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_ DESCRIPTION OF THE PRIOR ART
.Recent dietary studies have described an interaction between methy! donor status,
single-carbon metabolism and DNA methylation [1-12]. DNA methylation is associated
20 with developmental status and differentiation potential [13-19]. Moreover, a clear
- requirement for somatic cell nuclear transfer (SCNT)-induced reprogramming and
reprogramming associated with normal fertilization is DNA demethylation [20]. It is
within this context that the following background material is reviewed.
During development of multicellular organisms, different cells and tissues acquiré
25  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.
30 However, some cells-undergo major epigenetic “reprogramming” during normal

development or certain disease situations. Reprogramming involves the removal of




epi genetic marks in the nucleus, followed by establishment of a different
set of marks [23-25]. For exanple, at fertilization, ganetic epigenetic ‘
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DNA Methylation: In mice, at fertilization, the parental genomes are in different

stages of the cell cycle with distinct epigenetic marks and chromatin organization. The

20  paternal genome delivered by the mature sperm is single copy and is packaged densely
ﬁth protamines. The maternal genome is arrested at metaphase I and its two-copy
genome is packaged with histones. Atjfertilization, the protamines are replaced with
histones and the maternal genome completes meiosis. After histone acquisition, the
paternal genome undergoes a genome-~wide loss of DNA methylation as detected by

25  indirect immunofluorescence [34] and bisulphite sequencing [35]. Demethylation is
completed before DNA replication begins in the paternal pronucleus. It should be noted,
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.



Hi stone Modification: Maternal chromatin is organized so that DNA

net hyl ati on and chromatin nodifications are abundant at fertilization.
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progressively with each cleavage division-and this loss is dependent on DNA replication

[40, 41]. Dnmtlo, a DNMT1 protein inherited from the oocyte, is excluded during the

-~ first three cleavage divisions [42, 431, accounting for the loss of methylation by a passive

20  mechanism.
Histone modification: The degree to which histone modifications are

reprogrammed during passive DNA demethylation is unclear at present.

| Epigenetic asymmetry and lineage commitment
25 Methylation: The first lineage allocation event in mammalian embryogenesis
oéc’:urs 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 cell 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
30 differences in DNA methylation between extrasmbryonic and embryonic lineages have




been detected and the differences are detectable as early as the bl astocyst
stage at which conbinations of active and passive denethyl ati on have
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20 In addition, development of SCNT embryos is highly variable with the vast
majority dying at all stages of development, and the survivors having a variety of
abnormalities. Of th_()se that develop to later gestation stages or to term, many have
placental abnormalities and a signiﬁcanf proportion die perinatally from poor adaptation
to extrauterine life. Because offspring of cloned animals appear normal, most

25  developmental problems of clones likely are caused by epigenetic defects. Both the
development and the epigenetic abnonnaliﬁes of SCNT embryos tend to be more severe
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],‘irhprinting [49-51], DNA methylation (both global and

30  specific loci) [36, 47, 52, 53], histone acetylation [43], methylation [43] and alterations in




WD 2007/ 016566 PCT/ US2006/ 029944 gene expression [54] including the failure
to reactivate Qct4, a key pluripotency and developnentally inportant gene
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20  demethylate a transferred somatic nucleus, suggesting the activity is present. Several
candidate biochemical pathways have been suggested that would either remove the
methyl group in the C5 position of the cytidine ring directly (direct demethylation) or the
cytidine base (indirect demethylation). To date, direct methods to remove the methy!
group have either not been described of have not been validated. _

25 * Indirect pathways to demethylation involve DNA repair; For example, DNA
glycosylases such as thymidine DNA glycosylase and methylbinding domain protein 4
normally repair T:G mismatches thought to result from spontaneous deamination of
5meC. More recently it has been shown that activation-induced cytidine deaminase and
Apobec 1, cytidine deaminases, can deaniinate 5meC to result in T and that these enzymes

30 areexpressed in oocytes and germ cells. This activity of cytidine deaminases coupled
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and Nutrient Role in Regulating DNA
function of folate is mediating the transfer of one-carbon moieties [59-61] and thushas a
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central role in one-carbon metabolism. Animal studies have further shown that folate
deficiency causes genomié and gene specific hypomethylation in rat liver and the degree
20  appears to depend on the severity and duration of folate depletion [62, 63]. DNA
hypomethylation also has been identified in lym‘phocytes of humans on low dietary folate
and can be reversed by folate repletion [64]. The effect of folate deficiency with respect
to DNA methylation, hbwever, is also highly complex. For example, folate deficiency
with or without reductions in DNMT1, did not affect overall genomic DNA methylation
25 levelsorthe methylaﬁon levels of two candidate genes E-cadherin and p53, in normal or

neoplastic tissue.

One-Carbon Metabolism
The Importance of SAM:SAH Ratios and Nutrient Role in Regulatmg DNA
30 Methylation: The availability of nutrients can play an important role in regulating DNA
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elevated, GNMT disposes of the excess methy] groups by forming sarcosine from
20  glycine. SAM also reduces the supply of methyl groups originating from the one-carbon
pool by inhibiting 5,10-methylenetetrahydrofolate reductase (MTHFR) [67, 68], the
enzyme responsible for the synthesis of 5-methytetrahydrofolate (5-methyl-THF). 5-
Methyl-THF is folate coenzyme that donates its methyl group to homocysteine to form
methionine. Because 5-methyl-THF also binds to GNMT and inhibits its activity [69,
25 '70], a decrease in 5-methyl-THF levels due to inhibition of MTHFR by SAM results in
an increase in the activity of GNMT. Factors that activate GNMT lead to downregulation
of methyltransferases, including DNA methyltransferases.
To date, there have been no reports testing the hypothesis that activation of
GNMT in cells in culture results in reduced DNA methylation. However, a few reports
30  have described dietary manipulation of GNMT in rodents [71-73]. For example, diets




GNMI in cells in culture results in reduced DNA net hyl ati on. However, a few

reports 30 have described dietary manipulation of GNMI in rodents [71-73].
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slow. As an example, SCNT cloning requires efficient reprogramming of gene expression

to silence donor cell gene expression and activate an embryonic pattern of gene
20 expression, Recent observations indicate that reprogramming may be initiated by early
events that occur soon after SCNT, but then continues as development progresses through
- cleavage and probably gastrulation. Because reprogramming is slow and progressive, NT
units have dramatically altered characteristics as éompared to fertilized embryos.
The methods described above for nuclear transfer are generally known to the
25  industry, and have been or are being applied to applications for directing differentiation
- of stem cells. However, nearly all of the applications depend upon nuclear transfer
| 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
30  patents primarily directed to livestock cloning applications.



cells and heart nuscle cells and has nmade advances in nmani pul ati ng stem
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creating tailor-made, genetically matched stem cells for patients [138].

»

Among other methods under investigation for production of stem cells or stem-
like cells are the practices of Uri Verlinsky, of the Reproductive Genetics Institute (/n
20  Vitro Fertilization Clinic, Chicago, IL). Verlinsky employs a method that uses a cell
fusion process for fusing somatic cells with stem cells, on the theory that the molecules of
the somatic cells will direct the differentiation of the stem cells into the same type of cell
as the somatic cell. Verlinsky has reportedly produéed 10 embryonic stem cell lines
using his new StemBrid (stem/hybrid) technique. No embryos are used.
25
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
30 nuclear transfer (NT) units and/or stem cells in culture to yield a globally hypbmethylated




SUMMARY CF THE | NVENTI ON An object of the present invention is directed to a
process for restoring cell differentiation potential by reducing gl obal DNA
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the cell with a suppression-effective amount of a small-interfering ribonucleic acid

- 20 (siRNA) dimensioned and configured to suppress expression of DNA methyltransferases.
~ The present invention is also directed to a method for réprogramming a eukaryotic
cell, the method comprising, as step (a), specifically suppressing expression, activity, or
expression and activity of DNA methyltransferases within a eukaryotic cell; and
simultaneously, as step (b) increasing expression, activity, or both expression and activity
25  of glycine-N-methyl transferase within the eukaryotic cell. Step (a) can comprise

contacting the cell with a suppression-effective amount of a siRNA dimensioned and
configured to suppress expression of DNA methyltransferases. Step (a) can also
cdmprise contacting the cell with a suppression-effective amount of a siRINA
dimensioned and configured to suppress to reduce 5-methylated cytosines in DNA in the

30  cell by at least about 5%. Step (b) can comprise contacting the cell with an amount of a
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25 of glycine-N-nethyl transferase within the eukaryotic cell. Step (a) can
conprise contacting the cell with a suppression-effective anount of a si RNA
di mensi owaxkoarmeliesesonfi gured to suppress expression of [PA/US2006/029944
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20  from the group consisting of DNA methyltransferase 1 (Dnmt 1), DNA methyltransferase
3a (Dnmt 3a), and DNA methyltransferase 3b (Dnmt 3b), The method further comprises

contacting the cell with an amount of a compound effective to increase expression of,

activity of, or both expression of and activity of, glycine-N—me;chyl transferase, such as
retinoic acid or all-trans retinoic acid. The cells can alse be contacted with a composition
25 comprising, in combination, the siRNA and all-trans retinoic acid.
The present invention is further directed to a method to increase differentiation potential
in a differentiated cell, the method comprising centacting a differentiated cell, in vitro,
with a composition comprising, in combination, as step (i) aknockdown-effective
- amount of a small-interfering ribonucleic acid (siRNA), wherein the siRNA is

30 dimensioned and configured to suppress expression of DNA methyltransferases
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SAM t 0- SAtytositd @sidnes present in the DNA of the cell, wherein methylation less than about
20  10% indicates increased developmental potential of the cell.

The present invention further comprises a method for controlling differentiation
potential in a cell, the method comprising, as step (a) 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%. The method of claim 34, comprising, as step (a)

25  maintaining the SAM-to-SAH ratio in the cell to less than about 0.5; and, as step (b)
maintaining the methylation of cytosine residues in DNA of the cell to less than about
20%.

The present invention is further directed to a cell culture medium for increasing

differentiatioﬁ potential in a differentiated cell disposed within the culture medium,, the
30  culture medium comprising a base medium sufficient to maintain viability of the cell, in
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the cell to less than about 1.0; and (b) maintaining nmethylation of cytosine
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in trlénséﬁ?B?fp%a,ge\M?icﬂ?sm%HE@F@‘%ng’éﬁEﬁ aLgAn ﬁaﬁﬁr{}g&tﬂwtﬁbog@ ect ed
fromthe gg St | hVi - ; ctivity,
and bet o S aEhE AR MM, repbiies FERT0 pflth) Uige B B RENRCRC!

net hod ofméasaies presence @iflan eintyinte wtivitpselested £0mihe¢ group @bnsistingrafducifgrase a)
e 10 T Belaadaladhe ol B i palarobacactivfiy | o 2"/ O spect fie

The present invention is directed to a method of restoring cell differentiation

Q

20  potential comprising:
(2) reducing DNA methylation in somatic cell nuclei, cells, and/or specific parts
of cells by reducing methyl donors ir vitro;
(b) increasing ekpression of GNMT gene and/or enzyme activify that result in
decreased SAMiSAH ratio and decreased levels of DNA methylation;
25 (c) reducing SAM:SAH ratio by reducing expression and/or activity of specific -
enzymes such as MTHFR and/or cystathione-beta—sjrnthase (Cbs);
() reduciﬁg the activity of DNA methyltransferases including Dnmits 1, 3a
and/or 3b; '
_ (e) increasing homocysteine and/or SAH levels i vitro, glucagons, or related
30 factors to lower the SAM:SAH ratio (reduced 'SAM:SAI-.I will lower methylation);
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of cells by reducing nmethyl donors in vitro; (b) increasing expression of
GNMI' gene and/or enzynme activity that result in decreased SAM SAH rati o and

decr easewd megbmsesf DNA net hyl ation; 25 (c) reduci ng SAdTIAdeAl2d924 DY
reduci ng expression and/or activity of specific enzynes such as MIHFR

and/ or cystat hone-bet a-synpt.hase (Chs): (d I.ng.the activity of DNA

- met hyl tr ansf eRQs@%Pl%H@ gl norﬁﬁﬁeg%,aegrggse)m&gggu?,e) i ncreasi ng

honocyst ei ne q%)i/detielé‘yﬁhtg defisddsmeédia tiat ﬁa@mgafmmano@ lof ¥R abo@élfacks foact or s
to lower the SAM SAH rati o (reduced SAM SAH wi |l | |ower methyl ation); 13 WO
2007/ 0163ebcpowxthydatims(npissdeficient ingegthyd donersgnediags witbadditienall s t o decr ease
SAM SAH rat i 9. .. el opi ng defined nedia that incorporate one or nore of
the abovgl%%g@ysg%g%’teggxreduce met hyl ation (nedial deficient in nethyl donors,
nedi ag wi th aqH) dewdléping BABRGESHyDabel orflising d beéta-(dctamade Ye&obtel eheandyyv assay |
based on using_ a beta-lactanmase reporter gene and/or other viable reporter E

genes (| wiher ajablereppuergeges denifemsadetagluensidase pr pthers) énidentifyrfactorsthatt hat

I nduce tr, I.RL I f Ne..« Qr; j ' ot . ors or
activiti é@ﬂ@%@édg@ﬁﬂ |°£P%W%%§ i‘{‘@;ld‘%‘@ ?‘P‘?F@%@%? %rpar"ﬁgf“‘a"'L ﬁfeé\{/v assay
based on stigiulge GNMT acli¢ig; aamise reporter gene and/or 10 other viable
reporter genes (luciferase, beta_glucosidase, or others) to identjfy factors

N . [
that reduce tda¢evelaping »newAssey Basolanyising y betalactamasesiepgiderdsne and/erhat

ot it ) AP DG s (iitelink o, AR EE U Bl bl B il
resear ch rediek Sransteiptidh 06 tiRBNAgh¢thylctansteiase gones, ofthat mthﬁg,f @hérifadtosabl e 15

in vitro production of reprogrammed cells wth restored differentiation

pot ent i alactiyities thabrednes the actiNTiyrof N A mesthyltransferasesot enti al ) by denet hyl ating
t he genone; (bﬁh rlﬁ?’eﬁﬁo?ﬁﬁ'cidﬁ@ B&t!i's%ﬁf’fi&%ﬁg" by these nedia and cul tures,
that can be used for fesearch of 1 erapeutic applications; (c) a new assay

system for nora) aswrgsdabéditoeisineludingrspesialigedmbédiacandaellaouine thabenabpor t er

ene,_  luciferase,, beta gal act osi dase,, and/ or ot her..rel evant reporter genes,
tg o 15 invitro producteio_n o?reprogramme cells wqu restorec{] glfferent?atlon poten%ai J

(totipotential, pluripotential, multipotential) by demethylating the genome;
(b) new stem-liké cells produced by these media and cultures, that can be used
for research or therapeutic applications; '
(c) anew assay system for monitoring GNMT expression using a beta lactamase
20  reporter gene, luciferase, beta galactosidase, and/or other relevant reporter genes, to
assess the impact of GNMT expression or other activity on restoring differentiation
potential of the cell;
(d) anew assay system for monitoring DNA methyltransferase expression using a
beta lactamase repbrter gene, luciferase, beta galactosidase, and/or other relevant reporter
25  genes, to 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
(D improving the derivation of embryonic stem cells from SCNT reconstructed
embryos (br units). |
30 The embodiments include:
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assess the inpact of GNMI expression or other activity on restoring
differentiation potential of the cell; (d) a new assay systemfor

nmoni t or i (o RdVoNESEy | t r ansf er ase expressi on using a bepPeT/USTNEIOBSEL  eport er
gene, luciferase, beta gal actosidase, and/or other relevant reporter 25

genes, to asse the i ct of DNA nethyltransfe Xpression or other
activity on r e@? (Wﬁaﬁﬁg g’ﬁ?ﬁ‘?ﬁ %qwmgﬂagﬁr %ﬁ?féﬁ?ﬁaw%m& g’é‘]" PSS npr ovi ng
the ef fi CGRIVY tr@hscRipHBA hufd &fivity Te%eRahe SABNSARI rati BAd (éoredsBPMeltly o he
derivation of enbryonic stemcells from SCNT reconstructed F eirbryos (or

uni ts). 3potaniial eferllgiand restorendifferpatiation and/oz dewloprsesd eeNtias2006/ 029944  (a)
treati i St i al. t her. media with ATRA, which i GNMT
transcr pt; on ChdnSFE g GoPitiial BaReidhbma 10 Spenifdnfde pOTR B

net hyl st i DNA pRiigNMramierafesCle 3 Sarinét Itosding RiterdérideRRIA fe@hiilélﬂgﬁﬂﬁ(lnfng

devel opnent al, potential; (b) nodifying existing commercial or other nedia to
enabl e knmdweﬁlsgfm, metlkyletioninsf erases 1, 3a, and/or 3b using

interfering RNAt 0 . resulting. in reduced | evel net Ryl ati on;
() rodi fy1ng ©rEeiRaRE S¥ishiEE Pomnfiteiat f SRR 18 Yiatls Rbowh Sl B o
MIHFR andyHIG0 andfet Tbs ubinglihREfefidg M&&%ﬁawéygahﬁseﬂée, 9L 08Rr kRGOt her knock
down technol ogies resulting in decreased SAM SAH ratio _and DNA net hyl ati on;

10 (d) nodewyfsehnelppissirespl Gagriredesieased S AMRAH rativi and BNAmetwdationpe

oo ool Qe REng SR SREEARLRAonet skt ok FMERLRHL L P9 1
comTer Ci afraferiptibn pro®ii expressiGe abarivEAf M Todeisal tinRVin deteasedg | evel s of

met hyl donors and/or honocystei ne and/or SAH. 15 Wthout w shing to be held
to one exphih8AFbatioRndi A methylaior; behi nd the present invention, it is

bel i eved t hat : 0L ayi ded . ks r h B, t he
fol ate- depende@?t@%&elf}gag Egﬁn'“g%ot’"‘a _céc;éf;%éﬂr}% %}g'flgc}lgtrto ﬁgéijen% $%Igi§§)i&g[nr? 8{:{/tat hyl

group deby aliinpylel¢lsds nicthyl donofsemidl dthodivepsteineand/eetSAMHat i on reacti ons.
Met hyl groups _supplied fromthe diet (or culture nedia), in the form of
chol i Be and meMitheht wishisg te be keld to one explanation for the rationale behind the present

invention, it is believed that methyl groups provided from the diet, culture media, or the

folate-dependent one-carbon pool are essential for normal function. Methyl group

deficiency leads to down-regulation of transmethylation reactions. Methyl groups

supplied from the diet (or culture media), in the form of choline and methionine or from
20  the folate-dependent one-carbon pool, must be activated to SAM to sérve as substrates in

- numerous transmethylation reactions. Because SAH is a product of transmethylation

reactions and a potent inhibitor of most SAM-dependent methyliransferases, the ratio of

SAM/SAH is an important index of transmethylation potential. Therefore, the

intracellular supply of SAM is critical for transmethylation, but the regulation of this ratio
25  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

30  originating from the one-carbon pool by inhibiting MTHFR, the enzyme responsible for
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20 the fol at e-dependent one-carbon pool, nust be activated to SAMto serve
as substrates in nunerous transnethylation reactions. Because SAH is a
product ®0 200¥AHFeA hyl ati on reactions and a potent i nBQI/US006129948 S t

SAM dependent nethyltransferases, the ratio of SAM SAH is an i nportant

i ndex of %ﬁ&? ' q@ﬂf ' , B 5 £ i r supply of
SAM i s crﬁéi%ca %?ﬁ?ygﬁgrlmt y@%ﬁ?gﬁutﬁ‘t‘ e%%%%gthsgﬁlét@%ﬁﬂsﬁr atio 25

i s i npor t borhogysteirel tb forfinmethjoninm [Because SymethyIXNHF lso biridsite GNMTahd i ze
transnet hyl ati on reacti ons by, reqgul at L t he SAM SAH.r.ati Q. met hyl
groups ar S &REVIE G eéUéTrget{’gr']ﬁg!eé@ S d@lﬂ’”&?@ﬁ%%&qﬁﬁﬂn@v excess

met hyl gr Qr.ms 4 ' ' |t sareosi ne from
gl yci ne. %ﬁﬁf%ﬂg lﬁeag‘d@%gés'? %éﬁgﬁggﬁﬁﬁwmﬁﬁ 3%8?} S P{:)(?I%dglmrﬁl%tol?ng from

t he onk- cdecoeasecmethybgroupharsd $ AN thefihkiBitionlnd MIEFRs reasyyeddedding foan 15 WO

2007/ 016566 PCT/ US2006 944 the synthesis of .3-nethyl-THE he fol ate
coenzyme ’cnﬁ%?flsedB#é?lS yif r@Pﬁ%ﬂuaB?Qﬁ%ﬂdtsﬁgseﬂB%é@‘é&gpﬂgfpmﬂgr fret hi oni ne.
Because Sgtaidd é{élﬁ, I S ; tant Bk dad ' | Wi a
decrease In 5-%9? 1yl ﬂl’ &ngvel snglﬂg 0 Fﬁ%ﬂ?ﬁ%@%ﬁ@@ﬁﬁiﬁéﬁﬂ esults
i n an i ncmethybgionp awalabiity i comuromEHAThetfore cfastorsthatinapproprately activate of 5

d d I d SAM . t.he nhibiti MIHER i d, |eadi
Lo an | nGNOKL By et 3nd v TqEhiatig ohivnmb bR GO el et A i bi i on of
GNMT. 107 Snpdpfafitindhe hﬁﬁﬁeﬂﬁﬁ&é‘&fmﬁ%{b&ﬁaﬁ&ﬁetﬁﬁaﬁ&{ sed for inportant

transmet hyl'ation reactions when 1 | group availability is conprom sed.
Theref ore, facThe presénttinventiop ves drisereby themeed ot ascel @mtdidavalopmentiofinewt he down

| ati f . .net hyl t f t hat 10,,i t ' th
at nt enanBeRAEEHve ot matod i fof Pt Suhmemode B isent | on was
driven bydkbseReafd d&glgﬁﬁﬁh@dﬁh&aﬁ&ﬁedl@pmé&%eoéﬁgts,ﬁﬁ%ludmgrs&neéélmpﬁévve,

=

ef ficient nethdds of reprogramm ng. Su ods inpact the discovery

and devel repench tools fohaacalsmting stem gelland otlisr eelb-based therapy reseanch, st em cel |'s, new

h tools. f I ti tem.cel | d ot L .- based th
S kR TAHE b e i, ot o R s DR MSERRY. |,
of high valgieet@Nelihels! |y engineered animals. The invention is directed

towards resol ving problens wth current methods for dedifferentiating
cel |'s, and redilThe mvenfidnds dirgcted tawards resakeing prablems wigh chfredanethodsdor r ent

dedifferentiating cells, and redifferentiating them into new cells. Specifically, current

methods, primarily based on SCNT, are highly inefficient, and produce unreliable results.
20 The new invention avoids the use of nuclear transfer, and its associated limitations.
SCNT units exhibit defects in regulating DNA methylation, including deficiencies in
global demethylation, which contributes to inefficient cell reprogramming. The present
invention overcomes this specific prbblem.
_ The present invention also will enable and improve the efficiency of SCNT for
25  the production of endangered animals, value added livestock and derivation of ES cells
by improving the dedifferentiation (global demethylation) process required 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

30  associated with the use of embryonic stem cells. By enabling the use of a patient’s own
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met hods, primarily based on SCNT, are highly inefficient, and produce
unreliable results. 20 The new i nvention avoids the use of nuclear transfer,
and its ¥OGM7AIESd6 | i m tations. SCNT units exhibit defPCT/AS2006/029944 at i ng
DNA net hyl ation, including deficiencies in global denethylation, which

cont ri butsemati® céllzerbf dédifferentfion ane RédiEérentiatdd intd HRweH , the ARAG6GION

overcones this specific problem The present invention a so will epable and
i nprove tHd REpYide e amung-capatitle sourgesfiolls, St widwvaristy efmtertiogedll ani mal s,
val ue ad | i vestock and derivation of ES cells by inproving the

dedi fferentiati on (gl obal demethylation) process required after

reconst ruct i orMorbbeer| thedild ofstéth sell wWistdreleizdiddigy Uil aptierurreit tivybycel | - based
t herapeutics that overcones the critical problems of immune rejection and

limtéd é@%ﬂeﬁ@t%pelhwlanr¢s@and3mdaw§énweimn& aeHs mméedeﬁ@remat@dmty% §F Erst em

cells. f / 016566

PCT/ USZO g\)é@g té gﬁn%? é‘ﬁiaﬁa qlﬁ?nsgo %%#lﬁgilaéﬁg? é\?gh‘% Patﬁwo%slgm égR ferentiation
i nt o new related niglpastes dsk@xatwwﬁhmevcv\inlvéntmnm&mgaale devélupaet@fpewi bl e source
of cells, froma ,wide variety of starting cell types. Mreover, the field

of stem cFé‘itPfeﬁ aadmedia that oyergamg thes IFE@'UQ@S t%@lléﬂy,rtbﬁ presentanyeptionwithadequat e

cell cult f.f states, or
for di re‘J1l | ng Ceﬂ%r@of&iﬁe er egt%&} @dqgﬁ?lglﬁge@%ﬁedé ?ﬁ ghﬂelaﬁ{el&guﬁ) e pat hvvays
pr ot di0ns,neandiffereatiattd delhlihescthitasillapesdairag &ﬂcwawb)t poviting amb/aibbhcing Wi | |

enabl e devel opnen ffp new  cul tures, and that vercone these
limtati WY 3PBIOACRES g,scr@qpénggqeggxgmtlvpme@gﬁnpq) gicandidgiesyy i de new mar ker s of

differentiati fak& I new
differentiate caﬁid o?ggg bt‘aaat %ﬁ?k&@bﬁégg%ﬂﬁn@#&l%%ﬁé& y provi (f]tng and
enhanci ndimited\scuppesaafcstarting atatarisl and ienpersteanethatls vfisobationian€d estpargsion

candi dat es. el I - based therapeutics i s hi y limted at the
current tUndgr gﬁ@g/(ﬁwﬂl&“?‘ﬁ s.sBof Gamnle, in th ¢asp of HﬁWéTFH CIZRY expensi ve

nmet hqds [ exanpl e,

I n tﬁg ca@ghé{? dr?llgvlvﬂibelﬁh% tﬁ“@%‘;ﬁ%“é’g&q i@técg%é]gi—\ﬂd I nvo %ﬁ?\lgq;ﬁ?éar?gghnt ation of
| sl et celpatients, mn&immmthmdﬂneqmred\atdemem cadaver donors provide sufficient cells

for just one patient. The present invention is directed at overcoming these

shortcomings by significantly improving the amount of starting material and desired
product to be used. Moreover, such cells carry an inherent risk of inducing adverse
20  immune rejection in the recipient. The present invention is directed at overcoming
this problem by offering the opportunity to use a patient’s own cells as the source of
starting material.
The present invention is directed towards methods that can accelerate the
progress of reprogramming by regulating DNA methylation. Methods aimed at altering
25  the expression and/or activity of DNA methyltransferases could have significant effects
increasihg 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,
30  compromising SAM-dependent transmethylation reactions, including the methylation of

17




patients, current nethods required at |l east two cadaver donors provide
sufficient cells for just one patient. The present invention is directed at
over com rWORPEHE6S66hor t comi ngs by significantly inprovi RETAURZ06MG4M Of
starting material and desired product to be used. Moreover, such cells
carry an DNAgresulting irshypoimeithydaticnf gaoemicd3NA0 Qthers heve wged mistigriation t he
recipient,.. .Ihe present invention,i.s directed at. overconn t hi s probl em by
of fering IP]FfBlt?)rB’p%lFﬁ aﬁgtagaqyﬁglpg@nQS%@- éﬁ?‘”‘é’%‘éﬁi@%@ giegregge 5%@ source of
starting lﬁé%hﬁﬁﬂi@}ilevéigﬁndPPﬁ%ﬂétan{iﬂiﬁﬁ?tef@&sn;[n@]ﬂi rected towards nethods that
can accelerate the progress of reprogramm ng by regul ati ng DNA net hyl ati on.
Met hods ai med Amothgrmesthoris t@ Gvertxpress prdemsthylase indgamatinae] ly it gpltufe. TNA

met hyltr ferases goul.d.haye significant .effects increasing the efficiency
of re roagg?ﬁ?ﬁﬁ%lvﬁ ety ash aﬁﬂ%%wa%‘i#efiatio. One approach is to alter
the regul ati orreikeyRbMattagds OF the PréseRAhvenioR ¥vértiior metitdds¥nddhdeer i Ng the

expressi on of key enzymes using conpounds such'as retinoic acid (RA) and

retinoids. Aderineantionidoes ret invple the usenfingeleantransfer dhupeysidstbie highduces and

tivat : i S] AM depend hyl at i tions,
"nc udi ng=hel ineRikiERy B Ao Mrotpnaa R R el SRR 050044 N,
resul ting in hhRGARNEYh AbeLibt Pély UBOPHe GsDFem by bRic SteRByalls\és Srtifizt hyl ati on

i nhibitors, such as 5-azacytidi ne and 5-aza-2'-deoxycytidine to decrease DNA
met hyl0at ireateriads fir seld diffeserdiation. Bhvsi it oraseonegsfasasitical pmitingAaoiardr nethod is to

over expr ess:.a. lase in . .somatic cells in culture. To 5 date, an active
deret hyl fzél%ggﬁg%%%ﬁygﬁl?ldat ed. The key advantages of the present

i nvention overThelihwntibR choBeudeddd ifrovd Brfibiyorietint aduld e dellicultiéol ve the use
of nuclear transfer, thus avoids the high |evel of inefficiency in nuclear

r epr ogr arfisteRys ihainigizeapontaneoug diffarentistioR.. -The invention does not rely upon

. ; el . !
i Tforenti ati o iHsaL0h BPbt iy BBaPbbiyoR sich? ol ol Jorbfh s
avai l18bi Ifbt devefopaieat 61 itgy regbiratile.cell deerapiescaid thos ganimigesbepotential faar ove

enbryoni ¢ and adult stemcell culture systenms to mnimze spontaneous
di f f er entimmyng sejectinn byshe petieRt does not rely upon enbryonic stemcells or

other foreign yRLELRLR exploits natural metabolic processes by a simple nutritional

approach, thus reducing the number of complicating factors that could contribute to

failure, such as the cytotoxic affects induced by compounds such as 5’-azacytidine and
20  azacitadine (also known as Aza C and manufactured under the trademark VIDAZA by
Pharmion of Boulder, CO) or requiring a genetic alteration such as overexpressing an
active demethylase using a transgene system.
The invention can be used to improve SCNT.
The invention can be used to more efficiently improve the derivation of ES cells
25  from SCNT-generated embryos (units). |
The objects and advantages of the invention will appear more fully from the
foIloWing detailed description of the preferred embodiment of the invention made in

conjunction with the accompanying drawings.

30 BRIEF DESCRIPTION OF THE DRAWINGS
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15 for devel opnent of new regenerative cell therapies, and thus m nim zes
the potential for inmune rejection by the patient. The invention exploits
nat ural nWOBYVA16566r ocesses by a sinple nutritional appCoASE06HI984 r educi ng
t he nunber of conplicating factors that could contribute to failure, such

as the cyt ot oXfIGC. afi§ agiraph depicrirg felative ipelisicysosine artiylativinidyioviiene and 20
azaci tadi ne (al so known %s Aza C and, manpufactured under the trademark VI DAZA

by Phar rﬁea_ﬂl(@fc 5 rageter dengr smatioqellp ARer groydhta centiiienss i EOWta Meiaas
P hvent | oA G, At RelRELIN SR DMSODMSOR ISt Rkl
ef fi ci entwigh alijirans eetinudic deidi (ATRA)N Seé EEﬁinpkelll.fs ﬁS from SCNT- gelnfar at ed
nmb its). Th bj d ad : t i ti i

o g (U Sl 20 Sobf St S o b B
G oot o Tedaimg PERS RGN Serl Afiplel oAb SSipilli Pl B cuany | N9
PCT LUFZO%ﬁﬂﬁ&%éib n growith ﬁh_eii'fa mlgalr(ﬂﬁN)jgpdml]{hi mgcliiaeieatdd\/\eith@M'o"@l ?)f cyt osi ne

t t n r n tran r .danor, t ter
grow h t dENNE)RAcERowEh Tedin eatedvih alrieamns reRsls acih GukitA heSheEXBle od wit h

DVBO ( O, and growh nedia treated wth all-trans retinoic acid (ATRA).
See Exanple 1. 5 FIG 2 is a graph illustrating the |level of GNMI gene
exprd¥si on (aFIBSa3Arand 3Byare phatbgriaphssillErating ibobine icelts iseatédods desaribedin t r ansf er

d ' I f fl) I n_, di | ,

ar vt h_ nEPHELG Sk el S VRS SACHERSF ST Lok e S APRVRRIBATtS 1
-t b Qb AGEEH of ( e MRS 1 S,

ot ogr apie 't Pauting il RSO (o SBfpd IR 1t lipld) RN AR BB T 5

Fig. 3A SeeBxampldZ after treatnent with ATRA. Fig. 3B shows cells after

positive stain] Lth. ail red-O cQmmmpn stain lipids) follow ng ATRA
treat ment. S&lé&%x%ﬁng% argpgg_ogr ﬁhsaﬁ%ﬂw %W%%ﬁgéﬁa Ee%?f{)w% muri ne
3T3 U5 CeATRAlBRGWEPbY bitbogenic induction media, as described in Example 4. Fig. 4A

' depidts cells that tested positive for osteoblast-like cells with alkaline phosphatase

staining, Fig. 4B depicts cells exhibiting calcium phosphate mineralization with alizarin
staining.
FIG. 5 is a photograph of a gel illustrating gene expression (by RT-PCR) for
.20 osteocalcin and cbfal, osteoblast-specific markers, in murine 3T3 L1 cells treated with
ATRA followed by osteogenic induction media, See Example 4.
FIGS. 6A and 6B are photographs of gels illustrating the knock down of the
Dnmt1 gene by siRNA, as described in Example 5. Fig, 6A depicts the specific knock
down of Dnmt] using a Dnmt1 siRNA. Fig. 6B depiéts the specific knock down of lamin
25 using a lamin siRNA.
' FIG, 6C is a photograph of a gel showihg 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
30 Example 5.1. Fig. 7A depicts real time PCR results showing a 79% decrease in Dnmt3b
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15 ATRA foll owed by osteogenic induction nmedia, as described in Exanple 4.
Fig. 4A depicts cells that tested positive for osteoblast-like cells with
al kal i ne Whosoplotisese staining. Fig. 4B depicts cells epCl/GS2006102984I ci um
phosphate m neralization with alizari n staining. FIG 5 is a photograph of

a gel il mRIAdevelspsponmpaitoesntrsls Kigy 7BRAemiEIRHILA redtitostiondsgd 62% and cbf al ,
ost eobl ast - specjific markﬁy In murine 3T3 LI cells treated with ATRA

f ol | owed TH3tvSIe Rilp mefyiated erfosipeindhe eslls. Exarpl e 4. FIGS. 6A and 6B are
phot ographs of gels illustrating the knock down of the Dnntl gene by si RNA
as described in Exanple 5. Fig. 6A depicts the specific knock down of Dnntl
using a Dmtl si RNA. Fi gABWEJéM’HIB\ISANBDE@TNI’HONﬁ)Ck down of lamn 25

using_a lam-n_siRNA. FIG 6C ph of showi ng, t hat the knock
down of Dnrrtl pdess ofhstise ﬁeqﬂrlb elﬁeﬁthﬁ alldting ﬁ?@ﬂﬁﬂn%ﬁndi abhEaviafiges ¢ wo- cel |
st age. g@]]rg pod 7B are graphs illustrating the effects of
DNA net hyI t rgﬁﬁ @-mugg-ﬁs transf ection on nurine NIH3T3 somatic cell
met hyl ati on, Aq'm@mnmumﬁﬁndﬁﬁaMJ e 5.1. Fig. 7A depicts real tine PCR

resul ts showi g,g a 79% dec y&m 3b 19 WO 2007/016566
PCT/ US2006/ 02 ameaﬂw&tq E‘F’ et3§ #ared to control s Fig. 7B depicts HPLC

results show | L} the
cells. ABBREVI@%\T S ANﬂﬁ{lﬁggw&FI%gésﬂeygguséﬁﬁerw se esgt?dlaae(feﬁerei n,
the 101 | o beyestefddriptai stats whert ibhdsithepatentimhto diffetentiateihty at rlewocedlippe, t hi s

di scl osure: tinoic acid,, Cbs. neans

cyst at hi one- b%ﬁ&%ﬂ@“&ﬁ%}%mﬂ%%ﬁ‘%ﬁ%ﬂlmﬂqy&% by which a
term nal kinsdit{feerenid st @liscel | 10 can be restored to a state where it has

t he potential to dlfferentlate into a new cell type. Culture Medium or
G owt h Medi ueremﬂsflmLﬁJulm Meldnnh mrﬂDmap‘hjnlaang)GrowthMedxmmge@savw h of

cells. I.ng |t i um or h, | Medi um neans a
sui tabl e %Wfﬂ?é‘ OJbl §‘EP;?8 oW \ﬁF]ItlF’éf %%ﬁ“ﬁﬁﬁnner t hat
I Ndu§es  demethylation of DNA.

Differentiation means the process by which cells become structurally and

functionally specialized during embryonic development.
DMSO means dimethy! sulfoxide.
DNA means deoxyribonucleic acid.

20 DNA Methylation means the attachment of a methyl group (a -CH3 group) to a
cytosme (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.

25 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,
30 GAPDH means glyceraldehyde-3-phosphate dehydrogenase.
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15 denethyl ation of DNA. Differentiation nmeans the process by which cells
becone structurally and functionally specialized during enbryonic

~ devel opmeN0.200¥B6S6heans di met hyl sul foxi de. DNA nmeans HETUSRI060299¢4 ei C
acid. 20 DNA Methyl ati on neans the attachnment of a nethyl group (a -CH3
group) to a @Nhﬁimeax(scgiﬁcmé-Nf-Mumymahgﬁ@eﬂous bases found in DNA) in a
eukaryotic DNA I%‘ﬂgs I's done routinely, as a way to protect self DNA from
the enzynes arkd Wam%msﬁhwae@efhlﬁf@n@é@taﬁbm oreign DNA, and as a way to

;rgtgﬁlyﬂ rGatn;?graK%%@E&gfnen@ﬁﬁgés@aﬁers emﬁﬁlygng%glau%aswyflﬁ fespect to

herit abl endfistogeeH3j n function without a change in the nucl eotide sequence.
Epi genetic ch es can be caused )y dlflcat on_of the DNA, sych _as by
met hyPat i on and QBFEICAY RPlABPL mtslﬁquo Wfkremosames respradble fer

sequence g% %ﬁﬁ{fﬁ’ nsfer.
GAPDH rregﬁfsn tSP eraﬁd@?&glé?&éﬂ@gﬁospﬁgt e de yﬁ%é%ggl?o{%gg[)%g{%?/ 016566
PCTI US2 Oﬂﬁdtmmgl&dweW\Ge DN of theygenweThéribplasma (o celistali-fese mehibrloftheeans

met hyl ati on of neH3a s4 s di/tri i on of
specific q% dﬁ@’é’r"éﬂt&lﬁl—g}% Hﬁ?ﬁ’ﬁ@ @%ﬁﬁ%‘g{’%ﬁ@ %W%%Pag(e means a
cl ass of &5;5 d d in chronosones responsi ble for conpacting
DNA enougﬁg SO tsﬁhat It Wlt i t|S}%{"@W|th| n a nucl eus. Prokaryotes do not have

hi st dAes. HowdBMX ntelans i@bbutsalfmelthgéngﬁnns Thernmopl asma (a cell-wall -l ess
menber of the g/fmai n Arcbaﬁ%sl s surrounded by a highly basi c DNA-bi ndi ng
protei n whi ch I6M Bigps inneree &s the eukaryotic histones. 10 | BMX neans

| sobut yl met hy keggiabinlom” m&wt%aﬁﬁedsnﬁ@éxp@&kionrm?ene iﬂwgéﬁe (gusitic means to
suppress the expression of a gene in géne- speci fashion. A cell that
has one dashimr eA gelhthat hasanslozchate genes “kmocked dowmd is mfeasedato lamo &kock-

down organism or Slmply a “knock-down.”

1-0-

15  MDS means myelodysplastic syndrome.
MTHFR means 5,10-methylenetetrahydrofolate reductase.
Oocyte means a developing female reproductive cell which divides by meiosis
“into four haploid cells, forming one ovum that can be fertilized by a sperm cell.
Pluripotent means capable of differentiating into cell types of the 3 germ layers or
20  primary tissue types. |
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
A organisms, differenf cells and tissues acquire different programs of gene expression.

25  These distinct gene expression patterns appear to be substantially regulated by epigenetic
modifications such as DNA methylation, histone modiﬁcaﬁons and other chromatin
binding pfoteins [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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down organi smor sinply a "knock down." 15 MDS neans nyel odyspl astic
syndrone. MIHFR neans 5, 1 O-nethyl enetetrahydrofol ate reductase. Qocyte
means a Q003016566 f enal e reproductive cell which divi deGT/U§2008029844s i Nt o
four haploid cells, form ng one ovumthat can be fertilized by a spermcell.
Pl uri pot endergemajor cpigehétic ‘oéprdgdatratiag’ duingn@rinal develobmehygeertaih t he 3 germ
| ayers or, 20 prijary tissue types. RA neans retinoic acid. Reprogranm ng
means r eM5FAR§ESI%Eneti ¢ marks in the nucleus, followed by establishnent
of a differen he%sﬁﬂrﬂﬁl%% lggmar ks. During devel opnent of multicellular
organi snms, di-fferent cells and tissues acquire different progranms of gene
expressi on. 2RTIPERanehns réverse tyaswibed polyserase chah reactisn.appear to be

substgntially _regul ate epli geneti ¢ nodifications such as DNA
met hy? at i on, ﬁﬁgf@ﬁ@nsrﬁ-as?%oeﬁbg@ﬂ%ysm- other chromatin binding proteins
[22, 23]. Thuga®fetah€ _!ag%,yqlg 1n¥dtbiBhiped Multicellular organismhas a unique

epi genetic signature | conventional ly thought to becone "fixed" and
i mrut abl e onc8CiNemesmis| sonmtit cell pudléantvansfer. exit the cell cycle. However, some

cells 21 WD 20 16566 PCT| US2006/ 944 . under naj or. epi etic
"t eprogr amni _né‘mmeﬁﬁs %&Iﬁ%@@%@ ISP%%EPH dltaffgré&gﬁ i uat i ons.
RNA neangiléﬂcg%rmqjggi c acid. RT-PCR neans reverse transcribed pol ynerase
chain reaction. 5 SAH neans S-adenosyl honocystei ne. SAM neans
S- adéfosyl net Bomatic eells rpeETanysdtlse cellsaf anconganismibatheve differastiated inti RNA neans
smal | interferi n‘% RNA, alﬁgﬁlrf?ng\/\? as shgrt i nterfering. RNA or .silencing RNA
1'1 10 Y, UEARS Ol 09y, §as ORROsed 19 gerp cell - By VALY #1IS have
di f f er entibRfy bR egs bP§elh TN SFom WHIH BnevPbfganish dafiflebaley). (as opposed to
germcell - any of "various cells, especially an egg or spermcell, from
whi ch a new o canmntroghoattedsitop) . TE nmeans trophoect oderm

Totipotent means capable of developing into a complete embryo or organ,

15 TZD means Thiazolidinedione.

DETAILED DESCRIPTION OF THE INVENTION
‘The present invention involves inducing demethylation of a patient’s adult stem
cells or fully differentiated somatic cells in a manner that restores differentiation potential
20  and can be used as an autologous source of therapeutic 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
s'pecialized cell culture. The methods for achieving both are critical to the invention. In
25  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

30 levels to such an extent as to restore differentiation and/ or developmental potential either
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Toti potent neans capabl e of developing into a conplete enbryo or organ. 15
TZD nmeans_Thi azol i di nedi one. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present i WRHO7/BK5¢6nvol ves i nduci ng demet hyl ation of a PETER29M¥4|t stem
cells or fully differentiated somatic cells in a manner that restores

di f f er ent byindosing siithrspecific difterenttitiomfactes uwhasdsit aot limited tmgzymimmurce of

therapeutic cells: ‘or. using.the de r

ef fi ci enc§® 3&‘%@?@5 %qﬂsclr@hﬁﬂff%p %‘F?’i‘cgere?#rfg?i‘ag %Y%t ’lgfﬂ %@é ific ES
cells to be usege Idiz@nﬁbmsada%&édctoauww Fﬁ)duzﬁ@n Bf %S)%ﬁrain‘ih’éarﬁehg Rwhich
specifically directed to specialized I nes an speci ali zed cel |

cul ture. Iave hﬂdtdlffdl@ntl@ﬁOlaphﬁeamlr(@tijmﬁnﬁal @Impqteméal multzpvéenttabb)e ntion. In

25 its. bagsi ds involye de steps that yield

repr ogsr arﬁ?ﬁ% %‘gﬁf 8¢rpﬁt21§1atxpﬁgﬁq 8% ma?ng&@}Bfé ﬁyl ation are included
in the cell cufg) uf@tlﬁg%uﬂmmIsimNAsawefﬂsﬁrﬁla%@éaa&d%lk&ﬂwat can be
differentiated 1 nto new cell pes. The present invention is directed to

cell culture n@dhknwkmngUhD ethyltransferaserNiA3 e.candiny Foesieg interferingponent s

ot ont - askie ELEb ek BalsE, M SRR L BB Bt ol pot ential of t her
22,11 WO 2007(09MGﬁnEWIOZ&HéﬂCb@Msm?WSﬁBﬁng\RNA %éﬁﬁblb

differentiation factors such as, but not limted to cytoki ne rovvt
fact obk, transi iipereasing she wanscrpton ProfsimeKnressicneans dnjiviy of $ for SCNT.

The invention ¢ez ﬂ&%?ﬁq%ﬁea}g@enf{h%‘?&c?%‘oﬁ‘.regg%; .on of reprogramred cells which

have had diffe tential, pluripotential,

mul ti potenti al (f) Indressiny Re¥cB)Yf@AML hyl ating the genone. The embodi ment s
include: (a) treating with ATRA_  siRNA, and/or simlar or related nol ecul es;
(b) knocki ng d@Mfeoreasinsilenals pEBAMsr ases 1, 3a, and/or 3b using interfering

RNA t echinol 00y Aol 365 devdls oPlBl BBEORRLGTE, bAE ph)fhltb o galé) Knock ng

down MIHFR and I'ng 1 nter | ng ol ogy; ’ncreasi ng
t he trsansmethiéning),chplint chetainypritastinoB6éand BAQLi vity of GNMI;  (e) increasing

gg\ésgzsf)aghf)go ;tsggr%e | svtlotlgn%rove gCNTcgr?cflSI ng | evels of SAH (9)
(). using the cells to more efficiently derive ES cells from SCNT reconstructed
units (embryos).
Cells: For pﬁrposes of the present invention, the term “cell” or “cells,” unless
20  specifically limited to the contrary, includes any somatic cell, embryonic stem (ES) cell,
adult stem cell, nuclear transfer (NT) units, and stem-like cells, A promising source of
- organs and tissues for transplantation lies in the development of stem cell technology.
Theoretically, stem cells can undergo self-renewing cell division to give rise to
phenotypically and genotypically identical daughters for an indefinite time and ultimately
25  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 xenotransplantaﬁon without the associated risk of infection or tissue
rejection,
Stem cells also provide promise for improving the results of gene therapy. A

30 patient's own stem cells could be genetically altered in vitro, then reintroduced in vivo to
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(h) decreasing levels of nethyl donors such as, but not Iimted to, folate,
15 net hionine, choline, betaine, vitamns B6 and Bl12; (i(l)W’USi n% the cells to

i nprove SMQR2VUHESES ). using the cells to nore effici enfCF/ERI6(HINE ce| | s

from SCNT reconstructed wunits (enbryos). Cells: For purposes of the present
i nvent i onpraduee 4 desimed gend product. Tiedse genetinallyealteredfern pelts wowldhbve theni t ed to

St em col | ot a8 be @l R tdin ot gptiid of pL B@et foetmalentation of ng
source Of at HeGROSitaYId the BadSer fop's iy bRGHBA! AehiaRly, HitdkdiBgelauabppTENt of

- stemcell téchnology. The retlcaY em cells can undergo Sel f-renew ng
cel | di vi séltsreouls by geneti¢ally alteredite axprossithenebipientisimgiordisperiomglatibilitdent i cal

daughtgrs for, an ipdefinite ti n | ti mat el can.dpfferentiate into
o T oadt GoBPIER RAE) B s bo PG aobd S af o P00 hamdloRPtiy o
patient’sriiplestSVithidut the ABRlatddiridld oFséj8&ionan be generated to provide the

advant ages associated wth xenotransplantation without the associated risk

of infection oStem exlisare definsdis oells thatdave extensive and ipdefinitgproliforatien f or

i ing the.resuyl f . h .A 30 pafjent’ | I d
b genet 1 ESjeRA TRt gl iR o YERERN derves BRL B FanieBitists §5%85imsd "
2007/ 0165 gandpiahtada 0Pk QRRRItntial @64l 1B tHLShE96nAI 3Rt (ES) @l as ith8SE

genetically altered stemcells would have the "potential 'to be induced to

di f f el@nt vakimitedseibrenswalandiplunipotent fliffexentiationpetentinl. Thase aellsare derivedt

het or ol ogaite: @ ifhet B RESf R oiabeyBh Bt Bl s GRel SR BB priesFal |
reci pi ent céllyfedraa pabtsingtaniesn dmbryd (enSbroenib bevt ¢USQr BGWEIBRIES 4 B®@ MHC, to

allow transplant of those cells fromdonor to recipient wthout the
associ at e@elsihaye beenderived friom mausspqudampse regeatly absp feam gen-bumpw primates have

: . j i : . . . o i nt
Sever al o8 AR e e i Bbbethisd b Rr Bleskils ol hali s ' 71 ©
t r ansp$ anteélls qan codthibueltb Al 2issRE of the nSdREdirhal).| Wheh fasyplinyedialposttitial ( ES)

cell, as it has_10 unlimited self-renewal and pluripotent djfferentiation

pot ent i al animalss ESaaf BG eglls senemigderatomag whidkeaagpinfiemonsiratesiss of t he
bl ast ocys _ i . ' i s
ot - ot D RPIEEER EREaic L0t R ARARE bIBbHLE, B Ry R eSlb A
SSEA1 and SSEA4.
At the molecular level, ES and EG cells express a number of transcription factors

20 highly specific for these undifferentiated cells, These include Oct-4 and Rex-1. Also

found are the LIF-R and the transcription factors Sox-2 and Rox-1, even though the latter
two are also expressed in non-ES cells. Oct-4 is a transcription factor expressed in the
pregastrulation embryo, early cleavage stage embryo, cells of the inner cell mass of the
blastocyst, and in embryonic carcinoma (EC) cells, Oct-4 is down-regulated when cells

25 areinduced to differentiate in vitro and in the adult animal' oct-4 is only found in germ
cells. Several studies have shown that Oct-4 is required for maintaining the
undifferentiated phenotype of ES cells, and plays a major role in determining 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

30  maintaining ES in an undifferentiated state. Likewise, Sox-2 is needed together with Oct-
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cell s have been derived from nouse, and nore recently also fromnon hunman
primates and humans. Wen introduced into nouse bl astocysts or bl astocysts
of ot her VMRPANOEES6ES 15 cells can contribute to all ti spuBESWIcdB4NDUSE
(animal). Wen transplanted in post-natal animals, ES and EG cells generate

t er at ona4 tywetain teo@idiffetentiaed state @5 ESIBC tellshd té fRi4la Yaurs® oEG celI's can
be identified by positive staining with the antibodies SSEAl and SSEA4. At

t he nol ebuman) B cells, Homag en mugne primordiggers sells seguise pregence 08 kHGr i pt i on

factors ' iaf | S i ffer | l.s. these i nclude
ot - 4 anATRu HRlfor 8RS, ol HrefeBECt Rl A BleFgel BB pot BRRE . o
Sox- 2 anen Rolimited selfrentWwaluglertiabinad.er  two are al so expressed in non-ES
cells, Cct-4 is a transcription, factor expressed in the pregastru|ation

enbryd, ear| yStepegiisdiave beggnddentified dn sqveral srgsn tissies; Fhechesteiaraciagized It t he

bl ast oc , | | Gr€ i E€) . ' - ul at ed
when cell's 2bare induced to differentiate in vitro and I n the adu ani mal
y?‘fe }tegﬁ%rﬂoﬁlatr‘%g?érﬂ gél{ Grhgfig g nElé%B@exﬁf@nv%& l:élf thathids db%eh igﬁﬁéf&"bdd’s?c?

oct-4 i 30? nbli/sdr_faaamdrbrgemﬂftmc%ﬂ;_is?hm@ﬁbs. ngad’ibmatdpaieﬁc s?mg;m hﬁt Cct g is

required,f or i ntaining t ndi fferentiated phengtype o cells, an

plays a h?af 19 N OONH MAORh ﬁlmﬁf@r%_gkopg, é@@ﬁger o yeﬁmaydgéhfe@m&en&ﬂa N
i fferen : : : . scriptiona

11 SLPitOfn ks et AR 198 1% i R cha ghRURE Sl A0S0 PLL

T oot e e e

g 11 or BARRES BEmaieapietoFoms o peP A e A AeHraphil-FacioBiagen ot

human) E _ % | ; ' ence of

) &eﬁﬁé&rﬁgﬁ’dﬁﬂmr nygl?hGEig h'gigﬁ%P&Ehé@il R\, 1894 Tl@llnlbgmé&&&éﬁl%\%ﬁ% gaﬁ

LI F. Anot he S I's presence of telonerase, provi des
t hese cebé mducedto umdengolat leastesdme sklf-reremdngdcel jadivisivns ahd can be indaced$o St'em cel | s

have been. jdentified.in seyeral or.gan tissues. The hest cterized is

e henaBisporbeledn o waF [1neogss & f 3508 Ina0g Diewriden L o LBINICBEL nas been

puri 5 edchRRgdra %nP@él]{. St EAsSyHIRH '%&nﬁ&t@ oix#gﬁtfbﬂﬂ lfscéi‘gkﬁ‘ﬁ{oﬁbieﬁé' cs. The
I one r ood, C

~hematopoietic stemcell, 1solated fromt r ow, ofd bl ood,
fetal |i lineagayiibweyek asenmablestotpnevigs mspaméet aficells for repaliradf atlesr damagede s

hemat opoi.esis for the Life of a,recipient,a nerates multiple 1
et opofities 7 saigie et on og st dRmapeHo paiaats sy hr S8R adi at oc
ani mals or  hWnRBSKd HEARED RN Bhd Beeh kRN ARxtRsIvAN i§ BRAURUEASRM dfl (At hr oi d,
neut r ophi | - macr ophage,
103]. Neural stem cells were initially identified in the subventricular zone and the
20  olfactory bulb of fetal brain, Until recently, it was believed that the adult brain no longer

contained cells with stem cell potential. However, several studies in rodents, and more

rédently also non-human primates and lhu‘mans, have shown that stem cells continue to be
present in adult brain. These stem cells can proliferate in vivo and continuously
regenerate at least some neuronal cells iz vivo, When cultured ex vivo, neural stem cells
25  can be induced to proliferate, as well as to differentiate into different types of neurons
and glial cells, When transplanted into the brain, neural stem cells can engraft and
generate neural cells and glial cells. Therefore, this cell too fulfills the definition of a
stem cell,
A third tissue specific cell that has been named a stem cell is the mesenchymal
30 stem cell (MSC), initially described by Fridenshtein [104]. Mesenchymal stem cells,
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megakar yocyte and | ynphoi d henopoietic cell pool. In vitro, henopoietic stem
cells can Dbe induced to undergo at |east sonme self-renewi ng cell divisions
and can D¥O2pfifded6t o differentiate into the sane |i neRGEASA96/02998en in
vivo. Therefore, this cell fulfills the 15 criteria of a stemcell. Stem

cel I's whiorigimilf fderieed framdhoehyryopalimesodernl drdl isdlataé fehomhilidione mariomgage,
however,

are, ynabl e t rovide a sourge of cells for repajr of qther damaged
ti ssues, %&fgztmreép%ﬂﬁamusglﬁ honseartilags @tdamgwauavah&%%@@eﬁumg

chenot her, ' ) ‘ '

ext ensi vei y # gegﬁ%%@gﬁﬁgﬁg%%ﬁg&‘?%@'ﬁ‘b%??é%gﬁ?’aﬁ%g?g’%{ %%’lleﬁgkswer e

i ni tial | ybohe|eattildges fatj skeleted mustieand possiblyendothedinan dMeshderfDalsd f act ory bul b of
fetal bra,n. Until recently, jt . pelieved that the adylt brain no |onger
ot nPno ket to HiGeRh ek oo et fon SV B eEr i ECFOR: Sogl os
rodents, ' o'ﬂ&Hl‘i%& | ¥R SEERG ve shown

t hat steﬁ?g%e@]%ﬁiﬁ%ggkgnﬁﬁgi?gm lijnﬂlér;i%ot b if;gﬂ?rgese&szgﬁ% cells can
prol i f er &rimitive mesadeamal aranese | stemroells e, souldpastids o sareasfior anal
cells in vi o.%tmhn(altured ex ViV nural‘ﬁte eIIs11 can be induced to
or ol i f er APE0eLRE qelland ssye{hes t 4 R e P meRmnsBYRArLFR SEUS BIEOOM neur ons

and gli aliscﬁﬁédg BLOSVNEN, UﬁHéHJaﬂ??&@éﬁEMaﬁsEﬁl BéIRithat H&%ﬁbéén deks@iBegedll s can

engraft and enerateé neural cells and gl cell's; Therefore, this cell too
f ul fi10l s hawedetedrstrated dimitefd differshiiationdd Formroniy thode diffgensiatqdenells generadlyl t hat

has b d a st Il jis th hypal 30 st [l Q). initiall
doscr | bedORYaGERd i arsmpiaal gl I ari Bf masLimRerst meserelpibor, 016566
PCT/ 1TS2Qfed Qe?lﬁlgﬂértedgi% e £l ikolaéa by mfbngéxgeﬂ 41 DB §/NyhicR RRbreBRS gHéer M and

isolated fromadult bone narrow, can differentiate to form nuscle, bone,

carti | agHZsup,+ S #sopvtER2Uhsup. aeD4d auplt €D DhauprigCDatsuy- o ¢ddéisup.+t he

mesoder m | ops ,i | by Neso ti -t hat, gener at.es e,
cartil age; b tazsgg'k"e(!“é%'s%"'sgb 45PRr g@?g}sﬁﬁ’ya@%ﬁé{lﬁéi’}‘%}ﬂtyﬂ%?ﬁ’ﬁe‘?ﬁ? lso 5

di f f q5entchpdtisof diffeleptgtin toToRR 8 lbedTicel tiRE ofiméSerichprBal Gigidtit RC muscl e,
snmooth muscle, or blood Islands consisti nﬂ of endot hel i um and hemat opoi etic

pr ogeni t @ppaentyslimited indifferentiatiandensential towellsroftha enesanchymablinegge,| as the

t her ef or coul d proyi rce for..a unber of .cell. gnd. ti ypes. A
hunber _ofeaab e e8P iR B HeE RS leif culh VRS b - adFTiicR M RBeRed YOO, )
mesenchyrgaltust.em cel | s that have been described, all 10 have denonstrated

limted differentiation to formonly those differentiated cells generally
Other stem cells have been identified, including gastrointestinal stem cells,

20  epidermal stem cells, and hepatic stem cells, also termed oval cells [119-121]. Most of
these are less well characterized. | _

Compared with ES cells, tissue specific stem cells have less self-renewal ability
and, although they diffefentiate into multiple lineages, they are not pluripotent. No
studies have addressed whether tissue specific cells express markers described above of

25  ES cells. In addition, the degree of telomerase activity in tissue specific stem cells has not
been fully explored, in paft because large numbers of highly enriched populations of
these cells are difficult to obtain. |

Until recently, it was thought that organ specific stem cells could only
differentiate into cells of the same tissue. A number of recent publications have suggested

30 that adult organ specific stem cells may be capable of differentiating into cells of
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considered to be of mesenchymal origin. To date, the nost nulti potent
mesenchymal stemcell reported is the cell isolated by Pittenger, et at
[118], wWIV@RIMWHS6Eses t he SH2.sup.+ SH4. sup. + CD29. suPpCTHUBIO0G029044. +

CD71. sup. + CDOO. sup. + CD106. sup. + CDI 20a. sup. + CD124. sup. + CD14. sup:

CD34. sup, diffgenttissues, A pimbesof pudieThave showh that cdlls teamsplahted af thditinfesafant i at i ng
to f nb f | .t f.. h I | g IS, tl

i ted |aPARARERE R A ReRntdf i SR an Gl g2 by s sl e r gy, as
the teangonkigered %ﬁﬁ@fﬁleg&%lﬂm@smemﬁ@&ﬁfaaeﬂP@&hﬁal%%ke%em&ﬁlar‘@e‘nsr

identified in the expanded cultures. O her stemcells have been identified,

i ncl udi nghatase present érs marraiv. Facksanquiblished 2hat apisdiersatellite cells aapldifferentiate hepat i ¢
t 1, | so t | cells.[219-121]..Most of .th | N
char ac: eripdimpsieh Fefl Eh a8 i henpPad il B6 sflepcfiEiPudfn have T ess
sel f - r enea4), athér stidiesiihe sROWH €48 tefintRls Hofl Re@RbrdR] 1aybO(foRihthidee

| i neages, they are not pluripotent. No studies have addressed whet her

tissue spwbanthnic mesoderamy) paredifferantinte irto dssnes thoughtto bederiveddurig cel Is. In

s not  puaRoR i Bata RBAFHABSoH ulk Mol Breb S RRTRLCR o R U711 ©

enri ched pgduddons dt8cted®in hinlds@r 6fidak thitendedwent thafroWwarabplahtation itk iat
recently, it was thought that organ specific stemcells could only

di f f difentlpast in past derived fromthetpasroyedenor [ 250d26]A Thusascersl mesedesm asd bt cat i ons

i 1 er encP e Fiteldtal, Ritish MEEABE ROk b SRS B 1DBO5EE "5 Fr cr e
tissues, rarfeuiBVenahors isufbrisihglade/ the 36povs demohstting Hotlr iaR6@Ind Wrdthuadant he tine
of a bone marrow transplant can differentiate into skeletal nmuscle

[ 122- 123]thathigpaficenithalil celle ankhilian syctapithelinl cells are derivesk frora sk daner

di fferent]ati Ok SgMt | : a I t in marrow.
Jackson p‘h‘ﬁ ‘f‘gﬂlezgogm Lﬁ%%@{s%r@gggﬁﬂ%@vgﬁ{)@ﬁé%%ggl %?%%Fﬁ%?a{eﬁ 5into
henodi etdifferentidts inta amnopsietiotdlisFinally Otarké yiag. tepbrtedthbdveeusdd s@fcdelis C

mesoderm, [124). Ot her studies have shown that stemcells from one enbryonal
| ayer (f onjepted dnip blastocysts aamenniriviute tapll tigsuesof the ehimedpmonsel13hfl o ti ssues

th ht to b | qur i ' ' : I
[ayer. For i oy Pl Jeione BRY MRRRS ieficd oM BeftkolbEOBEaRY 007, |
humans  orsteh celtd reqiifateithaddhaivhe tellseberforhdr rga_ﬁétibhﬁyl hrvdifted taishibit

expression of certain cell surface markers, or that the use of chemotherapeutic immune

20 - suppressors continue in order to protect against transplant rejection. Thus, although
embryonic stem cell research provides a promising alternative solution to the problem of
a limited supply of organs for transplantation, the probléms and risks associated with the
need for inimunosuppression to sustain transplantation of heterologous cells or tissue
would remain. An estimated 20 immunologically different lines of embryonic stem cells
25  would need to be established in order to provide immunocompatible cells for therapies
~ directed to the majority of the population [132].

- Using cells from the developed iﬁdividual, 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

30 solve the ethical dilemma associated W1th embrybnic stem cell research. The greatest
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10 least in part derived fromthe marrow donor [125-126). Thus, visceral
mesoder m and not splanchni ¢ nmesoderm such as MSC, derived progeny are
transf er r¥0 20#7M636he i nfused marrow. Even nore surpri sPAGUSPM6029844 eport s
~denonstrating both in rodents and humans that hepatic epithelial cells and
biliary disadvepgagdassociited sliththanse afentokegué stem celie futdissue tramsplantthfisl 27- 129] .
Li kew se, ree gro Me t hat ,nepral  stem cel can,k 15
dlfferentﬁaﬁ{{?lpﬁ!?%rﬁ‘g‘ﬁﬁ‘g s ﬁglppgtentﬁl”‘gpwberd a?F%c%lfs%vebFeé‘ported t hat
neural  stighhieg ot ﬁillglcF:"?'%l%Fed I§/ %n&%ift'iﬂe@é‘&élé Sittidhy ht | ssues
of the chineric nous ranspl ntatl n of tissues and orga
gener at edreporteth thde enuitipetents haredepmnsteated hnmtecbpcbtentlabmldrf&sermatehnto t hat t he
cel | scé)e fu{?@ﬂ%" enetically nodified to inhibit expression of certain cell
surfa ell Pe(shat the use of chenotherapeutic imrune 20 suppressors
continue in OrgR gl ik el AAh Rikriglé ARRRIARod gﬁdt@:&ldlﬂ&ve da Jsolated hough
enbryonic stemcell research provid promsing alternative solution to
t he problmaviotsly by bthets, edemﬁxylayedﬁellm@%s potential tadifferentiate intog widee probl ens

d k d f,
¥ anspl anFRERaT cBl thst of it LRgee. Jnepding BERRTE bAE B ot REY | o e
20 i mmunojdgsticyak, |sl€elétafl hﬁfsaeteddbﬂﬁﬁmaf stﬁmr ¥Bbth xﬁﬁs‘éI@ eahia% nfcMOsliedalneed to

be established i'n order to provide mrrunocoHEatl e ¢ells for therapies

di reckled cells andhemgpni¢tiocels, hals@obquldasmbnd & andwsm@trmsplaat andcgene he

devel d |
al | ogene: Bedp fedh prayide HestadiBo Alverrs ypessft o Romeltvleteet M npat i bi 1 1y
associ at q@stme%r%ﬁaﬂd&@dﬁ?eréﬂtﬁﬂsﬂwsxe&vel@spﬂﬂm potShtRINCRlelisd, efBerw8hl as 30

sol ve the ethical | emma associated with enbryonic stemcell research. The

gr eat est sogme\fo) xmew pecitic dheraprutis el passomare edﬁ@a@t\thpagél fos §6¥Tared with
the use of au Qus st.e s f.0 uetrans t hu ar ,l.ies in
hei 11 e pefeel F8SaePHag of il Rfon o or B R En el it bt Bt e been

i sol atsed ésélwmﬁnudcmgotﬂﬂefeﬁﬁ@&bxpa@@%upwﬁcmaégescul arly humans, but these
cells, although 1:geg ted to be multipotent, have denonstrat ed |inited

potential to deel M@cbalﬂte@rﬁemmmoeu@bms cellsaliurempedia tgiovigh st em

by o her dactitEingepl] kR R pRA SRt o Y SRR S " o e
wi de varmghinthg 6@hired ofdinettiylated ElscThe mkdie pERbdesi fofihd GravithfanBr obl ast s,

ost eobl asts, -chondr ocytes,
maintenance of cells and can be used to screen for additional factors and useful

20 combinations of factors. The ability to grow cells in a substantially undifferentiated state
using the cell culture media, growth factors, and methods provided herein provides
important benefits including the ability to produce cell lines having multiple genetic
modifications (as in the application of gene therapy) with important therapeutic
applications.

25 The cell culture media may include a grth medium that is effective to support

| the growth of demethylated cells; a nutrient serum effective to support the growth of
demethylated celis; non-essential and essential amino acids, and a pyruvate salt.
Optiona]ly, the cell culture media may also include a reducing agent.
Another non-limiting example of a suitable culture medium useful in practicing
30 the present invention includes a variety of growth media prepared with a base of
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adi pocytes, skeletal nuscle, endothelium stroma, smooth nuscle, cardiac
muscl e, nueral 10 cells and henopoietic cells, has not been described. If
cel | andWQ 3WH8165¢Gnspl ant and gene therapy are to pr RGEHBSAAEOWMr apeuti c
advances ,exgect ed, a denethylated cell with restored or expanded

di f f er entulbecsn's arinitunl esreviialopedia(RVEND: dihe DMEMscancredwgiplemented withe a

source fqQr..pati.en e | he eut.i c _celdl .0r as a more _efficient donor
cel | for % ,Ofgvﬁpl%gelgtﬁ;%?qé?ﬁ fe?a@f’éitﬁ%hglﬂéhﬂ?e ‘Eﬂc??reﬁpél T RYTEHet actors or
conpoundPréferblyhe IDMBEM isRded 5% FetdSalfSbruid) 2 faehiflé AddeT BIM kgditian al ong

specific lineages. Cell Culture Media: The present invention utilizes cell
cul ture rpyeivate.growth factors, and nethods for induci ng DNA denet hyl ati on

of celd s and oW Ng_ ant i ntaining cul tures of denethyl ated cells. The
medi a>pr ovi degj["?ogﬁert%ﬁ élrgé’\r’\‘?ﬁwg%&e CHEFRPEANRLR g@qcoEee-lapép ﬂﬁfh&tgﬁege used to
screen f Ghodified hirfRtptubhipfiie hteda\BI TR 8hpplemdéht6dWith 3% RS cAIF séragl O2S. The

ability to grow cells in a substanti al undifferentiated state using the
cel |l cult waening, Ogrold tauring and 9.01 andM esch piibs follaying eminmegcidsy provi des

i\
| mport ant [t s ncl yudin abi-l1§y.10 DI celbl. lin havi:ng
mul tiple a&%ﬁ ¢ elydigk gl 5%.?&%@?%%‘?%%#5’ %ﬁ%ﬁ?"%é ‘?%ﬁlsglfhnﬁeﬁ@ R py) with
| nport antagcidner apeutic applications. 25 The cell culture nedia may include a

growh nmediumthat i s effective to support the growmh of denethyl ated
cel 1 40 a nut r i@awiksBacier: dhe grawth mediin canyiselude Ay sereion sepm-aserbt hy | at ed

cells; n ' : ' ' i salt.

Opt i onal RoE5R B ot B8 i Ra6 aielye oS i gro RSt RUGINRE S0cri
Anot her rdemethytitéd ¢edlse Exaipbles of suikhseubpintlade, whithouelinkdiion feaEbaving n
practicing 30 _the present invention_includes a variety of growh nmedia

pr epar ed sEUH(EBY) 28d fopal ol spymp (i79)o For exanms; thesPB8 enayeegpravidesingecco’ s

m ni mal | | a G, I L th a variety
of suppl g:rgr%n @%%Wa&%m l%glga%%%. rglf‘g’?%%% tggg%ﬁg%%t um pyruvat e.
Pr ef dSablpyotite] inddntentiation of béiWeéredbout 2.8%4 arleabotn 202611 gk ehrbodineengind 1 Vi

sodi um pyruyate. 5_Another exanpl f a suitable culture nmediumis gl ucose-
and phos aﬁﬂwiﬁﬁceﬂﬁ@msmwm&%eﬁbm fluid media (HTF) supplenented with

15% fetal cal ) sk dlornay ibObehd0dRE to Rt AYh AbtiVaREn s thalluhalM each of

the foll owi ng am no aci ds
of cultures of demethylated cells in a substantially undifferentiated state. The identities

and effective concentrations of such growth factors can be determined using the methods

20 as described herein or using techniques known to those of skill in the art of culturing
cells. For example, one or more of the following factors can be used at the stated final
concentration: forskolin ([3R-(3a, 40, B, 5B, 6B, 6a ., 10a., 10a B, 100)]-5-(acetyloxy)-
3-ethenyldodecahydro-6, 10, 10b-trihydroxy-3, 4a, 7, 7, 10a-pentamethyl-1H-
naphtho [2,1-b]pyran—1-one) at 10 uM, cholera toxin at 10 pM, isobutylmethylxanthine

25 (IBMX) at 0.1 mM, dibutyrladenosine cyclic monophosphate (dbcAMP) at ] 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

30 carcinoma (EC) cells. In a particular example, human NTERA-2 EC cells (ATCC
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asparagi ne, glycine, glutamc acid, cysteine, lysine, proline, serine,

hi stidine, and aspartic acid. 10 Gowh Factor: The growt h nedi um can

i ncl ude MY 208(0¢H6r serum based solution that suppli eBCHUS200&/P29844ef f ect i ve
to maintain the growmh and viability of denethylated cells. Exanples of
such ser \#gegspien puamberCREJG73) araigra toreonfleanse inbéMEM supplenpentedBSh and f et al

o bet weat A5 beL et 3BBF Eotels it B o Gpruetce B MM B e
i N a conagif 15% ifeal if seAinyeRnMaBRitimide, 300 WMmBLIRt GriWh mediais dasestedli ment ,
denethylated cells are grown in 10% FBS. A growm h factor rr@/ al so be

pr ovi ded ciaiiyaggi%verﬁlrdam@aa@ditb@pglfmOe?adlﬁ_mnrﬂlt@naa@&ozmatc Calbis of
o0 et o it T bl ORI moid B FIoRE LSS B oy Medif SN LT [ o6

and effect centrations suc _ rmned using
t he met hddsmpitically deteaninbé dmoete, a3 judged diy filge éffsehon derasthiatdreell grdvthse of
skill in the ,art of culturing cells. For exanple, one or nore of the

fol |l ow ngjmflé(lﬁb' H¥% can be used at the stated final concentration: forskolin

5 ot hemyl dodedaAUIR-Sooffiieft s droR matin i jgattos RobER ARV )y

napht ho[ Zcfivat¢ thersignalltransdhctivn ghd30{ eitheryebiadiagxo o redeptbPthabhssociates with
i sobyt yl et %I xgn hine .25 (1Bl v(i.X), at 0.1 %di but yrl adenosi ne .cyclic
m)noti os [BRAFE of 8y biding directly aand etivating g 3G Feberxarute humae resominant act or i s

basi ¢ fi | o Ak : b ;
pasi o 11 rsra Pl Pt of s 000 Bl o 2065 UIE CokputdiiRy 87T "o
Anot her flifaflosanibe wgedwt h nedi a harvested from cul tures of human enbryonal
(ATCC 291" oM EcbRbinise Deiotls: ombOATA Srmdbe SwomBe CRL 1973)
are grown.h 'ﬁ%ﬂﬁﬁﬁ&ﬁﬁse'd'ﬁs%@ 'B%@E,S%%Eﬁ#ﬁ%&?tesgéptgmﬁb'%inser um or

mouse ES cells are grown to confluence In enen 15% f et al
cal f 1Ser Un effectivé ginotuatrafifectors @fthelt added dhily-to éithenofthewchase selutienstest ed

“30C Thiem i £6 Rovihnete phibediit s THEMTE oeaTran et ne
demet hyl gh&fls HeWhduntB4Rh described factor as to permit a beneficial effect on human EG
| growth and viability of human EG cells using judgment common to those of skill in the
art of cell culturihg and by the teachings supplied herein.
20 Typically, the demethylating culture medium also contains commonly used tissue

culture antibiotics, such as penicillin and streptomycin, An effective amount of these
factors are then added daily to either of these basé solutions to prepare demethylating
growth media of the instant invention. The term "effective amount" as used herein is the
amount of such described factor as to permit a beneficial effect on demethylation and
25  viability of cells using judgment common to those of skill in the art of cell culturing and
by the teachings supplied herein.
Ranges; Table 1 provides ranges for the ingredients useful in the cell culture

- medium of the present invention.

30




in enpirically determ ned anounts, as judged by the effect on denethyl ated
cell growh and viability. In another enbodi nent the growh nedia incl udes
| i gands. YO20PUUEM6ors that activate the signal transd®ETTUSANGHIBA4 ei t her
by binding to a receptor that associates with 10 gp 130 or by binding

directly to and activating gp 130. Fdiablexanpl e, human reconbi nant | eukeni a

i nhi bi t ory—facte = 02000 \Whit—er—oneost-a -M at
10 U ni, Mediume ue Odostpreferpblei bi PrefexableTypi cAtdeptablenbr yonal germ
(EG nedium al so__contains commonly used tissue culture antibiotics, such as
peni ci | | i "Verkingni sgngsnycin. 79 76%4effecti vd.Cenbdnt of T.Befdrs are then
added daily to either of these base solutions to prepare human EG growh

medi a of ponentant i nventi onm@he term "ef mgfli ve anoumg/. neans t he

anount of such described factor as to permt a beneficial effect on human EG
growt h anda@ ambyddy of hunan 260! | s usi ng5PBdgment cohfi®h to those of

skill in the art of cell culturing and by the teachings supplied herein..
20 Typi calFe(NODBSHO et hyl ati nd.1ul t ure nedi GBlad.2o0 cont@OGisl.Bomonl y used
tissue culture antibiotics, such as penicillin and streptonycin. An

effecti veKflount of these fac#00§0are then 400S00daily 1-d0@d t her of these
base solutions to prepare denethylating growth nedia of the instant

i nvent i on Mg (eehyd.) ef f ecti ve 93@Funt " as usd6-256rei n isl-56@ armount of such
described factor as to permt a beneficial effect on denethylation and 25
viabilityN&Clcel | s using judgméA00.8drmon to $560%80@0 skild00i10000he art of

cell culturing and by the teachings supplied herein. Ranges: Table |

provi des Naf§&EX for the ingredB@dd.80 useful i B000:60@EI | cA00:10060 nedi um of
the present invention. 30 f ". WO 2007/016566 PCT/ US2006/ 029944 Table 1
Medi um MoNaHPOi-Ehab! e Pref er alRR0Accept abl e 50850ki ng pH-6@hge 7.0-7. 4
7.0.7.4 7.0-7.4 Conponent ng/L ng/L ng/L CaCl (anhyd.) 200,00 50-350 1-500

Fe( NOB) 3- BHOlucoseL0 0. 01-0. 2 0. 4080.00 0 1000-5000  1-10000
Phenol Red 15.00 1500 15.00
Sodium Pyruvate 110.00 10-200-- 1-1000
L-Arginine-HCI 84.00 504150 10-500
L-Glutamine | 584.00 300-600 100-900
Glycine 30.00 10-60 1-100
L-Histadine-HCI-H;0 4200 10-100 1-1000
LIsoleucine 105.00 10-250 1-500
L-Leucine | 105.00 10-250 | 1-500
L-Lysine-HCl 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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KCl 400.00 100-600 1-1000 MySH (anhyd.) 97.67 10-250 1-500 NaC 6400, 00
5000- 8000 1000-10000 NaHCC3 3700.00 2000-6000 500-10000 NaH2PO4-H20 125.00
50- 250 1ve0Q07dsbeicose 1000. 00 1000-5000 1-10000 PheretT/Brad0od®o9@ 15. 00
15.00 Sodium Pyruvate 110.00 10-200--- 1-1000 L-Arginine-HC1 84.00 50-150
10-500 Ly f dnne 584. 00 30{ YO0 100-900 s&hyci ne 3010@pl0-60 1-100

L- Hi st adi ne CIQISHHZO 42.00 10- 100@61) 1000 L- Isg)eum ne 165 00 10-250 1-500

L-L 1- 500 HCI 0 10-2 -500

L Wbt ﬁ: ony nig;%?g% %@aigﬁ?%o 1- SOBMWELQﬁyl al algn(ﬁ%d)% 00 ?%—O?oo 1- 500

L-S 10- 100 1-500 95. 250 1 31 WO
200?56225%‘%’%| US2006/ 029944L9‘Lmr$33|t Qﬁhan 5}% %8 5- 50 15%8

L-T i n8-=Na. 4.00 10- 1-900 L- Vi 94. 00 05050 10- 500
Dczl:ogfnlt Q?h%%#)l 10 0. 1‘%@ Chl ori ne %hpgreu de 4'83‘ %0110 0.1-50 Folic
Aci d 4. OOC ﬁgeghf%@géll - n05|t@go7 20 1-10 O }050 F N ?Cll m de 4.00 1-10

0. 1-50 Pyri doxa 00 1-10 1-50 RIbOf avin 0. 40 0.1-50
Folic Acid 4.00 1-10 - 0.1-50
i-Inositol 7.20 - 110 0.1-50
Niacinamide 4,00 1-10 0.1-50
Pyridoxal-HCI 4.00 ©1-10 0.1-50
Riboflavin 1040 1-10 0.1-50
Thiamine HCI 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

lWork.mg pH range _ ...' o 70-74
{Component | meL
[ o ] Inorgamc Salts

(CaCly (anhyd) |
ke i 400.00
[KHPOg wj* =
MeChahyd) | 9470
[MgSO, (anbyd) o |
[NaCl - [ 6500.00
NaHCO; _ | - | 2000.00
_lNaHzPO4-H20 o - 115400
[NaH,PO, (amhyd) | ,
1 “ Other ‘Components -
[P-Glucose ~ | 2000.00.
HEPES -y
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Thi am ne-HO 4. 00 1-10 0.1-50 An exanple of 'a cel |l
be used in the present

cul ture nedi um whi ch can
I nvention is al pha- MEM (Chemi con International,

Tenecul aw@&oomlwascri bed in the following Table 2: Tdtﬂ'EUSROMWZRMHg pH

range 7.0 -

6500. 00 NaHQ)SZOO

Corrponent s D-d ucos

Li poi ¢ Aci d Phenol
L- Ar gi ni ne- HCl 126.
.32.40 |1L-Cystne-}

7.4 Comonent T--m

ic Ay 001 ~RAZPOZ—, . MgCI N
‘_ﬁ__a 2PO- Hz Q. 1154. 00N y
Bhergd Redo. 0;%65661@'@“

HEPES 32 WD 2007/

I norganic Salts CaCl2 (anhyd.).

., 94.70 Nad
hyd.) '... _ Cther
US2006/ 029944

Lds L- Al anine

L- Cysti ne- 2HC1

Sgluiler_ vate0dl Um Pyruvate HI mAEiOdAQJ
; ad H0 Amino Acids T
JL-Alanine ‘ l -
L-Arginine-HC] 126.00
L-Asparagine-H;O -
|L-Aspartic Acid —
|L-Cystine-2HCl ) 32.40
|L- Cystme-HCI-HZO ) e
[L-Glutamio Acdd e
[L-Glutamine | 29200
oo —
[LHstidme 1 31.00;
[CHistdineHCO-H,0 | 42.00
{L-Isoleucine ol 5200
[L-Leucine [ 5200
[L-Lysine | 58.00
|L-Lysine-HCl |
[L-Methionine 1 15.00
|L-Phenylalanine | 3200
\IL-«Proline _ " -
[L-Serine g -
‘;[L-Thrgoqine_‘_” - . _ 14800
[L-Tryptophan o 10.00,
{L-Tyrosme—ZNa—ZHzOm L .52‘._09;
Cvaline [ 4600
e . Vitamins
[L-Ascorbic Acid o
[Biotin - -
ID-Ca pantothenate o 1.00
[Chiorine Chloride 100
{FolicAeid 100
i-Inositol | 2.00
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L-Qutatnic Acid L-d utanune 292.00 G.ycine -Hi stidine 31.00

L- Hi stidi

58.00. MWOIUARLSE -~ |- Met hionine 15.00 L- Pheuyl al anS$TEUS00G29944_ pr o) i ne

L- Seri ne
.416. -00
Chl ori ne

Chl ori de H@G ACTU T 00— T=TToSTor—10p563 WO 20071016566
PCTI US2006/ 020944 RYAA0T g# e 100 Pyridoxal-bal 1 00"% boflavin 0. 10
Thi anmi ne- HO 1. 00 iboflanitB 12 Deoxyr i bonucl eosi dds 0.10.

5

10

15

ne- HC1- H20 42.00; T -lsoleuctne 52.00 L-Leucine 52.00 3L-Lysine

L- Threorune 48 0019, 00 ptophan L-Tyrosi A 20 52100
Vitam ns LNAedgmwantide Acid --~ Biotin --- |[D-Ca hédf at henate 1 A0

[Thiamine-HCI | 1,00
Vitamin B12 - o ' o
Deoxyribonucleosides '

IZ’ Deoxyadenosine o S -
|2' Deoxyxytidine-HCl _ | -
{2' Deoxyguanosine | -
{Thymidine — § -
[ TRibomucleosides
|Adenosine _ -

e 4 een A s ot e e e L s ey

[Cytidine -
{Guanosine

G vav s s b e s - 4w vy

[Uridine ' L

o e N T

GENERAL TECHNIQUES FOR CULTURING

General méthods 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
& I 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' D eoxyxytidine-HCL ~~ 2' Deoxyguanosi ne ~

~Thym di ne 4 Ri bonucl eosi des 1|

Sanbr ook et aIThe[dsm}:myMtéd clls §arbé

e

Adenosi ne Cytidine h.
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monitored to determine the degree to which the cultured cells have become differentiated.
A marker for alkaline phosphatase can be used to ascertain which cells have
differentiated, When a sufficient number of cells have differentiated, or when the culture
has grown to confluence, at least a portion of the undifferentiated cells can be passaged.
The determination to passage the cells and the techniques for accomplishing such

- passaging can be performed using standard techniques well known in the art.

- 20

25

30

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 supplernenfs are shown in Table 3 as follows:

Table 3

Medium Preferable

Acceptable

Most Preferable
™M)
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Culturing the Established Denethylated Cells: Once established, the
denet hyl ated cells can be cultured under the above-described conditioned
medi um uMPOT/BI6G66 i ety of techniques. In one exanpl e, PCTAS0@I028944 hol ds
feeder cells in a non 10 conditioned nedium A matrix of |ysed feeder cells
i s prepaFeldteusi ng st andfrd net hods. TﬂéZﬁema@ﬁyl at ed0ee83 180 be cul tured
are thenjadded atop the,matri x al ong

th..t he s condit d gli um
Al t er nat P\? %? t he demephyl ated cell s%énsz"dé? ?ovvn onbci'n‘&' feeder cells

usi ng meghesise known in ghe art. The growtdg,pfothe deng W ¢t cells is then
nmonitored to deternine the degree to which the culture eI s_have becone

di f f er enVitaménBs 15 A naPker for al kal i f8.1wi@hat ase Bdb2rel@ided to

ascert ai .vvhi. cells hgve differentiated. en a suffici Q;t nunber of
cel | s” haV&4iH&renti at 8d, or when thegéfﬁt’ﬁm has g{Z o confl uence, at

| east a mﬁlbﬂﬁeof t he gndl fferentiateg.scsly po€an be Q@?%@ﬂﬁd The
deternmination to passage the cells and the techniques for acconpl i shing such

passagi nfoswaysteinper f 80884 usi ng st and8.0A0-8HBhI ques MOPPODOA™ in the art.

custom dS8Fgned  or owPRORRdi a def i ci ond P8 or mor BRI onor s o

coenzymes (foI ate, betaine, choline, Vitam n B6, \/ tam n B12 and
met hi oni ne), or containing increased amounts of bonpbcysteine or SAH.

For m at i ons Asenesareplecheiuliire sredium emhqsuopbmeswdomﬁi 19% fesmlchoarine

Phi | | o T It Co ded
b6 i o3¢ ?#wgl{M%na‘é%téﬁ%ﬁ@%m%‘é&%gﬁnhﬁ 1 3Etel e SR Dl o 5 o
fol | ows: gag?:s mdu@mmﬁﬁc@wﬂb@iuﬁmkﬁhﬁﬁw@fmm i@hh@ser@ﬁ [M 35
WD 2007/ 1656 CTI US2006/ 029944 Fol ate 0 0-2.26 x_10-5 0-4.53 x 104

Bet ai ne Gells @e ymintained gt 3°C iy 95% midity andb5%rcOn Me@a:%chang@i@ew%ha x 10'1
Vi tam nBg.g 0.8 h0u A0A0A dr Shykcdfifin Nhkitlliy BA%ndo & deck? ¥ndidls 2 46 *

15  include reduced cytosine methylation levels, reduced SAM:SAH ratios, and increased
GNMT expression, activity and protein abundance.

To inhibit Dnmt activity and cytosine methylétion, cells are grown in the
following media:
(a) media treated with Dnmtl, 2, 3a, and/or 3b siRNA (Dharmacon, Inc.);

20 (b) media treated with RG108 (Analytical Systems Laboratory, LSU School of
Veterinary Medicine);

(c) media treated with 5-AzadCyd (Sigma).
A brief description of siRNA transfection according to manufacturer’s protocol is
- provided below.

25 | 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

30  are not limited to, the conditions illustrated in Table 4 as follows:
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Honocyst ei ne 0. 0005 0. 0001-0.001 0.00001-0.002 SAH 0.0005 0.0001-0.001

0. 00001-0.002 10 As an exarrpl e, the culture nedium can be supplenented with
10% f et al WBM9HM6566er um | % peni ci |l | in-streptomyci n andPOT/AISA06/0289i#4 one.

D alyzed fetal bovine serum (lnvitrogen) is added to the folate deficient
mediumto elimnate folic acid in the serum Cells are maintained at 37C in
95% hum dity and 5% CO2. Media is chafng]F% every 3-4 days, and cells are
passaged at -90% confluency repeat edl $O®Sr up to 6 weeks. Endpoi nts 15

i ncl ude rpdumed cytPRbiEefRidN ! ation | blé educed S ratios, and
I ncreased ONMI' expression, activity an I n abu 0 i nhi b| t Dnnt

activity and cytosine rrethyl ation,[pM] | s are grown i n t he foI | om ng nedi a:
(a) latr Wi t h , 2, 3a, a r. .3b si RNA ( con, Inc.); 20
(b) gggi :D %{'P@g\avmth 08 (Anal ytlca(%%()slterrs Labor‘g{’]@iﬁtg3 LSU School of
Vet eri nargGMsgh ci ne); (cyonedia treatedjgqdgn 5- AzadCydi.bf6 gma) A Dbrief

description of siRNA transfection according to manufacturer's protocol is
provi ded Azad@xd’ 25 To st0.28l ate GNMT syhidesi s and act0.014y), cells are grown

Lﬂengggge%tﬁggegr\g;grfﬁﬁéd(islngngjbdu 8{8dhtl ng andfqag]a’il gm ferggigrgre

wr apped iTgAI|l. To inhi@gd histone deagesy ati on and g pryge denet hyl ation,
cells are r pwn in media treajed with TSA andéor VPA (Sl gma) . Treat nent

conceWtraY ns are |listed) xblt f 11 301-40 s 180t Ilmte®ll-t2901':th3 condi ti ons

|Ilustrated| l.e.4 as fol 36 0 66 P 200

Tabl e 4 %aw%?pg@frnen gHons of g«!%f’ ﬁ; ﬁ %@% 0.05

0.01-0.1 ﬂ% %F.“S‘s00110
knock own and ~50% global genomic de ethylatlon 200 nM] Dnmt3 siRNA in
NuPotential’s preliminary studies.

15 520% demethylation with [100 pM] RG108 [134].
°40% demethylation with [0.5 pM] AzadCyd [134].
4~25% demethylation with [100 nM] ATRA in our preliminary studies.
®5% demethylation with [0.2 uM] TSA [135].
¥4.8% demethylation with [20 mM] VPA [135].

,_EL

20

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.

25  Endpoints include reduced cytosine methylation levels, reduced SAM:SAH ratios,
increased GNMT expression, acﬁﬁty 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

30  reagent, Dnmtl, 2, 3a, and/or 3b siRNA‘(Dharmacon, Inc.), cyclophillin b siRNA
(po'sitive control siRNA), or drosophila non-targeting siRNA (negative control siRNA);
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ATRA 0.05 0.01-0.1 0.01- 200 TSA 0.30 0.1-3.0 0.01-300 10 VPAl 20 x 103
1.40 x 103 0.1- 200 x 103 ' Manufacturer reconmendations of [100 nM for 75%
gene knodX@aWi016566 40/ a CpG i sl and demet hyl ati on wi t h PADUSP6/99441 and/ or
3b siRNA [133]; 79% gene knockdown and -50% gl obal genom c denet hyl ati on

wi th [ 200mmig hannetdisen détsimined toseHonetionalbdndanayr servenasreawadditionali controll5 b 20%

denet hyl at i ith [ 100 RO108 [134].. .40% demnet hylation.with [0.5
rondon amtectibh B cafrich otk acoTing o Gamifaotigh s RAbeRRaRel, S oy By ner

St udi 5. trah ¥6tibAITRGd EHABMbN, LAY ficd rinMachid? drdghiendhti®Yo i eAPicRictist | on_ wi th
[20 M VPA [135]. 20 Cells are maintained at 37C in 95% hum dity” and 5%

CR. Medisohserved afiersdtt hawws tsangfectionapediaistreplacedswith groatheredia andd cel s are

passaged.at.-90% conf | uency raepeatedl.y for t.a, b, e S si RNA
trans ecﬂ%ghamlﬁ 88@“%&3#@0@%’)?%% %W?s’ “@BF FWP@‘S‘QT@%Y‘&@& g}%?t y and
growm h r ab@sSinawkatios by used €6t differetiatiohve cell counts. 25 Endpoints incl ude
reduced cytosine nethylation | evels, reduced SAM SAH ratios, increased GNMI

expression, activity and protein abundance, and decreased Drunt expression.
Dnnt si RNA transfection: A ' =800 nfl uency, cells are
transfected in growh mdléLiﬁm@%ggém@%gﬁDhar macon, Inc.)
transfection T8 ineagiontalsdds Wirected to davelepiéntofaneiv Mivay bRksardmbgsernt | nc.),

cycl oghi I1in b si RNA (positive control siRNA), or drosophila non-targeting
si RNAU ( n&epertey gerasriuch as betargalactampse) Anciferaye, bebrgloc abg44 " Dnnt 2

£13
has not er.n . el . | ki onal
cont ol . BAE BRaBhRs bPmafiotirbledaRap BORRLT S RIAT o PRI oo
Cel I's ar enidegietinilfibn dnd festpdtioncdf cell diffedentiftion pdehtiall s, As per
manuf acturer's recommendation, if cell toxicity 1is observed after 24 hours,

transfection fBaiinvensiopdy furthey diteetad 4o dexetonmentofanevsl methodafiS$MNT s

conti nueQSifngrdeﬂﬁfqurﬁ'iaftéd)ﬁ@nor%%llpourS; wells exhibiting 80%viability after
48 ' ’

15 The invention also is directed to development of a novel method to derive

embryonic stem cells from SCNT reconstructed units (embryos).

EXAMPLES
- The following Examples are included solely to aid in a more complete
20  understanding of the subject invention. The Examples do not limit 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
25  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
30 from the cells was isolated. The DNA was then completely digested into single
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hour incubation are used for differentiation. ALTERNATI VE EVMBODI MENTS The

I nvention also is directed to devel opnent of a new assay based on use of 10
report er WRAWIOKI6h as beta gal actamase, |uciferase, beRGI/GSWe@RBWdse, or
others that provide the capability of nmonitoring the inpact of G\NMI

expr essi ancleotides forreverse-phase HPIUE rrRé\l'byéeqihaWHBDd waetfonrhedas dekcritel|

differen I on tlal The inyention is further directed to devel opnent
of a nové’y%&?ﬁ é@nmeaswguthfgw ﬂefvelﬁ@ﬁme Yé‘ﬁe‘iel%@?m%ﬁqsl@es 15 The

i nvention als I QRaRA b ve
enbryoni ¢ ste?nwcgflg*&%fnqqgczﬂﬁ ?Iégcr)nstrutgtzegoé %dﬂ%ﬁ’cﬂ( Dltraﬁg%nkﬁ‘xg%% LES The
fol | owi ng:yﬁsmﬁmm ﬂmsac@llm cuttiireddn 18@hM A TRA-tesatbd media compared kpCONe 20

under st a e do not lLimt the scope
of ths ﬁﬂ\?é%{f wjé%fﬂggé’r&ﬁﬁ[%ﬁ’u%@ﬁaﬁé “TRYaRAIBORIN £ { oot s of RA

on Bovi nencapyTRkA yt@ﬁhle ciabhveh 38 CON, Tkﬁ@é’fe@ﬂts%ﬁ&icéﬂg J@aggiﬁ@& chh ?é&ﬁ%@r donor

somatic cell’s (a cell Iine “that has never 25 pro a successful live
ani mal amethyatodn status, e v, evérriadelsrebistantto aeprogrpstmidg)ysuchpsithose r at es (<10%

P<0. 001 t t <1% P<0.05 | t d i
775 11 b SRBmeboCEE AL GHEICHRGEL n mod a (CON) . or growh medi a treated.
W th DVBO, or TR mehz%a;uméA;% S AR AT on of

concentrations were used. Fol1low ng nt, the c were col |l ect ed

and DAIA 3 gene wncddengngbme«hhmeﬂwdtr@BMSe WHMT\)Aﬂmd@ytehann@mgplaungthp di gest ed

Lgbgr:;ng@éﬁﬁi’% Zaﬁg\ﬁgﬁé“g? O'/Oﬁgﬂﬁﬁ fre glsilgtg&?f{bﬁauooy Cezar

et al. [66l3 THE ¢ éﬁldeh dé-S‘-éﬁéd at |d€léﬁir§ t GXbPsi ne residues.
N 1, y r phéte %S%reductl Fp&

As illustrated |n eveal oninrelative
met hyl at @upresmrobmas iusedttn soundizelthe exprassion of the M Thiv sktRev mekerd nedi a

S Tbos 20 M o ime Rorgaiion of ChRHT &b Shov BRi8 2 Bepoets SfARouS il by "

i ndi q3t e debiRhseATNA Gfeihyl8EEdowiEh Fig, qt IMbredter! RE-PAR cotifirfied even 'n cel s
resistant to reprogramm ng, such as hose
upregulation and strong expression of Oct4 the most diagnostic mammalian stem

=

cell/pluripotency marker, as well as Sox2 and nanog (data not shown). The RT-PCR
experiments were performed using a commercially available kit and following the
manufacturer’s instructions (TAQMAN-brand RT-PCR assays, Applied Biosystems,

20  Foster City, CA) Others have demonstrated that demethylation of Oct4 is a requirement
for efficient réprogramming of mice somatic nuclei [20].

These data indicate that exposure to ATRA increases expression of GNMT and
likely activity of the GNMT enzyme, resulting in global demethylation (including
demethylation of the Oct4 promoter and subsequent expression). Decreased DNA

25 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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obt ai ned through serial nuclear transfer. As illustrated in FIG 2,

real -time RT-PCR anal ysis denonstrated upregulation of 10 the gene encodi ng
gl yci ne- WgeKipLeS6@nsf er ase (GNMI), the key enzyne reguPCR/UB2906/029944SAM SAH
ratio and cellular nmethylation potential. (The results are depicted as the
rati o ofundifififfentintegl syere cellsgl g diediGiting dep tirtcell dai e repyegramene @\PD) . The GAPD
expressi odn | evel |s uaed, to normalize the expression of the GNMI to a known
mar ker . ) diffprentiate into p distingh el iYR% i on of GNMT as shown in Fig. 2 happens
simul taneously with the 15 decreased DNA net hylation shown in Fig. 1,

Mor eover, RT-PCR confirnmed upregul ation and strong expression of Cct4, the
most di agnost iIEXAMRIR 2 aEffetts of RAcind/Adipogepistladustioneldektajl onsBowihd as Sox2
and n no&cﬁjﬂ%'tgmo; shown). The RT-PCR experinments were perforned using a
comerci Fable kit and following the manufacturer's instructions

( TAQVAN- br and 1TddibhiAs wadher &&Pﬂehﬁﬁioﬁ}ﬁa%ﬁﬁh%re&gréa?ﬁ&ﬁﬁe Qntle}ﬁfc cefy CQthers
have denonstrated that denethylation of Oct4 is a requlrenent or efficient
r epr ogr arwdreigultredvincE-76 dlasks untih aodfbienf inGJON;TRMSO, chartAT R Achhecliet @amé RA exposur e

to ATRA i i MT_and i kel tivit .t he, GNMI
cnzyme,  BOLERRRRe B DOMPEACHRA HFERb el Wee Geltried R OUEPBAT of ¢ he
Ot 4 . ok Y ) . .
consi g'[ g@\%?ﬁdﬁeﬁwgr entailnat I on, \?\%lﬂﬁ?gdlpncr ecgiggg&expr g%%lg%gk}a‘%%?zni IsS

consil§t e MMEM, FBS dnswling IBMXaind detdneethasonet TheTBMXovesiretnovabamd FZIknow edge,
this is the fir denpnst rati on of tem.cel | mar.ker hej i nduced in a
mammal i aﬁvag&ﬂﬁ?qs@ E@F?P%V (%ﬁlﬁ é‘?‘?ﬂ’lﬁec@fl% ’@dﬂé}oﬂdﬂec{}%&it}grig‘?ﬁys’%ﬁ@ resul ts
ar e si gnivdré eiffier BEGAALERsthineY (A1AFI¢h, M Bvadkee! | ds@ettafttle és@n&%ﬂngdyced to
express a marker normally found only in 39 2007/ 016566 PCT/ US2006/ 029944

undi f f er sineplets,.car cgll];eqted;ar IRNA isolationn BiNAy G mmgevprsattrlalnmib@d lto cloNA foeRT-
t i tiat i nt i St 1 t . 2 -
e Peots” B Sen il Siratn ©cf 45103, Bried p) 564 SGpossltRarkesy BBARY ¢ ol 1 s

To, daser mene uss ! dided it anbhakbp RulRiARe rall dRSRTETIRRRdbAYI ne soml i c

cells were’'cu a unti| confluent in O, or ATRA

medi a ( sd&npceridelnsleidapliosphaié deliydrogendse (GARDH) WA usekastarent, cel ls were

collected for,, RNA i so]ation or ‘
normalizing/housekeeping gene.

- As illustrated in FIG, 3A, during exposure to ATRA, significant morphological
changes were observed, including development of structures that were remarkably similar
20  to embryoid bodies. As illustrated in FIG, 3B by the arrow, positive oil red-O staining
was also observed after induction, indicating the presence of lipid. Gene expression
analyses by PCR revealed induction of PPARy, a known marker of adipocyte
differentiation (data not shown). These results are significant because they suggest that
somatic cells can be induced to re-differentiate into other cell types.
25 -
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

30  described above for the bovine somatic cells, except an adipogenic induction cocktail (as
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transferred to 6-well plates and cultured in an adi pogenic induction
cocktail that included 10 DVMEM FBS, insulin, |IBMX and dexanet hasone. The
| BWX was WORBW/dd6%Ad TZD was added 48 hours |ater, Cel PETAUSRA96/29944 n t he
i nduction nmedia for 11.12 days, then were either oil red-O stained

(Al dri ch,destribed ik EKAMPLE) vaes addedab the THF'5 flasise Mospluflogicqlicangss weteet s, or '
col |l ected.for .iS t.ion. RNA s, r.everse-transcribed to c for RT- PCR
for stem @é?wem%g&?&v@?%ﬂi WA 415 hoye A Al PR 10 TAHCHER s

( PPARY, : j ' 8 Y -time
e Ll e S MR A e I S L I
as a normedia,zhesg/murpkelkgiegl ochgnges were dtsompénied bythecdbegmniiigof Spheraldr i ng
exposyre .t TRA, signifi,cant, norphaol ogi.c changes ,wer e ,obser ved,

el ud R dEreommiet an <ERRerTblBeRon 3F s s SPERRER B pRaReRoY o S0 1o
embryoi d ﬂb@?@a@iﬁed iﬁ?ohﬁ&l%gé.a’}‘ﬁé&e 'oBségifa@oné”&éngtttﬁdi tiHsE PYmaBPRédatotPtedl | red-O

staining was al so observed after induction, 1ndicating the presence of

| i pi d. Gsh# astsrmainelly differentiajadre-enteradithe call evelecfollowing-ATBA tedattpemtRpd a known
mar ker of adi pogcyt diff.erentiati,on (data not sho .. These results are

ST on 11 camponBet Aokl EHbb Mein bR b brobdABY b RS duced t o
re-differgnéwimgehe éstmehfser cell types. 25 11 EXAWPLE 3 - Effects of RA and

Adi po8eni c Induction Cocktail on Primary Hepatocytes: Primary rat
hepatl®cytes were grown in nedia treated with 50-200 nM ATRA.  Fol | owi ng

t r eat ment; cul tyned er t.h a arati.ye.condi tions as 30
descri becp)&%@t#&%f%fé&ﬁgs ngﬁ]aéld;tgsg%e lcigchgsn g(()’ggtﬁ'tl OQrM'éré‘? %ﬂ}"c I nducti on
cocktail dam: 40 WO 20071016566 PCT/ ( TS2006/ 029944 descri bed i n EXAMPLE 2)
was added to the T-75 flasks. Morphol ogi cal changes were observed during

ATRA t r eat ment3T3dnkicallstware gegvhiaunediatreated with 60-200 aMp4dRA Fellawitgict i on

media, th hange 0ROU .. By.day_ 4, of e sure to adi pogenic
B e e L A T

begi n3i ndsdwhiof ﬂibﬁi@édﬂltﬁlﬁh?@MEM@‘Bspﬁ@bei@Md diphbiphate, BExindtiisaid, on of
cell's as evidenced by confluency, a state not reached_in control cells.

These obdwiaglytesephosphpde and viamin P ée idayrady illspated dy FIG. 4A ed Fik.e
ter m nal %,%ﬁ&%ﬁg ggfegée%gc fndGeHde Sgsiti&estﬁl%lng F5Sstebla ey bl (I*AIE?'&A reat ment

and

O
—~O

and calcium phosphate mineralization (FIG. 4B) was observed with alkaline phosphatase.
and alizarin staining, respectively. As illustrated in FIG. 5, RT-PCR revealed induction
20  of osteocalcin and cbfal, known markers of osteoblast-specific differentiation.

~ EXAMPLE 5 - Production of Cell Lines and Production of Cell Cultures that
Produce Cells with Restored Differentiation Potential by Knocking Down DNA
Methyltransferases 1, 3A, and/or 3B using Interfering RNA Technology:

25 | Knocking down DNA methyltransferases 1, 3a, and/or 3b using interfering
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

30  methods of confirming knock down potential is described below.
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exposure to adi pogenic induction nmedia in culture and proliferated
significantly following the treatnents. 10 EXAMPLE 4 - Effects of RA and
GCst eogeni WOI20QW36566n Cocktail on Murine Somatic Cel | s: PEGTAISRI06HO2IME wer e
grown in nedia treated with 50-200 nM ATRA. Following ATRA treatnent, cells
wer e transf er r Alening Bingleichrboh metabolismi ans/poihibiting DMNMB getivity ib8udesduct i on
medi a cont,aj ni scor bi c ,aci gd..2- phosphaj e,. dexanef hasone, beta
gl ycer oph@%ﬂ%%ﬁ%ﬁ‘ﬁ“ .?@Tregiredig@grgl?%&oﬁpp f?gtl?la_ﬁ%ﬂd' T ﬁge 4A and
FIG 4B, ceﬁl%de@%ﬁ'bﬁle%r@-@ﬂ?&bﬁidﬁﬂé %8b nftiiple Aficdgey CarSheAprBftdd by global

osteobl ast-like cells (FIG 4Af' and cal ci um phiosphate m neralization (FIG
4B) was otpigengticireprogramimieg. i Preliminaspstudies designed tagnalygeithe iupachofgNMT
respectivel | I'l ustrat inFl 5 - reve d.induction 20 of

ost eocal &%¥§H§°§@8W_§IQSIW Aﬁﬁ?}l{’@B@' op M@Eﬁ&m '8?1?95’%‘?9"1‘%‘? enti ati on.
EXAMPLE SdonoPeslPlife fo SONT & 4 muutine ib@bihsticdie defionSikatéRbw tigyid ur es t hat
Produce Cells with Restored Differentiation Potential by Knocking Down DNA
Met hyl t r a#fsPmplished. 1, 3A, and/or 3B using Interfering RNA Technol ogy: 25
Knocki ng down DNA net hyltransferases 1, 3a, and/or 3b using interfering RNA
technology results in reduced | evels of DNA nethylation. By nodifying the

cul ture nedi a EXAMRIE 5qr-iffects SRWNAMERPaskiferase] SIRNA Tra@fetiGxem essi on
suppressi on can be acconplished. The nethodol ogy for achieving this inpact-

i ncl udfl ngBedomBemptimDaner Gell Methylation and DevelepmentalRpterdiglt i cation to that

medi a, and 30 fe | K 0 | i escri bed bel ow.
A v 2007/ BORREES SBRH FBOAARF dy B el LR Cove R 2001 e
and/ or i nfbfatdtiongnddiil (Redini 199; Bicwititskes) supplemehdddtElubsihiainghoarmbiech can
restore differentiation potential. De-differentiated cell_lines _capable of

d
r e- di f f er @RdUAw; Sigmak estradiol (bme/mi; Sismpcand iBSd Oph: dlsdens, bozam, HER

epi geneti : ): reehl 0] ' | t he i npact
of o 5 sirenf EhARTAd ST, Sk, HoRisERal AR vl oBRRAS 17 i Ton
i n a MovidescritsedrbgrForsekg et 21e[18 ). ASfuianaiRINA toDninté ukedbypyRbbet etadl | | i ne

denonst ra[tlﬁohowt hi s dtsromac

1) was ordere Dl(l:a%rrrlgclzoinslgﬁﬂ' Technologies (Lafayette, CO). The sequence
was as follows: AAGCAUGAGCACCGUUCUCC.AT.dT. (SEQ. ID. NO: 1) This was
duplexed and desalted as per manufacturer’s instructions. Transfection of SIRNA
occurred according to LIPOFECTIN manufacturer protocol Briefly, 2 pM siRNA in 1X

20  Universal buffer was mixed with LIPOFECTIN (Invitrogen) transfection reagent with
' serum free growth medium (Opti-MEM; Invitrogen). (Invitrogen) and Robert et al [140].
- Prior to transfection, culture rnediurr;was removed from cells that were ~40-60%
confluent and 3 ml transfection reagent solution was added, with final transfection
concentrations of 200 nM siRNA and 0.6% LIPOFECTIN transfection reagent.

25 The cells were incubated for 24 hours 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,
30 3. Cells freated with control siRNA (Lamin A/C; Dharmacon).
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EXAMPLE 5.1 - Effects of DNA Methyltransferase 1 si RNA Transfection on 10
Bovi ne Somatic Donor Cell Methylation and Devel opnental Potential: Bovine
oocytes XPi2PU{WEF6Fr om abattoir ovaries were matured ovBEHUSHIO6DI44
mat urati on medi um ﬁrredl um 199; Biowhittaker) supplenmented with |uteinizing
hormone (10 14 QPIS@Qjﬁ’ﬁbwthgﬁtr%NAl(D@mthg&hﬂrma@Dgna) and FBS (10%

] oar t raner W e A boRes Wilrbinids et shudics, FIG SRR RGBT
huran i At B8t bcienl JPDIAO®Y SIRNAR Dol SRS

Dhar macon RNA Technol ogi es (Laf ayette, g The sequence_ was as fol | ows:

AAGCAUGAGSsTsRYACertment ef hovimsiignor wils fa SaneiDpwdide actihmd desal t ed

ccor & nRPieofibb Bk ARl (FLG %&ﬁ%ﬂa@-ﬁﬁt&%ﬁw&wb FﬁzNAm BRARR 1 20

Uni ver salkntftddaiowielamin &eiessidnl GPGEElﬁTé O) buthet DhAE (BIG 64/18h¢C).i On r eagent

with serumfree growth nedium I nvitrogen). (Invitrogen) and
Robert etHRLC pnalpsis confirmed an@pprpaww@zmp lecrease inedobabmethylation l@\@lmned from

cells th uen | ution
was addez:teug\‘ﬁ%ﬁeql na%taﬁgwpf tli%(?%% ‘é’g;t Qt’&gﬁésr&gdsggs& ‘and 0. 6%
LI POFECTIGE illlusmémhu mckmmpmﬂa ﬂaﬁﬁsté@tﬂrwglﬁt@eatsMH Q&kﬂdta@@(la&@ hours at
37C and washed I OMAX- _ br and rredl a cont ai n| serum (I nvitrogen).

Cel | 40wertek) waﬁ% P@@P@ad mctmkﬁ(ia@ps A% Byrandyplasto PlOPMSHratPe ST anpl es
0 d h medi
e ORI gt B B0 BOR L by e ed W1 e

Cells treated with control siRNA (Lam n A/ C,- Dharnmacon). 42 WD 2007/016566

PCT/ US2006/ 029944 4. Oel ls. tre with Test si RNA (Dnntl; Dharmacon) The
o owng 11 oFEAMERE mwﬁﬁaimmmm&m NArtehstetonm® Fi G ob

I 1 1ustrat udi & m(ﬁ{y by si RNA. Dnntl was efficiently knocked
down after SI [ T éa OVI ne donor cells for SCNT (FIG 6A, Lane D)
whi l.d5actin 5 expr LI ostls wer traisfeetet] ewith Z00GM GiyridedDmat36-siBNAI n contr ast,

Ut ot PR BN TepmoLoRSs LriBTesea nky BPSIe8 SOVA BB eSABFoxi mat o y 40%
decrease tbﬂ‘o\%. oGl ATERU@SEOEULXEEY (SBQ. ID, NO: 2);
GGAAUGCGCUGGGUACAGU (SEQ. ID. NO: 3); UAAUCUGGCUACCUUCAAU
(SEQ. ID. NO: 4); GCAAAGGUUUAUAUGAGGG (SEQ. ID. NO: 5). The transfection
20  protocol was bptimized in our lab essentially as described by the manufacturer. Briefly, 2
pM siRNA in 1X siRNA buffer was mixed with DharmaFECT transfection reagent with
serum free growth medium (DMEM,; Hyclone, Logan, UT). Prior to transfection, culture

ﬁ

medium was removed from cells that were ~70-80% confluent and transfection reagent
solution was added to cover the surface. Final transfection concentrations were 200 nM
25  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 expenments
included the following Control and Test samples in triplicate:
1. Untreated cells (media alone)
30 2. Mock transfection (no siRNA; DharmaFECT only)
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cells treated with Dnnt 1 siRNA, and the cells were subéequently used for
SCNT. FIG 6C illustrates that knockdown of Dnntl persisted through at | east

the 2 celfoséoressséé anes 10 C-F) when conpared to cont redmu§doasienddh & B),
and bl astocyst devel opnent rates were significantly higher when conpared to

controls (50%jvsp ;}i{N E(?égg{g - Effects of DNA
Met hyl t r ansf eraseg%tﬁ E%?\p ran @E ‘ﬁ Murine Somatic Cell Methylation:
15 NI H3T3 cel K4s Negaﬂvbrcexﬂdlesdﬂéﬂ (ddosdphiiaondtargeting)e Dnnt 3b si RNA  ( Dhar macon

RNA Technol og| e tGSe . Pool ed si RNA sequences are as follows:
GGAAUGCGCUGGGUACAGU (SEQ I D. NGO 3);

UAAWAW GeoleRioh s b AR AURSPERT,y ID. NO5).
The transfection rot 08 ePﬂf/)vas 0 %t?m zed’in ouryl a essen?gal ly as

descr bbed. AQMWhébrmd lR'BBCeret andﬁollmidng thembhsfhéthikrisindtedcioBNAThef f er was

(DVEM " HERER G WA FIGTIA: B oy ey PGP LYEOTesh deteitngd ga M uhims

r enoved }ém% hewh iRFighgBen =40- 80% conf | uent and transfectlon r eagent
sol ution was ad ed to cover the surface. Final transfection concentrations
were 200 nM 2Bssilastiateinid FIG674 Dieaktia& RTIPER aerechled i 1% dewaepsain Dnmi8b2

| ol f 6- | 37C 5%
o1 o HOIA s Bleing o Sredatilin ot oF T ramatra o Mat DRRER R RAA: « of and Teet
sanphes lchmphred@td E6HIRI odlls. lzKHﬂllﬁéﬁ'a%il lﬁeFIGS7B ”HFL@ réveat@)a 5394 dodubfifikin

transfection (no si RNA;, Dhar maFECT \H/) WO 20071016566
PCT1US200stiydsted aytosine m:@él.smuée@gd]w:tb rsntw@s opthpared to ¢opntral  Negat i ve

RNA o PRI 1 R0 e Ry B ol Bomr B SR B e, o anc
RT- PCR kipirand fol | owi ng the manufacturer's instructions). The results are

shown in Fig. 7A; n = 2. Methylation |levels were determ ned via HPLC. The
results are shown in Fig. 7B; n = 3.

15 . EXAMPLE 6 — New Media for DNA Methyltransferase siRNA Transfection in
Human and Murine Somatic Cells:
Additional human and murine Dnmt siRNAs have been purchased from
Dharmacon (Lafayette, CO). Pooled siRNA sequences are as follows:
1, Human Dnmtl: GGAAGAAGAGUUACUAUAA (SEQ. ID. NO: 6);
20 - GAGCGGAGGUGUCCCAAUA (SEQ. ID. NO: 7);
GGACGACCCUGACCUCAAA (SEQ. ID. NO: 8)
GAACGGUGCUCAUGCUUAC (SEQ. ID, NO: 9).
2. Human Dnmt3a: GCACAAGGGUACCUACGGG (SEQ. ID. NO: 10);
- CAAGAGAGCGGCUGGUGUA (SEQ, ID. NO: 11);
25 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);
30 UUUACCACCUGCUGAAUUA (SEQ. ID. NO: 17).
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As illustrated in FIG 7A, real-tine RT-PCR reveal ed a 79% decrease in

Dnm3b nRNA levels relative to cyclophillin b in cells transfected with
Dnnt 3b siVRAIEH16866 conpar ed t o cont roI cells. As illustPGEESR006029944 7B,
HPLC reveal ed a 52% reduction in | ated cytosine in cells transfected

with Dnnt3b si4rRNA MuirmBamil 1-636 GAZKIG UUHQ%@A (SEQaIDrNch&)e t hat

T New MEdi 2 FW@%@%@%M‘?@W&@%@EM@W i eetion in bumn and

Muri ne SOW“@@AASAAQ\@GGAGNGIUUG%SC%;‘H) JROi 76; Dt si RNAs have been

pur chased from Dharnmacon (Lafayette Pool " si RNA sequences are as
foIIows . 1GREHAGGBAG Sé@ ID. NO 6) 20

D. NO 8)
GAA {ﬁ; Y 33 e ACGGG
(SEQ I1D. NO CGAAUUZSGNEARIGGUEIGAGEY - NO 11) 25

GCACUGAAAUGGAAAGCRU SEQ ID. NO._12): GAA UUCUGGAGUGU (SEQ ID. NO

1
13). 3, Human ‘MACACEARCARGBIRETUBERAR. 3 20D, NO. 14) -
ACAAAUGGCUUCA UACCAUCGA (SEQ ID. NO
16); 30 UUUAM&%Gég)@%W 55 VD 2007/ 0(1656QG
Eg;l’/ USZOOG/OZ@HHﬁrotdbolsIWiHHeg)E édmbux B I (YB(AthJSG lES)EQNOID
) 30y R A ARG 1R SR bues 5 Pgve v TG b

O R AT b M gl o BB SRR R B, 10 N

Prior to transfection, culture medium will be removed from cells that are ~70-80%

confluent and transfection reagent solution will be added to cover the surface. Final
transfection concentrations are 200 nM siRNA and 0.6% DharmaFECT transfection
15 reagentina 2 ml total volume per well of 6-well plates.

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

20 - 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; .

25 ' Knocking down MTHFR and/or Cbs using interfefing 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:

30 Human MTHFR: AGUGAGAGCUCCAAAGAUA (SEQ. ID. NO: 26);

45




CAAGCGACUUUAUGAGGEU (SEQ ID. NO, 25). Al protocols will be opti m' zed in
our | ab essent i al I% as described by the 10 manufacturer. Briefl tM
siRNA in % uffer is mxed WI th Dhar maFECT t r anBEEAS2 0?98é‘bent with

serum free growth medi um QE/} I—% one, . Prior to transfection,
cul ture medi urPAAGU (BéGILgﬁtgG GA H\AC@E%HP 9 37)é 70-80% confluent and
transfection reagenia RBWHHGRCH I‘E%%Rgﬁﬁgdgfd\]ﬁ ver the surface. Final

an

transfection concen rations are 0. 6% Dhar maFECT

transfection G@AAQ}IQQUCUWGAA@UCUC(SEQ m»lmezg;er wel | of 6-well plates.
Cells wll be |ncubated at. 37C in 5% CO2 | experiments

will include Hypag g $0W@@%%GAQAMWA&§EQ IQJ{'NQZ&Q)ed cell's, nock
~ transfsection (CE‘QCé CU%@FE%@ %)I 3t1 Vve control siRNA

(CyC|OphI||In hegailve con so hila non-targeting), and
test si RNA ZGE(RAGJGGUGE}LR}GRGRAGUG(EEQJHBCNO%Z)pnf| rm gene knockdown. HPLC

New hedi szﬂaté&ﬁgiiiﬁﬁmﬁ&%dﬁ&méxﬁs' N i nerfering RuA

Technol ogy; 254 GRUNA g RNA

t echnol ogy re?& | d‘gcrease‘gﬁég@% rati o}% @E&xbrrettﬁ?}ltgt I on.

Appropri ate sKRI&ﬁGAakACCWﬂ(&@HM&AI@EQCDNQ Ihar macon RNA t echnol ogi es,
Lafaytte ording to manufacturer's

i nst 1l ctlons Cp@@?\@ﬁ%&f@ﬁ@%@@%ﬁ%&?&mes are as follows: 30
Human MIHFR: Q&gﬁ ;45 WD 2007/ 016566
PCTI US2006/ 029 )  27);
GACCAAAGAGJUAMWCbﬁEQCNMCNGCCZB&UGA«I@TAGQSEQJM@GBW (SEQ I1D. NO

CACCACG0 G SRABA G ECUGTACARTE ISEQ BRI R Carcancus (SEQ 1D, No

32); CCAGMGAGEEXABAYGEERACGEBANSEQSD. NO: 40),
15 CAACCCUUUGGCACACUA (SEQ. ID. NO: 41).
Positive and negative siRNAs are purchased from Dharmacon and used directly in

transfections. » A
All protocols are optimized essentially as described by the manufacturer. Briefly,
2 uM siRNA in 1X siRNA buffer is mixed with DharmaFECT transfection reagent with

20 serum free growth medium (DMEM,; Hyclone, Logan, UT). Prior to transfection, culture
medium is removed from cells that are ~70-80% confluent 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. ‘

25 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

30 measure relative cytosine methylation levels,
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Murine MITHFR OGCCAUGGCUACAGAGUAA (SEQ 1D NO 34); GCGGAAACCAGCCUGAUGA
(SEQ ID._NO 35): 10 CAGAAGGCCUACCUCGAAU (SEQ ID. NO 36);
CAUACGAGCYR2eRIE16368, (SEQ ID. NO 37). Murine Cbs: GCAAR@E@@@QN@K&&GGJG(SEQ
ID. NO 38); GCAAAGUCCUCUACAAGCA (SEQ ID. NO 39); GAUCGAAGAUGCUGAGCGA
(SEQ ID. NO 40); 15 CAACCCUUUGGCACACUA (SEQ ID. NO 41). Positive and

negative si ch con 2 di rect i

transfecti owm&fﬁ%? 0 %‘gﬁgpigq%%ﬂﬁlcﬁ%dﬁgﬁgﬁfﬁéﬁrﬂ?géostglﬁgg(éﬁs%g% by the

manuf act LmﬁrActﬁit'?Q,Em\]MTz MsiRNA in 1X siRNA buffer is mxed with

Dhar maFECT transtection reagent, with 20 serumfree growh nmedi um f DVEM
®d from

Hycl one, Logarincigsyingthe wanscaiptipRprptein expyession ang ectivity ofGINMT

cellsesth o/ ) e .ect i i | ution.i s added
Co cover pba AN SATLI Y A hEAORHER. 1A FERES Lo BBhoRpt o7
and 0. 6% dongronads; CktifatBalobstiul esnthatdage Simildr effedtsts ATRA! su¢hlab ifer@singnel | of
6- well plates. 25 Cells are incubated at 37Cin 5% C02 for 24-48 hours. Al

exper i merfeMJ petivitys @nd/es deereasing PAM:SQIEmtM es in triplicate: untreated

cells, nock tr ' ' : ; rtlve nt r ol

si RNA (cycl oph%%ﬁ%??&%ggPﬁéwé%? %@Ww@g&r gzé%hl agﬁlcl)on- argeting),
and t est BNRNAethibaiont iThe mhEdid3Ge custons dekigred aad ideficientdn @onk oomioskomethyHPLC i s
used to O nmeasure relagtive . c tosin?, methyl ation |evels. 46 1?4 WO -
2007/161 ssigmorscer cornRymgs (e betatneamhaline sV tamia BavAlania B2 and aneibignise  he
Transcri pfliap L el . | 3 LW f s odner | t he
transcriptl on?ﬂﬁ%’[ (gljf ﬁa@gérgg%li%ﬁloauﬁtg%g@ﬁhbﬁs;d% ob%g%{slél}ﬁtog‘%ga?%

decr eas edn&hj doAbry/ciehzy meschndidA inve¢dssd Iayele of hothocysteineo | Tefoimisationsiaeat i on of

eF oas ngsed on Aytones 1630 medium (Byclons, Logas, UT) with modificafions a8 shown | -

in Table 5:
15
Table 5
Experimental Medium  Control Medium
Component: - - g/L ' g/L
20 : ‘
Medium 1:  Betaine 0 0.03
Medium 2:  Choline 0 0.03
Medium 3:  Vitamin Bg 0 0.000005
Medium 4:  Vitamin Bj; 0 0.000005
25 Medium5:  Methionine 0 0.15
0 0.03

Medium 6:  Folate

EXAMPLE 9 - Media that Increase Levels of Homocysteine in Vitro;
Inéreasing levéls of homocysteine ir vitro results in decreased SAM:SAH ratio
30 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:

35
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GNMTI activity, and/or decreasing SAM SAH rati o. Depleting nethyl- donors in
vitro results in decreased SAM SAH rati o and DNA nethyl ation. The nedi as
are cust oWPHELYYHWE and deficient in one or nore met hyl PCTEISAINO299440r
coenzynes (folate, betaine, choline, Vitamn B6, Vitamin B 12 and net hi oni ne
and/ or others); or, have increased afiable6s of honocystei ne; or conbinations

of deficient nethyl donors/ |ncrease vel s of
honocyst ej ne. The formul atio I’%‘{"r1 enB‘a@S&/ ﬁMfEWB‘ medi um ( Hydl one,
Logan, U‘éon\‘IRWPP thodi fications as ewn in TabI e 5 158 abl e 5 Experi nment al
Medi um Control Medium Conponent: g/L g/L 20 Medium 1: Betaine 0 0,03
Medi um 2:Mehahitne FHon@Fsteitedi um 3,0625t anin B6 0 0. 000005 Medium 4: Vitamn
B12 0 0. 0dé&iiih 725 Nesdatem 5:  Met hionine 0 0,15 Medi u@3 Folate 0 0.03
EXAMPLE 9 - Medi a Huphodysefease Lewes of Honocysteing in Vitro: |ncreasing
| evel s ofMém@ystq;aﬁnén vitro regsults in decreased g4t SAH ratio 30 and
DNA met hyl at1 on. "W‘?E fedl © Cly6d g1 desi gned to coptain I ncreased anounts
no [ nat i ons f def i ci ent et hyl nor s/ coenzynes
and/ § W‘%@é@d I?/Og of hormc 3@5 The for rul %chlaons are based on
ons a
USZ

HyC one' 640 Mo di f i s shown in ble 6: 35 47 WO

2007/ 016 44 TaQ e 6 Exper| ment al I\/tgcﬂ m Control Medium
Conponent ; edg ?/ |_Homocyste1ne 0.0625
1 Vitamin B2 0 0_03

15 Homocysteine 0.0625 0

Culturiﬁg cells in defined media having reduced or depleted levels of a specific
methy! donor, or multiple methyl donors, or containing increased levels of homocysteine,
or increased levels of homocysteine in combination with reduced or depleted levels of a
20 speciﬁc' methyl donor, or methyl donors, results in decreased 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-
25  based assay (and/or other assays described below) are developed to identify inducers (and
suppressors) of GNMT expression by induction of GNMT transcription,
- p-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 drdgs, molecules and extracts that
30  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 eﬁergy
35  transfer (FRET)-based substrate (CCF2-AM) that provides viable cell staining,
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5 Medi um 6: Honocysteine 0.0625 0 Medium 7: Folate 0 0.03 Honocysteine
0.0625 0 Medium 8: Betaine 0 0.03 Honocysteine 0.0625 0 10 Medi um 9:

Chol i ne OWE@.2087/016f8¢pcyst ei ne 0. 0625 0 Medi um 10: Vit am RCBAISA006/029944
‘Honmocysteine 0.0625 0 Medium 11: Vitamin B12 0 0.03 15 Honocystei ne 0.0625
0 Cul t ur compatibility with fedrescencerastivatedicall sogting; dativexttric reddputaetan evel s of a

evel s of oM BieERRR for g hknidind feaihe: ER0RRa R G A0S R nat ' on

Wi th redugpghaé/grteR ififebd Qetb %&igs&cgngRETi, %&%ﬁ%@%’%’fﬁy@é’wa sﬁ?sﬂ%&?\//:a e

donors, results i n decreased SAM SAH rati o an ation.
10 - Hi ghnpleculegBheicellparmpahle CGF2aAMiconsistsof 3 fluofaphbress7-hidroxysoumeasis e

expresgi on and/ oy, t.ivate MT.. are likely to down regul ate DNA
net hyltra 4)@?053%51“&{181? e@u%%epagglﬂ%ﬂhnr?@f%yl ation levels. A Vlactanmase- 25

based assay (aEﬁéifatioﬁbPGéuxﬁﬁﬁaﬁaﬁmg%ﬁ?fekxhﬁqnWJECIW))tﬁéﬁu&‘éy&hpﬂ?ﬁ%&r i dentify

I nducers (and suppressors) of GNMI expression by iInduction o

t ranscri pwhish emitsgreenrfiuosesgennglight #/\530 moy cfilactamase steaves e Pelacpmcel | based

assays that.can.be .use L dent | fy,.dr | ecul.es and,extracts that

I nduce omtﬁw%?gﬂm{qﬁp%rbﬁorepﬁ@em ‘é@%"ﬁ’ﬁ%ﬂe%ﬁﬁ%? ﬁ“& at hway and
to identi §dpaﬁtd&$0mﬂiﬁr@5,3%saﬁin§ﬁﬂFREITcﬁﬁﬁﬁtidd?at 30 induce redifferentiation
of in vitro restored pluri- and nultipotent cell lines. The initial

obj ect@ve is tExcitatienopthe cells pt 403gurirasulésnin blusfluareseencs amission by screen f or

i 9° g0 oyt o8Ot SR e Rbech B OHIE GRS B B8 ofts M RASRETE
syst em bages greento Biweflwsreschat oetia Mhub, duging FAOR dalysiooels satheliffeient 35

transfer (FRET)-based substrate fCCFZ-AI\/p t hat provides viable cell
st ai ni ng, emigsion characteristics can be collected. :

A 1.8 kb DNA fragment that contains the 5° yupst,ream region of human GNMT is
15  PCR amplified from genomic DNA. The primers used are:
Pr4564: 5’-GGGGTACCAGCATCTT-3’ (SEQ. ID. NO: 42) and
Pr6391: 5°-GCGAGATCTCCTGCGCCGCGCCTGGCT-3’ (SEQ. ID. NO: 43).
PCR conditions are as follows: 1.5 mM MgCl,, 200 nm primers, 35 cycles
consisting of an annealing step at 60°C for 1 min, extension at 72°C for 2 min and 35
20  cycles.
| After amplification, SDS and EDTA are added to 0.1% and 5 mM, respectively,
DNA is precipitated with 2.5 M ammonium acefate and 70% ethanol. The fragment is
digested with KpnlI and BglII and the fragment isolated by elution from agarose after gel
electrophoresis. The fragment is ligated into vector p7-blaM carrying the p-lactamase M
25 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-0, medium with 10% charcoal-treated
serum, pen/strep and 10 mM HEPES buffer.
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1 WD 2007/ 016566 PCT/ 1JS2006/ 029944 conpatibility with
fluorescence-activated cell sorting, rationetric read-out and an optim zed
pl at f or mWOr200%a36566 hr oughput screeni ng. Excitation of CEFR/US20040B4 results
in a blue/green em ssion due to the absence of FRET, respectively, in the
CCF2 subst r at eClongs withilosv BHactameded expmssiembﬂeeseﬁ@ﬁd bPRACS anadysis. CkllQare

cor e ExcPERIA A0 YEOHEPIE ih B & Sporiarert ﬁs‘a&‘cﬁa&mp@ﬁﬂ S escorn
moi ety, ol t?éﬂéd%‘ﬁﬂ\&%ﬁ 164&&%?&5&%6@%%?1%6165%911 6%@?31@%9 cl eaves

the (3-lactam noi et hin the ce osporin coreo AM substrate
mol ecul e GENEBWE&@hmeg',fcbmpemmhlﬂje@‘RE'IFMed Suhs’gauerQCQRE-T&M) Buthption. 10

Excitatio 5 m results in blue fluorescence em ssion by
couma &ﬁlﬂ”é‘% lffg'{al“ﬂgg%’ﬁ}rgmﬁ’he presence of f3-lactammse in the cells
causes a Cha”@ellsfaE@HArgéﬁﬁf‘b}I &nﬁ’ifd@atfo‘n‘bﬁ&?ésﬁ%dé@ nl FACS Buffer aﬁ‘ﬂ'ié datheFACS

analysis cells with different . em Ssion characteristics can collected. A
1.8 kb Di&llfconepmiration. iCells erprsosied usinge Bsttoniickenaon FA@Sm:pkus cdhml' GNMT is

R ootk e R Rt
5 GCGAG“@IGE[ FRSpSHITE Fieei flurdesdenbhide cb@ectéﬁntd@é—well?ﬁ?e%%ﬂuh@ns are as

follows: 1.5 conSistin f

mM Myl 2, 200 ran prinmers,
annedll; nggrgwﬁpmedla B0t 209re/m! #eorin axd gwindo aé%/mlmdi fapulagioniofi6 acri@635 20

Y pect i vibg® oltlRpgsiscé slef o imabiRly SHES ARG BAEATRAY Scot ato and 0%
ethanol . The fprigeRPérithénts BaveaiehRmstrdtéds Jﬁib@'res?aﬂseﬁﬁ‘l}ﬁﬂ\@@ads tfonagment

isolated by elution from agarose after gel ectrophoresis e fragnent is
li gat ed iAtRAvdbistesnonseisaved as erjterayfor nsucrgssialassaya Spenifieally; 6uiassgy dequence

L1 pot bot SAEHECERs St R on. 5 I HRRGIHTE dbRi Sa by el w00 W o

Vect a5 wi ATIRAtand icosfiinied ty fetleiaé PCRe ClagesaviftegnATRA dnéiblel p-ladtaatke cell s
are selected by resistance to Zeocin. Cells are grown in phenol-red free

MEM a mediXgressipn areidentifiedaad ased for firther deyslapmenben/ strep and 10 mM HEPES
buf fer.

It is also within the scope of the present invention to utilize assays with similar
applications using other reporter genes such as luceriferase, beta-galactosidase, or others.

It is understood that the invention is not confined to the particular construction
20  and arrangement of parts herein illustrated and described, but embraces such modified

forms thereof as come within the scope of the claims following the Bibliogtaphy.
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twi ce w tWORMIDIBHf er [ phosphat e- buf fered sal i ne (PBS) PCEAS2006/829944
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(Nat. Cenet. 2003 33:61-65) 59 CLAIMS What is clained is: 1. A nethod for
cel lul ar reprogramm ng conprising: (a) decreasing

S- adenosyl net hi one-t o- S- adenosyl homogyapgne ratio (SAMto-SAH ratio) in a
eukaryotic cell having a first phenotype; (b) conparing the first phenotype
to a phenotype of the cell obtained after step (a); and (c) selecting the
cell from st (b),.wherein differentiation potential has been restored to
the cell. 2.&%653%’(%3& claim1, further conprising: reducing |evels of
5- nmethylcytosine in DNA within the eukaryotic cell prior to step (b). 3.
The met hod of claim2, wherein decreasing S-adenosyhnet hi oni ne-

t 0- adenosyl honocyist ei nenretioddoneedlutae eeprogramimngeéanmrising: met hyl cyt osi ne i n DNA
are perforned si mhl t aneousl.y. _4. The, nethod o | ai m 2, wher.ein reducing

f
| evel s of 5- net K3 cyrdssieating ﬁ-aéfaseSw?ﬁshlpgfego-%é@}qsy@amoym%ﬁo%@si ng

expression, I YAt : L . | g1 ( !gélA nmet hyl t ransf er ases
wi thin the e(ﬁﬁg‘;dot%y %{elﬂ ﬁ%&ﬁgﬁﬁgéﬂ%ﬁgdﬁsg% %t wher ei n reduci ng
| evel s of. 5- nety) cytconiparng the@Mxk phemqtypestes phenotypé ofthe cblbobtalnedwi t h a DNA

met hyl transf?_t%gse ias'hi itor. 6. The nethod of claim4, wherein reducing
| evel s of 5-2TERHER( ine in DNA conprises contacting the cell with a

suppr essi on- ef f eggavgﬁgﬁwc bl ﬁgﬁl{@éﬂs%%ﬁéiﬁ HiffertlB0R Bsifeﬁ%aci d

(si RNA) di nensi o I gure 0 press expression o

met hyl t r ansthas besngestdred Théheneetlhod of claim 1, wherein step (a) conprises
contacting the cell wth a si RNA selected fromthe group consisting of SEQ
ID. NOS: 1-41. 60 8. The nethod of claiml1l, wherein step (a) conprises

i ncreasing 2. The method of claim 1, further comprising: reducing levels of 5-

methylcytosine in DNA within the eukaryotic cell prior to step (b).

3. The method of claim 2, wherein decreasing S-adenosylmethionine-
to-adenosylhomocysteine ratio and reducing levels of 5-methylcytosine in DNA

are performed simultaneously,

4. The method of claim 2, wherein reducing levels of 5-
methylcytosine in DNA comprises specifically suppressing expression, activity, or
expression and activity of DNA methyltransferases within the eukaryotic cell.

5. The method of claim 4, wherein reducing levels of 5-
methylcytosine in DNA comprises contacting the cell with a DNA

methylransferase inhibitor.

6. The method of claim 4, wherein reducing levels of 5-
methylcytosine in DNA comprises contacting the cell with a suppression-effective
amount of a small-interfering ribonucleic acid (siRNA) dimensioned and

configured to suppress expression of DNA methyltransferases.

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.
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expression, activity, or both expression and activity of glycine-Nnethyl
transferase within the eukaryotic cell. 9. The nmethod of claim$, wherein
step (a) conprises contacting the cell with an anobunt of a retinoic acid
effective to increase i i X[ s and activity
of gl ycine- N net r§§| trlglﬁ%%?(zds@\}mm fwﬁc egn(s:e aﬂ%%)@n%?gharréﬁg%% of claiml1,
wher ei n t he eSpiebdion, Sétivitya br bothsaxpndmreashnttlvmy of dlycineNegwthyl1. The net hod of
claim1l, whereinh the, Ei“gﬁ‘to SAH rat o is decreased to 0.5 or less. 12. The
met hod of clUgPfFrpse fi ’tﬂf?éy%ﬁm-e 0-SAH ratio is decreased to 1.00 or

| ess, 13. A nethod for cellular reprogrammng conprising: (a) specifically
suppressi ng expression, activity, or expression and activity of DNA

met hyl transferasés wi tTﬂiemeihcghdxfaul@mIS ovheedin sthp (d) cgmprisésrntacimgtbet ype; and

si nmul taneousl &) i ncreas expr essi act.i vi t or hoth expression and
activity of |‘~§ MRS ﬂp?laﬁglﬁeﬁf%g%thlwsys (FEPIESSICH PRI BRI | ; ()
conparing t ned after
steps (a) a%ﬂ“bgl SIBE%‘?%) ﬁgﬁﬁﬁgﬁ%@fllﬂ%ﬁ%ﬁgg%ﬁ%@)@%a&herel n

differentiation potenti al has been restored to the cell. 14. The nethod of
claim 13, wherein,.step.(a) conprises cqntacti t he lI.with a

suppr essi on- effegpi ve&égﬁﬁm]g cg‘}){!? ]Rﬂ’zl ﬁéﬁgﬁgﬂwg&s&ﬁgr@&fﬁ gured to
suppress expe&esdedto 0f1 JAMset hyl transferases. 15. The nethod of claim 13,

wherein step (a) conprises contacting the cell with a suppression-effective
amount of a si RNA di nensioned.and configured 61 to suppress to reduce

5-nmet hyl at ed cytQqsines.in in the cell . bout, 5% 16. The
met hod of cl ai m.clii', @%‘g&l"(@)l ﬁ’sgf‘% }tﬁﬁﬁﬂoﬂﬁe cell with an

amount of agegbiddk§03Yrdessf fective to increase expression, activity, or

12.  The method of claim 1, wherein the SAM-to-SAH ratio is

decreased to 1.00 or less.

13, A method for cellular reprogramming comprising:

(a) specifically suppressing expression, activity, or expression and
activity of DNA methyltransferases within a eukaryotic cell having a first
phenotype; and simultaneously

(b) increasing expression, activity, or both expression and activity of
glycine-N-methy] transferase within the eukaryotic cell;

(c)  comparing the first phenotype to a phenotype of the cell obtained
after steps (2) and (b); and

(d)  selecting the cell from step (c) wherein differentiation potential

has been restored to the cell.
14.  The method of claim 13, wherein step (a) comprises contacting the
cell with a suppression-effective amount of a siRNA dimensioned and configured

to suppress expression of DNA methyltransferases.

15.  The method of claim 13, wherein step (a) comprises contacting the

cell with a suppression-effective amount of a siRNA dimensioned and configured
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bot h expression and activity of glycine-N-nethyl transferase within the
cell. 17. The nethod of claim 16, wherein step (b) conprises contacting the
cell with all-trans retinoic acid. 18. The nethod of claim 16, wherein step
(b) conpri sews sappresaad ir¢tince Sanethylbied biobings IMAMIAUA the deltbyhit lehst #boust | Noi C

~acid receptor, 19. The nmethod of claim13, further conprising,

si mul taneousﬁ%’ WwWth steps (a) and (b): specifically suppressing within the
cell expression, activity, or expression and activity of an enzyne sel ected
fromthe group consisting of 5, 10- methyl enetetrahydrofol ate reductase and
cyst at hi one- bet a-kynt HEtsanetR6d ofl¢laim1e3, Ivdwtreit step fb)roohiprisesgmntaeting tieont act i ng
the cell with_a B siRNA selected fro tgqe group consisting of SEQ ID. NOCS:
1-41. 21. A SeHovithan ey e @r%@r)mcgref clivetodnerease eéﬁreaﬁ%rﬂcrlwty,@anpn si ng:
(a) contacti Vatyi itrowith an
anount of a si & gr%PﬁEtlﬁgjéf%h Igetkgg%ncs)%g%@ gﬁlggﬁr?ﬁegured to
suppress expressi on of DNA net hylt ransferases specifically, provided that
the si RNA does not suppre ression of glycine-Nnethyl transferase, and
wherein the amouhtt is %‘&"&9& lpign |G aheeeiny 8B AR)-cprmppaisesngoninstBe M at i on,
wherein cel]l.ul n potential is increased; (b) comparing the
first phenoté)%igéi Ql{r&lﬁréﬁﬁél@g&lgf the cell obtained after step (a); and (c)
selecting the cell from step (b), wherein differentiation potential has

been restored to the ¢ Th hod of ¢laim21, wherein the
eukaryotic cel | ik selﬁ?t‘@%‘g°419 ‘ﬂ?‘f‘hﬁs g\ﬁlﬁ %ﬂé@#ﬁ?&sﬁ?c%‘f@ﬂ?%a?el s,

~ progenitor Cc%# ﬂ‘(f\ﬁ“m%‘}‘ﬁldmt}’?ds?'}gﬂmé ddred cted to somatic cel |

nucl ear trans he met hod o ‘aim 21, conprising
contacting the cell with a siRNA that is di rrenS| oned and configured to

suppress specifi cal l'y e essi.on a DNA net hyl transferase_ sel ected
fromthe group cotsi st—hﬁ @gﬁﬁal%%%%“ﬁ%ﬁgm@9§§é simy “SIX Witha
nmet hyl t ransfs@gpgig a8 ((,an 3a), and DNA .
specifically suppressing within the cell expression, activity, or expression
and activity of an enzyme selected from the group consisting of 5, 10-

methylenetetrahydrofolate reductase and cystathione-beta-synthase.

20.  The method of claim 13 comprising contacting the cell with a
siRNA selected from the group consisting of SEQ. ID. NOS; 1-41.

21. A method to change cellular differentiation potential comprising:

(@) contactirig a eukaryotic cell having a first phenotype in vitro with
an amount of a siRNA, wherein the siRNA is dimensioned and configured to
suppress expression of DNA methyltransferases specifically, provided that the
siRNA does not suppress expression of glycine-N-methyl transferase, and wherein
the amount is effective to induce genome-wide DNA demethylation, wherein
cellular differentiation potential is increased;

(®) comparing the first phenotype to a phenotype of the cell obtained
after step (a); and

' (c)  selecting the cell from step (b), wherein differentiation potential

has been restored to the cell.
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met hyl transferase 3b (Dnnt 3b). 24. The nethod of claim 21, further
conprising contacting the cell wth an anpbunt of a.conpound effective to

i ncrease expression of, activity of, or both expression of and activity of,
gl yci ne-N-net hyl 2or ansfiiasRed éfclaifd®1, Weh@el tefeukhibiit d isGORBEd ST NY
contacting the cell with retinoic acid. 26, The néthod of claim 24,

conpri si ng dioom ghetgrogp consisting bf stemieels, progenitercellstsomatie cells, and &tls The met hod
of claim 24, conprising.contacting th | wWwith a conposition conprising,

i n conbi nat isb‘ﬁ’,eggﬂéo S c&hd’“ﬁkﬁﬁ%ﬁﬁtt"?ﬁg& c acid. 28. A method to

i ncrease differentiation potential in a differentiated cell, the nethod
conprising contacting a differentiated cell, in vitro, with a conposition :
conprising, in cd3binakheanethed of dairndls kamprisiag teracting thererlhwitbs a |

smal I -interfegty ri.bgnucl ei c. acj d Si RNA) .- wherei n.t he .si RNA .S

di mensi oned S‘i‘%?‘%&%ﬂf %59%1810{18“ gqﬁpﬁypfg%gregg&%ﬁpggegﬁ S%ecgqcamerﬁi?wflf’?ansf erases
speci i cal | %if (BN riethfiaahisforas icoreatfione thedurouponkfstifg 6F BNA di mensi oned and
configured to suppress expression of enzynme sel ected fromthe group

an
consi sti ng dnetByltransferasenl, (Idnrat by PAKY methylitansierase da (Rnmt da)asnd DNA
cyst at hi one-b -synt hase: (an hii) a conpound effective to increase
~expression cffl&hglg %?W%q(]ﬁggt%’g‘t h expression of and activity of, glycine-
N-net hyl transferase, 63 wherein the cell is contacted with the conposition
for a tine effective to induce gfe.norre-wi de DNA denethylation within the
cel |, whereby cel24ul arThedngthed efralainn 2 1o furgher epmprising eontadingdbeeeell 29, The

Corpri si ng_ At kAo FROYp cSpruRieHsaRle QutrerRutordt o Ry | "
speci fi cal | yootthexpeestioof afid adfvity oy did-Nytthahsdefease, sel ect_ed fromthe

group consisting of DNA nethyltransferase 1 (Dnnt 1), DNA
nmet hyl transferase.3a (Dnnt 3a), and DNA nethyltransferase 3b (Dmt 3b). 30.

The method of cl ajsm 28y, MIGHE] 8t dillfh £ WBRABAARE G, thd Sell with

retinoic acid.

26, The method of claim 24, comprising contacting the cell with all-

trans retinoic acid.

27.  The method of claim 24, comprising contacting the cell with a

composition comprising, in combination, the siRNA and all-trans retinoic acid.

28. A method to increase differentiation poténtial in a differentiated
cell, the method comprising contacting a differentiated cell, in vitro, with a -
composition comprising, in combination:

(i) aknockdown-effective amount of a small-interfering ribonucleic acid
(siRNA), wherein the siRNA is dimensioned and configured to suppress
expression of DNA methyltransferases specifically; (ii) a knockdown-effective
amount of a siRNA dimensioned and configured to suppress expression of an
enzyme selected from the group consisting of 5, 10-methylenetetrahydrofolate
reductase and cystathione-beta-synthase; and (iii) a compound effective to
increase expression of, activity of, or both expression of and activity of, glycine-

N-methyl transferase,
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i ncrease expression of, activity of, or both expression of and activity of,
glycine- N-nethyl transferase, is retinoic acid. 31. The nethod of claim 28,
wherein the conpound effective to increase expression of, activity of, or

bot h expressi on afhepsifl ticdelMb Eontated @itl eHetompdsifioh o a fiha Bfé&v@se, i S
all-trans retinoic acid. 32. The nethod .of claim?28 conprising contacting
the cel | wi tinduse genqmgxvids RNAedemethylationewithia the eslnwherebyigelflarsEQ | D, NOS;

1-41. 64 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).

30.  The method of claim 28, wherein the compound effective to
increase expression of, activity of, or both expression of and activity of, glycine-

NQmethyl transferase, is retinoic acid.
31.  The method of claim 28, wherein the compound effective to
increase expression of, activity of, or both expression of and activity of, glycine-

N-methyl transferase, is all-trans retinoic acid.

32.  The method of claim 28, comprising contacting the cell with a
siRNA selected from the group consisting of SEQ. ID. NOS: 1-41.
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