METHODS FOR REJUVENATI NG CELLS I'N VI TRO AND I N VI VO
BACKGROUND Technical Field [0001] This invention is
wo edoanerdted o met hods of rejuvenating cells and POTYER2006/040723

clinical and veterinary uses of these rejuvenated

cel METRODSTFOR REFUMENABING CEL.ISENTWIBROAND IN VIVO

rejuvenating sonmatic cells to becone pluripotent or

mul ti potent enbryonic stemor stemlike cells. The

rejuvenati ng nmethod can al so be applied to mamual i an

organs and bodi es. Background Art [0002] Aging is an
BACKGROUNID| e process of |ife. Aging is a syndrone of

changes that are del eterious, progressive, universal
TechnigpyFiclhs far irreversible. Cellular aging is
[0001§ £ FAS GRIGRAEH SYHBE f BRHERS of MEvonlf bl A Rl clinical and
veteriharg usasso Mideseorshozhated cellyrbad anee padiculailydo essleatlsrdfgkjuvenating

of djsease. Thus, aging itself may be.regarded as.a
somatipell e et Bl ibofi of sniipoient GHATTO oot Ot gls. The
i i iedftb f A% 08 bodie§03]
BRI o S8 i SR A B ans o000
operating throughout the |ife span of the subject,

dependi ng on changes in gene expression that affect
BaCkgrﬂE“d;‘s’gtenB responsi bl e for mai ntenance, repair and

[0oo29ef apsy feaPRRsRble PHcBS éiSlifes SAShatied whirdntehef changes that are
Shortening of teloneres in the process of DNA ]
deleteriops, i nregressived univigtpak and thyp farsioswersiklg. nGellwlanaging dy ghaggpterized
lat | Tt ad a ' . .
by o YoM By, TR Oy L5 8 S, nrsing
homebsétaicisjbatancs,i e ingedsyd tisle of diaghise.clais, adiyg fsdlmay be regarded as a

radi ation, cross-linking agents, etc. [0004] A n I
"disease pg@?ﬁéﬁ"pamdhwlsa%awiaggé r?%i BRRee 9 @&PCF%“? %dﬂ icﬁﬁ‘? Hssues and
organg 0CEsS. One of these pathways involves the gene Sir?2,

an NAD+- dependent hi stone deacetyl ase. Extra copies of
[00033i r 2Celhdarcaiabisaegilated by bitlegjcal lebocks bperptimg Biroughpht the life span

o B o e BB SRS P8 Ao
for mBinkdmAR&, rESidMRBdefeid refRnbar khgiag if asdociatedl with the shortening of

transcription factors. Superoxide disnmutase, a protein
telomefeatin ghaoprasess efgaNAsreplipasioarqusingcedl; dikisione hdE i pecelerated by

B
carboh@dveies andvipids® rtot fsaes by cianialimlsn| glpcations radiationy weoss-linking

since there are obvious differences in biology and
agentpitiophysi ol ogy bet ween humans and nodel

r g?ﬂ‘lugm% bP ORI pafitfiyd tiald Beén Ydentifib® inldd récess. One of these
[Oooﬁeduce ert ﬁgagipr?g. I%/gcause gf agi ng, col ftgié“’géeﬁn and )
pathways involves the gene Sir2, an NAD+-dependent histone deacetylase. Extra copies of

Sir2 are capable of extending the lifespan of both worms and flies. The human analogue
SIRT1 protein has been demonstrated to deacetylate p53, Ku70, specific histone residues, and
the forkhead family of transcription factors. Superoxide dismutase, a protein that protects
against the effects of mitochondrial free radicals, can extend yeast lifespan in stationary phase
when it is overexpressed. It is not known, however, whether these mechanisms also-exist in
humans since there are obvious differences in biology and pathophysiology between humans

and model organisms.



el astin in tendons and |iganents becone | ess resilient
and nore fragnented, particularly due to glycation
W@ e0008%776¢ nki ng of proteins by sugar). Arti cul BET/US2006/040723
cartil age becones frayed and the synovial fluid
[0005P€t ¥RE GualRy BF HfOAGANGSs rdduced Hith- aghRC Bebusk bf aging, collagen and
Circulatory function contributes to this process.”
elastirCoil feadpns aad digemants bacamne lese resdient andkmpse fagmented, particularly due

o e AR TG0 0h) S S
synovitl fiufd Pettvedtl @it bsdomedtTilifind? OVetiRte ihwidcalatddl F@hdtidd contributes

The epiderms thins with age, |eading to winkles. .
to thippracesss Eallagearand; edastipyalspreass-lipka ki, Jesudidag in a loss of elasticity.
il a | | l.s: .
he LAY Skl R 15 o AE DL TR AROUESCER it
whichpkevides) "watsppioafiag " Wihd dpidermisothinge Iveith agasdeading to wrinkles.
functioning, hair turns white. Partial,reduction of
Decreggada seesHan oYn&Wedn gloads, psrepsos pplperahiLy &Bpiﬁ‘%@ts sigpkey. When
o . i " i 4 )
el NGRS, 08RG AL REPR RS ) Mot it
hair f$llicles ecasspionstioning, deir tofnstwisid. bPaitiplredictidneopmetasperge function

s PRG35 e b BRSSPSR n i e

of broMHisH spbRUAGRS balk! o fENGHRAMS ('8Rer %@% r Bdds O flRRBilith @S the proteins
the capacity to performwork. [0006] Animal cells can

collagen andaglastini indthasluge resudts| in degsselastio wpoibg gy entiation becomes more

. 1.5, and _so i I i.ffer f.e L onl
i, OGS UL o AL B AR PR work
[0006¢ e aggnithMietls 64n brediadsefiddg\peracils (speennydge), Glent tellst ammf somatic

50 divisions (Hayflick L, Morhead P p Cell, K Res
cells gdjffqrentiafed; danciioning kodyneedle). |Embryprip f?éﬁ;lés‘%ﬁ’a tissue culture cease
dividil;ag PaRL ﬂle%% h thPAGFicK Blith® of 30 W iflo (EL Mbbdad PS Exp
t&8lonerase that replaces lost teloneres, "thus
Cell Ruselgsins 251583-621) Geomcelp estane nelisnandt Timnidatplized’ lcahéaricells contain

i 0,
o AR SRS S5 R S EPP L ALY T G e o
expericn8ig Ghé MagaRk(DikER T RithP BerlfNCells® BRI AbSrokirBately 85% of cancer
s

uffrcient "'to create new telomeres. Defects in
cells, gheognzime huogn TidamermseRieverse hrans¢riniase ShTERID o ap RNA template
SQ ad c [ I ) | . et
e <55QnL GG AOLEPARE, 1AL bhofpE T ARISE g comere
functio AAGINORAS té RHteERGomy ifsthlsiltyl Mel Sincess Telofask dpression also
somatic cells that have been_ transfected with a
makes eqlisTaere £esishat to pROPSSISINALSH LY oidalive pEiSEse expr ess

| | i hi . ]
[000 gugilﬁlﬁ{]ag§8%g§yo8 stq étihr%vﬁg%ﬁqzr%n‘éféct%&vﬂﬂpé%%&sg 'ﬂl:anscrlgte%s% subunit

n Limt and conti nue
of telembiiabd éxpmess relbmetasal Suth calislextobitedf 201 papeldtiohaloublings beyond their

appear.ance and activjty. Such results cr e
Hayf R i naperiae pbliaarah heibsnd ytRlh feflgspappearance and
activily. SR SedB¥s rehf ArdlistieREhel thef fl¥ertdidh T youeH il SUIHE ASsues by a
t'he expression of native telonerase in somatic cells

form of gentdtbergpy) dhet eithaxtinducas theexpeashign o6 natitt iekpgnestsedp somatic cells
or ad@sggc%lg gfgf e%gi%lletlooce $ ggr%isﬁﬁg oF hP énéiﬂeéer&eteﬂ%e%s@lsu;t)e?fo%m natural

form may be possible.

[0008]  Extensive studies have been conducted on ways to slow the aging processes to
extend average lifespan through lifestyle changes and preventative disease prophylaxis (e.g.,

reducing calorie intake while maintaining adequate nutrition, eating low-fat/high-fiber diets,
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[ 0008] Extensive studies have been conducted on ways

to slow the agi ng processes to extend average |ifespan
wao booatagitted | f estyl e changes and preventative di BEERES2006/040723

prophylaxis {e.g., reducing calorie intake while

avoidify Wtatey BAd aReEMAkLerBidinkl bh@R bhfiékidant supplements. H
c]Iﬁ’(;glvv-fat/hl gh- fng:L di et s, gvm dlﬂ(ﬁobacco ar?dp% conS owever,

withouk extrerp ifesteln Phangesny iardiffisuitdengais wpysheimynediate benefit to slow
a wever, w thout extrene lifestyle changes, it is
gin di fficult to gai n nmuch i nredi ate benefit to slow

[00099gi By.defidB{09] stéiyi cdi drBiunlTfererfiafid @RS, lvehiéd &e able to self-renew and
undi fferentiated cells, which are abl’e to self-renew

differgpiinte irfte MprRws; faRGtional Baitae colfranging fioshBasurona cellsto muscle cells.
. Undlﬁﬁjg%l%tédﬁgals@vlg%%ﬁﬁlér(%ﬂgﬂltgxcgﬁltﬂ ﬁ?lgf? %{ﬁ;é?%léﬁtﬁ% g} k‘%Be‘i“F" somatic

erenti at
cell anthiackendicél. eEmbtyoaioecserh @chs Gresindfice "ES0EY b dmivled eﬁtmh féin embryo

ste cell oni.c.stemcells (hereinafter
and o GRGDPIeUbin PRI PRI o oI P FER et P ol the tisues
neces@ﬁ?ufo? fefal Qfe\zél@ﬁrﬁéﬁt CBlrHofdP ¢ gﬂé’ Spédidife Hﬁt";}l‘:‘,ﬂt r?gﬂént cells that

the tissues necessary et a
comnpinly igjvst Wse toc Q¢HSSWEIp @cpati¢udar fumtom(@.g. pmltqmtemdﬂb@d stem cells

prociei e YT Bl elip G rweﬁg'ﬁ%f;dvﬂé e Rl o iffragiate imto o
particiRfl c6B tissue hivies ahlopgh t@?é Hépead RJn&h@ Hﬁfe?énhaﬁ@g‘:@oﬁlﬁons used.

able to dlfferentlatel par |cu ar cell, trissue
Humagy E3Geareaiselyt i Q?eﬁ? hroplac mﬁaﬁrmemdtm@mamrt@ trehtadiaages, such
{
o PRl 020 EAITRR R 2B ahd P ESCs con o e

used dhsthasearﬁlo@ueht a$ dedfir kulngen' f6r draaqﬂaeaudn a6dl an@rnﬂidthﬂegof bio-
for drugs and toxjins. ESCs can al so be

d
Pham{é‘?geﬁqaipwﬁéﬂ&évé} ppRadn. grtikadies, and facipe ¥ Hor |
[001(1]r At ARG 18 L ORisa e ¢ gﬁﬁgfﬁeﬁg dlgéagpé" M{'ﬂg{?&%l are several

roducts, such as In odles
concevﬂls DVCI[MSO] FiEgOhetvodre qnlnlozrh@d paht]cairlsmys megaydihg mbtaining ESCs

However the e.are, se | concer ver.
from SEER° Sonl MG P eSS BY S by ricied T aufbited st of 22
ESC I'u@&aﬁvﬂidhgn@bﬁ@ﬁd’ﬂeﬂgum bhdiOFasE AW S8 8ies. FEAN the immune system in
research projects fundedrﬁgC NIH are restricted to a

our bpglyripretects égaipst the implgnte s.whischrasul, ienayoeausageigetion of the

t st em
o 4 09505 RERE B L SR TP o Dl BB,
[0011] es Gh tadditibn n@ysiag usieleieiragiférp Bo@fersﬁd‘rﬁof mﬁhﬂi@t &fils EﬁﬁiGSplunpotent A
rd bl ood, stem cells and lead to % aft-versus-h

cells B & BrOSFEHER e bRRANTNd s el G 200nafdf75-1480)
descrfb@@ \éeﬁﬁihgﬂ 18fre %’gﬁ[ﬂh ié &Hsnﬁﬁhﬂlug hﬂ&éﬁ gﬁnsﬁ‘g;t SI%F B¥d human

reprogra een atte
293T d(@lney cBIIS; mmppmgg@@amgﬂl)eydfbund ﬂiaﬁBRﬁilnwad'MBtheﬂ for the in
o RGBS S5 A R LR opeies

Tada @K I ECirs B18ih2i‘w1f ounsis3-nsd8) RRGRrivea S ﬁ&%&b[ &ﬂtr&&foﬁnh §‘01h£hc cells

vitro reprograrrm ng. However, it is not clear whether
into plaipetent ecll§aby & vmtu el dobridizpiian eThqyeﬁlsedrmmllyadlfferentlated

thymc%c%é[] S\%’ﬁll %111 g;%gxgcl st%r}l (i]eﬁss %Eéég)s)l"hg?esﬁéb*%ﬁymocyge y e eﬁs had the

orms c ce
pluripotency of the original ESCs. However, these hybrid cells were tetraploid cells with

unstable genomes and can not be directly used for clinical therapies. Do and colleagues (Stem
Cells 2004, 22:941-949) described a similar protocol to transform somatic cells into
pluripotent cells by in vitro cell hybridization. They fused ESCs with neurosphere cells
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into pluripotent cells by in vitro cell hybridization.
They fused terminally differentiated thynocytes with
wepdrperse stem cells (ESCs). These ESC-t hy moCBE€EUS2006/040723
hybrid cells had the pluripotency of the origina
(NSC@S@Ee fRUWRYBY had AeRAteh IV, % S8k leSschBAIOF gM@B{eﬁb}dm ESCs. They

I's with unstable genones and can not di rectl
furtheu §h@v¢d)that: therreproigraniaing ﬁﬁp@lty&f Ef(s wed dasivgd dtont $iedB$C nuclei.

Simil | ltﬁ%éol?yg)?ir%z(gegl Lk%erg 4(% a[pﬁj cﬁ lg%gﬁl 3}1{51’%0 t l a{lsegr Otc%ﬁoljeplacement
therapyD Colllag end &is cdneb)guedl(pmdsoman; IReSod Uoad BEBiad S tzo03 358:1389-
neur osphere cel |l s(NSCs). The fused cells had activat ed

1395)chawa publied @ ssxigent PamerSftertrq@rs@nﬁ’pmﬂ@tﬁ oplls forpsttdheranye However,

due tJ tléEﬁrger | \f;ﬂﬁgﬁfigs ﬁlé?;l]la@%%éry%ﬁ C Qd‘@le ?%?%ﬂﬁdﬁlﬁmatmn of

somaﬂitywlllscﬁltc:@lldrg)dmneeltsetrapl oid ceI | s and cannot be used

rep Iace t hera llas and his ¢ Ileagues
[0012 Ph| e e S R | S EXW% e stepped #)@youikiyl ggmgeplacing or
i hRARE @IS ehl fmGBARE to b bust
repamir%géﬁrg%%}i nt| ate ce?e I's foreévgg & erszg arl—slo\?/evee?,more Topus
strategi eThcsetsaatﬂgles &hn mjﬁvemtsvl ellesnd h@torh inmtmntto y.gd:d organisms It is
dt successful transdedifferenti at
thus GERBIGEVE o 6% BREET oo oV tae of poues) Sfiifte sppe of the
probl&REHBthe Priok 8k Yind & Bﬂwi‘déla' HoREFlcaRPesl ﬁltacﬁ?cal’ RietddUbr efficiently
age, replacing or repairing danmaged organs, tissues,
rejuvepating celid irevéry aod de vives gﬁbgrf@ qwing edisclofyre proyisiesta practical
e n V
systeri?ieéfﬁlgr e etIEt?)g %1% qggtgé %f ;ﬁgndéssgs}}yedle ?@5\% ?ﬁ& %(gﬁ&& additional
advantd@eead wek. of the present invention to overcone or at
| east alleviate sone of the problens of the prior art
and to provide a nore effective and practical nethod

{ 161 I?h'pgﬁpﬁj'ngcellsinvitroandin
BRIEEi vo, an lerﬁﬁ oW ng (}Fscl osure provides a
[0013ﬂ)r adltiis:ah Qiywenﬁ bhhipu:dssemehivsntﬁdmtm pogsde techineallyr straght-forward
rlbed ove an rovi de ddi ti onal advant ages as
meth %WE@“%‘&??M ‘%@4@"? "ON [0013] It is an
[00149 bJ ﬁp&neoémsd&n&iteﬁ@fet is pfO4RI¥d ORethed Mr%judsns&iﬁg RpéLedlsWvith the
St rai ght - forward met hods of rejuvenating cel
steps (of $i mwém a«\ﬁ@nelebndnélgg f{%@lsﬂ?}iﬂatlﬁ cgHss brmromdma Jrejuvenating
0 r d
solutnt)];] q{%ﬁ?‘% ﬁg e)gga%gvaﬁ% i, ﬂ P! n%lﬂ)%ﬁl C¥ed ?nar%g'éujle kinase,

RNasé ﬁﬂﬁfoltoﬁ‘ aﬁé hlhsleoﬂitle hosptiattisng o@nftﬁ;uﬂg chieaiged gelmiviﬂh {herrejuvenating
i ncl udi ng rejuvenating extract, al bumn, ATP,
solutigyy e%fb Fsubating fee 2 safficisnt Hmedpr Hiscconrtiiyenss iof Hiegieiugenaing solution

to peﬁEffah§ ﬁL d S81sPRAS RN 3heRe acfolﬁf?(ﬁp lofia gﬁ:lohﬁ a&ﬁ%@?ﬁ“nssuch as KO-

e rejuvenating-solution an cubati ng
DMEMUivithodaéoiumt dhieridecandt dygionallys auntihietdss loif thisheethod, the reJuvenatmg

cxack S8 S Rl BB 4 D BB o B Sl o ez
feml%w BMskdbys@) emwoc Rb:Qr bld6d 3t @etl,i @848l deYl, primordial germ cell,

otics. In thi's nethod, the rej ‘uvenat i ng
embryonic stem cell or fetus. The fetal cells can be fetal liver cells. Optionally, the

-;

rejuvenating extract is extracted from cells or portions of cells comprising nuclei. Optionally,
the rejuvenating extract can be obtained from cells or nuclei at any phase of the cell cycle or
from a plurality of cells or nuclei at a variety of phases of the cell cycle.

[0015] In another embodiment, there is provided a method of rejuvenating cells into

pluripotent embryonic stem-like (ESL) cells with the steps of providing a sample including
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extract can be extracted fromcells at an early stage
of devel opnent selected fromegg, fertilized egg,

W(blzm)smwyfst s, enbryo, cord blood stemcell, steeT/Usi006/040723
prinordial germcell, enbryonic stemcell or fetus.
agedé[) etf;: g&ﬁl}!\/ gﬁ“;{‘a‘% %qgtu @nahﬁé §J)lu 1%’ g%%uglgiéfl%buv@&tn%%rwt albumin,

ATP, mhbztphocmamfe cerlatige dliﬁqmelmhmgomami miclecfioki phospHayes; tdrabining the
uvenat.i n extract can be obtai phed fr.omc

aged ﬁ (g\pthafhea?p))u ﬁl{[lﬁg and) pepbaimg for ftrsalﬁicaent time for the
constlﬁkﬂfsadt‘ thy/ réf]ﬁvéiﬁhh% semuw% gene%teathu %11@{6@%&4@5}&%&& cells;

e cell cycle not her enbodi nent, there
adding rt«»\thedmginanated e @fso}u@pu\né reall imeglivre) talciun chloride and optlonally

pot enbr stem i ke Eﬁé [l s,;wi.th th
antibiig o PR S o1 o aiorp (Lo VY (e SR Bl iR hanging
droplé&t€l bh $tic dOVENVOEHhD Plade bE Al URIAL TS disldtﬂ)péi‘ shfficledehimg to accelerate
rejuvenating extract, albumn, ATP, éphocreatl ne,
()

cell aggregationcgroragaside icalliapgnegstions in wmrzé‘m feefopn s31bryic bodies (EBs)
L4
on  GRFE AR by BASHB to peo!  MHEARH i ooy meciom,

5 ¢ien
suppléfarstd Witk prewihf fattoss; calturimgreibrigid holdylike ra:eIl@om eopedf faéder cells;

the cells to roduc rej uvena ed cells; |n‘g]%{i|tot%e
and selegtingefeak calowier Mathsihe ey BATPBPlogEIs Sispice rehy, e somatic
cells %Lﬁdif?eﬁelﬂﬁ?edoﬂfté %ﬂﬁ tdoi/en{’l RERLK téeﬁsﬁ}ﬁkﬁp?%n&smﬁc GBplications.

ation, grow he expan n inverted
The dﬂan&gagmgseigdmhnbsabxmttolﬂ%un?ﬂéragmﬁ)m he plate or an

[001612C aél?(g]eegee&%tqud gxg Bﬁ%ﬁ fas,&s{g\fllfa{: %‘Aerhp%h{)ch?yéﬁ’enaﬁng somatic cells
into pﬁﬁ;%»bﬁﬂaﬁsp RElY By SASRRASHh Withtentrpsrid Siehy 30l éetsb,@ e{RESA that has the
on a dilute agarose gel or on coated plates and

steps gf sﬁz@actmg oRNVa fioiny @ ipluripotasp eells rqngmguhtﬁlag tlg mRNA in at least one

hpos @eq%gﬁg}egg?qw é}?}oﬁgglg\éﬁl% ]s&ﬁét oEe él{*lé ﬂf) rqu Q growing
the e)q%héd SorhAti @Hls \th tilveirieg HBAgAg rmciplét@ |oﬁg}&e &Svat@ﬁ’a platd o1, uncoated

ereby the somatic cells are dedifferentiated into
Petri ép]@ ,‘fqrmu@ﬁqle%tetppg tq gcelepte celhzageaptign.re @ggregated cells in

B 21811 S8 1 B GR0 90ty il

EB-hher oMlsckad feederetdizd cadted plateseandt dislc &oomlMaIngeil insappripoiate media

ur| nt ELceIIs sfection.with, enbryqnic .
suppIEpEitE SVt $re8a) freags TRLErR0E R0 ofie it gy FPHpidRy of stem
cells, Rﬁ%ﬁyr é?)ﬁ'ﬁa@ic RleUs 'aP@H@dlffel%ﬁﬁéted a6 %ﬂé&%cﬁéﬂt nens mex é'eﬁNﬁerapy and

in at 'l east one posone del i ver reagent exposli
cosm@tlveap@bmlon@ the plslrlp@tenh@llls p@b@@ﬁé@s, orimeriial geyposalls gPGCS) fetal

ce]ls, gﬁgst, ﬁ éﬁfg% delgégglant%‘blgﬁ:a d;t;l&gdn Ic: SOk gg gxs%‘fénsgéfﬂ %ﬁﬁ# %Ei t%'éys‘sts cells

or a @ﬂrﬁﬁ”matioﬁr’the&bﬂETh@ s@ﬁ'@ﬁne tigle€is @BbUt R@Uh@FALO Oﬂermght Instead of

row n e aggregated cells in suspension to form EBs
transfg %mosamp%g@ a%%be fibyectrd tp ﬁle&HOE?FéB%R Qvirsdmediation.

[00173I Sﬁr e} UhibBGinidRe thite!id BfoviR a%n@tﬂo? %I 3 app 18\1?1Potent diploid

oat e ates an dISSO on Matrige
ESL oaihdi for aumﬂﬂm ntaasplavtationgbyp welh fisot of ESCarmliitls eahmnalwgl somatic

cell colonies with cel.ls,. wher.eb
cells, i tHec S8R P aPiovishs bR, Hispaing ARk Sriieniof Shete ESCs; c.
mixirgeiteS néRfeptibitingt BSCIPYitRNA plurality of somatic cells; d. fusing the non-
replicating ESCs and the somatic cells by adding polyethylene glycol thereto; e. growing the

fused cells in inverted droplets to produce aggregated cells; f. growing the aggregated cells in

suspension on dilute agarose gel to produce EBs for 1-10 passages; g. growing the EBs on
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cosnetic applications. The pluripotent cells can be
ESCs, prinordial germcells (PGCs), fetal cells, eggs,
wo eooviokizeed eggs, unbilical cord bl ood stem cePCBHUS2006/040723
tissue stemcells, blastocysts cells or a conbination
e i n
feedef E&IS %aﬁed Bﬁneé;‘c'\%g éﬁék? {mr ia/fngfﬁ%ﬁ ?n %@Hﬁ@nﬁ%%e?g#ﬁe Euﬂpq%mented with
growﬂnefalcmrs; amdbe =idojiegtoell dodordéseof patjemt-apdcific HISL cells that have the
vi.ral -

morphalo g BFALAL HOREHE AT ComHin MBI SOt inlpig ELceells. The

ESC Eé& b%erlelhﬁcefd%tﬁ@feﬁl SdRUMd th& BSRARNE A caR b@yﬁ‘&%ﬂaﬁs, The step of
fuSion of ESCs with manmmal i an somatic cel | t he

dlsabbmgBNﬁotephcatpn@an be porfEised,; bytphydllcalab Ichetglcai\t&eatment The physical
re tion i.n.the ESCs: c icatin
troatrhs@Pical el T dadifhidid 8 iRt sy by ['Eo GReehEB ERe® can be

chemftaRRr gHat itG@t itd) ChEsthesonnd HNA, Siﬁém&mg mhb gbm @ddétmmde DNA
pol yet hyl ene gl ycol thereto; e. grow ng the f used

chelating dngd ipferacting pgasds, and pthet ghemt\mr@mys@ aggr egat ed
O e B BBy A s

therapasic aghs by dfusigp QWnFl@pthEBSrg@ﬂfce]EjWithC@eﬂSsomgt@% to induce
| ates ddlsk or Matri riat ium ..

repro iBgcpiE. i ther SHPR ¢ gt Brayi Jihh fatget ellsc by Hgsﬂ%lmg DNA

rephcﬁﬁ&ﬂ ﬁ?fgﬁgﬂgggglé?{syg?%ﬂg?ﬂh}gsgﬁglgkb&ﬁ %%a Cl% n% :Lf%gneﬂﬁﬁﬁg the non-

replicaamgradrigein eellseand ithe dumllagods Bﬁh:latleldeﬁs, ThaddEREC torathe bmbination

I i, t t | d.th
polyeftfingaieaf to TuRaRe pel who ittt tong Srivatife Seese s demtigram the
genoR€ of hd S BE BMIsPRYSloGalg tHe KRRAITUE Apprbpiat TN tmedii8 to produce
physical treatment can be g radiation or exposure to

d1p101@vc¢HSgﬂ1at Imre the envhplogy eandméinctionrothtargdiesrlisalandt gaselecting

autolcg,}to%j r@?%é%%%&%%&fia% eutﬂé glggﬁ}%idé %Bn of éarget cells,

therelpt [pﬁiwdlhg neprlogranpecd Iaaﬁ)log(ﬁ@ 18ploidh c%lﬁd t(&?ﬁ? hibhor for use in cell
enbodi.nent, there js provi amet od o orm ng

replaggmenh tharapl apd gemGtics 5 be §teay flisabling Wﬁ—fﬁﬁb‘fqﬁ%tcﬁlh Be performed

by 4B LS MBI SbLS 40 PR o o

UV lightgetThe @hérmcabtreahnmblcan cheDblennieg$ ithatt bind fonchrbmosomal DNA,

rget. cel | r oy, di aut ol ogous, saonmat cells
includii d5HpRrGE’ P FomtepiTA: thepl ot TaaRrliN Aot and other
chemShERDARRYS BBkt ceRY kan be-exBEHBY HSTst Bgule 9feli Bals &Ninsulin-
pol yethyl ene glycol to fuse the cells erein the

secretifigh celisp| Tleasarmagict epllyecanchsl meture gein gelan hloed g@llsofm bfne marrow
the somatic cells; f. growing the fused in appropriate
‘cell mediumto produce di ploid cells that have the

[001970r Bhahsibat eitbdiriit] there i9brdvadegied megbl ©f patfeimging cell therapy and
sel ect.i ng aut ol ogous. reprogramed di ploid cel]ls.that

cosmei APPlieRiionp thak Bogldotherwise Hse £1561 optissug stgm cells) [Fgst, ESL cells are
prov%ﬁf ﬁ?éﬁ%h@&ﬂi"ﬂhgﬂ ﬁ9 of Mfc%ﬁi‘ﬁ&u@ﬁ Qjegg Yrin &, BLCIE ESCs or tissue

to t or use'tn ce emént therapy
stem egild aw&ptabed:mthﬁaq)atlbnqgsp@ﬁﬁidldqﬁbidlmm replication

ro020} et gl Rt RS §Riiids ¢ BRefs 10 SR afhintive human

skin WRh the steps of a. pretreating skin with an agent that permeabilizes the skin cells; b.

cells

applying rejuvenating agents selected from novacell extracts, ESC extracts, stem cell extracts,
egg extracts, recombinant proteins or a combination thereof; ¢. maintaining the skin contact

with the rejuvenating agent; and d. repeating steps a-c as necessary. This method can be
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W light. The chemical treatnent can be chem cal s that

bi nd to chronbsomal DNA, including actinomnmycin D,
wer@posiiee, DNA chel ating and interacti ng ageneGr/uszude/040723

ot her chenot herapeutics. The target cells can be

proce@ i PRAY B the . B bechl S LORERY FLollbr muclear

extrachltoozcthelebf whizghds bdded attuminywAdH, iphosghoaeaXne| oreating kimase, RNase

. £ t he s provi ded a net hod of perform ng
mhlbltoél PH F%ng‘ﬂ §°rret| c applications that woul d

[0021]3t hﬁ{ YétSRotRE eEg&ﬁnﬁht heét Ye pRIVRIN Cenbhod Eﬂf&)‘fépar@%ejuvenatmg
I's”are provided; then the cell therapy or cosnetic

factorapiwmn wdoleoeadlsawish he ftopsrefia. pnwmchngnescsl soESGss isme stem cells,

repl a t at i ent
cees 3 TR Gobdintl cPEPREED) otih RGH RBM SRR prossins or a
combingtit EhekehEdb. alsmﬂi@ﬂleclfell‘s &6 Bk leytra@bd) o RabjedhghtieRBlls to at least
skin with the steps of a. pretreatlng skin with an

two feageerthavh ayclpss rdvecepirifpging tiﬂﬁ eelkiah high |speedp and g drpyyipg off the
g@m el.e rom novacel | extracts,
super%géﬂ\fﬁa{ﬂr@éfgpﬁs% nﬁlc‘:/ﬂ 'g (?[a{:ts egg extracts,

[0022f ec Divistith anbdthpir emboditment, t&re agrii maho@ of pheparing rejevenating factors

rral nt ai n g the skin cont act WI ejuvenat i
from g G wf@ e gteps @gg a?lpﬁ ng Jé(b\@c%[l Se: s,n‘g%igg §’r§p§,cell%h pges or cells

obtain@8 A efBFyd FRES FREIEH s Recd hibiralnt élllo&gnst & é&mna&&iﬁhereof b.
rej uvenati'ng agént can contain a c or nucl ear

isolatipgtthacells ﬂoobeewxﬂaeﬁedpéonwmmﬂg fegaladlle dnﬂbbESCsl; c.Aysing the cells in

hypotﬁlg\glig H(Z gl:at s ngt gg&ﬂa?%e I{tn(ﬁ? ﬁhg RNgzeB{leg hteorgmgmlng nuclei

U

to at RERGHoBEze-thhe Eﬁtléss fpéémlﬁgﬁl So"EHL418 Gn Qfxtratedfahe Mclei; and g.
rejuvenating factors fromV\AnoIe cells, with the steps

optiongily gongpntratinl thg rejevenedng By digbsiss; ti ssue stem cel |'s,
gg . .
00237938, 8 5L GRAARPEE A ER GRS AR g7 T rmventin
organ} With €l stefis. ofiaspio&i;dlﬂg;rejlhénﬁhigl #pehil phepacod fi@a toells orcnuclei; and b.
subj.ecting the cells to at ﬁa st two freeze-fhaw
admirdsferingsthe deiuyciigtipg pgrRisReTIoRicaly g the ongan, AULERNIOVEIRRRL in signs,
f toft
oo ey MATREE AL Sl i i
The mathodi mlfeadlmlmdﬁm can denby fmﬂlmtavpnmpamubtgltaneous, mtrapentoneal,

re venatln to from.nucl ei th the.steps.of a
intray S e it o lrredEh it e B et Bl ytapflmonsry
intranG§l lo® Mﬁﬂeﬂﬂdroﬁlfeo NMUSHE N intfAhdss rote]! @k réjluﬁédaﬁﬁg agents can be
reconbi nant proteins or a conbination thereof; b.

placed sretpathre rigpselheavityl Mdiereby il agiuvarating, agepiwpiench flep penteal nervous
n ng the cells in hypotonic
SySter(é #I at?l g{a%%%%?%%lugﬁhﬁégag 4o separate off the buffer; e.
[00243 ubjeaidthg érisbdiaenm] the[’@ 1mpﬂivﬁledta)n&:thddea$tejﬁvmmmg mammalian
freeze-thaw cycles; f. centrif tootal

somatgs, el scandgitlereatiaing @Pm igipydegire ﬁFﬁ% Pw BSHEtEIL PapsSs gvith the
steps (dFCa Blekthie! @51";]1% R divty 8 E%rea%oge%%@floggﬂvgﬂmg with a

enbodi nment ere Is provid
physwlegmabbuﬁfcm d. @rposing the somatic cells of step a to rejuvenating buffer, ESC

e

nuclear extract and desired cell extracts for about one hour; c. growing the cells of step b in
KO-DMEM solution optionally supplemented with 20% FBS, penicillin, streptomycin,
glutamine, non-essential amino acids, B-mercaptoethanol, bFGF, TGF-p1 and LIF; d.
growing the cultured cells in inverted hanging droplets on the cover of a plate for about two

hours to overnight; e. collecting and combining the inverted droplets; and f growing the
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organ, with the steps of a. providing rejuvenating
agents prepared fromcells or nuclei; and b.
wa@eowrrasseri ng the rejuvenating agents peri odi BEl/U§2006/040723
into the organ, until inprovenent in signs, synptons
o | owi . ]
collecit b oh S hicot PPN T DNER) 3 IfnGled A 6iBsired col
produgihgiagents eniilthe cells foemlithe dasired telhtypaoudn osel baridtian dousomatic cell

i.ntraperitoneal, intr scul ar, jntraveniri cul ar .
compris AEPLiaHEatEe depthedil Petita ohisele liepit ecisted cell-producing
agentd THchRRUIYIORAMatel Hok@NREA, Rerbd ShR@hdt8kt! Bdm ByUtfast cell culture

Using the intranasal route, the rejuvenating agents

mediugarwheselyl thesdlleaiedoallsarmspsenposed imtil foxmhing atyptutis In this method
| i h.Lhe. | _
step o G EARL bRo AR, LEREY <BSr L xSl o sfecefeBoration or

virus-gfediafien. enbodi nent, there is provided a nethod of
rejuvenati ng mapmal i an somatic cells and

[00254;i 1 flareapthrrembrylimprinthiern b Prraddadereiienaiingypusfsr composition
cons YBT3 GEFS TGRS mona
albumigsihinivi) ATIPt B naMpihgsphokregiinceg 25 ugfihE kcreatine kinpses 01dd)mileRNase

bR mh et b SIEs BepTeby (o saraponmirggghtbout one

half f391eQfractGnd 0O WAIREudILE &Gl Dr BRCE! Pi%f&ai)lg QN ucleic
solution optionally supplenmented wth 20% FBS,

extragbésndedlifkdei n, streptonycin; gl utam ne, non-essenti al
m aci d b- ner capt oet hanol , ..bE . TGF-bl and LIFE;
100265 I8 53E kAl A R b RERR GO oGt agPipgrmalian body
and irfifroPin@loen€al hidaBh @AY 8hmbhe RnbBliH BasftBE stapPofpréviBinB @ejuSenating
to overnight; e. collecting and conbining the inverted

agentgifrem nowa colh axfracts, giem fieH gxtrats eIk sEtrads, @eve ecllsnESCs, stem cells,
O i uanl epent o e

roconfiftt bt EROE o Eon! Hr NS Wi R R S Wignalf agens

periodiedlyr edindihtedtbyfisprovement eTheavut@tafadmidigrationesn be ttdalenous,

) cpnprises fibroblasts, the desired cell type is scl.e
intrapgidfopgal, ’&H&mPFFé‘?%e’élFrP caa»émf@ftﬂs%‘d%‘ieﬁ 8§ 4 €’§a"i19¥’c‘guﬁr&8£

o | ! '
[0027%/ ‘:) 'bllﬂ%t)ih&a&ﬁgocﬁlﬁ’l@ﬁtea ﬁ@tﬁg@bf Iéﬂ{l,\‘,{qeﬁéﬁ% ceHR el ﬁ%\'@“ﬂd&rg‘aﬂé many

bl ast cell cul ture nmedium ereby the collected
passages|ih sissaesuliuredhap testeps of providingrpreyiomglytcubiared cells; privading a

. _net.hod step.a t.reating the fibroblasts,can jqnclu .
reiuv S PRt by SBP oy Spletgatar ScaPs bty et ifibitor and
nucledtideyshobfithkadt icombidifOe keellywith tehejuvendtingisoRfibn ahdRkebating for
IS provided a rejuvenating buffer conposition

a sufficésmt Himei faythe spositvants ofghe weiuvenating soitioal tp perptrain tbe eells; adding

o s S SOTREESL BRIt ch o B SR
to explahid sl detifpolpulation, therebylreidveastingadells tiat HavéNibidsrgone many passages
. .. Preferably e conbi.nation_extract is abput one half .
in tssrg GG o} diior A AHHP TR T FePlBees 105 st ps with the

r Sl i lcefd inTHEdrRidGhaR 1 |
Ol e BRI SR 0 UL Ao v
plate eyat wieasted Fetri/diske fonasnfiicient timerta apctldrate chlb dggregation, growing
the cell aggregates in suspension to form EBs on 0.2% to 2% agarose or in an uncoated Petri
dish,

culturing the EB-like cells on feeder cells, on coated plates or disks, or on Matrigel in

.

appropriate medium supplemented with growth factors, and selecting cell colonies with the



and i nproving general health and i mmune function has
the steps of providing rejuvenating agents from nova
W@ e/ 0exe6 act s, stem cell extracts, egg extracPGT/USINGE040723
cells, ESCs, stemcells, reconbinant proteins or a
OL.; . .
some SEAILY Sl EORP b BB) (RHILp B ERRed Bl age gdferentiated
into pllurfpotene aellstfor fitnther tisstie calfuradni ni strati on can be

ooz AHRRRHPor ARG SR kol RS b pemstopoiic
dystub& e VhethbOG2 0k lcfiﬁbeﬁﬁg%ﬂﬁﬁotﬁé@gﬂé&ﬁ&ns?hﬁh@ %g%f first

rej uvenating cells ave undergone many passages
providing ré¢jsemeted celisiprepired byhe prexyiding hgpt somatiicreglls; providing a

BBy S s, 365 B,
creatitié RMAR, RNASEinhiBHoR ah@hudetide phbghieSoPiRSRR BleBFed somatic cells

. conmbining the cells with the rejuvenating solution and
with the egjieenpineg sodwtion andfringubating foriasafticéamt tims fovthetconsisuants of the

. . juyve [ ol ut.i an. t rate,the. cel | s;

i b S, b SRR AB R ik RBP4 B By

chloridp ahd optidndl1p Bhtitkibési t6 xpaiddhe ¢d1l popul@ioh) @ psaatihg tHeGejuvenated
expand the, cell population, thereby rejuvenating cells

cells;pRdht  h&ombinvrathgsrevenatad oslls withehysiological solutign tgmeepare an
] . | | :

oo b BB LAREBR AR MLRALAESE i

suffering fnoreigieccanetrs deikeniaigmphamiscandi egattrpojitietdysfanctidng whether
cover. of angl ate or ,an uncoated Petri dish for a

or nolGaipqd byhemotheranyJegitegSer at e cel | aggregati on,

[00299" OV¥nEothBLerRBodimRag fIREA s Afscloled A BRI JTireh@nd £ MAERS with
on 0.2%to 2% agarose or in an uncoated Petri dish

CNS travmy rstrakge, t/deheBBet’ $ Rasegss, Parkingo’s EHsaase eir pewyolseplioktesel

l ates.or di sks £ on. Matrigel inRn. ropriat.e nmedi u
soerchly SRS ARk Eh Mo Bnedfid Sl WhigthR BRafiy Tpiing o
samplalfapéEsonyiticlRelld) ¢ providing R Rt sollittdh ehprBing rejuvenating

whereby the previously cultured cells are . .
extragieripymisy 84T} Besahogiealing) @eatsiinsse.diiNass iphpitgr andmaeleotide
o541, U AR TR T Lo
incubdtysf fon a sufficienttiriectfer the combituenssud ekl teyuvehatingt Sohtimpyto penetrate

regi mens, .has the steps of fjrst providing rejuvenated
the odl5P)| o -2 B gY pell miage ge B Her e fckoptonaly
antibiBtieo Ekpehdahé @élyﬁ@ﬂiﬁétioﬁ?v.%bﬁhﬁ%}hﬁ P&V natddells; and vi.

rejuvenating extract, al bum n, P, phosphocreati ne,
combiriegthie mejukinatesesellRmith e dhikiploigical scdutipmriogirepmrd aeadministrable

gsphates;, conbi ni ng .t he ed somatic.cells with the.
prepofiiBR0 ARk P oTPOF etBecite B0 B AR Pt B2 DL plffine from
CNS triiifia, fs@oké, Kezitamet’ s DiseAses Pakinsbf s Disdave Mhirn?@trﬁ id Lateéil
to penetrate the cells; adding a solution of cell
sclerq§iseli um cal ci um chl oride and optional |y antibiotics to

o0l SELREREBEL 83OR R nd S0 G
agent(foyspeninggich celglonts] seledtal fpompgpeinand atleptolysini(aH. e rejuvenating
buttelhaseion, Fifl ¢ 5 Coll frieppract oF Atal eetlé Sod @ niolei. The extract can be

replaced with an mRNA extract from pluripotent cells. The pluripotent cells can be ESCs,

-

PGCs, fetal cells, eggs, fertilized eggs, umbilical cord blood stem cells, tissue stem cells,

blastocyst cells, or a combination thereof.



suffering fromliquid cancers, |eukem a, |ynphomas and

hemat opoi eti ¢ dysfunction, whether or not caused by
wW@Eh@mosties apy regi nens. [0029] I n anot her enboPCTESL006/040723

there is disclosed a nethod of treating a mammal wth

BRIE%@S‘CI&P%N%FB@WGQQ mer's Di sease, Parkinson's

ease, or anyotrophic |lateral sclerosis. The first
[0031}t efFigure pt conimbhariyes ethevienaitivd method ohiobtaiing mateparceds from

indivigag, PN sy EHREPPAPE P GETDR ORFEUF gnd fubseduently using

in celllrEhHVERNGE HpRehpsXt ract, al bumi n, ATP, phosphocreati ne,
e crrgﬂ()eati ne k}?narl)ge, RNase i nhi bitor and nucleotide

[0032phodpgaee2A-2E shove oegiolifilgoblhsts §AnBtand Gyansl pevacellsvefitvenated

. rej uvenatin olution and.i bat,.ng. for .
with {537 ek b (B harat B tepive e Btny G PRVl T) and rejuvenated
fibrobldis\ivi S Rvdricd dirSisléts {(FR NFigArddTRDT B tb@ral @kbd bohd/ marrow stromal
ddi ng a solution of cell nedium calciumchloride and

a
cells (§pt angnanvagellsrieiuyprated svithofetal paactt (B a0d|novpsslls aejivenated with

. g the rejuvenated cells; and vi. conbining
ESCIfY]ﬁlggl‘ra%?{Ja\%ggt ed cells with a physiol ogical solution to

[0033pr eFigieenBAaald 3B sHré phoonficropeaphs iofran vbteated xdkirs bippsy $A) and
. adm njstering the rejuvenated cells to a mammal
rejuvegaier s mrbgonsvg%% mtbmqraaﬁgpr@?qrm- Al zhei ner' s

[0034P S PRk 4Rafﬂg3§8?ﬂéjﬁv9ia&%éﬁﬁsmfceggimgﬁl% ipC Ak ah&katn different

cl erosi s. I'n anot her enbodi'nent, there is a
stagesk inbvdcolls formed doat FNGK2g¢ally. dd stowscarly INESY. movaeells; 4C shows

ent for. openi,ng .aqi [ ] of e sel ected fro
FN-ESY Srcrilsinnamitpid g dyfsshoss tyrihes TOwHLOT A grtyig-gpated plate;
4E sh6RIB@he: iofithdthobrosd geBlahd FegoeX ik EN-REL hevatlleeh hdayer of
and ESC nucl ei . e extract can be replaced wth an

feedemrg@MNa extract from pluripotent cells. The pluripotent

ons) i, 5.l O o PRI AR o s

produt&tteshreb kabiyoaicsiteri ebll-Specific BioanAkirn@dt4Ndp52L1 and DPPA3) and
t her eof . BRI EF DESCRI PTI q\l OF DRAW NGS [Q031] Figure 1
that the fhyes stagesofrpiavenatedielly all pradyse those BRIRISIHg mat ure

[0036j’e! F %ufers %'R—IEP%H?W ﬂféla%tag'tiln‘%tﬂj(l)att&%iﬂi)@oﬁlﬁ‘?ssglﬁia}rl%vacells resulting from a

ej uvenating the ce "novace
varietg uifsmrqtoeots] yFipsi 6Br6Enshost ther mplacdisnesulting droap warip@0gRjhods of

.Figures 2A-2F shaw control fibroblasts. B a @)
teatig (3¢ S G Lo B R BSR4 Bt e [ 6F-6K show
the ndVAYARRbJultideSl oty 8RS ofirdjlivdratngealRer extract (E) and

rejuvenated fibroblasts in inverted droplets (F)

[0037Fi diiguses 2AB7D) sheiwosion movasellsprduesshEomdibraiasts foma) mature male
cells ( nd no | S % €j: . ' . . .

and refpacpt kS HEn RIS SRy RO RRABNGRRI ot b hd Bl o b cin .

[0038 X Figieé 8 (4 ) swhRRB3df the gejuesnalién andl dBBrattiation process for producing
phot om ¢rographs of an untreated skin biopsy (A and

novacells for cell therapy.

[0039] Figures 9A-9G show differentiation of novacells into neural precursors, neural cells,

insulin-secreting islands, C-peptide positive islands, beating cardiomyocytes, skeletal

myocytes and adipocytes, respectively.

[0040] Figures 10A-10D show WTCL unrejuvenated tumor cells, novacells on feeder cells,

ESL novacell colonies and a ESL novacell colony on feeder cells, respectively. After

rejuvenation, tumor cells show less or no tumor-producing capacity as shown by fewer agar-
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rejuvenated skin biopsy (B) wwth nore cell

proliferation. [0034] Figure 4A shows unrejuvenated
wWO-NBKA4TUed | s; Figures 4B-4F show, in differentPCL/Hs®86/040723

novacel ls formed from FNSK2 cells. 4B shows early

- SL vace ; A4C £N- novace I.1: S
gel-fo.élﬁ%x o?ogg%gsgy%lﬁcg phe 3&\@8 ur]tnhe?%%gr J cﬁ. olrl]“i]ig Bju¥hation-induced
dediffeRhtiatial meppitositepl meakihrdbols ftenepyftodetsiop gmmattierapies.

agarose gel; F shows the FN-ESL, novac

. | 4 Ls on.
[0041] 5 yFdgures Asréa@rr;g@@|thestesq1t§c)§9]onﬁS&@rr@uBena%log/dE?Fagfg@?%ﬁrotocol

urnin8t Halel G K2 fibroblasts do not
t grncl)guc??%%%%?&f@gng%}g%wggggﬁscel | -specific
[0042bi oRigutect X is(gat bibt idpatng raantivilieRAR)telansirastian cellsethat underwent

fhree. stages of rejuvepated cell | | oduce t hos
the relyVpRRBIRORLCeo OsE. T SOV Retec ot Do pds g 5 show the
result &8 1R ehd IRl 28 fupard T RMIRGRIL the pESitHd ddrof SOIEs in lane 6.

variety of protocols. Figs. 6B-6E show the novacells
[0043} es HigumglF rsommegizeo tke peededdrs of usingangvagelishéo rmaednce in vivo
roi cel.ls to make them perneable to rejuvenating factors.
CJUVERAHYY- 6F- 6K show t he novacel I's resul ti ng froma
[0044Yar | Eibire®14MChty @ABtshOe Gittdabeelt Skin [sO48 And Haded sy AfidDin vivo

_ show tusion novacells produced fromfibroblasts froma
rejuveRgtiof-e mal e and replication-defect stemcells after
epli: . i . . ot . . . .

[0045] SO JHFEES IR MR Bhoc thal A1 BfleY B8 SHEPTXTE 8. Figres
15B add ¥ shoenthe atore actpreacjasaatedrmjgeoduci ng novacel |'s for

el l _t her . 039] Fi gures 9A-9G, sh . .
(00465 1 £ Byt 1815 ao%_[‘?g af}foqf&g%megrqaﬁ _ Va5t fesigrdon enzymes
were ﬁg%a&@kloﬁ@kﬂe&rmégwoh@aé&% b R EGFPUNSSvecforpept | de

positive islands,” beating cardi'onmyocytes, skeletal ]
[004 7y oc ¥igsesahtA atiTB aogt €, shavs fdroblesss, yplufigidn] erfhryomie sstem-like

10A- 10D show WICL .unrej uvenated tunmor cells, novacells
ESLL b e ateer vl FISPHRAL Teptosiifing eytag BERr s, and
ESL deay aeftihg 68 b Wiitri@el-tRestieplateClekgectiveigpect i vel y. After

rejuvenation, tunor cells show |l ess or no

t unor - produci ng capacity as shown by fewer

' colonies and no tunors in nude mce.
DET 'S ?@F@%ﬁgmn-i nduced dedifferentiation may
[0048pr Ohiegeesentinesaitiondesgibes metiodg vl tefuvdaaterigaged vettyr into “novacells”,
. ,therapies. [0041]  Figures 11A-11C show the results of

which, a5 Ghish o JPAGF T, h ARG PP B SOHEIMR o Bovacells become
totipofe ngﬂﬁgﬁﬁﬁ’y b it RBtasThe 'rQﬁJQTﬂa%dugﬁﬁaﬁﬁ@ Qg Bfction lost

[0042] Figure 12 1s gel blot 7l ustrating reactivation
during Aiging laodéhussae usefaldh (csll rérdacement thesapiestdfduman dissasesi OMhen the

cess; lanes 2. 3 d .7 show untreated contyrols; and
methfUoffeS ™ apnfio8 e ¢f risuSii SR S0, 58P ohe alipe Wcess of
tissuegq;rg%%ﬂwg@lgmo@.th the positive control of ESCs in
ane 6. [0043] Figure 13 sumuarizes the procedure of

I
[0049]si Agmpiey adeantagetad this dangation is ki rejuvenates cells or tissues from the

patient who will receive the rejuvenated cells. With such autologous cells and tissues, there

is no risk of developing grafi-versus-host rejection. Cells to be rejuvenated may be collected
from a variety of sources, including skin, blood or bone marrow.

[0050] FIG. 1 is a schematic outline of the procedure to rejuvenate aged cells into potent
novacells in vitro. Cells are first collected from an elderly person (e.g., from the skin, blood,
bone marrow or biopsy tissues) and are cultured in appropriate media to expand the cell

population. Cells are optionally exposed to a cell membrane permeabilizing reagent (e.g.,
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rejuvenation. [0044] Figures 14A and 14B show
untreated skin scars and faded scars after in vivo

WO 20000€1Ted | on. [ 0045] Figures 15A-14D show m CRCT/081006/040723
i ncl ude control aged nmce (A and C). Figures 15B and D

@?yts A s erm ¢ ﬁ%ﬂ ﬁ.ﬁlcﬁﬁﬁ HY 88 hHe S r‘eggr étllrg&m? ﬁeﬁtﬁ&%@lloxf Lad Eéfaaratlon of

the p&ﬁ&ablihzhlgmea@nz,yﬂesceﬂe rage w§averatedcivith ethda lre_)uvenatmg factors in the

trans f.actors i GFP- N3, vect . [ 0047
rejuvesaijpg ﬁ%‘flf M@ﬁ@ ﬂfaora%%tﬁ ﬁfat?orfa. SBPT Kimg(plout &%mn G &h% hours),
cells ﬁg%"ré/\@ﬂ g 1Rt BBk ® thEphose ! dSeefY b@wh@@eﬁhﬁgBﬂg 2%l tahBbiotics.

genetic reprogranm ng grow ng on feeder cell$, and
The rﬁ@tena@ldl cgligyhawe emgamq:d phksiologicgefonctiert @ grbwtat a faster rate than the

starig R T TSSO AL PRBEI e Pl BT b B BIFRLRg gosmetic

applidatlbs foRBY 8GRI | s” V\/nl ch are much younger and nore
otent than the original cells. Novacells become

[00511 otBqnstrastow plremplrsilarthe Ben-hematopeicténmeellspignesenchymal origin that
0 dyg)
suppoihdRORLER, SR NS PRAC R ORI hfife. IEBNISCs, these
pr0gehiﬁ<&t‘s aph &6 differbnticed dits amag dtheeen types, liet hsletﬂﬂa:m( chﬁndroblasts,
venation wll__slow or

plied.in vivo, cell
adipogyigs, 5@%%’&6@&%@#% geﬂlésan d sasydesantoe wéstmswé stromal cells
this invention is
fs the? ﬁ%%lfoir% g%glja%lvlgsﬁ gﬁ? gﬂfrgg{a?%ﬁ%@g%rgg ues fromthe patient
[0052ho Hn'deelr egaigvalsd sean ehporem tetriphhtsof e tgrowthcdf bone marrow

om0 P T hSALER ABELE s AR e gore s

than t'hSd;eWé@ﬁﬁ:ﬁ%tH%uﬁ nsied. | Bk ehusf deRiBle e fréjBteha®f those bone marrow
sources, including skin, blood or bone nmarrow. [0050]

stromp glls1ii wire bef y arpwsed ire coll replacemnant dbierepy. t dt may also be
i . SYPLTROBE Sty 848, BB LBZERIM 0 ebics o bone

marrove pifior tbr RaAspR@tatishnin tHeoGeatmenn &f nietikedvia aindd bthes yhematopoietic
tissues) and are cultured in appropriate nedia to
diseagspand the cell population. Cells are optional |y
[0053?Xp§c§ﬁ‘1dceil9 afk ?%%@??Hﬁ%@?enﬂﬁhﬁg A a%ﬁﬁf% ﬁelf-renew and
trypsin ) to open the gap junction o
to diffeedritimte taf hatnrecentls m'[ffal;gaiculan timsut @dmaisant eioal, Afn Reg Cell Dev Biol

N N T W TEXE T T,

differéMtiafibg nelih aES(QsPaléH gx%zv ﬁJ@fdlﬂerélﬁt%éd EBgre ( abo ut 30
m nutés to 3 hours cel | sar&&rommthe medi umin

[0054] h dnrgee@ehfdae nesthddstoa rejbvenpiieg agediaslls imbspotgatnovacells has the steps
ant . .
of efpelf i1 195 o HSRGEE e P SR R ontaining

tissuetdnd c%Il Qo hipogerg déetived| frein callsemeeaﬂgj stuges af eelelopnameld &, embryos,

are useful in cell therapy, cosnhetic

| udi n
fetuses, blastocysts, ESCs, stem cells, cord bloog stem ccgls and eggs. The source of the

rejuvenating extract is generally younger than the cell to be rejuvenated.

[0055] The resulting novacells are younger-acting and more proliferative than the original
cells in morphology, physiology and functionality. These novacells have enhanced the
function over the starting cells in vitro and in vivo. Examples of these youthful actions
include but are not limited to making more collagen and elastin and more proliferative red
blood cell precursors and bone marrow cells. Preferably the novacells have the features of

ESCs in morphology, physiology, functionality and pluripotency. These novacells can be
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applications to the skin. [0051] Bone nmarrow stronal
cells, the non-hematopoietic cells of nesenchynal
woriogisr7shiat support hemat opoi esis, are nul ti pRCENS1086/040723
and self-replicating in culture. Like ESCs, these
r | G .
used B BAR SR inERaleh o cbRIEIPBHARDS ¢ Moching Spockfc iscases,
creatm@nﬂ;v omupat;lﬂwgan&aanddmsﬁesl%d saieémn@nc}v Hsrammotit daigsThe

[0056EI a t| 1%/@3}%}8@“}1@% I | s .i s t gg}y S faﬁﬁg‘gﬁﬁ&t& ﬁﬁcludmg
but n(ﬁllﬁﬁte'dsto %‘BrdHH%@J 'lﬁﬂﬁhdé?fe@réﬁtﬂéﬁﬂl céﬂs Eﬁkﬁ)tﬂél&%éllsogke@ﬂecardlac

marrow stronal I's ih cel ture. The st TOHH

and smepthsmitsedd egllsd h¢pa©¢nm§epam¢a@c g$1@a/\f:fﬂb,r bong mmrs)Wt chaas; astrocytes,

t hose isol ated f 0 m,ce.
and. rpg Py, SeB eRACT oo HEbe g ool o b WBodeER BB, § ysetul 10
reJuVé?ﬁfeQieﬂs thaehavenadergsae mang Phdsades it ﬁssaaemturt: herapy. It
so be desirable to rejuvenate bone nmarrow cells

10057 o Barsansells fen ot e o 2eRlAce BiSindp glfﬁwers@rﬁemrmthp dapired tissues or
tmsue%hlaﬁﬁgltq ech{]sgpng ogigtc%p hEk gegﬂg réjﬁf‘%‘% ] éeerlrI:S gg{?lg% Yseful for

transplantatidafinto edspadfip brganmo tesiei eflhumeh bs atitvat tohmae diskese.

bility to self- renewan to ifferentiate to mat
0058/ i oy Zeifgeriling PP gam‘ﬁ- fHgb ratbia 9 roRipEREycells and
rejuve(ﬁﬁiel thERMnB! Qs b9 %év ly gt%ggéof@e)velogﬁt%n@fe 4 hewRal, %ﬁﬁ eRfbryo, and

Is their ability To dif lat€’into other
ESCsc eRbﬁlvenatldngf%nE resied t inntdpe nipwéndion Hgclide | wid age ot ilmited to tissue

di f t 054 .th t hod f
ST ST
rejuvéthBRS séthaticRieUy @ita tphitghotdi n6RlckHs. | ThOrep@le@Ringd16AE Gd)ﬂt&ns tissue

invitro with rejuvenating reagents contai ni n% tiss
extracihef ermbiyos apbamst eem@m\tléwes,r sese Plagentas, @ | alsll\éﬁj@@d other

tlssuegsilgg \ﬁﬁ%lgﬁrgé:g{afzts Caf] be m f]%dés ?ﬁém Qllg,s Eeéggéﬁi&%sétem cells,

)

cor D em celT's an

germ 8éllsrand poiinotkrdial geeml.beﬁﬁl QME@@ eggs[ feeiilized eggy) embiog, newbom tissues,
oung tq be rej uvenat ed 0055

han, the ¢
fetal Teeg, 9 Prn{s‘taﬁ SseaIRg ofhes IERANYE LSS TR olorS can also be
recorrﬂlEﬁ)J E dfe?@lﬂbfngﬁt QN e{ﬁalqugl dléne' 6} We%?é Q%Y plasmid or
pnys ogy an

unctionality. These novacell's have
viral)e ihanatber dshectfofinixt prosend eventitng the sajuvengtingagent pmtanns mRNA or

[ n._Vi %O0. es th out hf i ons o
total YR, it P R CTBICER ey et ioah b el P EFccs P, tied eges
embrytd n@kBosth it R O fell N16veR! aldl &ﬁ&aﬁssu@, r Birodueiag te&k/mRNA or total
precursors and bone marrow cel I s. Preferapl Yy the

RNA o sewiic ctllavpermits he sk 4o aynthesize fetoroinpifieaygells where they
eplgegé)c}éﬁiéjg lr%%%rg%ﬂ%gt eﬁgﬁ%o d e%ﬂgeﬂ%eE pc%hg b toéﬂ?ﬁlﬁaor{ Opluripotent

nova N rese
cells. cAlrematelya kheaﬁpiveﬁa&tngmgent éntpins heveldirn Bgruap@e fec@mbinant proteins

di seases, ating cqQnpat i bl e organ and tissue
cloneg, fspr ESLErb G or R %étiwé?ﬁg (88% YRS 3@6 UiSguGS; gewoorn serum,
placeﬂtgrfeﬁa'iﬁ};&fanﬁ%%yfr&%lftﬁgﬁei can be used in the met hods

ere, iInc
[0059] Novacells are defined as rejuvenated cells that act much younger and are more

proliferative than cells that have not been rejuvenated. Furthermore, novacells demonstrate
improved functionality and have an extended lifespan. Novacells have enhanced telomerase
activity and thus should longer telomeres. These cells may live for unlimited passages

without early senescence.
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but not limted to fibroblasts, |ynphocytes,
epithelial cells, endothelial cells, skeletal, cardiac
waee7eemed h nuscl e cells, hepatocytes, pancreaPCTUSRD€040723
cells, bone marrow cells, astrocytes, and
on
0061 TERERRE THEB3hUE o Bt AmRRYRISHEMARY ) ot tmied 1
protehn,vmzymﬂgr}gﬁnenammd gaszﬁa%ﬁ)m nThuss goneacelis dreimeefu] &Q’é?tbrmg the
The nova can be edtorelaceE
functjpns p F%‘t”rf ;cao(eils,l t%@ ﬁrgf ofgans. e]aorlto gXamples t rageg skin fibroblasts fail to

prodick % 'd&u§1ﬁegx'afcé ﬁspécﬁ%gé&%dfeﬂshﬁs c éhfé ékélg QemRRY: THBSejuvenated

rej uvenat’ed novacel are also use
fibroblasim Sipiction dike dhose fdetal anrb ueWbmnoﬂcganelbraxﬁi medeceofnore collagens

unan or an| to tre ase, The.te
and SHIFRD aiten o Thled: & irieBit ik SRS 1o, et Whiniia i SIS pepple. The
rejuvéRIRd0 BIodM Els! SuckNds MRhe/ BARSW deliS rﬁﬂd”h&n&ﬁ‘@ﬂ)él&l@fcells are more
early st ages of devel oprment, e.g., newborn,

proliferebivg 6nd g, b lus rabénsficit i amasie Gaeioin hugenital ancmis,
chembﬂ]%xedﬁ -cgﬂsed%ﬁ{erﬂﬂeang%tthe%%Foo'&%flsoa%m ted to tissue

T
nuclear extrac Eff extracts cont ai ni ng

[006lr] ej uyensitiyngl ddaihiiratite nivthods pahlte %drdﬂpéﬂ@lﬁgtdlﬁﬂle therapeutic
omatjc cells into pluripotent ngvacells. The
ObJGCP&? uvBh Eethegs a@éﬂwewa&wﬁgf oyt dacledecsnd e pet Bited to intravenous,

S; [ fe }
subc%:f@éﬁefégt i tﬁﬁ%ﬁﬁ‘;’% - éﬂ?%cﬁla{ H‘}%ﬁ%lfd t#lg’éﬁcggebrolyt%trmular, intra
tracheal ehd antraearticidart ($nto gointsp  The mjinvedatingofrcthSGiso etneapplied to the skin

cord blood stemce]ls, germcells
or PIAGF i SHER Pl AR PY S Qb s yier SRS BEieRPRBH eggs,
[00628 MO IR Sterr €¥RREDe hindakteSs ubedl Rreih ity %sonﬁ& B&kceh®b®ns or amounts
tissues and other immature tissues. Rejuvenating
of coma@mmt%swhms dllf&wﬁ@tlpe agmis,rmmurw@r prageniterceells, specialized cells,
such ntig:%% %\I o1 pth ar g%eDI\IA Iar%g eécéltve iercﬁrﬁéu%rs%glg Hj[tended result
includiny différétiatih$ stefmeind¥e p2d dendioAGER tint6 @ éc‘ial&‘éd &I \sth as neural, or
total RNA derived from ESCs, stem ce cord bl ood
other cel yRest | Gomprsitions @ger dingdptthe ipgeégntelg@@twgrfga)y bg used to effect a
r
RGO S SUEREL Sl b Bpele ) b SR e m
brain n&rspmaﬂ; cofte arfhlh¢ dissyset dmesmmmldmbémg Sreated) chéhethore that change is

stabilgﬁ j(l)r? 8%,\,(] ﬁ‘i’? [gﬁlg%)ge%ﬁg Qege g@%&;ﬁ%grﬁs{q?gw g%?or%ﬁc{égelgeratwe diseases or
condifibhy, iRMIERY a f&IbBgicAl ddtcpat el y, the rejuvenating agent
contai ns newborn serum and reconbi nant proteins cloned

[0063f]r onTIESEsM “a@glstrg’g@g’ orf“gdm;nwtzl@mg ggysed throlbghas the specification

n.tiss ser,u enta,, fetal ver
to deFAE B bubSEHT FricR RS SR eBAST ieh aiicpestlsy 1
differastist€] celle oblagdd @lﬁréﬁoﬁﬂk&b dak¥erédiohh %‘a@x@ﬂﬁﬁf thefedfi€purposes.
mpre proliferative than cells that have not been

Cells Pé}hw@hﬁﬁfelavenﬁan @Wea%n@ter%vaééfm@wé FyHiet ingluding, but not
llmltélc\ibqp a@a\‘%ﬁe&ﬁ ﬂﬁlta'tﬁ%@ in"tﬁévéiﬁﬂ f18Y ﬁlﬁ%gar%ﬁ(%}@'ﬂ% Bnélhgﬁgm the spinal

ave en anced tel OMer as PVI y an
cord, bruinsitem bongéor corenintrasisteiial Satraveddial, m&ysthamla ofaly toplcal and

L SRS A S LSS0 2 o et

the subjiet Hﬂflaﬂ%l:pt%ltlez{éﬁtthé hiftdafGatRt site. Cells of the subJect invention can be

administered in the form of novacells or differentiated cells. The compositions, according to

the present invention, may be used without treatment with a differentiating agent (“untreated”

i.e., without further treatment in order to promote differentiation of cells within the novacell
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proteins, enzynes, hornones, and growh factors. Thus,
novacells are useful in restoring the functions of
w@p®eiodizes cel | s, tissues, and organs. For exanpdEUS100€040723
aged skin fibroblasts fail to produce or actually make
samp L S AP ) D BT EA el ol S hich causes
certairf gemlandfod pr(gmrtmrceﬁkwnhmdhch nomelll pampia dxeduﬁier@tlate into cells

exhibigl%; :alggf & t%@%ﬁwﬁ?ﬁ? 3& en I agggemo e-l- gg%él?s ma nltlr?dergo
ex vzv& giffeySnatied ﬁ&ﬂ@@dﬁlﬁhhﬁa’twﬁlﬁ‘ftﬁ a%ﬁttl@lﬁne marrow cell's and
hemat opoi etl c cells, are nore proliferative and | onger

[0064] i védmisisigationuefien demndefumnatheu disease o3t ¢anditieanireated and may

prefer%tgq% eﬁn Ytl% lo%l a}?ﬂ?‘énrg%ag rrgﬁtet 838%,1 a\%%gﬁ 3? % gﬁrﬁ‘m?sﬂqtlon into the

cerebra§hthdlifRfid, 3y i3almBh1atites, ‘B) rdhﬂé@t M‘Iﬁahtatdﬁ:plﬂﬂﬁﬂhe affocted kissue, or by
t her apeuti c objective. e met hods of deliver

other \smtymnmtor i tﬁmceid &Y aF@r ﬁ?ﬁ‘mp]ﬁml’[i eféet%‘ST’ i réi(”éﬁ%‘? s disease,

Huntu?gg{))ﬁ’gtd?s@%%uﬁnd P'{{}kﬁ]%}% H%Q&@ a{h{e prete é@z[dnnmstr%tlozﬂ will be a

raspi nal ra-cerebroven ra trache
transplnt! direttip-iatd itha!|@YS ((esgt, otlieo sﬂmbm)n, ﬂH&e suhs;antm naigiangr both for

o B el b SO0 e S PBCRd 0.5
multiph® fsgi%ﬁi%is' ithy anfiQPG2d pf&¥errbs rrmltee(;ff S&hini’s@raﬁﬁp Li@tmjeét%n into the

Used herein to descrilbe concentrations or amounts of
cerebrospipdifliid.s such as differentiation agents, precursor

0065, PRSI G55 b 3B B B o

througho 8l #fel cﬂ'ﬁaﬂuﬁi Qﬁﬁifhﬁmbﬁﬁwtb deBériBeding Qordtdsk @yewhichtdelly of the
. stem and/ or progenitor cel] s into specjalized cells
subjecs ifetentien pre dedivered to Eherﬁétﬁ vhare thoygels arecintgpded tq @ﬂ%blt a favorable

eﬁ'ecta ragi glg‘}“t“g% %ﬁ% a%{ L.tlén?’g %Eféﬁ%gh\/% kégstg e(gvhﬁ&t %an reduce a

cogmtﬁ:\mn‘ﬁﬁ Behavioral aleficio obau&dabjr asait alahmageharegting rant Amtdroai subacute
r spinal c¢cord, or ip the di sea e or Condqull on

neurodgegATEdYe W?@%Sﬁe VR AT SIS DE (cBRoF s Bricsidesh Gtroke) or
phymdgm}xgﬁgr e v ECﬂls of’ ﬁfe%ﬁ'ﬂje@tgin%ntfoﬁ\éﬁﬁ 810 Be \ﬂ@fr{réi’é@m a remote area

di seases or” conditions, i1ncluding a
of the rbedy bly gy caddeddfadministritiogdspwitte thase expeargneed nttheitorelying on

celoitgeigfFiondy PiPepEyRreleariahe o R A GRRt i i ch cel | s

of the subject invention, such as novacells, or
differentiated cells obt ai ned therefrom are delivered
Molequipr Biplaey disehuigiest her apeuti ¢ pur poses. Cells of the

[0066f38{3?a‘h"claﬂd”}ﬁ%2&eh&? ‘t@cﬁl?g)aqig@h?ﬁ%tese@g“}fﬂ o el | 21 8 specifically

es i nc parenteral,
described raae hgemkallyl ribnmahtalsl i | Sambrook r @par, GM‘L)E(IHLAR CLONING: A

LABORT YN AL GEI SRR HarYor ity o L (100 ol90Ph ain Ausubel

et a., %a3| 2 a’f ?&%OL@WM&%E%AIQB%LJ&U j& WAKDAdd @‘abﬂ@ r]?altlmore MD

any nethod can be used so that it al
(1989 ePd>1$mefase bleais uﬁtap‘amt (AGR)entthodplogy isesudralii emploiycdraﬁt gpecified as

in Jang %t[ gle tPCﬂ f’ROTO%e OLS: SA(EUHBE %Ow{'}?o%ts AI\SBI gg;u&(‘n&@@ &cadennc Press,

San Diego, CA (1999). Reactions and manipulations involving other nucleic acid techniques,

unless stated otherwise, are performed as generally described in Sambrook et al, MOLECULAR
CLONING: A LABORATORY MANUAL, Cold Springs Harbor Laboratory Press, and
methodology as set forth in United States Patents Nos. 4,666,828; 4,683,202; 4,801,531;
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adm nistered in the formof novacells or
differentiated cells. The conpositions, according to
w0 b@7psEsent i nvention, nmay be used wi t hout trREE/DB006/040723
with a differentiating agent ("untreated” i.e.,
kb.npout ' f r : I
5192450 5,229 047 od |RBIBRAL hetp P FEER el FARERCR,in combination
with fidfvt eytometrgitcae bt uséd foraletedtion of tdllsacodiafifieg specifat DdIA and mRNA

agent or, ot her [ es certain stem and/ or
Sﬂﬂwﬁ%%g%ﬁ? 8?°@é¥F§q§§€ﬂ$hmiﬁg%§g_apelI sanple to
(00675} SEAGR s ih I B Ao Wi i e Bt Bl BF SPUcHRAP described
hereiny a@egg@raﬂy follogvedi a5 eeteforthain Sititgsr etoa}o {(Bds.), BASIC AND CLINICAL

adm ni stgration into a Eatient. [Oogﬁl Adm ni stratiaon .
IMMUNORQGY.> ofb p Eda sAPRIBiont &elangse Noswalk, £dn bl ¥ dnand: dishell and Shigi

a V| e

(B ST TR R B p AR BB H, Ehn oo, New York

(1980%.er ebrospi nal fluid, by nasal inhalation, by direct
inplantation into the affected tissue, or by other
system c or topical nmeans. For exanple, in the case of
Al zhei ner' s di sease, Huntington's di sease, and
Par ki nson' s di sease, the preferred route of
admnistration will be a transplant directly into the
CNS (e.g., the striatum the substantia nigra or both
for Parkinson's disease). In the case of anyotrophic
| ateral sclerosis (Lou Gehrig's disease) and multiple
sclerosis, the anticipated preferred route of
adm nistration is injection into the cerebrospi na
fluid. [0065] The terms "grafting" and "transpl anti ng”
and "graft" and "transplantati on"” are used throughout
the specification synonynously to describe the process
by which cells of the subject invention are delivered
to the site where the cells are intended to exhibit a
favorabl e effect, such as repairing damage to a
patient's central nervous system (which can reduce a
coghitive or behavioral deficit caused by said
damage), treating an acute or subacute
neur odegener ati ve di sease, nerve damage caused by
cerebrovascul ar accident (stroke) or physical injury
(trauma). Cells of the subject invention can al so be
delivered in a renote area of the body by any node of
adm ni stration known to those experienced in the art,
relying on cellular mgration to the appropriate
area(s) to effect transplantation. Mol ecul ar Bi ol ogy
Techni ques [0066] Standard nol ecul ar bi ol ogy
techni ques known in the art and not specifically
descri bed are generally followed as in Sanbrook et a.,
MOLECULAR CLONI NG A LABORATORY MANUAL, Col d Springs
Har bor Laboratory, Ny (1989, 1992), and in Ausubel et
a., CURRENT PROTOCOLS | N MOLECULAR BI OLOGY, John W ey
and Sons, Baltinore, MD (1989). Pol ynerase chain
reacti on (PCR) nethodol ogy is generally enployed as
speci fied as
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in Jamet al, PCR PROTOCOLS: A GUI DE TO METHODS AND
APPLI CA ONS, Academ c Press, San Di ego, CA (1999).
woe@ehie and mani pul ati ons i nvol ving ot her nRECT/E5106/040723
acid techni ques, unless stated otherw se, are
erformed as generally described in Sanbrook et al,
Imm‘lﬁiﬂﬂfé"%’tﬁLAR CLONI NG A LABORATORY MANUAL, Col d Spri ngs
[0068Har Har gdnatagriaimiinoakags are amployed hodsiesgy scimin foardel surface

In United States Patents Nos. 4, 66 28; 4,683, 202; .
markezs gothedire. dmpgpogygcheneplasseys ,at?svgﬂ PR F&gﬂ% ﬁ‘&ﬁ@a in the art.
: r > e v .
B {48004 SRR a3 gy T € R Nl bpropri
other cimmhanoassays,s sech fasc dxpmedithkedRNinswapserbens {ssayy. ,(ELISAs) and

radioi%;gﬂpggi%safs;(% %{?ﬂgg@y ood, t(?8 Ehc?sﬁés% [%gﬁé]n%‘f ta%ﬂdga:rndbe used.
Availa‘iﬂ@ﬁﬁxﬁhﬁ&!sia%rs dRsGhdRRA RSBt dah thedfit ahd Yeié@ldcane@ture. See,

as set forth in Stites'et al (Eds.), BASIC AND
for exampid) UA. PatmtaNCTODB2; §.838.153 Ap B &7 o4 383051780 3, 880084 %867,517;

s 70Tt 338139, K g S Bl LR 700

5,011 g1y a6dr 32 &1158 Qs welnal Sanisrays ef AOMRILECULFeOLORING: A LABORATORY
I mmunoassays are enployed to assess a specinmen for

MaN), |Cold Spaisgs ey Negt Yore 19%0e. NemeintS cgtherc Relised, scientific
refere@%e?%}(%g?@igi Mh%blg BOWRsL Qdfl&f’ii‘%hesﬁjt.! led in the art.

onal "and nonocl onal anti bodi es can be used
in the assays. Were appropriate other inmunoassays,
such as enzyne-1linked i nmunosor bent assays (ELI SAs)
Gene gﬁﬁaﬂédi oi munoassays (RIA) 5 are well known to those
10069 Ki bdRGhdrApy ReuRl thefhdl réiaR 1h Ehetpffer OF 8éded!aterial (e.g., DNA or
I mmunoassays are extensively described’in the paten?
RNA)ofdntersseinta 4 hest kd treatapravent, Bexodifyeny exobpt ef disgagss or conditions.
Patents 3, 791,.932: 3.8 153: 3,850, 752: 3, 850,578 .
The schyils iyl 91 dgt3iesy $0C05Rs popiogter G tood Taegin JO5REBH, pertice
ﬁmctignﬁgm\@% Jindfor 9isetke ; méleddid) vitbse 4n 0% PréductoB 49 ,ddibed. For
5,011, 771; and 5,281,521 as wel|l as Sanbrook et al

examplig) thegpneic apatstialief IierEH BOFoiFOR MONBMSALECERION.ENEHRF Rplypeptide or
. k, . uper . 0 .0 i . .

pep R 0 RBER o TR R LR R PP ot o s

gene. SKFdrl gddétailetdheeviewt .se€eGenthEhapyy”[ G0GOIvAEES N PHARMACOLOGY,

as, ysed herejn refe to the transfer of genetic
Acadepgicduesy) SanDigeo %9&7' RNA) of interest into a host to

treat, prevent, or nodify any nunber of diseases or
conditions. The genetic material of interest encodes a
Admipistratinot offGelly for Frapsplangation pol ypept i de, pepti de,

unctional RNA. and/ or. antisens | ecul e i N
0070} ey isIE Do HBL PR be Pmfreofet sl d5fee  gocordanee
with BBéE miedlcaPfprdchib€r RkingCHe® @ecovdt iy Bhdieal ¢@URWOLS the individual

enzyme pol ypeptide or peptide of_ therapeutic value

patienty the e end B¥ipodatedgenitirationnthe s hoduling of Adiisation, the patient’s
age, ?&Eoﬂ&?y %&éﬂtc Wi® other factors significant to medical practitioners. The
pharmaceutically “effective amount” or dosage schedule for purposes herein is to be
determined by such considerations as are known to those skilled in experimental clinical
research, pharmacological and clinical medical arts. The amount must be effective to achieve
stabilization, improvement (including but not limited to youthful appearance and function) or
elimination of symptoms and other indicators as are selected as appropriate measures of

disease progress, regression or imjprovement by those skilled in the art.
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gene. For a detailed review see "Gene Therapy" in
ADVANCES | N PHARMACOLOGY, Academ c Press, San D ego,
W@200709966 Admi ni stration of Cells for Transpl BCt/E$10061040723
[0070] The novacells of the present invention can be
[007 lad rfn%é fn%fl}%q oi‘ﬁg: ﬁ@s%ﬁgm'vgntﬁ) Cﬁ{eql%% Wc!upP@ L& Bgr various
nto accoun nlca con |t|on
route4s Whuidlbadppnopnaﬂe tqi) ahplenitthe hbreacslld @ the @Nmrtrrmhbrdfssues or organs.
adm ni stration, the dzchedul [ n% of .adm nistr
t

RO“tﬁa‘flP]@ﬂ% bt agfe notslipited; oy paguresd admipistseting, incdidig éntravenous and
mtraaf'ﬂeﬂﬁ‘l' fdcﬁxﬁﬂfstr&tfibﬂ're ﬂitfaﬁllecﬁ)lr a&ﬁﬁﬂds&&%rﬁ ﬁfh%ntrlcular ad inistration,

phar maceuti ca fective amount™ dosage schedule
mtrapfamncbqudogémcmnaé,l mtracsstemab antgiastgatal andl ntt;angrahadmuustrauon, as
1l ConéﬁPﬁéatl a as.are known to those skilled in
we a@)?ﬁ QR adpiiftation, o g eqy ch, pharmacol ogi cal and
[00729! iPhafiRdceliieh] GBmpasitisns E&ﬁpﬁﬁﬂgl REfebftet aiGurd HE Glokv¥RII re also
achi eve stabilization, inprovenment (including but not
contempiritecsbly the Pyesentinventiopp ddesmenmpositions Aempise)angifective number of
cells, e(&é%‘[%?l‘y ' i?lnccg)r{lblﬁéltm Qith & (i’laf)r}l&%{ltl a'i]lg e?c%ééﬁﬁe ARl additive or
sel'ected as appropriate asu €s 0 € progress,
exciplefif @ Sdre BuspendedpinoseTen noby ap}hr@pﬁats lhddliedIn Bertdig aspects of the
art. [00719 n the nmethod of th ﬁent inyention, the
preseRiGUIRAIONStobmPHIETERHERS Of & FaBsPpASsh BigSdRBRIfiEEedd sterile saline.
i fgl t
T s b RO o kol 8 21 ol CIRNASE) bt Blcced el
Solutm)ne(HBﬁS)J IsolyteS, pld,7.4ar etheesath fiuids nhesen ditono 6% dextrose solution,

di jintravenpus a raarteri
0.9% i SR o RGEE e e SENHRAF S -9 Gsodium chloride.  Other
examplBh loR \0BREAt @ SHos@f FoRi Bicfatdd Rihget SJIARGRY, @Mﬁéﬁ'ﬁ'mgers plus 5%
Intracranial, intracisternal, Intrastrlatal and

dextrosgtsokutions Nbrraehel-M end 5% daxtrosss andlarylated aﬂ@aerarsqlutmn Still other

m a 07 arnac ut|
approp ks oy AR, B o, et DESGATIERY bty i | stemic
admirgisteatdinSef horRtBOR deeshtioyt g Her @eﬁﬁtednﬁ\ceﬂamqndlc'a"ﬂitﬁgse whereas,

conposi tions conprise _an effective nunber of cells,
directmipisption atithe Hisrafiorde PErimitY o theshisnsedeadior dampged tissue may

be pr@i%ﬁ@ﬁ’tngkﬁlt r‘ﬁ?&l&d’tﬁhs ﬁd@étérhﬁﬁ'ecpfg% ?ﬁa%fglpdrﬁlgéeuu@%l r@ge‘?ltatlon and as

|n one or nore appro certain
detenmned dlysthmie skiiled i e cant. Akw enhtiemplatedois ttecadmainistration of the subject

cols B il o4 D] i s SRS Sl st e

0073|eBHb Rk eopbd ﬁor%ra@ &a U Hfretnl BvERRIroforabt
[ éa l'anced Sal t %o Ut i on IC—IBS%(; Iseellg e S l‘tJﬁ;'pre erably comprise

an effgetiernusuheh Ofnwaadlsohmlgerﬁhef 12026 gﬁ/@mm .oag &0 smugto @lwut 1.0 X 10*

cels, g pRATHRHT BT XofD" By TR A0 el e P hREY Bbour 2
10° tocdtone8 X 1@‘Fmélgctaice@bnalaﬁggerneﬁauwdmlm@mdl iAshspetslon, optionally in

Ri nger'.s plus 5% dextrose so] ution, Nornosol-M and 5%
comba@iétm 69@@1 a pharmaesptisalitageenigble carties) additéves, asipnats ok gsipients, as

di ng the use of
requngg%% ree é@?ﬁeﬁﬁcﬁgﬁgﬁgg%%{#c adm ni stration of
[0074] h eThnehgh;out thi$ hpplisatiors variowsypatentpamt paterd publications aierreferenced.

The cfis%?osﬁlaets of all 'of V\f?ese pe%ents and patent publications cited within those publications

in their entireties are hereby incorporated by reference into this application in order to more
fully describe the state of the art to which this invention pertains. The following examples

are not intended to limit the scope of the claims of the invention, but are rather intended to be
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direct admnistration at the site of or in proximty
to the di seased and/ or damaged tissue nay be preferred
WO p0oowkEs6 | ndi cati ons, as determned by the  PCT/US2006/040723
pharmaceuti cal presentation and as determ ned by those
o1 . Al . . s

xomity el it Ehbate W00 AARIGRRN AP Gk IR methods which occur
to the aklillied iattivah arecidieaded toddllithin the sepeatf ke wesennipiventioabl e

pellets, etc. [0073] Pharmaceutical conpositions

according to the present invention preferably conprise
ExandpLekf ecti ve nunber of novacells within the range of

about 1.0 X 104 cells to about 1.0 X 1014 cells, nore
[0075pr diherselimatigtpatiinenf thaqBoeasiuabioutiuvenats agoiizeleintaspotentarovacells

im vinlG GORAR AT TRY 1A % 10 e PENERE R b iy B, rom

skin, B1pbd,BoRk Inyartow 6OBIBPsyaisky) ad ke cultRhArifapgidbtisia medium to expand
acceptabl e _carrier, additives, adjuncts or excipients,
the ceflpopulgtipp.e dNekb calihire wapesed fap walk spmbeaneRermedkilicing reagent, e.g.,

-IE%?jAf-. ]It Qu t ¥ s .applJ cat4 on '

tryps pa en/%’s tc{a%g)g%atth gn%a%pg‘g‘? é|i{):]f%alt(llyoﬁlse gﬁgies' rg%‘%ér}eﬁeél e@ug%ﬁ%" cells are

rejuvetiated | voishithe sejaivermting dctdrk éis thepejurahaingrtaiffont While not wishing to be
blications, cited w.thin those publjcations in thei

bound) iy i Sheody: JE THEYSOBIS LD BRab I ves) (G ERtET Biscwiclenapd remodel
o ot ; ) ‘ i > o

chronialin? BPPeAFRLPOaluiih 1 o DRR felitflditn W8 NUOR, hbfiations)

activafes|gened netptasitarepll gsovith @nd eging ntAdied éxbubatidni with thebefastoop eclls are

of. the,.clal of the in tion.. but are her e
growry i dRGHIAM, B SO RIS G ik BPYn reaf JUBR A, angjjotios. The
rejuvendtcll el Rgvd ehhaheedeptBblogidal Gur¥EbRARS (3tlah @B tél6kbrasd Or telomere
the skilled artisan are intended to fall within the
lengths gegyeth dacterexpgrssion follpgpnasynthssis amkeglbreplcdtivg rapacitiiband grow at
tJ.C e nf u t L UV
o fostSE PR o ithid il bl DRRAPERAKATs OTieht IR el are
usefulRn@iel ehérapyFincRidingt doemetid hysplizaorso|Cedichedpics omyawitdathermvacells
) erson, e.qg.,_ fromskin, blopod, bone trow or_ bi gpsy )
ditfergrtiglegorn kg Jremplest rse i o et BF< BRta g {6rfigep hilre, peptic
uleersSBRARREiE 6hd RARMA,ARIabPAlemigel | s are exposed to
a cel'l menbrane-perneabi’l i zing reagent, e.g.,
trypsi n/ EDTA, to open the gap junction of the cells.
ter centrifu [ cells are rejuvenated with the
ExamFA":%]u' Ha W@’ggl?”gg{b&%gaﬁt% the rejuvenating buffer. Wile

[0076] Ot ARérSdiérilEzation, Qeskhpbﬁﬁﬁsyb% @hy) WAEBitYfrorh iR inner forearm of a male
rejuvenating factors are believed to enter the nuclei

voluntegk) agedtEgare hF bhalein Riopeyngs gt inko pavierad gmalpiesgs wéthg sterilized
rocor SN DL RO A0 Gy LAY b o v
mediunn (hnbittogen, Garldbad,n€AY shpglemested odth H0%rietabboviic k¢tum (FBS) and

iumin the nce of fetal bovine_ serum (EFBS). and .

100 Ul efn B?ffl_ei‘.m ﬁf{ﬁﬁ@wg&%g{f SR i 204 oMRAL AL C I Toom ai
suppléiﬁé’rﬁé@{:vﬁﬁ's@@bd URE bRk Fs {ePIéEEH %htﬁkﬂm%aﬁ i
te R 0 col l agéen

lomere [ength, growth fact expressi on, g
[0077$ y nAflessanprerivhatedyt 2 whepl incuhation, Glrpblests yipd deghingtoogrowt araund the

skin f?(?éetggr r@ﬁf@gﬁ% > g%?%ﬁ%&dagg?w Svt\ngll? teP % Otrr}ilp%%nqﬁbﬁg e(f’nv?t?(l) gle%). The

trypsin/fibroblast solution was centrifuged at 1200 rpm for 3 min. The fibroblast pellet was

resuspended and the cells were counted. Depending on the count, the cells were seeded in a
new 6- or 24-well plate in DMEM medium. The fibroblasts were collected and transferred to

75 mm plates or flasks for further expansion. These aged fibroblasts grew more slowly and
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useful in cell therapy including cosnetic

applications. Cell therapies vary with the novacells
walpdof/esmnd i ated in vitro. Exanpl es of uses i ncP@mEsSivoe/040723

are not limted to liver failure, peptic ulcers,

made Eﬁﬁ BSllagh® W@ Elastin PFbt6ih han RRivemited eLIRt @k BEIGW).a Cells were again
le 1 - Culturing Skin Fibroblasts [0076] After

anmpl e
trypsugze@s rentrifiepd and eesuspendadi i8 18y ¥BS gnd $7aRMISQut This 6all pofution was
f m of a mal e vol unteer aged 49 years. The
Storedéﬁﬂgﬁlglngﬁghms cut into several small pieces with a
steri lized razor and directly placed into a 6-well

where it was cqvered thathln | ayer of DVEM
Examw@al WM%@&IQ%@@OWP%%{ W‘u suppl enented with

[0078]3)0%1£ ﬁ%&ss%%ﬁﬂ@g@ﬁﬁ%e&gﬁ taﬁ'&g d%gﬂnels”vm-h ég]e so one can infer that

enicillin an /' m_of streptonycin, grown at
young8i7 (n€onatal) oelis a1erp1s’3ﬁmbleefme ﬂnbmdtopolehc 5600 1tidih e Smeitkirlyraging is

also o IPORIRLTP BT oFe BAUBAE PORE FiaFisvy Sraetlefyn coll culture

119 1581 ﬁbﬁwg@dtnlﬁe gl nREE @fore KloRp BhaAStheseiBs18ted fr
The St?(gtg%l?ﬁeglvm th trypS|en EDTA (I nvf?r c())gesra} These of from

youngtmyzgs Ttrig thius ldgmabéﬁt togejumenathagrd doae mary iyitrpigbore they are
The fibroblast pellet was resuspended

used%ﬁghteRLacgrgﬁltq WeP%E count ed. Dependi ng on the count,

[0079{ IR BlSoI\EH1B peeEdes quidk andedmvenieny soaﬂcev@témﬁhmyahff&enuated
M nedi um The fi brobl asts were coll ected and

cells thatznan erused fqranmJbYea@fé@l oft ¥ mbyklopd sample (was collected using
Somﬁ%m QF thel i ﬁﬂt éﬂndg{zvg? LEgddSt09h QY HRr ﬁlﬁélaﬁw Mluted in four

ess CO astin proteln t
voluntes Joﬂph@@haﬂ-méfetesl :{ashﬁe (PR$ pegniaifiel | RDTAr@ ralyBi rThe diluted blood

e P LIS 0 GOPSRER T A 0N EES 1 e
centn%g c? QQ?@DOL}E? FIP3E nén at SHPEYR 'a%n%ﬁ@-%u@l(et Befde wiBohO¥eak. The

The success in bone narrow
upper flayan §pasam) avdsoamovetandibe interphasegell laysr denataining ilynplocytes and

0 neonat I ). cel f
monofBeR R SRR PERSRUTD b BRI SEiR, RS! R0 udRhg 2 mbg EpTA
was a@dbd'tﬂ'ﬁ%tbﬁ%luﬁ@b@Bomaﬁlﬁd Whs édnmmgéd/wtmoofrpbﬁbemhdrqwzo min,
stromal cells in cell culture. The stronma] cell

This was|sispewias fepeated cad the eclopadlat was resheneaded Bddp ilp dpgassed buffer
(PBS tlgﬁr 2 uvg@ Reheli" O B0 Boling %eruhf Fib%nhﬁ‘:;ﬁsﬁi%\gg ?glrngd EDTA).

eae one marrow cell's 1n vitr
The ctieyerr esparidd iin DMEM negiuac élnmmtogbin)emmﬂ§ .10 Oﬁﬁ&jlates. The live

White bl ood | d d t
monogygle ol vicbicpnensefels rtashieiia B ol it DU RUFE A Fhpemaining
red bldo& @efl@ Emd Btﬁé& tWifite’ Bl SER Wwere- still E@Eﬂd&ﬁ%(ihé 3gdnen and were

was col [ ected using sodium heparin as the
washegrawaydwpusicaple chadgeoSthe adebdihm. oCaHSl@tmhed iotfhe plage were trypsinized

ot g Rl AT 5% ROSLB BB S s e ot

using tiRAdaANVRBE BolatieR kit (MilkaguBidiay ;Aulmu(nsog{ya The wlhtwcbeSl pellet was
MO in a 50-nL_conical tube and

collected and cultured in Myelocult medium (H1500, Stem Cell Technologies, Vancouver,

BC, Canada) supplemented with 10% FBS and human cytokines including stem cell factor

(SCF, 10 ng/mL), Flt3 ligand (FL, 10 ng/mL), interleukin-3 (IL-3, 20 ng/mL), IL-6 (10

ng/mL), IL-11 (10 ng/mL), thrombopoietin (TPO, 50 ng/mL) and erythropoietin (EPO, 4

units/mL). The cytokines were purchased from EMD Biosciences, San Diego, CA, and BD
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centrifuged at 400 rpmfor 30 mn at 20 Cin a
SW ngi ng- bucket rotor w thout break. The upper | ayer
w@ ploasamEye was renoved and the interphase cell PEEES2006/040723
(contai ni ng | ynphocytes and nonocytes) was carefully
i v e hfBatcl P PO AL 0
BioS ?\glég&akgzg ?‘g@gul?%teg}a %ﬁtgﬁ’o P3P s g%én%d with 5%
CO;. centrifuged at 300 rpm for another 10- 20 m n. This
wash step was repeated, and the cell pellet was
resuspended in 300 uL degassed buffer (PBS, pH 7.2,
Examglér?ﬁpJ ler%#rﬂﬁtﬁﬁll i Hekal @X@ﬂ(@t@ Y tﬁéﬁﬁﬁeﬁﬁh@' Ietern [ BSA] and

The cells were suspended i n DVEM nmedi um

[00801 | riEAsauﬁs) g@lie)ctedrnnﬁbe rady stagps af ésvelormenlt i(¢-@-, rfele ané legdiryo) are
| {{ d t
exceligf obtest oVt SRGT f PR PR, T Biiad, Bpaunote of

mousdMetd gived iesh£&l theptredurst i | | suspended in the nedi um
and were washed away by a sinple change of .the mediu

[0081Fe|A fetun wasciedlacted fropea pregnant iguse and e fefpl iver 3vag de@%ﬁed into a
Petri {1@{ ?d’n?ahfﬁ\’lg '?c%t—éo(f@ Qot"fhg 'Ttl@g{ @fsgu%sfl gfﬁ?%ﬂ%*}‘hest%g 968461 96r razors

S can i SO usin
into sl pitdesnwhich \(vMeI ﬁ*mferreﬂl witlke ®BSAinbel larglasﬁﬂl)omd'ngM| tTthe liver
col l ected and cul ture

tssue s pe' Ffeshs thayme ft%?f}ﬂyﬁé%‘fﬁﬁ‘dwoﬂ}de‘g" WA A0 dimespcThe cells
. were ﬁ%g%g% r%H I%ngglffgﬁq? %&Qvelﬁg/ﬁ)ﬁﬁ&tﬁiegl%%ﬂ)%ﬁ‘es%ﬁ%r@ €entrifuged

actor 10 ng/nL
at 600 ipyarcd CElLor 1Omiy/ Aelly weienwashied dwica vath( ice-c8ld @graction buffer (50

m BREPERL ot : 7 TMPRCT D Y MECHa A b ssBiogtiepol. and 5 mM

EGTA%EI?Q: céllyweiesmah)ed Witle theydagtel tiffer WoAR in sdttﬁﬁ@sanfyrtﬁmfouowmg
MD Bi osci ences, San Diego, CA and BDBi oSciences,

proteayp dehibitoas: cpftecheiasingiB clewaepting apiotiniag and pestatin A @iorug/mL each).

e SR8 b 5 5B, B P IORDLL A Pl T

superatan wes caefillgat@dvediot lbkﬁfee@pfmitabeme d)ﬁlfdmlﬂilmmlﬁmﬂume

[0082] o] Gl i g (P Por ek RE P IATIRg. toaiope: mpgature) and were
centrlfu%leh Q¥ 1160 (?fijgig@ﬂlf °@ff?mﬁ§n f ?ﬁ@éuﬂefn‘é%t chtlréb‘ﬁ WaRl6Bectd¥and 2%

-\

cedure. etus was collected froma
glycelpﬂ egaaddedrobbeuain (0.1 el X it &6 mli. vighes meese fosereit kapid miteogen and
¢ (ﬁﬂP&g di sh containing ice-cold PBS. The l|iver tissue
SIS M riced with sterile scissors or razors into snall

[0083&I EERA, an OMEE Exthdotd) Shél dsellis\vhleveR3BSch it Gictorg E(ﬁ'&’&]uvenatmg
onogeni zer. he liver tissue was hormggnl zed as the

aged gallsy mSéu@emglays aashibe whelexmamaalian hpdiut This methadsalsorpan be used by
I 0 renove
emac;iﬁ% Oﬁ?ﬁ%@rﬁﬁec? {a@gt‘% geg%{glg %mcfJy %?Igda}%ig‘% i "fuged at 600
rpomat 4 Cfor 10 min. Cells were washed twice wth

Examgled - BrepparRRo e mBr AR T (Bl dwoReivfetting Fpgtors
[0084EGTﬁ§§CS Wige gﬁgélﬁm@@ (Fee"‘@ﬁzjﬂﬁﬂ?‘gfl)i d V\(/II %gpx%ﬁﬁﬁ‘atayfi & 107 cells were

ont al ni ng itiona
collected in a 1.5 mL tube. As descrlbed in Example 3, cells were first washed twice with

ice-cold extraction buffer and were then subjected to 3 freeze/thaw cycles (-80° C to room
temperature), and were centrifuged at 12,000 rpm at 4° C for 30 min. The supernatant extract
was collected and 2% glycerol was added. Supernatant aliquots (0.1 mL) in 0.6 mL tubes

were frozen in liquid nitrogen and stored at -80° C.
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protease inhibitors: cytochalasin B, |eupeptin,

aprotinin, and pepstatin A (10 ng/nL each). After 5
worzw7o477661cubat i on on ice, cells were centrif upErUs1006/040723

1000 rpmfor 1 mn. The supernatant was carefully

[OOSSLeWPPﬁ? ‘Ene{t%o &?1"&98@9@’[1@8‘ tBBEALY RN&xhaki flohfofet ’ti&éu@ Rtem cells,
082

s were put through 3 freeze/thaw
cord higad agm(Ge&l@ aﬁdtrquvmtndtrmvpeelbt for el)ze andelmwenatlon This method

trif 2,000 r Rm at
will fs e peedoRE et et BRI Rpee PBprigg omd fotal
tissue@dded. Aliquots (0.1 nL) in 0.6 nL tubes were frozen
in liquid nitrogen and stored at -80 C. [0083] Fetal
and enbryonic extracts such as this, are very rich in

Examiffe’ Phébalrion BERENSARILR FalH hREST NpIGE tifme® 90T
[0086¥8e1duayaﬂ&faal@tdfm®tme lflﬁ ad utSingSh@ snettiddeasvgrevieusly described

et us nbryos and pl acenta., Exanpl par at i on
(Tian f o Chmnith) $00%% L0y R e BILD te atvested by

i
cen OGRS AEbRSS VPR RS FRUELO i bies i
cell vdlume wif coldRBS. AES@sswenel sospenided Exarpelk velumes bf Buffer 4, a hypotonic

butfer,g ) wiE LTSS BB o MEEE, of ek 6 Disoonf g aufained a
4° C, "tﬁéoﬁSég W%?é’ & 8ding ﬁ%‘l’as%bﬁm@&ﬁ&é’r'(f\ﬂq%ﬂ)n@& Dotne® BomBBenizer, ~

for 0O mn. super nat ant extract was
10 strdcds} emdélab rauedei mmqlbeiedlbymgtrﬁ@@é@n aB@%Q(}m fitlS min. Nuclear

e N

HEPES2Bufibs 02938 glyedol, Ol. SSthMgGﬁLMZE)Xh{MCNﬁCT ros eMsH, 0.5 mM
tissue stemcells, cord bl ooo{l) stemce|lls and
dithiothspital RS sfEtedctor| 30 min aisE Cnlagein hemparpisdtinothe Dounce if

necesse%*)f gﬁ(?é&l%?éj BW ’Jhko%hs?ﬁ'g&eﬂﬁﬁg 991%%’865 el P{e J%egxﬁié?ature). The

e fetus ryos an
suspehdias was cerfrifugpd at ﬁgﬁ’lqu‘lﬁﬂr(aEJOOQ rph, $843dy fr30imip FalCt@r Blext the

supertsid g GPLyged FERUTH CSD RGUERS SoPRBY D2 abh BRERS, B 79, 20%

glycel%? 9(?2 hﬁ@@]ﬁA alro)o%lxﬁtm M Hérfyl&éﬂ?fsﬁlph@lﬁ@ﬁuonde [PMSF] and
39-49). Briefly, ESCs were harve

0.5 Da”&)tmu doild gean.orBufter r\twrrclna@ggb aad uras @lalyngagmmh X3 velumes of

solutl% F'])d g%vgi%scgulﬁ ganf‘ é]ﬁ&%%ﬂ‘e EQ I@EHONX( ﬁluH n%f \fvas spun at

10, 0053 ﬁleﬂ’)r 20-30 nilii B0 HBM Ef‘otbtl b & COfPrdtGmr’dbthEﬁEﬁoM&ermeasured and
Md 2, 10 MM KA, 0.5 mM DIT. Maintai ned at 4
adJusted tg ﬂé 3@3@3@%@@@9 abdi Wesg frgzen i b gk aligipdniny iquid nitrogen and

nizer, ~ 10 strokes), and the
Store(ﬁ%f? ei@\qlt%lﬁ%tlagg%]ﬁgct e@%ﬁ centr| fugation at 2200 rpm
[0087] orThiSmethod chiuake be usmddb ésotate neclearextracis frooh dijiertisams sigm cells,
he, nucl e 1A nucl ear. volunme of Buffer C (10 nmM
COYdM #‘%?H%TQB%@“ ¢S, 1.5 mM My 2, 420 mM Nadl,
0.5 PMSF, 0.5 mM

Example 6 - Method of Rejuvenating Aged Cells

[0088] Aged cells can be rejuvenated in vitro with cell or nuclear extracts collected from a
variety of tissues or cells of a younger mammalian subject. After rejuvenation, the cells are
more potent. After rejuvenation, the functionality of cells lost in the aging process was

restored. Skin fibroblasts were used to exemplify the procedure.
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dithiothreitol [DTT]), stirred for 30 mn at 4 C

(agai n honogeni zed in the Dounce if necessary), and
wowere/opirse t hrough 3 freeze/t haw cycl es (-80 C pOI/DSNG/040723

tenperature). The suspension was centrifuged at high

oL\t b i Bl Bl e v

trypsnﬁzéc?@ndf%lﬂﬁfﬁsin #liduétsOof D0:auRBr 8%10°Qells M1 EDIA, tubd) Cells

were (ghes veﬂnmco ol Pt 4iBrerRl it Bekton STERE ek e gssted with

oo RO KUY £ 1 B i e

After amdzM%&théAﬂOpxIaice-b@ldﬁ@B?S,ﬂ?@: éﬂls Wére 8éntrifuged at l-lB)Oéhanﬁ)o B min at
t rotein con r

4 C, i the cels vore i T urer S8 rkE EEnfEs ot £5, 65w g, 5 m

NaAc: nﬁh'l\qgﬁé S1 WM BCIA, D BiM DAgeEN ﬁggﬁ’mséa%h o aﬁi‘otmﬁlop@sfd@ih A and

later rej uvenation. [0087] This nmethod can al'so
leupersin. uABer ¢amtiifugingt therngl IpeHet wagt svap@rsled rio A0 gl hef rejuvenaiing buffer

contaifs & sl BSR. d BM{HE B mboShyRRieff HoBEiirsegine kinase

(slgmhpo@éi] UASEORNESd snlblitoro@nvigbptgnahedl lrﬁMV bzidhOthheh four dNTPs
or nucl ear extracts collected froma variet

f
(nucleptlé%@mh@arphe@m anddiSQ ny@mﬁraﬁtﬁmar%ms%‘bﬁf@& MA’?‘Y%JL et al,

£l | r t f
1995 ?gl}sfégg(g}geﬁ 99? 2{52?6 S8 s%nglel 2089 éi{lf Bl?ﬁo%f{m 80)._ The cells
were MUMed)f(?Qﬁﬁﬁt %\m at 8% Qrirc. wﬁier bathi witlo bt@siosalvwapmingls édier this
to.exenplify the pro re 0 bl ast s r
rejuvegRiigmER sell sedlosiei vl by Eié%@ ngM’@?r, (gining "T'mM CaCl and
anubléﬂflégr Rk RS n% eiotﬂeyeﬁf’ h&m&@ﬁ&eg %&@éat%d SLO. a'T'hG LIQ@SDMEM

appr oxi 3x105 cells in t ubes.
mediunve was \whatiged dmly hlntlbﬁleomjud'eMﬂk ﬁbroB@ls@nwem csaﬂuent The cells were

tpsipgpd it e D0 S e EF0S: HE)s ptl el R 2 anc 28)

comp&B&fo A aceliAPeatddwith R4 exﬁ\actt@ (FIG. 2B Andhdvac@®Ordited with ES cell
ice-cold HBSS, the cells were centrifuged at 1200 r

m
nuclegrextracta(HIG2E). Ehe gomiral Aibrahbasshagdesrawnds REETYHla W rate and did not

B r I
o 8T, 7 MR By S g . 1
contra%t}rthél?vaceﬂse@ﬁﬁ@quﬂdﬁ emﬁjd(lilﬂeitttpdpt:bmﬂueﬁﬁy sethe novacells were very
centrifuging, the ce elle uspended.i,n
crovdsg gl inpa i 0ggthgff A Fe QB SR gels Wgrﬁrﬁorsém liguidyfitrogen for
ﬁlturep%%e 5 mM phosphocreatine, 25 ng/nm creatine kinase

, 0.4 UnL RNase inhibitor (Invitrogen), and 1
[0090#M mmfatmheaxfe@nntemprm (Protdlie ondydes (¢.gi, mypsp land egllagenase),

detergﬁlgs &15 %%0%1@9@? ‘g{p%%ti%&ﬁ%ﬁ]p S/ng§ ﬂfg f]i)?ertligig% I\e/acge ygxtembrane
beforétbell @Q&nﬁ%’ﬂ i ke Faa‘éte]éﬂifcﬁf @2 not KBow®), bise yfdmR half the volume of

i ncubated for abou hr at 37 Cin a water_bath wi th
fetal tissoasxioacts andippe half the velpme pfquelepr oermsts onER¢Ee yere found to be

optimggldi‘lie %ﬁéﬁisé&%ﬂa@% aggeﬁgpeonﬁné%n%% GanLAE Y &%v%neﬂythe aged

cells, and the nuclear extracts of ESC worked as a booster to accelerate the rejuvenating

process.

[0091] = The cells rejuvenating by this procedure kept the same morphology as the original
untreated cells. However, the rejuvenated cells had a higher cell proliferation rate and better
cell function than control cells. For example, the rejuvenated fibroblasts synthesized more

collagens and elastins than untreated fibroblasts, indicating value in cosmetic therapies (see
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antibiotics in 6-well plates to reseal nenbrane pores
opened by SLO. The KO DVEM nedi um was changed daily

waeaorlo417he rej uvenated fi brobl asts were confl uret/USZh€040723
cells were trypsini zed and split into 100 nm pl at es.

below! {5 afo) S PHErcORLER Hoh? TP b1 Bt finatbRoBA¢ el colls wil be

useful(ifithe tréddneanel lit{iﬂ@@@ﬁdeﬁ; leukeadchndi Hemabdpodeticl dysfidcion caused by
extracts, (FIG_2E). The control fibraobla % had gr own
chemcgherapx/@gyn@wom alse exprat thedempenajed:fefls ¥ PYFe‘HB%er telggeres and
ely separated and sparsely distributed
mghe%ld{%r% gtl‘\M}pll n contrast, the novacells grew quickly
and did reach confluency; the novacells were very

C d. and |l i ned, up..t oget her. These rejuvenated cells
Examﬁgﬁgdgggyg@tlpﬂ ofgﬁlﬁ‘lp]as%‘gt rogen for future usage.
[0092£00?91k iSABoME InBtho@T r8fuferafibh OMRAL&L SiEin tRERL €ANskin biopsy was

nzymes (e.g., trypsin and col | agenase), detergents
obtainediagiin Erampleah dnd was igropo uaDNﬁMdacdlmwpbbnmmd wish 10% FBS

ot E bR OB DT 008 BYSBRM lin. o

skin tid36e U ek @b thepRite. ! ThHE Weeddich Wt Rnved ne ﬂmam& dff¥€juvenating
vol une of nuclear extracts of ESCs were found to be

buffergnd; 39Ul ofmerverating facters(ESEauelsat extisise Reeaddgd to the skin tissue.
. functi 1 i_nhtd .

in S0 R P51 €5 B Y SELR BO5 AWRE pi Fs v

addedo Bkin Hesutowaedatubatiddot D@ver&;tlumdmtn rt@laaememsszery[ Dogs] FIG. 3

showsj,-%gm%glpl S reJ uve ai‘?fp t hi t%P ?wg]d%éﬁrgggt t eg%%nna%ed skin
on thd ﬂ?htr}ﬁh ‘.rr\%‘gxgt to® %F(Jvlqﬁ kAt EndtbBBaTork Shd skieh 8hd ERARidgA0 the skin

and el | unct| on"than contrpl cells. For
edge. e’izkmp Idei;a denmnsteqta vl dit ie ghossitile tbteisvenatsyshinhidssiie.awt st individual

cols. AeE S5NRGRUP JEC PHoCHR T TR ot pd R i By more nevw

cells. dﬁiu@) this tHRvERitny 9&&%&@&6@@@ Be ﬂ%ﬂﬁ@ vepai tissuddlor organs and restore the
hemat opoietic stemcells will be useful in the

functipp ehegrdrtissuss apd gtga#s.cancers, | eukenia and

e t I :
100937 HERBOR pocPRt 40K 08 1 PATEal0 SRR BBl pells isolated
from hma/@dl eges Cbﬁtrohlﬁmesmaimiv kirghar cdlls liariated Sonsthe hyéd youse grew

ampl e 7 - uvenati on of .Sk | ssue 009

very OSIa e, 2t A GPoYeRoR R [ dives EanR FORFL GEHs Sppearcd

ReaittlyNarld QBSHcdBR LRIGE Napidomtd | € IdteRBENSMAS stromal cells
very gr o{\m ?Igi DI\/EMemedl um suppl enent SI(TJIIE\)/(\AQ{HR 10% FBS gyla%d 100
rejuvdiated woith P8@ nocledn extractd gid0evey/betteoih cuttnsFignyDi n.

After overnight incubation, the skin tissue had stuck

to the plate. The nmedi um was renoved and 50 niL of

rejuvenating buffer and 50 nL of rejuvenating factors

(ESC nucl ear extracts) were added to the skin tissue.

Skin tissues were rejuvenated at 37 Cfor 4 hr; then

one volunme of 2x DMEM wi th FBS was

U
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added. Skin tissues were incubated for 2 wk with

medi um repl acenent every 2 days. FIG 3 shows the
wainioreetred skin on the left, with mnor outgroTUsf006/040723

fibroblasts. Rejuvenated skin on the right has many

Exam TR BE WP SHAL TeRbaf i, PRULGHP Siem-Like (55D)

Novaddilat it is possible to rejuvenate Skl n tissue, not

'us i ndi ¥j dual cells. r e'u Lon, .the [
10094} 574 gignes, Ebroet fed i SISy Euv ! MG EiBribgrigddie2s-36; Hu
et al, qfiéleChJH 4§96, 1Ny 5 80 83 -BY PR _&g@ﬁé@g@ﬁﬁ\fzﬁo Gt ubleflxtracts of
to repair tissues or organs and restore thé function

the mohsedge@ (Example §). ahlireorsgleation §t61®59®¢reméenatb61¢élffvm1t@tmﬁ@0blasts
into Bo pAFERS  AFLIES SR o SR ORCRRE RS SENE thofi Ay reprogrammed

cells g&ﬂvoﬁ‘iaﬂhe Gelebtfor meliiahed 1] TasréjiferatAcell® wite FireVEry®hYin inverted
y (Fig. 2A). After rejuvenation with fetal |iver

dropl@s( ambéhey indpspsasipn oal 0-35%mearose geliar KnaekDyhDMIRY (KO-DMEM)

) ST 28 F2S oo JSEF b o 10

pg/migrafinstesptomynit)l €r MV ghitdmine, (% gon-Eﬂs)mﬁélaamine acids, 0.1 mM -

mercapiast R ¢ BB DFRL: OEioL 38 Ry SC0T B 3p0 001 Wbl 2) The ESL
colonfeg g\gei’cp%@é:% %@ théEro mergﬁyﬁcqur&&hst Y3 FRIRCTA MY culturing,

Hu™ e Chem 1
some X¢lls 18248e G2pleguiad andj formwdtsmhll novdceH ccolkymm thah hove dhe same
Thr ee sel ecti

morpit S ESC ARE e PERE dpmpreu At Patastl cpaist 2 g Rfo. D).

3) ThEJellNRNGER Wére Abdfally pitked sipefidadecd 6 tiein fEUdeL eellsr @IG. 4F).
only those folli;drepr ramed cells grew in the
Thesesdctré@du ashls meadcal Eﬁ%e apdjweve sapanded and stared éﬂ fliqpigh nitrogen,

excepg E‘(gtg@ alhg%(#tgégé’dta%ﬁ %,] oc E%Jﬁ?m%%%%’ ("[ﬁg :ﬁ? hehthoWs that the in

vitro (djivdnationg @fctharll ﬁﬂlo@&tﬁnlt!)e dhel\fdédiﬂaﬁ%lﬁ% pﬂoXoc@llthSl aflé ¢s induce
100 LVnilL_ of enl cilli

dediffgrengiptioshylciibry 1aatsmgﬁsﬁt a5 neBas&d/a)ﬂ heiememhology aith presence

of tel@ﬁffﬂl%e _F%:é%rﬁﬁfb avﬂg'iiﬁgf/%}ﬁ LFM l)es éhgwE%@ b %E nlrlgs]?%% cells are

expecmirte femdtion likel ESQH in badhthgrapyn on enbryoni ¢ fi brobl ast

0095 ST ) poEUF R b R EOAR SHpE g Pt

cells %I\éemﬂthpedsmﬁrmmm mammﬁss@% FB‘SGH‘[ 3gP QM e Préefice of 1000
t he novacell colonies grew larger (FIG 4D). di) The
e

U/mldeﬂ LIF¢ dibgreixpeneptialyy gtevang FNyEY; Wtqjcthpctada 8y é@ea@ taghment and

the celf %% J%PS%%? %g{g gir?gé V\H/ét:g L ne g)daogggg Eg) gﬁ% d[hg %{ﬂ/& o gﬁ inverted

Petri dish r age Eott@ntbé e dlsl[ was ﬁﬂbdl thtPBSwEdamﬂ dAﬂﬁﬁB yiz EBS fhad formed
ESC mar ker s erl sho at the.in vitro ]
and wegg eRAeq @rge e—sg»at@ @ﬂtE&d% % reslabing j Lhe;fgrpation of

erentiation of
EBS&%?O asts F%?@E%%w%ﬁhggggggon t hei r nor phol ogy

and the presence

Example 9 - Expression of ESC markers in FN-ESL cells

[0096] FN-ESL cells were collected from plates using trypsin-EDTA. Total RNA was
extracted from cells by Tri-Reagent method (Sigma, St. Louis, MO). To eliminate DNA
contamination in cDNA synthesis, RNA samples were first treated with DNase I; then cDNA
was synthesized with RNA reverse transcriptase (Vu and Hoffman, J Biol Chem 1996,
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of telonerase (in common with ESCs) (see Exanples 9 and
20), these FN-ESL cells are expected to function |ike

wEB03/04116€el | therapy. [0095] To test this hyppthesiose/040723
EBs were grown fromthe cultured FN-ESL cells. FN ESL

1881 A UM Y ST b 0 B o 106

271:182$ﬁ}6ﬁht| ally growing FN-ESL were col |l ected by trypsi n
chment and the cell Si o were made ing

100972 Gk, SEhesmIog: R 2B PR LR B SR sy clgseribed

Vu 19%t fdid vab et INECARTARER ﬁOBt e §6§-5§A§,23(}‘5Als51ﬁ HleWinefe ﬁ‘ﬁ@lﬁed in

or water. After 3 d, EBs had forme were col |l ec
a 3.0 ghtreaciiohmaixtvre irl mameeSQmepﬁOaAMaﬁi% haiprimer96.125 U KT1 DNA

rn S 1 T PR 2P R B e s

primeksSver¥icked $o DS ENbESh | thén 4BPHRI By FSleleg @t O5° @115 sec, 65°
collected from pl ates usi 3 trypsi n- EDTA. Total RNA

C forydQ ssptandciEd G fond @ épe-s mrpdmagl@d‘trwm Risatromiogenis on 5%

ptylihn 1 ond Sl 8005 G SEURE Bl B,

Sunnyvald, Ii5Y). dbddolweing PORNsihers tverd tided R mRBMeqwaititation:
o M T A e g
B S e T b A
Ndp5ghht guine (#3288)-0UAGAACRAGATICHEA YT ATHOBC AGHIGH (SBQIDNO: 3)
prier a2 A RO PTG er B AT N

Dppapfs Sfinhdy! (#MQB% GTAVABCARAGATGREAAGACTPNA @ |Q’I]FN®5 %)
éHu et al i ol Chem 1997, 272-20715- 20; 2003,
bpximer (f3a9 BDW%@GMA%%GMEGGQC@M (SB%HENQJ: r6)

pacry 2Bl 8D, SRAC TGO YL PRAISTRIING T

Bmﬂﬁmwe{m 4@4)@ GKD%CAGB&@C@?GG’A’D@GQACGSEQ&ID Ne} 8) ea
ann )i osphol na e Scanner (l\/bl ecul ar
00983, @,Wﬁﬁwa dd&? by PNsviprskoeR Lapesigr 6 10 and 15
f
conta 5%%5:@% ire Czﬁjé%‘i%@d" ﬁﬁfg{b}% Ck%%% &Q%g% L?]E)es 7%1 and 15 contain

result® 'fromn ieady KSI3 28 €cellCT TENGCAGSGCE TAAGATTSEGAIAR (eSEQ Ifildm novacell

o Rtk (8 o popyrageie o o
contr(ﬂ#ﬁﬁg@tsts Vel ERA By Giffel ditlateiCin0@lid rbishd ﬂﬂée ESC markers
orimer (#3290)- CTATAGCAAAGATCAGAAGACTTGT

(Oct-4, s%@ﬁ@,lN@ld PpR3). prilomsevet.#alb ghiee stages of the rejuvenated novacells

el ARSI ISR, 8 Ml il e st

expresipd in all cell types, including controls. These data demonstrate that the in vitro

rejuvenation method was able to dedifferentiate somatic cells into the ESL novacells that are
pluripotent and capable of differentiating into other cells and tissues useful in replacement of

ESCs in cell therapy.

Example 10 - Formation of Pluripotent Cells by In Vitro Epigenetic Reprogramming

[0099] As in the preceding example, fibroblasts were trypsinized, and approximately 10°
cells were aliquoted into 1.5 mL tubes. The tubes were centrifuged and the supernatant
poured off. Then 50 pL of trypsin-EDTA (Invitrogen) was added and the mixture was
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3' -prinmer (#1484)- GATAGCACAGCCTGGATAGCA (SEQ ID NG

8) [0098] FIG 5 shows lanes 1 and 14 for 100 bp DNA
woreookese6 Lanes 2, 6, 10 and 15 contai n resul t BCT/D82006/040723

un-rejuvenated fibroblast control cells. Lanes 3, 7,

incub%%adn gds}dS }1‘5%%9 ?Za?‘ng %Mgﬁlﬁlé& 150 c%ﬂrrkl ed1OYRE €hllsSwere spun at

ontai n resu rom novacel
1200 xpod foni3enin th pebat the cdls. The aeith \&&emhﬁd Wwith Baffiet T<260 mdHEPES,

o 7 S HBGMR AL SR NeACT sl Ees | oM EAATIMPTR 4 gl cach

of ap%%piﬁ%[nesp%pﬁﬂaﬁntﬁr &fd ﬁ%egﬁﬁj‘erﬁey& Qb - éblls W&ézﬂehusﬁgﬁhed in 20 pL

However, all ree stages he rejuvenat ed

rejuvenatingeuffes (2 xm/eﬁsBSAhZ gﬁ\dlﬁérzlél 150 mM plmphmre%mﬁstﬂ U/mL creatine

inasep ¥ G RAPS bR, i JHe? . f il By oA ran g were

rejuveiaied 1d8mPBRFE CatA thbahd bhide IréjuVériaﬁ@n pejiet e etel xejmvamlbﬁ dolution
was able to dedifferentiate somatic cells into

was agded 2881 uLsof R DNEM sppplepentedwithl§%e EB&bl@OBémtlblotlcs ( 100 U/mL
tihat Il
o e LAY PALLBE B A T BT ULl
acids, Bolr mid Bﬁmro:ipt&thaﬂoﬂ;dt ng?hlnL(mlﬂb Sibloyblast gkbwihdadimi (EGE),i0c12 ng/ml
rogr di I '
T4 Breb] Sl b Pl Bt (R appr oxi mat el y. 106

ells ted {Otpjg%
[Oloogentréﬁﬁg{édﬂghgﬂfhi gttg%r%tétgé%mp%%&?ggn)off pThen SG\OB{rgLTO) o

electrcqfomt[(ymn alsBbEAIs¢d m/prbtn'@g the)cellamcralstancibefons acl eemveuamm

neubated for 37 Cto s
o101f57 | A i Siraatonr i tels o il abtori RT3 A b Flp privoten
ESL whéh they Red dabctlyh 1a€eﬁ| |Howé|_\h:@ telibfveen&l veBhese W $Hort doubling
Buf f er T (20 mvI HEPES, 121ng 7. 3 110 MM KAc5 5 mM NaAc,

time apd pthaygmproved W@mg@ca ROVIODF-T The follgwing dhreersisp selection process

was u@ 185 MtD col %?eﬁlff hﬂﬁh‘ﬁ@@ Jjgupeptin). Next the cells

Were resuspe rejuvenating buffer (2 ng/nL
[0102BSA, RejuntdatelRelid tverd\gphadp RO gl adrvplers, Cill dt:lf)pftbts Meeaplacml on the

e S S L LBl 8 B S Ty
of the(blal’é‘t 89 QVé?f; ﬂcﬂﬁa‘c@@b‘é&ﬁ%@% ' R‘%gﬁ/%ﬁét@&j ceﬁsow&lé%'v%hly mobile at

rej uvenation sol ution was
this stegpphestentwed wiviand 109636836 the undoatadk ¢dyeoof the [laie0 T detach the

cells ﬁ?lattg%c(ﬂ:xléelrl ?@% Elg \%egg {yhe uuzedotﬁﬂ_ﬁ g éfr%é[g o ne)fé ﬁ,mngMed to which
was alddiEl HRLOIOREN! Thé cé1%/ vidre Bagt gotvh bh 8ddes el (@t fuvenated cells
factor (bFGF), 0.12 ng/m TG-bl and 10 _ng/m |eukem a

or mlrmm‘ogrmn«;d fcelior The IrEpverjateio ogllsawere, mzingasped vgth daily medium

i1 3505541550 RO Lacth 50 BB B0 i -

Dmmﬂpp&ﬁ&ntbﬂf\mtlﬂ @g/nhL bBGHY@ M2 higonLl TIGFLPN ind G rg/mL LIF on top of
rejuvenati 812 the cells_do. not ﬁUt omati cal |y

0.5% Gghip}e Bile THF MOESPIETEMBR AN BREALY ESroRRRRMSifeys didgot survive in
the sug%étﬁﬁ)'h d&(;lucg ﬁ’l:::] Sﬁﬁeﬂ&”@r‘é?ﬁasséﬁé@ (39 &)Y 8RB oeRH IERI Nk BcAls were

transferred to grow on the feeder cell layer. Cells with similar morphology of ESCs and

healthy cell types were selected to expand for further analysis of ES markers. After several
passages, these cells were saved in liquid nitrogen or used for cell typing and differentiation
assay.

[0103] After these three steps of speciai treatments (inverted droplets, suspended cells on
agarose and ESC selection), these cultured novacells had different cell morphology from the
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time and other inproved physiol ogical functions. The
follow ng three-step selection process was used to
wo soratseconpl etely reprogrammed cells. [ 0102] PCT/US2006/040723
Rej uvenated cells were grown in 20 nL droplets. Cel
.« . r
originf} A8y L " TheePAaedi e PEpERIEId baf e TR Rhderogencous
ESCs hheelbﬂmtapyn Becduse tlpflsabells Cenee freinlthe vasipdentnihe atogdlous novacells

over ni eJuvenated l1s were hi
do nof fis® BRIGEREEE: TV JficeD SEGT A LR BPIBRL Fad tRhod stem cels
andotﬂ&%ﬁﬁﬁldtr% fhtOf the plate. To detach the cells from

he cover, the cells were typsinized. Al cel
droplets mere conbi ned, to which was added 1niL

a9 P T S Sef ERDIBICHR PRGOMFNSALLE o 1 v

EpigehdicRephctr@dmégl | s were maintained with daily medium
changes. Aggregated ESL cell colonies are selected,and
[0104}y ofifpreblast wpisnedredefipm 3 A9-RooENBYD pIads B Bigrefejyyenated in

vitro \Qgﬂ @fg@; gd:dre Qre&t?ne'ﬂ?s/ mfth iErcl A0 Sctldtd) AR {‘E!g) veﬂQtlcfrf) Rovacells

arose ge e unreprogramed and parti a
were defeteddo @rove on ¢ap dBagdiate ol arslphotogeaphs of hevaed pehmles rwere taken

e BT A Pl Bt L 0 i St
(FIG. Cfﬁjgt gﬁﬁgﬁn 43 FRGWeY, dig 'ﬂ‘bh}ﬁr (FIaT B! LRy el@étrd%%gﬁloﬁn@l(} 6E)

es wefe se ected to éxpand for furt
yleldedrsahylarlysreg]fveﬁeﬁedmc]lke nempmfed@ ﬂ@e%fﬁ@tedmsl@algﬁbrobiahfes@m 6A).
cells aved u for
Furtheiigre, Ui Ve sy TRt B9 SRl P AP Cafbif G- om. oc
cells (FIG. 866G s bRAscRts FPECEH) add Edlophidees (FIG &I}, ed dropl ets,
suspended cell s on agarose and ESC sel ection), these
cul tured novacells had different cell norphology from

e 50 S P ISR PN S e i

[0105] N CS¥vkral h@eﬂph grogsahse ltebem&l foehliiy €808 frormmeotdatic cells (e.g.,

oo B S B G AL e P et Doy
2001, Uﬁbiflﬂscs%' aﬁ@f@o@wgﬂaﬁt%@n‘é@%@s an(sh. P3der3)C efbWedr, the formed

|ant's. i1 - Converting Human Ski n
ESCs larmtrbplasltcsns nomaminguhp gemorne Kbl dhd tergsy célhand EP@s. Tetraploid

et GRLAFIEHNS AERERILATPIR NSk L RELLLERLE A ety e

[0106ﬂ ej UPE Batvé dhik priblemd avhdvel dpprogdteas m‘eeelbgsaiatdfemi& @lplﬂ)ld not
different cel|l extracts. After rejuvenation, novacell

tetrapined epleriniogent &P Gsorgpnsametic colls byf udegpBS ESGéﬁpmon-defect” (ESR)
metthP Ot RILAL hﬁle%afi’a efacfﬁgt{ d?s% I%H' g]%t ??;{& p{e p@eﬁlolﬂn dSLhin Fry of the

m cr oscope ear reat ment o
reprograbihtid ESCS soi thiat tHeygBﬂomeEE’ﬂE\SCFHGes fidd) replitate pt ebyisibate to the

O (FIG 60, digitoni FIG. 6 and . el ect.ropor.at.i
newly( g ey ozf. the dushon A‘th%flglef ﬂa%%@&%al@awee‘ﬂ diffitedor a litle

whlle,(sogﬁg ekfiibh® bt GERL SHAI6QRT WANAI tHnﬁblﬁ§§e§uérﬁin proteins of

reprogramming factors that are essential in trans-differentiating the target cell into ESCs. The

resulting pluripotent ESCs were diploid. Most importantly, these are individualized ESC and
are thus useful in replacing ESCs in treatment of diseases.
[0107] The methods used to disable DNA replication include, but are not limited to, the

exposure of the ESCs to radiation, chemical compounds, chemotherapeutics, viral and
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Furthernore, fibroblasts were simlarly rejuvenated by
extracts of ESC nuclei (FIG 6F), GC cells (FIG 6G,
whb@sveryst s (FI G 6H) and Xenopus eggs (FI G BA/US2006/040723
Exanple 12 - Formation of Pluripotent Novacells by
0 f
physiCH Btcalfnt ) e afbod s WS hoy(84 Btk PRUE KENIRREH flder cll.
Two methgds of dikabdibg BNA yeptigation weﬁertestdsd/lhrESﬂsz ation or

1010835042 op miao £5C Gyl espiadh raptionsitisg A0 A Aler exposure,
ESC ﬁ@% #36Qarhided. dﬂﬁ"\@d’tﬁd not RBLIERE fﬂeﬂrog%sda% Rtet @élfsar}ll&k/&er these

| s containing e genoire of both the target cel
treated@S(Eass:tsténn &pltme dictsl hleowd roee unebls and blagy fasnes, mcludmg those

catl ons a are. bel ieved t
requifi BF FL reCnERAMP erf St e ey i o osul, he
irradifted ®SCa R Baehem:\‘a Iféﬂulﬁb @mde toprok Ri8 r€progahdiitlg fa[b@drs to convert
tetraploid, pluripotent ESCs from somatic cells

somatig P@ﬂj igfe plyipotens F1SGsatPusfodhe eplicationaiefect&atiye. thp genome of the
| r I

msc 4 ol TEpAL, ofPubl 68 ol SR ASPUMHER, LR M0 s o

fusiomf ESCs does not replicat e or contribute to the newly

d cells o usi Al t hoygh .t he
WlOdﬂem Featotsh ipShod N p gt s, Tyt @s.qxeosm&é?scs to 0.5
I
T
in ESGs hut espsaprofein eynth@ts mgchiherytistaget Arﬁet kell ﬁtsconEm?streated ESCs

Jhe .resul ti i L t R
contriblifegreiheyRiipf ghord P, Eiom g T id m BaRieipe Re dpygher cells
genord& eARer isBvdr@iPp@asided &SEsledtidn! 0RRE MRIE @plost megrew and were

. [b0107 The nmet hods used to d| sabl e DNA replication
availabjecfoy theransutic @Pélcmﬁnsl imited to, the exposure of the
S r t
ro110F ot b daianfiGE Ji3he SRTBAINI: foot By apd the et somatic
cells @phofitsoblaste) bemnnisel ahd wdshek e withl ChEt baffeo{calcium- and

f eede ods of djsabjing replication .
magngv et BO) ng@eeg%ep ehvas) cepiifperd teORpiptelEemmo Vidhe remaining
 buffeXPRIGHe hide Wadig le&’fb &Gs%n %xrtﬂééel pp(éﬁlte@ LASWRRHS-2 mL PEG

ESC DNA was da

not cate to produce
(polyethylghe glycok1309, Qab\m&rS%ﬂhe&@hbJ GammhyE@@s added/oveed min. To

mix thEeil e P Gie SR i roa P Ln I AD e P g warmed

(37° €} PMF 86ffér\©.22N0PEPHY, ?)HSGT% Efrﬂ(/IeM'gSOA%n& 4T1QMJEGTA)hﬁas added
irradi ated ESCs can be used as a reliable source to

dropvpiseQyed 8- e agthantiragkingiep eelscluspe oNnadditionstadl el @8 PMF buffer
was 08, A 0 on Sy BT Bt wer
centrlﬁtged atl 12000 gim ﬁnrrﬁ mirbaxidereas htﬁadd\&ﬁllg KiCeDMIEM medlgmmmpplemented

i T S AL T L BT 25 Bl s o

cuttur@B i busp&s ﬁy idhOdB’tB#J Bf%aee{%g&n sm e‘}éﬁlﬁeoétéoe@at@?m

actinonycin D btoc rep catlon
[0111] Alternatively, electroporation and virus-mediated cell fusion can be used to create

fusion cells from replication-defect ESCs and the target cells. For electroporation, equal
amounts of replication-defect ESCs and target somatic cells were mixed and washed 3 times
‘in PBS. The cells were suspended in 0.3 M mannitol buffer at a concentration of 10°
cells/mL. Hybrid cells were produced by electric fusion (E = 2.5-3.0 KF/cm) using BTX
Electio Cell Manipulator 2000 with slide glasses carrying a 1-mm electrode gap (BTX,
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in ESCs but keeps protein synthesis machinery intact.
After cell fusion, the treated ESCs contri buted
wo eprogireémi ng factors in fusion cells but di dP@DUS2006/040723
contribute to the daughter cell's' genone. After
Holhsf‘o%émlr)] pﬁﬁéxagl%?on, ce fl\x‘f;‘e? 'cﬁ{%g reMnd LQ3& ﬂ} R Soedium
id were avarla erapeuti c applications.
supple{nﬁhhtécDMtEérnghnL bFGlind 0,1 2ap/ial. mmu s of the

0112] SPpRSR bl S SRR Ao T BT B phahammed i
the filsh c'eﬂé fu‘_%,r tHeC ?Jc@dré‘m ?vl'illi‘éii @9&%Sfe5ﬁb£tfoﬁeder&§%s0sTh %ﬁer several

I"'et was ce fuged to conpletely renove the
passages,rﬁhe gemgnebuf the pngiﬁlabwphmmnm&cv\ﬂ§05 hpt eaimpletelyodisappeared and
X th

eft th] S gt ot o o Ry /8t 1o sl cultured nevw

cells p@@ieﬁﬁﬂ)@luﬁlﬂﬁe@@ﬁ& \Afél/é?dlplbﬂfbélls th@s Gkefultifeelt ﬁ-ipll@emﬂﬁk therapy.
the tube was again ta and rotated. Next
(01135 Igta shev o it Both 3 eorpROsuT Adind () 2ugforAimeycin B (FIGs. 7C

and 78}/ %%sgégﬁ%c%? %}I%gg]flﬁg ngﬁé} c\éﬁ%uﬁgﬂciﬂg%&égggﬁﬁvaceﬂs were

reaking up ce
selectediahd egraated 0 ThtseafiplBMFESLHnbescella svesd BBy frmaldu patints and did
carefully Inverted to mx the cells. Then th

the tub
not haye the Tkt COBTIPAtCRS e Epseme afihe srprestampiing doror cells (E12
escs| CHSBIRAAN oy O-DUE gy SUPRLOIETLEE B0, Sy
fused bbih éxpsessledcﬂnb IESG/\homadqarst QetddNavpgsarsig¥taliiro Thus, the fised cells are
e n gel atin-coated plates. [01 11]
useﬁﬂztgf%eﬂﬁﬁ?g\‘?%rfl?t}tt%f @g‘rroporati on and virus-nedi ated cell

fusion can be used to create fusion cells from
replication-defect ESCs and the target cells. For
Exampleel@t-r]byﬁfﬂfmtlamn offurpotentdlaagelst repl i cati on- def ect

[0114F P18 % 4 8ndRho STRd §r (e L“%}%Eﬁg% Brodbdifillt AR WRAL Gk eells into

plurip6tnn inb@celis hid theatinko difiea@ribiedtdetin (Iﬁkel BK}._C]:I dged rdells were first

Hybrid cells were produced by ele fusion (E = )
coﬂec@d@@@w#mpmgp%e BlFstlaéP@éPar{s“g% Taamna#g?erfwmg the

s Y0 AR SR Rtk (0 CUSAEIONE, oen o o

junctiemdofSthe ecll,extlls nvek«}eﬁnmmaé oNitlrbhe mgpvmm &attoxs iththé rejuvenating
butfer, ARG TS TR cRUF W1 FHEm S ARRHP B Feg A gphefented with specifi

growtﬁﬁh&@fbetﬂfeaédl&méﬁﬁ ﬂﬁflﬁ(ﬁf@ﬂﬂndvﬁcéﬂéewéﬁftﬁ& Sddisl &Y fdeller cells or
factors provided by th l'ication-defect ESCs. After

coated evagniva (e.pavwiriget or ag@o@n solectef oyngedfs haye the basic features of

embr§fo | Istt%ﬁfel Sgp&?ﬁsgtor %gm 1 orrag\?e éé)%%ceﬁgﬁyceﬂ% SRR RS [ilgé:l’uf"ﬂp replace

enome in the fus
ESCs Gzﬁli stem Aflkséii celbtheriply.0 One off daecadlvama@i af éhese ﬁbiraeells is that they can

ossessed pl uripotenc nd re diploid cells,,
be deffyed §onT Fhecirle PRisPEvhNe ASTeheAstl Tpeite ) clpiinite the chance of
dvaftaBE S thi) theR thical
o 0P 0 IR0 0P S 08 e o o
politicad pbnceadsi wien mifvaedlls aed bsefl us celhthetipyl becahis€ Bie- use wé bainhg embryos
is avo\{ferd.e
[0115] These methods vary with the type of cells sought. In general, published methods

used to differentiate embryonic stem cells are suitable for differentiating ESL-novacells.

Following are examples of how novacells differentiated into adipocytes and osteocytes.
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sel ected and expanded. These diploid ESL-novacells

were ESCs fromthe patients and did not have the risk
w@Boocosit7esri nati on of the genone of the reprogrBOmMisZP06/040723

donor cells (E12 ESCs). These fused cells had the sane

101167 ARt o Ll KO BRmEM hediph Wt 00% Fifft 37 C i the

presereacf 3080 ThmL GHUlF, C€éle sispersibrzeldre nade mmdiangmgcﬂropieﬂsl(SO pL)

onto ep%}%gg)ge ett'h ! ap'i‘ilesgxl%gg lfﬁ}hlegpél \I?vg]; ffﬁfegnt i ‘%{{er 2 d, the

embrsRit bodigs {EB 9 fert RARRLI ¥R DOASAYES d RedhChiRiRNBAE p?@@&lted with
S Iin s and hen into

ot ent novace »
0.1% gclatﬁterléortadmoedtecgﬁbmntla_tldnetm la@ached F&jederc dteptedweithel 0 M of all-

trans-teipSl 400 CRTRED Fon 6 RS o 2B SREBL i B B2 X 207 Moot

truodétﬁyr@nﬁ‘l@' @ZE npélaagte&ﬁﬁsmﬁﬂbﬂehﬁamﬂl, IR Qe (tlea@d with 10% M of
psi n/ to op { he gapqﬁglmctl ons of the cell
1 25(QH zn@,tamerr Ps:p daytln npeekinp epufpvng 3 1d 0F M pbassorbic acid
t 2] r I
phosph{l]te aﬂg rlgvaW né‘g‘t’ 8%1 @ Cuﬁlfulgg gwﬁéeg*eenen?etd daqvlz\!;la%ri %, 2, and 30
and u§e[deﬁ)r fimmmbbiﬂtohhérﬁmhloxtsmmﬁh eAfted diffieesmtiafior | formgtivhesftadipocytes
novacel | s V\%e thqn seI ed on, f eder cells or coated
and ogjgqeytes Wag cgotl Y‘&B’Pu isheyical stamg. el ect ed
(0)V/:>T t d
onTo e R RS Bﬁ?%f&“f‘%a“%&%r&@ AR SURE it U S PBS an
were ﬁx@i s B0% | netitrak fopinalite fA2SCmin At rane tenopdihterd. nAfiet tinsing with tap

v, 155, S5 g yBLE RS L o Y By b vty

stainetl NinGlerS hﬁl&bﬁdo?@ntﬁtlideﬁ 8FU#6 Theéd rifdedWIRIFIDYS R pedpaneieand tap water.
I mmune rejection on return to the patient. Another

Cells avpveuspurfersiainedhwitht hearasoxylia o 18t Wit al Disierqpsiniedj adipocytes were
obse (ean‘g‘%’e otp#]ﬁnmﬂsg ggﬁ% r(,al(??lr S%efe wif lnk) dﬁe‘gg I#i¥ing in untreated

e’use o ryos i's avol [u115]
control Nfib@blish s staisn) W tTh édiﬁaﬁty pefteof diffetentiatioa gAN-ESIN novacells

ener al bl i shed t hod to diff t
synthhgRy S oS TBHAIE I A RORBRTE o Pesrgin R G B EShovacells
had 1t BorARNA6 St Big FiBlehAlhRUnBlaBipBAER] €S of how novacel | s

erent| ate I nto adi pocy and osteocytes.[01 16]
ESL novacell s were cuI tured in KO-DVEM mediumwith 20%

Example 45 i Erracaon O RSN NG el R Sk vflety ey

[0118pNtEhet BWs GoNEHriAéd @ RREAbedtibslhe. W%mbélme%ﬁbﬁqagp@ﬁmately
as filled with PBS. After 2 d, the enbryoi d bodies

5x10°) BBy treaskeried rivted amdavesist| Kb nun beatesiolgiceb Petrt dishey én Iscove’s

s PoPESUSAO T DSB8 PRS0 oo, 1

nonesﬁexMaDﬁmﬁid 4didy) SISOrmIm@i(ﬁhlag]yderéNHiﬁi)aa)‘ ond Bntibidtids] ket 5-7 d,
10 7. M of_ i nquel n and

EBs wore PR P Oriivpge O B-esdl sy Suuradishat & densis /10 EBs
per w'éﬁ%n&’%&e‘?e E{ll@lﬁﬁg ‘%gét"‘%}tdh A1sSwdk %asﬁec?%t%@bé’dcb?%@ @P]EAS), and

starting at day 1 n medi um cont ai ni ng
were @fcubsted mithc2 adi/sell of DMEM supplemented with 2% mactwated horse serum

and 1 mL of supernatant of C1C12 culture medium (filtered by a 0.2 pm filter). Medium was

g

changed daily for 2-4 days. Myotube formation during the differentiation was followed by
microscopic observation.

[0119] Differentiation of skeletal muscle was confirmed by immunohistochemical staining.
Differentiated cells were washed with D-PBS 3 times and were fixed with 100% ethanol for 5
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phosphate and 10"2 M g-gl ycerophosphate. Cultures were
term nated at days 10, 20, and 30 and used for

WO pavangiset ochem cal staining. After differentP@r/usge/040723
formation of adi pocytes and osteocytes was confirned

ck%%ﬁﬁaglﬂﬁlsﬁékg&%g Wi 2@*&5 goat EQ4hish Jﬂpﬁcbat/'ea;}iéﬁ@o.os-o.l%

eréntiate ocyt es,
saponmaﬁ)h édlr\at IobnRBﬂ’apanathra\eﬁ“he pnmety ambadz%vausaduﬂmed if OfIBA ¢ontaining

+ meligl of S35, e G880 LEcPReah Fioves PiiIBG ptaioenbogy (sieme.

1:500)' Mak 'ad&éaeazﬁ' ﬂimﬂfa%‘asat%&ﬁ twnﬁér%ﬁ‘e fraly ﬁ@' o B%hlght at 4° C. Cells

m Crosco . des were hen rlnsed W th
were theopras with MBSa.‘ptlms a forGeqiick vase 1ckn rlﬁ e:nmt anchddor 5 min).

o s B0 ot oo it I BL GG i afig BNt room

tempelR@FfeLforaRs-M0hr! | Aker Sadhifg F0tinds (hleepiotstoDORith I-PBS containing
fibroblasts (not shown In contrast, after

0.05% safpp@meﬂp.caﬂs were vioweady Aeisndsiovert %%ﬂﬁé@@&ﬁ@oneﬁ;qg.rmgroswpy

[01201&? E@r?é@gc e(i1 Iﬁgﬁn@%‘ﬁ@g I TR a%dd tgﬁdﬁa&%&oﬁ] s (not

showhl fz]fc&ﬁérealfféahﬁatud’ﬂ; mESDQIDYﬁ@ﬁlS v&xaaggregaléd and fused into myotubes
eren iation of F SL Nova n | et al

and Sw{a fletfmusqiﬁ SORALC pERLGns (ke Py THES Gt Shpw that FN-ES.

novacRRON& thghbtgﬁrmrﬁ@ b diaNEfEE R ﬁﬁ&ase@efalrmﬁs%kex 5x105)

were tra ed Into an inverted
bact eri ol ogi cal Petri dishes in Iscove s l\/bdlfled

Bxamps” Sierafitaon SN BHE Mo RpR R GOmbbide a0 i -
[012120n0tm11my @lsmleué SkEHEBduIRRel JA! BYMDING . fobldresell- T dcnockout

were plated onto 0.1% gel ati n-coated 6-well tissu

Dulbegae’s mraslifiidstagie Medivam 6KOyDMEM). suppemented withe? 0% S, 1000 U/mL

LIF, I%? arfuiféﬁlot % {1@13@0 aéiﬁ% Lu?\,\(lie el“alrcn t (gﬁagxgwwﬁsﬂ\d%/NG feeder cells

were Pietregted bofy- szh@mmmwﬁmytte@mp their 28plicade. i EN{M hovaséls were
serum and 1nl of supernat ané of C%ICH cul t ggggunﬁ )

seedeql fip |Felst Beptesjpl suljure Sishes;at opsity,of ARRFORERAL Heneg” cells in KO-

DMngHtﬁe E¥ende SFI9RYS for?%??%&ég&? AR BOReAWolBed B plated onto 1%

erentiation was M cr oscopi c
Matrigélsmontedttissue. clotd @lishes fi éﬂ%’]FBSﬂ(@-IDMEMkéUVm &t laters d06 ng/mL

activif o paR BOITE o s 380 % SRS 2h 151 PRl S s replaced
with B% FBsn@ofDMEM whdif R0 atHeaNno® M ATRAYWAs adtRaid tiRmedium and

was bl ocked vvlth 1-2% normal goat serumin D-PBS

the cllsrouivuei or anatier 41k, sGglbnvereftesated wiith $0%rJG3HKO-DMEM with 10

e e n .
ng/m]égﬁrﬁlgff ?ﬁ"ﬁg’ anla/ v‘rr}1'%¥eo %a%ddagzd%qf\a%%i?oé%porg W@%‘@ﬁz (:1)
suppl@ﬁémtgdﬁv@é]thmr y,tgaﬂL Id(fddﬁm{nﬁl U;rmMJm&ﬂﬁx)amm aﬁﬂd@d'lgﬁmﬂ bFGF.

. dincubated at, roo nperatyre for 1-3 hr or overnight
Thlslz{%mﬁd@mw?@naén lf %ﬁ%iﬁ%a with DPBS 5 tines (2
[01222\Or Azt‘ Sg} utt{ngrthéré Wor& beiiAg c21 ﬁfste?’s ﬂ?tﬁe\: cuﬂ_ﬁ@ Some

econ ant| on (goat anti-nouse
of theddeatirgn atardmnjzm:lyms atere owansferred to slides and were ﬁxed by 4%

paraformaldehyde in PBS overnight at 4° C and then washed with phosphate buffer twice.

Non-specific binding-sites were blocked with horse serum for 1 hr at room temperature.
Incubations with the primary and secondary antibodies were 1 hr at room temperature. The
following primary antibodies and dilutions were used: insulin AB-6 mouse monoclonal

antibody (Lab Vision, Fremont, CA) 1:200, Troponin T mouse monoclonal antibody (Lab
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temperature for 0.5-1 hr. After washing 5 tinmes (sane
protocol) with D PBS containing 0.05%saponin, the
w@eire4mmes e vi ewed by Zei ss Axiovert 200 i nverP@&rUS2006/040723
fluoresce mcroscopy. [0120] There was no
[ S I tyr.Ql
VElO%'PT%ﬂQﬁ]gjt '33 REhPand %?ﬂ .8 P%hu?%‘élr?tgﬁ)td a(tﬂmﬁ Ré%eéfr@ﬁ‘ €. St. Louis,
MO) rlolxﬂ@celSesomiar)e ree@grtegme ewhivemshl f ansibddy was agpimdbwoaimg to the

e GRS GRS S OO S BRI Fo i (L e reion
substrB! ?ﬁ‘lﬁé@l wér@ cﬁﬁﬁireg 'b9 73isk /B SREH A0S vdMed nﬁ&@s&f@' (FIGs. 9C-E).

nmuscl es. Exanpl e - Differentiation of FN-E
[0123NovEbesk |dsta show tba‘t ENcEﬁIo ogvasslls oer1ableie é@f@rmwcmm finctional
beatinder & cul tgl[ed on BMWR/ NG feeder cells in Knockout

ating Cayliom¥OY K i f i ed Eagl e Medi um ( KO- DVEM)

suppl enented with 20% FBS, 1000 Lvni LIF, L-glutam ne,

nonessenti al am no_aci ds and b-nercapt oet hanol,.
Exampiondg NDiffeisaiiationeel ENviétle Novaealk dntedlosy linySeqreting Rencsentic Beta
Cells &t 30 Gray to stop their replication. FN-ESL novacells

were seeded in Petri bacterial culture dishes at a
[0124}1Ien§hé ¥Bsfwap formedrast dasyritizd Qboe.  dethree-stop KoddVhs described for

f f f
mouss. BECASRE dndieat G %ﬂ?%%%%fw%iﬁs%a%@%ﬁ@a fications to
dlffer%g /a{éjfn?ulﬂi -SHRSink ReAO Y0 FBRSEE MRV ohI WO MmidiAL Ei‘btoc%pglas carried

activin A°was added to the nedi um and "‘the cel
using aeddydtioae f bectBthihmniviebsdl qmickelst ((¥pdtac dbaratohies, Olike., Burlingame,

CA). J55Rie o i b s apt Ao PR AR 33 € dhen

washdar w1tﬁH*BSi tWiRE.€ NdrespebHlicVbihding Qifed %f&&o%\/bv%t }ibréé)serum after
hlchct%gm_ bFG- for 3 d and were switched to N2
W.

tegliniviese vERated withaingylinsbiél wauset @gnwlqrwl thzbody (1:200; Lab

VlsloM‘m%Dl-Iae%aé Qrénl}o% ﬁllr(bggg,%{é;g gﬁ &3{1&% ready-to-use

univelsllaiRibody wak epplicd adeording tbthmmdmuﬁamﬁdn’e rlﬁstmetmnéa daABn\gas used
cell. clusters _.in the culture ne of the peating
as the g3ctioB FYREiHce dimhg e FARIER 2SS B FRPCQRR o There wes 0o

mmug%sgﬁﬁjﬁngyofdﬁ% B & &frﬂﬁh defy de fep dﬁ@e?eﬁ‘i‘a?i()ﬁ' She #N-BSE novacells

n washed w th phosphate buffer tw ce.
were dlowereddoibbie aggreghitethingd celb islade  6lells e thevislahdshsymgleesized insulin

vistig i e g et Crnhi SO B0 Lt 2R el B KRR B, led to

accunBARAY 6f HisBlin §{3Ralk Gh! BYWHY nitish BRIKIIANTHeSA QG kot that FN-ESL
dilutions were used: insulin AB-6 nouse npnocl onal

novacghg hasoilly peteatial Ve sndbdid differeptinte ingninsylippeduginggelli. n T
nouse nonocl onal anti body (LabVision, Frenont, CA)
1: 100 and anti-C- Peptide antibody (LINCO Research,
Examplecl7, - Bifferdntidgiion oNIY-ESLINOvacSkcmnuNeyral €¢lty - t 0- use

[0125’:11,2 %S%&%{gp@&tnlggrggép&%gpfsﬁg ed %’&CEEE Ing\gacte s w;(se performed by the
metthS%é)ScngédaﬁﬂeOBg gzdydﬂi%k Aag, @Gg Rt Bﬁ?ech%)i}cm Pf29 338 Briefly,

strate s were captured by Zelss i overt
upon japgregstéch to EBs,sdltﬁ(]bmn(ﬂlu@ ES@s-fieymed large numbers of neural tube-like

structures in the presence of FGF-2. Neural precursors were isolated and purified on the

basis of their differential adhesion. Following the replacement of FGF-2 with brain-derived
neurotrophic factor (BDNF), the cells differentiated into neurons, astrocytes, and
oligodendrocytes. = Immunohistochemical staining of neural cells was performed as

previously described (Zhang ibid.). Primary antibodies used in this study included polyclonal
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[0123] These data show that FN-ESL novacells were able
to differentiate into functional beating
w@ andigiyocyt es. Exanple 16 - Differentiati on pET/BBR0BS40723
Novacells into Insulin-Secreting Pancreatic Beta Cells
r descr - i
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were acbi’étro'ﬁq dibdGrdreRYinfoQret®ecdfRCt ast ai n uni versal qui ck
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e )
o TERSEAEY R, RGAUIALY RCGNS gy 4) 558) on embryonic
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WT-ESEI Hoyagall ¢dleniess | ElGd 406 ghowie W E-ESLispravty on feedertsels; jand FIG. 10D
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rejuvenhiforPingthda SPasbleR! thduce TR sedidftkéntiationvof h@halFbéIEE'ﬂrro embryonic
novacells had the potential to and did differentiate
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et i E [ I
using %%ZS_'“ oen%:sg onébgrl‘é L}lrreu%rc%ect @%glrl%g)ln & ?ﬂ\'@#ﬂsgér%og%h Jegs or no
tumorAsroduing eapmﬁymrshowmhy feyver Iaganﬂr@l-lfodmdg&oloniﬁschnd no tumors in
I
nude 1%5;:%\{ Ingges ¥ v%%wwedﬁgﬁfeg%ag@%p%%ﬁ%\ga%% Pe(:)ai(through strategy
to dex@lo%)ftﬁ%f‘{ﬂe iddg ESCs formed | arge nunbers of neural
ke structures in the presence of FGF-2. Neural
precursors vvere i sol ated and purrfr ed on the basis of

Exampld ol - R R P ersafp e o) igfefB 2ce =t

[0127( BDNE)desdrib@d QBHI@ thl Adedrsofiatiaicells iwBieOfilietejaated into pluripotent
astrocytes, and ol odendroc tes. Irrrrunohr st gchem cal

novacgHspiantngnhsequeatly odiffgrentiaied qis Opé)rtheér elly, dikeppdinocyies) psteocytes,
cardlot%ﬁlés, é{é%ga; %ﬁr%g%u%ﬂédéﬁl #-seF%e'HH? ¥ nfl'aé%@ gf&%drﬂ'é?ﬂm& Hake months.

P~

ant1 bo agal nst
To spee&tlim tl(ermifbssem wé emaﬂmled thesds tdo 71&6§tedam$ into a sunple one-step

protoqpl lﬁ‘ggt i gﬁ g(géﬁn ; e%eag.res 31%}%?; du C)%@x‘ g}g%rpgsgzlﬁeép ereju’venatmg

factorfs |aH@ Ispefd! Eel? @ﬁt?z{b@saésythé ifeRemtiRRn (ihddeer. RO IBIn example of

hese data show that ESL novacells
startmg with fibroblasts and ending with skeletal muscle. Fibroblasts were treated

simultaneously with the nuclear extracts of ESCs and muscle extracts.

[0128] Fibroblasts (approximately 10° cells) were aliquoted in 1.5 tubes. After treatment
with 50 pL trypsin-EDTA (Invitrogen) and washing with Buffer T, the cells were
resuspended in 50 pl. rejuvenating buffer (1 ng/mL BSA, 1 mM ATP, 5 mM
phosphocreatine, 25 pg/mL creatine kinase (Sigma), 2 U RNasin [Promega, Madison, WIJ,
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were able to and did differentiate into neural cells.

Exanple 18 - Method of Converting Human WI ns' Tunor
w@io7/0ki7e i nto ESL Novacells [0126] To il | ustPEr/EsS10he040723

conversi on of human cells into nova cells, a human

100 8 TE, ok TSNS LIS WABNIE] YBABHELSE pibibrcts
and skdbﬂabmwe]scmtaetﬂ; aliby ecllTivere edjunvesntdea 37 Csf(me} é\r Then the

T RN T ——
1x anﬁﬁgtlés‘qm@@l/ﬁlﬁ,%elm&‘l%%ﬁ& I1 bO AN ét@éi)t(ym&(fhlﬁ@ﬁﬂ\/l glutarmne 1% non-

The cell coloniés weré carefll |y picke

essenmldmsn@ a@ds dhl i demeraplosthaml Gt ngmal. HEGEs Odﬂdmm@é'iﬁF B1 and

ceII FIG 1 sh vace
10 ol oS Dpfie e LSy E raIR e Ao Op Shpgp collected and
combfiRl Sind aﬂfé EblectdOReHs OMErea gtiviESIn nRlmaoatedOlpifes @0 DMEM
feeder cells. These results show that the in vitro

supplemniedwithi28m inpetivased herse sen@ and 1 mlypfsupeamptant of murine myoblast

o @ S T 8 R G e gt 24

days. d IM)foetlﬂﬁBtfoﬁhﬁU dirtih® theadiffesentiation weypesamived byt memunofluorescent
. .nmet hods descri bed above. After rejuvenation, tunor
stainip®| | s showed | ess or no tumor- produci ng capacity as
h B 4 whO Efrded BY ALRT A& hs and
[0129? nu el(r)r{lce el ?gﬁl}lg’ﬁu%naﬁ onelniiuce oG p B0t phs an
immunebiistofleemsioa]; mlmng néefger chuWM‘aom fibrellksth gremgbutsisithe sgsll EBs on

ogaropg phTETEe T HR- it S F PR T S BRFERatR B R nto myotubes

(FIG.[1083 ahd Apntéesisdd ék@[étaﬂ beyRle-dpbefio pestemO TRIG.C1 1CH! |'Bhe¥€lfta show

first rejuvenated into pluripotent novacells and
that usingsangeréan rejuvgnation ditferentiatdon. fibsolesie car bp |directly ejuvenated and
e tes, cardiocytes, skeletal muscle,
dlﬁergrﬁba?e%%{ S§(Elegaz(E:rr‘[aufegfg]}éng cells. These procedures may take
nmonths. To speed up the processes, we conbined these
rocedures intq a sinple one-step protocol

two
Exam@}?e?, 7 Reaqtivption, &@Beliﬂ%cedur e) using ESC nucl ear
[01302Xt TRk rﬂlscetllE %ng %*éfiw SO ddthid gk e @@Qle%lptgﬁ)‘rﬁe‘ré‘se GRdtl replaces
xtract as t erenti ation i nducer. lowmng is
telomares,ethasmteeemﬁmgsthantﬁmg experiending thenHayglick Mtehchmn@n germ cells,
obl.asts were,treat

th sk le. Fib
and Spermeiale £1% " UR iR SIG Uk Se o huBR Thiomerase Reverse

Trané&H?ﬁbee(h@ER'Pﬁirﬁl an R AGEmblaky £8 kdFicfenf RPREAX heR tdbiert9 6
were aliquoted in 1.5 tubes. After treatnent

[013% t Ko @@tmmmrwbﬁhﬁ-t@muywmﬂtmﬂg described abgyetibagg the presence of

tonB o e b5 MBBERIGH, R, e TRAP s

(Iﬁmphlwsrbhaﬂl Salente, 1995 2633‘2(111c1r59&at Fige K Bmms tSogempe ploducts for

unrejeaPRed i) GPIBOR RSl EbioD s () 1t BB Al o ekiding human skin

JH1 fgﬂefﬂ)l&ﬂ aﬁ%ﬁé&tsﬁnﬁmsgkgib it sgﬁ}‘%?éqwﬁy Elﬁclhﬁeju{ré}ﬁted cells have

S were rejuvenate Then "t
no detectable products of telomerase. Like the ESC results shown in lane 6 two types of

rejuvenated cells produced the products of telomerase (lanes 4 and 5), evidence of the activity

of telomerase in the cells.
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processed cells were grown in inverted drops in

KO- DVEM suppl enented with 20% FBS, |Ix antibiotics (100
wQieet/opEsé cil 1in and 100 ng/ nL streptomycin), BRCTE2006/040723

gl utam ne, 1% non essential am no acids, 0.1 nmM

r cans. . . ng/ mL TG bl
Examg%e 1'01% %?oﬁ]&ﬂﬁ&@s Oﬁﬁggérﬁbﬁg %rraétrlen‘lqrn%?gg 1‘gday 2, the
[0133]] n?/lﬁlejwelraaﬂing Fi‘lsctmrmelﬁidnbé ciymd, &mlthdmg"rim iokerd extracts,t doll extracts of

collected cells e gro n ge i n-coated pl ates, i
ebrygpia, St EneRmeer L EHAp0 Sicth ¢ st iaocell Gar alsp be used
. . 3 4 Coke / t B

directly i Do xR PR AR I RIS ofgfld and ke, This can
be darleahyddcallyi hgplyiog thedrejiavenatingy Gictdye ssybiemiesdlydar ibyginjénting the

. dif.ferentiation were. exam ned .1 mmunof.] uar e
rejovegplip S PR RY DT GHo01 1Dt SPRPA P E AL
[0134X 2% BE x Pl 808 10596 BjfvataabQ RO tesed AR @il of skin pigmentation
i mmunohi st ochem cal staining. After rejuvenation,

in a male volintest, sviyr bad saverahdnjutyecayaed pigmested repgaamokie right hand. The

. FI.G _ HA). di ffer iat | . ce d
i % bl 55 BN s o
cell esteadtebaESneesls llecallyesiplicd tpiky skins THel &fea KCbe rdjneemated was first
_data ,shovg that using one-step re% uvenati on )
steriligedt b PO IBPRIADPY 250N adt ByeraAT HPHRdLt4 (Invitrogen) was then

appliééiﬂg;'t.[‘l;l? g?é?gﬂlflar&ginfyiﬁefdefo? p lﬁjﬁne\%iet. S Urgiss! [e%}%gs&?ﬂ %&E ghen washed

eact 1 vation o ONMeras
with @8virsatiak Iselutionl Siveoriayetsl of AbhtGauze-aporeezyere soakddeih human ESC

tel onerase that repl.aces telopgeres, thus preyentin -
nuclof HRF s GBS ek P B FAET R esotiepPlid & pdfyrmesbilized
area. IR PReb&lt lePapordtdnd MR IRl cekyak3d %@Mge%%&e&&'ﬂﬁ&hinﬁ%l@sﬁc and

enzyme human TEl onerase Reverse Transcriptase (hTE .
the edged efnthRNMastienwerst sealkedetosthef gkin avith appreprésie dapeewAfter overnight

. . .10132 d ' '
reiuverGipg ekt B% b MNeD & Futigrarlch chCRV B SRRLBHon was
applied folth@ ffjuieandd sfeam TR procedie WRASIPeatdd batooEiwsea week for 2 wk

activity by the TRAP ass%( Kim NWet al,_ Science 199
and caip be pepeated 9y negesyry. 1 Fl@ntds shasysoive pagreenieddliin prsar(@frows) before

eire : . .
e RIS bt IS, i A A e 2 SR, At
rejuvantionpths akinkhenark®ISKdofh, Ishinly| amdt figshr eBpepipmestation talse completely
. _unrejuvenated cells have no.detectagbl e products.of
disepb R SIS 1o R BRI S OG FaReror fl SBomiigt. These
data sh¥RaBatGf is hghWvRAGHRo Qﬁh{'eﬁlafért%gﬁ@ﬁq;iﬂohe products of
tel onerase (l'anes 4 and 5), evidence of the activity

[01350f t Ahothver methoidrtot eguvenate gh@bmpisetozsubcutan@usiyvi@ject the nuclear

t ho f Rej at ing_ Ti e_or an .
extraq bt sty U BB iR gL S et k. The fctons in
the nubtlkk eRtiactXiefudeiife sikiftlckbllLaidefbve pigneabitisahd weinkies. Yet another

cells, stemcells, cord blood stemcells and Pova
methedsio rejuvengie the skings tq,subgutaneously inject ESCs, stem cells or cord blood stem

cells under the skin. The injected cells multiply under the skin and secrete growth factors

that rejuvenate skin cells and remove pigmentation and wrinkles.

Example 22 - Method of Rejuvenating the Whole Body
[0136] The rejuvenating factors disclosed above can be delivered systemically to rejuvenate
the whole body. The rejuvenating factors include, but are not limited to, nuclear extracts and

cell extracts derived from ESCs, stem cells, cord blood stem cells and novacells. The

=36 -



directly in in vivo rejuvenation nmethods to rejuvenate
ti ssues, organs and the body. This can be done by
wo ewalse@appl yi ng the rejuvenating factors sysPeniuszbé/§10723
or by injecting the rejuvenating factors to the
cdtm?cgiéégfe%'&gidﬁ% QemE, QB]};d HIBbE steth GHETIRE néGfeildcdil &so bSused for
] am exanpl é of In vivo rejuvenation, we
this purpetee d'd tepivenate thelbody, th& nucleirgriradtaor call dxtraets 9AESCs, stem cells,

o PO o 8 REHE15 B ) FGRAE FLBE o v
recogiifedd and "REkichn GIhﬂEélr%Bi}hlaHé, ORcRffheMntialitRe ifettion, subcutaneous

. huclear 'extracts or cell extracts of ES cells |ocally
injectigpp iriteaghusenlath imjeskion,. inhthegal cinjectio enasalj spresh diddpnfigtion’ of slow-

) firgt, sterilize ith_70%, sopr I 0

rleast ety koL s Rcalhb o1 R B R D B ety Bfflts or el

extractl 88 eRpbedd Bicay fisste fad odnrifMhe\bddyo Welld chiding TERC, stem cells,
skin was then washed with 0.9% saline_solution. Two

cord hlegestemarellngnd cavpsellspemean headmiiviaed using FRFS methods. These

epal-ed-: | i i
cts QUShis 4558 B At PR HAS. Localy
they will &y elifferentigpat atd roplace the agee eellisr act - soaked sponge was
overed by thin pl.astic,and the edges of. the plastic
(0137} oBe sy el VerRing RESRIIVEIR SABEPISY Hped to ApuVenaf agpmals. Old
sy A UL 5 E0R) o e e s BBl Gl | [ i cived
ESC axtracts diy ik veine t naly extractimousep twice inecklyvias a tapleaftlewkofireup 2 (2
. \0r tw ek for. 2, wk and.can ,be repeated
mico) ek ool soffiof e RSP @b ER B leSPRLESL novacells
by tail ¥ih Q¥¥out 6T @I1emLy BiteRREkly FbI3 wid B ovd@oBsuntiions@tl body weight
| ess pignented area after 2 wk of treatnment. After
were feepido@ aEaty W0 deyse Aviimal astiyities vepprecerded Y BIMeAd fresh.

he. pj ti .S g
o135 SRR SRR LA TR e i
with BS€cattfaotst . FIthe$sD dshbevs shive dejiaenated iveithh ngvdcylld. e afsfidyl @ wk of

to rejuvenate tissue in vivo, 135]. Anot her_ nethod.to.
treatmeg}, H{e FaRtE0L $fRUR EXPFTieRcadong § caﬂfe%*efglgv gk dyeapyfed variables,
mcludgxg F@@)’ w@?&ﬁ,ﬁé@ cﬁr?sgﬁl?{ibn, bash& £l ﬁ%y.a‘m)vé‘év@ﬂlnﬁice treated

s “und S W ce week. The factors in e
with the ES€aaxtrasttar anithsFN-&Shvmvacal lssionstingesd ingrezfnod, radthongh there were no

. . ADi ation. and, wri.nkl e Yet anot her nethod to . ;
signi Rt lkfree) iy OBl 3t iataRbo e JOb B pigpgvere more
physiGdlI§BcEio hufd MbreCaiethelit Gk hadl @Rkl Mokl deretthply khathin wrinkled

The injected cells multiply under the skin and secrete

skin gpnemred smeathers thisker aud beelHhiere onldciverated anirals dhewy on control

. ol o : i ' ]
o, T LSRG, FERTAR Srerd IR o or
ESL dovatedlssmgioves tiedife abuped animlbe del i vered systemcal ly

0135} T SRS %) Sl e kBB BEA s,
: I iV ' hbBy dis@58and lvsi
i ALy BES g 8 G55y 8 b i s
recovenyc Ippalong) as pemords lifespagocatrdst codganitelndelissofa QWS system, repair

mjmeﬁ%\f aa&?& (l)rsgagsa €. gz.i,I Hc’egrt,bl?ldrlfe%f? ﬁvgroarnd brain), turn aged white hair into youthful

ok

black hair, reduce skin wrinkles and pigmentation, and treat neurodegenerative diseases like
Alzheimer’s Disease, Parkinson’s disease, amyotrophic lateral sclerosis (Lou Gehrig’s

disease) and stroke.
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this purpose. To rejuvenate the body, the nuclear
extracts or cell extracts of ESCs, stemcells, cord
whbwod4wsem cel | s and novacel | s can be direct | BCT/US2006/040723
adm ni stered to the human body using recogni zed and
L C [ [
EromPkOAL  Reluebul 0L SOERAO Caits (0 BhbAKAR A Like (551)
Cells byng &’wkath In Wtfb&fdihltqirogrmmanﬁg on, nasal spray,
' of, sl.ow el ease

0140k 301 o b CORNEHEE TRERRGRRIEPRGY F4e% or'S o siud for the mouse

somatﬁxéélfi% og%ﬁmﬁﬁhé @é‘tcﬂ&féﬁSthl%(e%lﬁﬁeﬁioﬁsdcetllotrﬁ’{s@ﬁﬁ/tléd ERHis (Octd,
an of Cells mcungSC stem

Sox2, wﬂlNanongb rmtoba umdamalmm @@rdssoan@cﬂom(a‘ﬁ FP-N%& | Glonteeln Rado Alto,

ca). HisdiogrisgaPordr agPhliet RIFEC b R apreRes  pRl human B

cell link SHYENIENdo@S ORADT). LOFI@ foll-lehpgY cONA peéducts were digested with
differentiated and r%ﬁ@ace t he aged cell

137
restrictine epryungs, (WhsiluBeRatndnbeakdamnd wase elogipd @m r[e”éﬁlflixl\]és‘@etor (Fig.
0 it CHLERDE A T S SRR A ot ooy
and pTKprsp&;ﬂwBSﬁaﬁd( ffeRe i@aﬁ}abdt \&itlfl theeinternal rllﬂos?me entry site (IRES) and
t t .
oS el B <8RSyl Pl B
Vector%)@l'ﬁﬁ’ Pg%{}gemf%lﬁng&%{s%\f)gs ENI E%P&EM&&?H §t$’1ﬁeﬁl%ég%rdof pCMV-

twce weekly for 3 wk.
Oct4 mRB}Snxﬂ—BﬁHMIKeNgnogdﬂ?@l&EﬁﬁPé\fM thigl E)erQcthvand Sox2 are

wanscifd by e FBv Tl GOV, By SRRREE et B iven by the TK

promd%é%kaz BESIFPVIS u§3dGs tfafk théReRtes e)ﬁpﬂeébeﬁ% VRUlof potdins.
Fl D shows mce rejuvenated with novacells. After

[014IB \M< on Pmmgﬁ@mmmg woent Fibroblestuyith BiSeEelb heangeripgion Factors.
Four c ﬁgﬂ‘? ,?élnld %grv@& Vxﬁﬁi!n?a% in DMEM medium
0od con Fi'on. appear ance

(Inv1t1®@én,8©érﬂsbaﬂ,yCAbjO§@pRinenfédC\elth rees éﬁal\/\bdxlind baruSahd 100 U/ml of
ract or with EN-ESL novacel | s consur%d re f
f€r e

Pemc%\llft I‘i‘ﬁ@ g% mermal wé rsérea@nyicglm gndc grawmy ot cwih; °b999 The

&
com 8340l BTN LR SHBTELEC B 88 1
vectormiDNA ((bstg) i encepsahtedw gh‘gh, Inﬂoé‘eqtdlmmev@@(}ﬂ( I(Jaxviteigen) following the
oo RGBT R 5 0 5B Bt s e v

proteﬂ@%re brtdiobg FA@ISELFAES‘@MageSSEQB%toﬁ IDEkihQinY \8d ddr®RBeeded in
by ESC extract or FNESL novacells inproves the life of

new Gageld plaiesralidier poufBgpeerseclisrvere\eollp@pdiprch asadofer the second-step
nmet hods_can enhance i mmune functi ons,
TeprogIaihyove a%‘?egcrggerﬁféa%g?n%ody heal th, increase the capacity
[0142] or spar Epigdnetie Rbp@@@smnﬁrgj oﬁamapmgrmmat@ee]sywnh ES Nuclear
prol ong a person's ﬁs carrect con

Extragls( e BHEPWW pales (5 GRewrih ‘o’%&“@ Sforsr Gelisswere then
treate&h%\lnf?le]i% BaRELtrackd tgriﬁt ¥és tVtEf a@g%&%ﬁ 8Pthe FBFIHIRP %&ome. Nuclear

&t Into youth reduce ski
extracis bf}kﬂnbgroawdstpngmﬂm ware extracteddfromdh¢e hnman dife 8 reell divevusing the

methll S pievioubly scribed (Tian et al, DNA Repair (Amst), 2002, 1:1039-49). Cells
were membrane-permeabilized with 500 ng/ml streptolysin (Sigma, St. Louis, MO) (Taranger

CK, Noer A, Sorensen AL, Hakelien AM, Boquest AC, Collas P. Induction of

(»]

dedifferentiation, genomewide transcriptional programming, and epigenetic reprogramming

by extracts of carcinoma and embryonic stem cells. Mol Biol Cell 2005;16:5719-5735;
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Al zhei ner' s Di sease, Parkinson's disease, anyotrophic
| ateral sclerosis (Lou Gehrig's disease) and
w@reooker7&xanpl e 23 - Rejuvenation of Somatic CeCT/5S1006/040723
Pl uri potent Enbryonic StemLike (ESL) Cells by a
Hans%o\ép GISICRRy Bib1'%004, 0 4501 75- 12807 Aar ﬁ@@hi}ﬁnﬁ&]ﬁoﬂ Jl-l u%ort buffer (20

st’ruct 1 ng Préprogranm ng Vector. in o
mM HERES, ipél "Byt mdhKiAcs SOMNafECpI'ng%MgAOg, 1 W(E]Gilh‘b,cﬁ mM DTT,

1 uglltglxﬂ égﬁaﬁu@&mﬁs Cp%ﬁl oy nzic’rglr.ll gggl ?@3 ? § OFS F%I}et-éérmga%ﬁzed cells

were {H@Eg;ﬂ? Hdmntddontgedt fdral B }ﬁ &dﬂmggﬂ) pl -H’/aES Gl Rkir@dds prepared in
factors were anplified with PCR usmg pr epar ed

feProgrﬂmng buffen(2 BR/wbBSA, 2 maMHYIR,NO Spm}frqatlnq:rffé) U/ml creatine

T Y L R —————

membehRN@sh dehled withE MNITaCRLalr thé Feagtion Ghas stbbpakby addmg 500 ul KO-
transcription factors were M&r essed under the cont

DMEM megiginp (byrsiases) spNgmenied 10%sKBe+ 1% emjipiotigs (Wé} éT/ml of
pemcan deEdai(%j rﬁr}[}}f{(ﬁt}% ﬁ#@[ﬂgai iV RARA R84 ¥, lfé%%&@ g%%io acids,

F anst ‘t1ng poly Aél gna
0.1 mdvh @-rfdfédptpeihanol e nfinibasior fitgoblasti grgwite fctor (bPEE), alndé) 12 ng/ml
TGFéEree transcription factors and EFGP protein in a
ndem or der of pCWOQCct 4-
[0143|(I§ES' qugelggﬁi'frﬁop Fally I?g%ﬁ?%h%@d @'ﬂ: S’Yﬂ@ Bty FfBogréRined cells

and Sox2 are tra ed b CW pronoter
were §gl@ad by Wangiog I*htﬂa’gOWnUemlbrle @ﬁplvér(Zﬂwlb lga thi cover of Petri

dlsheg Xl&rr%gglgg %ﬂpﬁ%@egﬁgrregpg{ag%esdt c 16 itg%r]egétgc? mn cezlluste%sha%td attached to

the cdve Bf PéfidlidicE OwRille i Rbvefriopfaithéb teliswitdyhinfhe @Rldium as individual
Transcription Factors. Four cell |ines (HFBI

JHF
cells. HBEprogeatamedBerls neelastersi Wergi Godlactpd fromeihereeysy rﬁf Petri dishes and

oo AR sEE PRI G0N ADBIRTSANE i o

reprog’fginrﬂedoéel]stcrlﬁpgmﬁmumcelhmd)rghaio\gy dirtIRT tGward RES58618GHd formed

| Ils (.2x10
typical 1S P Plopes P fLdEE Sl wESh Tedibbign Whin siiepies apd egpnded in
feede%sﬁeﬁd&ﬁ) m?@gﬁp%itﬁfeeﬁe%hpaé-ﬂ&gﬁﬁgﬁ B Iﬂf%iv@QQzQ al. (Ludwig TE,

trogen) | ow ng t he manufacturef's nmanual
Bergeﬁda&d nYy liemnstmm rMEalee d, tPrf@bascfoe MPDo T homsbn sTA. hl?ﬁeder-mdependent

cuteu SRR e 08 i Bt i N USRI B8 < coten 1 n

[01441} ew 6- WelhllyRairBgranhddESIc 06fld Wei Fauridtentc rdviousty We showed in
col |l ect ed and used for the second-step reprogranm

a studydesiing dhip prrgogremming sigghodip 24uqusg ﬁb;_cﬂql@;@ gell Jige FSK6 dgrlved from
breedE%pI{/lo Q@%‘E’JEF@QISQ bl @%@feﬂmg}% te{jz V\1§9t6 E%nl)\iE it 271:18253-

pr epr ogramm n t’he "t hr ee
62). tAfienseledtivhi mrcohdnbnalsmmm,l ‘WS smsﬁnllpe normeetad FSKWi fittroBlasts into

ESL il 0B siavedemiemag] SRmRE5E SorelBny Lo rrogaged cell
expreﬁ%%i L%S ‘Qﬁéc@ﬁ@)ﬁérﬁ&k&@ f@&ﬁn NagsUimeghdHDppa3 C 8hd  HaldNfhe activated

telomerase activity (Fig. 5). In this case, these ESL cells (shown in Figs. 17B and 17C) also
were pluripotent as shown by the differentiation into many other cells types.

[0145] These data have proved the concept that somatic cells can be efficiently
reprogrammed by our in vitro reprogramming protocol.

[0146] This invention has been described in an illustrative manner, and it is to be

understood that the terminology used is intended to be in the nature of description, rather than
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nmet hod as previously described (Tian et al, DNA Repair
(Anmst), 2002, 1:1039-49). Cells were

wWOoreoubsntes per neabi | i zed with 500 ng/ m  strept oPGEUS2006/040723
(Sigwa St. Louis, M) (Taranger CK, Noer A, Sorensen

lmnta de ot Wer 8‘#@? ﬁ’M‘l}f] Eiﬂg&’iﬁéﬁtld%g dangoklﬁﬁ.ﬁloﬁs anﬁ’xe ;[?ﬂe&'ﬁt C]Iwention are

genomewt de transcri ption
possitfi¢ agtighmofithe abowt ‘&mlg@ﬂndcoﬂee@ﬁ’ adimargnskil myheszﬁ; mclight of this

oSy DO ST Lo ol Sl Bl oL o
spirit Jof %4("7)&6%%%1%%% %r@fpﬁfésﬁ%ﬂﬁegf tHis %@eﬂhoﬁ r aﬂ?el?&fbl;e 1t2 is to be
undersmbd/@}mt Zylthi.n nhevsEEEATL the rapp&IiEd ciamg/ the laa@nrtloajtf may ‘be practiced

otherf Bhira spB SRS sorbBre RecaltBER! A0l 19 8 puderstopd, that the

drawifgs CanldOldederipbioRy RN @rel Oprotretdd | oExekanple to facilitate
]ggepared |nﬁ$eprogra Oj%uffer E? 6;)mfm BSA,

comprgiensicrpofie pwe@plmﬂ@awlg@ot h@ccmswedctpémlt the S@opeatélereof
and 20 U nm RNASE QUT (Invitrogen). After cell
reprogrammi ng, the cell nmenbrane was sealed with 2 niV
Cad 2 and the reaction was stopped by addi ng 500 n
KODVEM nmedi um (I nvi trogen) supplenented with 10% FBS,
Ix antibiotics (100 Um of penicillin and 100 ng/ m
of streptonycin), 1 nM glutam ne, 1% non-essentia
am no acids, 0.1 nmM b-nercaptoethanol, 4 ng/m basic
fibroblast gromh factor (bFG-), and 0.12 ng/m TG Dbl

[0143] 4. Selection of Fully Reprogrammed Cells. The

fully reprogrammed cells were sel ected by hanging the
above treated cells in droplets (20 ml) on the cover
of Petri dishes. In hanging droplets, fully
reprogramed cells aggregated in clusters and attached
to the cover of Petri dishes, while the
un-reprogranmed cells stay in the nmedium as individua
cells. Reprogrammed cells in clusters were collected
fromthe cover of Petri dishes and grown on feeder
cells in KO DVEM nmedi um supplied with growth factors.
Those fully reprogrammed cells changed their cel
nmor phol ogy further toward ES cells and fornmed typi cal
ESL cell clones on feeder cells. ESL cell clones were
col l ected and expanded in feeder-independent nTeSR
cul ture nmedium as described by Ludwi g et al (Ludw g
TE, Bergendahl V, Levenstein ME, Yu J, Probasco M,
Thonmson JA. Feeder-i ndependent culture of hunman
enbryonic stemcells. Nat Methods 2006; 3: 637-646.).
[0144] 5. Fully Reprogranmed ESL Cells were
Pluripotent. Previously we showed in a study testing
this reprogramm ng nethod in a nouse fibroblast cel
l'ine FSK6 derived frombreeding M Spretus mal es and
Co57B/c females (Hu, et al, 1996, J Biol Chem
271:18253- 62). After selection in conditional nedia,
we successfully converted FSK6 fibroblasts into
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ESL cells that showed the sane cell norphol ogy as ES
cells. The reprogranmmed cells expressed ES-specific
whr@mmskes s (Cct4, Ndp52LlI, and Dppa3) and hadrP€1i€S2006/040723
activated telonerase activity (Fig. 5). In this case,
CLAI se ESL cells (shown in Figs. 17B and 17C) al so were
pluri potent as shown by the differentiation into many

1. ofhmethoeé fdrsejuyamsing polcE]ls Chmprsidatie depsefpr oved t he
concept that somatic cel.l.s can be efficiently
r &pr ogPaH _Bﬁ“@ﬂfc?ﬁmvﬁPgag?%$W3§?ﬁﬁﬁ$ng pr ot ocol
[ 8146] nidiiding %V&m%%m'@%lﬁﬁﬁnc&ﬁﬁﬁﬂéo?ﬁu\beﬁamg extract, albumin,
illustrative manner, and it is to be understood that

ATRhosphwicreating ereatinelkingse, RNaselimbitiitor bred hueleatide phesphates;

of description, rather,thanljmtation. Vi Qusl|y: 0

b 11 SPBH R Bbd P ER D fahie St Bk e ke for o
suBieR @ed ok thel donbtitGdtits Gff the Reuaipaey Sodaddy to Penarte hoeells; and

of ordinary skill in the art, in_light of this

t 8achi adding asolytine heell mediun. salsiure shledlaand eptignally antibiotics,
i fi 4 | eparting fromthe spirit of or
th%%@%é@@ﬁ%hgE%u@%%%@%%?gthe clainms of this invention.
Therefore, it is to be understood that within the
scope of the appended clains, the. inventi may be
2. pibemethod aseedigie @ﬁflﬂiﬁﬁal%elgﬁéeaemveaw@ gl felpgous cells.
Accordingly, it is to be understood that the draw ngs
and descriptions herein are proffered by way of
3.  eThepiethadoficdedinl i whireindorpulone mediom efmprises %;F\GE and dF-B1.
and shoul d not be construed to [imt the scope
thereof . CLAIMS 1. A nethod for rejuvenating aged cells
4.  CORPhiethdDof E18inS | Sitferddh tid repiveMatiignétAcsBMRtrgeted from cells at an
conprising aged somatic cells; b. providing a
early $tagm%dml%ﬁglesb$elﬁcmdrﬁm wpe. fertiliged eggy\Plastacysts, ealry@ord blood
bum n, osph ' ' k.nas :
stem QY HE:spéttfic @R i S8 plror R ER TSI 1R B Stem coll
fetus, agpetifie fdtsl tishidvrtdvenbijativa datrésfy sol uti on and
i ncubating for a sufficient tinme for the constituents
of the rejuvenating solution to penetrate the cells;
a [ S a :
. G PnefBOg Rl SO WAHAN UR oflhn TR bt SPLRIIRG, Tom cells or
portione pliccdlsabaygrisiokingclek. The nethod according to claim1
wherein the rejuvenated cells are autol ogous cells. 3.
The method of claim1l wherein the culture nmedi um
6. COMBrhé&hsd RFEhiAN wieleiRlthe réfuvebiingrekiiad i®fobli@idnrdm cells or

wherein the rejuvenating extract is extracted from
nucleicas|apy phasef thentellycysleay dost 2 ghwality phesils os apelet & @ varigty of phases
ofﬂm%%ﬁﬁyéﬁrtili?ed egg, blastocysts, enbryo, cord bl ood

stenrcell, tissue-specific stemcell, stem cel

prinordial germcell, fetus, enbryonic stemcell,

fetus, a specific fetal tiss r .a conbjnation
7. ¢ e sisthod St e fubris tbr SR el B &t ivethe

rejuvenating extract is extracted fromcells or

8. A method of rejuvenating cells into pluripotent embryonic stem-like (ESL) cells
comprising

a. providing a sample comprising aged somatic cells;

b. providing a rejuvenating solution comprising rejuvenating extract, albumin,

ATP, phosphocreatine, creatine kinase, RNase inhibitor and nucleotide phosphates;

-41 -



portions of cells conprising nuclei. 6. The nethod of
claim4 wherein the rejuvenating extract is obtained

wOo e@moeBbé s or nucl ei at any phase of the cel | PCHUE®0©040723
froma plurality of cells or nuclei at a variety of

ases Rﬁlﬁgp feld e&\é?l'lsew ti the ﬁzue | Stﬁk%dscﬁﬁtl&igﬁiﬁnéubatmg for a

ereln t eci f etal tis ver
sufffixti¢rs dinef for Hjelpoastitténigothe t@u\remamg)m}umqmn gehetrate the cells;

enbryoni ¢ stem|.i ke ceII CONpri sj ng .a. .. v e
oo apdifos 5 SR LT Ry T b Bkl Saipuallygnibiotios
PEOVI dpRfyifg HIR) MyReAdtEd Qelﬁr»q}dihls FRAPRERdd Bhnging droplets on the
rejuvenating extract, album n, ATP, phosphocreati ne,

cover of & platsher uncn@tsé Petmaslefow alsufficient timedo aceslesate iceld aggregation;

phosphat es; c cells. wt
P B o B ng el et B T BEBSR i oth sty ko BB on
adllutelalgﬁrofs@geltdi?%Ql@ﬁﬁddatdd%t@d@lﬁ the rejuvenating sol ution
to penetrate the cells; d. adding a solution of cell

© nBdi unrulbaing Efcelly @rioget &?éercrﬁdlﬁm%ﬂalte;d Rlpteiondisks,og Matrigel in
fragmstep d in
approﬁlatg%%@dﬁg%& I'n Fﬁl%@ on h(ztscz{cl)@er of a plate or
ubhcoat eded?ﬁigrdokﬁneshvﬁdse cdls&hafvé thei mme m(br[rholbgy as stemcells,
ccelerate ce tiagn; ow cel |
wherhy e GameH o5 1 460 SpOHGIEBIES iitg HEHDEYofSEa el therapy and

Cosm%ﬁ'%ﬁbh% fis.dilute agarose gel or in an uncoated Petri
culturing EB cells on top of feeder cells, a

coated plate or disks, or l\/EltrI gel in appropr| ate

ngg% tﬁ(ﬁ{) gt&éem‘lé %ﬁs@g’t ﬁ‘ Ct 0 Sa§§%£ate cell aggregation is

aboutmw5ﬁbﬁ|s(ﬁgyv@§1 st.em cel | s, vvhereby the somatic cells
are dedi fferentl ated into pluripotent cells for cell

therapy and cosnetic applications. 9. The nmethod of

CITﬁE %e%%l(w] of %1&1@11%‘%1@{&1{ k | Gilkee & ggﬁ%sé %eflafgéc oﬁg thG/aI_?(? la{'Jout 2%

gregation is about ours to overn
agmnﬂfthod of claim8 wherein the dilute agarose gel is
about 0.2%to about 2% agarose. 11. A nethod of
rejuvenating somatic cells into pluripotent ESL cells

11. bR ﬁféﬁ)oﬂ%e&ﬂx@ﬂ%&%@dn%ic JeE? Y8 SO ARPESIS Bl ESC mRNA
extracting NA trom ESCs; b. encapsul ating the
transfetioa the eadhodenmprispesome del i very reagent; c. exp05| ng

SQMALT ¢, Cling N A orh FRRROMES Oof MRNA

b. encapsulating the mRNA in at least one liposome delivery reagent;

c. exposing somatic cells to the liposomes of mRNA;

d. growing the exposed somatic cells in inverted hanging droplets on the cover of
a plate or an uncoated Petri dish for a sufficient time to accelerate cell aggregation;

e. growing the aggregated cells in suspension to form EBs on top of dilute
agarose gel or in an uncoated Petri dish;

f culturing the EB-like cells on top of feeder cells or on coated plates and disks
or on Matrigel in appropriate medium supplied with growth factors; and

g. selecting the cell colonies with a morphology of stem cells,
whereby the somatic cells are dedifferentiated into pluripotent cells for cell therapy and

cosmetic applications.
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d. growi ng the exposed somatic cells in inverted

hangi ng droplets on the cover of a plate or an
wap@moasEe Petri dish for a sufficient tinme to PCT/US2006/040723

accelerate cell aggregation; e. grow ng the aggregated

12. Cqhb %étﬁb@?‘isﬁgﬂz? h PRyReReih Qﬁé’nggﬁgoﬁﬁt EAR &f stéB b la\}é:-‘embryomc stem

agar ose I n an uncoat etri dish; f. culturing
cells (cE’S@sEEprhmdrélab géins cells PEICQf fefad ecllsy eged, If@tlbzecbcggsoambdlcal cord
pl ate nd di.s r.on, Matri 0 at e, medi um
blood Bl Fetsciiine ks it i ugewn ol o A ot ERB bRl e
cell colonies with a norphol ogy of stemcells, whereby
the somatic cells are dedifferentiated into__
13.  plThe imwdhashef Jaim 41 twherein|the sufEeigph/timadn steprbis about two hours to
ove Pllcatlons 12. The nmethod of claim 11 wherein the
In%P)]mlpotent cells of step a are enbryonic stemcells
(ESCs), prinordial germcells (PCGCs), fetal cells,
eqgs, fertilized eggs, .unbilical cord hloqgd stem .
14. c&%P gnethqdsef (i éln Foin steps hangd ©yae repdaged with glectroporating the
H&?? od of claim11
somaty gﬁ%ﬂ%&?ﬁgmgu c%gﬁ%§¥$§£@nﬁﬁggep d is about two
hours to overnight. 14. The met hod of cIa|n111 wherein

5. SdBRemeinabiof 1414 SHPOR IRIGR $t SliFRaT B B, sotiatc cells is
replac%& With vihP medREinF Bl \QRyr thd ARMAL ﬂlt(y\ﬂférs%ir%u& Bﬁls%yeﬁnﬁés

el ectroporating the somatic cells is replaced wi'th
viral -nediating the entry of the nRNA into the somatic
cells,b ruses f f | uri L, ..
16. Aol bRy pufigpiea, Ot poi 8 A Rapl Rl Abration by
cell fis®nl of BSTsarittNS niaSasalish iftlividu@nEwkiatio célly khe dethbd Somprising
somatic cells, the nethod conpr|3|ng a. providing
E8Cs; provid IS&E ﬁg DNA repllcat|on in the ESCs; c.
X|ng 1'153@1% V\Athaplurallty of
{nﬁ’e soma?ﬁ ?ﬂ?’ﬁ%l’ hgrlg%g e non-replicating ESCs
and t henisingalie mnmbhsathg B i with zpp]uyaéity] yf thesophtic cdlls;

er et row ng. t he ed s in in ted..
g opl etising hgrnaaae fcatpe @5 and B guatip ooy Bwaﬁ@ns pelyethylene
gl?&grtﬁé;abed cell's in suspension on dilute agarose gel

or 1-10° passages to produce enbryoi d bodies (EBS);

amd g. gyvong the fused deBs ipmvértestidopletsitp prasiuce agaregatecicells;

Cippl oRBN'BE I PRSGERRY iep et Spoenafh o P alplliy o8 for 1-10
pafs@dgbs %r@&&%mldhaﬂﬁs EBYf afdol ogy typical of stem

cells and
. growing the EBs on feeder cells or on coated plates and disks or on Matrigel

in appropriate media supplemented with growth factors; and
h. selecting cell colonies that have a morphology typical of stem cells and
comprise

mammalian individual-specific diploid ESL cells.

17.  The method of claim 16, wherein disabling DNA replication is performed by physical

treatment or chemical treatment.

18.  The method of claim 17, wherein the physical treatment comprises irradiation with y

rays or exposure to UV light.
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conpri se manmal i an i ndi vi dual -specific diploid ESL
cells. 17. The nethod of claim 16, wherein disabling
wOrAT0EPhé cation i s performed by physical treap@EN$2006/040723
chem cal treatnment. 18. The nethod of claim 17,
wherein the physical treatnent conprises irradiation
W th g rays or exposure to UV |light.19. The method of
19.  ciThermathod wheleghnl 7 éherdie the: ghemicalareatment copmprises shemicals that

. hem.cal bind to chronosonal DNA. 20. The net hod
bmdtéfﬁgvégﬁﬁfgﬁ§%%rein DNA- bi ndi ng cheni cal s conpri se

actinomycin D, DNA chelating and interacting agents,
et oposi de_and ot her chenot herapeutics. 21. A nethod of

20.  f dhgimgsher pf eleim f A evhgseint PN Ackindiag ohemigalspgpmprise actinomycin D,
L i Cat.i NERY '
DNARREEAPA ek dihnk BAFS cfibolide Md dnsiFRbdhelibelttos 0

providing target cells; b. disabling DNA replication

2. odh pasthod ofdBrpia diBioih e kBRI RS Ep L darect cels
with &fati@uaw ﬁhﬂ&qjéﬁrlo ﬁlge%heréﬂ,dﬂl@ gﬁxéﬂ?ocf Jb@nﬂ%&ﬂ%@at Ion

po'yethqune gl ycol "to fuse the cells wherein
nen- r eprovading taggetseldset cel |l s reprogram the genone of

t he sonmat j l,s; f. arow,ng the fused cells in

aE)pr op ilsgtalingglzﬁA %%?%gflén%g?ﬁggteceh?’pl oid cells that

have t heovidihg hebR@yusdfndtienells;on of target cells; and
sel ecti ng aut ol ogous, repgggranned diploid cells

UHat haombitine the npRrEtrdiggting-arded pellsiand thef autelpgeus cells;| s,
t b i i1.ah). t .
i TR 2R, FOPATEATIRL Y SRSl i

di pl oi S use rep
non-réglentigpy/tagged celzyemb gam the Zendhe ofiht Rodatid cetlsai m 21,

erei n disablinpg replication |s perforngd by .
mysi c &Fowing éh%@ﬁ?%seﬂ @RpoRtiate cgll madia to preducerffiploid cells that
i ; i .hephysi cal treat nent
have ﬂﬁ@&ﬁlﬁﬁh&f)gﬂrﬁ‘l ﬁgh%n d@?ﬁégﬂh&gé,%d

conprisesirradiation w rays or exposure to W
| igght . sédctinphatolegdusd refrogiamined 2diploih eelési that have the morphology

chem ¢ tregt ment conprises chemcals that bind to
andﬂ&ﬁﬁ%% {‘?fﬁlfltc . 25. The nethod of claim 24 wherein

Di¥feréiyniihiifg abflbRakprogfifhéd Sutdlbbitodiplidcdhs to the donor for use

in cell replacement therapy and cosmetics.

22.  The method of claim 21, wherein disabling DNA replication is performed by physical

treatment or chemical treatment.

23.  The method of claim 22, wherein the physical treatment comprises irradiation with vy

rays or exposure to UV light.

24.  The method of claim 22, wherein the chemical treatment comprises chemicals that
bind to chromosomal DNA.

25.  The method of claim 24 wherein DNA-binding chemicals comprise actinomycin D,

etoposide, DNA chelating and interacting agents, and other chemotherapeutics.
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et oposi de, DNA chel ating and interacting agents, and

ot her chenot herapeutics. 26. The nethod of claim 21,
wob@reitied he target cells conprise exogenous BRO5US2006/040723

adul t stemcells. 27. The nethod of claim 21, wherein

26. 15 OB 1 B4l 2, 0, S T S or

stemqeﬂsf orm ng cell therapy and cosnetic applications that
woul d ot herwi se use ESCs or tissue stemcells
conprising a. providing ESL cells; and b. performng
27. C?hé rﬁé@ﬁé@@f cEt‘im%lS Rilekdin 3R 'sd)rﬁ@ﬁd BAR MeiRicbRE fForth mature skin
cells replacing the ESCs or tissue stemcells. 29. A
cells, blepé gellsoind| oo magromegells.enat i ng skin to reduce
pi gmentation or winkles, the nethod conprising a.
pretreating skin with an agent that perneabilizes the
28. SK ethot lof pelforndin® eyl figrdpy dndeoSiaktic AiliedesiRtthatGvould otherwise
ents selected fromnovacell extracts, ESC extracts,
use S %‘?ﬁtéséFfPStél%tCPH%?@nPf@Q@ extracts, reconbi nant prot ei ns
Lepf; c. nai ntai ning the skin
cont ac?mcpﬁégﬁfel %%fu@cgnatl ng agent; and d. repeating
sbeps perdorasing ecbtweapy .or F0smdtiveappdicitirchs obitlcthaiBBI2&s]1ls replacing
erein before step a, the skin is sterilized, and
the ES{syqrdisstia Sfemells- r e uvenat i ng agents are injected into
the skin. 31. The method of claim 29, wherein the
rejuvenati ng agent conprises a cell or nucl ear
29. eAtmetbod of celly teguvendtingrkahtol reduatdugmenthiion or, weiiidss, the method
1phosphocr eati ne, creatine kinase, RNase inhibitor and
eoti de phosphates. 32. A nethod of preparing
r 8] uvepmdileting ket With ah beeht \We pernscablles theekinrkhgd
conprl sing a. providing novacells, ESCs, tissue stem
c By | s, applping te theskin reiwwsnalingezentsovplestadrjem npracel extracts, ESC

et al
exsPubh Sl AUELAAHS, RLGREHA el 9 TR oot
subj ec tnamgalhh@ thefiis cdimacatvwﬂﬁﬁe rejirvemafitigesgent; tahdw
cgcles ...eentrifuging the cells at high speed; and
dr abhs ftings YienstieC f¥%Yant that conprises the
rej uvenat| ng factors.33. A nethod of preparing
rejuvenating factors from nuclei, the nethod
30. cdhpmethadgofzclaipy 28 ivdiengjn hefoae eliep 91, theSkiels| sterilized, samd optionally,

bt ai ned f b
the e PRE padits SBriRd o Eltsmant prot i m or

conbi nati on thereof;

comp

-1

31. Tﬁe method of claim 29, wherein the rejuvenating agent comprises a cell or nuclear
extract, to either of which is added albumin, ATP, phosphocreatine, creatine kinase, RNase
inhibitor and nucleotide phosphates.

32. A method of preparing rejuvenating factors from whole cells, the method comprising
a. providing novacells, ESCs, tissue stem cells, eggs, or cells obtained from
embryo, fetus, fetal tissue, recombinant proteins or a combination thereof;
b. isolating the cells to be extracted;
subjecting the cells to at least two freeze-thaw cycles;
d. centrifuging the cells at high speed; and

e. drawing off the supernatant that comprises the rejuvenating factors.
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b. isolating the cells to be extracted; c. lysing the
cells in hypotonic buffer; d. centrifuging the |ysed
w@ei®41766 separ at e t he supernatant; e. subj ectPeCmyUS1ve6/040723
remaining nuclei to at |east two freeze-thaw cycl es;
f. centrifuging to obtain an extract of the nuclei;
and g. optionally concentrating the extract by
33. diahgthod of fréparignrejuvenhting ﬂwmxa iftoym nm}leiyﬂ'nanéﬂngi @mprising

or gan, r ovj di. reju
oopar BVERE Ravibeh B Cofb e i G Bt of SRl phiained from
embr}ibefe%ﬁéeﬁ%él'tﬁgaeaﬁé%ﬁfxﬁuﬁﬁ{ﬂn@f&r&éﬁr'aycohﬂﬁ&tlhﬁ%&é&fan unt i |

| hprovenent | h signs, symptons or test results,
t her ebysommg\mhegceblgtm@e oftracted; or gan and/ or i nprovi ng

itsfu net of claim 34 wherein

afni n| qﬂegcei%r’rﬁimoégmggﬂﬂ?ﬁ’st ration by an

hatr avmmguﬁguh@ YisededisSo sépatdi@dRrsupagant;

i ntramuscul ar, intraventricular, intratracheal,

i Bt r aadubiesting the TemaiipeRIclei ol pileast itwe irspre-hawsygles;
tran I 6,ngThe nethod of
cFai m BaigsEing 1 obRR bl SAKE faciiRend 0 071 e

r gj uveogtionatly agesrehsatingf the exteacndg dlalyeivi ty, whereby the

rejuvenati ng agents reach the central nervous system

to treat neural degenerative diseases. 37 A net hod of

34 dlf éétﬁgﬁ%f%tg?ﬁ iﬁgiﬁ&?}%&%ﬁgy re bh s by an

abbr evpméﬁng)ms&mg etmnmdpacbddnmiamslmgr 27;and eat i ng
the manyal L an.sonatic. cells wth a pare-gpening .
t Peat menst gy agonrmhte R sPoeTedR” Bupr g, opean, wni
nnproeé&ﬁ&ﬁllﬂglgtnb esﬁﬁiitbﬁls Rk t&kt Sdduls, ttRereBY 'dIbWiﬁé bgigg Riffthebrgan and/or
ESC nucl ear  extract and the desired-cel | extracts for
improyigg ifs fereéionour ; c. growing the cells of step b in
KO DVEM sol ution optionally supplemented with 20% FBS
penicillin, streptomycin, glutam ne, non-essenti al
35. aThoanéhodlf dainiEdcabtreai bdmbilstel’cixﬁg;iom"ﬁ%esbhdmnﬁktﬂah&l by an

under &pr opriate conditi d. grow n | tur

. the c
intraveUs SHMEUAIFERS o HURARIPAG LR PEpEssUlah Beevetlan gpatracheal,
t Alf ifPApeRiPAlal LR }Jil‘ﬁHB QniPMBEA o3 it £ Bhte,
mraaﬂcvertedgg op eat’s; ¥ co‘ﬁrgéctt?ng aog c ierﬁgng the
inverted droplets; and f. grow ng the coI | ected cells
on gel atin-coated plates in DVEM suppl emented with the
desired cell-producing agents until the cells formthe

36. dTRé hRthddedf daim 35 wherein the intranasal route places the rejuvenating agents

into the nasal cavity, whereby the rejuvenating agents reach the central nervous system to

treat neural degenerative diseases.

37. A method of rejuvenating mammalian somatic cells and differentiating them into
desired cells by an abbreviated process, the method comprising

a. treating the mammalian somatic cells with a pore-opening treatment and
washing with a physiological buffer; »

b. exposing the cells of step a to rejuvenating buffer, ESC nuclear extract and the

desired-cell extracts for about one hour;
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38. The nethod of claim37 wherein the somatic cel
conprises fibroblasts, the desired cell type is nuscle
w@eedrm4Eaned t he desired cel |l -produci ng agents cPCPUSRE6/040723

2% inactivated horse serumand filtered supernatant

from : c iﬂﬂbeﬂﬂ :

cc%] I e%@g& n?%ﬁ esgéz}\irs eo‘}{sg(t)ép:g)(g%gg' unt i f{étr?(%}’ ﬁg&ﬁlyag?' SB%%Ifemented
with 39% TEBS nmptticidligf stregomydid, ghtnene soeessentiglommins escids, B-

mercaplaegnor YRoF, B o RO shder B R RAG P IR at i on.
ggm ﬁi g‘?ﬁ% ARt duitdrddWelis ﬁl@&ﬁ?ﬁﬁtﬁl@ﬁ% EHplBIRNLE @bver of a plate

g to a mamal | an, the Composition
for aboutrtpioi Iwursgo avemight teefosuni imeerfed clrapletssf rom cel |'s or

nucl ei conpi nat.i on t hereof,; . b., 1m/ al bum n; c.
e agilecfind SR senhin@Rit Pted ot Bd' T2
creat i BRWihg @ksolfectel - 4lldoNcci¥a%0ated ldiés B DVEM sBipplemented
.. 1ImM each of 'the 4 dNTPs. 4 1. The rejuvenating
with thedesired e¢lbproguciog agentsivntiliheeeadls formne desipadells.on
extract is about one half fetal cell extract and one
hal f nucl ear extract of ESCs. 42. The rejuvenating
38. COhpessthodoof ﬂlﬁiln@?aiwheﬂéln thé) %Iﬁdﬁicd‘tdm?cmrﬁse@ fibrabldses, ¢he desired
extract is ce ree.43. A nmetfhod of systematjcally.
cell typgjis,puseds pells aadmrﬁwi ﬁe@a&duswa AZEHS BUPPESSyER dpagfivated horse
serurt G hgel‘aﬁl %u%éﬂﬂttgﬁ frHRC Z@lglasttéaﬁ QRLROHGRAP WA, fhe collected
providing rejuvenating agents Trom nova cell extracts,
cells ¢ sorexpekéd wntil farotisg mygibext ract s, nova cel l's, ESCs,
stemcells, reconbinant proteins or a conbination
thereof; and b. administering the rejuvenating agents
39. PqhkaHiRGd lof cldm B8 divhdle s{é? 4. "R REE Meatinfty thel fiBroblasts with
met hod of claim43, wherein the route of
trypsindiR TA.sitiepiolysin Qoslpetrapetationor iresogdiatipnit r aperi t oneal ,
i ntramuscul ar, intrathecal, intranasal routes or a
conbi nation thereof. 45. A nethod of rejuvenating
40. ce&ydefuvehainglbavier cordpssitivicsuitably fRasiadgis®ring té h atienalian, the
culture, the nethod conprising a. providing previously
COmMpRSHIQEURPIEHIY s: b. providing a rejuvenating extract,

al,bum ?ejué-ﬁgtingoﬁgﬁ)?@ﬁ@ﬁa%hg Bfnucki 625 Hfibination thereof;

b. 1 mg/ML albumin;

c. 1 mM ATP;

d. 5 mM phosphocreatine;

e. 25 pg/mlL creatine kinase;

f. 0.4 U/mL RNase inhibitor; and

g. 1 mM each of the 4 dNTPs.

41.  The rejuvenating composition of claim 40, wherein the combination extract is about

one half fetal cell extract and one half nuclear extract of ESCs.

42.  The rejuvenating composition of claim 40, wherein the cell or nucleic extract is cell
free.
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ki nase RNase i nhibitor and nucl eoti de phosphates; c.
conbining the cells with the rejuvenating solution and

w0 pwabetrserg for a sufficient time for the consPCT/USINEG040723
of the rejuvenating solution to penetrate t he cells;

d | e .
rg%hg@ gg éﬁfﬁ%ﬂ%{l&’?ﬁ Rfulfe u%nﬁin[ggal Ag{ulmf:ﬁgﬂé q}np Bvrnllgn%eneral
healthtdng i@&luné ﬁirmuemfilhmﬁaethmd cgﬁiphsmg gul ati on t her eby
rejuvenating cells that have under many, pas )
& t1 SBOIE KiEnating 22PRS Ticet PR B e&fﬁ%ﬁﬂ il igts. cee
extracgsgﬁwa%eﬂg 1§§<§‘90§e c]%PQ 1 cd%ﬁlﬂaﬂt gﬁ)t&ﬁb bPél\bdiﬂbmétiolﬂﬂheﬂé’bP @nd
e rejuvenat éd ce romstep ¢ in inverted hangi ng
dbopl ehdmimistéring thowejuvendting geatseeviodigallyu ns ndicatedryt r i
dISh for a sufficient tinme to accelerate cell
improXeryeR gation; g. growing the cell aggregates in
suspension to formEBs on 0.2%to 2% agarose or in an
uncoated Petri dish; h. culture the EBs on feeder
44.  c&he siethodaf elin! |451 wbercm the sute ofadnnnistratis comprises intravenous,
. ropr.i ate ne ! t
inteap R B R AR B P L Ry B S
nmor phol ogy as st em ceI ' s, whereby the previously

cultured cells are dedifferentiated in toqgl uri.pot ent
45.  c&pethpdpf qumenférngtqegg that baerunereene manY,pASRLFS R tissue culture,

with liquid cancers, .Ieukeni a,
them%tflg&%ﬁ&ﬁ% hematop0| eti c dysfunction, whether or not
causedphmdm@pnetrioaslgmyltumglcm}s;s t he met hod conpri si ng
prOV|d| ej.uvenated cell g, sai ells red by.
b. bt ovTaidie AGHt<CBa etk pitmin AT R0 THBHERGRS Sreatin
kmaséﬁNHééQBﬁfbitﬂﬂanﬂcﬂdéIebﬁ&e htéd;Ng rej uvenating extract,

al bum n, ATP, phosghoc i ne, creatine kinase, RNase
i phi bi tombiaing thectllsovithitheptiosgriating solution andcipeiating for a

iR AR B b SRR

cansti ha@ng § s@Iﬁu&l’ﬂ@f detl tiydinmi eNgumalhltridennt optiemdlyraatibiotics;
the cells; iv. adding a solution of cell nmedium

and cal ci um chl ori de and optionally antibiotics to expand
t he cel §|n9ﬂ1 %ﬁf the rejuvenat ed
gl l's; th%ﬂ%‘{bé‘%é&%oﬁ d\ﬂfﬁ r J zaielrtlgtged cells with a

therel:g'h‘y!ﬁxlvemabmg calls that hatve tnnddrgone many passages in tissue culture.

46.  The method of claim 45, further replacing steps d and e with the following:

f growing the rejuvenated cells from step ¢ in inverted hanging droplets on the
cover of a plate or an uncoated Petri dish for a sufficient time to accelerate cell aggregation;

g. growing the cell aggregates in suspension to form EBs on 0.2% to 2% agarose
or in an uncoated Petri dish;

h. culture the EBs on feeder cells, coated plates or disks, or Matrigel in
appropriate medium supplemented with growth factors; and

L. selecting cell colonies with the same morphology as stem cells,
whereby the previously cultured cells are dedifferentiated in to pluripotent cells for further

tissue culture.
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prepare an adm ni strabl e preparation; and b.
adm nistering the rejuvenated cells to a manmal
waedo7eei7eg from |l iquid cancers, |eukem a, | ynpPOIES208610140723

hemat opoi eti ¢ dysfunction, whether or not caused by

C i A ith lidui Alyniphhoshas or
4. rrg%rrﬁnég?&gméﬁgé%ﬁl{gat r aurr%l,ﬁlg% lrlcgﬁgtéa%%ﬁgﬁlﬁgéﬁ’sr Di sease,
hematGaridtiondyehiinstidn, semler ovnotaaysedrbyshewotherapy apgimens thesmethod

t he nethod conprising a. providing rejuvenated cells,
COMPILME cells prepared by i. providing aged sonmatic

cgl | s; prolvidif Ryvehated eells Sdaity 818 ik dpiredicyut i ON

conprising rejuvenating extract, albumn, ATP,

phosphibcr eaptonisingsged somatik¢allise, RNase inhibitor and

nucl eot;i de c LNl : 8 '
Col 15 1 th PRORRY Blivebidus SRRk G RarRE B
albumirg A TP, pHbdphoérestinef crestidedindsbeR Nasesihhibiterdrel mitlebtide phosphates;
rejuvenating solution tq penetrate t h@iecel ls; .iv. . .
addi ngiilh sofQmbigingdhe aged|somatis 8%{3 veith the geirrsnalpg slutionyand
incuba?ﬁg Nkl HcRAL it RriifiSednSifadRe Bﬁg& I?gu‘c?@ﬂakm% QR 109bnetrate
and v. separating the rejuvenated cells; and vi.
the celtgnbi ni ng the rejuvenated cells with a physiol ogi cal

solutipn to pr.epare an ,ni sirabl e.preparation; .
andb. Heni npddig § & “?%‘%%}W‘ié’fﬁ‘é‘%‘eﬁ%@ﬁ“ﬁg%f@e adaptionally
antibi%iéfsft@ék&ﬂdftﬁ@éeu%hﬁ@g%d stroke, Al zheimer's

sease, Parkinson's Di'sease, or ardmynotrophi c lateral
scl ero%is. s@aratingithe iepvenas¢digadlszandng aging cells, the

kit conprising.a, e for | f
agi g Bb1 | s oo Ring i A Ehat s LRRGM RBRRARGF R sohfiBy 1o
preparelah@BhMhiysdble ﬁ,ef)ﬁratiéxhand ej uvenating buffer of claim

34; and c, .a cell-free extract of fetal cells and,ES&:
nbcl ei admipistering the rejerengied colisto 2 mpmamal sptieras &om lgid cancers,

e, B g S ALASREt  BEN SuBamE Bty

chemdtherap tegimatsent cells are enbryonic stemcells,
prinordial germcells, fetal cells, eggs, fertilized
eggs, unbilical cord blood stemcells, tissue stem

48. C&l hdhol bAELAREH mARIhPwiItR CNG GAIH, RRbkO AFREN&SS Disdase,
A nethod of rejuvenating somatic cells, the nethod

ParkinsonjsDisdase or amyetrephsc lateral sclerosis, the method comprising

a. providing rejuvenated cells, said cells prepared by
i providing aged somatic cells;
ii. providing a rejuvenating solution comprising rejuvenating extract,

albumin, ATP, phosphocreatine, creatine kinase, RNase inhibitor and nucleotide phosphates;

iii. combining the aged somatic cells with the rejuvenating solution and
incubating for a sufficient time for the constituents of the rejuvenating solution to penetrate
the cells;

iv. adding a solution of cell medium, calcium chloride and op‘pionally
antibiotics to expand the cell population; and

V. separating the rejuvenated cells; and

Vi. combining the rejuvenated cells with a physiological solution to

prepare an administrable preparation; and
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a. providing at |east one human ES cell transcription
factor in a manmal i an expression vector; b.
W e@n®iEed i Nng the vector of step a into exponePtT/EE1096/040723
growi ng human cells; c. after transfection, isolating
the ce fﬁnﬁgi%x?gst% HamBaP¥ihe
iisa'ol at lgh vector-e&gggg%?tﬁu%ﬁ%sa on pagt es ﬁ%{lfomCNS frauma,
stroke; AddbieingertseDiseaseclrkimson’ s Pisehss, oramyntraphjsr latesil sgjerels! s;
f. treating the vector-expressing cells with
menbr ane- per neabi hzi ng sol ution and ES cell extracts;
49. gAﬁ?ﬁJrlxéjﬁvéﬂa ?ﬁgfﬂg@a@sﬁtﬁéﬂqﬁmlﬁiéiﬂgaﬁ treated cells;
. placing the éxtract-treated cells in_hanging
d ao pI et agat doropening posasiodtherpgineitelly, the pgeasg beingnselected from
.ers. 53. The nethod of claim52, wherein
twpsmﬁgéﬁta ?1&%@ cel | transcri ption factors are Qct4, Sox2
abd Nagegejuvenating buffer of claim 34; and

c. a cell-free extract of fetal cells and ESC nuclei.

50.  The kit of claim 49, wherein the extract of step ¢ is replaced with mRNA extract from

pluripotent cells.
51.  The kit of claim 50, wherein the pluripotent cells are embryonjé stem cells, primordial
germ cells, fetal cells, eggs, fertilized eggs, umbilical cord blood stem cells, tissue stem cells,

blastocyst cells, or a combination thereof.

52. A method of rejuvenating somatic cells, the method comprising the steps of

a. providing at least one human ES cell transcription factor in a mammalian
expression vector;

b. transfecting the vector of step a into exponentially growing human cells;

C. after transfection, isolating the cells expressing the vector;

d. growing the isolated vector-expressing cells on plates until confluence;

€. collecting the vector-expressing cells;

f treating the vector-expressing cells with membrane-permeabilizing solution
and ES cell extracts;

g. sealing the membranes of the extract-treated cells; and

h. placing the extract-treated cells in hanging droplets to grow and isolating fully

reprogrammed cells in clusters.

53.  The method of claim 52, wherein the human ES cell transcription factors are Oct4,
Sox2 and Nanog.
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