ael :nd 11ar e é%islﬁefecules h

i nvention is |recte to de ure medi um t o
ATR)akeboling d;mﬁmmwhmdnkeyludnﬁdnaswl dcmpmt{enﬁls usmg 1nterfering

djusted suff tly, to red | at
RElsB oy stiscase o5 bt PeEhir R BPGPBRI or ent ati on

and ggclHWﬁ'thHmt 8810k @bsQistpehtcfr MO RNA technol
200(76/;016566 CT/ US2006/ 029944 by rilﬁ(r?dum tMPRNA technology;

spetdf ingragsingdhe ranseripsion proten @xw@ﬁoagmg ecﬁiwm@f GNMT;

tted to _cyt k|n rs, transcription
fag‘kearlgcgﬁ&lp rl éh?rﬁgcygwm‘? hn ﬁ:{ﬂt% éd cells for pSCNr
The(ﬂ)nme@taslﬁg1¢\Eelgj¢)fr$AH¢d to in vitro production of
reprogramed cells which have had differentiation
pot Ehit dearegsing feyels OASAN:  pl uri pot enti al |

Tl EAPBLGRERAL o B RSB A AR BTRER b, ol
mez@ﬂiamnescmm@ betdiner vsaminsd¥6 ard Bél;at ed nol ecul es; (b)

kno nmet h r ferases 1, 3a, and/or 3b

usiz‘g %tge&‘le ﬁNgO ¥?§ﬁ|%y antlsense or ot her

mec ;ﬁ? rﬁsﬁ{ESthfe QEl1s HinBid éﬁ@lenﬁ?/)dehﬁ}@ HS 201 G SMN‘lFf%constructed

nd using interfering RNA technol ogy; 10 (d)

unitﬁéamlayoﬁg the transcrl ption, protein expression and
act iy i ncr.easi.n S O«

e e L L R
spdcificatl Qﬁlﬁﬂsﬂltﬂ thd @nehsy, afchMany Mﬂﬁ%ﬂ?@hﬂgohﬁ%&hﬁ@ﬁ) cell,
met hyl donors such as, but not limted to, folate, 15
ad%stwlln@ml@ﬁ gensier NForuaithend sieplikneclizs Aaprgrpaing squrge of

3 P S RS 50T Qi Y ol
Theeretcslyt stetnat]ls v mmie(@'del”fyremawmg cell division to give rise to

phenotypically and genotypically identical daughters for an indefinite time and ultimaely
can differentiate into at least one final cell type. By generating tissues or organs from a
patient's own cells, transplant tissues can be generated to provide the advantages
associated with xenotransplantation without the associated risk of infection or tissue
rejection.

Stem cells also provide promise for improving the results of gene therapy. A

patient's own stem cells could be genetically altered in vitro, then reintroduced ir vivo to
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Cell's: For purposes of the present invention, the term

"cell" or "cells,” unless 20 specifically limted to
WO b@7o006566 ary, i ncl udes any somatic cell, enbrRpoONUs2006/029944
stem (ES) cell adult stemcell, nuclear transfer

préddNER a\dBbitR] gend @r&h@mﬂlésl@%eﬁ@tidaﬁy aﬂ‘er@ﬂ SRhSdeNs woRH! e Bile
@f@%ans and tissues for transplantation lies in the
Po

&l tophednduced tesdidieransinte to Egrhnpmulfifude afirertipdsdel inplantation
at %{e%mc s%!eL ﬁ)t e %o%n??&osy&%l fc a(pgﬁ}ga 10@19 @?ernat 1y hestergf]og'i)l?s stem

enotypica

cellsleniid bagerdaaugm ﬁt@ecf torexpiesd ﬂhd @édqﬁbﬁt% rhaj Hiehlaﬂtbdompatlblhty
Compﬁ% teI 25 can differentiate into at | east. one

a‘%tﬁ% orgyy Mo faaliqyy trensplant 8T Rosqpels diont deppr to
re&gle%itﬁ(gﬁ iR RY6Li%EA LSt off%@ﬁ&{ ant tissues can be
to provide t v

generate antages associated with
xenditeramcsd a‘mdaﬁn@hameﬂhmat htveextasioe nad adleﬁnﬂ;é(pmhferatmn

polaft e i bu® AP srieRG6h MGPione “RLb e ofilg s upon

tran AR BYon. Ahd Quﬁl@és‘s&ﬂf‘al Sed el & tﬁ%ﬁl%h}o%apﬁéﬂlQEB?cell as it has
enetically altered in vitro, then reintroduced

m&m@dﬁ@f-rwmunmt%@ff@ww@wmab Ghase qsvils; @m@a@nved
fro?n ﬂ}%%hﬁe%%feg %Eag% gf@% %‘fastocysqesrecaﬁ%g ?te]'%g%{ ,{%éémgié%&{uggrd?al%

ceﬂ$ frber epdsi-tthplahiatibe éﬂﬁb@fof(whlbryﬁ)ﬂd@eﬁh RS br EGRels)f B and EG
Ceg%l antation at specific sites in the body, or for

vérheen denpyeddiam afwuswaflé moEe @cynﬂmﬁ%fremd@@dywmms
and BlhSnS SPhéh ﬁl?m@l?&ﬁtnﬁtg Hduke B aEtE)Efsq 3 o plasts nﬁﬁ?}{to imals, ES

recipirent's major histoconpati
cehm Cargcemu iborte tocal MiGyest of thd owset (amrtsaﬂ)) &ﬂtenctfanslbialsted oepdssnatal

reci pient withaout. the gssociated risk
il s g et otending, Hbeh i SR GRRleS T
plﬁﬁ-pe@exfé I eOahy BGaRHs basS ﬂd@hﬁ&dm;%dsﬁﬁfe%ulﬂﬁg mttﬁ@ hitfodies
t hat d| fferentiate into several | i neages, and

SSHelt anslel¥SEApopul at e ti ssues upon transpl antation. The

gg: lfxte[ zlenlrg){lecH%I Wg%eﬁﬂt@ae@:e'ngqgsré% g%erzt {Qngc:%%ion factors

highiy spqei ol titbisé TredieBicntiite® BelBO TR iddludelDasktarkER &:81 24180
derived _fromthe inner cell mass of the bl astocyst

foggd arg thedel Ffd and) the transerintion frntotssodiZanddiexmls qven though gha latter

8 0 SR BLGPESTRY oL SR 4RSS L

pregadtrmiatien ¢rabmgyol tarlyalleyage siagenambrizvrcatis pf thoddres celhmdss of the
o P SR T GBS when s
ar€ QﬁhéédbcH taerrdBn@lid i 1ih9 W8S itPhhe bB&L ﬁ’ﬂﬁﬁx@ obtaisR é) fou}{g1 ﬁf‘germ

transplanted in post-natal animals, ES and E
cele nBevatad studicathovmshomrt that (a@j,aﬁ 8 relprinod Sormniaginihg the

“@Hﬁﬁr?fﬁ{?te%ﬁéflﬁtp/ﬂ@ o€ﬁ§ E&} %ﬁlﬁa C%%%ggog 'S %Trtl dcfatermmu& early steps

in embryogenesis and differentiation. Oct-4, in combination with Rox-1, causes
transcriptional activation of the Zn-finger protein Rex-1, and is also required for

maintaining ES in an undifferentiated state. Likewise, Sox-2 is needed together with Oct-
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SSEA1 and SSEA4. At the nolecular |evel, ES and EG
cells express a nunber of transcription factors 20
whe@hloyssspeci fic for these undifferentiated cePtBUS2006/029944
These include Cct-4 and Rex-1. Also found are the
4 td-tdmifktianehdifieefiti-Acbsite B ES/EC adisQid tSaindaia RsuriReXbdt not
even though the latter two are also expressed in
humam-ESscells) Hymawmet maring peimordiplsasrm el breapie prssence of LIF.
Angffx@é @%ﬁgﬁg tog E%h:%h% Is B )p?gs%ﬁéﬁr (?Ht@i%#n%?ﬁg '(Wé}lﬁ]g Pro‘%rﬁi(es ¥nese gellsfwrth
antﬂmmnaiaatﬂmyﬁmlpdwnmdjmu%mmryonlc carci noma (EC)

cel Ls. qQul at ed when. cel | ar.e
i nd§t?éacq1£§ h&VH@ ﬁ%rrtg{eg Ip BeVGral PERaRASHS- f‘iﬁéﬁ&&%}}aﬁfaﬂﬂm@d 15
the%hﬁ?déao%fc sferh §elp rp['hYs 1fs Qlfﬁ@oﬂé}mg&rrmed el bt héeb’e%ﬁ dlirified based
st udi have shown -4 is required f
on peli surfdcainregkerk end fmdtilcﬁlfaé plmeaqtms@ds ﬂherimmmomruc B8m cell,

T LT N E T e—

celpmﬁbﬂe[}ﬁﬁét@ﬂwﬁh&tbpd?@sﬁs for tiEAiB OF a rédijFBRGNU rg%h@aab multiple
activation of the Zn-finger proteln Rex- and is al so

heaigneietellipenges P3P0t AVhaneanssanted ixo llmhalbf igedistadanimals or

b B o EEtS el SubRrBag b JPET nelh B ierobose

megichiry dogteeatid iatnptoidt@trepoiktiE&IFio ot &k lvitr @ hamiopoirEe s dells can
mur i ne (but not . human) ES cells. man or ripe,
be dusiest @i undergeraiieas] Pose Pl?eé"”a% sl isioss aptlan be induced to

r
dlfé@?ﬂé%ge{ %ﬁskgﬂk gﬂ’ﬁg Hﬁéaiggéasglg SR ?ﬁ@r@fo?e Qﬁls cell fulfills the

ese cell's wt
cntmla iofia sedh gl Stane nﬁl&azl/hlpiodléf@ranahtel amlyviot floom csllssnfelmnatopmetic

indie Bl el R e s e R G dr Rl LB
tissRY,lfor Mlé hedt GERRAE %medﬁma\g&db@ Righ-doR@thdmasihfggtic agents.

purified based on cél|l surface markers and functional
charetscend semesl] the éahb@mtsw@dew@lswbﬁ in theopqural stem cell [101-

10?]S (Ne%eﬁ 1‘5 g%lst\%}g nﬂﬁéﬁ}p ﬁen@ie‘ﬁog’th C&fb@eﬁh?@g% %](Int% ﬁh the

ver an

olfh&@ by Hulkabe&tah ®rah APl esdently de wtahbelienvécemaf the atlele bpmem longer
and generates mul ti pl e 10 _hemat opoi etic |ineage

contaiged oglfs Wity gy qe&rpgrﬂnaﬁlt @@Weﬁ?roSqV@fq% gludips in F‘%S'&Pfétaé’él more
rec@RiTR -hur Hﬂgﬂﬁlaﬁalg SARLARRAE hhte ﬁtlto@v'ﬁ‘ th&! sltén €A1% continue to be

repo u atet roid, neufrophil-nmacrophage,
prayeqjak adylobsgie Tdmasb sltgmphldﬂ chnfpeolifpmieii evocald coptnmhouslyn

vitro, oietic em cel | d
retaiE s et oieato e Cisie 2§ en g B SHF G0 aieBmL stgppels
car??é"m*dﬁcéd"t@lfﬁ&@fefa@e afliwkf1 9 eNdiREcRtikidtiftoldier8A®pes of neurons
lineages as is seen in vivo. Therefore, this cel

and gliflicells When tx@wpkameénma the brams neyraksierh celfy ean engrafisand
el dofiel SEE Al Pheltaleeb® SROTabhs tiegipronate

steth &Urce of cells for repair of ot her damaged

A third tissue specific cell that has been named a stem cell is the mesenchymal

stem cell (MSC), initially described by Fridenshtein [104]. Mesenchymal stem cells,
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tissues, for exanple, heart or lung tissue damaged by
hi gh- dose chenot herapeuti c agents. A second stem cell

WO b@v/oi@se been studi ed extensively is the neur BET/BEENG/029944
cell [101- 103]. Neural stemcells were initially

origiglaily dérived fiomn tHeeenshipoiei ek edek@rand mmilﬂotnhﬁluﬁ%one rnarrow,
ol factaory bulb of fetal brain. Until recently,

carpiffersptiafe o £rm MEsclel ope. KK gen St BHERY Str@amaélidﬁ%mlon “During

emBﬁJogéne\éﬂst &e%ﬁ Bu&Hl Jiev@%tpg PHtd Rbnb- M’iﬁ%@%ﬁ erns RSPt  generates
inro ents nore recently 'S0 non-

bor; cartilags, fat) dkdsiammmsclh anepashiblynertdotitelisie Maseddrs also

gontinue to be resent adul.t hrain. These
diffeggniates i, vispak %@:.Wl&f 0 %m?jﬂ&eoﬁ?ﬁami%%@r@e Siooth
mus88ERV S EisRhdd EaRistia® @eﬂﬁ%ﬂfeﬁﬁﬁ' an@ elBtdpdietic YogeWhiSitells.
cultured ex vivo, neural stem cel 25 can be’ i nduced
Pripngtiyr mk$oidermaalor nmelwélymah@em@eléﬁ fchee;@fem ceitld prowide a source for a

il e kpd YORR et oy iber 81 s Aap i prl 0 been

isoRsfe @hs—arrg. og ﬁi&h&ﬁﬁn@%ﬁ&l@mﬂ%ténﬁcﬂl@dh@ﬂaﬁé beal deScrlbed all
Therefore, this cell too fulfills the definitjon

havgy demansirated miter dfferpatiation 4o e quly those diffesgntiated Cﬁ’é%&enerally
t
coffish B 81 Bt 05 T SRR il e
steib@@nepyrtl is fieari/ddlhtsd by PBteVJ\g):rzaOﬂ [0Bg56hich expresses the

SH b o Ste LU R PSSP AckiPRY e CD106 sup-

CDBDA. QY + CTsadiubhecBni k@l echo4 k. I‘Cm@ ‘%{1 F.- pﬁ’é}fb@ype This cell is
Cartllage fat marrow stronmma, and tendon. rlng

car@htﬂ qfo@ﬁcreml@mgtth dommes oumben dfevié Itxms of mesenichymalmyigin, but is

t gener.a 0 carthl a

ot At o e issSORGE @bt Ao e e BHE s Bb o te
tead] $Bo Hothtéd B heRt it @SmbRdpYicHE 8IR wire sedeidantified ¢hthe@Rpanded

give rise to cardiac nuscle, snoboth nuscle, or blood
culfypinds consi sting of endothellun1and hemat opoi eti c

pr o%ﬁﬂér s?Jm 8(?le Fave bEid 1%}1‘& é@roﬁgesﬂﬁeﬁ [l‘:‘flm/é}ﬁ!

stemcells, ererore, cou rov € a source a
epideniied rstend celBB| dndblngbatic stsme:eﬂsl,mm terfnedioviabeellsf [1 19—121]. Most of

nmese ch%%at sten1ce||s have been isolated [105-117].
thegg agerjgss WEstsiRdal stem cel I's that have been

des | - al abili

i PR Pl AL BBt LR I B sl gpevl il
and,ellthsugjethey diffe;enttamwmtmubnblet lindpgesp therasemutpjurigotent. No

he.nos

st et RL ety bR bl S S Bd B o T g Fbove of

Esedelld! In[a&éﬁj]on Bidebres &Pfeﬁﬁﬁ&&setafdﬁwg%’lzus%@spbcﬁd‘bté&u Bells has not
+ CD44. sup. + CD71. su

CD29
beafidls. egpbrad 1m?b%a§prlaxge@m@m§ﬁ énghlmmd@é populations of
phenotype. This cell is 15
tbéggégrﬁgd#ﬁgﬁfféiggPlat|ng to forma nunber of cel
t y p&sntidkesersgrichymbloughitithhtdrgdnspedific stem cells could only

differentiate into cells of the same tissue. A number of recent publications have suggested

'—h

that adult organ specific stem cells may be capable of differentiating into cells of
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apparently limted in differentiation potential to
cells of the nesenchymal |ineage, as the team who
WO s@hal@ads it noted that henmat opoi etic cel |l s WePET/N806/029944
identified in the expanded cultures. Qther stein
diff@bhtgishascAbR@ibet dRsthdits Bile shogh Uit Bellsgembplantt asthe tiale of a

stemcells, 20 epidermal stemcells, and hepatic stein
boge magowAranspleat fARdl Berantisie inte sielefa) mysele [1Rgsk23+ This could be
Ty | ' '
R e
thes etef presene iamaabivl Jacksongmbl]isted o ngisclelsetellde télbraantdiffdrentiate
into multiple |inea

. .. th . i pot.ent .
intg HsEhoBeieH el Ton BB & U Ak b bt St @%Eﬁ%@ﬁ%@ﬁ%m
[12XPIRBS ARE&HSe IR56H IREHRRENEHOM ofe eEPrfcal Bwyed for instance

addition, the degree of telonerase activity in"tissue
splepeuii¢ ingsateam) eaxl diffeteatiata atto tiswes thoukhtyto drpletvestiduring

art because | e nunbers .of highl.y enrich . .
e e o gy AP RRE R Yayel St e, SREhstipLsefs ortheir
préditdoks de@€@dt inyhunidns WREniHARUBR unt B@enOfi@BBwWIReSHIBAtEtion are at
stemcells could only differentiate into cells of_ the
leashipgpart; degiyed fiamnibairdrrops denog El70—petlh 1dws. asrsrah gigsoderm and not

RHRES Rt s A R GEBRRSFLL nSLE G e e
ma OOV, /H/E0 Tiidre BEGEPLEIS2 Q06the 2804td dentohdtentiap both insodsts #hd humans
nber of st shown t cells transpl ant ed

di hav.
tnighopate heha) ol s B caat b Spfip dgifed trom the donor
maq{cfvfr glrﬁmi PRt @ ikehiQe, et ?{]o%bs MARGhEwh W ndeddl st_e%lhzigﬁs can

cou be considered wthin the real mof possi

diffiérbfitiate inttd hemopoigint eatlisi Fihalbf, Clarke aicHyrendriesbthpsneurdd gtem cells

. [ A k blished that I

@GRS B loar s TBL e R Paale o e il
cel I'sransp@aitAliod oFWséued ahd ofpBeNGdn¢RLedMréhihRteidl8gous embryonic
spl anchni c nmesoderm [124]. QO her studi es have shown

stemh ggllsgeautes ither thaighe eslls befarteseaneticall modifnd tpashibice

| j it : ; : .
oxBRL R PP LR Ol e, 1 BLERL 8L 6 Bl SRR e
sufibreéserenintianbiyateal tolpaytect aghiast tiansplamaejectbord dhbs|althbugh

cells or their recursors detected in, humpns or
IRy 9P gleppst] rewa%h\mﬂfﬁml?rew%m%m%%}l%{meégf‘%wné? thegyroblem of
a 1?:%2%&5@%%];1 8% Rghls BPHB O th BroBRIS A4S hesaciated with the

vi sceral mesoderm and not splanchnic
nep® fodaemmnosuppess®nNG O stale tiansplantatvgerfiheeradogommsieor tisgue

ol R AR GHET 81 P BOE O R RO RUT Y B FMEREon Ha cells
wh @ abdctoafi dshaglisirl if 8tded tAReviak imafMobitpati®R delie fdratherapies

cells are derived fromthe donor marrow [127-129].
directedip e myjpribeofghopgidiopd1dHown t hat neural stem

cel l@siﬁgagells from the developed individual, rather than an embryo, as a source of
autologous or allogeneic stem cells would overcome the problem of tissue
incompatibility associated with the use of transplanted embryonic stem cells, as well as

solve the ethical dilemma associated with embryonic stem cell research. The greatest
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15 differentiate into henopoietic cells. Finally,
Clarke et al. reported that neural stemcells
WO 2gogoi@ee | Nt 0 bl ast ocysts can contribute to aPCT/US2006/029944
tissues of the chinmeric nouse [130]. Transplantation
dlsaﬂvatnlt@% uesochitstl withy diesusg @ giitalogdud St@icbitd R BbH@AIBsplant thus
%nbry ste ells requires_either that the cells be
fargligs iy 3%&43& Teptiglion pateial &\ pyRPHIL steaxsalls davebrcsf
: I
e B e b AR RSBl MEbneh L Bt B ol lthongh
reporigé to bompitgiotat, lmyea dambnstmmdslphmd pat@jtiat to differehtiats jinto
Ltho h enbryonic stemcell research provides a
fmﬁ.@ﬁf A& ternative solution to the problemof a
| mekefl t1fhBR s¥nPEel R rv@ﬁﬂ%ufﬁ?[e dlff@l‘%ﬁﬁé‘tﬁﬁhﬁﬁé&ﬁl haWé%een isolated
probl ens and ri sks associ a need
prevignshoksupipessa lemethplatedselh Mmthtth@p@pmtmh tcadlﬁ@mn@ﬁte into a wide

B e R I A T

ad@ﬂbftyzq Bkeletal RBAE | ehdotBBlivR WHEnACHodtR niBcRS &a?i@ﬂab shieéle, nueral
|n order to prOV|de |nnunoconpat|ble cells f

disinapoiclr cgldy, das ne bepedessyibed. dicelrand rﬁlés%p@mﬁmcﬂ@d gene
thérr%erz oD RIeGRY {rlrlbraigy)gﬁ’tf@ a{cﬁfgné%g% %&%da H&{{Etﬁpﬂlﬁl cell w1th

an an e as a sou e of "autof ogous
restdrbd glemqalandai differcatiht$onramdl ot devdbmaﬁaltpmemiabislreadadt elther as a

i nconpatibility associ ated wi t he use
SO T R SE b et S S e i s st dg8orats et YENTE o
as Euli] 6bj@&t%f: ?dree%ﬂ§ ff@i%ﬁﬁ&ti(ﬁtiﬁgow c;rlao QL4 r8iBMe used to
research he great est 007/ 016566

asmm m%e/dﬁ@mtlwlmmlﬁgbnmsml at ed with the

use ten1c .ssue nspl ant

¢ b Gttt REAHE ThE SRsCR bt wiliFS PR AR RRARE erowen
fadderb eidinddthody fotiHaaEing DISA @emeiylasioh a¥ eclhemd gﬁ@@ingtaﬁd

fron1fu|| - devel oped organi sns, particul arly humans,

m?’é@f‘mﬂ}%e‘é’é uges|off dlemgtby s Hsopedig prayidss f@ﬁfht: et and
mm{\é&]g@ @P@fsfaﬁe celf’ H%etdetg S&Q{Er\ijfb&' {1‘{1113%83%9‘5&38 %ﬁ@hlke%me

stem cel
combtﬂatmmﬂ ¢fi fpd:tersd Thé éﬂilht}ft togfrow nelﬁmheumbﬁthnthﬂlvmnﬁff%ﬁenhated state
1 sol at reV| usl y ot hers t hy| at ed , cel
uswgtﬂm edisy grf)wf%faﬁ%%é?éma{h@% H’E%’ICIS%\M@EF@ provides

lm}s&%@ b¥ndis ﬁl%iddlﬂgyﬂa@ abiity B frb &Rkl hih mhﬁgﬁé@én@ﬁc
brobl ast's, osteobl asts, chondrocytes, adipocytes

maskfdations (amirs teapphicadioniod genmtherspy owiglh irBpatinh therapeirts
ﬁla gl ac nmuscle, nueral 10 cells and henopoietic cells,
PRLEURASt been described. If cell and tissue transpl ant

and TgeRell chiRgt audiamay iRueQ\dréwi Meditiahans Bitb&ive to support
advances expected, a denethylated cell wth restored

thepgrowilnairiraeetlated el pauirint serun ffceledp sppRaxt tie growth of
deﬁl%{h‘gﬂ;téaaéetuh 2 Jﬁeeesg (a1 Eﬁq‘ c%g%ntﬁfarﬁmo SR CH °§yr8%té ?JH

rap eu I'c” ce nore effi cien
Oplimnﬁ)lly, cled éellfcmllltuﬁﬁhﬁ'dla @ay also include a reducing agent.
Another non-limiting example of a suitable culture medium useful in practicing

the present invention includes a variety of growth media prepared with a base of
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as an object for screening of differentiation factors
or conpounds that m ght be used to 15 assist in

WO p@aoiasee di fferentiati on al ong specific |i neaPperUSI006/029944
Cul ture Media: The present invention utilizes cell

Dutbdctols eninfgehil 3ssegtid)\Widdia (DMEM)S TheMMERL badise fupplemented with a
i_.nduci ng DNA dei nethyl ation of cells and grow ng and

vapghy awnl?r@e@a imelpdang fstal e@ﬁéqw» glutenipe ppddor snd@%ﬂquaate
Pr%&%bﬂt‘ﬁuse E%ﬁ%luQEQN‘J" f&Ql | U ﬁzﬁmgu&&mﬁg lcn]xddsl ?HM sodium

Screen for - adi tors an
pyusefeul 20 conbi nations of factors. The ability to grow

cells tanti al l ndi fferenti ated st at sin
C be Snathe i ot Astiapld B mefist §/eicoger o te-

m@fd Habe MR hR s sTREhaNEd DAY frd ragllf g&hﬂg 0.2

the ability to produce cell Tines having nultiple
mM@i@itame ﬁtﬁdrnM aatingasd 043 mM Qah]GO&fhplfD ingranofio gude

wshaigidis QbR BT b . R Sl SR8, B
acidhat is effectlve to support the grovvth of

denmethyl ated cells; a nutrient serumeffective to
suppaPivh Rectep: dlie Brayrth mpgisam R Eekide gy pegum or serum-based

soll0n Bre gﬁﬁsdazl% nﬁ‘t?fggt% %ﬁ%gtﬁx{est%) n?a%tgﬁ)l i hl%ﬁ\iﬂil ang vidbility of

pyr uvat he ce ure ne
dealethyldteittdlide Eaamelis of nghagemi inchudef wighout timitation tfbfragbovme

Seﬁlﬁgﬁ% Ofa fgfeffuahftrﬁgb' 7O Hor gEenien b BB Rsbeprovided ina

cod@ntr8lidn Of belowM atboﬁ? 543 AGLBHR S, V\I'ntﬂ?m?cupﬁsﬁe ¢i3528aV 62
2007/ 016566 PCT/ US2006/ 029944 Dul becco's m ni nal

prexddeshini aadonpeydiation DE/EveeTmuDVBM ambhativat 20 plncnerendddiment,

|et of .S I nts including fetal calf
deglghmﬁ%cb?@trs ﬁ§? Pi%%l um pyruvate. Preferably
t he DMeMth lf&dté&dﬁ@y A56bé gltoaideaaé ﬁsssse fri e denvddogl anl aiiMenance
and 1 mM sodi um pyruva 5 Anot her exa

of suityrappldemathylpied selds inm substgmtwélag@dlfﬁwt %§%@t@ﬁﬂ¢@@tles

DA PRSP s T L
as ﬂa:_wrub_mé herefndorQisil tﬁéﬂrmh kodwi teethbed cbfcs‘klllhgl theranof culturing
cefl§ o Giexai3ps PREOT SR a1 She RlaiRs Ao b e tpe Staied fnal
coﬁ@én%ﬂéip fﬁ'sﬁéﬂ\ﬁrh ERC(%QM dﬁ%@ gBoYA b Bali vep Galr@)ab]nf: k48 loxy)-

any serum or se um based sélufion’that suppli
3-ethenyildtesalytlfe6.t i0y é0h-tritydiantyed, |4a,t’hé7 g@aemmaraﬁhyl-lH-

nalfuf7 bl ins! SR Ao fobin < DRI RuPi anthine

(IBMX) at 0.1 mM, dibutyrladenosine cyclic monophosphate (dbcAMP) at 1 mM. In

another embodiment, the growth factor is basic fibroblast growth factor (bFGF), more
specifically, human recombinant basic fibroblast growth factor (bFGF), in the range of
about 1-10 ng/ml.

Another factor is growth media harvested from cultures of human embryonal
carcinoma (EC) cells. In a particular example, human NTERA-2 EC cells (ATCC
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serum (FBS) and fetal calf serum (FCS). For exanpl e,

the FBS nay be provided in a concentration of between
w@b@waniese6 and about 25% I n particul ar, the FBSCTEHF200€029944

15 provided in a concentration of between about 2.5%
acapgorbatberZTR%, 1978 )anegemnadicoriiience teDMEM Isapeemetd sith

105 519t Sorm a8 s F CENEE 679 a0 R TATRP i I ENCvoplemented
w1ﬁﬁf 1 f/ﬁ HF sQhnflemrifwbahatk, 680 &/ E. S@mﬁﬂ{e‘dﬁ' ik Yarvested

erentiated state. The'identities and effective
daxt;ouwrsevmlldays paﬁseé[ulmhugr o028 nﬁlamnd'rltyr aa(hfrbaen at -80°C. This

hfig B Grausine e ORI G B adaR GRF feiiyRA v Gimedia
in @rﬁ*nﬁiéél’lf‘@ete&ﬁh&& amb@Mts %W@ by FRETRICt S EEnEhylated cell growth

| owi ng factors can ‘be’used at the stated fi nal
andzﬁﬁbémratlon forskolin ([3R-(3a, 4a (3, 5B, 6B, 6a

3 ePhan SR goBoh B ol s fy roggpror het
actvatelfe s@ﬁﬁl tmﬂdmtioﬂ gblmmﬁthhdiy%lﬁdllﬁk oy & Bda:eptﬂﬁﬂfai asabméiﬁs with
i, sobut t hyl xanthl ne

cholera toxin M
gp%llvém(})y hindmegy: 1pﬁQﬂyaq> mﬁ %p,tqvgm m%&,gqmp e, human recomblnant
RSEASAUR) Byl AV Bl bl 009 o im0
U/gl coah befuset or  (bFGF), nore  specifically, human

rec nt basic .fi br bl.a wh factao bF
e B Bl Rayihiotich, epinlhnEiBioRet @ rnEch Breddn alsd
co%&‘é‘c@mﬂﬁﬁﬂ}ausl%ﬁr’u\éﬁﬁzt &hufd Ribiotick léﬁ@@ells%enhﬂllﬁ{hnd s‘lcreptomycm
s. In a particular

ryona 30 carci noma
Amsfﬁafm@ amputed fwmezhwd;?@dldgﬂr mreithep of these base solutions to
2007/ 016 029944 . . ac '
SHPER e Bt e R 08 TRk moun

me\@th& ’the ah¥int 6f @lch @aéchbs@ FA40r QK tdTPeifRt ﬁ&neﬁblbsef&rceo@ howen EG
to confluence in DVEM suppl enented wth 15% f et a

gr%tha@ &bty o1 vmgn BCagalls @sing oetgmgnfrompmen tehogg Af skill in the
I d d
e e L e R et 8bC. Thi s

5 h my@maﬁy; the demeibglabfs Calturd nteidome dlso wenthias cemamaboused tissue
in.e

cu&gl% l at ed En% pl 28 gtlé%)twygﬂg%%fc %{Vle%lﬁlount of these
fa&&@%é‘ﬁﬁ%ﬁﬁ&ﬁd‘&h& tcg El% Bf th'éEEjbééb @@l‘lﬁlbﬁs\/to ﬂrﬂaa%‘@érﬂ&ﬁylatmg

enbodi nent the growth medi a i ncl udes
growthapedia of thiadnstard dnvention Thedersi Qﬁf&lctwer an@wm 89 wied herein is the

an%%pﬁof Sj:lg t&gsechg J )Sa]p{oggls g‘%ﬁ (ﬂnﬁt & % %:ég g ; fgffetcp 8l d%%gtﬂ‘j;laﬁ&? and
vidslity\6RlceInou Jlla@nelﬂ%nﬁ%@mahﬁosemmﬁﬂl ih €lgcoarbo @it culturing and

| eukem a inhibitory factor (LIF) at about 1000 Um to
byAbomachings pr%!@e;tnau n-Mat 10

Ranges: Table 1 provides ranges for the ingredients useful in the cell culture

medium of the present invention.

30



Um, can be used. Tissue Culture Antibiotics:
Typically, enbryonal germ (EG nedium also contains
W@ eooondsge used tissue culture antibiotics, SucPCEHES2006/029944
penicillin and streptomycin. 15 An effective anount
of factors are then added ”[iﬂj]éy to e|ther of these
a 20d [ 18 Q\\M azia A
Medmtmnt [ nvent| on. Thbst}ﬁefasrabﬁfecme‘faalﬂﬁount Acce[ﬁelﬂs
t he amount of such described factor as to pernmt a
Woeltiag pEirahgeef f ect on7.Burfeh EG gr owdh 7ahd vi alfid4i 1.4 of
human EG cel |l s using judgnent common to those of skill
Compodemt art of cell wmgllturing and tmg/lt he teachigifys
supplied herein. 20 Typically, the denethylating
CaCll (animyel. yredi um al so 2@@Gi ns conmmofd-g5@ised ti Isild
culture antibiotics, such as penicillin and
FeNOapt-2kh@i n. An ef f@d0i ve anount @Plilkizse f &di0drisO
are then added daily to either of these base sol utions
KE€b prepare denethyl a400@p growt h nbdl-a0®f t he lk¥0ant
invention. The term "effective anount” as used herein
Mig§Op fnhydiount of su¥htdescribed f&#e26P as tolp¥lnit a
beneficial effect on denethylation and 25 viability of
Ne@€l | s using judgment 64¥ifon to t hoS@0e80Gki | | 10001600
art of cell culturing and by the teachings supplied
Npldeesn. Ranges: Tabl 2700.G8k ovi des r 30(i§e€0Glor t 15€0-10000
i ngredi ents useful in the cell culture nediumof the
N 2@nvention. 30259 2007/ 01658&2PCT/ US200670929944
Tabl e 1 Medi um Most Fr ef erabl e Preferabl e Acceptable
D’(@ﬂkﬁ’sﬁg pH range 7.010004007 0-7.4 71@0075000 CongoH¥RP
/L ng/ L CaCl (anhyd.) 200.00 50-350 1-500
1\B 3 9H20 0.10 01990 0.2 0.001-1380 KCO 408589
100 600 1-1000 MgSOH4 (anhyd.) 97.67 10-250 1-500 NadC
Sehwn Ryouwstoo- 8000 1obbl(i(booo NaHCHEB28¢60. 00 doH06000
500- 10000 NaH2PO4- H20 125. 00 50-250 1-500 D d ucose
L-7geiimsHeb00- 5000 1- 39800 0-150 10-500

L-Glutamine 584.00 300-600 100-900
Glycine 30.00 10-60 1-100
L-Histadine-HCI-H,O 42.00 10-100 1-1000
L-Isoleucine 105.00 10-250 1-500
L-Leucine 105.00 10-250 1-500
L-Lysine-HCI 146.00 10-250 1-500
L-Methionine 30.00 10-100 1-500
L-Phenylalanine 66.00 10-100 1-500
L-Serine 42.00 10-100 1-500

L-Threonine 95.00 50-250 1-500
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Phenol Red 15.00 15.00 15.00 Sodi um Pyruvate 110. 00
10-200--- 1-1000 L-Arginine-HCL 84.00 50-150 10-500

wh 2@701&66 ne 584. 00 300- 600 100-900 @ yci ne 3BCD0S2006/029944
10-60 1-100 L-Histadi ne-HC -H20 42.00 10-100 1-1000

i cine 105. 00 50 1-500 4&<heucl ne 1Q5.430

L%}Lp;tg%t%l{ 500 L- Lysilgé)o 146. 00 é‘86250 1- 508510@

| LN 0.00 1 1-500 Lyfkemy! al anijng66. 00

L%M%g% %5 0 Serlﬁ{e](gg 00 10- 10{)dD 0 [ Hhrdoni ne
00 50-250 1-500 MO 2007/ 0165661 1 US20QQ/9g9944

LQlgd%‘ryptophan 16. 00 gg%o 1-100 L- Tyrogﬂe 2Na- 2H20

D@déagl%ﬂ]f&l 2200 1-900 4 hgValine 94.00150- 150 104504,
pant ot henate 4. OO 1-10 0.1-50 Chlorine Chloride

CHiofRe nib?id@- 1-50 Fokpg Acid 4.00 1440 0.1-50¢ 1.50
i -lnositol 7.20 1-10 0.1-50 N acinam de 4.00 1-10

Fdicla&@ Pyridoxal - HGlgg. 00 1-10 0.{450 Ri bof lpavim
0.40 1-10 0.1-50 Thiani ne-HCL 4.00 1-10 0.1-50 An

i-psam e of a cell cufpgre nmedi um wpiigh can begussg in
the present invention is al pha- MEM (Chem con

NiaBingph@t | onal , Termecauhg CA) as desgsjgbed in the-50
following Table 2: Table 2 Wrking pHrange 7.0 - 7.4

PYeRIBRAOEOY o/ L 4.00 ©1-10 0.1-50
Riboflavin 0.40 1-10 0.1-50
Thiamine-HCl 4.00 1-10 0.1-50

An example of a cell culture medium which can be used in the present invention

is alpha-MEM (Chemicon International, Temecula CA) as described in the following

Table 2: Table 2
}Workiﬂngan rgﬁge | ) I 7.0-7.4
Component ] meL
} Inorganic Saltwsl
[CaCly (anhyd) ~ | -
KEPO, | -
MgCh(anhyd) | 9470
IMgSO«,@Phyd) i
NaCl | 6500.00
INaHCOs | 2000.00
[NaHzPOA,-HzO | 1154.00
INaH,PO, (anhyd. ) }
] Other Components
ID-Glucose | | 2000.00
[HEPES - |
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r Inorganic Salts ~CaCl2 (anhyd.) --- KO .. _
. _.... 400.00 KH2PO4 ---: MCl2 (yd MgSH4
w@ anhipehspe . . NaCl 6500. 00 aHC03 2000. 00 NaH2 PEaF/HR067029944

-1154. 00 jNaH2PO4 (anhyd.) . . _--- O her Conponents
| D- G ucosle;2Q0Q L0 HEPES 32 WD 20077016666
PCT/ US200 F_J,o_ao.
Sodi um Pyfheagl&ed . ... Anino AdP8d
L- Al ani neI_SDdium_Pyr-uvate- . L-Arginine-HG m
L- Aspar ag @W&MW%K?LH e t— Gy s t-pe- 2HC
32.40 L-I¢ystine-HJ -H20 m@&% mc Acid -TM
L- G ut ani [leAtanine292. 0-0 G ycine -- L-Hifstidine-B1.00
L-Hi sti di gt Hieth [ 126.00
|L-Asparagine-H,O ! ---
|L-Aspartic Acid [ -
[L-CystnedHCL [ 3240
[L-Cystine-HCI-H,0 | -
tL—Glufcamiq Acid { ) ~—-
L-Glutamine | 29200
[Glycine L -
[Hisigne 3100
L-Hisidine HCI-H,0 [~ 4200
{L~Isoleucine L 5200
(L—Leucine f 52.00
[L-Lysine | 58.00
IL-Lysine-HCI 1
[L-Methionine | 15.00
|L-Phenylalanine | 32.00
IL-Proline |
{L-Serine 7 } -
L-Threonine | 4800
3IL~1?ryptopha_n: ‘ { 10.00,
[L-Tyrosine-2Na-2H,0 _ [ 52.00
L-Valine e | 46.00
| Vitamins
|L-Ascorbic Acid |
Biotin R
ID-Ca pantothenate _ N
(Chlorine Chloride . | 100
[Folic Acid | 1.00
i-Inositol | 2.00
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42.00 F -Isoleucine 52.00 L-Leucine 52.00 58.00
FL-Lysi ne L-Lysine-HO F- --- L-Methionine 15.00
wa20hemsb@l ani ne 32.00 L-Proline ---

L- Threoni ne 48.00 L-Tryptophau 10. 00;

Tyr osi ne-ia: §.5Z2. 00 "L-Val'ine 46.00 [ Vitamms
(L-Ascorb .1 o ~Bi-oti-A—m {-pan&o&—he
1.00 ChlByii¢exabhi@ride 1.00 TFolic Acild 1.0b00

i -1 nosi tqki]:%fgpjn

Ni aci nam
0.10 Thi

L- Ser i nePCT/US2006/029944

nat e

HW-n[

33 WO 2007/ 016566 PCT/ U{S2006®_@@9944

RiemiosBCI1 00 Vitamin Bl2 |

Deoxyr i bowiaheoBildes

"Guanosinew

|

] Deoxyribonucleosides

l2’ Deoxyadenosine

‘}2' Deoxyxytidine-HCl

1}2’ Deoxyguanosine

lThymidine

|
|
|
|

1 ‘ Ribonucleosides

[Adenosine

(Cytidine

[Uridine

N
B
|

GENERAL TECHNIQUES FOR CULTURING

General methods in molecular genetics and genetic engineering are described in
the current editions of Sambrook et al. [84], Miller & Calos eds. [85], and F. M. Ausubel
et al. eds. [86]. Cell biology, protein chemistry, and antibody techniques can be found in
J. E. Colligan et al. eds. [87], J. S. Bonifacino et al., [88], and J. E. Colligan et al. eds.

[89]. Reagents, cloning vectors, and kits for genetic manipulation referred to in this

disclosure are available from commercial vendors such as BioRad (Hercules, CA),

Stratagene (La Jolla, CA), Invitrogen Corporation (Carlsbad, CA), ClonTech (Mountain
View, CA), and Sigma-Aldrich Co (St. Louis, MO).

Cell culture methods are described generally in Freshney ed, [90], M. A. Harrison
& 1. F. Rae [91], and K. Turksen ed. [92]. Cell culture supplies and reagents are

available from commercial vendors such as Gibco/BRL (Gaithersburg, MD), Nalgene-

Nunc International (Rochester, NY), Sigma Chemical Co. (St. Louis, MO), Hyclone

(Logan, UT), Chemicon International (Temecula, CA) and ICN Biomedicals (Costa

Mesa, CA).
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2' Deoxyadenosine --- 2' Deoxyxytidine-HCL --- 2'
Deoxyguanosi ne Thym di ne Ri bonucl eosides ......
w@denosisee Cyti dnme Guanosi ne Uridi ne GENBERAL/US2006/029944

TECHNI QUES FOR CULTURI NG General methods in nol ecul ar
gﬁnathie dsnmﬁﬁylajm@aﬂis ealefb@ pro@er dindie dlage weslditionad thefeeder cells.
the curr nt e ns of Sanbrook et al ller &
Altegnagiyelye @d?f elfsam pe figg gmweqonﬂé?ncgfandél&lm{t@aaﬂy
0
et L0 iy s PR AL o dgethtacd
ceJl8dn, bekro®n vBthout ﬁedfnda}@t cdls SudlB8] a,ppamdh has e advantage of
. Cold | et al. e Rea nts vect ors
sy inRitte Popdtsut Pebasr BUREE rore ebuh S gnBenere o i, he

de&bﬁ%la@@ée@ls@[e%d%ﬁ@'Be@ﬁbﬁtd‘ré@m comrerci al vendors such
Hercul és, CA), 10 Stratagene (La Jolla,

cA) Culiwwing ﬁhﬁg@xﬁa@@hngampﬂmla(e@aﬁﬁlbb Aince extpblistedritrech
e i the B aked B MeaBRRELRE D Sldlhpr PRt wing

a vafiestuTeschatuef. 90 one M{anzﬁale Hadohtas@n hollls |feedEr cdRaén bﬁ&x}];
and K. Turksen ed. [92]. .Cell culture suppl.ies

cop@a@%fﬁitl@ecap@ Aamamxa)&bé%fl EeSHP TR Y RIPRATCY, BSRY ?@n@ﬂyé gpethods.
L e A R S

cohditibsgd rldED}mrrﬂ-l}Allt@nmve(}L dgatemetiflatedChadlsicanbe grown on living feeder
t t

g T U ey M g e e e g s

mdfiQ Rl haicate Gé’érl:@toc\@lﬁcp fheuRWRARRIS K/ eledbiBe Ulfferentiated.
addition to the feeder cells. Alternatively, the

A fadate foradkaline phosphetapé ¢3@tbegxsg«wto aseertedm higkraels hane t hen

totical tlvate b on
itk e o PR ot B oY e e g gulre
ha$§ gtdvén t©adnilGer@e, OaMBeaM 1 fi@lﬁbn f)ﬁﬂﬁ&dhdif&fi@ftlaﬁ@| dels cafﬁu&ehpaaihged
cfor oach has t he advant age of

The determination to passage the cellsand the techniques for accomplishing such
passaging can be performed using standard techniques well known in the art.

Dedifferentiating Somatic Cells in Culture: Cells are grown in custom-designed
growth media deficient in one or more methyl donors or coenzymes (folate, betaine,
choline, Vitamin B6, Vitamin B12 and methionine), or containing increased amounts of
homocysteine or SAH. Formulations are based on Chemicon International Specialty
Media (Phillipsburg, NJ) or American Type Culture Collection (ATCC)-recommended
media.

The formula deficiencies or supplements are shown in Table 3 as follows:
Table 3

Medium Most Preferable Preferable Acceptable
M]
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5 sinplifying the managenent of the cell culture as
the gromh of only one set of cells, the denethylated
wa@ed®i6sneed only be nonitored. Culturing the PCT/US2006/029944

Est abl i shed Denethyl ated Cells: Once established, the
Folheset hyl ated @el | s can be culotuizéd 10fider t h@-4.53 x 107

above-descri bed conditioned nedium ysi ng a varjety;sof
Betaghni ques. |18 one exanpl e, zQ‘%éﬁﬁ‘éﬁﬁer hol @Slag'iséc}éﬁ

ghds in a nog 10 conditioned 4regliyms A mat L7k 104
Chl%yéed f eeder dcj:]el s is prepared us?(ng standard net ho%s.

VifhenBemet hyl atted cel |'s to be0eil@urléd are t Weh62ddé
.atop_the matrix along with the ondist i oned [

Vlmg?ﬁativel vy the denet hyl a?’é]dzgélqﬂs can b&r%éf’bw on

Méthivhing feeder g cells using nethoslg 1oriown i n gtdrex agt .
The growth of the denethylated cells is then

Hompsysteined t 8-9€6er mi ne the déf08&-0@hi ch t0{0001-0.002
S qgltur ed celolo% gave becone diofgo%rl_qpé'lat ed. @@Omd@r
Af ' ﬁ e 'ddto ascer :

r al kal i ne" phosphat ase can be Use arn
which cells have differentiated. When a sufficient
nunber of cells have differentiated, or en. t )
cul tAfrad expmpleyths ity IE%CLW&% b8 ,Sul%ﬁlem@gg{] W&hdg% fetph bovine
t adif f : dy ]
se@le 2 ellr’)ﬁllaéﬁ[ﬂgilf‘n s@fe@fbﬁﬁﬁﬁﬁﬁh&@ ?]/ Sfuﬁ??o&? I%’@It%/z@cgfe@al boWAE serum

nation t0 pdssage the cefls an e techni ques
(Invigrogaacio rpdddstoi theyfodate Heficies agidngn tcaelihmatpeolionerd dn the serum.

si ng standar hni S | | in e art. 2
CoS a4 P Ba PR a0 e By e Rahingd eyery 3-4
da@d, MM IR a@élﬁés@&%e@% LotwGonShaitl RepeBRHE i@?ﬁ}%} £ €Qeeltsd Endpoints
one or nore nethyl donors or coenzymes (folate,
indhedeaedeced ctesinemesthypticarlevelRaeduged BAM:SBEbragins and increased

ioni ne), or.containi.ng.l eased anpunts of
G e@%"tsélf’%%’eacg‘w%&%é Sﬁege il %r{%%%%es are based on
ChemioGighibltm@hitivinahd Saedhéethyldifed] clls Bid ¢grbivashiteg,
NJ). or American Type Culture Collection

follovviogynedit ormended 25 nedia. The fornul a defici enci es

> e RS RREEm PR 2.0 B0E o8 oA TDRRI o P ky
35 () QA7 BEEE661IPRT10520664 060 S4demFblahomtcdy,0S] 361001 of

10-5 0-4.53 x 10-4 Betaine 0 0-8.53 x 10-5 0-1.71 x
Vefegingry Msdicingd 0 0-3.38 x 10-5 0-6.76 x 10-4 Vitami nB6

0 08 Adi tdddid WitH 5 9% a8CHO(Jigma).

A brief description of siRNA transfection according to manufacturer’s protocol is
provided below.

To stimulate GNMT synthesis and activity, cells are grown in media treated with
ATRA (Sigma). To protect ATRA from light exposure, the procedures are performed in
subdued lighting and treatment flasks are wrapped in foil.

To inhibit histone deacetylation and induce demethylation, cells are grown in
media treated with TSA and/or VPA (Sigma). Treatment concentrations are listed, but

are not limited to, the conditions illustrated in Table 4 as follows:
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5 Vitam nB12 0 0-1.23 x 10"9 2.46 x 10"8 Methionine O

0-3.35 x 10.4 6.67 x 10-3 Honocystei ne 0.0005
w@O2@0016566 001 0. 00001-0. 002 SAH 0. 0005 0. 0001rOT/081006/029944

0. 00001-0.002 10 As an exanple, the culture nmedi um can

be supplenented with 10%fetal bovine serum 1 %

penicillin-streptonycin and 0.1 % fungi zone. Dialyzed

fetal bovine serum (Invit¥ejef) is added to the

te d diumto el e folic Bt he
Méscglrl-llﬁérm %ﬁa#e%—rral nt ai ned Brffe in 95%%%%19%@
and 5% CO2. Media is chgpNHd every 3-4 days, and

cells age passaged at -90% cq ncy repeate
Dyt IBNS week s0 8%ndpm nts 15 |0n‘ill ﬂge reduced

RERBIghY! ation leyels, reduced SHM¢BAH ratios, @ngh
I ncreased OGNMI expression, activity and protein

Azai0pdfance. To G.2thi bit Dnmt adki-0isty and cyt ds9hé.0
oyl ation, cells are grown fol | ow i a
Aﬁgé’ medi a treglt d wth D untld&fbriSa and/ordqgldr@ﬁRNA
TdPhar macon, Ine3g; 20 (b) med a3ty eated wit RGOS
(Afnal yti cal Syst eg&) Laboratory, LSU, School of

terinary MediOct (c) medi-40 Krlgated wi t H-5-20a0t/d

(S' 9 ufdonREd r%Eo 2 éidti%h& oF 1‘629% 5% st Eﬁ%& Bn; 20-40%
Al

fqg% ev%:% ’ﬁ?ﬁ ﬁ}" 4§ e S%aﬁ% 1 SRA in

uﬂ’&"%ﬁ‘é’( 2Efe }X*Fmﬁ%lf’ﬁsl i ght exposure, the procedures

ar e bpesf gL ARy i %%B F@P‘ gliioggiand treat nent
fl asks are vvr}z:\a OI(IJI qf #LM]TO mgl %ﬂt hi st one

deacéf¥ Cﬁnﬂ%hylaw Wﬁbllﬂ(%é Hb@n‘b%ﬁd@lyét[ﬁﬂ] cells are
gr own k&, qIRAhRaldERHE ﬁld@ AN Eﬁst Zféxddtﬁ’ Ere\ﬂ?lﬁn | RS,

Treat ment concentrations are re not
| i m*t5&eddemethylatior withi[0.20M4] T$Alﬁ’515']at ed in Table 4 as

AR SR ETA e 200t T =
Dnm si RNAa 0.05 0.01-0.1 0.001-0.2

Cells are maintained at 37°C in 95% humidity and 5% CO;. Media is changed
every 3-4 days with fresh treatment, and cells are passaged at ~90% confluency
repeatedly for up to 6 weeks; see Dnmt siRNA transfection methods below for exception.
Cell viability/cytotoxicity and growth rates are determined by relative cell counts.
Endpoints include reduced cytosine methylation levels, reduced SAM:SAH ratios,
increased GNMT expression, activity and protein abundance, and decreased Dnmt
expression.

Dnmt siRNA transfection: At approximately 70-80% confluency, cells are
transfected in growth media containing DharmaFECT (Dharmacon, Inc.) transfection
reagent, Dnmt1, 2, 3a, and/or 3b siRNA (Dharmacon, Inc.), cyclophillin b siRNA
(positive control siRNA), or drosophila non-targeting siRNA (negative control siRNA);
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RGL08b 20 10-100 1-200 AzadCyd 0.25 0.1-0.5 0.01-1.0

ATRAd 0.05 0.01-0.1 0.01-200 TSAe 0.30 0.1-3.0
wQ@20108366 10 VPAf 20 x 103 1-40 x 103 0. 1- 20BCRUSDB6/629944

Manuf acturer recommendati ons of [100 nM for 75% gene

Dnli1® &kheombeer2 Getd@UnedipGBel fﬁh@ﬁﬂaﬁ&ﬁ&hmé@ﬁé aunvididitiohdiControl.
T nl\% Dnntl and/or 3b si RNA [133]; 79% ene rok own
oy

GGt gesorhing (QIBARTAGHEE S BF %CtthF derespqubated in

o R A NP BB g o5 i

is abeambdh yftat%dmm tdangfectionivhedde BdSyldeddh8idl) growvth Bfeda and

mcggﬁmtngg tgétg&g@gqu‘qh{d% pgl:ﬁ ATRA | li]l eﬁnb el%O?g%?’EXLFy after 48

hotk- iBAAHAEPE bilsBl kit bitidtidR. m\/] VPA [135]. 20 Cells
are maintained at 37Cin 95% humdity and 5% CQ2.

Media is changed every 3-4 days with fresh treatnent,
and cells are pa 0= 3 cy

repeatedly for %ﬁ%@ﬁ %@B@b%%ﬁwggm\m

t r amhk efvdn@ion RONQ @&eb@HQWd@@é’loﬁﬁﬁéﬁﬁﬂ DOiew aklbased on use of
viability/c totOX| city and gromh rates are determ ned

reqgyicy apras; syeh @appt aynaspplucHgfsse-ftess ehigptideses atieibers that
pr&%&@ﬁfe%%gﬁ%%k%&%’oﬁﬁoﬁﬁ%ﬁlesimé)r 89%@&@%@%@1535{1@/& activity

I NCr ease eXpressi tivity and prot
onalketrdanadon mdhedﬂat&nsﬁcbelﬂrﬂﬁfereahpnes potentiaDnnt  si RNA
transfection: At pI‘OXI

el.y 70-80% conf | .
cel he SReention in Srais SafeFiragp Gt HOPBERLO CopR R FigHipd of SCNT

us@g%ggfggﬁgtg@gmns I nc. ) transfection 30 reagent,
2, 3a, and/or 3b siRNA (Dharmacon, Inc.

cyclenp findritiontalss RNAregipdsh developwatt off a sowUmethart to derive

oAy Sen oA R oRoTbL Beise Bt UODEAEa | Dt 2

has not been deternined to be functional and nmay serve
as an additional control. Transfection is carried out
accor di ng t o manuf act ur eEXAMPBEScol . Cells are

I nc L’t?l \*lllﬂg EtXr gfef afd l(rj;gl[ﬂdg@gﬂa ¢ 5 d‘iﬁ al?x%JrE %omﬁ&teper

manu U rer onmen t oxi
understanding of the subJ ect invention. The Examples do not hmlt the scope of the

invention described herein in any fashion.

EXAMPLE 1 - Effects of RA on Bovine Somatic Cell Methylation:

Bovine serial nuclear transfer donor somatic cells (a cell line that has never
produced a successful live animal and which is characterized by low blastocyst
development rates (<10%, P<0.001) and low pregnancy initiation rates (<1%, P<0.05))
were cultured in T-75 flasks until confluent in growth media (CON), or growth media
treated with DMSO, or ATRA (DMSO vehicle); 10 nM, 50 nM, and 100 nM ATRA
concentrations were used. Following ATRA treatment, the cells were collected and DNA

from the cells was isolated. The DNA was then completely digested into single
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is observed after 24 hours, transfection nedia is
replaced wwth gromh nedia and 5 i ncubation is

wa@oowionsedl for an additional 24 hours; wells eR€I/DB10061029944
80% viability after 48 hour incubation are used for

nublieb i s €6t riedérk @ Bha s HTHERNAR &3 ENVRSDHNEN Fas Feefol Y@ B deBbribed

also is directed to devel opnment of a new assay based

by &rezaised abfl 76110 maapwe e relpdive tevels o meshydeted cyfasine tesiviise,
luc ',a{selﬁ@%t%ft?cf@ltfgpg Irlrbu% C‘%@éeiled%rzs% Fé%ﬁ?ﬂ&x?ﬁéﬂ'@ﬁ{r@ﬂeﬁﬁlated

t he "¢apa the

cytoxine 5 #1096 cellkdutttredda il Oﬁ) hM A@RAdieéméd'mhﬁb icompaned to CON.
restora

THp S eTSEMR DYSD P I T B SO bR TIEM Fedpotn in
mdlgM&kd %E‘l‘ﬂg c&fn 2o N, nﬁhe@@ %sﬁﬁ@fnﬁ@aﬁ&h&%’ﬁﬁﬂ%ﬂ reduce

cel | s. The ventlon also Is directed
malmghcum’s@ns, lmﬁ)ztra?, ﬁmnelln cnﬁs teexdtanbtodepnogmmmmgr sihiag those

e el I % onstructed units (enbryos).
%@E@ﬁﬁr@ 1“81’ Exan’pl es are included solely
to aiscillhﬁra@ed%f]ﬂ@c 2 nﬂ%hﬁ‘hﬁe RQ-pOR QLS S8 @bxﬁ@nﬂfatédhq;regulatmn of
subj ect invention. The Exa anples do not limt the scope

thepgeneigacoding shyeinedN a@ﬂmlﬁr@é&rarsé KENMT) thekeyreagrme regulating the

SWI%I Fa(tflo and%e&ﬁﬁ&' Fefl n%%telﬁ?%( eg?h 9&5&& &re %g}(a)llcted as the ratio

oVl ne er nuc rans

of SNMTit6 gi)ﬁ,lefaﬂsddhﬁd@@-lpﬂloipha& deh@drog‘a&sm@(MPD) Z“Bh@GA@EDc ed
a successf ul §@(<f ve ani mal and whjch is characterized b)i
eXpISTIRN k¥l pasd apenelinedhe erpapssionaé flmbNPLD topovgmppatier.)

th@}“aﬂh%ﬂ;@?e%%}%tfg%‘ ?"(ﬁ\'f Prhs’ ﬁ&\@ﬁ‘ il 1§ %0/2 hg}%i)%ng é)ﬂultaﬂﬁfu@ly with the

ture | asks until con Iue In gro
decrealied DNCOM)gthylatigr shmlm uré?dg d, MoravedRIMMRER Dﬁxﬁ@medr
ATRA .( DV hi cl 0 d 100 nM
DB AT PEE PTE SHaTesioBal Dk, Riegtipo R Rpes  p Bl Stom
ce%ﬁu&f@kén@y Wﬁi’l@ercz%' \]vﬁpise%x@%d %%@afaﬁﬁi%ﬁ%)o alHe R MBER

i Sol at ed DNA was t hen conp e ested into
eXBITHYPIES WEE m;fozm? n@mgg@emp@vl@!sz@@@ﬁbiz @tgzmnd following the

N e T Tt

Fosracity cCAh eOthedsaaiy derhenseated Qlﬁat deinbihlyfitiedl of Yicelsisagequirement
reS| dues. As illustrated in FIG 1. HPLC reveal ed a
forefficientrgpIdemmming ofmice semais WFlA {2l cytosine in

hoscbekdt sty B0, AT A e
likalFratiexn obileddNBIT Sz§ % reedting iroglobal demethylation (including
demethylation of the Oct4 promoter and subsequent expression). Decreased DNA
methylation is consistent with dedifferentiation, while increased expression of Oct4 is
consistent with restoration of differentiation potential. To our knowledge, this is the first
demonstration of a stem cell marker being induced in a mammalian somatic cell by
altering single-carbon metabolism. The results are significant because they show that a

mammalian cell can be induced to express a marker normally found only in
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nmet hyl at ed cyt osi ne conpared to CON. These results
i ndi cate that ATRA can reduce nethylation status, in
WwoRawoiesewen in cells resistant to reprogrami PQr/US206/029944
as those obtained through serial nuclear transfer. As
undiffetgitivrtd et Gelfs| Bus thdidaciag tHat tRe IS cRCBe adpadgraimsed to
denonstrated upregul ation of 10 the gene encodi ng
diffgrontighelote #dish)stcel f5er ase (GNMT), the key enzyne
regulating the SAM SAH ratio and cellul ar nethyl ation
potential. (The results are depicted as the ratio of
A\MEX AMPILER+ Bifdeh pliRAInd Hakpipehe Iddintondipektasen Bovine
g §rﬁ ng? The GAPD expression level is used to normalize
opyEic HFession of the GNMI to a known marker.) Note

t hatyot fegertiEFH RS (ﬁﬂe@ﬁn%o@eiuﬁmw‘rebtﬁréa' Bovﬁe somatic cells
happens sinultaneously with the 15 decreased DNA

Wem%@lﬂylr%d inohr 78 Wlesks until Forfluent llll*@ﬁNoDMSORFF—AﬂIR‘\ media (same RA

i u ul ati Q ex SI on
o S EHE L EOROE PR A TR Rt S PRSP Fi s Kyption o
trap@retced to GsvellgildtePndSukdredigl af adl@@ge(tﬁtaﬁlduaﬂin Rkttt Xhat included
The RT- PCR ex&erl ments were performed usin

DMEME RS, angulin PNTK a1 deyqmaethasgns. oTlllf‘oRHM§ Wfemoved and TZD
L L
wehaviehed ethmd;—()r—sthmdd (Anhlhchi,é‘vfﬂtvhg{lteat M)}to(ﬁsc@mmtheq)raence of lipid
requi i ent ranm ng of .m.ce
drgglti e ot for 036 RAA Fﬁafetssttganfﬁﬁ%edé& RN for RT-

PCROfA SR b&?ﬁlﬁﬂ(@%\l&%@rﬁﬁé' Nﬁndg A@}M{d NI ogééiuk apkers (PPARy,

activity o Ml ‘enzyie, reésufting
LPie FaiShydratseddirédtiydh ode-sigp quartigdtivglredlitone RT-RECR BT,

APPSO ISP U O SRR e AR CHD B Pt on,

noWhiliAnd /H&L[Sgﬁe%?glge%%ges& on of Cct4 is consistent with
restoration ferentiation potential. To our

k nowkselblgstratcmmd?lﬁs 3phdurfing @iposuie nmAQ“RpAamgmﬁaaﬁt morthelpgical
ch%]%eglels ef% klfsﬁbve 1’??8 ugﬂ’l%g eg%ﬂ a {%ﬂ& (\)Nréaet e a(r:kealbky similar
to SmBRioid Badiks. DES AlSLattd BYFIEN OB Byndt adow niﬁjEIfWel o’:mre@@ btaining

can be induced to express a marker nor rral IC%/ found only
was plsoabpgyvodaftergndssienpaticusmbe posgus of lipid. Gene expression
of ot he
ol TGS LM R P U AheRt e
diffiersitiiation (dzﬁh hot smw.n) EMJEsﬂts-arﬁlgmcﬁbmtdfeCRQe deg suggest that

Adi ni c on Bqv 5 Somatic
SO!@@M? ggﬁmn&stl Rﬁf@f ﬁf@Pﬂf&? fyRp ?ﬁl Y885 pot ent i al

was restored, bOV|ne somatic cells

EXAMPLE 3 - Effects of RA and Adipogenic Induction Cocktail on Primary
Hepatocytes:

Primary rat hepatocytes were grown in media treated with 50-200 nM ATRA.
Following treatment, cells were cultured under the same comparative conditions as

described above for the bovine somatic cells, except an adipogenic induction cocktail (as
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were cultured in T-75 flasks until confluent in CON,

DVBO, or ATRA nedia (sanme RA as in Exanple 1).
wo-eloovdsng ATRA treatment, cells were col | ect eRCT/OR2000¥29944

isolation or transferred to 6-well plates and

deeribtdinEIX AMRIE ayivRogRIat €o thedues fladks CIOI@k}ﬁ@'ﬂdgﬂdD ahanges were
i ncluded 10 DVEM FBS, insulin, 1BMX a

WaLONRA treangugrd wathin é%w;ra aﬁﬁrdmrzbexnmgreéa instyotion

me?i%f URE ShynBthccaldf piohdh Rl Ry bt ddfihalilifuction
me.ﬁﬂi dgeb@g),orﬂﬁolldgawl ekangdd Wete;ncgm?pmngil\lg ﬂﬂaé)e@?amgm oﬁsp]ubrmd

i ro or cqllecte i sol.ati on
bog IR lRpBIBL et AR PO BOR ROSLe 8y CTIBERY onugty @ state
noﬁ%h&haﬁ‘?ﬁ k&{tﬁ)l Cend ﬁes@@ﬁs%rvaﬁ@ﬂ@&gg&? theR Btbsé hﬁ@@ﬂfﬂpﬁtocytes

mar kers (PPARy, 15 LP AS), or ‘used direc
thap amtsltrmpal@udmﬁfermated ee-p@fatedtthemelmcmﬂﬁwrng teatment and

e R B e DR AR e A PERRS A SRRt

folidwidg tHeate@inéms.FI G 3A, during exposure to ATRA,
signi ficant norphol ogi cal changes were observed,
i ncl udi ng devel opment of structures that were

EX@@TJ{%‘%" ¥ géétm)% ané%)s%e%g@xﬁ@ Y RIHoRedLiasi oﬁ‘%/lumre Somatic

rate e arrow, positive oi
Cetled- O stai ni ng was al so obser ved after induction,

e PSSR o b SRR ST i

ATIRA KQhtnfht, 2410 R 1Bins il 88 m&enagmepaﬂdﬂ@;tpaséa% o3RREYEhic

These results are significant because they suggest
1nd:uhat>n n@dma:tontalmag DMENh FBS, aseddiearid a—phesmafef, dexameithasenc,

o ot her c LE, 3 ff f
bely S bt end i RingS R S itusfiped $4 P16 4 ha Frc.
4BHﬁﬂRMiﬁgbﬁ§ogerd iABhtiondposieRAtDEME €5 dmrobla@tﬁmvwdm (FIG. 4A)
media treated with 50- 200 nM ATRA. Fol | owi ng

angd celaiuprephosphae mingalization (¥14r 48) wisg ebsaryrd %hrélkahne phosphatase
g%ﬂ?a?fnas%ﬁ{ I%ngé FIJV&?S A%%ll%@ra%ﬁsiﬁ 'F![@ &4l Iﬁbpﬁlﬁn%gécatl%dgﬁductmn

ovi ne SOI’TH cept an ogjen

of ostekdadiih afdsbfaly Qm‘q9®n2rﬁﬂKér@ bﬁ BQGOH?ﬁTJspBZKﬂ@MﬁEaﬁéﬂon.
descri bed in EXAVPLE 2) was added to the T-75 fl asks.
Mor phol ogi cal changes were observed during ATRA

tr eghRiipr AP dLBidh JECdIPLngs ﬁfdtlfrbdﬁ&ioh'cﬁ'Ceﬁ@Qﬁl%that
to induction nedia, these changes becane pronounced.

Pr@juce £elld voth Respoed Ddfetrenta?dmp dgtentiel hynidoedkimnDowes diNdA

BERETEERES, O S8 PHRIAEE B BES TR SR 17

g Itr gltldéﬁ&kﬁ{g QWP DR I SthAGa R ASACE B abiind/onBb weing intedfering
RNA technology results in reduced levels of DNA methylation. By modifying the
culture media to incorporate siRNA technology, selective gene expression
suppression can be accomplished. The methodology for achieving this impact—
including foundation media, specific treatments and modification to that media, and

methods of confirming knock down potential is described below.
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not reached in control cells. These observations
suggest that these prinmary hepatocytes that are
wo eoorionabé y differentiated re-entered the cel | PCHUE®06/029944
foll ow ng ATRA treatnment and exposure to adi pogenic
i nd Udteriap simgib-carbon etabelistn anbloinbibitfrg NI activity induces

BIbaEP N gng yylpsfé\gr'a' hCnsta iy ierdatipbRoiealial R disrentiated
celméigl A %%f nhﬁhr%fﬁﬁ) I'l‘lilﬂtff;)% 11§ea c%nge%‘fﬁﬁdc@d by global

reat e 0 nMA [ ow n
epigm@c’tcrrepnogranuhing \Eearlenmmazrs@ichwsrngncﬂ ﬁ%aml}dze thedtnpactafdNMT
expos 0 Qste ic,15 i nductio dj a talnn .
e R e w5 SREVA (Sbclony BhSEBALP A et abAgovine
doR&tR1I Ak ger SXQNQ%HAB AlrBurirR Kbryblhst el like Hehorstrathobisw th?§1s
illustrated in FIG 4A and FIG 4B, follow ng
acepspmdishedhi ¢ i nduction, positive staining for
osteoblast-like cells (FIG 4A) and cal ci um phosphate

m neralization (FIG 4B) was observed wth al kaline

phoFXNENVREE 5. and fetis pEDINA Meﬁhﬂtrﬂgferﬁs&smmwﬁayxsfeéﬁon on
illustrated in F RT-P ;iea ed |nduct on 20 of

Oagfe&?@éart& Dpngs &:eh B\ﬁ%rgylata% engal Poten’ua
0st ocgffég a@eddfr&fl %B?fgﬁ T QQwere%ﬁ@gEiv?rnight in

Pro uctl on Li nes uctl on of
me@udation H@dmlrra(mecﬁ’amd@@ eBioshittaken)tshpfememiee avith luteinizing hormone

gy Eities el e sl sidhal ona s PRG Folme gsengUm o

33BN heainaiEg 592 BONRAGHhRde BewWRe B¥ear transfer was performed as
met hyl t ransf er ases 3a, and/or 3b using interfering

degibed by Wnrﬂbgr@yet ebd 1 ] sA ihmen GiRO%A to Buaith ugsd yNRobert et al.
[1@&%%% (g‘xlrdg erél f§°| g'[el%i\é o/é;i%chnollﬂg%g @eﬁgrgﬁg d(?) The sequence

we P fE RS0 A AGOARIRSGCACAGUIU LY G4 0[pl (SH@AD. N® 1) This was
nmet hodo) ogy. for achieving this |qr‘1fgact - ncI udi n

dupleyerhand dpgaligdpsper w&&faﬁ‘i‘jéertsr@%’f piess Trangtesten P#g #BNAn
ook il 1000500 Rl SORLTT, Hag ot

otent1 al
U@@Eﬁdﬂﬁﬂﬁéﬁwmm wifl LH’&OEE;DEN@\étroganb dmnsfecttiaincrbét@m with

segBh e gionth BTN PP LML o et (R gt ARRoDer et al [140]

Prio® t&@&ﬂs%cuoyecu%fef BE8 T @&efémoe&i ﬁoﬂnl RAS tHatRaR] -2100§0%
re-differentiati ng into nultiple |ineages can be

coptleht eedi3 iyl trginsfisetion @pg@é patiien wapadsigd.awith fgal transfection

copfatre B 20D RSt HRA SR PO LIRS R bR Rag
DNA cttﬁ@f%&lﬁ%%llﬁéwaﬁd@omdi@s at 37°C and washed with AmnioMAX-

brand media containing serum (Invitrogen). Cells were transfected twice prior to

analysis. Control and Test samples were generated simultaneously and include:
1. Cells treated with media alone.
2. Cells treated with transfection reagent (LIPOFECTIN) alone.
3. Cells treated with control siRNA (Lamin A/C; Dharmacon).
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donor cell line for SCNT and a nurine fibroblast cell
line denonstrate how this is acconplished. EXAMPLE

wo 207014566 ect s of DNA Met hyl transferase 1 si RNECT/US2006/029944
Transfection on 10 Bovi ne Somati ¢ Donor Cell
Met By | @dlisareatsddvibe Yedt oA (BhmbQ tatmadon) Bovi ne
oocyi_t es aspirated fromabattoir ovaries were_pat

over ,hF éoHowing Dightes pad ie@ﬁnc}mr@ﬁ&ﬁsg ﬁtiuilgg; FIG. 6A gl‘?d FIG. 6B
B S PP BAP O SOV Dbl ShOBIAL 008 g

aftér1GRIN AHyeitnaet, of bogma dohdr) cells for SENT (FIGn 64, hamd @) fvhdelactin

X WS ege e Fhebbs EOF dBEPYEt. expope ppmingiRNA
knbekER R0 Svh A %ﬁ%bh, @3C€ de ) afOOEB Ut n8t Dant1 gﬂlm,)laﬂ@@).

ordered from Dharmacon RNA Technol ogi es i Laf ayette, .
HRYQ analysés eadionnad en appasxigmtely H) Gvdscrease in global methylation levels in

o SRR, H a5 BB T 508 i

60 iNgétraustthansocldodnss fdiha Heddisted RNAgDCR Waketle acelb @@ (anes
to LI POFECTI N manufacturer protocol Briefly, 2 M siRNA

C-Frhiwhse compared tpetostiplsklanees B, aadbdastamystflelelpppertrpiqs were
. ; . i bhe ;
sgp b B R o b o B ¥ gem) and
Robert et al [140]. Prior to transfection, culture
medi r fr e that were -40-60% .
ConfINRMP L2 3 et pE RO MR e bR I Bnslagion on
Mmmmct@ﬁmﬁ{ylgﬂoﬁnsf ection concentrations of 200
nM si RNA and 0. 6% LI POFECTI N transfecti on reagent. 25

The cel | NIWS8 delie wiow texnsfeoted 2AttHHr M anudedamtpd siRNA
YOS LA L L . B R YR

foldVd: YGCAAUBAUCH CECWARSGUSSED. 85. MeE g);gener at ed
si mul taneousléUand i ncl

de: 1. Cells t ted th
GRAAUSEHERSCOUAGAPE (BERalRaNG; Dh PG FEACCUUCAAU
L . | 6yt | -
SEERRT o LA Aok B8 ) S it
pr&06l vk &P aimif¥dTih BB @SR as dbscrilel| by the mahefictnrdrh Briefly, 2
T i.R | ;. . Dh T f ol ' fiq .
MY S Ge s S e s sl ik peerEe Hakegfigh ppogent with
selh fibd %ﬂé%\tﬂli HeRivhf] ?mkﬂﬂ’l@ne‘)io TUT)PYriok BNPansfHdA, culture
was efficiently knocked down "after si'RNA treatnent of
mdzidwin vexs demovedcledth sefiothalS@NE ~7F+86% emflueairandjangfertien reagent

so%gitf)%l YR p 80T eﬁ:i'g%%%’g%gagc‘éi B BELALOE L oeBfRariGiRYe 200 nM
siRNA and 0.6% DharmaFECT transfection reagent in a 2 ml total volume per well of 6-
well plates.

Cells were incubated at 37° C in 5% CO, for 24-48 hours. All experiments
included the following Control and Test samples in triplicate:

1. Untreated cells (media alone)

2. Mock transfection (no siRNA; DharmaFECT only)
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knocked down | am n expression, (FIG 6B, |ane C but

not Dnntl (FIG 6A, lane Q HPLC analysis confirnmed an
wapproxiseat el y 40% decrease i n gl obal nethyl at POUS2006/029944

levels in cells treated with Drunt 1 si RNA, and the

cel Bs Me&itevesionGEIRNY wyssgrillfn) SCNT. FIG  6C
illustrates that knockdown of Dnintl persisted through

at Peal¥ezative contead|siRNA 4drosenhila@ontereeling) when conpar ed
to %Pnfés?giil\f gﬂ&?ﬂfbg& B), and bl astocyst devel opnent
Nt

rates were  Si cantly higher when conpared to
conDmndt3b (YA eapision waOd@eminddWMaEtime R F-PERf(@§ihE a

Met ransferase 3pb sj RNA Transfection on
TA%“%@BHM -EC%QM angdpHgving; thgmanufasiues sangaictienshe The
hhaast ot £A200Q ' ' ined vi
AR 2RO S P hing ot o
resgitRia sbequénbigs 7Bre=ds  fol | ows: GCAAUGAUCUCUCUAACGU

e TR (5 bt
mRECAMAG SISV AGIE I FER in bélls NEsferled WiEDhHEBSHRR) LN

20 protocol was optimzed in our |ab essentially as

corgpaed fneantiey cellse AdiusteaéadindilC. BBi BPLG rewaldgi 3% rddnction in
. : . ; foct |
ey B AL IR ot o S SRCCT ARl o

cellsoGhere dalb)indieate dliat DinnitB B gedediaiocRdowrt el redhece @By oSS, in
.removed fromcells that were -70-80% confl uent and
Vilior ansf ect i on reagent solution was added to cover the
surface. Final transfection concentrations were 200 nM
25 si RNA and 0. 6% Dhar maFECT transfection reagent in a
2 nEXAVEBLE Wt New Media el DN AfM6thy wehbfepkasi@NA Telnkfection in

were jncubated at Cin 5%C®2 for 24-48 hours. All
H%@Pﬁﬁ&‘m@ Seqn?%cd'g%]d the following Control and Test
sanmpldeBiondl Kunhdd dnddh@inelDndhdiR R QR vE 6L @&E%é@fé%%_r

d
al one) 30 2. Mock transfection (no si RNA; Dharma
Dhamappn (iefayqtie2607/ Beelsd siRDET A¢982006 /2028d0lows.

Pook e, BEE/ELBRA AR A 28D o o)

si RNAGOBGA GHY CDITTCAATRANG EY IDe 3&):an, was det er m ned

<« CERE GO 6 G R aRSER dPeNOs B ot r uct f one) .

The GAACGGUGCUCAUGCUUAC (SEQ. ID. NO: 9).
2. Human Dnmt3a: GCACAAGGGUACCUACGGG (SEQ. ID. NO: 10);
CAAGAGAGCGGCUGGUGUA (SEQ. ID. NO: 11);
GCACUGAAAUGGAAAGGGU (SEQ. ID. NO: 12);
GAACUGCUUUCUGGAGUGU (SEQ. ID. NO: 13).
3. Human Dnmt3b: GAAAGUACGUCGCUUCUGA (SEQ. ID. NO: 14);
ACAAAUGGCUUCAGAUGUU (SEQ. ID. NO: 15);
GCUCUUACCUUACCAUCGA (SEQ. ID. NO: 16);
UUUACCACCUGCUGAAUUA (SEQ. ID. NO: 17).
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results are showmn in Fig. 7A; n = 2. Methylation

| evel s were determ ned via HPLC. The results are shown
WO R00Fi0gss6#B; n = 3. As illustrated in FIG 7A, PCT/US2006/029944

real -time RT-PCR reveal ed a 79% decrease in Dnnt 3b

MRNA. | evallwinecdD@ahilv el -t@GARAGHRGAUGEGCUUAACAI(BEQ. ID. NO: 18);

oA ARG D N TR
revegl gd Ay gg(@(?j&@gh Q{Sg% m@ cyt osine in

cell's transtecte as conpared to
conﬂ(&ﬂJAGﬁﬂEA@UUﬂn@@AQ&tA (SBQL Hb.tbéOt:hb)t Dnnt 3b gene

EXanPLE SRR £Tor A AR R & e TP avel

Tr a@ﬁ&AU[R}UGUCUUG@'MCR@ﬂ (Mgl e, NoEg) ¢ Cel | s:

Addi ti onal hunman and muri ne Dnnt si RNAS have been

pur eHeseAUGOA AR AU (BBRaBING; 2400) .  Pool ed

Si R%g i@&%&%ﬁ(}w (%ﬁ@ I\H)} I%gju%%n Dnnt |

GAGBHEAGCKIIAIGHEOAR I DL in |o@1 1ab@ssenlially as described by the
GGACGACCCUGACCUCAAA EQ.
magpigerigicBicAcudAs Ré@t@l 1 @Rh{bbug%ﬂ ismixeg pith ernaECT

traww %%E%ow:tlgm Ngm @I;Eh/%é{yclone, Logan, UT).

PricCAGHEALRALIGGAAGERLE (I BR@QillIHS.retNOvedlf29m cells that are ~70-80%

GO%CL%J%JM é‘é%égé%%%%goad%% tb,q%/er}fﬁ?lsal?rface Final

tr aMMMQ%@E@ mRRA Mﬁ 0. Q@DharmaFECT transfection
GCUCUUACCUUACCAUCGA (
ofléazvellkpiatew 44 WO

redg

G%C&Zé&gi\ @%ﬂﬁﬁ%&iofgzgzlg%{gl C%for hiyﬁo ROy exl%ériments will

é ALk n(tﬁE@:até Dmtf‘é@éedl:%])ls mock transfection (no siRNA,
GAU/—\AGAAACGCA GUUG
Dl@@m@@@wmmomé@mé (cm@pmlirp b)gnegatixg pqnigel SIRNA

(oS Fon AN AR MRA (SEQ 1D Na- 22);

Real time RT-PCR will be used to confirm gene knockdown. HPLC will be used

to measure relative cytosine methylation levels.

EXAMPLE 7 - New Media that Knocks Down MTHFR and/or Cbs using
Interfering RNA Technology:

Knocking down MTHFR and/or Cbs using interfering RNA technology results
in decreased SAM:SAH ratio and DNA methylation. Appropriate siRNAs are
purchased commercially (Dharmacon RNA technologies, Lafayette, CO) and are
duplexed and desalted according to manufacturer's instructions. Pooled human and

murine siRNA sequences are as follows:
Human MTHFR: AGUGAGAGCUCCAAAGAUA (SEQ. ID. NO: 26);
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CGAAUUGUGUCUUGEUGEA (SEQ I D. NO 23);

AAACAUCGAGGACAUUUAU (SEQ ID. NO 24);
WE2MGBAGJUUAUGAGGEU (SEQ |ID. NO 25). Al pretDUS1086/029944

will be optimzed in our |ab essentially as descri bed

by G@Q&GUGHBUU&K}@U@ACLBM(SEQWD AMBHRNA in 1X si RNA

buffer is m xed mMaFECT _transfection reagent

Wi t Q%GW%@U&WHQ%(W( BVEIG- 2}&&CI one, Logan,

uT) tR RS diumw || be
rern()}\%ggpr@g}rgggl I's %&gﬁmz}?gsggb- S%ng Zinfl uent and
t r afibfrentClon AGAGEGAGCAGRACAAWIAUA KBEQJdEAN®03®pVer

200 A SRARE AR A ORRR, ke, (EAT octi on 15

reamCG@%@U@GAQMGw@(yE@ PEN@Eid): of 6-wvel |
pl at es. be i ncubated at 37C'in 5% CO2 for

2a: 68 b rer G ICGSBHIHM(EE@ T NOtiude  he
tr ah DUV RTR O RAVO BN St PARRGE. B340 38

CONGUGHGAARNECAGOUORAUIGA (SH). INdgRtIsy.e control si RNA
(drosophil a non-targeti ng{% and _test si RNA. 20 Real
U e AAAGRGE VA BTG SEQAP. Na:gdle knockdown.

T A
Do G TIRWMO: 3
el e e,

i nt ' ’decr eased
SAN@&UCG%A@AM{%'AG@R SE%hHﬁ N@MD)ODH ate si RNAs

are purc hased commer ci al armacon

tec%@@C&HﬂJGMCﬁA( .&RdNgEX 41). dupl exed and
des e ASERLAL00 R RN DARRHL o DRSHEHER L8 Ssed direcly in

Poo énces are
traﬁgbétmﬁg, 30 Human MIHFR: AGJGAGAGCUCOAAAGAUA (SEQ. I D.

NO 26); 45 WD 2007/ 016566 PCT/ US2006/ 029944
GAAGGACgoaTARpiZe S EEentially ardesepippd by the manufacturer. Briefly,

28.1?(6%1 %ltlﬂglaré'g? ECﬁut}raélﬁfe Cg(s)n reagent with

SEQIydidhe, Nagan3JT). Phor to transfection, culture
me 1um is removed Tom GA tlgat ar(g %0 SO‘Jo\Ig)nﬂ?'ueZl’t and transfection reagent

solution is added to cover the surface. Final transfection concentrations are 200 nM
siRNA and 0.6% DharmaFECT transfection reagent in a 2 ml total volume per well of 6-
well plates.

Cells are incubated at 37°C in 5% CO2 for 24-48 hours. All experiments will
include the following samples in triplicate: untreated cells, mock transfection (no siRNA,
DharmaFECT only), positive control siRNA (cyclophillin b), negative control siRNA
(drosophila non-targeting), and test siRNA.

Real time RT-PCR is used to confirm gene knockdown. HPLC is used to

measure relative cytosine methylation levels.
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GGACGGUGGUGGACAAGUG (SEQ I D. NO 32);

GGAAGAAGUUCGECCUGAA (SEQ ID. NO 33). Mirine MIHFR:
WOESOCAUGSEBCUACAGAGUAA (SEQ ID. NO 34); PCT/US2006/029944

GCGGAAACCAGCCUGAUGA (SEQ ID. NO 35); 10

CAGAAGGCCUACCUCGAAU (SEQ I D. NO 36);

CAUACGAGCUGCGGGUCAA ID. NO 37). Mirine Cs;: i

Mwb@cﬁzgg@ Incrsasegyche §@}n§cr1pt10n, Protein Expression

and® GCA (SEQ ID. NGO 39);

GCUGAGOGA (SEQ ID. NGO 40): 15
CAAGREEASIXBAGAGAISEQprotEin dupreséion. andasiivity @f &NIMT results

. hegati [ ar.e sed from rmacon and used.
in fictgese p A DA R4RS aBd TOVE oAby b SRavalyes entifEtion of
coRpbhifds? %Qtr&‘(?tierﬁél!e@ﬁl:ey 1132 hSeSGHiRe @ff@%ts tf?(@\TRA such as increasing

manufacturer. Briefly, 2 gMsiRNA I si RNA buffer
GNM Trdckivety wandioDberrersERCIAM:8ASF wtibi on reagent with 20

ser ree gr h nmedi um. (DVEM .Hycl one \Q, .

1 oni R BV doftein B erits e fRed SRURS vl o
DNA&Ihé&hylafbn aThe média8 @b el d@iineantd tHefdiadtes bhobr more methyl

reagent solution is added to cover the_surface. Final

dopgrs AL ceepEyBAS dolates Retrine dhiolingr\dtapgp BovVieniR 13 aad megygnine
en BUPORBISE oy bl PR LEP OO gl B ocn o o cien

meSR(C donors Ao &3 nfes an@/dr HSrdasadrisvel fof heexqpysteinen tihe dbdntulations are

i ncl ude_the faollown les_in triplicate: untreate
bagedq ,y%eﬁsﬂé%@g}eée?n E@@ﬂ%@&o Uil magiticrion a)shown
in PRk ve control siRNA (cyclophillin b), negative

control siRNA (drosophila non-targeting), and test

SiRNA. Real tinme RT-PCR is used to confirm gene

knockdown. HPLC i s used toTal3®5nmeasure relative

cytosine nethylation levels. 46 WO 2007/ 016566

PCT/ US2006/ 029944  HxséWiikeftaBMediNew Medi@ortiddMedium

Conffone@ses the Transcriptgon, Protein Expressgypn and
Activity of GNMI: Increasing the transcription,

. LN .essi on and tivity of GNMI res 5in
M%{l@%lqase r%‘{SSAH rati oEH:nd DNA et hyl at i on.Ld' is

Vg, -hé) e 1 0.

um itami

viduglves hig, cation of 0.000005
Medium 4:  Vitamin B, 0 0.000005
Medium 5:  Methionine 0 0.15
Medium 6:  Folate 0 0.03

EXAMPLE 9 - Media that Increase Levels of Homocysteine in Vitro:

Increasing levels of homocysteine in vitro results in decreased SAM:SAH ratio
and DNA methylation. The medias are custom designed to contain increased amounts of
homocysteine; or combinations of deficient methyl donors/coenzymes and/or increased
levels of homocysteine. The formulations are based on HyClone’s 1640 medium with

modifications as shown in Table 6:
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conmpounds, extracts, nolecules that have simlar
effects as ATRA such as increasing GNMI activity,
wa@pa7oteseecr easi ng SAM SAH rati o. Depl eti ng nmep¢iyius2006/029944
donors in vitro results in decreased SAM SAH rati o and
DNA net hyl ati on. The nedi agbhye cust om desi gned and
deficient in one or nore nethyl 10 donors or .
coenzynes (fol at e, Exparimental Metbpmne, fentielMagum
Cowvporami:n B 12 and met hi og/flne and/ or others); gér, have
i ncreased anounts of honocysteine; or conbinations of
Mediin 61 enHomweydgihe donor 8/062&nzynes and/ or i Acreased
MelRver s ofFota@dmcystei ne. 0The formul ati ons are.03based on

HyCl one' Ho%@pstaﬁgl um (bghone, Logan, UT) gith

i catg as shown yin Table 5: 15 Tabl g¢3
erlme mConr Medi um ConponeRt: g/L g/L
Me HB glyne 0 Oggs Medi um 2: C:holv'grb% 0 0.03
rpn B6 0 0 005 Medi um 4: btam’n B12
0. ooo mo%s fB8i um 5. hi onine 0 0.15 di um 6:

Q
Megigip{& o otaggn BexanvpPLE § _ Media that IncreQ Level s
of HomochemecyEeing Vit r 8:06Rhcr easi ng | evel s¥of
Medimptist iainBivitro r8sults in decreased 8ARt SAH
rati o 30Hanwcpittineret hyl 8t063h. The nedi as ar @ custom
designed to contain increased anounts of

TR R T R
FQ&i/o?t & A8liplBethor (ﬂBHo?st bPEhtAhRg PR e vl Cf ‘Hﬁﬁo@ysteme

medi um W t h ™ nodifications as shown in Tabl
or weaﬁdw@@@fzhm@sst@lrﬁmpmbmmwgb aefucachpt @p@ted levels ofa

spelgf(fpc metgelnéonm of me 1%%2&% Oresul\lg ih 40reased SAM:SAH ratio and DNA
methylation.

EXAMPLE 10 - High Throughput Assay using GNMT Promoter:

Factors that increase expression of, and/or activate GNMT, are likely to down
regulate DNA methyltransferases and reduce global methylation levels. A p-lactamase-
based assay (and/or other assays described below) are developed to identify inducers (and
suppressors) of GNMT expression by induction of GNMT transcription.

B-lactamase assay (Invitrogen) is used to develop cell based assays that can be
used to identify drugs, molecules and extracts that induce DNA demethylation through
the single-carbon metabolism pathway and to identify drugs, molecules and extracts that
induce redifferentiation of in vifro restored pluri- and multipotent cell lines. The initial
objective is to develop a cell based assay that can be used to screen for drugs, molecules
and extracts that induce expression of GNMT.

The basis of this assay will be the GENEBLAZER technology (Invitrogen), a
gene reporter system based on a membrane permeant fluorescence resonance energy

transfer (FRET)-based substrate (CCF2-AM) that provides viable cell staining,
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Component: glL g/L 5 Medium 6: Honocysteine 0.0625 0
Medi um 7: Folate O 0.03 Honocysteine 0.0625 0 Medium
w@200B01@660e 0 0. 03 Honocysteine 0.0625 0 10 Medi/us2086/029944

Choline 0 0.03 Honocysteine 0.0625 0 Medi um 10:

coMipkibtlity Whh Oubrefcncacmbasdtcell Rertg eabmetriclvest- bhliﬂai;a an
Vitamn B12 0 0.03 15 Honocysteine Q.0625 0 Cul tur

optienized nlatforar fon bigh awenahnih veieening dExdiation ofiepF 2405 M results
in é%ﬁ%/ %eéﬂ; ?n‘ri'lsﬁgrs Ghd {Cthe TH%HN o s@ﬁf ’reﬁ:;ecﬁ%ly} iRke EBEMWlbstrate

arning increa
mdlece yieeeh @ﬁrm@lbld (D@FEAM dohsiateds2 ffiotopharey, Ftleidnexyicnumarin

g nbi nat, i L eg ed or depleted | evels of a 20
BYGF‘Feénaﬂl%]ll?@ Y GSREOSBPTNER Ryl donors, results in
decrsRaatbnyonilarih at 165 AGeddin F‘RE*F){J) fHel Mfbreseeitivilibiy,
10 - High Throughput Assay using GNMI Pronoter:

wigelterits giehm flupresrenas Bgleah 36 sino B—biclamasctlonvesdhd fr-deam

moReb nyEP b Pt e ar Y B R Rty gty o o

sepR¥8 fRioradhbrs] RElE ﬁﬁFRE’ﬁdmiaﬁmnassay (and/or ot her
assad%{; descri bed b \l\% are devel oped to identify

i nddesitatiqueidhe oelisras 48 ngyrewltsmmpeélwr@%% §pgpion by
co gﬂﬁtde9&te(?i)at Yt g‘ﬂ? gi:egé&te'o? —la(:tlé.rd Eé: éélsac%ﬁ?% A change
nvitrogen) I's useé evel o ased assays t
fraxagrdee to bime dlubrescae otlif Fhay, dgdng FACScuhlysisaals thhldafﬁarsnt
t.hat induce, DNA d mat:ﬂ yl ation through the
enissioyt ghagagtegisc ‘i)at hway and to identify

drugs; s BRW £50R8 1R bAGES tﬁel"?tupgtgedn[‘fgg% of human GNMT is

redifferentiation of in vitro restored pluri- and
PGRibmphHiedfromegeinbmiid BR\. Thi @rimeirs wsetl arepbj ective is to

or Brage S RneihACCRIRA G T F¥Rrh o dnd © o

exprgs39 103’ GCEAMATATEC PesiGE G CEUCT GBS B’ WEQ. 11 NO: 43).

r opdiibeomysemraroaalons, b RYNIERS, FEimraRters. 35 cycles
oS R B AR Ty it
cyekkl staining,

After amplification, SDS and EDTA are added to 0.1% and 5 mM, respectively.

DNA is precipitated with 2.5 M ammonium acetate and 70% ethanol. The fragment is
digested with Kpnl and BgllI and the fragment isolated by elution from agarose after gel
electrophoresis. The fragment is ligated into vector p7-blaM carrying the p-lactamase M
coding sequence (blaM) gene. The construct is transfected into CHO-K1 cells using
Lipofectamine 2000 brand reagent (Invitrogen) as transfection reagent. Vector without
insert is transfected as a negative control. Stable cells are selected by resistance to
Zeocin. Cells are grown in phenol-red free MEM-o medium with 10% charcoal-treated
serum, pen/strep and 10 mM HEPES buffer.
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48 WO 2007/ 016566 PCT/ US2006/ 029944 conpatibility
with fluorescence-activated cell sorting, rationetric
wo e@dooaste and an  optimized platform for high PCT/US2006/029944
t hroughput screening. Excitation of CCF2 at 405 nm
r es Wldrges with Jawif-letgnae raxpem@i @9 selo@ed by FAE S2h8BRBECells are

of, FRET, respectj vel e CCF2 substrate .
tryRypigedmd wm@que i F G butaiphomR RS e ksaline PBS), 5%
b
o PRI FES] oo UG LR MR od P 107 HAIAR Sl mppropriote
GENEBIDAZER tedswoldgy, ¢all peRidalilo FRE&-Hakadorubstcae (CGBs-aM),in the
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CLAI M5 What is clainmed is: 1. A nethod for
reprogramm ng a eukaryotic cell, the nethod

W@ owniassang: (a) decreasing PCT/US2006/029944
S- adenosyl net hi one-t o- S- adenosyl honocysteine ratio
(SAMto- SAH ratigpAlMs t he eukaryotic cell. 2. The
met hod of claim11, further conprising: (b) reducing
| evaVhat 45 clgimegbishy| cyt osine in DNA within the

eukar ' | . [ l: 0.
1 SUCRNOLYE SbmernalhE EDOGGPLE R oy
(a) Thedeeédzsng ShderloaylmethiondierSadenskydhorhb)y stedmpratis €SAM-to-SAH
. specifical&y suppressi ng expression, activity, or
ratio) in the gpaydicHislland activity of DNA met hyl transferases
within the eukaryotic cell. 5. The nmethod of claim 4,

wherein step (b) conprises contacting the cell with a
2. DNAThe tiefHadraficdimrla fethienbhotbptivng: (B) rethengiavhlsdbfof

cl ai.m wher.ei.n step (.b onpri ses contacting the
methyleytosuyg m\)\_ﬁ?‘ﬁ “élﬁng g&p‘i’%@&f’ﬁﬁ;@f‘f ective anount of a

small -interfering ribonucleic acid (si RNA) di nensi oned
and_ configured to suppress exgressi on of DNA
3. net B meﬁn%fcércbas@sz, wherefhgtepre@herfl &9 arel performed gipsytangously.

step (a) conprises contacting the cell with a siRNA
sel ected fromthe group consisting of SEQ ID. NCS:
4, 1- 4The thethBdeofrebdimay) wifereih stepr(bl),comipeises Bps&ifdallyapppressing
. conprises increasing expression, activity, ar . bqth )
expressiong %}Néﬁgs?rcﬁ%(pﬁalog aps gq:tp?grd}fﬁé}!,§éqlq§]éy1w?rﬁ§gs within 816 eukaryotic
cell. transferase within the eukaryotic cell. 60 WO

2007/ 016566 PCT/ US2006/ 029944 9. The nethod of claim
8, wherein step (a) conprises contacting the cell wth

an un f retjnQic.acid.effect.ive to i.ncr,eas .
5. S paBediesed of it 4 phefiif fis0 (s Fipse oomtastife Meefl ity

DNA metifitr&lsgsaeenioagt hyl transferase within the cell. 10.
he nethod of claim1, wherein the SAMto-SAH ratio is

decreased to 0.1 or less. 11. The nethod of claim1l,

wherej .1 0 H FafloA\S I . 5..4Qr. .
6. "ot MR, SRRl (oA T i lilg el it a
suppressiobAfetOveShAtburaolf @ sinalldeerfeasedbsmcleiddtid (siRNaY slimdBiondd and
nmet hod for reprogramm ng a_ eukaryotic cell, the nmethod
configured g sHPRIEsSREPIESEPn 9 O A MmedyIgansigisedssi ng expr essi on,
activity, or expression and activity of DNA

7. The method of claim 1, wherein step (a) comprises contacting the cell with a
siRNA selected from the group consisting of SEQ. ID. NOS: 1-41.

8. The method of claim 1, wherein step (a) comprises increasing expression, activity,

or both expression and activity of glycine-N-methyl transferase within the eukaryotic cell.
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met hyl transferases within a eukaryotic cell; and
si mul taneously (b) increasing expression, activity, or
wodaoh/0essps essi on and activity of glycine- N nepPtmyiS2006/029944
transferase within the eukaryotic cell. 14. The nethod
9. of Thaimetlod, of\whedmed, whetespstémfa) compritssesntaotimgdi icold withen
cell with a_ suppression-effective anount of a si RNA
amount of giTRHEF BHE GITEEHY I MITFIST SEPressIoRypRiVER sOTAMh BXLPSSIPGId
activity of iﬂéﬁﬁl}ﬂéthﬁac?&%ﬁfﬁé%&hinlée cdine method of claim 13,
erein step (a) conprises contacting the cell with a
suppression-effective anount of a si RNA di nensi oned

and..conf i gur t.o suppress to r.ed 5-. net.hyl at

10y 3¢ Rk Fisaid  WRE TR B g S R R e Behfo it ortess
The nethod of claim 13, wherein step (b) conprises
contacting the cell with an anmount of a retinoic acid

11.ef f dbe meghadpoficlrimela sehersim the SA M rfo- Sl ratia iy degreasgd 0.5 or less.
expression and activity of glycine-N nethyl
transferase within the cell. 61 WO 2007/ 016566

12 PCTMUS2Q06/d0 A4 1, Ivherelib therBtMeard-SHKH catad imdé€reaseti és €100 or
step (b) conprises contacting the cell with all- trans

less. retinoic acid. 18. The nethod of claim 16, wherein

step (b) conprises contacting the cell with a
conpound that binds a retinoic acid receptor. 19. The

13 net hodethbd ddmieprogBymihingtaheikanyotip c¢lk thegmethodedmarisiogis | y

with st a) and b): .(c) cifically suppressin
i AP0 PR kS, Bt ¥ lork REAET T, SPona
methyltrardffased Ghithid 4 Yul@ky AR @NZaimsisekaebedy f rom the group
consi sting of 5,° 1 O-nethyl enetetrahydrofolate .
(b)r edinrsreasmgngiression.ackyioner bethexyrestipaged actiyity pi glycine-N-
hod af. cl ai onpri sing contacting the cell with
methyl trag"ﬁéria%hwﬁé% téié:lfa @&}? ?t?cocrhu’ﬁt he group consisting of SEQ
ID. NOS: 1-41. 21. A nmethod to change differentiation
potential in a eukaryotic¢ cell, the nmethod .conprisin
14Con e Rsked HOEm G YOETEn S8P (DieAmpFERFOREHIBReARBINE o
it 'B&!ﬁoMf LN A NBmei SR ahd O IRAS] RNRHpR8kexpression of
SUpp ressmgoerﬁﬁcgtre ?o g&gg?[gss e>e<p|r1 essi oncofﬁ%ﬁm Ep XPression o
DNA methytrimslfdrasensf er ases specifically, provided that the
si RNA does not suppress expression of glycine-N nethyl
transferase, and wherein the anount is effective to
151 Nduge nGERQNEE Whide] PN HSIBLP ) @dbinPhises dMARIcBh# the cell with a
cellular differentiation potential is increased.
suppression-effective amount of a siRNA dimensioned and configured to suppress to reduce 5-

methylated cytosines in DNA in the cell by at least about 5%.
16.  The method of claim 13, wherein step (b) comprises contacting the cell with an

amount of a retinoic acid effective to increase expression, activity, or both expression and

activity of glycine-N-methyl transferase within the cell.
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22. The nethod of claim 21, wherein the eukaryotic

cell is selected fromthe group consisting of stem
wa@ed®165p6 ogenitor cells, somatic cells, and cetT/85S2006/029944
subjected to somatic cell nuclear transfer (NT

17cel Tap metbd dittaifield) dthein Stk {BNcdhhpris@riontasiimgthe cell with all-
. contacting the cell with a siRNA that is dinensioned
trans retingig@cidonf i gured to suppress specifically the expression
of a DNA nethyltransferase selected fromthe group
consi sting of DNA nethyltransferase 1 (Dnnt 1), DNA
18 et Ak tredlns efrcdaim B whereid st8afh) camgriBAontacting the cell with a

t | transferase '3b Dnnt 3b). 62 WD 2007/ 016566
Compoundg%{%(?o‘@?lﬁ%@ﬁlﬁlle%ef.gor’l'he met hod of claim21, further

conprising contacting the cell with an anobunt of a
compound effective to increase expression of, activity
190f , The nethad ebobainsksy, durthst cemprising,isiheljanepysly with steps (a) and
(b): gl yci ne-N-net hyl transferase. 25. The nethod of claim
’ 24, conprising contacting the cell with retinoic acid.
(©)26. spdvefidatly Rappressing RithindKe cellsXPrdsSibAacaoity Ak ekp@sdititand
. cell with all-trans retinoic¢  acid. 27. The nmethod of
activity of gngngyme ’selgcg%frpgli th@ SrRCaRESNG of Rel Q-methyjgnetpteghydrofolate

reductase %ﬁ"@?&ﬁibﬁ&be’c&%ﬁﬁ&%@ ng, in conbination, the siRNA and

rans retinoic acid. 28. A nethod to i ncrease
differentiation potential in a differentiated cell,

t he thod | c risjng contacting a_differenti, d
20, o FTHE A TR | hC OSSP ECOR BTl MU R selected
from the gfQPRIoRSLIRANof $EQ. M. Ogkdpwn- ef fecti ve anmount of a
smal |l -interfering ribonucleic acid (siRNA), wherein

the si RNA i s di nensioned and configured to suppress

210, T YRR R b i FBkh BRRURD TR R SR g if tothernod
comprisingl comRAGinpNRE edtgly otlorieiliig WinetyitiDas PR DF a SIRIN &S wheRinthe

) ~an enzyne selected fromthe group consisting of 5, 10-
siRNA is dimengioaerbansk qoafigared io Fasess sdpes oA methyliransferases
b

. Y, = : . ; N-
specificali oG04 B LRSRNAY el 85 npBiith Slpistiof (P RIRAN metyl
transferasd) ahd whepieteiaarouvai isafifdcinat tounduece génomg-yidene@NX: demsdtiglhtion,
.t ngéﬁrase,.wherei.n the cell is contacted wth the
wherein C@[Bﬁ% pepiiatiogpotentinhts 1a4r¢ased i ve to i nduce genone-
wi de DNA denethylation within the cell, whereby

cellular differentiation potential is increased. 29.
22The Tiine nedliododf ddiad 24, X ieraio theraukamygtic call i selieetgd filom helgtoup

SRR R R T W —.

nuclear trdnfer BXPIceBHi on

23.  The method of claim 21, comprising contacting the cell with a siRNA that is
dimensioned and configured to suppress specifically the expression of a DNA methyltransferase
selected from the group consisting of DNA methyltransferase 1 (Dnmt 1), DNA
methyltransferase 3a (Dnmt 3a), and DNA methyltransferase 3b (Dnmt 3b).

62



of a DNA nethyltransferase selected fromthe group

consisting of DNA nethyltransferase 1 (Dnnt 1), DNA
woreaohpldss@nsf erase 3a (Dnmt 3a), and DNA PCT/US2006/029944

nmet hyl transferase 3b (Dnnt 3b). 63 WO 2007/ 016566

PCT/ US2006/ 029944 30. The nethod of claim 28, wherein

the conpound effective to increase expression of,
24 act The mpthad ofslaimchly lathsr eempraingeoniarding dhq Galkwitlhyan amount of
MSEAN | e L o s
w compoufl HFelFe M HELEHUE oxpkR05h B A8 5% RO Bhfrendl fhand Pty of
glycine-N-nethyldraasfemsexpr essi on of, activity of, or both
expression of and activity of, glycine-N nethyl
transferase, is all-trans retinoic acid. 32. The
25et rad nQhh & G dRigB14, CORPAdiRE Béht&A Mk A LdlOwith Rotinlc! acid.
wWith a si RNA sel ectéd romthe group consisting of
SEQ ID. NOS: 1-41. 33. A nmethod for determning

d I i.al of. | . d o
26 c ot STEAR e o b i o Gt 3o T U Rl v ptinoe
acid. wherein a SAMto-SAH ratio of |ess than about 1.0

i ndi cates increased devel opnental potential of the
cell. 34. The method of claim 33, further conprising

mea At G [ne: . Lesi r oy
27, e TR ST B 34 B, Bl g 5L BB
comprisinglingbmbifibmahe siROEA andali-easedtinevatidpment al pot ent i al
of the cell. 35. A nmethod for controlling
differentiation potential in a cell, the nethod
28 COMY inSihdd o {ritteaBBliffeRinfiatich sAMittD 1A\ fefdrtted el e method
cell to less than about 1.0;" and (b) maintaining
comprisingreomtgdting aodiffefentigted s¢lhén vigoi, witbst dcompositiopompesivglih t o
.l ess than about 40% 36. The nethod of claim 34,
1%‘?5rrpri sing: (a) maintaining the SAMto-SAH ratio in
() tdienoeRidwih-eftt@se dntbaint 8fpsthal Qintsrfeaing r{ahudleicRtal (ﬁim),
the methylation of cytosine residues in DNA of the

wherein thesiRNAGs Banepsiongh andprnfiguxdge seepress expiyyion sbBbA
methyltralgggésLJ?gﬁe%gftlc%ﬁ?? @13 2 r%(?x?%l%d%“&-eéfkecﬁy% éﬂf{uﬁ}t ﬁwglsﬂ& A Yimensioned and

ncr eas 1 on pOt entl a
configuredhiof uppiess ear@dionalah enttysposebatted ftdm thet greuie vbrsistiag of 5, 10-

medi u the cul ture nmedi um conprisjng a base nedi um
methylenetetrahy&?ofolate reductase and cystat#lone-bet -synthas%; and (?'11 a compound

combinat

effective to increase expression of, activity of, or both expression of and activity of, glycine-N-
methy] transferase,
wherein the cell is contacted with the composition for a time effective to induce genome-

wide DNA demethylation within the cell, whereby cellular differentiation potential is increased.

29.  The method of claim 28, comprising contacting the cell with a composition
comprising a SIRNA that is dimensioned and configured to suppress specifically the expression
of a DNA methyltransferase selected from the group consisting of DNA methyltransferase 1
(Dnmt 1), DNA methyltransferase 3a (Dnmt 3a), and DNA methyltransferase 3b (Dnmt 3b).

63



sufficient to maintain viability of the cell, in
conbination with a factor that reduces activity of
woreaohpiesdonors present in the cell culture medPCmUSBB6/029944
The cell culture nedium of claim 37 wherein the factor
is selected fromthe group consisting of honocysteine
and all-trans retinoic acid. 39. The cell culture
30redi Tira raéthod af atady 28\heliceein thdnipand I‘efﬂ:a‘na to increase expression

on-effectiv anmount of si R nsi oned
of, actlvltgﬁg cggﬁ?h @(@Feé@op(gf %‘Sﬁ“ﬁ%@ oé@yggé]\ldﬁetgy tﬁmg erase, 1s retinoic
acid. met hyl transferases. 40. A nethod for identifying
conmpounds that affect cell differentiation, the method
conprising: (a) reducing percentage of cytosines in
DNA .qf el | .t.hat are nmeth
Slgn, Hirenefnd pRERELRR Yt B FulbmmtsBes e Fomesfit fhoression

of, activitly B@ dr BAHCIpPsIsioh B ah® Q&ﬁhﬂ? Df IAEHONINEIY PedrRfdrabe! B @ll-trans
cell to less than about 1.0; and then (c) contacting

retinoic agide cel|l with a conpound suspect ed of affecting cell
differentiation; and (d) conparing the first
phenot ype of the cell to phenotype of the cell after

35t epTifecthethotbé tlain 28 pqeagriBingeoatactng gicepll (dh DfiRNA selected
phenotype, different fromthe first phenotype indicates
from the %IHHE’ coRstEng S pEh AP RO % atrddffect on cel |
differentiation. 41. The nethod of claim40, wherein
step (a) conprises reducing the percentage of
3%yt osinmdlsod for teterrmiNgpdevelopmental pdthiatial af @ celbtthe/inathed

] % 42. Th hod
comprisingdsieiias SAMAY SAT trd S e Bl Rhire A A BLRETA Bgio gftoss than
about 1.0Gdiebd1RSrehdbdldeecIBNAcREl fdigntiebs mbhat, are met hyl at ed

by at | east about 10% 65 WO 2007/016566

PCT/ US2006/ 029944 43. The nethod of claim40, wherein

4 hangienpBl phEERy 33, ERRE Fp b A RIAP Bt fajopog grosine

residues pmb@heinrthé DevA eptietcel], wigtiamdegativielesghes awe 109 iadicates
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35. A method for controlling differentiation potential in a cell, the method
comprising;

(@) maintaining SAM-to-SAH ratio in the cell to less than about 1.0; and

(b)  maintaining methylation of cytosine residues in DNA of the cell to less than about
40%.

36.  The method of claim 34, comprising:

(a) maintaining the SAM-to-SAH ratio in the cell to less than about 0.5; and

(b)  maintaining the methylation of cytosine residues in DNA of the cell to less than
about 20%.
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37. A cell culture medium for increasing differentiation potential in a differentiated
cell disposed within the culture medium,, the culture medium comprising a base medium
sufficient to maintain viability of the cell, in combination with a factor that reduces activity of

methyl donors present in the cell culture medium.

38.  The cell culture medium of claim 37 wherein the factor is selected from the group

consisting of homocysteine and all-trans retinoic acid.

39.  The cell culture medium of claim 37 wherein the factor is a suppression-effective
amount of a siRNA dimensioned and configured to suppress expression of DNA

methyltransferases.

40. A method for identifying compounds that affect cell differentiation, the method
comprising:

(a) reducing percentage of cytosines in DNA of a cell that are methylated by at least
about 5%, wherein the cell has a first phenotype prior to the reduction;

(b) reducing SAM-to-SAH ratio in the cell to less than about 1.0; and then

() contacting the cell with a compound suspected of affecting cell differentiation,
and

(d) comparing the first phenotype of the cell to phenotype of the cell after step (c),
wherein appearance after step (c) of a phenotype different from the first phenotype indicates that

the compound has an affect on cell differentiation.

41.  The method of claim 40, wherein step (a) comprises reducing the percentage of

cytosines in the DNA of the cell that are methylated by at least about 5%.

42.  The method of claim 40, wherein step (a) comprises reducing the percentage of

cytosines in the DNA of the cell that are methylated by at least about 10%.
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43.  The method of claim 40, wherein the cell includes a reporter system to monitor

changes in transcription,
44, The method of claim 43, wherein the reporter system measures presence of an

enzyme activity selected from the group consisting of luciferase activity, beta-lactamase activity,

and beta-galactosidase activity
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