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the inner cell mass (ICM of the nmammalian bl astocyst
(Evans & Kaufrman 1981; Martin 1981). These cells are
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provide reﬁned mutagenesis screen that greatly accelerate functional mouse genomics

and generate mammalian models for developmental processes and disease (Mills and
Bradley, 2001).

Although mouse ES cells facilitate the understanding of developmental
processes and genetic diseases, significant differences in primates and mouse
development limit the use of mouse ES cells as 2 model of human development.

Mouse and primate embryos differ significantly in temporal expression of embryonic
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Mouse and primate enbryos differ significantly in
t enporal expression of enbryonic WO 2004/ 031343
PCT/ 1 L2003/ 000804 '.. 2 genes, such as in the
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l.epented with serum
' f%?&hanrcryg ang preserve plunpotency Current methods for culturing ES cells

include the use of mouse feeder cells or conditioned medium. Otber methods aim to
provide an animal-free environment for the growth of human ES cells,

Animal based culmn;s

Animal based culfures include mouse feeder layers sﬁpplemented with serum
or serum reptacement and mouse originated matrices supplemented with conditioned

medium.
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30 or serumreplacenent and nouse originated matrices
suppl enmented with conditioned nedium W) 2004/031343
PCT/ 1L2003/ 000804 3 Mbuse feeder |ayers The nost
common nethod for culturing ES cells is based on nouse
enbryonic fibroblasts (MEF) as a feeder cell |ayer
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i€ )sRmA& a better-defined culiure conditions, the presence of mouse cells in the
culture exposes the human culture to pathogens, which restricts their use in cell-based
therapy..

Conditioned medium

ES cells can also be'cultured in a feeder-free environment. Stem cells are
grown on a solid surface such as an extracellular matrix (e.g., Matrigel™™ or laminin)
in the presence of culture medium. The culture medium used for growing the stem
cells contains factors that effectively inhibit differentiation and promote their growth
such as MEF-conditioned medium and bFGF. However, this culturing method is

limited by the high costs of both the matrix and the production of MEF conditioned
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grown on a solid surface such as an extracel |l ul ar
matrix (e.g., Matrigel RTMor lamnin) 30 in the
presence of culture nedium The culture nedi um used
for growing the stemcells contains factors that
effectively inhibit differentiation and pronote their
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undiffereniiated state, devoid of the above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a cell
culture comprising human foreskm cells, the human foreskin cells being capable of
maintaining stem cells in an undifferentiated state when co-cultured therewith, said

cell culture comprising a culture medium and human serum.
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undi fferenti ated state, devoid of the above
[imtations. SUMVARY OF THE | NVENTI ON According to one
aspect of the present invention there is provided a
cell 30 culture conprising human foreskin cells, the
wanaeveni3gor eski n cel | s bei ng capabl e of naiTLBN0ERGH
stemcells in an undifferenti ated state when
co-cultured therewith, satd cell culture conprising a

cul t di um and. human_ ser.um 004/ 0 43 3
e RS0 5o BBa tES th BT, SRefe ol dpenton,

dpreaberbelod, hethodimferetlsn alls trk eapable efiforeing adeseddybrad the

cg?cl:u?t\ﬁ{*e the human foreskin cells are capable of form ng
a nono-layer in the cell culture. According to still
f ur t Aepordirgatp wtilefirther ftdhgesde Serdefvaticdyprefered @tbodiments the

s lr{]‘%%ﬂsj BN St r&eicOS .stemcells are of enbryonic origin.
ccordr’frng oS P8 ur ther features in the described *
pr ef Accosithpatmigitifuntbertfsatitrdsan thetdestribel prefem¢decntifodimanta the

Storicgli,sn.c cording to still further features in the

FRSEY e & d enbodi nents the cell culture

i ncl Acborling to sl further faatlivasrin the clkesedbatigprefenednansindifments ger um

r di.n o still further featyres in

.10 A |
o T e B FER b R P ot b bR
pr ovActendingtto silCidribee fiatusdsiinthe déscabed peefartedldhbddiments the

According .o stil] .fur r f ures in the descri bed
Scﬁ?%fsé’f?vé‘%délﬁao%’ﬂfe °8 O{aggewtgg%m repl acenent is

pr oviAdeddiag toatil Amhaifeatatés i thelbsciibed eefdiredlémb¥diments the
Accorflaivnc 0 stidlﬁi.further Ri eaiI U{Ees # t he descri bed
SSTYR FRIAr BT BB dRL R SoReRUratqnoiableathly & hynan serum

Ac c oK atbidihgtte still futther Faatitda o th dadetibe@préferddhmbdéiments thed

-e@%ﬁf rred enbodinents the serumis provided at a
SEYRE L8FYH of 20 % According to another aspect of
t he AdcemigRto sdiVaRkdr Gankd el teidssciba\refaebdeembe@inknts the

cultur%ﬁ%ﬁ ri sing hu Joreskin fibroblast cells,
SO 1 PR a4 {oRCRFFI0N 9%y obl ast cel I's being capabl e

of i af ' undi. £ f e t:] tate

aher coranf I shofleP FseGrnd Brelibe VERACHBR | Bheiited o C
cell anlfhreucamprisitiguhwmam édresdtim Gibsoblastreelbsp lsaid chvensin, fosakin

S f d_enmbodi.nents th | t
EAEh SORCoBhE S CERBTRE oot O ARG
steaen othbe rcoashmed thdrewie saidesstinéuliufy @ithides atdi@uR Médium

. pravided a
mﬁu&mg serum replacement, said described preferred embodiments the

serum replacement is provided at a concentration of 30 %.

According to another aspect of the present invention there is provided a
method of maintaining stem cells in an undifferentiated state c'omptising co-culturing
the stem cells with a human foreskin feeder cell line.

“ According to yet another aspect of the present invention there is provided a
cell culture comprising: (i) embryonic stem cells; and (ji) human foreskin cells
capable of maintaining the stem cells in an undifferentated state,

According to still another aspect, there is provided a method of
maintaining embryonic stem cells in an undifferentiated state comprising
culturing the embryonic stem cells in a presence of a human foreskin fibroblast

conditioned medium.




25 nmethod of maintaining stemcells in an

undi fferentiated state conprising co-culturing the
stemcells with a human foreskin feeder cell line.
According to yet another aspect of the present
invention there is provide® a cell culture
conprising: (i) enbryonic stemcells; and (ii) human
foreskin cells capable of maintaining the stemcells
in an undifferentated state. 30 According to stil

anot her aspect, there is provided a nethod of

mai nt ai ni ng enbryonic stemcells in an

undi Aﬁ@r@m 1o stilbfirthar dtaburesontheideicniged peefiinted eimberdimends, the
ﬂbr Kin
RSP, BEEERAP ung o Brofult B2 0L Rollipe roBlER b OBERL)
fbmslmmaﬂsud; @ teuthueing ithe foteskinl eedls lm badtuprmécﬁlm ggtluding serum

r elgsgl Oglggdemg. gﬁle?esg?%%jl or eSr{(I n ce e?c?ér]pe]i] e 'S

for e&kuordmg tb sislhﬁnheérlﬁatured m thei degpribdilepréfenrasistnibediowshis ¢hei n

ture |nc er M Aad{ or serum
?E%W% 86Vm§%§ ”ﬁawf §%£n foreskin
f eeder ceII I|ne According to stlll further features
in the described preferred enbodi nents the foreskin
tissue is obtained froman 8-30 day old nmale
i ndi vi dual . WD 2004/ 031343 PCT/1L2003/ 000804 6
According to still further features in the described
preferred enbodi nents isolating foreskin cells from
foreskin tissue is effected by: (i) mncing the
foreskin tissue; (ii) dissociating the foreskin
tissue resultant fromstep (i) into single cells.
According to still further features in the described
preferred enbodi nents 5 dissociating the foreskin
tissue is effected via treatnent with trypsin.
According to still further features in the described
preferred enbodi nents the serum and/or serum
replacenent are provided at a concentration of at
|l east 10 % According to still further features in
the described preferred enbodi nents the serum.and/ or
serum repl acenent are provided at a concentration of
15 % 10 According to still further features in the
descri bed preferred enbodi ments -the human foreskin
cells.of the culture naintain the stemcells in an
undi fferentiated, proliferative state through nore
than 100 passages. According to still another
enbodi nent of the present invention there is provided
a conposition suitable for maintaining stemcells in
an undi fferentiated state, the -
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condi ti oned nmedium According to still further
features in the described preferred enbodi nents the
conmposition further including a factor selected from
the group consisting of a gromh factor, an anti
woxn@antszand an am no aci d. Accordi ng to aaradeishirsaal
enbodi nent of the present invention there is provided.
a 20 nethod of producing @ conditi oned nedi um
suita r | n| ng ste
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ropa el n
‘wonchofifier ewitablatfed mmm@mknl cliain amividiffedentiaded state, the
ZO [ 031 20Q3/ 000804 7
E)ﬂ%{eglis)gng%ﬁ’émmyggm" OES% ceaf(fnﬂg% Y™ and scientific
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in the. art. to
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(B lering B SF TSR o e Br EPngiiPged i suribl

foEinainRMGR steth cellif aR GNPy edgatelr aWi ngs. Wth specific
ref erenc now 1%gghe drawi ngs _i n_det ai | it

is
st r e\CEHIIpg By he feptres, fn-the destibs piferred grbpdjments the
RAUAEPDraiabing £ borAHoRQSAEIRA further includes validating the ability of

the conditioned medium to maintain the stem cells in an undifferentiated state
following step (b), whereas {raiidaﬁng is effected by a differentiaﬁon— assay selected
from the group consisting of morphology analysis, karyotype analysis and surface
marker analysis.

The present invention successfully addresses the shortcomings of the presently
known conﬁgprations by providing cell cultures and methods -for propagating and -

maintaining stem cells in an undifferentiated state and in an animal-free environment.
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illustrative discussion of the preferred enbodi nents
of the present invention only, and are presented in
the cause of providing what is believed to be the nost
useful and 15 readily understood description of the
“principles and conceptual aspects of the invention.
wa 1040pi363 regard, no attenpt is nmade to skomigds/emotour al
details of the invention in nore detail than is
necessary for a fundamental understanding of the

i nve C h the dr avvl S
maki %i ga)sp%ﬂéerwéln? gﬁe‘{‘ ﬁlgieggrg%s M 38"3}1# C TeIms uspq MR VR e
the vaeainednong s oommbﬂg uhdevseiatl ibg ronswY obﬁnaﬁ}ﬂtl@m i eheiaft to

Q‘ﬁafﬁ&}r%%g"re%%"?lé"s 185y ?&@%@pﬂﬁ&gﬂ o i |S1r@g@?rowﬁwﬂﬁit

tbgthes Idewrlbﬁbdeemlcalyéb uséd fputhe pradiites of tapiiRt GMILE r}:@@é{ﬁph
col on own_fo
iggeﬁ@%dgg‘{]%\ge passﬁﬂ%@at %/aécr‘%gq{’i%ﬁi Wﬁf@% e‘g C‘T‘Sﬁ%‘i"gﬁl%ﬂf’e
fateat s;thﬁcaumqllmh;dmgsdeﬁmgam itldcontiola ﬂl‘t@d@ltl@tﬂdhé‘-‘fnlaﬂleﬂgilé c
S 7 ese 100 .i 5. Figure is a
RS PabPr R SR bAanc et 8o bmrs (1 i ne
1 3) grown for 37 consecutive passages on foreskin
i cells retain their
ﬁﬁﬁi%ﬁg b %M i.e. high nucleus to
cyt ophesiavantiat i diﬁremrdeﬁﬁmﬁbyoimymf Gk201é o Ovith reference to
ngcgorcel l. ul% ",‘.’,1% ze. bar represents 38 pM Figure
FEPAIRR YD Mﬁ“ SHETRTIINY hUieFpEags el &
i si.‘msse;l tl@dt |ttreepaiticﬁl)arsglhwm:ufem3r W &w&&:ﬁlﬂ@tahd/ forARRAIRE ON

g 0 foreskin f ‘#J Blg?ﬂ%lﬁltur w t h hunman serum
frerve Efspiesionof %’f%ﬁ fhe presens faviptien gply and
abopresited inck kause of frovigidy ekt i¢ belﬁ%dstolbﬁ thBoRREFANGE Of

TEON PRI SOBIOS FA% PV OGRS moBedt y pe

wfenﬁdﬁe MERisCiebdrdlr @ bifcki@t! isemad, toséhéﬁ RAE P REDREH fie 40
cel | phenotype of the

n'gt ﬂ Wi, th the nor
i p ST AOBE ol et g ppndsgieptel WP p g BB o
1&@&1@[@1& ddsteiptios AkdnSwith thd Mﬁﬂ%sﬁﬁ&?}%&ﬁﬁhr&@ﬁ' tEﬁssga Bi&lled in

s (l'ine

%gdl tl phase, of ES ce

ﬂhe%e‘?ﬁa 345% SNYERIIRY DR ER bediddprastisger s whi ch
haveInbl&eifavgﬁgsm for 107 passages follow ng therr

~deriyation. Fl 3h illuystrates karyotype anal ysis of
t he ﬁ@ﬁ-agﬁﬁ%%e %ﬂﬂg%?@é depeing b qrrﬁmpﬁ%ﬁﬁ s ggwn on a
fd&edk&ﬁh@daaamsmé\w mSh hdinidbgra Eﬁ@éf aWhaEd &11%169;

mal e, ng ectin at the cells are free o

¢
I'iﬁi PR fr Ic?nsf':%‘ﬂ?ea?ﬁsﬁﬁ?sl @nforegin feeder laygss. ¢ Ngjeethat the
chIORURREBIZBE RE H1GHe d IHHOHaARDS Side! 848 1t 160 M.

expressi on
Figure 1b is a photomicrograph of individual human ES cells (line £-3) grown for 37

consecutive passages on foreskin feeder layers. Note that the cells retain their typical
ES cell morphology, i.e. high nucleus to cytoplasm ratio, presence of nucleoli and
intercellular gaps. Size bar represents 38 pM. Figure 1c is a photomicrograph
depicting human ES cell colony (line I-3) grown for 39 consecutive passages on
foreskin feeder layers cultured with human serum only.

FIGs. 2a-b are photomicrographs of MEF and foreskin cells cultured for 4
days in the presence of 100 ug/ml Neomycin. Note the cell death and the abnormal
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of enbryonic cell surface markers on human ES cells
follow ng 57 passages on foreskin feeder |ayers.
Shown are dark field images of human ES cells (line
1-6) |abeled with nonocl onal antibodies specific to
TRA-1-60 (Figure 4a, 5X magnification), SSEA4 (Figure

WOI04/BOH3 magni fi cati on) and TRA-1-81 (Fi @dr/.2¢b3/0008045

20X magni fication). FIIG 5a illustrates the
differentiation stage of §wo ES ceII-Iines (1 3 and

eede ane
ettt MOMBE oL BES Tl 34 BPE b PR 0 ) ot tinele
Wigh HRE-RCR &l U}Ihbnob@&dif mge Biddfofebldn ccolmer(ﬂ;gm |2b,nsmBar
ver | f{%Z@bﬁ*‘J‘ﬁ) probi ng for expression of the
iyt  gene GAPDH. 20 FIGs. 5b-c are
phot am:F lcaa @gi’tﬁblblﬁr;cﬁdgﬁ!ph' depictind G}tﬁhcﬂ?ghﬁdﬁrﬁﬁse@ﬂ%% 'veme f(1imreo r2n4
s, co-cul ture uman fqoreskjn cells for

€3§sfg IR 29 paiees 5p G R IEr S b sroym o5 Hidr e
@bsa%m“@mbmeﬂvah&dy formation foll ovvi ng 24 hours in
susp re 50 s fornatron
fol | 6l n°’§ sl a@f@ﬁéﬁiﬁo evlgss ghehp @i shown
lﬁﬁwees waﬁtyﬁeﬁﬂs&;ﬁﬁﬂlfo Ho@6 XX, wifichfis ﬁongﬁfa'?xﬁaler@lectmg

ot [ atin |n vivo di erenti ation
‘F ﬁtoﬁgrcﬁ{‘%agﬁgge ZFOr‘f?lﬁ‘ﬂ'ﬁﬂ{ 1@’ that have been grown
0 n heren 45—@ E@Sﬂﬁmﬁtohﬁﬁd%&néh@yﬁéﬁgrap@hmé@atﬁg €he expression

tox osi n stai ned seg S f cartilage and
§¥°§ ﬂtﬁ“ﬁ e %‘fﬁf%g} Q}ﬂi}ﬂf]ﬁ%ﬁpl fg QFgng gy [passages on

fE&lsIh@\fdeﬂé} 18rspP a&tﬁaﬁr ef Ak fa8 askdes of ReAred aemts r(l%ie 1-6)
epl elrum

ure._6a, size bar represents 50 p
3!? § iy Sopesipal ﬁPﬂ’@d’ﬁ%IS&Fﬁlf# P offk4= IQQOEéF@Wec@I
xﬁsgntfmmdﬁg SSEAMB@@@&B T0X frag@adati %faﬁ@m 1-8Y figure 4c,
5 pM, calcitied

%)g{rrg Si ze bar represents

%thp ‘ssue from1-3 ES cells follow ng 20
passageJa Qlﬁhsﬁﬁés&ﬁ&ﬂlﬁereﬁtﬁﬁ&ﬁitaéeaﬂ &% ES CEIDIMCE (16T andSLBE
bar re resent‘i i%’ I\/Elﬂf}stratrfr ed epitheliumfrom1-3
gy g Drssiah Grsdes IEerBUe) o) Gubinm Bt bodios BiESLrieh s ng
agtaereﬁﬁﬁéag@srmpcﬁo mqsdr A GAE RNIABRERrdtioh GHab Gerfidd b§| ze

bar represents , transverse section of
moRiS H’é@t"éﬁssﬁ’é‘r"@% h?@%ﬂmgﬁeﬁﬁégﬁ)ﬁs fol | owi ng 34

passames 5K atfe%ﬁ&&Kicfb {aﬁectﬁsmhgxﬁﬁﬁma b8ty &:1i6& fcth £S
resent devel opi ng striated nuscle

: ‘T" fo‘tﬁCf %slﬂégrw f?fsrhﬂo%tlﬁ@r BHP4sEREeP E1s NETeroR PREIGER

sl‘:ﬁ)hebrﬂ% Fiflrt gy rsﬁov@f emirV A€ b@@r erﬁ@ﬁo%Sﬁﬁ&vﬁn%Qﬂf RiMhrs m
FI Gs a-c arephot om ¢rographs _show n ol ogi cal

SEWERSIWn s Figpsnee ghout sReroid Bodye fermagion fgllqydng &%rhosrs n
sifefitin 8178 SarhnllguRd BBO pRsER b fmCe) | . T or 102

pass %& gure 7a shows an epitheliumtissue
desi § trﬁqtj t-lﬁepli@mw‘mhs aiffentratiiy gurvévo7 differentiation to

teratomas of human ES cells that have been grown on human foreskin feeder layers.

Shown are hematoxyline-eosine stained sections of cartilage and mucus-secreting

- epithelium from I3 ES cells following 20 passages on foreskin feeder layers (Figure

6a, size bar represents 50 pM), epithelium with cells containing melanin from I-9 ES
cells following 34 passages on foreskin feeder layers (Figure 6b, size bar represents
25 pM), calcified cartilage tissue from I-3 ES cells following 20 passages on foreskin
feeder layers (Figure 6c, size bar represents 50 pM), siratified epithelium from I-3 ES
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shows a neural epitheliumtissue designating ectoderm
| ayer. Figure 7c shows a 10 cartil age tissue

desi gnating the nesoderm | ayer. Size bars represent 70
m DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
present invention is of human foreskin cells, which

wane/sspabl e of maintaining stem cel | s, psrrmhosasoosuaman

enbryonic stem (ES) cells in an 15 undifferentiated
state. The principles andd operati on of the feeder

and t of ,o.cO-cul turi t hem
G Fhafilh ol afs @R SRR A e B EE B Mol B ey
$ie b tttaBsverstl Bte oS bDﬂﬂelMﬁtdendSr&fsel‘(ﬁﬂ £ E8 chirefotiowing 39S
and acconpaﬁﬁgn%ﬁgescrl t| ons. Eore expl ai_ni ng at
PASRET FniorssH Jertie FYed (FigHe Sentieh P orPPsTa i) ad | s
dRelbfing s%@ltéd"iﬂﬁél@ ondstEzakid Howin/sPalsdds b forkin |]aly’@i|st ed

|n its apg |cat|on to the details set forth in the
Hegeerst 100or exenplified by the Exanpl es.
The u:ftysefhte Q@pﬂoﬁmﬁ&mh@shg%g@ﬁstb@agmﬂmaﬁhm&ﬁ ?era%magf

beln%) ractlced or carried out I n varlous wa Al so,
¥

formqdsby 1o hES cellscrercaytiused with dumer forgskin sksofon J)2 anages.
fu 8178 th%\QYaneéﬁﬂixéﬁi{ﬁ%Hféra%éxEna'tlﬁg fiQ renadaam &y&p Oﬁ?uer%

scription and not "be tegarded as’lIm
@mw ¢ gayrel @stbqhu@emsw @ﬁl@nmg eciedstm dayes. t ﬁ@tmen?@eﬁhowwl
gse cells
SRbcfitiMeclochDfhe pIRATRLAD SiriBhOtSbTIEED, 81 g
into a variety of somatic cell |ineages (i.e.,

W@?m@@@%ﬂﬁ%ﬁ and cells of the

uni que source of
cel | $havpiesdut cavantive is ud camiam fbos:kﬁn lcéh,ewhmln aan dapeble mfcal

BERABHR ER" s oE, 8 ol THERRER" BHIFES Mok e,
wiliffptentiat@G@G) , nmice (MIls and Bradl ey, 2001) and
ot he;l"Péc' B D?C% ar.ui_| H%E‘?%lro}ll %?{he%] edgr c%!ls cnaﬁre anC %dsaol}

undi er en i at ed sta _ under
WARuRODY /31 B41B smﬁbns_@eﬁamg QOBO 4reschd insention lntag be better

SR SR SR AR Lo

pr enmen ¥Bhdi ti oned
medi Beforchdepleiviag at ledsiema pbddingenbyibd ioehiianin détail) iiato bES
f. h .
u(ég%rlﬁtg%(fé tﬁ:ﬂ#ﬂ rn%%ntgo% 1§ ﬁ]o% ?mgc%cp Mt C (ﬁcaglon (k' ut’F? ﬂﬁﬁ}ﬂﬁ‘ aet %rm 18 ds

ee environmen

the fo;ﬁmaihg €espriioe or a&emphaﬁﬁimylﬂieamamplea nThegieveatiorCis capable

e Rl mRtln i et io&e mRrtica st R 1R8O0V g
mtbasmdﬁmﬂym it phirdsedddpyamit] Serfnivolopy edmployadIeraiieisi foe the
purpose o(i' escnp 10n andS sht%% Irni)t%glre@-r%d as limiting,

Embryonic stem cells are derived from the inner cell mass (ICM) of the
mammalian blastocyst. These cells are pluripotent, thus are capable of differentiating
into a variety of somatic cell lineages (i.e., hematopoietic cells, neuronal cells, and
cells of the immune system), thereby offering a unigue source of cells which can be
used in both research and clinical applications.

ES celis bave been successfully established from primates (Thomson et al.,
1998; Amit et al., 2000), mice (Mills and Bradley, 2001) and other species. Human

ES cells are majntained in an undifferentiated pluripotent state when cultured under
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or lamnin supplenmented wth MEF conditioned nmedi um as
feeder layers. Other, nore advanced approaches

i nvol ve the use of human based feeder cells such as

10 human fallopian tube epithelial cells. Wile the
first are primarily Iimted by a | aborious effort

WO WMIB1EEd i n the continuous preparati onPETAL2000¢804

feeder layers and the undesired exposure of the hunan
culture to xenogenic conﬁ@nents which restrict their

Juﬁ&b&‘éc%n B6hs sl taQ %rtﬁ‘é’% reschdd L%e&eﬁarveraor %n'm;g{% | ﬁ%en?éﬁteﬁ

ortene eriod 1 esu geneous
eitil seuwes. con_@mwm mediuad divarpr,t thmagoutws,@phcahmm EBo

BUESHARE, B RLERET bV LSRRI oA 5 UL
@iteingpetidds td emablcpﬂopan cleastviizatiomaid e rzetin magipalbtion Sthe 5|
ée atures i ncluding pluripotency, imortality,

und| fferentiated proliferation capability and nornal
kar y Gtyque mefags foo wsltuaing dmpiosES cells udrd ammalhhm.’n ifw8lvipgl | s

uman f ede 0 V.ol arad
e 05295 0GRS TBAURE il GRP BHB
dri lgnioip| sapplerhdnked it MEF (cbh(ﬁloncdDalt:dluIAmsl feedhblayers Other,

%ﬁ Q?ag 7&:!! g?pfoauj:hleT WW llve %e %Q p? If‘l? ! gasbd rf'ee\ﬁ@rvc%hs SLIICP}

ede' T wer e
Mnfaﬂmlmtﬁbdﬂpmmwﬁs V\,hl ch may have |ntroduced

{ Lo L | t
F heo aiP UL AAERS A RDNEUTR) Ciobltl dfifs sfBsB0 T O™
afoahrmbmsxpedpyratmng” fidghufdderigyetsian@tha metiesireld |empot:mel ofihé huanng
d._of t.s ,th
s BacPogchivapme i RERR NG Bt oy, Bl efiPp cptiBfirn”
areluhﬂ;edchf/ abkmtemd&smmug period natsult:mrg iphewrogmean culamdsmal - f r ee
t short . d
C1 e VL0 PR B pp A i ey HS%pe 68 M
movfetntdtﬂiae hurdesforasiie delBeretapabitdes sustaiaing dpmbi eerafcells in
t d

2P Pt B 5 R R BB sy oo

@ﬁﬁrcﬂxmdmnmfdratmﬁ ctﬁmh@aﬂmﬁﬂrﬁﬂ ksl@@dypd)n whi ch foll ows).
f th
v ebErr Fmef ot Borkd Helteltin i pitoepc? BT hEE Retree
lagreld ?nhaltmgbenae u%mmfgwalﬂmiﬁﬁfpc_n 1eiémﬁte¢ig(t)otoﬁggoma;t-hkerms .
S
BE oI TR I oot hodieatty T SR PR oHer o
dvesels Fﬁthm @&ﬂaﬁaommbxhse emgfybm ;ﬁbmbmf , Ivetiichgmbay e 1ﬁtﬁ{d|&&l§l n
s ich,are ¢ e 0 in cells in

Sl P AL B pub TSR b bt BTk e

oharatiaized hes ﬁlaﬁveht lbﬁg @ablageime ahEamigidd wlturingfperial df g-10
cel ] capa 5 differentiating into

W%%etswﬁgbfn?@ﬁ%%“ﬁ%ﬁ?hﬁdeé Articul ar, specialized

f uncld shiirp (cont@st, the human foreskin cells of the present invention provide an

animal-free environment, are characterized by a short doubling time, culturing periods
of at least 42 passages and as further described hereinunder are capable of
maintaining ES cells in a pluripotent and undifferentiated state for at least 100
passages (see Example 1 of the Examples section which follows). As such, the
human foreskin cells of the present inventi_on provide for the first time a

pathogen-free and homogeneous environment for culturing human ES cells.
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"fully differentiated', cells) or remaining in an

undi fferentiated state hereinafter "pluripotent stem
cells". Non-limting exanples of stemcells are

hemat opoi etic stemcells obtained frombone marrow
ti ssue of an individual at any age or fromcord bl ood

wofoodasenborn 10 i ndi vi dual, enbryoni c stemdk®psmael | s

obtai ned fromthe enbryonic tissue forned after
gestation (e.g., blastocydt), or enbryonic germ (EG

cells | fron1t eni t tissye aof a fetus any
time ‘8%%8‘%%3? i Ehs ﬁ%fpgﬁﬁgﬁ fyeniiop S 5 roydeacelt
gﬁsﬁeavmmmgﬁmmam{aresldm s&l]s i vpméhmmdcsﬁ;atsé ﬁi’ﬁlaillﬂilnhlﬁg btem ceollls
red._stem cells according
@ ¥ﬁ5@gg%8%%#a ?H@°B$§§ﬁﬁ?‘¥ﬂbentlon are human stem
cel | $s ugsl hetewmﬂhd phinse Sqp edisatedls tohadls whidh fafeecramld oft ed
di sti.nct
SR be, Pl PRaCu s TR hrafer By ahe g oregr Geor
“Hathyr wemnnat@dweﬂs) Qi rephainiby it he wikiffetepthtidnstith dertrhficr

}MR# differentiated stemcells have high
earfcy oplasmic ratios, prom nent nucleoli and

c onp dot-liowting rexarfysiesnaft stenn calls tabe hep@epbivticlsten eciadianede! |

i ungct | tures of _undi f.ferenti at ed

At e SRR o D53 o v duRE Sy B B8 S b Bl o

1ddasniua'l bmbryumcEstmrmse callsodbtdied fona el ®rweicttis@R fadedh
foreskin cel sent

8% Bl (el SRR, o i (B el bied g the

genitad tissue tolie Btk anyt i8S ﬂmr@(géﬁﬁﬁdﬁgp&ﬁ&bm tseftsie ﬂ@ WeSks of

IR PR oo Aelut s ipuilealsrnnsd FoRioegrm
dellsBo@ding tofthis sdpearbitbetesdht inveftiod GtedBifbs st delkshen

di ss CI d to singl.e cel.l.s. Foreskin cell c|]anps can
b " WEE B apBedet’ Ry Sl et delnae it & ot

mmﬁﬂtdln#ymhlﬂh iSSdldﬁﬂﬂ' dﬁﬁrgﬁmmagwa &E‘ereﬁ&i’e?dlmaﬂd & eflir?%airl on
n oresKin cells o e
ke B 16 SRR on i Bt S crd b pighe

nﬁeldarmmoplmb @10) tpediniidnt huc$e%[1 iR QbmR! bulddyeBinRGe Rt ,
nor. e Serum can be of any

ogrey witerib Gl g nd ahadiiipel s ohrds et g p o

seefuttier desplitkd @erifinder ef er abl y human serum or serum

repl ac Ls_uti order to_praovjde an
i it S e A o B et Sgleh g e 5
fhaadidiniefls off TREibrokdht @At arcddbthin® e o a1 RhA fRRRIA tiswa f.che

bt ai ned fron1a@% commerci al WO 2004/ 031343
t%(ﬁ%”’l‘ I5HS SPHHHS glary %eﬂﬁpP’ie%lF“’B‘f penjsy ofi@ male dnglividual,

;@Effﬁﬁblﬁ B6m aﬁBa](mia? 8ldiniitd MaeidldD TR forbdkil LRGSR first minced
oratl and |sland, NY USA), Silgma (St. Louis
fi?fsz) and e F?‘{ gsopitiesIq piBlasesls, Bopeskin cell clamps can be

d1ssomated by any means known in the art including physical de-clamping or

enzymatic digestion using for example Trypsin.

Foreskin cells of the present invention are re-suspended in tissue culture
medium supplemented with serum or serum—replacement, more preferably apimal
free. Serum can be of any source inchuding fetal bovine serum, human serum or
serum replacement. Preferably human serum or serum replacement is utilized in
order to provide an animal-free environment for the foreskin feeder cells. Culture

medium, serum, and serum replacement can be obtained from any commercial
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USA). The serum or serum repl acenent used by the
present invention for culturing 5 the foreskin feeder
cells is provided at a concentration range of 1 %to
40 % nore preferably, 5 %to 35,%,0, nore
preferably, 10 %to 30 % nost preferably 20 %to 30

woNmeBtiknNg to presently preferred enbodi reniigoehoosdae

present invention human serumis provided at a
concentration of 20 % andi?t he serum repl acement is

%Bﬁér%?ﬂssué ﬂ'e ﬁo&% C%ﬁlﬁin&ﬂde {S‘Tb nv1t{0§%1eC0rp?rﬁ on

es section
(Sranfidblens], E‘é&%@m (St Lhwis MOWESA) dud tHeuriBGC (Memessis, A
Pg gsr cells of the present invention are.capable of
orm ng nonol ayers when attached to a solid phase
such T8 serum jos samen caplacamest wied by the Prgehé irvestivd £S3i witharing

R AP ee s spRoed BELCRkeotin e L1 56 ot oy
pietsrably, phocie ks, moequdfiraiy, T Re® 3016 smscetieablpi2g Rl 1 30
wJitable for ES culturing since nonolayers can be

(sed as a feeder cell | ayer on which stemcells can
pr ol iAcerdinptophistndy prefirmed ahhrcidhg:nts lo€the presait fobentiembingine d

[ WP e DR RROR P AP (B BT R bR RS S

ayer ers to a cerl nonol aysr
ttiaggneentalioreof df I’/«:(hﬁcpﬁxmld bofthe Exan{p&s gecen)t abl e for the

tt [ | t
fr omra T Qs Al in 88 s Bhon hion Tofied s AREFRTER P o
febrér trlisrafithe pesestlpivantipe latesca;ublctoﬁﬁnmng sendlayen wéek atta:nhedc an

5 PR Pl S B e RIS, s e oSl 8™

Fabx T@h&ﬁrﬁﬂﬁlﬁl -“t]h &his uhwamteﬁsirceﬁ Kichumal fos:skia feetee cells of the

L I TR X T —

'@n lwoued aard fepdaptdell Slajes @n Ehictmplem beliofcat heolfrmapiien

er genes which nmay be used for

_ : I p
ll%?n'?m&iﬁ%géﬁgﬁa er&ng(”@f liureeé of marker genes include, but

are mmsedlhiemnbdm the ,phgsaa‘&‘eedérl cald tag & @dfiérs fr Déetlinonolayer

[.- C |daea cell-surf L s. As is
R BT BB P By o S e et on
gnhmhhflﬁedik(zaV\&ts;mbdﬂe)ﬁmnanccBﬁtifsmb@@kl n of the present
i nvent R9sSsSes tural resistanc 0 at least one
typotop beApara Bat ¥ B (p8SkeR IR oF e Bt afffirecs
tshée modifipd egalgedetitally) th ielude wdditivgal clitsctdtistiorihadt groefkian
he present invention can also be genetically

cells of
crlr’gud?nfgiag‘éfn{a% secrete factors which support growh of
t he Forerxameld, Sthe nhuatan \\Erekia 4448 184 3 b GhhdtlcBO0 nAAARE04

(%'rgnsfonned stably or transi;:nﬂy) to express drug resistance genes for one or more
antibiotics (see Example 1 of the Examples section below) or marker genes which
may be used for immunoisolation. Examples of marker genes include, but are not
limited to, green fluorescent -protein, pB-galactesidase and cell-surface antigens. As is
further described in Example 1 of the Examples section which follows, the human
foreskin of the present invention possess a natural resistance to at least one type of
antibiotic, a feature which further enhances their applicability in culturing,

The human foreskin cells of the present invention can also be genetically

-modified to secrete factors which support growth of the stem cells in an
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undi fferentiated state. Such factors include but are
not limted to basic fibroblast growh factor (bFGF),
menbers of the interleukin 6 (I1L-6) and | eukem a
inhibitor factor (LIF) famlies of cytokines, and

tel omerase reverse transcriptase (TERT) at an

weleated | evel (U S. Pat. Appl. No. 200RO0H2@widoeamd WO

99/20741). 5 Genetic mani pul ation of the human
foreskin cells of the pré%ent invention may be
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by %g}glrl]turmg the stem cells with the human foreskin cells of the present invention

30

described hereinabove.

The stem cells can be obtained using well-known cell-culture methods. For
example, human embryonic stem cells can be isolated from human blastocysts.
Human blastocysts are typically obtained from human in vivo preimplantation
embryos or from in vitro Iertilized (IVF) embryos. Alternatively, a single cell human

embryo can be expanded to the blastocyst stage. For the isolation of human ES cells
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enbryo can be expanded to the bl astocyst stage. For
the isolation of human ES cells WO 2004/ 031343

PCT/ 1L2003/ 000804 14 the zona pellucida is renoved
fromthe blastocyst and the inner cell nmass (ICM is

i sol ated by i mmunosurgery, in which the trophectoderm
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nﬁmﬂﬂ&gﬁ Zhnsistent with EG cells is observed, typically after 7-30 days or 1-4
passages. For additional details on methods of preparation human EG cells see
Shamblott et al., [Proc. Nati. Acad, Sci. USA 95: 13726, 1998] and U.S. Pat. No.
6,090,622,

It will be appreciated that ES cells can be obtained from other species as well,
inctuding mouse (Mills and Bradley, 2001), golden hamster [Doetschman et al., 1988,
Dev Biol. 127: 224-7], rat [lannaccone et al., 1994, Dev Biol. 163: 288-92] rabbit
[Giles et al. 1993, Mol Reprod Dev. 36: 130-8; Graves & Moreadith, 1993, Mol
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30 It will be appreciated that ES cells can be
obt ai ned from ot her species as well, including nouse
(MI1Ils and Bradl ey, 2001), gol den hanster [ Doetschman
et al., 1988, Dev Biol. 127: 224-7], rat [lannaccone
et al., 1994, Dev Biol. 163: 288-92] rabbit [Gles et
waioo4/03888, Ml Reprod Dev. 36: 130-8; G aupH2&3/000804
Moreadi th, 1993, Mol WO 2004/031343 PCT/1L2003/ 000804
15 Reprod Dev. 1993, 36: ®24- 33] several donestic
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Igfediibove, a number of morphological features characterize undifferentiated stem

cells. These include high nuclear/cytoplasmic ratios, prominent nucleoli and compact
colony formation with pooﬂy discernable cell junctions (see Example 1 of the
Examples section).

Alternatively, cell differentiation can be determined upon examination of cell
or tissue-specific markers which are known to be indicative of differentiation. For
exatnple, primate ES cells may express one or more stage-specific embryonic antigens

(SSEA) 3 and 4 as shown in Example 2 of the Examples section which follows.
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cells. These include high nuclear/cytoplasmc rati os,
prom nent nucl eoli and conpact colony formation with
poorly discernable cell junctions (see Exanple 1 of
the Exanples section). 30 Alternatively, cel
differentiation can be determ ned upon exam nation of

waewbdosizgr tissue-specific markers which aceEisagwnstio be

indicative of differentiation. For exanple, prinmate
ES cells may express one lor nore stage-specific
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chromosomes are present and not detectably altered during culturing. Cultured stem

- cells can be karyotyped using a standard Giemsa staining and compared to published

karyotypes of the corresponding species.
The buman foreskin cells of the present invention maintain stem cells in an

undifferentiated, proliferative state through more than 100 passages.
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bodi es as described in Exanple 3 of the Exanples
section which follows. 25 In addition to nonitoring a
differentiation state, stemcells are often also
nonitored for karyotype, in order to verify

cytol ogical euploidity, wherein all chronosones are

wqprewersd and not detectably altered duri mgrazeosmsag.

Cultured stem cells can be karyotyped using a
standard G ensa staini ng Bnd conpar ed to published
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The human foreskin cell conditioned medium is produced by culturing human
foreskin cells in a growth medium under conditions suitable for producing the
conditioned medium.

The growth medium may be any growth medium suitable for growing the
foreskin cells of the present invention, as described bereinabove. The growth medium
may be supplemented with nufritional factors, such as amino acids, (e.g.,

L-glutamine), anti-oxidants (e.g., beta-mercaptoethanol) and growth factors, which
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being proliferated, this may include | amnin,
fibronectin, prot eogl ycan, entactin, heparan sulfate,
and the like, alone or in various conbi nat i ons.
Preferably 25 reconbi nant extracellular matrix
proteins are used for culturing human stemcells. The

wanomemisgor eskin cell conditi oned nedi um PeT/pr@sieoswa by

culturing human foreskin cells in a growh nmedi um
under condi ti ons suitabl esfor producing t he
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_)

excellent substitute to prior art feeder cells since they can be maintained in culture for
long periods of times of at least 42 passages (ATCC Catalogue) and provide a
complete pathogen-free environment for culturing the stem cells. When cultured for a
long period of fime on a constant, pathogen-free feeder layer, the human ES cells
become more atiractive for clinical research and human therapy.

The human ES cells cultured according to the teachings of the present

invention can be used for several commercial and research applications.
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extracted to concentrate the effective factor such as
by salt filtration. For future use, conditioned
mediumis preferably stored frozen at -80 C. The
ability of the conditioned nedium of the present

‘invention to maintain stemcells in an
wanRdeiBBer enti ated state i s assessed as despnidaohosed

her ei nabove. 25 As descri bed herei nbel ow and in
Exampl e 1 of the Exanpl esl%ection which follows, the
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can Kaliyredlinfag ESsellsebtained bnire pmeaﬂ imgentionr e basletused to

T T

mBYA s prepaediby a,tﬁndmdﬁmallqueﬂﬂom&g ES celd ad ip further wvensl | y

‘...

-%@é@&?ﬂ&%&%ﬁ%&c Eﬂh% %DNRpTr{RA%B& b 2bd s%&rv&%{gd%vttﬁ'ﬂ‘u& )

intiat over
frord i efrboryonin thibzoblasks hndmﬂnelE@Is: @If hlsde'slrcdsipsqn@uuw @nprodugk taur e

gu%%&ﬂﬁ%DﬁWi{b%%ﬂﬂ&%ﬁféﬁ& l<§5wgp¥pﬁlaﬂt' ng ES cells under

condi tions rentiation in a
par t founam ES wallsm@lrtuxec&rmbrdmg nalitt it@cidngyay tierprésenddnvention

%1:%1/1 ¢ ﬂﬁ u@e\ﬁ' H)gs&% ﬁ‘ygdi} 8 ntéu sntsr%all o‘fecufg (fir%gs} ozge%tu%s,

okines to um “'changi'ng the oxy
pivwdentdss, oand atht ehkein gort hmdftmhrs t(svah €as0 mltuhae conditiams eor

élM Lﬁ'a(flt%n) \9&' H te{ﬂe QH tgenEtﬁis o%l stem (Q}{ al Ipo?' %{]i;}% %rowﬁBNA

I nvent1 on can
iﬁebmwsybstaataal toxied gt poteeidah tdﬁ‘ftrmwmd faMotsfnan [BBI@esfed dyntheir

0 MRNA i s prepared by standard
{ ﬁ{oqtﬁeeééﬁt?l%“r%&'g?wlé ES cells and is further reverse

transcrl bed to form cDNA. The cDNA preparati on can be

bt tid

71 br QDTG Bk R BEe, Cnoyr GHRYECPY 8 Pt ipventip,,
vid lmmq:@anant te wht paloizely kibi\id the raﬁrqpo:byxdnﬂmimnn qﬂﬁm

' t
P KBS A < NTER 5 i, SO SR
taposcndedimbes axfdeaspeors&f {i®pedzer Snvsitiah las dabineted iRrdiabige,
B HBee o A s "B UL e Seriesil Sooon in e
folewipgidzatmplen) that affect the characteristics of stem
cells. For exanple, growth

EXAMPLES
Reference is now made to the following examples, which together with the
above descriptions, illustrate the invention in a non limiting fashion.
Generally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and

recombinant DNA techmigues. Such techniques are thoroughly explained in the
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affecting substances, toxins or potential
differentiation factors can be tested by their
addition to the culture nmedium 20 Additional objects,
advant ages, and novel features of the present
invention wll becone apparent to one ordinarily

wandissas i n the art upon exam nation of teloeiLzbeekdosal ng

exanpl es, which are not intended to be limting.
Addi tionally, each of thed various enbodi ments and

§[Qﬁ?ct % ffortehe Iﬁé eﬁ%ﬂgul o%pnt | Hrl]ab?ﬁlt MSP%@ ggxiook et

erel na dve as C alme 1 on
1 (1989)f T%ntdk@teqnilm Modﬁcul&tﬁ]plog}t" Vahurbds d—[ﬂfﬂaﬂsﬂlbelg\/anM .

e e MPL &
R R Sl ST eI SRSR N RaPRMTRES, T By apg
Stms,dhltm’(oreo hﬁirylaﬂdl(l%ﬂl' Bérbal t"AePractived Ginide Mo Mnlealla:t(ﬁ]honmg“,

n " n s
ol & o8 R bon o) Ao ot al RGP DAL Sepfifte,
Amesen BooksyHﬂ!gquk i Biobructenl. n(edsp CGéname Axialysivefilabdratory

| 0l ¢ rec t ec ch

afRE R 00hEAg T o RE B BONORb Al P T NEY HaT 053
ﬁaﬂdﬂbm@ts&@ sEICTdrthLmOU:S/ A0 3m4. 4,666,870 4 638 202t 443051 SSBee,

anp by d h
SSaspS  apr20i? rEh aRlor S Lhant wpgBR LR
Chilie£.08.,ad. (B9d); 3Gylturd/efl Anivesd CeHsl-IA Mém.ﬁalubmea,sm [Technidue” byed.
1994) ; . Ausubel . et aI r ot, Lh )
femaeni WIBEEE o0 ¥ Sisa WS Y Lhge obrocnls, i
Manusblagyd dl:8fa )11 %IJ@IJ E., &d. Proady; |Sﬁah eﬁ]j (@ds),t"Basic and
| at oRi ohn W I & So W..Yo
%‘/Ei g;fm:% W (g@ %‘ih?on ﬁ@pé%ﬂb 4pee rw‘hg F'g ({15%4?’0
Miskell amh SE@ k@ds),NeSAleci¥d rethdak rifi em:llalar ainmu(uﬂ@)' WGeImorre
Manu Series", Vols

EBfeR g D oPH SRR o pble, eSS sa vt i sY)
dsdredl ol theipa &nﬁ&ldssﬁcmﬁﬁﬂ hteature, SkeS.forPadampRhp¥.S. Pat. Nos.
%—799%2%%%39 RS 00 e e e
Aa01658s 3{935 074, 109Ge38;i 8,9961345F. 4,03 @74;( 4998876, "4 3%209;e

| ma " SiC TeC .
Phudthagn S QusmRieSn gy Ghiy M et 8
“Nudleice Atid PEgirideatich" | Bameb,"BUMD| agly ngé@{sus.es., ledd. | (1985);

1994 Stites e . wn_.BaSI C
s Tk R eb SR S o KL i
C@ShlgﬁtuerMhég, élCT éd. %g%l)ﬂ "ivhetilededl Grigl aﬂlEﬁ@'tne{"eM)
e 0. a no

Brae i L Mool oo i . 1988 and
'lmiﬂbﬂ@ﬁi%@yﬁowgye VBKIIQID’S IA\éﬁieﬁuc Press; "PCR Protocols: A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Purification and Characterization ~ A Laboratory Course
Manual" CSHL Press (1996); all of which are incorpotaed by reference as if fully set
forth herein. Other general references are provided throughont this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.
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described in the patent and scientific literature,

see, for exanple, U S. Pat. Nos. 3,791, 932

3,839, 153; 3,850, 752; 3,850,578; 3,853,987; 3,867,517;
3,879,262; 3,901, 654; 3,935,074; 3,984, 533;

3,996, 345; 4,034,074; 4,098,876; 4,879,219; 5,011,771

wEnlyB13281, 521; " d i gonucl eoti de Synt hesipetmGabsboosiy

J., ed. (1984); 20 "Nucleic Acid Hybridization"
Hai nes, B. D., and Hi ggims S. J , eds. (1985);
"Transcription and Tr %335?;1’ Hames, B. D., and
Higgins S. J., eds. “Animal  Cell Cul ture”

FFERESVN-DERINED CEL, L(J\WTABLM GroBINGES IcELASd
Enzy ess 6 "A Practical Guide to
vb! oDieriotod Ehee ”ﬁ&&%ﬁ’s{m’ B., (1984) and "Methods in
Enzy tﬁsdab!gjlﬂzeﬂt@f fordskia Yaeder el tieexn -OFobdslas sigsué Reobtained by

5 Me ods An i cations,
SESR RN ol i 1B Byl SSRe able Rt RE b

stei‘iler w&@mmmgé@ IGrzEd @faat NP UFSA)) mtad@ﬁn sai3sbrs and dissociated

BRI hE i fh DR LD S G S0l st

]nﬁfregmrﬁmmfsland, NYUUBY) f6e20-40f mint Redvitingisingle &It‘sanpeggmer al

f d t thi Th
LB R ek AR oS
(DMEMY ¢ontaindhgeltigh ghicose daeniBion hﬁ&n&@rﬁ@fa\(ﬁﬁitﬁgﬁﬁ Gaindt he

re L. the . information.c ined th e|n|s
R0 Ay, sk, fw&#@ﬁﬁmaweﬁér@%}mw a3k %
ﬁﬁ%&ﬁ&@@ﬁln@%ﬁ%ck 2dil Pt Erdm rViteald, MNrbfaRMEDNGELL
[g(gl ITAB#%F NG ES CELLS Materials and
i al Hotedipm ; i FYRIFaIsHted Vit SEUR; oF FEWRer
@plhdemkamtrae Foltowh:0 GeSth Mediluf FHEFMEEN BN e @91 1BYand ¥8 was
parental inforned consent from8 to 14 day old nornmal

wlegente#. it g0 v eta) Sersgseryn (BB Aﬁveorpséogapnvft Pégkg,

deb v Gnddfuhafodl fordfin cbiBves pm Fkﬂﬁﬂ R6 WasSEppiGRinkd! aﬂfﬂ 30 %
di ssociated to single r5iy i ncubation with

SPRAHYEP ceEB‘TtASBb(IEV!%o%ﬁ@dﬁsla Ao iSAhead eromitly medigBen,
16 @ftekih sdaRes FINYS, FuiA) 1res, K16-7Q o1l 1 wﬁ%ﬁpﬂﬁmﬁﬂa Sithal e

cel | suspensigns cul ture nediu

20,6 iy ot (PSP BT G s £ B8 ok i palis 0

WV vSiRR trajpiib BB TAI @ gl FE0.EP P EDTA Bk RRged @mﬂ@
yruvate I nvitrogen, G an i sland, NY, USAJ, 2
li*arglb or %)m&lemw@ge 1EFveRm frySe Ps ise, fassekimcelg Wit

| ﬁ%ﬁcﬁ@&ﬁﬁbb@éd BhaREIdSLAT o plh iUECHRTEGibOT

I nvitrogen, G and isl and rodidct s
Hs4)

Lrouisi Mih &appP dewn dellowed P]ﬁ 45wshigh ’GrPBsger Gehs were then
cggﬁea ﬁﬁﬂgg@}p%%ﬁggl o @%Tlgﬁns) o410 e ALY, §RlbakiRE R K i,
centrifuged at 1500 RPM for 5 min, resuspended in feeder medium, and plated at a
concentration of 40,000 cells per cm?.

ES cell lines - The previously described human ES cell lines I-6, I-3 (Amit
and Itskovitz-Eldor, 2002) aﬁd H-9 (Thomson ef al, 1998) were collected using 1
mg/ml Type IV Collagenase (Invitrogen, Grand island, NY, USA) and transferred into
2 mi wells in 6-well plates containing pre-plated foreskin cells. Co-cultures were
grown in a medium consisting of 85 % Ko-DMEM, supplemented with 15 % SR, 1

mM L-glutamine, 0.1 mM B-mercaptoethanol, 1 % non-essential amino acid stock,
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15 supplenented with 20 % fetal bovine serum (FBS)
(Hycl one, Logan, UT, USA), growth nmediumfor foreskin
cell lines F2, F4 and F6 was supplenmented with 30 %
serum repl acenment (SR) (lInvitrogen, Gand island, NY,
USA), and growth nmedium for foreskin cell lines Fl,

wdbpaBis@® Fl 1, F12, F13, F14 and F9 was petpplogomsit ed
with 20 % human serum (Chemicon Intel, Inc. Temecul a,
CA, USA). The foreskin cezlzl s 20 vvere split using

% A | [ ,
ol Rt P ¢, Byl B oty B Dpn) vy O8R
Hdhpeent Pr -fudipres overssgplit tmjem o cizl days weing 1 m/mdtTypallVy
j ' j i | h 10 /
b&tﬁ g%?yhéél nr%@:n?‘é?dg ?rgglg%{l in’}ﬂ,ﬁ S%o%tghﬂ% fﬁgﬂj e rmt wo hours
f ol | dMwephologicd! assesimernt 1 ES RBSwer€ekdnsinadaundertah iveried scope
t ' T, % T in 0.25 %
(5 4151 el oA OB 76 B0 Y PP Dot at 1500
RPM flornsfBctivitrs, Thee:éivg@(éﬁfiﬁeedtor (Clbreeti cBDBiahticinges Balol Alto
. f 40 Q00 |
AR HotfunaS RS A OB 0005 Pl Sy ©
trdnpiggied] 16 hurhaiB aneshlt cellind Fot Skeosiért Zirafbfekoion sﬂﬁﬂ&)ﬂuaﬂd
199 t d
iobidsey STHRT oo rsbROR 7o FA i o Bt S e
Wﬁfewﬂb\}v:tbr?d ug B]la&i‘lﬁlé rin gk prenemceB of Z50riul \A&hrhsfreenmﬁmml I
| at f Ki ||
Bl AR, Sk iy e 850 B Gined 0 Fueengs o6
K@emi\(ﬂhthesmmh@mceed Fod dtdblelitanSfeddion sﬂbcloﬂMelht- Wbl ers neOI
9 am.no_aci
T
grglleme ol B (seduin. fza mmbgﬁﬂd)pﬁmﬁm Ihﬁtt?gteh QR pdratiba, meh?mr?
erent .co-culture re spli
5B Saeph triel a0 w 9EPE Rl 15Uk st goring
Kigbﬂeésgmmfaet;lfedn I:l%ﬁudnibm; aﬂ&"\l/cbcna;] pf ﬁtttbfibtw Resfstags K6nes twas cs
t res i u r pho) ogi assessnent, -
i N L S e
Riehius)Ltd. Gsusnalgmplasdpandd pp/ablyglotdyyinapus, | X70, Japan).

Transgfectio he pHygEGFP vector (C ontech,
8D BF "é%‘%’f"éﬂ@e’{“'ﬂozﬂo Alto CA USA) including the

hygr ﬁ?;;eﬂmdarresd SN WnesPr@edexiidiont foedbr JiyoR by EDElIZkdith Y
t.ransf.ec N.U or.esKi (0] tran ent.
Th SRR G B B el Dol et g Fopre
siegi defls, @r?:shm celghr%'s')haga EzieSeﬁ Iga&i@sed(a&eadeﬁ ayer?] Ger many), we ; e
tran ecte W t resence o
750 ISP, ‘Fr%%w‘hé‘au"ﬁﬁ‘}r%t A i ??gg?éﬁe nse to
ﬁ%db%&lﬂ&lcahlxneafﬁulglﬁﬁsisted forimlﬁifrélg@{ EMonteohitde ll:aﬁssi’gég 1S|9 |
OC | e | ence or sta e
R % BRSO Bl RV e B o P ipbfosuport burman 15 28l

growth was observed regardless of whether foreskin cells used were of a high passage

number, or following freeze and thaw cycles. Noteworthy is that when in culture,
foreskin fibroblasts have béf;n reported to grow at least 42 passages prior to
senescence {ATCC Catalogue). Similarly, the growth rate and morphology of
foreskin cell lines derived using SR or human serum (F1, F2, F4, F5, F6, F10, F11,
F12, F13, F14 and F9), paralleled that of lines derived with FBS.

To determine the ability of human foreskin cells to support growth of human
ES cells, the two cell populations were co-cultured in 85 % Ko-DMEM supplemented
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of foreskin cells grown in 75 c2mfl asks, were
transfected with 10 pg plasmd in the presence of 500
| serum free nmedium (Optinmem |nvitrogen Corporation,
Rheni um 15 Ltd. Jerusalem Israel) and 60 gl Fugene
agent. Incubation was effected according to Fugene's

wormmnBReet urer's i nstructions. Sel ecti on e@tCT/anbasioiosli C

resistant clones was effected in the presence of 400
g/ 1 neonycin (G418 Invi2t3rogen Corporati on, Rhenium

JEQ‘S*&%%%?Q%‘S% Iﬁéﬁ%éﬂ or 65 |lﬂ'§%anr I've @éér Fs ?I}dr%%
ipitiallyi stevexcHEF ewpplefegebwith 8§ exsponfioh wdliSo trehdferge fovdskin -
Ije‘ﬂlerol qu:?sr E%&: t&ﬁ%f@rpéd 1&@([:1@2@11%@ P{Eﬁ%eratnélfﬁmg: ”%’At&% gn}%g% 1 IEgr
B [fgaturss fersat lrast §0 paseapey eTiermﬁublog;s of the Srcoloaiee pown on

j I t .t h.FBS
e R A R S
grewrsinstbrskisf oederspEScdllgawiR Waswgmizedidccarding dsthadiestionNd

uch SEHE H-OR Rl NEkBE ESSh BBl BB ol @lodn

wlysies (figiresdgandl | @s Howbvenhdichaiewbdnmisk 2 iughm m@mﬁsmn
fold fr
tﬁeﬁ%?etslﬁltn de%‘)&i ?@ ce?larﬁﬁst%\?\ﬁ asn%gntic?l% %hatov\%f tﬁ’e%ﬁ d‘Eﬂ ﬁg

aw’ cy en 1n
celly: eﬁksentlaﬂy,bﬁ% lsklisstematned/ eoulaé end seplhr ¢ittd at kiglg moslenatto

¥5pim HEoRABSRRER RLLRE drdne RO SROES &R sresig gy
befweDtht oglle Skigue ¢@l [In kdditioa, lberan ¥8 dinespiroven WiRially oforeanf
F6 F F12, F13, E
T8 s et o . RS Eopore Bl
ﬁmslﬂtehxer mrem&adtm @iffelontd m;ESofelltgmmn Eanlrl] oS K3, IT7c ET :Fsl ,Fo
Pglglg@?ﬁil 9f20 and 1h~2 ?oreslgm ?s Sﬁﬁ’gg&f %gr ; e eowth, and

fons were co- c
sahqupzlteﬁrfmrmelﬂoﬂz(ﬁ ﬂlﬁ@@lﬂtﬁkﬁ 1841 SRG'fnioké_fIxﬁlOBU)QQé)&%rs 2B8EM t h

ﬁef_f gl?ow_lﬂn%%d p%t%s% 865 8P rpll_dg;umfrﬁ Fnﬁ)ngltr §$ § ov\éq%e erred tg S
aspafippearfeen eadronintit sgiglieEispacid ﬁﬂhmmhxhaltfme tfdéraskﬂf ftes (i@,

E
RIcEEr Bl 1o ST S e e ke 3 Sitons B el W el and o
rhabadinadghuribotent and 1h@ﬂﬁﬁd1ffdﬁerqﬂmageﬁxr at Ténet mﬁﬁh@b ogy of
Le oF e B e e S S SR s
folfration, gxrmmecmbm@c Ostd ﬁpfemdleﬁs gell=nd eellohy gb@MIbgyW?S
of the

ani z cordin e dir
<FOPBOR AR SHESr BEED) Hlvine B fnbe el 3T Prsefiased
veedl| defineis cubtorer @uditions Bing i@ feplaghileftSad A sagplentefiy) to the
wever. en.vj.e nd a higher magnification the
CF%F%E'%’IW #éﬁg%]%f&“e\égﬁj’ggﬂdeﬁ@"r phol ogy was identical to
t hat Tighe teldits Memonbesite \i@CabEDy of foreskin feeder cells of the present
invention to support a normal growth of human ES cells and substitute MEF as feeder

layers. _

Foreskin feeder cell lines are characterized by a natural resistance to
antibiotic — For post-transfectional antibiotic selection hES cells are usually grown on
transgenic MEFs demonstrating Neomycin resistance at a concentration of 200 ng/ml!
[Eiges et al., (2001). Current Biology 11: 514-518). To test their antibiotic resistance

unmodified human F-3 foreskin and MEF cell lines were grown in a medium
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10 cells. Essentially, ES cells remained round and
small, with a high nucleus to cytoplasmratio with
not abl e presence of one to three nucleoli and typical
spacing between the cells (Figure 1b). In addition,
human ES lines grown initially on one of the foreskin

wd 2om@s13430r 20 passages, foll ow ng which, rEBue@bsbmsNer e

grown on another foreskin |ine, revealed no
difference in ES cell grewth. Each of F3, F7, F8, FI,

SR e e e S PR T e o

thel bsdond Lﬂa@dfoﬁl@ﬁrmg alﬁchm‘@tzh efelectitnd g/ déﬁif)l%trﬂtf:d' QI Fhefréht

a ders f ES I1s. Fgollow ng 76
i Bt Ay e B e sl speaes Sihenctipifhepemsel g ¢
dom@ete[ft dorhEs plaﬁng mﬂﬁ:ﬁt A9 geevtdbleall Geui EvaR MG ing uma}sl oed
% : Iql nal-free foreskin lines (i. Fl,
5 Uouﬁ?ei ?"? “and F9). Under these condltlons ES

cel | These rr&u}ﬁsr@@ﬁgﬁfa&ﬁthaﬂ fbredin ﬂﬁiwh@ie e datithUfekiRatce b
gg #n a tF g%glated tate for.at | east 40
Ry é’|‘ 1260 |8 PastaRecH R ARRDIP R SFISctign of fman ES

E&ﬁdh(:haracterlstlcs (i.e., EBs formation, karyotype
stabiit t 4 ex res ion, ES cell and colon
mor phgi© {{éy‘-‘ Y ’é"xgﬁ edpygppripelaedp beqome grtibietic L — s)

+ whd @hﬂx@gtocgméticﬁlllyo HEnifWt WinbarD FordshinPais a@@sad@&ssed/\@i( I
defli ned. cu qndi ti Qqns usi ng serum repl acenen

I
tEnsferipg @ﬁéﬂfs Wit the JEromECIR fEpipianes SRl F fRells Bere §P<TF5FF°'F¢ nos
vsidg M@&e Hpf) tranfleaie s ?m;eﬂ&me@ BEighce) dldQe@Didrt Y

kln feeder cel he present invention to
SEEsH e TAETBY RO gE SRR VR Tan ES. cel | 5 ang
substitute MEF as feeder |ayers. Foreskin feeder cel
lines are characterized by a natural resistance to 30
antibiotic - For post 3?%%§P§ctional antibiotic

i/g};eﬁgsm-bﬁam FEEBER CR3HAUNES gfjpmwa:tzzdwmme ni c

s denon cin resistance at a

concent r at ?’yﬁé’[@%“ﬁ CRNSISEENEESGELLS | (2001).

Cur r praderilds a},,pg,yj,eﬁﬂ,e,,fﬂ];famg] To test the| r antibiotic
resi st ance unnpdlfled human F-3 foreskin and MEF cel

| i ne&eh@rre gt 1 BS sclietriaphety wae Haskainsng coleemid
(E@}'dMAxZ B0 Q510dn, BfvitheaP|BARNERL Wiy husRp a&%ﬁéleapf

Wi e the MEF cells started to die on the

’@E@gﬁﬁl ‘33'9 Iy |11\ ePotiisilition saspesding d sigpdard protocols
(BRRAGHkT 8fskth P Hﬁ@l@ﬁ CBgenctRNEAUnYIRGrel QY &-Bling ‘bf“ e

hunan foreskln cel | peared phenotypical |y normal

ChrpgosOmgHYRE divtfomse %Esg & impguiaF o) tinstpsionie (@emath| e
MeRdkh. d@@fo;g@é/@ﬁatf 1edst SMcdlB s e Qbre aBdl b Abcfted

sel ectign_(Figure 2b). These results denonstrate that
agcgrdEgte e d¥i-s have a natural resistance to

Immunohistochemistry - Cells were fixed for 20 min in 4 %

paraformaldehyde, blocked for 15 min in 2 % normal goat serum in PRS (Biological

Industries, Beth Haemek, Israel) and incubated for overnight at 4 °C with 1:50

dilutions of SSEA1, SSEA3, SSEA4, TRA-60, TRA-81 mouse anti-human antibodies,
provided by Prof. P Andrews the University of Sheffield, England. Cells were then
washed in PBS and further incubated with 1:100 dilutions of Donkey anti-mouse IgG

antibodies conjugated to the fluorochrome Cys 3 (Chemicon Intemational, Temecula
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antibiotic which can be utilized for
post-transfectional antibiotic selection of human ES
cells. Foreskin cells can be genetically manipul at ed
to becone antibiotic resistant 10 - The ability to
genetically mani pul ate human foreskin cells was
wandressed by transfecting the cells w trbriilesoceses
hygronyci n resi stance gene. F3 Cells were transfected
usi ng the Fugene lipid transfection system (Roche
pl jence). and.cel]ls were _seleceted for
USR0Sl S B e By MEGre CBSTesPa eniapasie (GARL
EEREGHINa)ERI VED FEEDER CELL LI NES SUPPORT GROMH OF
PHE ng;.I.Cl:eAIMIIEé | STENT ES CELLS Materials and
Expe BichiEs 0ds Karyotype analysis - ES cells
et apifveskin-dagved fllloadelingd prorife B R With corSsthikRbryshiex

colcem d solution, |nvitrogen, d igl , USA)
S g ol e ki Bl o et e R reston
fodentayen tmp;mlgtdlbmgl gﬁw?toaﬂﬂ at1l, IprotyPe labysis was performed

| ad ernatd ona ste or Human. Cytogenetic
%\%ﬁréeﬁe?:lf gqﬁlﬂ‘%’,g ° S %%? #W@k&%edeﬁﬁms onNeS was
per f AivwoesepasatciatetiesrodI-8 endvae of BOBIcel lites weritéstd folloRig

%fﬁ B4, Merck). Karyotypes of at |east 50 cells per
angPe ¢%¥$¥%nalyzed and reported 25 according to the

| SCN.As WﬁhFigﬁrfﬁ:Bﬁ%Wagttﬁs}ed-mﬁﬁhhﬁﬂnmkfl £S z]sgld e_fcmbi_taaoz
mn .I.Nn 0 ..par e e, oCcKe r mn In
Sl ARt B A8 R ThBaaT b HegPBRE dret orcskin Serr sul
Betable Ho evitkain ben@ely cals dvithn@abiatiRendsomeO e NetgMhlturdl 4
Cwith 1:50 dilutions of SSEAl, SSEA3, SSEA4, TRA-60,

RHRI81 nouse anti-human antibodi es, 30 provided by

Pr of KaRoAp@dr eemidatien bhibgetdlst WatepShaly iegbded EMavaRd.

| | s . were, the washed in. PBS and further_ incubated
%O%'F'Pﬁgei PR &? Pﬂ?ﬂ%&ﬂ%?ﬂrﬁgﬂwﬁs WHfe PiSRISROf fgman serum
@8l B gabiapss) 00 Byritg adpRicenient (.66 16 bat@dgeH N1AONBafINBd lls (a

con Internatiqnal, Temecul a o T
ISt 58 o ) P et B Gerseiipes GSafs, 801 | s
Ver e HiinfartaES zeNk oiel@ired with YSredkDde ivblOfR3&CHMs express
nlcrosco%p.é§CARL Zelss,ﬁgﬁégqpy)._Eﬁﬁeanental )
PHANSHB LERIAT adh PR 0 Futbgreshapliprios thehdlity oblrainEs
defibdds foedldr heellO 06 inRin® nk@dal @EHHE of human ES cells, HIC was
performed on human ES cells with embryonic surface marker antibodies including
TRA-1-60, SSEA4, TRA-1-81, SSEA3 and SSEAL.

Following 57 passages on foreskin derived feeder layers, the I-6 human ES
cells demonstrated high expression levels of TRA-1-60, SSEA4 and TRA-1-81
(Figures 4a, b and c, respectively). These markers are typical characteristics of
undifferentiated ES cells (Thomson et al., 1998, 1996, 1995). Notably, the
stage-specific embryonic antigen 3 (SSEA3) was only moderately expressed while
expression of the stage-specific embryonic antigen 1 (SSEAI), a unique marker of
mouse ES cells, was not detected (data not shown).

These results demonstrate that foreskin derived feeder cells are able to
maintain human ES cells in an undifferentiated state after a prolonged culturing

period.
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5 and phenotype as other feeder cell growh protocols
- To test the ability of foreskin feeder layers to
support normal growh of ES cells, karyotype anal ysis
was perfornmed on ES cells follow ng continuous
culturing on foreskin feeder layers. Two separate

whabahisss of 1-3 and one of H 9 ES cell | roRA2008060304

tested following 22, 29 or 47 passages. 10 As shown
in Figures 3a-b, all testsg netaphase-bl ocked ES cells
exhi bited normal Kkary. L.e., 46, )M These
results denonstrate th@%%ﬁg?égkin feeder cells are
agl e E@RMHV&fIHJJRIlVBDIm'Eml CELE&S‘WRJR%GRbWH OF
chronosones for [ ri ods. Karyotypic
exam nati on of ES%QgFﬁQO&EEEBSBQQSEdIy effected
f ol | oMiesgals difd Rxporimaong MepRis: 0ds of culturing with
ce of h n_serum (i

foreskin J.ines jn the. pr |.e.,'
S a5 Spbeid BB RS R ERcrens SR ES e
,gfdwn@? dntskiadeget fedd dyers :w%ﬁfrémc?v@d fib@ ﬁll}efi?iﬁéll @%gm}%)g)
wer u t ve nor aryotypes, (i,e., 46, .
ﬁ&*ﬁ!g?ffe%éqdé’@? &sg%g%'aﬁet(ﬂa%’dﬁw%ﬁwr%ﬁ&% dpgsqeter jateysmall
f:ﬁﬁ:ﬁﬁﬁsir@ﬂbd)&pl@iﬁéﬁ%ﬁette PO TiRFhfer SHEbARET TME WBk Sulturdd

r to further characterize the ability of foreskin

ord . . S .9
43 5%@?%?&81 I5aEefCraiat Sergupy im  anefive capaistios oftd0 Y
IRUDMENESsuplbrhénied VRG PR BET SRMIRGANAWIBERES RIS,

enbryoni c_surface marker anti bodies 1ncluding

th
ok 45! SEatamines 0.8, - SSEARDiUPLSBEAI % nBobstiig
Eﬁin@ acid ae&S [lﬁilibssé %Fé&%ﬁé BoteteAid \Vﬁlg gﬁaﬁg@rﬁdrl‘?ﬁ%ﬁ fnv}tlla et~ ©

uman ES_ce enmonstrated. expression I'evefs of
FRperatiop)US As SEShgongisignt PRy ekpBdsionEthitrhe EBe wraxiverifibd asing: C,

R?m%lilo\eﬁll%’c)nc g{ggtﬁ %ﬁsu%ﬁf&r s are typical

characteristic n erentiated ES cells (Thonmson
et alReverseongiscripyne (RIOOBipled MGRabTytal RNA was isolated from

StROGRRRSG R EPEY Ot 6r A oREHonth bR P N8R R
noder atel y expressed i e expressron o the
kit A¥jema sk Corpentirhpvisi MariiSAge accrdin8SEANY masufenhirerise

BRI <45 RUEE bt on IR PRLROCI T Wik v
Eifrm i o AR ey« e e,
0k b el e 5w BBy 00368
teactionsAgelisd\hFin B trhCRIem Gl dbs S\buEEEDERC. QFIH, froducts

§H€ E%acm Iﬁ'sn%: 2 % agarose gel electrophoresis.

Table 1
Gene product SEQ ID NQs. Forward (F) and reverse (R} primers {(5°—3% Reaction Size
{Accession Condition {bp)
nunther)
Oct-4 {(S81255) { SEQIDNO: 1 F: GAGAACAATGAGAACCTTCAGGA 30 cycles at 60 °C | 219
SEQIDNO:2 | R: TTCTGGCGCCGGTTACAGAACCA in 1.5 mM MgCly
NFE-68 kD SEQIDNG:3 | F: GAGTGAAATGGCACGATACCTA 3@ cyclesat 60 °C | 473
{AY1356690) SEQIDNO:4 | R: TTTCCTCTCCTTCTTCACCTTC in 2 mM MgCly
o-cardiac actin | SEQIDNO: 5 F: GGAGTTATGGTGGGTATGGGTC 35 cycles at 65 °C | 486
| (NM_005159) SEQIDNO:6 | R: AGTGGTGACAAAGGAGTAGCCA in 2 mM MgCl,
o-fetaprotein SEQIDNO:7 | F: GCTGGATTGTCTGCAGGATGGGGAA 30 cyclesats0°C | 216
(BC027881) SEQIDNO:8 | R: TCCCCTGAAGAAAATTGGTTAAAAT in 1.5 mM MgCly
J Glut2 (J03810) | SEQIDNQ: 9 | F: AGGACTTCTGTGGACCTTATGTG 35 cyclesat 55°C | 231
SEQIDNO: 10 | R: GTTCATGTCAAAAAGCAGGG in 1.5 mM MgCly
Albu_min SEQIDNO: 11 | F: TGCTTGAATGTGCTGATGACAGGG 35 eyclesat 60 =C | 302
| (AF542069) SEQIDNO: 12 | R: AAGGCAAGTCAGCAGCCATCTCAT in 1.5 mM MgCly
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FUNCTI ONAL ES CELLS Materials and Experi nent al

Met hods: 5 Formation of enbryoid bodies (EBs) from
human ES cells - Human ES cells grown on foreskin
derived feeder |layers were renoved fromthe 6-well
plate (60 cn) co-culture by Type W Col | agenase (I

wogdanbiazand were further dissociated i nt pcsnadosiooosmk anps

using 1000 | G lson pipette tips. Thereafter,

di SSOCI ated cells were cuzl'ftured in 58 mﬂ Petr| di shes

TS?E@SN@%I ¥ _GCT'I'C S-St n'F QN 064\
(sasDVEM| ssUpphenprice mﬂdcécoﬁjé%é%ctal bV i R

ﬂﬁ&kaﬁﬂ (l—Bbd HyCdlone, Orath,—USA),—t——1vt= gl utamne;

t oet 5 NO ent i al
am no%v"' g"mﬁs "6’8 YoM, 3 f@gﬁ S&Pﬁ@mdsfé @&2 |PESsges &ith
foresidh deriveld ifenadxem clideere dawnt ffoag 26 coﬁufemoroaamzo;natewéens

ES— nS| S ne expressi on W thi

2 T G g Pl B e G 58 Sl S e mice
@ladqe Tesisdem Istdzl) Rmmmg tdrdto e leteianiged HﬁE&lo?éﬁmpl @ thad?CR
-OV'VF% lrll\IAtvvas isolated from either undifferentiated
1nun% pgg- U&PL or from one-nmonth-ol d EBs usi ng

Tr i - Bepegpaeital Résilts( Si gma- Al drich Corp., St Louis, M
USA) ordi n manuf act rerj S rotocol . cDNA
synt FE&FS et '%Mdi’fﬁwtww io GPRpE ¢8RN ppH s I
WiBd, U‘@laMAg\HmR’Fe:(uB}EzDﬁ’t&ﬂ Hofebli lil_denvtMiere;&éD Neell Wv-»cuitﬁé& To

nuf acturer's, ructions.
VﬁFPYn@?é Bk PG o Bl Pt nres e Bes rfP‘ﬁlé’d C?IH Fabl e

fimetibele arsb;ednoay phéidtypRalRy cdn@n@t@ﬁtlvﬂmshxmﬁﬁ |ESd&ds ﬂéhvle&‘ i al
5 mnutes at 94

031? 3‘63‘? ?f’éa‘ﬁ'ﬂ%g %F%‘lﬁﬁ%ﬁgp@&e QT éhezc"%%ﬁ? ke gel

;ed:saﬁ:ﬁtrv@;ﬂhﬁ aebwse gfﬁarhhlii‘suhpeﬁﬁﬁrﬁ ege=T nfb%@ld BOARGRERs)

For (&% nd reverse i mers -*3 9 Reaction
v B e B Dl aant PRerB, Y s Y8 roatdaengs)
ISELPTR DWNGBin the %Sm&m%%ﬂ%c%ﬁé gStmat
t%o C219, SEQ ID NO 2 R TACAGAACCA i n

eg e q%t‘(gegn Rgrers é e, k Byciggieym prdggsrm gndeectoderm. As shown in
Hipheel GAAMTIERABIEARMEIT RelBRO ooV | @S fedtskBQiefvell Reeder lines
AYl 90) R Trrccr TCCTTCTTCACCTTC in 2
ﬁﬁ@ gﬁ‘gﬁﬁ Tgf: ngmteﬁ‘t Splpryonps kg anst germ cells [Pesce M,
a%ﬁ%%ﬁm T xcm3tﬁe ‘Bh@iﬁrﬁ%@_@f nfaminfalidhd@evelopment

IR @5? 255 61l BHVeSEIPD omorthpid E5s axpresced |

g@iﬁ}.— Gt @b ClsHoRd  {dtiyhr I0GHEMBS Blud ge@éntﬁament
BC027881) SEQ ID NO 8 It TCCCCTGAAGAAAATT TAAAAT
(NE-6% kB) ralat mbryonal ectoderm, a-cardiac associated w1th embryonal

mesodetm, and o-fetoprotein, Glut 2 and albumin all of being indicators of embryonal
endoderm. The diminished Oct 4 expression in EBs samples was consistent with
previous repotts of diminished Qct 4 expression following differentiation of totipotent
cells to somatic lineages (Thqmson et al., 1998, Reubinoff et al., 2000).
Photomicrographs of embryoid bodies derived from ES cells cultured for 24

passages with foreskin lines in the presence of human serum are shown in Figures
5b-c.
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AJut 2 (103810) SEQID NGO 9 F:
AGGACTTCTGTGGACCTTATGTG 35 cycles at 55 C 231 SEQ ID
NGO 10 It GITCATGTCAAAAAGCAGGG in 1.5 mM MyCl 2
Albumin SEQID NO 1 | F. TGCTTGAATGTGCTGATGACAGSG 35
cycles at 60 -C 302 (AF542069) SEQ ID NO 12 It

WORMBBDAMGT CAGCAGCCATCTCAT in 1.5 mal MyEcemds/oosos

2004/ 031343 PCT/1L2003/000504 '.. 27 GAPDI 3 SEQ ID
NO 13 F: AGCCACATCGCTCAGACACC 30 cycles at 60 C 302

(104 in.l1.5
101935, o35 R e o ACTAERIAGATOR o,

&edeé ealls ane sepablo of erpating BwttioRd FRassthgels thuit tite diffeomtiatid to

%@Qéﬁbﬁéﬂsoﬁﬂg@aﬁ{eﬁggl |'s were drawn from 4-6 confluent 10

| at es were then injected into the rear
| eg Pﬁé’seﬂlﬂé cofculturole with Jordshirellaiv@8Cfadidpaielie diffeeantifte into

|
LT 5 Gy S
WBftl'teﬂ mjreat Egeells IEX é@fpﬂemtﬁ telemBeysuil gemEByas | BSscells were

REONF REAM b SLANL | SR AL GiE il e

y es I n elr renov
ﬁl@ﬁﬁkcre ligess NeH—9f mdeﬁr were [able cen farml tbmtoems EIah tethﬁma

il RIS o the Tnf bl S o gpotugis
setilage atissysh emopthpmoseld, ystratified i qﬁtmhtlmwmdlanhu memeting @i, | s
SRAHACQ il DT BRAG ko BLOREE Yhed RGP’ fese®

Were renove om t e co- cul' ture
teratognas iro derzomsirated ieFigure 6mf. i n suspension. As a result,

enbr lﬁ%ﬂ&; Fé?a n%ssecgtggssi)ome\ﬁ%g fhe 'E%? l6§1{1}? gd~?1ﬁ@9eggg'th\x%gskin

ES- consi’$ ene ‘expression wt
Nngs fof il(@daamgengthi EastFIb'pEamt:s wcbhulmrmgﬁaﬁﬁiﬂlemmceeﬂ l's

finfah B-GRbAR &)qta n% %,P{egé ﬂ{agve%gguaet th E% g (%1 %,P,Itlhb g?{ﬁ‘t hree

enbryoni c
laysts d%,andOdﬁm sﬁ@ﬂmm and md§mdgum @1@1‘68 (Rint)l Thus pluripotency of

Mﬁhg%lﬁ%ﬁﬂxﬁ&n&?ew J%&;@Pgeﬁ foresk N-derived

|nes expresse 5 for
pl ur panendione m;mng‘S cells tmmdfo@dﬁﬂﬁﬁﬁleﬂ STee[:I&eﬁnsste

d gat ekeepe th gi.nni ngs of
R RS o Bhost i SeusCRb S 58 ol S B iay e
differer@jitionc BS Icsllsl'ﬁxpm&ed gdlei aoniaddewitDAll threz! dnbcmal germ

) Aare assoc | ul
B BP0 f MR R 2050 SRR RER b o'
thre¢ getrmdhwm,tah wﬁrbwldm athe:qmtmﬂar loweeer O cdllowera popaart ed
i Y and feto otel Jut 2
]}é\lﬁncglnm? g%‘éifne @Qz}efi %eino nﬂﬁ“g‘i{yo?% o R&FaBes,
maiggoieg tieir ﬂ]hnpmhnmundlﬁ‘dsrad]aﬂ;itaté expr essi on in EBs
sanpl es was consistent with

—

It is appreciated that certain features of the invention, which are, for clarity,

described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,

which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.
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25 previous reports of dimnished Cct 4 expression
followng differentiation of totipotent <cells to
somatic |ineages (Thonson et al., 1998, Reubinoff et
al ., 2000). Photom crographs of enbryoid bodies
derived fromES cells cultured for 24 passages with

wd mogsissn | ines in the presence of hunan psesnmnsasens

shown in Figures 5b-c. - -------------- VO

2004/ 031343 PCT/IL2003/003804 28 Thus, these results
denon el hat Jgrown.on

der | v‘%gm}?g?] e RGP e?nl a?egn c‘%?)cggff Tof 01%1?'“@3?11 ﬁ’ Sp ckific

twbrglintents dllerdoBst ivevidentaiedt benyt Aadnathvies ndaldffic&toﬁm iinidahsioisO
\ r|o b di.ne S.C s cqQ-gcul tured
Wt]ﬁ?w BY es OSgaéll Sodn the dity g °° ‘51151% i fr'lteé'ﬁfédﬁ iegsrécei o
Eucg mbmammesc n:génﬁnatiomy?qﬁsvanmfousf that £all “Eﬂthliryﬂzh Rpifit and broad ]
ubst antiate .t or es i.nes . supporte
RitRe of el Bhiiodd PaliR ¢ b buftiortih T Ao ifont SEEBRRDSS
hmyt@neﬂ, in ESs epgb,llﬁsamm ae hetemsihaepofated ih eieirt catimtyf lyr reftcnan
i 0 e mec t he
reegﬁg %P?q Fﬁb%me ﬁgﬁaigﬁm%ﬁﬁg%gggﬁﬂggmﬁﬂ1%m?or
paimmapﬁmaﬁonm spEaﬁd’ally e.m?hrm]iﬁdh ualtyo iditate@do be incorporated
epresentativ ues. t ree e iC
hebh B3 ¥hiRicey dn B Bifon prigetbin ot ot Soton gL e,
splictind shatl nelrﬁetcbﬂltmw’as atredraigdion tha GtichtreR@necik bilable as
i.ssue.and gut-1like epithelium

. %%%Egge %é??@@mFW§QUeS formed in these teratomas are

denonstrated in Figure 6a-f. Finally, teratom
sections formed by the ES 1-6 Iline co-cultured with
foreskin Iines for 102 passages, (the |ast 76
passages of co-culturing was in the presence of 15
human serum only), contained representative tissues
fromall three enbryonic germ layers, i.e., endoderm
ect oderm and nmesoderm (Fi gures 7a-c). Thus

pluri potency of human ES cells was nai ntai ned even
efter longer culturing periods. In conclusion, hunman
ES cells grown on foreskin-derived feeder cells were
thus functionally indistinct fromcells grown wth
alternate protocols. Followng 20 differentiation, ES
cells expressed genes associated with all three
enbryonal germlayers, in vitro, and forned teratomas
in vivo, consisting of tissue arising fromall three
germ |l ayers, as well. Unlike other protocols, however,
ES cells were propagated in culture for extended
periods of tine currently as many as 100 passages,

mai ntaining their pluripotent, undifferentiated state.




25 It is appreciated that certain features of the
invention, which are, for clarity, described in the
context of separate enbodi nments, may al so be provided
in conbination in a single enbodi nent. Conversely,
various features of the invention, which are, for

wdmenstsys, described in the context of a stngh®sicesos
enbodi ment, may al so be 30 provided separately or in
any suitable subconbinatizn. W 2004/ 031343

PCT/ 1 L2003/ 000804 he invention has been
described in conj un@ﬁ%g%@m fic enbodinents
thereof, it i&\dditiontdreferénbataravmaynalidtennat i ves,
nDdIfI cat 0 d var 0 I ar ent
those" ski ggl %qﬁrpteﬁg%gtt“ l&tf‘@o‘\\ﬁ%’ %??Paﬁfg“? EP Wtf’J@\‘Faed
M4, dwkovite €ldat I, Timson 2. t(ewm}at IC\lﬁﬁSlly aentd hﬁﬁdnl

and

Lons t at fall

R e S A S qukaaagd,a beriots

pixtkure. DearBiopeear1-8ppl i cations mentioned in this

speC|f|c L ted in their

enti et y%ﬁ'f‘%@ ‘Fgﬂ‘@&l Z’}lﬂﬁ?rg'c (&1@8)5 CV4tiop Apfl GPontangpus he

dxﬁ'ﬁentmnbxeoﬁhumm ¢nﬁbrmmhtemwnmmm(pam i cation, patent

_ atent _ap I f and

i nd| @I du?ﬁLI N shdlﬁga& ?@f éggﬁcﬁsﬁ@fsg%/‘%‘ﬂ inp, GplEre, by

plmﬁ;mteatnﬂeellslﬁmnﬁﬂiﬁlsdemljﬂyosoﬂdt@é ronisae. i dentification of

const'r ucdiae S (RS Gof it Birverorar v gomstay

2004/ 031343, Pt ‘““6‘%“3?"83‘33%**2* B REr e MR

%%ﬁwﬂégf@\f@@ ces are cited in the text) 1. Anit

M Car perMﬂisE AvKand BEHELYR l@(}l)Chtd;h fdduseHA! thin® obrRrating
|t skovitz-El dor J, Thonson JA. (2000).
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blastocysts. Science 282: 1145-7 [erratum in Science 1998;282:1827].
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JP. (1596). Phuripotent cell lines derived from common marmoset (Callithrix jacchus)
blastocysts. Biol Reprod 55: 254-9,
10.  Thomson JA, Kalishman J, Golos TG, Durning M, Harris CP, Becker
RA, Heam JP. (1995). Isolation of a primate embryonic stem cell line. Proc Natl Acad
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foreekidi fitireblest icelit mdngyeapable of indntaining stene beldsahlannmﬂﬂ:BenUated
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st Whep ariefioisd, o SbySE g coraprprY § cul L
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Enbryonic stemcell |ines derived from human
bl ast ocysts. Science 282: 1145-7 [erratum in Science

1998; 282,18 JA, . Kal .Gol ,
Durtn: ng I Far PrEresst R - Wil SUE R i Broiet ot o
con&@katidbn 68X dYeri ved from conmon marnoset (Callithrix

jacchus) blastocysts. Biol Reprod 55: 254-9. 10.
Thonmson JA, Kalishman J; Golos TO Dunning M Harris

. Sec el B ARy kR Rreo SR oS, i

foreslSA fDRoblas8 éél}s&ellig]capﬁlébﬁ/ﬁauﬁamﬁg@adnh céllslih dh Qndlfferentlated
conpri si ng human foreskin fi? ast cells, said human

statq gyhegy ror C\%ium btﬂ%wtgewﬁ@ el rglturs, dntledest 2 patltirenmgdign

1nc11§&1§énséiﬁﬁ1| 81a@ﬁﬂéht u!’rﬁ’(ﬁ 4G bia@% gnt J fp%\ffdéﬁheﬁrb concentration
co-cul ture er ew sal ure conprising a

of 3.t ure nedium and human serum 2. The cell culture
of claim1l, wherein said serumis provided at a
concentration of 20 % 3. A cell culture conprising
huemn f of gMiod dJfimdirilAss eﬁﬁh}oﬁlc stath el fiRAn uh@FRRtiRed
fibroblast cells belng capabl’e of maintalining stem

statec @Dmpnmngaw eigiring ethe mmbuyenhc stemt eelishavithe o - lnwharnu fexskin

ﬁbn%%lFﬁad Lo iald cell culture includes a culture nedi um
’Ne uglﬁb Q ¥m r epl acenent, said serumrepl acenent is
provi ded at a concentration of 30%

5. The method of claim 4, wherein said human foreskin fibroblast feeder
cell line is prepared by:
(a) isolating foreskin cells from foreskin tissue;
(b) culturing said foreskin cells in a culture medium including serum and/or serum

replacement thereby preparing said human foreskin fibroblast feeder cell line.

6. The method of claim 4, wherein said embryonic stem cells are of

human origin.

7. The method of claim 5, wherein said foreskin tissue is obtained from

an 8-30 day old male individual,

8. The method of claim 5, wherein step (a) is effected by:

(i) mincing said foreskin tissue; and




4. A nmethod of maintaining enbryonic stemcells in an
undi fferentiated state conprising co-culturing the
enbryonic stemcells with a human foreskin fibrobl ast
feeder cell line. 5. The g@thod of claim4, wherein
said human foreskin fibroblast feeder «cell line is
(ii) pr efissoeidtifyysaid freskipligtie rgulkan éoki st @) Inso finglacells.

foreskin tissue; (b) culturing said foreskin cells in
a culture nmediumincluding serum and/or serum

r ep) acengat
(T bF obi aar G SPUaf SPRLEE S () R BLSPYR Hepthent yith
trypadner ei n said enbryonic stemcells are of hunan

origin. 7. The nmethod of claim5, wherein said
foreskin tissue is obtained from an 8-30 day old nmal e

i ndigyi dude. nRthodhBf MER4iMOS, Ghherbiftl i@ sefhe’ SidlorS &R 56%)1111

is effected by: (i) mincing said foreskin tissue; and
replagemant prp papidaskat atconepnération pioatdedst H %. ssue resul tant

fromstep (i) into single cells. 9. The nethod of

claim8, wherein step (ii) is effected via treatnent

Wi tih.  t riheshethodldY. clakimes, Witebuil s@ill sl iThbmanbgnsl, n sai d
serum and/ or said serum replacenent are provided at a
concentration of at least 10 % 11. The nethod of

cl a}g @@h@g&foa S 11?165u'9vﬁe§%}ﬁ UIRD SRl Mindhg- saérﬁ €serum

ereih sald serum and/or sa
replmmmm am@pdmﬂ:ﬂrmatcomeatrpmmmﬁjﬁd’/oat a concentration of
15 % 13. A cell culture conprising: (i) enbryonic
stemcells; and (ii) human foreskin fibroblast cells

capgbl eréellrE%'ltheadomﬂ}Qn%a' d enbryonic stem cells in
an undifferentiated state. 14. The cell culture of

() cl ainbryodjc strercellasdi d enbryonic stemcells are of

nor ure of claim13,. wherein
(i) 0 TaS ety ottt cfls sl Of frafasSing s Spbianis; st
ceuglﬁramuﬁglfﬁ\:rémg@dlsgy@r in the cell culture. 16. The cell
culture of claim 13, wherein said cell culture

i ncl udes a
14.  The cell culture of claim 13, wherein said embryonic stem cells are of

human origin

15.  The cell culture of claim 13, wherein said human foreskin fibroblast

cells are capable of forming a mono-layer in the cell culture.

16.  The cell culture of claim 13, wherein said cell culture includes a

. culture medium including serum replacement and/or human serum,

17.  The cell culture of claim 16, wherein said serum replacement and/or

said human serum are provided at a concentration of at least 10 %.

18.  The cell culture of claim 16, wherein said serum replacement and/or

-said human serum are provided at a concentration of 15 %,




cul ture nmediumincludi ng serum repl acenent and/ or

human serum 17. The cell culture of claim 16, wherein
said serum repl acenent and/or said human serum are
provided at a concentratipn of at least 10 % 18. The
cell culture of claim 16, wherein said serum

r egoac emgitcelingltare oS élafin NBRhRcRRY sHid AuaR fONesIER dibadblast
concentration of 15 % 33 19. The cell culture of

celly phpail £l cpiuicemainizin gaif (griyarie stsr pells rasoungdifergatiated,
I [ ,n said enbryonic stem
pmlgté aﬁgé %%Q%IIOH%%H%%?&%?%%%& proliferative state
t hrough at | east 87 passages. 20. A nethod of
mai nt ai ni ng _enbryonic stemcells in an_ . ) i
undPt e Wﬂlggbe%fy manining GMBFYosicjeR At in Ay upgibferentiated
A R e R S S e S R A
fibrghdgst whretittoned sagdiurhunan f or eski n fi br obl ast
condi tioned nmediumis obtained by: (a) culturing human
foreskin fibroblast cells in a growh nedi um under
condi ti qns mé&fbl adH Elafr® 200 rWKLEMNEhid Nt Birbdk@D Gbroblast
medi um and (b) collecting said growh medium 22. The
condieneddneshium linphteined bwther ei n sai d enbryonic stemcells
.y ar . Wl et 0 i o
@ & Sy Biipe R0, BheitiorSoluer WO, R P8t GpliRag onditions
suitabledegrodudiyg thedpndifohall hedumoambkin cells from a
foreskin tissue; (b) _culturing said foreskin cells in
®) a ectips sHE gramhimediyai ng serum and/ or serum
repl acenent thereby preparing said human foreskin
fibroblast cells. 24. The nethod of claim 23, wherein
st @p. ( a¥he snethdd of ethithy20, Wheyeimisati agbs@nit §temesdls rare of
tissue; and (ii) dissociating said foreskin tissue
humaR.Qfiginant fromstep (i) into single cells. 25 The
nmet hod of claim 24, wherein said foreskin tissue is
obtained from an 8-30 day old mal e individual. 26.
Tha3.met bel nethasd @i ¢laig2 1, wWhisarein saidtleymagi foyeskm Ehrbblastentlls

arep\ﬁapaarédrb?ya:‘t ment with trypsin. 34

(a) isolating foreskin cells from a foreskin tissue;
(b)  culturing said foreskin cells in a culture medium including serum and/or serum

| replacement thereby preparing said human foreskin fibroblast cells.

24.  The method of claim 23, wherein step (a) is effected by:
(i) mincing said foreskin tissue; and

(i)  dissociating said foreskin tissue resultant from step (i) into single cells.

25.  The method of claim 24, wherein said foreskin tissue is obtained from

an 8-30 day old male individual.

26.  The method of claim 24, wherein step (ii) is effected via treatment with
trypsin. '




27. The nethod of claim 23, wherein said serum and/ or
said serumrepl acenent are provided at a concentration
of at least 10 % 28. The method of claim 23, wherein
said serumis human serumy 29. The nethod of claim 23,
wherein said serumand/or said serum replacenent are
pr @7i dedhat methodnsf dlaimt 2R Nwherekd shd WehAOH/63 34 3serum
PCT/ 1L2003/ 000804 | SEQUENCE LI STI NG <110> Amit
replgeppeat anePsaded at amppesnirabers b leasb B3-%HUMAN FORESKI N
CELLS SU TABLE FOR CULTURI NG STEM CELLS <130> 26342
<160> 14 <170> Patentln version 3.1 <210> 1 <211> 23
<223> DiWhenZdBod #frddifi 23, athesgstdd erum<2 BQtnac@2&n.
Singl e strand DNA ol i gonucl eotide <400> 1 gagaacaatg
agaaccttca gga 23 <210> 2 <211> 23 <212> DNA <213>
Ar ool I Cimgle SRMUEBNGE claid 283, whérdth ShilObdum! &G P serum
ol i gonucl eotide <400> 2 ttctggcgcc ggttacagaa cca 23
replacza@at @eppavided2a a concentration of 15 %.




<212> DNA <213> Artificial sequence <220> WO
2004/ 031343 PCT/1L2003/000804 2 <223> single strand
DNA ol i gonucl eoti de <400> 3 gagtgaaatg gcacgatacc to
22 <210> 4 <211> 22 <212> DNA <213> Artificial
sequ, @ce <220> <223> Single strand DNA

waooloddgenaesc| eoti de  <400> 4 tttcctctcc ttcrtuRemsomme 22
<210> 5 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Single strand Dirn oligonucl eotide <400>

5 ggagttatgg tgggt at g@g@ndeGisRae <210> 6 <211> 22 <212>
DNA <213> Artificial sequence <220> <223> Single
strand DNA ol i gonucl eoti de <400> 6 agtggtgaca

Ha&ydagt aytatca 22

Itskovitz-Eldor, Joseph
<120> HUMAN FORESKIN CELLS SUITABLE FOR CULTURING STEM CELLS
<130> 26342
<160> 14
<170> PatentIn version 3.1

<210> 1
<211> 23
<212> DNA

<213> &artificial sequence

<220>
<223> 8ingle strand DNA oligonuclectide
<400> 1
gagaacaaty agaactitez gga 23
<210> 2
<211> 23
. €212> DNA

<213> Artificial sequence

<220>

<€223> Single strand DNA oligonucleotide

<400> 2

ttctgogegee gattacagaa cea 23
<210> 3

<211> 22

<212> DNA

<213> Artificial sequence

<220




<210> 7 <211> 25 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de WO
2004/ 031343 PCT/ L2003/000804 3 <400> 7 gctggattgt
ctgcaggatg gggaa 25 <210> 8 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA
watopggoenec| eoti de <400> 8 tcccctgaag aaaatCrmggiwtrn@siaat
25 <210> 9 <211> 23 <212> DNA <213> Artificial
sequence <220> <223> Single strand DNA

aki-gensc kent ntheo15A002.9 aggacttctg tggaccttat gtg 23
éé&Og 10 <211> 20 <212> DNA <213> Artificial sequence
Bhhg gl@BacStangl € strand DNA ol i gonucl eot de

<210> 4
<211> 22
<212> DNA

<213> RArtificial segugnce

<220>

<223> Single strand DNA oligocnucleotide

<400> 4

tttectetee ttecttcacet te 22
<210> 5

<211> 22

<212> DNA

<213> Artificial sequence

<220>

<Zz3> ©5ingle strana DRA cligonucleotlde

<400> 5

ggagttatgg tgggtatggg tc 22
<210> 6

<211> 22

<212> DNR

<213> Artificial sequence

<220>

<223> Single strand DHA oligonucleotide

<400> 6

agtygtgaca aaggagtage ca 22
<210> 7

<211> 25

<212> DHA

<213> Artificial seguence

<220>

<223> Single strand DHA oligonucleotide




{ <400> 10 gttcatgtca aaaagcaggg 20 <210> 11 <211>

24 <212> DNA <213> Artificial sequence <220> <223>

Singl e strand DNA ol i gonucl eotide <4ce> |l tgcttgaatg

tgct gat gac agog 24 WD 2004/ 031343 PCT/ 1L20031000804 4

<210> 12 <211> 24 <212> DNA <213> Artificial sequence
woReMx3223> Singl e strand DNA ol i gonucl eot/iidesnmmshd0>

12 aaggcaagtc agcagccatc tcat 24 <210> 13 <211> 20

<212> DNA <213> ArtificiaP sequence <220> <223>

Sosaghe strand DNA ol i gonucl eotide <400> 13 agccacatcg

ETTAGACHETIR09992210> 14 <211> 19 <212> DA

<210> 8

<21l>» 25

<212> DWA

<213> Artificial segquence

<220>

<223> Single strard DNA oligonucleoctide

<4G00> 8

teeccctgaag azaattogtt aaaat 25
<210> 9

<211> 23

<212> DWNA

<213>» Artificial sequence

<220>

<223> Sinule strand DNA oligonucleotide

<400> 9 .

aggacttety tggacettat atg 23
<210> 10

<211> 20

<212> DRA

<213> Artificial sequence

<220>

«223> Single strand DNA oligonucleotide

<400> 10

gticatgtca aaaagcaggg 20
<210> 11

<211> 24

<212> DHA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<4e0> 11
tocttgzate tgctgatgac aggg 24




<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eoti de <400> 14 gtactcagcg ccagcatcg 19

WO 2004/031343 PCT/IL2003/000804

<210> 12
<211> 24
<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide

<400> 12

aaggcaagtc agecagcecate teat 24
<210> 13

<211> 20

<212> DNA

<213> Artificial segquence

<220>

<223> Single strand DNA oligonucleotide

<4Q0> 13

agccacatcg ctcagacacce : 20
<210> 14

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 14
gtactcageg ccagcateg ) 18




