WD 03/ 054170 PCT/ BEO2/ 00196 COVPCSI TIONS FOR THE I N VI TRO DERI VATI ON AND
CULTURE OF EMBRYONI C STEM (ES) CELL LI NES W TH GERM.I NE TRANSM SSI ON
CAPABI LI TwWosfes&lz© OF THE | NVENTI ON The present inventi on pCaiEtes0me novel
conpositions and their use for the derivation, maintenance and growth of
pl uri potent and germine conpetent enbryonic stem (ES) cells. The
invention also relates to the ES cells produced 10 using the conposition

and to ds@RiTiREeSRRESE el virrD SR PATTOR AN B8 TukE VIS BinsiSloRtt andv f @k) t he
gener at i gniof 1NgSNRITHC SRR IRD Girhir B s BpRr BapRAL B mal s.  The present
invention further relates to novel conpositions and their use for the
derivation, maintenance and growh of adult stemcells (ASC). 15 BACKGROUND
OF THE I NVENTI ON Enbryonic stemcells ES cell lines are cell |ines
isolated fromthe inner cell mass (ICM) of blastocyst-stage enbryos, which
under specific conditions can be maintained in culture for many passages,
i.e. replating of cells onto new cell culture dishes at 20 regular tine

i nt erval s, FFEREHE THESEN\GENT HIN, pl uri potency. They maintain a nornal
kar yot ype and V"g%rpréé i Qé‘«’?t?d?m ié‘ét@s%?@%él &l@g g ﬁéaﬁ&‘%ﬂe:fé@e%}‘ fpRi ze

the gernline. |nes may provide an ance of uri pot ent
cel | s t hat deawatidre manemmcree@nidngmwthoof/\,ipdwrimnt( sod genmlwv)e canppetemtect ed

f nmbi_nat h | o i_nt

chr ompsoma P HHEN s R s K815 Db NRIBhRLrArTaredp PR aeels BPYSRE. To
date, germusigy théapsmpositien. ahdeto t i téfamsddess EONcel [ Hsr apstmet o the
next generation, has however only been achieved with ES cells of certain

mouse st r aliBESMIASIGMaNe Koy thergenesation ekgenctivaly madifiad nerihwman aRMeds 1.

Since then e SRXeL Al B ER| kR RaRYE RSB o ghAOIARC Sl id LBEYore, o

wi dely and ucces used g1 on of tar gete tions

or ot her geleet/atmralnnanmnne andtgrovtteohadisiesteemnoais. (A8GE of the
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Furt her nore ines are at best obtained in 30% of explanted
bl ast ocyst Embryoeie stemtdedls129 strain, and success rates of around 10%

appear to be cl ?:%erceﬁ Cfines are cell lines isolated from the inner cell mass (ICM) of
blastocyst-stage embryos, which under specific conditions can be maintained in
culture for many passages, i.e. repléting of cells onto new cell culture dishes at
20  regular time intervals, without loss of their pluripotency. They maintain a normal
karyotype and when reintroduced into a host blastocyst they can colonize the
germiine. Such cell lines may provide an abundance of pluripotent cells that can
be transformed in vitro with DNA (see below), and selected for recombination
(homologous or non-homologous) of exogenous DNA into chromosomal DNA,
25 allowing stable incorporation of the desired gene. To date, germline
transmission, i.e. the transmission of the ES genome to the next generation,

has however only been achieved with ES cells of certain mouse strains.
Murine embryonic stem cells were first isolated in 1981. Since then,
several ES cell lines have been established and they are now widely and
30 successfully used for the introduction of targeted mutations or other genetic
alterations into the mouse genome. Most of the germline-competent mouse ES
cell lines that are in current use have been obtained in the 129 strain, and the
remainder in a few other inbred strains (C57BL/6 and crosses with C57BL/6).



the norm The nost commonly used approach to generate chineric animals is
to 5 inject about 10-15 isolated ES cells into the bl astocoel of a host

bl ast ocyswOanms41t@ allow the cells to mix with the cells @eCTHB®2OM0Er cell
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passage embryonic stem cells” Proc Natl Acad Sci USA 1993; 90: 8424-8, used
20 R1 ES cell lines derived from early passages with electrofusion derived
tetraploid embryos to form aggregates and obtained mice which were entirely
derived from ES cells. However, the RI ES cells lost their totipotency upon
extended culture in vitro, because no animal survived to adulthood from ES
cells obtained from later than 14 passages. Moreover, even when early
25 passage cells were used, many ES-tetraploid aggregates died before
developing to term. Only 3.8% of transferred aggregates survived after
caesarian section. The goal to obtain viable ES mice using later passage ES
cells was not reached and the production of ES cell derived mice using

genetically modified ES cells did not seem to be possible.

30 The inability of the present technology to yield viable offspring from ES
cells of inbred mouse strains via tetraploid aggregation was recently confirmed
in Eggan K, et al. “Hybrid vigor, fetal overgrowth, and viability of mice derived by

nuclear cloning and tetraploid embryo complementation. Proc Natl Acad Sci



cells by either nmethod died perinatally with a phenotype of respiratory
failure. In 5 contrast, the great majority (80-85% of pups derived fromFl
ES cells wopmiosd1@e procedure survived to adul t hood. |n amariBmE0290196Yy
however, no clear correlation was found between the postnatal lethality of
ES-cell-derived mce and the cell [|ine_used. Postnatal death occurred in
all cell lines, including those with di f er ent geneti c background. Thirty
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to germhne transmission.

20 The isolation of pluripotential ES cell lines from preimplantation rabbit
blastocysts was reported by Graves KH, Moreadith RW, “Derivation and
characterization of putative pluripotential embryonic stem celis from
preimplantation rabbit embryos”, Mol Reprod Dev 1993; 36: 424-33. These ES
lines were found to give rise to differentiated cell types, representative of all

25 three germ layers (pluripotential by in vitro criteria). Recently these ES lines
from the Dutch Belted strain were shown to be also capable of generating overt
coat-color chimeras following injection into recipient New Zealand White
blastocysts, demonstrating that the cells were pluripotential by in vivo criteria as
well. However no germline transmission has been achieved. Additional

30  experiments showed that the low frequency of chimera formation and absence
of germline transmission probably was due to the loss of pluripotency of the ES
cell line upon high passage number.

ES cells are maintained in an undifferentiated state by the presence of



interleukin-6 in conbination with soluble interleukin-6 receptor,
interleukin-1 1, 5 oncostatin M ciliary neurotrophic factor and

car di ot r oplwi03/054170 i S now possi bl e to establish and mai nt @&cT/EES2/0€@96s i n
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factors, at |east for several passages. In speci es other than the nouse,
ES cell technolo Is still under devel pnent Bnd t here a e no | i shed
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et al. jgurif¥,sk980-1986 led to the purification to honogeneity of Factor D
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human variants) are claimed in a.0. US 5,187,077 (and several continuations in

20 part to up to US 6,261,548 issued 17 July 2001) and EP 285448, based on a
priority document of AU1987 P11209 dated April 2, 1987.

Subsequent work has established the identity of LIF with earlier purified

proteins and/or biological activities. The work of Hozumi et al. during 1980-1986

led to the purification to homogeneity of Factor D which stimulated the

25 differentiation and inhibited the proliferation of the murine monocytic cell line

M1, Tomida M, Yamamoto-Yamaguchi Y, Hozumi M. Purification of a factor

inducing differentiation of mouse myeloid leukemic M1 cells from conditioned

medium or mouse fibroblast L929 cells. J Biol Chem 1984; 259: 10978-82). The

Factor D cDNA was subsequently shown to be identical to that of LIF (Lowe

30 DG, Nunes W, Bombara M, McCabe S, Ranges GE, Henzel W, Tomida M,

Yamamoto-Yamaguchi Y, Hozumi M, Goeddel DV. Genomic cloning and

heterologous expression of human differentiation-stimulating factor. DNA 1989;

8: 351-9). The use of LIF in the culture medium of ES cells was preceeded by



protein level (Smth AG Heath JK Donal dson DD, Wng GC, Mreau J, Stahl 5
M Rogers D. Inhibition of pluripotential enbryonic stemcell

di fferentwatisosiy purified pol ypeptides. Nature 1988; 3PET/H®30@O0¢ Smith
AG N chols J, Robertson M Rathjen PD. Differentiation inhibiting
activity (DIA/LIF) and nouse devel opnent. Devel Biol 1992; 151: 339-51.).
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marrow. HSH@anedBARY 89 Mg IERSF Sith &M\ transfected somatic donor cells

into enucleated oocytes.

20 The review of the current technology shows that there is a need for
economic compositions that provide ES cells which remain pluripotent and germ
line competent after prolonged passaging. There is also a need for the
generation of transgenic mice of strains with different genetic background and
for the generation of other non human transgenic mammals. These transgenic

25 animals could be useful for the study of the biological effects of identified genes,
for the pharmaceutical production of therapeutic gene products, for the
generation of "improved" live stock, etc.

The difficulties in maintaining the undifferentiated phenotype of cultivated
stem cells is not limited to embryonic stem cells. Also adult stem cells of

30 different lineages tend to loose their capacity to differentiate in different cell
types. The maintenance of the stem cell phenotype is especially challenging for
hematopoietic stem cells.

A hematopoietic stem cell (abbreviated as HSC) is a cell isolated from



cal |l ed apoptosis - a process by which cells that are detrinmental or
unneeded 5 sel f-destruct. About 1 in every 10,000 to 15,000 bone marrow
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falls to 1 in 100,000 blood <cells. (Stemcells: scientific progress and
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successful, the donated hematopoietic stem cells will grow in number and
20 restore the recipient's marrow and its blood-forming function.

Despite expanding foles for autologous bone marrow or peripheral blood
stem cells, many indications require allogeneic transplantation, due to the
potential risk of transferring malignant cells with the transplant in patients with
malignant disease after autologous stem cell transplantation, and also, because

25 the number of available human leukocyte antigen (HLA)-identical siblings is
often limited. The principal limitations of allogeneic bone marrow transplantation
are the lack of suitable fully HLA-matched donors and the complications of
graft-versus-host disease associated with HLA-disparities.

The finding that placenta blood, also known as umbilical cord blood

30 (UCB) contains high numbers of HSC, a comparable frequency of myeloid and
erythroid progenitors to adult bone marrow, a higher proportion of immature
colony-forming cells, a dec7reased risk of transmission of infection and higher

percentage of telomerase, promises to circumvent many of the problems



feasible alternative source of HSCs and pronpted the devel opnent of |large 5
wor | dwi de Cord Bl ood banking progranms (Sirchia G and Rebulla P. (1999) in
Haenmat ol ogooasA40 738-747) The nost inportant di sadvant a@eTEENN96 i cal
cord blood is that average donations contain only 1.5 109 nucleated cells
as average, one tenth of the nucleated_cell (NC) dose conventionally used
for bone marrow transplants in 10 adul t ¢ (Fasouliotis S. and Schenker J.

(1999) . EufMayanidpskansdpre olin (FRtem Bets.. 169:1583168) Thesecerss affberarel y
ble t . Ll L . . : i
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aut hor s 5 pr QRERIJEIE dré B4 %a@'mtﬁ%kﬁfog?ér%%s@@ﬁ@@?%%ﬁ R@bbli‘;a( 59 (Pogy) inbel ow

which the trilineage engraftnen Inetics are significantly slower "and
unpr edi ct ablaenfatelegicaPB4e?3&1747§2001) in J. Biol. Regul. Honeost. Agents.

15, 62-67). Thisg | . i ol ntial Linmtati for th
w despr ead) 20 u@eoﬁﬂ'ﬁgﬁ&mf%gg%%g?ﬁﬁ§'ﬂé\élﬁ%}r8:bqé?'n@s: tﬁﬁgév‘%‘?g& gm
cel | reseadehaiiéng kentaite\valonneri® afuckated Wells Uhd Wveray@)dird tmh tdfathe

facilitate in vitro mai ntenance and . expansion of |ong termtranspl antabl e
HSCs. Est abHFigaiacheelh NG dpseurenantioaglt ured ifer fopeapagawsirarsalapts in

pot ent i gl ' pulati p \ tr@@l e in
sever allacl ?ﬁ%‘}é%?('e%pp 'ngtsla'loén@ssgﬁgngés? ‘ggﬁgg?)hgér%rpy{' ) F’g&}r}g?&beﬁalﬁ%p)%r gi ng,
and stem cé&8idl. Or 4825 aDbetioroare Tareteable ta exdeatt hooresthah abfev haion OBy

diti ' t [l b t il d.t d with | gsi
Cheir st omHeard. (0§38 8 in i Fansnigh s PRGPT I eaouu Bl deAbhast Ak 4B e
cel I's deri mmohrmm%éng!@erqgrg@raﬁqoo@d} %@glc(sm.)wlc%h- ade RS feN a0f

HSCs has proven problematic and scientists e major 30 roadbl ocks in
expandi ng trassplant éorbeyhild even thepphce fequeot disicoebroyostili existsebatyweram

Fi : I i f ' h I d

i e dhti MG nEBED AL SR 58l e s Ra e MBS TG her O eehsse
E., \Veissgamd duthof2ffbhosed 4 MreRhbM, ddgb oft BR1686D34+BDIBLU¢SIsAG BRW.I St S
do not WD 03/054170 PCT/BEO02/ 00196 8 have yet an accurate idea of the

i dentity oPelpw Miuck b igineagenangsaigRenh&inelicsiare sigrpisastivrslaren end term
e epr oduRlal ok HRinoR BACR o EEEHIR L RS RIARY bmebSt AR 2R eved
62-67). This lower NC number implies potential limitations for the widespread
20  use of the cord blood. Therefore a major challenge in stem cell research is the
development of ex vivo culture conditions that facilitate in vitro maintenance and
expansion of long term transplantable HSCs. Establishment of such culture
systems is a prerequisite for potential ex vivo manipulation and expansion of
transplantable HSCs in several clinical applications such as gene therapy,
25 tumor cell purging, and stem cell transplantation.
There is a need for suitable laboratory conditions wherein stem cells can
be stimulated to expand without losing their stem cell properties, thus increasing
the dose of transplantable cells derived from a single donor to a transplant
patient. Expansion of HSCs has proven problematic and scientists face major
30 roadblocks in expanding their use beyond the replacement of blood and
immune system. First, HSCs are unable to proliferate (replicate themselves)
and differentiate (become specialized to other cell types) in vitro (Lagasse E.,

Weissman IL., (2001) in Immunity, 14, 425-436.). Secondly scientists do not



guest for nechanisns that govern the proliferation and differentiation of 5
hemat opoi etic stemcells could |lead to the devel opnent of culture systens
that expaod3nsiizonly comritted progenitors but al so HSCs pPCY@Hab196e C.
(2002). in Nature Immunol. 3, 314-317). Lewis |I. et al (2001) in Blood 97,
3441- 3449, present the expansion of HUC derived CD34+ cells in non-contact
cultures with feeder cells with a conbi®nati on of cytokines and show t hat

these expafig¥d yebpn @carataisiescpfdpalidgriite AGp diuestemcyisaitboygh hapeyvo
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T B ood 85 8agaSE IR BRGNS SRl bpad fom B8 qeRulBnS heinds P07
i n nunber getibeereavhiehed irt Aregrodueibleswan, itid suggested thabdthe eaftadiedyt oki nes.
Pi i bel | t 1999) . i | ood 93, 11, 3736-37 t hat CD341
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repopul ating potential as assayed by the repopul ation of | ethal |y
i rradiated em@cpbow(s@mmﬁ@d@rpgemlmrs bstt alsio IéSGééHeffaHhawﬁvé’dOOab in

al ternat | vy el poAK) 9731 BHOUY AAdPc0f PIGY | ABIQLSat Oa g gupansi on of

adult stem<cells an ear y progeni tor ce such a RY OF THE

| NVENTI ON Br&maﬁekpam@nbf HUC demeoeCDegt+tcellgdrvaanajmdtaaiupanm:@s vgth
conposli t1ons erlving, nal nt al_ni and grow n pruri pOt ent ‘an

gerniine cg*?ﬁdﬁféﬁ*ﬂ Is with %%mﬁmaaﬁn@frﬁmgme@ Hieshuethat there exanded ¢allst hese
conposipi ORn rbPofhlble" é%agrggﬁé’&ﬁo@fsélpewdﬁvé%é@m dﬁé?f”c/ SRUBRSChAhddLr
deriving, malntalning grow ng pluripotent and germine conpetent human
or non- hummmuradetiCieat) neictr Fawibellsted @l ¢EI973 in Blomdo’9, d26d 42668 sisow ghat

condi ti one from ain. cells and.wher e,. co psition contains
"o0s t han_ SO KOG G6GREGTaRidivtieSeB58 7 PaiBer apd s B TEbieS od oy an
| Munoassayyeeksn cé%r%b'mﬁl‘?\ou‘t’%bﬂéd %Vfdkmé@ Phadibliehet@l ?$399) 8AHEIoNd B rabbit
and human LI F such as the nouse nonocl onal anti body cIone 9824.11 rai sed

agai nst huﬁﬁn3Z3¢3749rd@sem%t it G4 t bikEeaedls wandie expandedifer upde 10han 1

SO S e R RBY eiesév'#?ﬁg% e e nce pP e Lokl 4 xRS oo ¢ han

0,1 ng/ n, wathiout logtgethplr & eivabbpob@lsan%baterﬁla%s agéatedibyd tied@pophlatibar abl y
t he concentratlon of LIF is less than 02 ng/ LIF as determined wth

sai d assay Of sulethaly dsadiaied NQR/SREP tﬂ@!éeaﬂﬂﬁé{?l ig thus stillcaineed éormaxelipf such
alternative media with or without added growth factors for the expansion of adult

stem cells and early progenitor cells such as HSC.
20

SUMMARY OF THE INVENTION

The bresent invention is directed to novel and superior compositions for

deriving, maintaining and growing pluripotent and germline competent
25 mammalian embryonic stem cells and the use of these compositions.

In a first aspect of the invention, the composition for deriving, maintaining
and growing pluripotent and germline competent human or non-human
mammalian embryonic stem cells is provided comprising a conditioned medium
from certain cells and wherein the composition contains less than 2 ng/ml of

30 leukemia inhibitory factor (LIF) as assayed by an immunoassay, e.g. an ELISA
using antibodies which cross-react with rabbit and human LIF such as the
mouse monoclonal antibody clone 9824.11 raised against human LIF.

Preferably, the concentration of LIF is less than 1 ng/ml, more preferably less



5 as, but not limted to, a medium conprising high glucose DVEMw th
further optional addition of one or nore of the conpounds selected from
non- esserwioaB/os&am no aci ds, gl utam ne, a reduci ng agent amdTiBR0200190ewbor n
or adult serum such as fetal bovine serum The cells used for conditioning

the nediumare cells such as imortal fibroblast cell line such as the
rabbit fibroblast cell line 10 Rab9 (A?TC Qré414/) | n anot her aspect of
the i nvent A Oihagebimsslinmewnprajerabdt jaEsnigan Hl'n?‘fh'b "339{8 RSIP Errpbly

pluri pot enfeangh gerg | ﬁ@nﬁo%ﬁtﬁ%}e %B%’;a&goﬁgg (i Sy GRBLyoni ¢

stemceII5|saco I 'Oh conprising Itione mfromcertaln
cel | s trangrefetaidy \the lconcentcatent ofiklFs sglesadbad 9, @Zlcngmhglﬁ_laﬁ defarrdined
nucl eot i de s%q:?ence encodes for mammal i.an r.ef rabI encodefs_I f or

b Ll WA R e o Botghs AR dabHACyEe 2 BBN 2Ll En RS magliim e
preferably a3 @sanest ﬁnﬁt@aq@n%ew@dudrhecdmw%gg %WPFUCOEEGDMEMWre%%rceI |

line is preferabl y stabq?/ transfected with F encoding nucleotide
sequence. PRéoraladditioredl ore of marefaidhe wgmpaunds easieated Soguenessentaicodi ng

for LIF can e r \ r

nore pref ergﬁ 9%945mw'ﬁ%r%blegé‘m’e%@e'ﬁ. %r(eoeg%@ rr%eslf/g(%ﬁr%e&;%’g@? yS%?Lhé
rabbit RabSuck AhECfétﬂRbo\&ﬁééb)erumhér Her sl ecé@docebhdntnusm@ the tnteidmrh na/rent i on
are rabbit b9 fibroblast cel L ch are stably transfected w

genomi ¢ se§EEhSHCR RSJMmgtalfiro 'éﬁbP?” lipg. susncﬁﬁ H‘Q:é’a‘trb'tl fibroblast CSBé'He

deposi y18d WAy (e BeRILfMfoordi nated 25 Col | ection of M croorgani sns,
Bel gi um under acceSS| on nurﬁg LMBP 5479CB. The conposition can incl ude a

basi c cel |l cultlmeamsttieunaspesh ab, theutinvestion| i et edmpmsiteomddi uderargri si ng

hi gh gl Mwith furth t ddi t f f th
Compounds. STBETINS ARG ERe e 8T apeoemlioPaedmpR L HUman rrfic: ng

agent and mewk mamnafinht effiryoniandtetn f IRl B0 S@csrﬁabghbﬁrcérhﬁnsuhgvgne
fetal serumsuch fetal horse serum fetal goat serum fetal eep serum

I n a thirdcasgidenedimediemi fiomneetain aelie transiraied ivith Agiudlratidei srpuence

031 054170 RErPREHFto19® HUCREAR seilRaPRLRheddhd, SR R Fitaidd T Bpan™ ™

conposi ti opreferably %hﬁcd@e feorabidit DIFe dSaie diudedtidemseqidrivencarldesaacDNmher ei n
the conposition is plemented with rabbit LIF, a protein with at |east

95% si mi | aSEAYeRes Pabtﬁ preie!ablsora denemis: Femanceepf tha MmammaliardF. $hed
protein may DerXR eeficthd s GréfAsbly stably transfected with the LIF encoding

nucleotide sequence. The cells used for transfecting a nucleotide sequence

20 encoding for LIF can be any mammalian cell but is preferably a fibroblast cell,

more preferably a rabbit fibroblast cell line and most preferably the rabbit Rab9

(ATCC CRL 1414). The transfected cells used in this invention are rabbit Rab9

fibroblast cells which are stably transfected with a genomic sequence encoding

for rabbit LIF. Such a cell line has been deposited with the Belgian Coordinated

25  Collection of Microorganisms, Belgium under accession number LMBP 5479CB.

The composition can include a basic cell culture medium such as, but not

limited to, a medium comprising high glucose DMEM with further optional

addition of one or more of the compounds selected from non-essential amino

acids, glutamine, a reducing agent and newborn or adult serum and a fetal

30 serum other than bovine fetal serum such fetal horse serum, fetal goat serum,
fetal sheep serum.

In a third aspect of the invention, the composition for deriving,

maintaining and growing pluripotent and germ-line competent human or non-



5 suitable for protein expression such as the nethyl otrophic yeast Pichia
pastoris and wherein the nucl eotide sequence encoding for said proteinis
opti onal Iwo oadsqated in order to obtain an optim zed seque®Ca/HEo2/0MSe i n t he
yeast expression system The rabbit LIF disclosed in this invention is
produced by the Pichia pastoris strain, which has been deposited at the
Bel gi an Coordi nated 10 Col |l ecti on of ng}oorganisn1 Belgiunlunden accessi on

nunber Muchugguy snammaiago epa¥yeniensteah ¢4ll8l i%ie? aCHRRPEIlIRR| $OPRAN$INGe anedi um
such as, b | Fdddnt [: | $i [ gh L{%ﬁ)ﬁ M Wi th
further op#mﬁ@fmegdm tion g'}ongne 0 'H{nﬁ%ﬁggg‘{r‘r%%uﬂ gms"gl gg% e f‘?%mI o

non- essent isapplementediithisrabbi ILIFE carprateinawitle citi 8 asd 9affe simikanity feetadbjt Idéwbor n

dul t h fetal 15 bqvi m Th t | t
G sel oses Phét TERGRaT ABBUAtys RLTTh SHAC FEpiimanay, bRePRTEBSFDI Ak Eftot ent
or pl ur 5pokamablertsr prteit ippeasicn bGctPbs NRE nietARidtropBIERaSt FisHia pasits not

limted to nmouse and nore specifically to Mus "nuscul us strains sel ected
from t he gPodpwhemim\ig nuckridessequsBTEeL £630ding HPRBaIBAIHEPASNOPEBEIIZad a,

129/ SvJ, : BL/6 v AL

BALES C NEE%%%WQ@QE%R gﬁg'ﬁ%so&@é'%@eg Jenge. ?Arb??l?gbgﬁﬁﬁ. 9%}1%
present I : nee?rce'ﬁe'mnr@saéresThﬁrraHﬂﬁt LItFOdiEFIbBe@(D?]ﬂﬂé irg/renﬁbnl;ie". Ipmm . teg tﬁlgtge¥oni C
1 ce S .numan I No n. mnmals sucn, a u I mteda. (0]
bt and. FHA SRt ATy WHCHhEeneRy deeosted i ahe drlgBBACPPBHTRE o oup
f 1204 8VE : i BALE B RS 1 J,

DEA N §Esgof%07§6@1ﬁr%ﬁ,%h‘&%sgﬁé?g 3 F\/%?Q%II,&BB; iAil‘tf neg. mu%ij@%%sl c)

MRL, C57BL/6 x TBa coamebsiininscan/éokidera hasietdetl dotuiegmediuim subh ak, butenot

bt ai ned by _cul.turi ng t f t | east in the 30 it
op Ehecs, ol tH LAt ARR Frdtising g, dlfieoS TAEM utn Fese, SBEBSA ' O

t ransgeni c a8@itioRUSRBNEBSIMES copPBlndS seicté®ifrdn MdrLesdehtiBP dsfing sLid®r e
speci fi cal Igﬁ/#t o nmus nmusculus strains selected fromthe group of 129/ SvEv,

C57BL/ 6N, BN -HPeduUcingDagenb snd AetabCcmewbom 00 Esislt serumnseric asnetal
CBA/ Ca%a, eé%%/eéﬁ DBA/ 2N, DBA/ 10 a, C3H HeN, C57BL/6JA a, FVB/ N,
DBAlLacJd, , ﬁ?‘c, MRL, C57BL/6 x CBA and Swi ss Webster genetic

background whi ciThargresbhtinvedtidry disdidses the UBe ofetiiesy WontpaHitionsCRIrl theused
for the geSSES‘Hﬁ%H 8 msu ’tiipdotglrr1]ti g}alp?ur]icp%rter%t eéw%?yscgnigns?em cells of non human
mammals such as but not limited to mouse and more specifically to Mus
musculus strains selected from the group 129/SvEv, C57BL/6N, C57BL/6J-
20 HPRT, BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN,
C57BL/6JOla, FVB/ DBA1LacJ, CD1, BALB/c, MRL, C57BL/6 x CBA and Swiss
Webster genetic background.
The present invention relates further to multipotent or pluripotent
embryonic stem cells of human or non human mammals such as but not limited
25 to mouse and more specifically to mus musculus strains selected from the
group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla,
129/Svd, DBA/2N, DBA/10la, C3H/HeN, C57BL/6JOla, FVB/N, DBA1LacJ,
CD1, BALB/c, MRL, C57BL/6 x CBA, and Swiss Webster genetic background
which are obtained by culturing them for at least one passage in the
30 compositions of the present invention.
The present invention relates further to transgenic non human mammals
such as but not limited to mouse and more specifically to mus musculus strains
selected from the group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT,



5 passage in the conpositions of the present invention. The present

I nvention relates further to nmethods for producing the conpositions,

enbr yoni cwstemsaed | s and transgeni ¢ ani mal s di scl osed i n tPOTSBERAOVIOAT | ON.
The present invention discloses the use of nedia conditioned by rabbit 10
cell Iines for the generation of enbryorgc cells and transgenic aninmals and
Is applicable to other _non human uch as non- human primtes, pigs

sheep, cowBALRERNINhor SBAY/CaRIR s, 12RERY, CQ%L\Q&I@ngBAﬁBDﬂ% r%'i/Her‘\hnster’s
and 1 Odeng’,‘?ﬁ?@LV@JOItathé Re Iﬂ@ﬂ?@aé\@s%g"fs%ﬂﬂ@c pb@%g 6 LNERL LR

further di oses et ho to obtain’endryonic temce I'i nes faor 30 or
nore per ceBwiss \blepistent genéliadtankgssind Wacprasmmbtamedmbyonumhmg dihecl oses

nethodstoo ai n adul t 0 n cells th empryoni c stem
el 15"t hat SHREOBEATEE raley SRtk of dPe ETbratat of gafieainsll 1ovrAb et ok

i nvent i en Ip d lnCtHbQ:rpod%'ltfo?%tcﬂdhé 9ré§@f@hmﬁe‘h’ﬂi§ﬁs' tions for 20 de_ri vi ng,
mai nt ai ni ng a a_gr oW ng gl uri potent and germline conpetent manmmalian

ermbryoni ¢ st em dBE| Srespnt DRI treletes |fnﬁh@|rdé0am5§§1 ¢@ Ipredpaing ethemredi um
such as, Db RO bifhdhic BRILIR RIS AL 5esE D Gl

non- essentla amno acl am ne,” a reduc™g agen ovi ne
serum  or jiregutigal ent s thereof whi ch are preconditioned by a stabl e cell
| i ne such as, 25 but not i nited to, the rabbit_cell line Rab9 (

CRL- 1414) or equfgaReneRt '”Vﬁ%ﬁ'%ﬁ"s%ﬁeéﬁ §é&%9fe”l§§$%ﬁ9ﬂ§'l“°@?‘ér%’n@bﬁor

growt h Q”d F?'Il eé%{e\'}ﬁé P@ﬁer%ﬁonccﬁl érﬁbyoﬁwlé"@éllsb‘éﬁa theHd @nFchéﬁlgié?i d is

condltlone ia with Pow anounts and even 1n the a sence supports
sel f-r enevvappbctabfstcejthsr aonl fmlmmwnm suchlesi ven- humari\/hnmn'atmarmgs of the

di ff ' d d b 30 hol I k
Al St e R e T e SR R

cyt oker at i RgdeMedtisailRah He mug@w/u@mbu@g wth st andard cell culture
media to which nurine LIF or rabbit LIF was added. To this conposition

purified reconbil h&npfel_sénkéﬂﬁe&ltlpﬁhfubﬁhﬁbr@lSCFtQ%QSoerthOdi’; taopbtainy samtrgonic

PCT] BEYR! 0436 el Bnsefb o 413031 Volent P EhafbglfiaBlysgabbi t LI F (Rab-LI P

di scl osed présent "~ i nven mer cial |y

avail abl e LIF. Ahtalme@éntan\/erﬁmmlgé dlslaﬁfsleelrhéﬁhlﬁbsfto eptaimaeiun prégehy waul in,
may al so be included in the conposition. The present invention is also

directed t 89dregaiien calispyith LqubWRHlS:- slem) ceffarthat have been cultivated for at
least 16 passages.

The present invention is particularly directed to novel compositions for

20 deriving, maintaining and growing pluripotent and germ-line competent
mammalian embryonic stem cells. The compositions include a basic cell culture
medium such as, but not limited to, a medium comprising high glucose DMEM,
non-essential amino acids, glutamine, a reducing agent and fetal bovine serum,

or equivalents thereof, which are preconditioned by a stable cell line such as,

25 but not limited to, the rabbit cell line Rab9 (ATCC CRL-1414) or equivalents
thereof, which secrete essential elements for growth and self renewal of ES
cells. It has been found that this conditioned media with low amounts and even

in the absence of LIF supports self-renewal of ES cells and allows ES cell
derivation. Maintenance of the undifferentiated state, as evidenced by

30 morphological and surface marker criteria (presence of alkaline phosphatase
and absence of vimentin and cytokeratin), was superior to that observed with
standard cell culture media to which murine LIF or rabbit LIF was added. .

To this composition purified recombinant Leukemia Inhibitory Factor (LIF)



5 maintains ES cells undifferentiated in vitro culture and to nucl eoti des
encoding the Rab-LIF. OQther ingredients may optionally be included in the
ES medi umyvo swshi7@s i nterl euki ns, oncostatins, neurotrophiPCT/EEDRO619¢ St em
cell factors and fibroblast growth factors. Specific exanples of these
factors are human |Interleukin 11, human oncostatin M human ciliary

neur otrophic factor, 10 cardi otrophin, Yhterleukin 6 with its specific

recept or andnioptianaliyt keradded, pretarably ralybie Lim(RaR-Lin disclesed inrtbparesento t he

use of these ES cell lines.far i t ransm.ssijen : t

gener at i on 5" 8ﬂetqrca1t?ry%%%yfg‘i@%&ﬁg%n@ﬁa'%menj‘llgi @ﬂ%’étﬁélﬁ,\n{bﬁgn %Furt her
rel at es topekhgillitgstroptobti@imonel irinOofidyl ard bé ihdladegriesttetcompesitioon for
the isolation, maintenance and expansion of prinordial ermcells. The

15
i nventi on dN§oPtasERt dRvandiodoitpasicr Abeaieriolo ehaoRlr kRt e (gﬁlﬂ’&r‘l@ &hat of
mammel i gn adulhind £8 Gk Shdifereftist dP{\W'C@JR{J}reCQMi o RERITRLES ABHERG are

hemat opoi eti ¢ stemcells and the adu ear| emat opoi eti ¢ progenitor cells
The conposhe RabsLiFoiOtbet ingredients Wm8¢ apdinmaily dec matlideidonethenedi medioim,a
fibroblast 20 cell .line. The fibroblast cell .lines is preferably an

| mor tal | sSACRAY MteHRIKiIng, GNCasTRIS, QpHyPTonhis SActors. B 581 JRSOM BNbl ast
cel | and mpgioMst! arcrhy fadtersRaBBecifié Tekarkleb4 bt) tHegk! fadtdR. aféehuman

conpositions for cultivating ASC preferably conprises no added cyt oki nes
and/ or LI FIntgdeukinydit i Bumans ®ncestatias M.o huneanseiliary t rrureaplaisi faelas f or

expandi;Rg - I 1.0 - o et are
for exégpl 53%5%hqé’emférl%ﬁtﬁgﬁav%s %%eecﬁ%l 'L%FB?‘%*M%H% Sé%rﬂr%%g féﬁg f as
unbi l'i cal Joedinvepli@cdottiaér bdlakd, topete peraf tHdseod Sardll Himes forrgermling/ t h

the use of the ,coﬁpositions the total amount of cells are expanded by at
| east 25 fHPASMFSION ARG fortbe asneration < igsasticalbhodriednRiuRrman aneals. cel | s

s expanded by gheliR@itioh ﬁpthfeflrglate\éyﬁohthbh?sé‘éﬁﬁl nblAg CORTRARIdrsWBrotheh ©

expanded cells are cultivated for at least 1 t he
conposi ti opsesemé inverden fifr thepmotidionc eldistenahce and: eppankipo sift prirebrdialn  an
LTC IC gssa | S 'hncreased by at least 15. WO 03/054170 PCT/ BEO2/ 00196 13
The i ndent 95H"E ¥ her relates to a method for expandi ng mammal i an adul t

stemcells or earde/inREREEMbIsSIreiés o CAAPSIEORIFIrIRe SHoRm Pée bRPARIIbAY a
source of mammualian adult stemcells or ear I%/ progenitor cells and
ar

cul ti vat i ngf mammaliar adulh gtam sellvak eprlypregenitaricetis. Examplesmesseftaren
according RGeSty Rel Ly BRI RIPEa hh4Rd i iSgembicdR iR can
compositions for cultivating ASC comprise conditioned medium of a fibroblast
20 cell line. The fibroblast cell lines is preferably an immortalised cell line, more
preferably a rabbit. immortalised fibroblast cell and most preferably the Rab9
(ATCC CRL1414) cell line. The compositions for cultivating ASC preferably
comprises no added cytokines and/or LIF.
The invention also relates to the use of the compositions for expanding
25  ASC or early progenitors cells, such as HSC. These HSC are for example
CD34+ cells which have been isolated from as source such as umbilical cord,
placental blood, peripheral blood and bone marrow. With the use of the
compositions the total amount of cells are expanded by at least 25 fold. With the
use of the compositions the amount of CD34+ cells is expanded by at least 3
30 fold. With the use of the compositions the expanded cells are cultivated for at
least 15 days. With the use of the compositions the number of expanded cells

which respond positively in an LTC IC assay is increased by at least 15.
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cDNA al ong Thist methos gapbé @erfeerqerdauobl mbmwmﬁer[cﬁmpahﬁ)ed call3 @hich Figure 2
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(passage 0) of attached blastocysts from C5/BL6/ N nouse, when cultured in

A) enri chetﬁmhier?ewmerﬁhﬂi de@i@I@(ﬂJOEiﬁGhﬁ)e(N_OrFOpESe(ﬂJabele#QevtEEQ enriched
basi c ng/m); C) basic medi um conditioned
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mor phol Ogys%fbleEgel?ﬁrLel focr%g g&ggng&t\ %? hém%?gpsggt?c IstrclamA)cells from bone marrow,
fetal blood umbilical cord blood and peripheral blood. The compositions include
a basic cell culture medium such as, but not limited to, a medium comprising
20  high glucose DMEM, non-essential amino acids, glutamine, a reducing agent
and fetal bovine serum, or equivalents thereof, which are preconditioned by a
stable cell line such as, but not limited to, the rabbit cell line Rab9 (ATCC CRL-
1414) or equivalents thereof, which secrete essential elements for growth and
self renewal of hematopoietic stem cells.
25 The present invention will now be described with reference to the

following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the nucleotide sequence [SEQ. ID.: NO 1] of rabbit LIF
30  (Rab-LIF) cDNA along with the peptide sequence thereof [SEQ. ID.: NO 2].
Figure 2 shows the nucleotide [SEQ. ID.: NO 3] and amino acid [SEQ.
ID.: NO 4] sequence of rabbit LIF cDNA optimized for expression in Pichia

pastoris.
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Figure 6 : Expansion of CD 34+ positive cells (depicted as expansion
factor of the original CD34+ positive cells) in cultures of HUC derived
CD34positive cells in different media. legend: full line with squares: medium

20  conditioned with Rab9#19 cells; full line with triangles: medium conditioned with
Rab9 cells.

Figure 7: Expansion of LTC-IC positive cells (depicted as expansion
factor of the original LTC-IC positive cells) in cultures of HUC derived CD34
positive cells in different media. legend: full line with squares: medium

25 conditioned with Rab9#19 cells; full line with triangles: medium conditioned with

Rab9 cells.

DEFINITIONS

Embryonic stem (abbreviated ES) cells in the present invention are cell lines

30 isolated from the inner cell mass (ICM) of blastocyst-stage embryos or derived
from the primordial germ cells from a post-implantation embryo (primordial or
embryonal germ cells). ES cells can be maintained under specific conditions in

culture for many passages without loss of their pluripotency.
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maintenance of undifferentiated embryonic stem cells derived from the inner cell

20  mass of blastocysts.

“not enriched with cytokines and/or LIF " in the present invention in the context

of ASC means that the composition wherein cells are maintained or expanded,
is not enriched with additional cytokines or LIF. Addition or enrichment means
supplementation to the composition of cytokines or LIF as a protein. It also
25 means the supplementation of these compounds via the transient or stable
transfection of cells which are used for the conditioning of the medium.

‘adult stem cells” as used herein relates to multipotent adult stem cells isolated

from a mammal, such as rodents (e.g. mouse and rat) and primates, especially
humans. Adult stem cells or derived from a non-embryonic organ or tissue and
30 have the capacity to be induced to differentiate to form at least one
differentiated cell type of mesodermal, ectodermal and endodermal origin. The
organ or tissue from which the adult stem cells are isolated are for example, but

not limited to, bone marrow, umbilical cord blood or placenta. The different



but are still able to differentiate in a nunber of cell |ineages, but |ess
than the stemcell they are derived from 10 "hematopoietic stemcell™
(abbrevi awed3ast1HEC) is a cell isolated from peripheral [pComE2/00mMé | i cal
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| NVENTI ON 3 The %esent |nve {SI on relates to the use of the disclosed
conposi tio IMhey. apRderivg ?lm mai nt enance and growth of pluripotent and
gernl i ng- COHE%%BOEE@@T@H tEN (SO RIS a8 RS Esa) c@lﬂsbldté&‘%m ﬁérlphera
exenplified in nouse strains. These I nproved culture conditiohs can
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from many en nd eri or e
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medi um;swhich is preconditioned by a stable cell line, that secretes
essential elenents for growh and self-renewal of ES cells. To these
conposi ti oBEROSITS @F C&tortiNESt

The P. pastoris X33 (RbL) expressing rabbit LIF was deposited with
accession number MUCL42925) on July 5, 2000, by Thromb-X (Leopoldstraat

1, 3000 Leuven, Belgium) in the Belgian Coordinated Collections of

20 Microorganisms (BCCM) Mycothéque de I'Université Catholique de Louvain
(MUCL) PlaceCroix du Sud, B 1348 Louvain la Neuve, Belgium.
The rabbit fibroblast cell line expressing rabbit LIF (Rab9#19 clone) was
deposited with accession number LMBP 5479CB) on April 07, 2000 by Thromb-
X (Leopoldstraat 1, 3000 Leuven, Belgium) in the Belgian Coordinated
25 Collections of Microorganiéms (BCCM) Laboratorium voor Moleculaire Biologie-
Plasmidencollectie (LMBP) Universiteit Gent, K.L.Ledeganckstraat 35, 9000
Gent, Belgium.

DETAILED DESCRIPTION OF THE INVENTION

30 The present invention relates to the use of the disclosed compositions for
the derivation, maintenance and growth of pluripotent and germline-competent
mammalian embryonic stem (ES) cell lines, as exemplified in mouse strains.

These improved culture conditions can be used to generate stable murine ES
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i nvention conprises conditioned medi umof the fibroblast-]i ~line in
a nmedi um sélueecss’'hotodified Fagle's dnedumhDyM! withBudi-essentBdlamioo(RB,,

Dul becco' s difie aagl e Medi um [ scove's Modifi | heccq' s
ot o e At bt S Rfatandriad retbl BB “sesl S, thd e SEEIE A
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@ asgow mini mum Essential Media Eagle (GVEM, DMEM F-12 Medi a, nms F-10
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agent such obtaibed by eRpeagion eftdraoplimizeddDNA seuendeoin Pichia pestengrposi ti on

contai ning conditioned nedium of cells, which are not transfected with DNA
encodi ng LIF, tl"ri# nRRATGedi OYs GRpe chthitbe medumggep, be determined via a

quantitative immunoassay such as linked immuno sorbent assay (ELISA), a
radio immunoassay (RIA), an immuno radio metric assay (IRMA), a fluorescent

20 immunoassay (FIA), a chemiluminescent immuno assay (CLIA) or an electro
chemiluminescent immuno assay (ECL) using antibodies against LIF. In this
invention an ELISA using a monoclonal antibody with reactivity against rabbit
LIF, such as the mouse monoclonal antibody Clone 9824.11 raised against
human LIF, is preferred as a reference. An example of such an assay is the

25  Quantikine Human LIF immunoassay (Cat No DLF00, R&D Systems
Minneapolis, MN, USA).

The compositions of the invention may have a varying amount of
additional constituents provided that their amount is sufficient to maintain ES
cells undifferentiated for prolonged periods in culture

30 The composition of the invention comprises conditioned medium of the
fibroblast-like cell line in a medium selected but not limited to Phosphate
Buffered Saline (PBS), Dulbecco’s Modified Eagle Medium (DMEM), Iscove's

Modified, Dulbecco’s medium, McCoy 5A medium, Minimal Essential Media



newborn or fetal serum In the conposition with conditioned nediumfrom
cells 10 transfected with DNA encoding LIF, the serumcan be adult or
newborn warambk41an serum or non bovine fetal serum such a®Ch@EZpoIgoat and
sheep fetal serum A preferred exanple of a conposition of the invention
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neutral pH of referabl The invention further relates to processes to
derive andagentsichuasbe mﬁmapémemr@ﬂ ehditkiptheeite). obt ai n pl uri potent and
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stemcells is at [eas 'oh At ing to
t he i nvent 'trensmct‘bcdestthr Dbl@deab@tuag LiButie Zﬁn@iIOIGESSSGWfBMGﬁ@i Wie adeips of :
a) culturi n eI | s aEI ast o st st culturing jsolated
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periodically passaged for at east times. The process nmay

conprise t mmmpaofse]wmdercnorg b@wmestgaéah seram paths aspoarsedgnat and shieept her
aspect theﬁ the invention relates to enbryonic stem (ES) cell lines
with germ 8'$9"4/5 ni ssi on capability. The cell line is WD 03/054170

PCT/ BEO2/ 00196 Alﬁ'eférﬁécﬁéﬁé}hweaof@éd)ﬂﬁ%o@ﬁbh dfithe inventioR cBApridBs rg%lr lifet! |
lines are al so possible. In case of murine cell line, the cell |ine can

be deri vedcorgtpeed Inedum p%@’weﬁbmblaa!z@ﬁm\/hne:sa@@d@imd \GSUTBE/@‘J591F!RT
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geneti c baekgsmtiandanindhacidgupi mescgkéfekamyi‘%mr@h%ra@;btbem\ﬁ@l a0.gefgrhige
transm ssion capab| lity after 11 or nore passa The enbryoni c stem (ES)

cel | i nesptgfetabdy il Rpaht inshlitirand &hter 339 mlub/_ﬂ@al § QeIHrr@%dldITTmnS| onal col ony
formation, posi Hré(f%rﬁlﬁl t'ﬂ rlgasa(PrIES cell medium consists of 400 to 600, preferably

500 ml DMEM high glucose, 0 to 15, preferably 13 ml penicillin/streptomycin, 10
20 to 15, preferably 13 ml non essential amino acids, 10 to 15, preferably 13 ml
glutamine, 5 to 10, preferably 6.3 ul B-mercaptoethanol, 50 to 100, preferably 70
mi fetal bovine serum, neutral pH of preferably 7.4.
The invention further relates to processes to derive and to culture
mammalian ES stem cells to obtain pluripotent and germline-competent ES
25 cells, wherein the culturing of the mammalian ES stem cells is at least partially
performed in a composition according to the invention and described above.
Such a process comprises the steps of: a) culturing cells of blastocyst stage
embryos; b) culturing isolated inner mass cells; and c) passaging the inner
mass cells periodically in a composition of the invention. Preferably, the inner
30 mass cells are periodically passaged for at least 8 times. The process may
further comprise the step of producing transgenic animals.
According to a further aspect thereof the invention relates to embryonic

stem (ES) cell lines with germline transmission capability. The cell line is



al kal i ne phosphat ase and negative staining for cytokeratin 18 and vinentin
after 10 nore than 10 passages. These enbryonic stem (ES) cell lines may be
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in maintaining the phenotype of embryonic stem cells of different mice strains.

20 The present invention also shows that the properties of these novel
compositions also apply to stem cells other than embryonic stem cell.

The present invention thus, relates to the use of the disclosed
compositions for the maintenance and growth of adult stem cells and early
progenitor cells, as exemplified with HUC derived CD34+ cells.

25 In one embodiment of the invention cultures of adult stem cells or adult
early progenitors cells are maintained and expanded in the compositions of the
present invention under stroma free conditions, this is in the absence of a direct
contact with feeder cells or in the absence of an indirect contact with feeder
cells (non contact cultures). The compositions for the expansion of ASC

30 according to the present invention are conditioned by fibroblast cells, preferably
immortalized fibroblast cells, and more preferably rabbit immortalized fibroblast
cells such as the Rab9 cell line (ATCC CRL-1414). The present invention

shows that these compositions are superior over basal ES media for the



has a thus a positive effect on maintaining the undifferentiated properties
of at 10 least HSC or early henmatopoietic progenitor cells. In a nore
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protein-1a, MCP (monocyte-chemoattractant protein-1) (VEGF) vascular
endothelial cell growth factor. In accordance with the present invention the

20 addition of cytokines such as mentioned above, can be omitted for the
proliferation and maintenance of adult stem cells or early progenitor cells such
as HSC or hematopoietic precursor cells.

Thus, in a preferred embodiment of the invention the composition for
cultivating ASC such as HSC is performed in a composition to which neither

25 LIF, neither cytokines are added.

In one embodiment of the invention the compositions of the present
invention are used for maintaining the phenotype of adult stem cells and adult
early progenitors cells. As an example hereof the invention describes the
applicability of maintaining for a prolonged period the stem cell properties of

30 HUC (human umbilical cord) derived hematopoietic stem cells.

Adult stem cells and/or early progenitor cells such as HSC or early

hematopoietic precursor cells can, according to the present invention be

passaged after isolation for at least 15 days in culture, preferably at least 30
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present invention be expanded by at least 5 fold, preferably by at least 15 fold,

more preferably by at least 50 fold, even more preferably by at least 250 fold,

and most preferably by at least 1000 fold as assayed by an assay such as the

LTC IC assay wherein the capacity to expand into myeloid progenitors is
20 evaluated.

The expanded ASC such as HSC can after cultivation for at least 15
days, preferably at least 28 days, and more preferably for at least 60 days and
most preferably for at least 90 days, engraft sublethal irradiated NOD/SCID
mice

25 The HSC cells which are cultivated according to the present invention
are can be serially passaded to secondary NOD/SCID mice.

The invention will be illustrated in the following examples that are not
intended to limit the scope of the invention. Based on the present invention,
several variations and improvements will be obvious to those skilled in the art.

30
EXAMPLES
EXAMPLE 1: Production of recombinant Rabbit Leukemia Inhibitory Factor

(Rab-LIF)




operably linked to DNA nol ecul es encoding a transcription pronoter and 10
termnator to create an expression cassette. The DNA nol ecul e cont ai ni ng
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recombinant Rab-LIF is produced in Pichia pastoris and is operably linked with
the yeast alpha factor secretion signal, and the alcohol oxidase 1 (AOX1)

20 promoter. Alternatively, the Rab-LIF-encoding DNA may be operably linked to
appropriate promoters, enhancers or terminators (collectively, "control
sequences") for expression in prokaryotic cells or higher eukaryotic cells such
as mammalian cells and insect cells.

Recombinant Rab-LIF was produced using the methylotrophic yeast

25  Pichia pastoris expression system from Invitrogen (Carlsbad, CA). The Rab-LIF
gene was isolated from a rabbit genomic library Lambda DASH Il (Stratagene, #
945950) and the cDNA encoding the mature Rab-LIF protein was assembled by
spliced overlap extension polymerase chain reaction (SOE-PCR) using
standard procedures. |

30 The Rab-LIF cDNA was used as template in consecutive PCR and SOE-
PCR reactions to optimize the gene for expression in P. pastoris, by modifying
the codon usage. The nucleotide sequence of this Rab-LIF optimized cDNA is

shown in figure 2.



corresponding sites of the vector pPlCZa, yielding pPlCZa-RLIF100. In this
10 vector, expression of the Rab-LIF is directed by the strong al cohol
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90% was,f o e the | gi i f r L LIF. A
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rabbi t LI F(ADXd) pesmetapondi ng honol ogi es of the WD 03/054170 PCT/ BEO2/ 00196
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20 It should be noted that the expression cassette described above is stably
integrated in the chromosome. The X33 (RbL) strain was deposited in the
BCCM Collection on July 5, 2000. The optimized nucleotide sequence for
expression in Pichia forms a part of the present invention.

The nucleotide sequence and amino acid sequence of the Rab-LIF

25 cDNA, which has not previously been reported, are shown in Figure 1. The
nucleotide sequence was determined according to the standard method of
Sanger et al.

The Rab-LIF nucleic acid sequence of the mature protein was manually
compared to the human LIF sequence (Gough et al. 1988, accession M63420 &

30 J05436 and mouse LIF sequence (Gearing et al. 1987, accession M63419 &
J05435.) A homology of 90% was found between the nucleic acid sequence of
human and rabbit LIF. A homology of 77% was found between the nucleic acid

sequence of mouse and rabbit LIF. The corresponding homologies of the
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present invention (see Exanple 2), wth basic ES or wi t hout
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to which another 4% (v:v) fetal bovine serum is added.

In other embodiments, the production of conditioned basic ES medium
can be scaled up using standard procedures such as roller bottles, cell factories

20  or bioreactors.

EXAMPLE 3: Derivation and culture of murine embryonic stem (ES) cells

1. Mouse strains and ES cells
ES cells can be derived amongst others from the following commercially
25 available mouse strains: 129/SvEvTaconic (Taconic, Germantown, NY, USA);
C57BL/6NTacfBr (Taconic); BALB/cAnNTacfBr (Taconic); DBA/2NTacfBR
(Taconic); C3H/HeNTac MTVfBe (Taconic); FVB/NTacfBR (Taconic);
Tac:(SW)fBR, Swiss Webster (Taconic); 129/SvJ (The Jackson Laboratory, Bar
Harbor, Maine, USA); C57BL/6J-HPRT <B-M3> (The Jackson Laboratory);
30 C57BL/6JOlaHsd (Harlan, Indianapolis, Indiana, USA); CBA/CaOlaHsd
(Harlan); DBA/10laHsd (Harlan), DBA1LacJ, CD1, BALB/c, MRL, C57BL/6 x
CBA.
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subconf | ueg&g)g'mzaigus én@%ﬁdﬁ%@&b‘?'})lﬂ ggt g'eﬁ’Sg%tW{t Pg‘yﬁ'rnr @Er?g{?d\m th
m t omyci n. nfwine fibrablssies Sabsedwditlyathe386 béllsaaré]gﬁédhéllyeﬁla@éd%ﬁpié?@@r of 5%
CQ2 in air. The ES cells are passaged ever - s onto freshly prepared

feeder di sﬁéBureTWéh@S Fe%lcreﬁs 568 reawuBdifetRiald for mAE thondQ pessagess ce |
wor e ot ai ShdTREES B PSR AERRR oPbe e BIAERY & " raconi ) i ce.
The bl ast ocysts F\ﬂﬂoblastlféédmeldyemtdfan @)3 sintaingdeflomasiugingesinbijossee 126l ow) ;
b) enri Che%a?? Splo%t coi?dsu;grr]egnant mice. The mice are sacrificed, and the uteri collected
and placed in a petri dish containing phosphate buffered saline (PBS). The
embryos are dissected out of the uterus and all membranes removed. The
20 embryos are transferred into a new dish containing PBS, the head and all
internal organs removed and the carcasses washed in PBS to remove blood.
The carcasses are then minced using 2 insulin syringes into cubes of 2 to 3 mm
in diameter, and incubated in Trypsin-EDTA/MEM solution (10/90 V/V) at 4°C
for 2 hrs. The suspension is then incubated at 37°C for 15 min, a single cell
25  suspension made using a 5 ml pipette, and plated at 5 x 10° cells per 180 mm
petri dish in 25 ml Feeder Medium.
Feeder Medium consisted of 500 ml Dulbecco’s Minimal Essential
Medium (DMEM), 10% fetal calf serum (FCS), 13 ml penicillin/streptomycin, 13
ml glutamine, 13 ml non-essential amino acids, 2.3 pl B-mercaptoethanol. The
30 medium is changed after 24 hr to remove debris. After 2 to 3 days of culture the
fibroblasts reaches a confluent monolayer. The plates are then trypsinized,
replated on 2 petri dishes, and, when confluent, the cells of each plate are

frozen in 2 vials, kept at —80°C overnight and transferred to liquid nitrogen the



wi th added nurine LIF (10001U m); c) enriched basic nediumw th added Rab
15 LIF (10ng/mM); d) enriched basic nediumw th added Rab-LIF (20ng/ m); e)
basi ¢ nmedwomsosnd t i oned on Rab9 fibroblast cells accordi RgTIBERRZREAIP] € 2;
or f) basic nediumconditioned. on the Rab9 #19 fibroblast cell line (see
bel ow). The basi c nedi um was conposed o%' 500 mM DVEM hi gh glucose, 70 m
fetal bovine serum 13ml penicillin/str ?)torryci n, 13mlL gl utam ne, 6.3l P-
20 mer capt ®8¥h@A6l , and 13m non-essential amino acids. Enriched basic

medi um is basic mediumto which another 4% (v:v) fetal bovine serumis
added. The basic nmedium conditioned by the Rab9 fibroblast cells is

obt ai ned as. Quitursof BSexd/lsn Exanple 2. To 1 liter of conditioned basic ES
medi um (fromth ture of the 4 collection days 80m fet bovi
corum 171t non £ Selft 4k Fawhnion subenEensRihy Foisen PRV e broSlast”

R-mer capt oghitvarally a’lrré’sftecﬂﬂ wittiswltbmyaind E0mlre BR%RL ARAIKeR & 8ddedinand the
pH i s adjusted to .4. This conditioned nedium contains unnmeasurabl e |evel

(1 ess than hgm@lgﬁma)tm@ﬁpmr@-qﬂ FhdeOddn @irmlhed=Sicells are\passag everyndrdan LI F

of R&D Sys e he
rabo10 1 Beuniontt PRSP pepardibiaetit tisneds rhe B Bl sFEBEH BL8REGR Yub

descri bed tiog c&adhﬂomeé‘d ESagllreediumlo 1 liter of conditioned baS| c ES medi um
(fromthe mxture of the 4 collection days), 80nlL fetal bovine serum 17nl
non-essential am no acids, 20mlL glutam ne, 6.3 R nercaptoethanol, 1.25 m
i nsul i npand: gy Pagal mediumis added and the pH WO 03/ 054170

PCT/ BEO2/ 00196 27 is adjusted to 7.4. Rab9#19 are Rab9 fibroblast cells

whi ch have been Itoalel gspaat aidhedneshtiont the lidastatysits wese kahtaimet nfinoroi ther vy

Fact d, whi.ch f Rab-LIF th di
e et err naital MiRds”BF ICSBLAR HaER (HeBhe mbisds, TRobESRp R iR o
M\, USA). aum@dhhmta)ce/rﬁtcﬁeanﬁsm h\@wﬁﬁnz\ t@bé@m bpeﬁMefde&f&é n{e?if@h The

culture mediumis refreshed ever er appr oxi mat el y week

cul ture, tMéth zidedomugpedh (1@0Q! ea) enoehachbasie spedivowih edded %ﬁb-er

trypsinizaji er_\l ayer

of m tgﬁyc?'r']rgg@ﬁges?e )O%Prr]ﬁ(r:'?end; rﬁ{%‘é’{‘smah {%{%q\,\%#hr(goﬁﬁg)eq@ent |y

gradual |y nas&edemuhocd)mm@iedlﬁnRdtigtlﬂitﬁoﬂiasheéllsv\a(tdbr@mbet@@(bndp?é’ef orfifter 5
to 10 passggémmt he nunber of estab ines is counted for

each of th gdigm: eengitioragson mRaBﬁ&119ff&fehal@§b@%bi'r@1@ﬁ§&eé9wa t he
establ i shed ES qgllpddi Pn%d'uﬁn Q\?éseé@éﬁsgerdjéﬁf. SOTHNBMENT High gRicdk8! #g rhior the

presence of al kal i ne phosphat ase
fetal bovine serum, 13ml penicillin/streptomycin, 13ml glutamine, 6.3ul B-

20 mercaptoethanol, and 13ml non-essential amino acids. Enriched basic medium
is basic medium to which another 4% (v:v) fetal bovine serum is added.

The basic medium conditioned by the Rab9 fibroblast cells is obtained as
illustrated in Example 2. To 1 liter of conditioned basic ES medium (from the
mixture of the 4 collection days), 80ml fetal bovine serum, 17ml non-essential

25 amino acids, 20m! glutamine, 6.3l B-mercaptoethanol, 1.25 ml insulin and 80ml
basal medium is added and the pH is adjusted to 7.4. This conditioned medium
contains unmeasurable level (less than 20 pg/ml) of Rab-LIF as determined with
the ELISA for human LIF of R&D Systems (Minneapolis, MN, USA).

Basic medium, conditioned by the Rab9#19 fibroblast cells, is collected

30 for 4 consecutive days as described for Rab9 in Example 2. To 1 liter of
conditioned basic ES medium (from the mixture of the 4 collection days), 80ml|
fetal bovine serum, 17ml non-essential amino acids, 20ml glutamine, 6.3ul p-

mercaptoethanol, 1.25 ml insulin and 80ml basal medium is added and the pH



Laboratories Inc., Burlingane, CA), or for the absence of vinentin and 15
cytokeratin (both Dako A/S, Denmark). Only ES cell lines, which consist for
nore t herwB®3wsfi7undi fferentiated cell s are mai ntai ned | nPCUIBRO2/@019&ENT | ched
basi ¢ nmedium alone did not allow ES cell derivation. ICM outgrowh rapidly
differentiated before or during the fi r(g_}7 passage (Figure 3E and Figure
4E). 20 Table |: Efficiency of muri /N ES cell|l derivation Culture

nedi um Nunffep b’ﬁt%Fﬂ)gr“ cﬁab%@s@&%f)g fEEOElé‘FT cells,wgicheRaye RgeBaStably
establ i she [ e di um
with 26 6 g 3% agéfeﬁﬂtﬂﬁﬁlénrggﬁﬁﬁg?%'g"b%'%%ﬁ&éﬁ bas?“?‘ﬁ@ P%’?ﬁ%ttge 21 6
28% added uaatb -30 Ro/bilfdalyndf FEm‘ L th edtheasiediume dis .dateinined 2vith thedk L kR éat

Rab- LI F 20 Ltione 3 7 48% Rab9 fi br-obl ast
cell's Basi ‘5??35@3%%5%8 @ﬂ'%a@og@%"‘t fﬁéj’ﬁabg #19 1ibrobl ast cel |
l'ine V!s\en eit herhenbuésm stsFarer alRaéd o iachd@ethe faddes |§er Q’m@dcmﬁec

medi um WO 03/ 054170 PCTYBEOZI 00196 28 the efficiency of ES

deri vat i onmesiveds safresethpyaryiday Afier 2ppraximatels 1 W@%’Sﬁgégﬂurﬂ?héﬂ%i@ﬁﬂm ency

of ES cell ﬂfdré\éﬁt eﬁofbrﬁ'g&& ‘?rjo}'rb%e o h@gto rlhagpd taft% n[g{agﬁ?za?gg&% de The

efficiency o rTvacion increased 1o approxi en Rab9
condi t i onedntedi naw \@8swel etisH noVéredab&lera:fbemfere@mg@‘nmmrr@cmr Cagddlestetl F. A

simlar ES cell er vatl i ci enc s obtaj ned when basic nedi um was
condi t i onefYinen! Snif@é\%éqel”slqr%é\ggﬁﬁqwt REtalY PasrRsyenteuardelb- LI F.

Vhen bl gst eeuﬁﬁesdw%e Fltth L3786 M IRRE] th@?cﬁ lt'é“ﬁ?’b%&éé’éh‘?%%”n%%r%
established ES cell lines is counted for each of the culture conditions. The
undifferentiated character of the established ES cell lines is determined by
immunochemical staining for the presence of alkaline phosphatase (Vector
Laboratories Inc., Burlingame, CA), or for the absence of vimentin and

15 cytokeratin (both Dako A/S, Denmark). Only ES cell lines, which consist for
more then 90% of undifferentiated cells are maintained in culture.
Enriched basic medium alone did not allow ES cell derivation. ICM
outgrowth rapidly differentiated before or during the first passage (Figure 3E
and Figure 4E).

20
Table I: Efficiency of murine C57BL6/N ES cell derivation

Culture medium Number of | Number of
blastocysts ES cell lines
explanted established

Number %

Enriched basic medium 21 0 0%

Enriched basic medium with | 26 6 23%

added murine LIF (1000 IU/ml)

Enriched basic medium with | 21 6 - 28%

added Rab-LIF (10ng/ml)

Enriched basic medium with | 22 5 23%

added Rab-LIF (20ng/ml).

Basic medium conditioned on 35 17 48%

Rab9 fibroblast cells

Basic medium conditioned on 18 9 50%

the Rab9 #19 fibroblast cell

line

When either murine LIF or RabLIF was added to the enriched basic medium,



Rab9#19 fi broblast cells (Figure 3C and D), there was a facilitated
outgromh of 10 inner cell mass cells. In enriched basic nmediumw th added
muri ne LIWOms/oRamo LI F, partial differentiation of the i nneCT®mHoR/omes or
outgrowt h of throphectodernal cells was seen (cfr Figure 3A and B).

Al ready after one passage, a difference,yvas observed in the norphol ogy of

ES |1 lonies .in different culture %\?a. nri ched basic oiu wth 15
added nu(r:?ﬁrgg STagRA OF £ SR eewtmd'réye@%ﬁ_ﬂg_tqi%@r%ma%'mﬁ{dw ateEs
col oni es, %b%ﬁéé?erﬁésgﬁf&fe C@Sdfﬁg%;%élu%rﬁ%ﬂeh_twm%ﬁhéﬁwlﬂam% & ra%%h%@ﬂ

fibrobl ast ce (Frgure 4C an resul ted in three-di mensional cell
col oni es. WasrcdraparablendiieleffigiepcyobldSatdll degiveominaseadsdd tor approzineatelf t er 1

assage (Fi e 4A), Jhe results descri bed abqve, wer relimnary results
bbt ai ned aPEdt WERERREY GPhIBEned e WS 4S80 RIS aPsFiG afedodensisy | <
were obtai peddaetviefn ASsintiRk ESREI derivBfiéh efficlécycuWal | sbthined fviesh ®agices ar e
summarised in table Il. Table |I1: Final efficiency of nmurine C57BL6/ N ES

cel | derivaiedumatwas oongitiened withc e uRabo%49cdelludivenewhish Neeasetedof

Nunber of Ligeysts lines established explanted Nunber %
enri ched bgﬁpgs‘%r@%”éaﬂr:{nggfqg 0% enriched basic nediumw th added 26 9 34%

nurine LIF (1000Vhes blastemystsoert didkired iredasiormedibractstetitidrada o2 Rab93&% WO
addod. Rab- REPORTABIONRR RIBGIAHS a8l CHeUIEImYEom A e¢ BAled GHOFBARD o5 1
b obl S rfcehhih D9 GRACHE 080 AR R BRRRE E i, 113,
undi f f er enLifat epardabt diffedentiatignat ofl ethet bhepaseligevassere cmrgioddhedofas
establ | She%rgghggtlolde}r%glecse'lls was seen (cfr Figure 3A and B).
Already after one passage, a difference was observed in the morphology
of ES cell colonies in different culture media. Enriched basic medium with
15 added murine or Rab-LIF (Figure 4A and B) gave rise to rather flat ES colonies,
while the use of basic medium conditioned on Rab9 or Rab9#19 fibroblast cells
(Figure 4C and D) resulted in three-dimensional ES cell colonies. When basic
medium was used all cells were differentiated after 1 passage (Figure 4A).
The results described above were preliminary results obtained after 3 weeks of
20 culture. In a couple of instances, ES cells were obtained between 3 weeks and

2 months. The cumulative frequencies are summarised in table Il.

Table II: Final efficiency of murine C57BL6/N ES cell derivation after 2 months

of culture.
25
Culture medium Number of | Number of ES cell
blastocysts | lines established
explanted
Number | %
enriched basic medium 21 0 0%
enriched basic medium with added |26 9 34%
murine LIF (1000 IU/ml)
enriched basic medium with added Rab- | 21 8 38%




When either nmurine LIF, long RabLIF or 20ng RabLIF were added to the 5

enriched basic nedium efficiency of ES cell derivation were 34% 38% and
36% r espewDIo3@b4170 The efficiency of ES cell derivation w PoT@EREr196ruri ne
or rabbit LIF was conparable. An ES cell derivation efficiency of 51% was

obt ai ned when Rab9 conditioned nedi um% used in the absence of

endogenous |nn n'F'Fl r\| nnr\\)L r)f 51 06 was

obt ai ned 1pLEnEWNg4A8lc rredl um was condl tioned with the Rab9#19 cell 1ing,

whi ch secr Vgﬁﬁ? é—HlBgQ% ﬁldﬁ?muf(r'ncﬁdd if eremnces |§(51Wove 5, 61%—are
quare

not statistl ca y SIg I'cant anal ysi s, ar t her
enbodi nent llEF QZﬁ)ng/reE)cond illustration of this invention, the|blastocysts
wer e obt ai ped—fromthe-natural matinagof L\/B/ Ntacf B (Taconi Germant wn,

NY, USA) n| R@sica geiugh FHBH'HQF%‘ alonrraB?hg oP BALB/ cAdRTact Br '(H‘éwbonl c)
The Dbl ast oC¥Siohlast@Efls Cul tured with basic medi um conditioned pn Rab9

fibroblast|cells according to exanple Il. {20 The basic nedi um was conppsed
of : 500 ni | D&M m;egwnglqurtd&i@nemormhefﬁaw H&vi ne sendrh 13ml| 61%

penicillin 13rr1 gl utam ne, 6./31 (3- nencaptoethanol, and {13m
non- essent é égﬁ{oﬁ)gysjcq Hg Enri ched basic nedium is|basic nediumto whjch

anot her 4% (v: V), tgiall, AW BS cerimes WhrR#0eMailes nﬂ)aﬁummwmtee%tte' oned
by the Rab9 fibroblast cells is obtained as 25 illustrated in Exanple II.
To 1 |iter dofing @hipast JAdRsEages WBemsisigered aemstatélshedﬂsxcél lsfest he 4

col l ection days), 80nil fetal bovine serum 17m non-essential W) 03/054170
PCT/ BEO2/ 00196 30 am no acids, 20m glutam ne, 6.3l (3-nercaptoethanol,

1.25 m i nsul i nveneh 8findr mbaﬁetlmEIUngrRabLI&ddeZbr@RabhlﬂF WEtestid RAtheo 7. 4.
This conditioned nedium contains unnmeasurable | evels (less than 20 pg/m)

of Rab- I FeREchrRA basicnmediyint gffigrnc 9fshaSt eell Wegruation wese b 38% ang
M | | Tabl
BT oPare Pepecitly, e emckdy o¥ EX R deREkEn Wi SiBeR duthiorce” ©

strain NurrhabbnbfLIIBI was coamnpaldinide AnoESESel elérivatives efficigrianioéds 5t alalsl shed

% FV| 4 BAL B 15 44
number % {a ine v%her? Rab /cgngltloned medium was used in the absence of

endogenous or added LIF. An ES cell derivation efficiency of 61% was obtained
10 when basic medium was conditioned with the Rab9#19 cell line, which secreted
endogenous Rab-LIF. These differences (51% versus 61%) are not statistically

significant (Chi Square analysis, P=NS).

5. Further embodiment

15 In a second illustration of this invention, the blastocysts were obtained
from the natural mating of FVB/NtacfBR (Taconic, Germantown, NY, USA) mice
and from the natural mating of BALB/cAnNTacfBr (Taconic). The blastocysts
were cultured with basic medium conditioned on Rab9 fibroblast cells according
to example Il.

20 The basic medium was composed of: 500 ml DMEM high glucose, 70 ml
fetal bovine serum, 13mi penicillin/streptomycin, 13ml glutamine, 6.3ul B-
mercaptoethanol, and 13ml non-essential amino acids. Enriched basic medium
is basic medium to which another 4% (v:v) fetal bovine serum is added.

The basic medium conditioned by the Rab9 fibroblast cells is obtained as

25 illustrated in Example Il. To 1 liter of conditioned basic ES medium (from the

mixture of the 4 collection days), 80ml fetal bovine serum, 17ml non-essential



The bl astocysts are allowed to attach to the feeder |ayer. The culture 10
mediumis refreshed every day. After approximately 1 week in culture, the
| CM out gwowBlsd130 removed from the trophect oderm and aft epCtrrBRog0e9g at i on
passed onto a new 96 well dish covered with a feeder |ayer of mtonycin C
arrested nurine fibroblasts. The ES ceﬁdﬁs are subsequently gradually
passed onto larger culture dishes wth feeder layer. After 2 nonths of

cul ture, tlReinaabEs, 8@”‘15'%@1121@1 Bshd #-msreaptoethpnels 1|2£5 @b insuba angr80malch of

ines 1 o dbpeFridanby ErAERGERemeca SOEbBH By #or "o RE R ueR
al kal i ne phkoatias aﬁmeéaw@tbmé & Ao (RO Ithas Zmﬁg/mZBurRémmS @t)armmredf or
t he absence of vinmentin and cytokeratin (bot A'S, Denmar k)

cell lines W'WE@%WF@“H@%U&O&B@P Swstem&w'@neap% MN LHSHY f‘é’h@ﬁtl at ed
state (gor @ullfyl*@&@ ch)g thggﬁ_ﬁﬂtl ated cells) during at least 10
ere

passages, consi as established ES cell lines. The basic nedium
conditioned by the Rab9 fibroblast cells allows the derivation of

enbryoni c e from.t | | LB/c strain.
After two ﬁ%ﬁ{gnlil'b‘hscé?ﬂc[yﬁféégcg ESBYMO@ﬁ%’II ?’:l%ib/gﬁ@'c@ount ed for 25
the FVB/ N Siowis8 safh 15 ES dallimbeRes of OF HiAc RS BNurgbér@bn-ES Tieh hrﬁH%J es
an overal| derivation effidiency of respectively|40% and 44% EXAMPLE 4:

Gener ati on| of chineric and E?Wdzaﬂtederl ved ani mal s evtabtbsh%mm
PC-I-/ BE02/03196 31 ‘Thc d.bl I | l.y UI L IIC I:Q L;CI I S LU III 7€ L IIC \jg/ III I I Of
a host enbryo can be tested by injection of theseg nég] L1 1's intd host
bl ast ocyst sSFv@yNby their agdgregation w th norula{gtage diploid|ggbryos or
4-celled tetraploid enbryos, | and inplanting these chinmeric preinpl antjation
enbryos int BAbBéQJdopr egnant 534 ost er reci pi ents a¢ dér ding to st addar d
pr ocedur es—Therestutting—chireric—of-fspring—canbetest—bred—+or—gernl i ne
transm ssion of the ES cell genone. 1. Blastocyst injection of ES cell
clones The abil The Isthstobgstesdrebhliehed t&Eteeh! tol tHeefedde® Majdre To/ Bltere FVB/ N
and 10 BALB/c m ce to colonize the germine of a host e Iyo was tested by
i nj ectlBn mgdivRds éefezshad everyiay. Affies appoodmataly d wask iyeultyrer hensiv

bl ast ocyst i i egnant
footer ot RurOwtl FELARb2d Hon? ind AR feEWHRTiY' SrfiaRey Sgh gy ees

esti mat i onoafo ahreevp@6cwsl alish cobéneslr withng( feetler daydrr ofomnitoarycdf Ct Agesi8dcel |
genone to the, cell lines fromnouse strains with

col or ed Cogpglrk%%gﬂagﬁ;)tr{n%%é?c% Ié@{%@%ﬁﬁequently gradually passed onto larger

culture dishes with a feeder layer. After 2 months of culture, the number of

15 established ES cell lines is counted for each of the strains. The undifferentiated
character of the established ES cell lines is determined by immunochemical
staining for the presence of alkaline phosphatase (Vector Laboratories Inc.,
Burlingame, CA), or for the absence of vimentin and cytokeratin (both Dako
A/S, Denmark). Only ES cell lines, which we were able to keep in culture in an

20 undifferentiated state (more then 90% of undifferentiated cells) during at least
10 passages, were considered as established ES cell lines.

The basic medium conditioned by the Rab9 fibroblast cells allows the
derivation of embryonic stem cells from the FVB/N as well as from the BALB/c
strain. After two months of culture 8 established ES cell lines are counted for

25 the FVB/N strain and 15 ES cell lines for the BALB/c strain. This implies an

overall derivation efficiency of respectively 40% and 44%.

EXAMPLE 4: Generation of chimeric and ES cell derived animals




Swi ss Webster bl astocysts, whereas ES cell lines frommce wth white fur
(BALB/c, FVB/N) were chinerized with black C57BL/ 6N bl astocysts. Germ i ne

t ransm sswonses4ivine ES cell genome was then tested by croPsiTrEEoROEI6
percentage chineras with Swi ss Webster or C57BL/6N mice, as appropriate, to
20 establish the ES cell line derived coat color in F1 offspring.

Bl ast ocyst injection was carried out us?lng day 3.5 blastocysts collected

fromthe uteri dhesahildy ®fdheEsicelsmia exJomige the germinaiof B hgst @sarymean f
( “roﬁ_e[‘j egp gefsg%dng% uﬁg&gdr%‘@f th§§8€é§‘c’)§é|%t § ng(ﬁﬁigb&%?%ﬁé@é?ﬂ %keﬁ{e'.ron 0

7.5 re serum-gona r opi our's, M)
25 fol | owedggyegatipacwitomarilaZstage. diploid ehbrpes oh d@r¢edl@dctetraniuio ensryos,
(Pregnyl Organo , Os8s, The ,therlands} after a 48 hour interval. The
col | ect ed 2HPaERRIRYHS thRsSe © i Pr R Iaiation emRyPe dNich PREGIGRIBITAM

( Eur ogent eggstebndeipicrte @eokding! fo dtamidrd froce8lifes | Ties %Dﬁn@aéﬁiﬁgﬂ: two

days before mcroinjection on bare 30 gelatinized dishes. At~the y of

m cr oi nj ectoffspringear beitesidsreddoregemylmsi transmdissinntdi tie Eeelt ggreame.1nM EDTA
(I'nvitrogen) for approximately 2 mnutes at 39C. The new conditioned cell
cul ture nmedi um was added and the suspension was WO 03/054170 PCT/ BEO2/ 00196

32 pi petted, Blafosbdafection ofES ceflclorgdspension. After centrifugation (1100
rpmimin for 5 mnutes) the ES cells were resuspended in the new

condi ti oned cel IThecRilityoé thegsiablisher kptelbinesdcomtheHeSTRIZAbEVEIN and
g et . e et i o
S Straie GAUEE oS WRDIGR WEEGIIrVof FHEEL o uas Rt higtidiDHee

Swi ss Webof dhese &S cetl lofesESftee!1Dsonmore cpassiaghs aintdhibost disxtodys¥/aNd

BALB/ C) into , host blastocysts of black C57BL/6N m ce. After injection,
bl ast ocyst §MRkEN t'ornePﬁﬁ'P EHIME1%B SHMAYPH YIS BSPHIRIEANABY FPStFr TEheFSer us)

into 2.5 d Syu ; to
Vasact oni 2o, RARYOE R R a e N Pl a0 Nl SRTRR M aaRE Bt HebaclRiagd
i nj ect ed i shimeiens ¢i.e.\asidriastionl efshe &S cell geneme teird@Ichéhe®Soffgpring)i B8 was

abl e to_.generat chineric pups after blastocyst, .inj Lon inta bl astocysts
of svi 33 WeBLibEs ol Molie Hiahs Wefl oaloB) 6318 e RLiRN IR iRl ine
transni ssi Gwigd WWebstep Biastecydis hvblaréty EENlcapainel IBfaite Wit Wik Ygbst er
m ce and additional testing of the germine transm ssion capability is
per f or ned. (RARB/F\BBINY Wwerectimenzes/mith black C57BL/6N blastocysts. Germline

transmission of the ES cell genome was then tested by crossing high
percentage chimeras with Swiss Webster or C57BL/6N mice, as appropriate, to
20  establish the ES cell line derived coat color in F1 offspring.

Blastocyst injection was carried out using day 3.5 blastocysts collected
from the uteri of superovulated females by flushing with M2 medium
(Eurogentec, Seraing, Belgium). Superovulation was induced by injection of 7.5
I.U. of pregnant mare serum gonadotropin (PMSG, Sigma, St. Louis, MO)

25 followed by injection of 7.5 [.U. of human chorionic gonadotropin (Pregnyl
Organon, Oss, The Netherlands) after a 48 hour interval. The collected
blastocysts were washed with and cultivated in M16 medium (Eurogentec)
under 5% CO2 in air at 39°C.

ES cell lines were passaged two days before microinjection on bare
30 gelatinized dishes. At the day of microinjection these dishes were trypsinized
with 0.25% trypsin/TmM EDTA (Invitrogen) for approximately 2 minutes at 39°C.

The new conditioned cell culture medium was added and the suspension was



ES cell lines were injected into C57BL/6N bl astocysts. For each of these ES

cel l lines fromthe FVB/N strain as well as fromthe BALB/c strain
chi meri c Wops/0s41e6 e born after injection of into bl astocy®C3/BH2/GHISL/ 6N
m ce. Seven FVB/N 20 ES cell lines and five BALB/c ES cell |ines have shown

germine transm ssion capability. Addi 7iona| testing of the gernline
transm ssion capability is performed. Table |V: Production of chineric
m ce aft er pingtiesttodiodtcesaisinglgwel tseispension] Alenesrtiioation (EH3BIBiNES

cells, whi ' I e ' [ ' AN on
Rab9 11 br oftas: (TLES), U EXLR, et SedlsdenBRi, ) 1A eBRdRbhed e
germ i ne Naltuienediuedabd kepCat/B(ONABeidcuktdd 5 C57BL/ 6N#39 10 37 11 6
C57BL/ 6N#29 17 36 4 4 C57BL/6N#6 15 24 2 1 C57BL/6N#29 22 26 5 5

C57BL/ 6N#G 19 34 ke P 196 16 44
o o oo eni Doy inediaaRatch B P PO 20355 i Pht fRe70 2
16 F1/ 25C53BameNmdh16olered cdatsCRCBIBE/Ny1ihtd Thast HidsiecysiS768f /ahine 3Wisd9 8 3
F1/1 C57BL/ 14 .30 7 /1., C57BL/ 6N#10 19 .31 8 4 .
Co 7L/ ne1SVaBsist hicS ottt Sl T M a3 SortHEME R BALRS) dnteeneoa
17 36 5 4 MbbR bldBtSNH 181038 @57BL/6K GHEBLGHInER5R, Bidstdlysls were
C57BL/ 6N#9 11 43 9 1 C57BL/6N#11 18 69 11 11 F1/1 .
reimplanted (7-8 blastocysts in each horn of the uterus) into 2.5 days
pseudopregnant Swiss Webster females, previously mated to vasectomized

10  males.

Eleven different C57BL/6N ES cell lines were injected into Swiss

Webster blastocysts. Every C57BL/6N ES cell line was able to generate
chimeric pups after blastocyst injection into blastocysts of Swiss Webster mice.

All C57BL/6N ES cell lines have shown germline transmission after crossing

15 high percentage chimeras with Swiss Webster mice and additional testing of the
germline transmission capability is performed. Nine FVB/N and seven BALB/c

ES cell lines were injected into C57BL/6N blastocysts. For each of these ES cell

lines from the FVB/N strain as well as from the BALB/c strain chimeric pups
were born after injection of into blastocysts of C57BL/6N mice. Seven FVB/N

20 ES cell lines and five BALB/c ES cell lines have shown germline transmission
capability. Additional testing of the germline transmission capability is

performed.

Table IV: Production of chimeric mice after injection of Swiss Webster
25  blastocysts with C57BL/6N ES cells, which were derived and cultured with basic

medium conditioned on Rab9 fibroblasts.

ES cell line No. | Passage |# blasts |# pups | #chimeras | germline
No. injected | born

C57BL/6N#3 11 48 10 5

C57BL/BN#39 | 10 37 11 6

C57BL/6N#29 | 17 36 4 4

C57BL/6N#6 15 24 2 1

C57BL/6N#29 | 22 26 5 5

C57BL/6N#6 19 34 8 8 F11




Co57BL/ 6N#11 19 31 8 1 C57BL/6N#29 25 32 14 4 M2/ 2 F1/1 C57BL/6N#3 19 54 10

3 C57BL/6N#9 15 27 3 2 C57BL/6N#29 28 43 17 7 M2/2 C57BL/6N#3 23 41 15 2

ML/1 Co5MBD/BN&MT0 22 13 6 1 C57BL/6N#9 18 42 12 1 C57BL/ @&#AK30046 11 1

FO/1 C57BL/6N#39 9 103 24 14 ML/1 C57BL/6N#24 15 31 9 6 ML/ 1 F2/2

Co57BL/ 6N#39 12 14 7 3 C57BL/6N#19 13 56,20 7 M2/ 2 F1/1 C57BL/6N#24 14 13 5

5 M/2 M rrline transnission via maf® chineras F: germine-transni ssion
CoTHLGN: T

via femal e /By 1iBe va- 4ducti ohlof chideric nmce after injlection
of C57BL/ 6| DISASLNEL4E | WAt h FVB/ MES ce|llls. which were derived and
cul tured W C57BAHGNENEII dih condj 88oned pm2Rab9 {bBbrobl asts. ES cell |line
Passage #bl eS7BL#GN#®E3 bopn #chi ne42as ger ppne Npi16No. inj estigd FVB/ N#7 10
16 7 4 M2/ 2csh7ublefiEs 11183 8 7 [ppther gged) FVE/NFI1 11 30 6 6 M3/ 24 o
FVB/ N#2 13 I 0370 70 PCTHREOCZ2/ 00¢96 34 FVB/ #2314
M2/ 3 FVB/ %Ei%% ;'YEZ F ’6“1?\;‘#3 t ;‘?8 36 5\/‘5‘/ N#18 1%1116 5-3
FVB/ N#35 15 H BINE2P- 1758164 —FVBFNEA- 47213414 WA/ 4
C57BL/EN#: 14 30 7 5 M1/1
C57BL/6N#10 | 19 31 8 4 F1/3 M1/1
C57BL/6N#19 | 12 31 4 2 M2/2
C57BL/6N#10 | 18 45 16 12 F1/6 M1/3
CS57BL/6N#24 | 17 36 5 4 M1/2
C57BL/6N#11 | 18 45 11 6
C57BL/6N#3 18 53 8 4 M1/1
C57BL/6N#9 11 43 9 1
C57BL/6N#11 | 18 69 11 11 F1/1
C57BL/6N#11 | 19 31 8 1
C57BL/6N#29 |25 : 32 14 4 M2/2 F1/1
C57BL/6N#3 19 54 10 3
C57BL/6N#9 15 27 3 2
C57BL/6N#29 | 28 43 17 7 M2/2
C57BL/6N#3 23 41 15 2 M1/1
C57BL/6N#11 | 22 13 6 1
C57BL/6N#9 18 42 12 1
C57BL/6N#29 | 30 ' 49 11 1 FO/1
C57BL/6N#39 |9 103 24 14 M1/1
C57BL/6N#24 | 15 31 9 6 M1/1 F2/2
C57BL/6N#39 | 12 14 7 3
C57BL/6N#19 |13 56 20 7 M2/2 F1/1
C57BL/6N#24 | 14 13 5 5 M1/2

M: germline transmission via male chimeras

F: germline transmission via female chimeras

5 Table Va: Production of chimeric mice after injection of C57BL/6 blastocysts
with FVB/N ES cells, which were derived and cultured with basic medium

conditioned on Rab9 fibroblasts.

ES cell line | Passage | #blasts #pups born | #chimeras | germline
No. No. injected
FVB/N#7 10 16 7 4 M2/2
FVB/N#28 | 11 13 8 7 (mother

died)
FVB/N#11 | 11 30 6 6 M3/3
FVB/N#2 13 30 6 2 M1/1




FVB/ N#18 24 18 6 1 (died) M germine transm ssion via nmale chineras
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Table Vb: Production of chimeric mice after injection of C57BL/6N blastocysts

with BALB/c ES cells, which were derived and cultured with basic medium

conditioned on Rab9 fibroblasts.

ES cell line | Passage | #blasts #pups born | #chimeras | germline
No. No. injected

BALB/c#12 | 10 30 3 1

BALB/c#9 11 53 8 5 M2/2
BALB/c#9 15 | 61 6 3

BALB/c#11 | 16 49 10 8 M1/1
BALB/c#4 16 36 3 2

BALB#12 18 64 10 9 MO/2 F1/1
BALB/c#4 20 14 12 7 M1/1
BALB/c#4 14 30 8 8 M1/1
BALB/c#11 | 22 15 6 5 M2/2
BALB/c18 12 24 8 3 M1/1
BALB/c#11 | 27 36 3 3

BALB/c#3 17 29 8 8

BALB/c#4 22 42 13 13 M4/4
BALB/c#18 | 18 16 3 1

BALB/c#18 | 20 29 8 1

BALB/c#25 | 28 14 4 4

BALB/c#3 24 17 3 1

M: germline transmission via male chimeras

F: germline transmission via female chimeras

2. Diploid aggregation of ES cell clones

The diploid aggregation method can be executed as follows. Swiss

Webster (albino coat colour) females are superovulated with pregnant mare

serum gonadotropin followed 44-48 hrs later by 5 units human chorionic



All ES cell lines tested are derived frommce strains with a coat col our,
facilitating identification of chinmeric offspring. 5 Zonae pell uci dae of

t hese 8- cwblo3ms#age di pl oid enbryos are renoved by treat meoct/BEo2/bo1a¢i d
Tyrode's buffer. The zona-free enbryos are washed and placed in M6

medi um Aggregation is perfornmed betweepn_one 8-cell stage diploid enbryo
and a clunp of ES cells. The aggregates’are cultured in mcro drops of ML6
until the BRA3EEEQRHIN. Jhggevideets af QW@yO\é#'@telde?’h%Ir%?f?édSW%oV\ielbéterlﬂ'J'Q@t er us

nor s of 225 43l a ousn e BRaloniheth WARTEE el BBl G LIRS RS o ©

identified resence o = non a
ori gi nat ed Aﬂlr &8 mllElSm&settéstedrmel bativexh. froThempm (stratra;gwntd)f a coatreologim)

(portion of e.ne |nat| fromthe ES cells) is visually
i dentified f"i’)‘i} Fﬂﬂ%%tgﬁgt'&?g SHggE Ogggﬂﬁgk coat (originating fromthe ES
celI's) 35 conparRfhakpdiRidaei sfethesats-¢ar h@g@a&bﬂﬂd Wé@%r@'r&h%@e@‘ﬁyss
Webster enbryo). 3. Tetraploid aggregation of ES cell "clones Conpletely ES

cell deri véf@aéfﬁ’@ﬁ'ywhcaﬁdb rge@srkufar \Tl'ﬂé Wﬁgatemhm@s arehwagie¢ ands wi t h

tetrapl oi d el I and
subsequent P y aggr ega%%(;?;‘n as 'gj-' c”w%w dﬁéﬁgér%ﬁgggb\n (;élE%Fa Sl1s to
f or m chi medigloiendmbog amdiliacuuafpeoﬁ ESmeII&pW&etaagbregaﬂeswéQﬂnt@gétam micro

reci pients., The I'1s excl usively contribute to the devel opnent
of the enfFRS Bﬁ%i “”é' Stt ¥Shtea&l beddresthey angateimplanted dter the

embr yonhe ERBIHAGs ofB 5. Pbé’&fdotp‘?eggi%?g'swgé felglrRamLoe ES and

tetraploid cells, host e ryos (use r aggregation) are derived fromthe
ROSA26 strain, \ﬂhlmlerlemwsaaudanaﬁezdm thw pmsghyeaofda tdarko g hwart attieo)ent i r e

devel opnment__and adul t hood. .The. ovidu uI ated and t ed A26
nce are flcﬂ@"éd V@ECW ”%Uf"?tgp frf’ ﬁrhgﬁs Qfﬁ”tﬁ OEh CoMEECYBAAT?'r opi n
to coll ect chahéridmGpégioh ¢itRefewddreFapyos EW%% fhe BX qdI¥PisS%aIRi on of
henmat opoi eti c st enrwgel | s from 3 r| ?31 co‘?lcrj1 bl ood V\g 03/ 054}?7S ﬁ,l

PCT/ BE02/ 0tserdified dy1judoins ﬂhedzeﬂm@raiage 5if segk coaBjoriginatiagt frem.thafEES cellsif or med
oapi T4 Castarepls BREYAIE bbb Rt hy Mot s e R RS e ek aur o
used for UCB banki ng. The procedure consists of inserting the 16
3. Tetraploid aggregation of ES cell clones
Completely ES cell derived embryos can be generated via aggregation of
the ES cells with tetraploid host embryos. 2-celled embryos are electrically
20 fused, and subsequently aggregated as 4-celled tetraploid embryos with the ES
cells to form chimeric embryos, which are then implanted in pseudopregnant
recipients. The ES cells (almost) exclusively contribute to the development of
the embryo proper, and the tetraploid cells to that of the extra embryonic
membrane.
25 In order to distinguish between the ES and tetraploid cells, host embryos
(used for aggregation) are derived from the ROSA26 strain, which expresses
LacZ ubiquitously and throughout the entire development and adulthood. The
oviducts of superovulated and mated ROSA26 mice are flushed 36 hrs after
treatment with human chorionic gonadotropin to collect late two-cell stage
30 embryos.

EXAMPLE 6: ex vivo expansion of hematopoietic stem cells from umbilical cord
blood




5 gauge needl e of a standard 450-m bl ood donor set containing 35 m of
citrate- phosphat e-dextrose-adeni ne (CPD-A) anticoagul ant (Baxter Health
Care, Dewofisebd7olL) into the unbilical vein of the deliyer@kopb@oent a and
letting UCB drain by gravity into the blood bag. In all the case, blood
sanples were processed within 24 h aftﬁ{a harvest. For each bl ood harvest,
aliquots were set 10 aﬁart for. routine emat ol ogi cal analysis (Cell-Dyn

3500 Systerﬁu'ﬂ%’é'?{’l orgrfiood (RO SRERIYpi ng of haenat opoi etic progenitors.
2. lsolation of o] ( aped -3 B rdehid i

Mononucl ear cel ﬁg@?wﬁ@h\% e&ﬁégﬁta’tt Q@‘QE? ?lél uting flﬁle{elgﬁ‘?fdfmé%g%é \%rei n 15
phosphat e- lcofl¢ced it 3 Hoept#BES3sthdsberg BRUvet Beldgiurs) totidwingvihe siandardyer i ng

30m portions over 1 of hopr epTM cqnmed, Csl o, r .a.These
sl b werBoxadiire i EER oL GH BRGHS T SRESEUR oS oL RRERpbune! B
interfase gatbenecdoflgpRt@idRidas0r@Ablbadbriorldes coptaningldsest eflcitiadshed
and positively i munonagneticall %/q\ﬁganrl ched for CD34+ using the MACS CD34

Pr ogeni t or POepPhate-dexgoserasienie P+Anyantispagelant A(Briter deglthcE8f®li ng to

t he manuf a i UG 2B et pended
nCaan £ SR, k&B?ﬁ{% ?Eee'ﬁ?r“ﬁ?[:3@‘3’%@%@%&%@@%@%%qﬁ;ﬂgﬁa‘%ﬁ
(Fraction MraiBi bgyregraviymdntonithdEidod Qed. sinwall ethiehease N bldoat edmpléd veareant i
CD34 anti body coupled. to MACS micro beads in the presence of a bl ocking

r eagent . L%éqeéaeaé/y'ﬂan W Ig_a%rﬂaﬂeét.e%)rt ﬁ?%afﬁ’og_ Q@Wﬁ?hﬁ%%oﬁé@ﬂea?ﬁf t hen
separatgd yphRor rbittHe Ba8MaENbgicAPERAYLIS ERRANAH 3800°S)stEm Rldetd and 2
strong magnetic field. Magnetically retained cells were eluted.and their
purity was imetusophaeatybingf ofdvaamatopeietig pregenitorsrore t han 95% 30 3. Strona

feeder. The nurine fetal liver cell line AFTO24 (a kind gift fromDr.
Theuni ssen) was nmaintai ned at 33C in Dul becco nodified Eagl e nedi um ( DVEM

G bco- BRL.2, Bomtibrl of Modond@arsetiie (MNCH &1t ODI-+265 FBBickty) one, Logan,
UT), WD 03/054170 PCT/BE02/00196 37 100 U m penicillin, 100 Um
streptonmyci ne, Mananeclear cais dMNahwerg solaed by giteling tgnbutfy €sat ®v inoui s,

1 ool SatBSAAINL SO BB bt BRI AR land T 4l e
( Speci al i t BONMEqgortionsavatet 0ml dlymmroprep T (NyebeehdPslantlomwsgd THesat 37C,
5% Q02 in %ra%eprleé \?/e?et 8gntEiPuega?eré) \é\% EOOO4 ipmoflcl)rt ()rrenir%).le?eelne%tkgg)?tie-ethcin?et ar(?eCel 's.
cells, now depleted of red blood cells were collected, washed and positively
immunomagnetically enriched for CD34+ using the MACS CD34 Progenitor Cell
20 Isolation Kit (Miltenyi Biotec, Auburn, CA) according to the manufacturer
instructions. Briefly the MNC were washed and resuspended in Ca2+ free and
Mg2+ free Dulbecco’s PBS supplemented with 0.5% BSA (Fraction V, Sigma)
and 2mM EDTA. Cells were then incubated with an anti CD34 antibody coupled
to MACS micro beads in the presence of a blocking reagent. Labeled cells were
25 filtered through a 30mm nylon mesh and then separated using a high gradient
magnetic separation column placed in a strong magnetic field. Magnetically
retained cells were eluted and their purity was determined by flow cytometry to
be more than 95%.

30 3. Stroma feeder.
The murine fetal liver cell line AFTO24 (a kind gift from Dr. Theunissen)
was maintained at 33°C in Dulbecco modified Eagle medium (DMEM, Gibco-
BRL, Grand Island, NY) supplemented with 20% FBS (HyClone, Logan, UT),



Briefly, 105 enriched UCB CD34+ cells were seeded in 6-well plates and
cultured during 30 days: 10 1) on bare dish without stroma cells in nedium
condi ti ormwo obgps4ie rabbit fibroblast-like cell |ine Rab9PCABBG2/@GRRé 1414)
2) on bare dish without stroma cells in medium conditioned by the rabbit
fibroblast-like cell |ine Rab9#19 (Rab9#719 is the rabbit fibroblast cell
line Rab9, stably transfected with the’genonic rabbit LIF %eang (15 3) on

bare di sh W0PHmI ramieilia. 48P Wmirstiepterveiaendr M remasgartieetnageh(4-ME,
fibroblast i Ke ﬁ%bho fie SRR N%%lléﬂ?@éu@éu&ﬁ?e{% ﬂ56'<ﬁ4?i2 ‘fﬁ'legk%“t
I prenmented wth I'n. on

stroma cel I's”1'n enfFiched’ basrc nedi um sup i nsu
bare di sh antiuwr 96-welplates (Ralcon, Bedtom Sdckisi rcL atmaa remnN J2 Qrecozded petht ed

o o 0 T BT TSRS, AT T s S |

Recept 05 sqk gt 49 tb26n SRler t3REIHHE giBWaRN  thr onbopoi etin (Tpo). 25
Cytokines (human FIt3 |igand (rhFl t3/F?k2), human | L-6 reconbi nant

(rhl'L-6), human reconbinant |IL-6 Receptor soluble (rhlL-6 sR), human
t hr ombopoi et | T i,ned f,rom R&D Systens, M nneapolis, M\
Twi ce a wegkl,dagg&i §P%?'ﬁgk§8?%cﬁqgﬁhcgﬂﬁr esh appropriate medium Each 5 days

until day 50,Bméflygu’semicheel USBYODBAatsms hede fededeinpetidr prites apt cel |
counts, 30 &t}enotypi c analysis, and in vitro assays (LTC-1C). The trypan

bl ue excl u§HberdWW Ihda¥sed to deternine the total viable cell content
of ex si on qycult S g al I CB I «seeded
Th 6ovall ol zft)egh bark %'Sﬁ‘ﬁ@e é&%ﬁﬂﬁg%ﬁﬁ%gﬁﬁ‘% 88%@%‘;7‘8%&@)33%’%/%0196
38 The results @brabestdikelcetitiparRabin(Aar@C GRwm14i1d) t able VI and figure 5.
After 30 days the total cell nunber had increased 25 tinmes when cultured
' e um  ooldPh A ekt i Rl SR GORHURRES Yo GDblts.
When cul tured i fordBRsstiec@Nding Rﬁ@#f@/(@d@ﬁ@is%é!réb@iﬂﬁ%ﬁaéﬂ'cc%plm’fet hout

stroma cells, an 5 expansion factor of 43 was obtai ned. + S on
bare di sh wit hoflRab$t stalpdy transfected witlr ihelgehdmaisirebbibtifugensuppl emented wi th

B Ty e T

fibroblast-like cell line Rab9#19 (LMBP 5479CB)

4) on bare dish without stroma cells in enriched basic medium

supplemented with insulin.
9) on bare dish without stroma cells in enriched basic medium
20 supplemented with insulin.supplemented with 20 ng/ml human FIt3 ligand
(rhFIt3/FIk2), 20 ng/ml human IL-6 recombinant (rhIL-6), 200 ng/ml
human recombinant IL-6 Receptor soluble (rhil.-6 sR), 20 ng/ml human
thrombopoietin (Tpo).

25 Cytokines (human FIit3 ligand (rhFit3/FIk2), human IL-6 recombinant (rhiL-6),
human recombinant IL.-6 Receptor soluble (rhIL-6 sR), human thrombopoietin
(Tpo) were obtained from R&D Systems, Minneapolis, MN.

Twice a week, cells are fed with the fresh appropriate medium. Each 5 days
until day 50, aliquots of cells were harvested for the performance of cell counts,

30 phenotypic analysis, and in vitro assays (LTC-IC). The trypan blue exclusion
method was used to determine the total viable cell content of expansion
cultures. Originally 10° enriched UCB CD34+ cells were seeded in 6-well plates
and cultured during 30 days.



phenotype. 10 Table VI : Expansion factor of nucleated cells cultured in
different nedia. (Unbilical cord sanple #40) Medium Days in culture 5 10
15 20 25 w0 03889419 nedium -cyt 0.8 1.38 5.4 17.65 15 43 pCRaiE2n0®ds um - cyt
1.8 6.1 8.54 17.59 18.99 25.45 Basic ES nmedium-cyt 0.2 0.14 0.48 2.35
0.35 - Basic ES nedium+ cyt 0.2 1.8 6. 2.43 1.63 Table VI and figure 5
show that HSC and HSP grow significantly® better in Rab9 15 or Rab9#19
condi ti oned cyt dkierEstiieel hedralpReesiopars Ao Nt ble Khand fignwess uhitehi ch
is used forg NaJC | F has
a benefi ci aI0 &%J gb&@r@?ﬁl‘e@@fﬁm on'ﬂgﬁgaggﬁl S rlnés Vgﬁrbz] E&agtgegviqt h l:‘)"9#1
9). 20 5. [ouditienee hyeRacd iceds ed KKawiel diSomithogt SFQEQ) cdllse VED&A cuttetddsinner e

first isolated as descri oV en | abel ed wi 4- FI TC- conj ugat ed
ant i body (@%‘ﬂ%mSQ‘i” Cﬁg@gﬂbg%ﬁ gl on %ﬁ( g'ﬁh ‘é(%h@%gt"?@ac"dﬂ Suﬁlé‘t

ant i body (‘é'x@ﬁﬁsbﬂﬁé’etoPBﬂM@%talﬁ@H Jose, CA) for 15- 20 mn at room
tenperature. Then the cells were washed twice wwth PBS, and 25 then

anal ysed on a FASSEH cellson beve dishowitheyt stRema oallDirckniiched basie n:m;em CA)
equi pped w on r soty tr onj

it B Te SyaPBaIRRT B85 s PRE: withe APy g R ErRal

sanpl es WOJGfrontkléd &Rdr BEOA&PH Id6culifevnaned élak@sﬂ tHeid r@@yao'éibﬂcvails to
count the nlﬁnber of CD34+ cells and CD34+CD38" cells. Table VII and figure
6 show t hatP"§PPWPe30 days of cultivation, the number of CD34+ cells had
increaggd about 3 tines in nediumconditioned by Rab9 cells 5 on bare dish
w thout stroma cells. A simlar increase was observed when the cells were
cul tured i TamVuntxmpardion taotar dfynuRidzded 8elistliltured imdifierentshedial t hout
stroma cells. 4+ and CD34+CD38- cells on bare dish

without stromaf g@?ﬂ'@arﬁ"@rﬁ%% Asi ¢ medi um suppl enented with insulin in

the 10 prERRMGEMOr absence gr the cytokKi Nespagskh@dinfgUl d not be coun ed
due to thelr
5 10 15 20 25 30
Rab9#19 medium —cyt 0.8 1.38 5.4 1765 |15 43
Rab9 medium —cyt 1.8 6.1 8.54 17.69 | 18.99 25.45
Basic ES medium —cyt 0.2 0.14 0.48 2.35 0.35 -
Basic ES medium + cyt 0.2 1.8 6.75 243 1.63 -

Table VI and figure 5 show that HSC and HSP grow significantly better in Rab9

15 or Rab9#19 conditioned cytokine free medium when compared with a basal
medium which is used for isolation and maintenance of ES cells. The presence
of LIF has a beneficial effect on the expansion of cells (compare Rab9 with
Rab9#19).

20 5. Fluorescence-Activated Cell Sorting (FACS)
The CD34+ cells were first isolated as described above then labeled with a
CD34-FITC-conjugated anﬁbody (clone 581, Pharmingen, San Jose, CA) and a
CD38-PE-conjugated antibody (clone HIT2, Pharmingen, San Jose, CA) for 15-
20 min at room temperature. Then the cells were washed twice with PBS, and
25 then analysed on a FACSCalibur flow cytometer (Becton Dickinson, San Jose,
CA) equipped with a 488nm argon laser. Isotype matched controls conjugated

with FITC and PE were used to set the analyzing gates. During culture samples



extrenely weak capacity of expansion. There were not enough cells avail able
for a flow cytonetry analysis. Table VII: Nunber of CD34+ cells (X105
cel | s) duworig/osQ7days of culture. 15 (Unmbilical cord sanpica/Be@polod: bel ow
detection limt, not enough cells available for performng cell . Medium
Days in culture 0 5 10 15 20 25 30 Rabgg#lg medi um 1. 98 - 0 61 0.64 11.18
6.47 6.4 7 Rab9 medium 1. 98 2.42 24 7.94 6.69 6.8 basi ¢ ES
nedl um + deGHQ t?dfeadaboﬁ myﬁdmtwglﬂ it qeat cthEan@@ﬁan@hCer%dc%s #dbhd bd

i nsul i 3:[? okines 20 6. LTG |IC assays. The nost frequently
used met ho or assessmg the frequency of primtive cells in vitro is the
I ong-term d'LabileJr\él and tflgurerﬁ;sbew that Bfter Q0 dagsyof diitivatiohCthés funnivey 6foci  or

" cobbl esto rlmtlve h opoi.etic .cells ip th roma. These
areas quant @ ||SI r?ﬁdt W?ée%ﬁqdu??%ﬁrgé@ﬁénm% digm ﬁ?’ﬂé 6%"%% eellsy s
that geger @tnebéTﬂéS@ﬂsM VIR sir e IcéuéfAesﬁmﬁaM%kéaéém@%l éw&vw v@nen the
hemat opoi etic supportive stroma. LTC-1C has been found in the

fracti on Woel/wga1zatwed/ BEOH@DIsOnditiongd thya Rabid#d Bgeeiisons bal@r dﬁﬁl on of

CD38. Thes nmeasure self- renewal, nmultilineage potential, or
engraftrrent%%%?'g%?orq? ‘“Ié?gprogemtors (de V\ynter E., Ploemacher R E. (2001)

inJ. Biol. RegUhe hombestof B@3AtrsandSCD33+CDB8- celB34rt sl gishr afthout
expansion cultures were plated in 6 limting dilutions of 11 replicates on

AFTOR4- coattHems5 GReF | '”ple&‘f'éeed MR IEniNEGHAT sterplementechWath iRgsdiry il dthe
Dul becgg ”%%é&ﬁc@'%seﬁﬁ@@f@ﬁ@gg@%n% gﬂ%llsc/ 6}5%19{8} EJT% c%d%te'?iocﬁ tosf’%re 000

(Stem Cel | "Technol ogi es, Vancou peni ci
U m  strepestrpoiel, weakicapacty df -eSpansionndhé@ beoe Bi@lt)ermmghlccbllém\&llabler onol

hydrocort|§one CuIEures vverF mal ntained for 5 weeks with hal f-
or a flow cytometry analysis

Table VII: Number of CD34" cells (X10° cells) during 30 days of culture.
15 (Umbilical cord sample #40) bd: below detection limit, not enough cells available
for performing cell .

Medium Days in culture
0 5 10 15 20 25 30

Rab9#19 medium 1.98 - 0.61 0.64 11.18 |6.47 6.4
7

Rab9 medium 1.98 2.42 | 1.94 1.24 7.94 6.69 6.8
4

basic ES medium + | bd bd bd bd bd bd bd

Insulin

basic ES medium + | bd bd bd bd bd bd bd

insulin + added

cytokines

20 6. LTC-IC assays.

The most frequently used method for assessing the frequency of
primitive cells in vitro is the long-term culture initiating cell (LTC-IC) assay. The
LTC-IC forms foci or “cobblestone areas” of primitive hematopoietic cells in the
stroma. These areas quantify by limiting dilution assays the primitive

25 progenitors that generate mostly myeloid cells after 5 weeks in culture on a

hematopoietic supportive stroma. LTC-IC has been found in the CD34+ fraction



medi um change weekly. Mediumwas then conpletely renoved and replaced wth
cl onogeni ¢ net hycel | ul ose nedi um (Met hoCul t TM GF H4434, Stem Cel |

t echnol ogwep/osamsi sting of 1.12% net hycel | ul ose, | MDM 30UTHEES2/0@9&)
erythropoietin, 50 ng/m rh StemCell Factor, 10 ng/m rh GWCSF, 10 ng/m
rh 15 IL-3, 10-4 M 2-nmercaptoet hanol After 2 weeks culture in this

nmet hyl cel | ul ose medium wells were evaluated for then@é’esence or absence

of hemat opdYit # detefogRPe s aWPressioBPT{zD38 o Ehess asysneq 20t Measysp self veI y
LTC- I C frequeagy, V\ﬁﬁltl‘ilﬁeéqﬁ?cﬁé'rhtﬁéle%r @fé?’%ﬁmg?ﬁadﬁfﬁﬁélsépg)déggﬁliﬁg'

After 15 days of cultur er of ncreas when
cul tured i Wymigr Em Rlordiachen&dEb{R2OR4D In deBidd. BagblaHeomeash. Agemtsutd5s23-ona
cells and without the addition of cytokines. Wen cultured in nmedium
conditione?)by Rab9#19 cells on bare dish without stroma cells and w t hout

the addition ofCE@34-okémeHomaskpmBritSE@lréGiers phite@M B litniBnyRRudibned.
The 25 absence of LIF in the conditioned nedium has a beneficial effect on

the expandi! OWP@PaQG&'@" BFEQ24-capted Sewett rlstesc Madivmscarsigad eofdseoves t h(ﬁut
[ o/ W t
or ot oyt odifle® Dlippeth Mgl TRRME Syffle QR M, 12 BT ST 00 o

cells undehorimsserum tfﬂtemcmelll tTe(a:hsologSQs T?!bheonr{ CErxa)@aiﬁ)slt)tll)mD%aUIr?r of
LTCG-1C. (Unbil I #23 t QO s .available due to

o ted or BaniviT, aﬁ@én%ﬁ?ﬂreﬁpw 0r 2 ESToBI b4 ETgameEns AEROBRo 2nth 5 10
15 Rah@#19 Ofﬁeﬂidﬂ%%l ﬂgdl%cgﬂtls%n§5CuﬁﬁF@s el \’H&@ta%_?%fo}% fheek8Siith Rarmedi um

+ * * jnpsulin basi ¢ medi um + |nSU|n+cyt results presentedln
tabl e VI I | ngdiumi gharger wekekir Medgmwwahdhenfdmeehofembved @ndt teplaced

e ot A EeRBBRG elhablosePRRSE Shld ool P BUbR gl 4l e
di fferenti achridlogies) consisting of 1.12% methycellulose, IMDM, 30% FBS, 3 U/ml
erythropoietin, 50 ng/ml rh Stem Cell Factor, 10 ng/ml rh GM-CSF, 10 ng/mi rh

15 IL-3, 10* M 2-mercaptoethanol

After 2 weeks culture in this methylcellulose medium, wells were
evaluated for the presence or absence of hematopoietic colonies and scored as
positive or negative respectively. LTC-IC frequency was then calculated
according to Poisson statistics.

20 After 15 days of culture the number of LTC-IC had increased 18 times
when cultured in medium conditioned by Rab9 cells on bare dish without stroma
cells and without the addition of cytokines. When cultured in medium
conditioned by Rab9#19 cells on bare dish without stroma cells and without the
addition of cytokines, an expansion factor of only 3.8 was obtained. The

25 absence of LIF in the conditioned medium has a beneficial effect on the
expansion of long LTC-IC.

The LTC-IC for cultures on bare dish without stroma cells in enriched
basic medium supplemented with insulin and with or not cytokines cocktail was
not analyzed due to availability of enough cells under these culture conditions.

30
Table VIII: Expansion factor of LTC-IC. (Umbilical cord sample #23) *: too few
cells available due to limited growth.

| Medium f Days in culture ]




5 the nyeloid lineage. The results al so show that the novel Rab9 medi um
whi ch has superior capacities for deriving and nmaintaining ES cells, also
has a supera3os4iper f ormance in pronoting the grow h and n@coTiBEEROOEQGt he
undi fferentiated status of hematopoeitic stemcells and stem cell
precursors. 10 EXAMPLE 8: in vivo assay, for repopul ating HSC. Properties of
HSC are self-renewal , miyltilineage diff ntiation-capacity, and ability
to repopul ate a myel oahl ated| fost. A38ays s1®h as the | ong-term cul ture-
initiating| Beb$#1@mesive) measGr@® t heOBJi 1 t9.88f cellls to generate nyel oid
15 progenitors after a prolonged period inl culture |However, these assays
do not meaRab@medium r enewal | 2rul ti | 1Aeage] pBfentiall, or engraft ment

pot enti al opbasipr &E§ennedum. AsSessnent of the engrafting ability of human
HSC requiressslin ||  requires|transp|lant nodels. Several xenogeneic nodel s
have been dbamt op&d, medinml udi hg trapspl ant@tion transplantation into the
humani zed siggliret cgnbi ned 20| i nmunodefi ci ency (SCI D) nmouse i nto nonobese
di abetic (NOD)-SCID mice the Beige-Nude-Xi d (BNX) nouse and prei nmune

fetal sh describe for. in Lewis et al (2001). Bl ood 97,
3401+ 3440 NEB."GEHES PICEPIGHPJobR Bl e igoieat 6y RO BIIEoUHE W ce

vwere kept gnithaRfiffélehGatist BRSS 6o ePpEntbg el Mthaabbatd 8L AN iEedi fi ed
wat er and 25 autoclaved food. Trimethoprim60 ng and sul f anet hoxazol e 300

mg ( Hof f maMebSameditie dramatieglly pepeper theopotentisleefeheredis dodiffierentiate ineekl y.

At 6 to 8 S, of e re 1,Lradiat i th tq 325.cCy at 57
ey i nSby METNRIGE 1AdEae (HEE SIS 4150 PR8I Pordtir: Fuityfleny,

tail vein ihasestperiorVeagdiid 1d10 dBﬂanEaaﬂoﬁlb%ain% ES Wdlied b ugr @ after
irradiation. Cell doses ranged from25 to 150 x 103 CD341 cells on day O
(i e, uncul SHPBHY™ oPCHAEIE ey BFomAtinGledie cArowiband ofmainiainingedtheel |
on days 7, .u?wﬁiffe?%nt@ed AAudBPESmatdieithd &@ﬁpﬁqgﬁ[aﬂ{d &Em ?%IF@&%F skilled by
cervical dislocation. Bone narrow was obtai ned by ushing 5 fenurs
and tibias with I MDM 20% FCS. Cells fromengrafted aninmals were then wused

for either ry .transpl ant. experi nent ext ended phenotypes. Wen
nmor e tﬂan E%M&gﬁ %&3'1’%%!3% fg@,e@oap@ggj-lé’é. the nurine marrow, cells
from2 fermurs and 2 tibias were transplanted into individual secondary
nouse recipients. Assessnent of donor cell engraftnment was by detection of

t he 10 humihispeties iof Hidhateesdibognewal nniugdineape SiffeBentiationiapaicitg,cand

| munocyt 0%‘5}“?)}/ tos%%%gunféte g%]yéllgggléte%a})\osﬁpﬂgg astseuq:hté)s Meﬂ%&i&?ﬁ Culture-

initiating cell (LTC-IC) measure the ability of cells to generate myeloid

15 progenitors after a prolonged period in culture. However, these assays do not
measure self-renewal, multilineage potential, or engraftment potential of
progenitors. Assessment of the engrafting ability of human HSC requires still
requires transplant models. Several xenogeneic models have been developed,
including transplantation transplantation into the humanized severe combined

20  immunodeficiency (SCID) mouse into nonobese diabetic (NOD)-SCID mice the
Beige-Nude-Xid (BNX) mouse and preimmune fetal sheep as describe for
example in Lewis et al (2001) Blood 97, 3441-3449
NOD-SCID recipients. A breeding colony of NOD-SCID mice was Mice were
kept in specific pathogen-free conditions and maintained on acidified water and

25 autoclaved food. Trimethoprim 60 mg and sulfamethoxazole 300 mg
(Hoffmann-La Roche, Nutley, NJ) per 100 mL water was given twice weekly. At
6 to 8 weeks of age, mice were irradiated with 300 to 325 cGy at 57 cGy/min by

a Mark 1 Cesium irradiator. Transplantation of UCB cells by tail vein injection



I sot hi ocyanate (FITC) or peridinin chlorophyll (PerCP). Three-col or
phenotyping was perfornmed by staining cells with anti human CD45 Per CP
(Becton Woakiosson), antinouse CD45 FI TC (Pharm ngen, SanPDrayo2/0@4, and
15 anti human CD3 phycoerythrin (PE), CD14 PE, CD19 PE, CD33 PE, or CD34 PE
(all from Becton Dickinson). Appropri atg | sotype controls were used. The
frequency of the engrafting human cel]l th the nouse, defi ned as an SRC, was

cal cul at ed 9spuIredi2d rg|a[ftgf ireadiation. @”sdosﬁﬁd'énm fomadedd Wth i ncr ﬁa5| ng
[
ce ”u”bgf[?3@ﬁgﬂ%n€rﬁ gggen 5 Lﬂ%ﬁltﬂt%@%%f 1y egr%‘gtehg%f oh ig0htd RampRr a0 human

20 CM451 c was cal ol sson statistics Fetal
sheep reci mudntesi celisl ctmdeyds ¢eld,onisr Sl)swepbsndﬁdr Rab$plantation i mmedvemrmedi um

Fifty (gro to 100 oup 1),3 103 uncul t ured 41 cells or the
progeny of lﬂ(ﬁﬁé)tﬁyeﬂ?wl?ﬁfg%[ﬂ?ﬁg?n 'fj’o'&eem%r%k%'wm’@sf '?e(jg}y(;h’ﬁhﬁﬂg and 11) or
14 (graup féhlrs8ad tibias Wigy MDRT 209/FES! €lld fibm SnraftBl RRirhsiaYveréthen of
gestation) 25 fetal sheep recipients using the amiotic bubble procedure .

I'n some exsefifaepither seePRef”y tignselant expeneenimgsexended phanstypasit ati on and

BM anal yze%héﬁ’?’qcngrmgn 9% hﬁmaﬂ@DW @Eﬁ&wﬁ% %ﬁpe_%e%f‘ ;t:ﬂ%arﬁf? %?na? ovss:D451

cells for transplant nt o secondary reécipren ani'mal s
wer e al | oweell$ trohezwannreaanld Bmmmwemdaﬁspmmbhsm@fiheividu&ﬂ)s&tmy antati on.
For secondary trans lanté? hunman s were isolated, fromthe BM of

c
primary refPHSEESHISRIS gperisengnt o °”ahae|?n9r§ft”mt&%?sb)é¢‘%t§?t'°’ﬂ PEMEpI ant
by bannpn hukiithspBARE (e leakbeagahl e@o@w@éctéﬁ@m group were

pool ed, analyzed'f con ent and 1 njected 1nto 3 secondary WD
03/ 054170 mmmmwmmﬁswtemset&an Jase, fiA) anjugated o fluorgseeip |V, group |1,

tg ; gﬂg pIVantg é?#g'ﬁc\él?\%atgt{ghg%)l '?a‘??rgﬁ %”g‘orgﬁ%@@(@dh% nglErﬁg @%rggfﬁf@ttmm%urmn

cel I's. Mar iy gérfdrifirby SEMIAGICENS RthRINBRLManSEDYSPAEH (Bacii!r ce of CD451
cells tranii)l anted into tertlar)y recipients. All 5 recipients were killed

on day 60 &ielkdpsen)aasiimanseGlAd BHE (Hrarpngen. Sanbiego, &fal §2@d for the

presen of, e fodo I BM MNC
Prom tra  eriURRn GRS BRRr E I Cn B P EaCH o e reR R Tl o

anal yzed f ®E (difrondSaston DﬁklﬂiwmnApﬁiob&aflylsb{y@W aonti@ieivere usdd. i|id y, MNC
wer e isol ated from BM by hagotonl c lysis of contam nating red 10 cells.

Ant i bodi es fEgLENEY f Th@rerFﬂI wadmsnaceebin theggousgdlefinegas amaRC, y¥agcophori n
A (Becton ILekifleqBy &tifg Hﬁlﬁ'ﬁd{‘ggﬁﬁgslg.%?det\%lre infusedWith increasing cell

numbers and engraftment defined as detection of more than 0.5% human
20 CD451 cells. SRC frequency was calculated by Poisson statistics
Fetal sheep recipients. Cultured cells were suspended Rab9 conditioned
medium. Fifty (group X) to 100 (group 1) 3 10 uncultured CD341 cells or the
progeny of an identical number of cells cultured for 7 (group Xl and Il) or 14
(group XlI and 1ll) days were injected into preimmune (day 57-62 of gestation)
25 fetal sheep recipients using the amniotic bubble procedure . In some
experiments, animals were killed 60 days after transplantation and BM analyzed
for human cells. The BM also served as the source of CD451 cells for transplant
into secondary recipients.
Alternatively, animals were allowed to be born and BM examined 6 months after
30 transplantation. For secondary transplants, human CD451 cells were isolated
from the BM of primary recipients from groups I, Il, and Ill at 60 days after
transplant by panning. The CD451 cells from the 2 animals from each group

were pooled, analyzed for CD341 cell content, and injected into 3 secondary



PE. In each sanple, 5-3 105 cells were | abel ed and expression of each
antigen conpared to the appropriate non-binding isotype-matched control.
Expr essi owo oBesale of 0.2% or nore could be detected. |n a&daiBENY198M MNC
were cultured in 15 nethylcellulose (0.4-2 3 105 cells/nL) with

suppl enental erythropoietin (2 1Unm), JL-3 (5 ng/m), and GW CSF (5

ng/ m.) and human CFU-GM and CFU- M x en rated, . The ? in viyo assays are
proof for fefal regirients (giosirgr araupny. SsHR: §rogp V!I-QE@J%il '&EPFP&XX ed in the

novel C0W%ﬁi%%@?@er@ckiﬂiébeorﬁ’ﬁgg‘réﬂh]f{éé?g%%b%tatm At frddnednc UE02/ 00196

44 CLAlI V5 nposi tion erivation, malntenance or growth of
pl uri pot enanalyzediiotheipresermoe afdiunsamtels imalrewiod these $exandatOreegrgniges as

di ff tiated iy Y diti d dj. f.cell id
composi t | oRCERS 2 TE TG Of FOPRAt s TEBRPIENIRD NS AR SaiPETtS Ally
Leukem & | pédibiehfy Wefeakilléd ohldal)e0 therﬂr&@ﬁ%}ﬂ%ﬁéﬂﬁn@%BM Bélistwerd aim 1,

characterized in that it contains less than 0,2 ng Leukem a
| nhi bi t or yarabyzed fenthe)presence ofhuraameeils. iFo agsessraenipfdoner geth 1,

characteri j akpi ' t l.a

| nhi bi t or yéﬁgﬁﬂg}mé{tLﬁM f""\&foﬂi?mc@%pﬁg?u%”gn%ogp%%ﬁggtt@”gh?l”g%@%i ms 1-3

wher ei n t haunamosistwere daralyzedi foatiecplesensé efrhaslanscelit by floanejtom@tryoranmal
i cows, harses, goats, sheep,

| ected fromth f t i , i
poebtbrA AL T T 3 R T
wher ei figt heerrsorm%bmégnsaef%mcsfag ha@bﬁ %@B,A ebel epldss cihsA C1ods en mamal

sel ected fromthe group o rodents. 6. conposition according to claimb
wher ei n t hglyeophoriméAn BestoraDidkinsoRavens cepjugatedrto ethenpbSiari on accor di ng

to claimb5 rei.n, the non: hupmn mal | S . 8 AcC osi tion

accor di ng Fg‘i’l’ &P ?’e?%’ ﬁecemgwﬂﬁdﬁﬁell\ﬁ/arﬂ%s%@eas'oﬂdﬁ%gc,alﬂt'tggnrmuse
strain of gpmpated e tisé raEbF@erté moa-ﬁamgi i@oig?@&ﬁé&uad cdmok OF guredsienl ect ed
fromthe group of 129/ SvEv, C57BL/6N, C5/BL/6J- HPRT, 25 BALB/ cAnN,

CBA/ Cad a, levety $0.2%pepmere copit/ beoretectestimasditions B Mbowere Evitinedand
%"i“ mi; | Y‘?gsh?éthylgellu%scé) TB%—Qt bo?oﬁcc%%ﬁﬁlﬂg with %luﬁb@n?eﬁ'{’glere?)'ltﬂréﬁ?etﬂ'nor{Qhuman
IU/mL), IL-3 (6 ng/mL), and GM-CSF (5 ng/mL) and human CFU-GM and CFU-
Mix enumerated .
These in vivo assays are proof for the long term engrafting capacity of

HSC as cultivated in the novel compositions of the present invention.



selected fromthe group of Mus musculus strains with a genetic background
of C57BL/6J- HPRT, BALB/cAnN, CBA/Cad a, 129/SvJ, DBA/ 2N, DBA/ 10 a, 30
C3H HeN, wbmBks€AI0 a, FVB/ N and Swi ss Webster 10. A conposiPCI®EI2e@o6 di ng to
claim7 wherein the non-human manmal is a nouse with a genetic background
of 129/ SvEv or with a genetic backgr oun% C57BL/ 6N. WD 03/ 054170

PCT/ BEO2/ 00196 45 11. A conposition ac %I’dl ng to any of the clains 1 to
10, wherein the LIF is human, nurine or rabbit LIF. 12. A conposition for
the deri vatgoqygrai nt enance or growth of germline conpetent enbryonic
stemcells of mammal s conprising conditioned nedium 5 of cells, said
conposition characteri zed in that it contains less than 2 ng /m Leukem a

| nhi bitory ,F sition.according to ai 2 rein
the LiE T s Tamesmareipe 2R S8R, PRIETEG: o Sfuin b plipotd
conposi ki OrRn&sIPOHigi Stemt celie! &fi iaAn41E t38at RABE 40tRidsagds iak Mhaﬁeﬂehn@t@at ai ns
10 less than 0,2 ng / mM Leukem a Inhibitory Factor (LIF . A

conposi ti or‘feﬁ%éemﬂﬁ@gt% cengitinneg nagdiym, of&ﬁihsaé@@wq@aw R ﬁa@raCterLZ@ﬁt ai ns
| ess than @, §e] qg:cfptéq‘:a?é:#éktﬁgb?é @H'/J?ﬂ Lguh/ ﬂrbu@h} fé%tﬁ}%lwg conposi tion

according to any o aracteri ze nposition is
suitabl e f@ Andonywositors Beovcild $o alaim mpnhammlzmirmathat%ceaiamst tgbsf rom

t he group imat 0 horses sheep, cats, dogs and
rabbits. 1%‘3&6 gg\'!—EUﬁe'g %W@’ BCtQng claims 12-15, characterized

in thatjgt hg, A%Bh%étﬂl&ﬂa'céoﬁi‘mg} @&Ic%.ﬁpn eﬁgﬂfa)e@é’nz%dsrnemaqql kénfins?less
non- human manmal ,  which is a rodent. . A conposition according to

claim 17 witkarep92tng/ mbheummra ImBibritary FéCtORﬁﬂﬂJS sp. 19. A comnposition

accordi ng 0 I r

conposition aéccg)ngﬁ t|<:\%,}4q%8$é|%h[%£80 %ﬁ'&&u‘:{gm{a‘”’g&wrﬁﬂéﬁh%ﬁﬂ&p%gm& 1525 nus
muscul us n&u&@blstfoalsnemf célity obfa hbe-hehisdl Rsaririah seldse®tiigin hRe %
selected fromthe group of 129/ SvEv, C57BL/6N, C57BL/6J- HPRT, ALB/ cAnN,

CBA/ Cad a, Plipwtes; PigpmamwsNhorsss) 9@‘3%& segp. H@Kﬁ dogs or rabbits. .
15 5. A composition according to any of claims 1-3 wherein the composition is

suitable for stem cells of a non-human mammal selected from the group of
rodents.
6. A composition according to claim 5 wherein the non-human mammal is
Rattus sp.
20 7. A composition according to claim 5 wherein the non-human mammal is Mus
sp.
8. A composition according to claim 7 wherein the non-human mammal is a
Mus musculus mouse strain of any of the strains with a genetic background
background selected from the group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT,
25 BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN,
C57BL/6JOIla, FVB/N and Swiss Webster.
9. A composition according to claim 7 wherein the non-human mammal is
selected from the group of Mus musculus strains with a genetic background of
C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10Ola,
30 C3H/HeN, C57BL/6JOla, FVB/N and Swiss Webster
10.A composition according to claim 7 wherein the non-human mammal is a
mouse with a genetic background of 129/SvEv or with a genetic background of
C57BL/6N.



C57BL/ 6JA a, FVB/ N and Sw ss Webster. 21. A conposition according to claim
19 wherein the non-human manmal is 30 selected fromthe group of Mis

nmuscul us woragioss7®i t h a geneti c background of C57BL/ 6J- HPRT/BHBALE®HE AnN,
CBA/ Cad a, 129/SvJ, DBA/2N, DBA/ 10 a, C3H HeN, C57BL/6J0 a, FVB/ N and

Swi ss Webster 22. A conposition accordi njg to claim19 wherein the non-hunman
manmal is a WO 03/054170 PCT/ BEO2/ 001967 46 Mus nuscul us strain with a
geneti ¢ badkgrdGamresitiepoaesardingr tongh ok the saime 1 iadiey viaiginotheds!Bis/ 6N.

23. A conpo ny of clainms 1-22 wherein the conditioned
medi um of z{eH ro(rqn} Iraég)bltqrr‘rlr'grtal fibroblast cell line. 5 24 A

conpositi or12acAocdnpgsutlon afoy thé dédvation]-ridintéremeienot @owﬂnd:ftgemedmerredi um

of cells is fromthe rabbit Rab9 cell 1|ine (ATCC catal ogue nu CRL-
Ta14y 25, ACOBTHAGRTY SRR Bk Gl Ph R AIhi AT RIS CORTEPORR s

| uri pogen r i I ARER o} as
5nd| fPetrSen:OlfaCt%gg ¥5i}8 %oerﬁbcgéﬂé%r?ngb?gﬁ% condi ﬁa‘ég{égéﬁta&%ﬁ%sgltﬂaﬁa%% Al

t r ansf ect edewkemisDihikitory fiantpr I(LIF). sal d conposition characterized in that
it is supplgment n et al e seru uch
fetal hor se1%S ﬁﬁ'ﬁggitﬁ ne °e°r§'”§e€ Imf %"Sg{ ”%%ﬁ‘u'g 'S fa 19

serum adulsuchagim&e mioniee o &b LIBuUbst | tute 15 26. A corrposi tion
according to claim?25 wherein the non-human is selected fromthe

group of ndf- KuRRMPEBIIAREASEOrANG o Clains!2 Wbﬂ%e%ha"ééfﬁ”@ed iR feat it centeins dogs
or rabqbts e thé‘n‘f?’ﬁ@?'rﬁl‘ %k%ﬁﬁgrlr% ?gorg%é‘cit _5 wher ei n the_ non- human
e rodents.

manmal sel ect omt e group o 28. A conposi tion
accordi ng t16. & aompﬁgltlmheaoeordim@m nlaim H2hamn 1 dechmarbciesizeRan thet ispontaths A

A composi t 1% 80 A7 Hea SRR MALH non- human mammal 18 25
IV T oot 8 i e o
BALB?cAnN comosiHionais gg@atgejf%rmgbmmmﬁermaﬁls CBHI mn’human mammal
15 selected from the group of primates, pigs, cows, horses, goats, sheep, cats,
dogs and rabbits.
17. A composition according to any of claims 12-15, characterized in that the
composition is suitable for embryonic stem cells of a non-human mammal,
which is a rodent.
20 18. A composition according to claim 17 wherein the non-human mammal is
Rattus sp.
19. A composition according to claim 17 wherein the non-human mammal is
Mus sp.
20. A composition according to claim 19 wherein the non-human mammal is a
25 mus musculus mouse strain of any of the strains with a genetic background
selected from the group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT,
BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN,
C57BL/6JOIa, FVB/N and Swiss Webster.
21. A composition according to claim 19 wherein the non-human mammal is
30 selected from the group of Mus musculus strains with a genetic background of
C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla, 129/Svd, DBA/2N, DBA/10la,
C3H/HeN, C57BL/6JOIa, FVB/N and Swiss Webster

22. A composition according to claim 19 wherein the non-human mammal is a



C57BL/ 6JA a, FVB/ N and Sw ss Webster 31. A conposition according to claim
29 wherein the non-human mammal is 30 selected fromthe group of Mis
nmuscul us woraisda7oM th a genetic with a genetic backgroun®@C®fBE02/00196

C57BL/ 6J- HPRT, BALB/ cAnN, CBAfCad a, 129/SvJ, DBA/2N, DBA/10 a, C3H HeN,
C57BL/ 6J0O a, FVB/N and Swi ss Webster 32, A conposition for the derivation,
mai nt enance or growt h of enbryonic cel I§6V\D 03/ 054170 PCT/ BEQ2/ 00196 47 of
the mouse YWRTHSEHUS it Baanstis haskgrang, e, 12YPVEY reuith a1gepplicsages
sai d enmbryiRactiniorieei7id /8R! e to give rise to adult non-human nanmal s
after aggr ega?i on wth tetrapl oid enbryos, conprising conditioned nmedi um
of cells t2A3Astaopesition tdccardih§ tgeary afr claingere2? owherelin Fhe acoratitiorssai d

iti 5.ch ‘iged in.that jf, | | ted with th
Chan et al MSYIRCT @S (n & iamerial BproRlaS BRLERm 7 eral sheep serum

fetal ggat 2EAULBMPEINIGH hccBRIAG! toSEAYIBF Adithd NOP-NHER TRET@IndMored UM
substitute. 33. A conposition for the derivation, maintenance or growth of

germ | ine reedipex @fmellsibfroanine rebbimRai9 eelblinea(AdeC matelague mraibes k4 si ng
10 conditionggynedium of cells transfected with a LIF gene or a gene of a
LI F variant, said conposition characterized in that it is supplenented with
a serum oteA tdrapositdml fobahiendedestion, smaintesandectorl gfowtheos @luripotést al

sheep serum . fetal goat serum ne rn mal serum adult mammal. serum or
serum sub&MRNYPRIC si%“ﬁ"s,@fdﬁﬁm%‘,@ﬁ%an%@ﬂ dPRpssages asminghfgiestiated ¢ he

non- hungn Eeomdtisi i i [ i gs,
Coneor s CRIERomerisiRE LB RenSd 34 I Of s YRRy Thih, PNATEEBI
accor di ng tdF chaidne@Bpoditiorianardaienzed hurteat itdsmsipplementedodithta s20ud6. A

conposi tion accordi to claim 35 wherei he non- hunman | is Rattus
sp.rrp3§|. AI cOHY sﬁ?‘?f]lo#%%éé)@éﬂrm Iﬁﬁr% SHFEiE}ﬁI,Eg%%}ﬁ‘QF%‘? FefHiR. F%%%?ﬁ’ns%l i's
Mis sp. 38fetAl g@ﬁp%mrhpm]ewb@% HhBgnh&l Séraihin adulieardhial tguRoBr iieram
manmal is a 25 Mus nuscul us nouse strain of any of the strains with a

genetic backBpiduitd sel ected fromthe group of 129/ SvEv, C57BL/ 6N,

C57BL/ qg HB%T’A cgﬁ’lpgsﬁfgﬂ'\gcc%%{ngatg glaian?Z%J %%%reiﬁﬁéz%n-%é/a%%%mr%ﬁ{smN’

selected from the group of non-human primates, pigs, cows, horses, goats,
sheep, cats, dogs or rabbits
27. A composition according to claim 25 wherein the non-human mammal is
selected from the group of rodents.
20 28. A composition according to claim 27 wherein the non-human mammal is
Rattus sp.
29. A composition according to claim 27 wherein the non-human mammal Mus
sp.
30. A composition according to claim 29 wherein the an non-human mammal is
25 a mus musculus mouse strain of any of the strains with a genetic background
background selected from the group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT,
BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN,
C57BL/6JOIa, FVB/N and Swiss Webster
31. A composition according to claim 29 wherein the non-human mammal is
30 selected from the group of Mus musculus strains with a genetic with a genetic
background of C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N,
DBA/10la, C3H/HeN, C57BL/6JOIa, FVB/N and Swiss Webster

32. A composition for the derivation, maintenance or growth of embryonic cells



C57BL/ 6JA a, FVB/ N and Sw ss Webster. 39. A conposition according to claim
37 wherein the non-human mammal is 30 selected fromthe group of Mis
nmuscul us woragioss7®i t h a geneti c background of C57BL/ 6J- HPRT/BHBALE®HE AnN,
CBA/ CaO a, 129/SvJ, DBA/2N, DBA/1 O a, C3H HeN, C57BL/6J0 a, FVB/ N and

Swi ss Webster. 40. A conposition accord%.tég to claim37 wherein the

non- human mmal is a WD 03/054170 PCT/ BEO2/ 00196 8 S nmuscul us strain
with a gengg ithe BIoURE Y@y Wih mﬁ@mksw%%ﬁ?ég&%\ﬁi?ﬁ A legslc 1R Passrgess
C57BL/ 6N. ; grgpﬁ)@' ' i ik GivkeOri N in the
cells bei n;%'dt r&gﬁsf ect gﬁmsg?gﬁg%ﬁg |\{ce|0rl|)s?!;§>l g@@hég'@ﬁ @%ﬁﬁ@gﬁq%ﬁl

accor di ng taggsegation withitettaplid entoyehecanprising eaiditonedi medium aofséallst ed
are rabbit ,Rab ells, 43 conposi tion accor dj to_apy of claing. 25 to
20 wher of n (ST 7 &L SREFE T e G oA, LcolrRRT e samtiveHRal | an
LIF or @ Licharstéraid. indthat At ROSBSSIEAfeRAMAr 8 J28uinOotlerithad Jetah ®ofine t he
cells are transfected with 10 DNA encoding rabbit LIF or a rabbit LIF

variant. 45€TUMEyRPaEsi tateharee SetHMdeta sbeap seagnofetalgomiseaim, newborn
transf ect e%%al%@ﬁﬂﬂ'%l“fn-ﬁﬁgﬁg%ém | oSl s%'%ﬁ{ﬂ‘t%hDNA- 46. A

conposition according to any o wherern ecell lineis
stably tradst et eampdstidY.foA thenpediatioon raioterdineg dbo growthmao? Sgdrn 4ivie

wherein the cell line . is Rab9, clon #1?, whi ch has been deposited with the
BCCM under CQEIEL& o #MBIYABIS, St?WBFQe@ﬁ?@ CB. "PE-hUMEg AT M&n CARPERMgng t o

any of jphe cBhaNibRES rRédURF of LRRS erERtadedviviith aOIDWCIQlén@THrea emeogngsy gf the

group selected frominterl eukin, oncostatin, 20 i ary neurotrophic
factor, st&aiige saidaeeropositiaricharadierisicaist that dvis isupateraentedvdth a serum

car di ot r ophj Siti C risin ondi tioned di,um froma Rab9
fi brobl ast %ﬁ‘?ﬁ tﬁgPi@@?%g’&R‘eA%@‘ﬂ%S@%i%sn f‘é%’r‘r%‘?f%‘? ﬁsr%ntﬁr{g'i ISP REU M of
cel I s trangétatigedt wetdm, 22wbtn enaeendlgsdrlm, oad @t lohdmwdl i sHitm Whedegiim t he
cells being transfected are imortal fribroblast cells. 51. A conposition

accor di ng S8belitsiem 50 wherein the DNA encodes rabbit LIF or
15 34. A composition according to claim 33 wherein the non-human mammal is

selected from the group of non-human primates, pigs, cows, horses, goats,
sheep, cats, dogs and rabbits.
35. A composition according to claim 33 wherein the non-human mammal is a
rodent.
20 36. A composition according to claim 35 wherein the non-human mammal is
Rattus sp.
37.A composition according to claim 35 wherein the non-human mammal is
Mus sp.
38. A composition according to claim 37 wherein the non-human mammal is a
25  Mus musculus mouse strain of any of the strains with a genetic background
selected from the group of 129/SvEv, C57BL/6N, C57BL/6J-HPRT,
BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN,
C57BL/6JOIa, FVB/N and Swiss Webster.
39. A composition according to claim 37 wherein the non-human mammal is
30 selected from the group of Mus musculus strains with a genetic background of
C57BL/6J-HPRT, BALB/cAnNN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/1 Ola,
C3H/HeN, C57BL/6JOla, FVB/N and Swiss Webster.

40. A composition according to claim 37 wherein the non-human mammal is a



a rabbit LIF variant 52. A conposition according to claim50 or 51 wherein
the transfected DNA 30 encoding LIF or a LIF variant is genom c DNA 53 A
conposi tiwp oaosardi ng to any of clains 50 to 52 wherein tReT®HR/OIIOOE |S
stably transfected. 54. A conposition according to claim50 wherein the cell
line is Rab9 clone #19 WO 03/054170 PCT{1 E02/ 00196 49 which has been
deposited with the BCCM under accessiaon hunber LM?E? 479 CB. 55. A nethod
of deri vi nd/USEIUSCHIUS HERID Wik Bvdengtis Rackgerusst Ofe hER/PYRY OrsWithnd gRM8tE 1 r om
a non- huma i the step of cultivating the cells for 5 at

| east one %aass gelnldgd?t ng‘c/)érrﬁbsiti on of any of clainms 1 to 11 or 25 to 32.
56. Non- huddn AraeomploséinnEagorgiong éotangndfrolaimsc2§ tte 0cwhewinhaicals being he

met hod of ¢l ai 5, 57. A nethod of deriving nmaintaining or growi ng germ
line comeﬁ@ﬁﬁ%9%mg§?'§ﬁ%@®?ﬁ%- of a non-human mammal conprising the
step of sculabi Xaddnfsbditith Q@édrainglfb3§ﬁ>lt7 oatg(l)di@]ggzs ﬁ%aonﬁﬁém the) cEINE being

r o 40. . n

conposition of claim12 to 24 o - human mammal i an germ
| i ne conpetransfestes gesniabbgiRah%egllss obt ai ned by the nmethod of claimb57.

59. Pluripgte i C rcells fr 0Rz ml., sel ected from
the group 3% %icﬁa é%ﬁﬂ)rgi %(g‘%o?éﬁb&ﬁﬂ,o %’5 ggglﬁgga?gﬁgm@%t@? %egﬁsgﬁgabbi ts
and 15 rotrantfectedith DMAkncadidgmarehwnbh rhaenggiaatlilE dpaclkigreiriagt. of

129/ SvEv, %7%/ 6N, C57BL/ 6J- HPRT, %{A‘[IHB/ cAnN, CBA/ Cad a, 129/ SvJ, DBA/ 2N,
DBA/ 10 a, RNPeSHBED A5FeIUNg Ey/BANMti WER'R'S thgsslle are dmnstacied pthent

enbryonpc $herebdimairaBmR BIFeNs sel ected from the group of
mce wth a genet%)c| 85%@8'} oung %?%%IL/G -HPRT, BALB/cAnN, 20 CBA/ Cad a,

129/ SvJ, DBA/ 2Nconpasititnaacdctihbgets, clebsiBLI 63 @4awhEXSh NhantdansEsdited DWBst er .
61. Germline ‘5.0 Irgent @Fbri(.om’ac stem.cil\llé froma non-human nmanmal

sel ected fFORP ‘ngg G0p of VB PRePEENPGs MCows, horses, goats, sheep,
cats, dogael #bbinpoaiien’REBALIRg 39 HhyaSk Elaings 28Gos AhekdiR thBeelan! jsC
background of 25 129/ SvEv, C57BL/6N, "C57BL/ 6J- HPRT, BALB/ cAnN, CBA/ Cad a,

129/ SvJ, DRApNangealetd a, C3H HeN, C57BL/6JO a, FVB/ N and Swiss \Wbster.
62. Gepm ! i4'7f3 A %Bﬂﬁ)t&moneg&ro\@iﬂbcto%lg%% ltg 4f6r WHefEiNRe hcuel Pnen?s%lbg
clone #19, which has been deposited with the BCCM under accession, number
LMBP 5479 CB.
48. A composition according to any of the previous claims supplemented with
one or more compounds of the group selected from interleukin, oncostatin,
20 ciliary neurotrophic factor, stem cell factor, basic fibroblast growth factor, and
cardiotrophin.
49. A composition comprising conditioned medium from a Rab9 fibroblast cell
line.
50. A composition comprising conditioned medium of cells transfected with
25 DNA encoding LIF or a LIF variant, wherein the cells being transfected are
immortal fribroblast cells.
51.A composition according to claim 50 wherein the DNA encodes rabbit LIF or
a rabbit LIF variant
52.A composition according to claim 50 or 51 wherein the transfected DNA
30 encoding LIF or a LIF variant is genomic DNA.
53.A composition according to any of claims 50 to 52 wherein the cell line is
stably transfected.

54.A composition according to claim 50 wherein the cell line is Rab9 clone #19



selected fromthe group of mce with a genetic background of C57BL/6J-HPRT,
BALB/ cANN, CBA/ Cad a, 129/SvJ, DBA/2N, DBA/I Cad a, C3H HeN, 30

C57BL/ 6JOWa, 03BN and Swi ss Webster. 63. A nethod of gen@cCatBEIgotvansgeni c
non- human mamal s from enbryonic stemcells conprising the step of
cultivating the enbryonic stemcells for_at |east one passage in the
conposition of any of clains 1 to 11 or4%s to 32. WO 03/ 054170

PCT/ BE02/ 00'ueh hgb begnteprsiesh mithiba-Bleihunaghaocessien sunaerliMBP i3 Yr oup
of primateggpigs, cows, horses, goats, sheep, cats, dogs rabbits and
rodents such as rats and nmice with the genetic background of 129/ SvEv,
C57BL/ 6N, G57BA/mathbiePFaif, derBidds/ mAiTthinCBAL Cgtdvaing 110/ iSotént BBMAIrRdhicBRAMLA a,

C3H HeN, 5@ﬁ5£rBL/ 6JA a, FVB/N and Swi ss. \\ebster,. 6 .Trlavfn?i.%er}hc n(ﬁn-fhuman
mammal  sel SE(REAT BAAMRIGABIPATMA OMRESHY e FERD ltvatingrtBe re s for
C57BL/ 63- HfRToadBAhB/padadbe FRNcCathBosifl@DbBury of BB Nito BBANILE @ 3L3H HeN,
C57BL/ 6JA a, FVB/ N and Swi ss Wbster. 66. A yeast expression vector

conpri si ng 98- Nabthawmard enaegaian PlEpeignt garkipoyic stem calle @btained fryoths: or

sequence ' .S&{d nucl eotide sequence encodes rabbit LIF or a
vari ant m%%tﬂ%)g og?[%l'@gdég 95% i dentical to rabbit LIF or a functional

protein fr&Fmamethbdrof dirivitig. rAaintaining @ogromihigngerine liné aompetenterhBhonidie
nucl eoti de %e uer]ce encodi n for rabpit LIF as, shown in figure 1 [SEQ ID

NOL] or fi G celis SE@ nes- n megrgal gopREsing the StpriPhgultivatinathe eells

wher ei Qot h | bSiti I ' \ SEQ I D NO 2]
o T gure ol e TR 0gd A B SolTR 1A B2 SRS 4P 66 to 65

wher ei n t hé8nudosehirdan pwnomAatani gefrastoke i corhpatamtt emdbrgadc esfeom selgnal
70. A vec of.clhr)zi ms 69 wherein the vector is pPl CZa and

o
20 the sef:%«%’@ﬁ%gbygﬁgfﬁqqgg(%gdgl"ﬁ factor secretion signal. 71. A yeast

cel | transfser madripdteht éMBrydned SR deii$ faeAFRNHUAAY ndmAlatisBRcRRI fom 70
72. A yeast cell according to claim71 wherein the yeast cell is a

met hyl ot r opi@ @roupcakprirsates, RigsPicowsahpesssoapats2sheep, catte, gegsstabdits@ndi ng t o
o1 12, Yhes b EDas L W B oA o PAbGREL et o1
C57BL/6N, C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N,
DBA/10la, C3H/HeN, C57BL/6JOIla, FVB/N and Swiss Webster.
60. Pluripotent embryonic stem cells from a non-human mammal selected from
the group of mice with a genetic background of C57BL/6J-HPRT, BALB/cANN,
20 CBA/CaOla, 129/SvJ, DBA/2N, DBA/10la, C3H/HeN, C57BL/6JOla, FVB/N and
Swiss Webster. '
61.Germ line competent embryonic stem cells from a non-human mammal
selected from the group of primates, pigs, cows, horses, goats, sheep, cats,
dogs rabbits and rodents such as rats and mice with the genetic background of
25 129/SvEv, C57BL/6N, C57BL/6J-HPRT, BALB/cAnN, CBA/CaOla, 129/SvJ,
DBA/2N, DBA/10la, C3H/HeN, C57BL/6J0la, FVB/N and Swiss Webster.
62.Germ line competent embryonic stem cells from a non-human mammal
selected from the group of mice with a genetic background of C57BL/6J-HPRT,
BALB/cAnN, CBA/CaOla, 129/SvJ, DBA/2N, DBA/1CaOla, C3H/HeN,
30 C57BL/6JOIa, FVB/N and Swiss Webster.
63. A method of generating transgenic non-human mammals from embryonic
stem cells comprising the step of cultivating the embryonic stem cells for at

least one passage in the composition of any of claims 1 to 11 or 25 to 32.



74. A nethod of expressing rabbit LIF or a variant which is at |east 95%

i dentical to rabbit LIF or a functional protein fragnment thereof in a yeast
cell 30 womomsiimg to any of clainms claim 71 to 73 using PetmHo2/n@né DNA
technol ogy procedures. 75. A nethod according to 74 wherein the expressed
proteins are secreted into the Pichia growh nmedium WD 03/054170

PCT/ BEO2/ 00196 51 76. A conposition conprising rabbit LIF or a variant

whi ch is att4. Eensgenimnandewnapdnamealaiselectad frogy thg QFQH@tqchrﬁ'aT‘atQ&OWIGBn

(ragment {giROhordds, U bl 3B (addFroioid P IR LER 4ot 4

95% i dentical to ra ona ragment t €r €0
78. A conpaosiceiwith ftiee dgelnetiddyackgtouon nfaMW—SﬁvceC@?fBL/@NoMﬁVBﬂ/GWPHWrmn

7o a1 callAgaNNent FEAVCRETE abnas ot o BARRGct v Bleo: oA e mont

t hereof 5 75@;5%5@5@@@ FVEINTAd g@gsqﬁ\,@gg@rf ree expansion of mammualian adult
stemcells or early progenitor cells, said conposition characterised in

that it cor®sTensgenic omrbumaﬁhﬁuammaﬂ elasted fianbrtbel groupcel micé vdth 80. The

hemat opol eteRele Ao Lk CHEELBITPRE, 1R PERaN, TEPRERPlE Fesw.
hermat opoi etDBARNe OBA/AOIa &t 319/HeN,. CTNBL/S0 DR F\B/MName SWigh Wbserc! ai m 79 or
80 further characterised in that the 15 conposition is not enriched with

cyt oki nes SRdAYCAE] EXPIESSIOTHECHS BIFRSINghaERAUNRFEOyeang beindcPREABIVB1 or

wher ei Rpt h kohl n
accor d|r1r01g '?1 Sf(%(?)ztiﬂ?%ﬂ g%}nvﬁgllr é?%uérﬂ% Wﬁm%é;@g'ﬁ% géép ﬁg%rgﬁq ?Gu%rgc{%)&ﬁ#éndee%l s the
Rab9 ( ATCCralptill UF4dr g ebtiahti witich 20 aBleast BE&%0itieaticad wp cablif DIF @rca furditiogak o any

of claims 79 to T83 for th§e sftromal free expansion of isolated nmanmalian
adul t stempé‘%tﬁl'”s rRgMERt Nereogeni tor cells. 85. Use according to claim 84

wher ei n t hg7agudctdit @éﬁo@&hb&oaas.nh%@awra@@.@tm@ n%E%@tu@é'ée?qu@ﬂQe téh%oamg' t

early progenitor cells are hermatopoietic precursor cell
accordi ng f@r rebhitklBeswhewsiin fighee 1{SE& @NﬁHdM(BQUEEtE(ESEQeIm Nél IB]s or

R R e R i i i e Shd i FrrblesBg58HL 0 10
depicted in figure 1 [SEQ ID NO 2] or figure 2 [SEQ ID NO 4].
69.A vector according to any of claims 66 to 68 wherein the nucleotide
sequence is fused in frame to a secretion signal
70. A vector according to any of claims 69 wherein the vector is pPICZo and
20  the secretion signal is the alpha factor secretion signal.
71. A yeast cell transformed with the nucleotide sequence of any of claims 66 to
70
72. A yeast cell according to claim 71 wherein the yeast cell is a methylotrophic
yeast such as Pichia pastoris
25 73. The yeast according to claim 72, which has been deposited with the Belgian
Coordinated Collection of microorganisms under accession number MUCL-
42925,
74. A method of expressing rabbit LIF or a variant which is at least 95%
identical to rabbit LIF or a functional protein fragment thereof in a yeast cell
30  according to any of claims claim 71 to 73 using recombinant DNA technology
procedures.
75. A method according to 74 wherein the expressed proteins are secreted into

the Pichia growth medium.



cells or hematopoetic precursor cells are isolated froma source sel ected
fromunbilical cord, placental blood, peripheral blood and bone marrow. 30
88. Use awowmsds41g0t o any of clains 85 to 87 wherein the toCalBEagouné of
cells have been expanded by at |east 25 fold. WO 03/054170 PCT/ BEO2/ 00196
52 89. Use according to any of clains 8? to 87 wherein the anmobunt of CD34+
cells have been expanded by at |east 3 kold. 90. use according to_any of

clainms 85 t/6 o GARAKIPN KeMpKisHIsdEabRieHFs opaf ¥arigRlehich i whileastt 85%at
least 15 d?&&ticgg t%lraggﬁlﬁ’_é@%?gﬂh&%r%? gﬂ&noff:%q‘h\t}é‘r‘]tniﬁe&z%fﬁo 87 wherein the

nunber of expan respo posi ely tnan LTC IC assay is
i ncreased BYy. &urifiedsabbiflblF @2a vAriaet vabidh fioat leapb@8iondentcatdad rabbitldiél dr st em

cells or ear rogenitor, cells conprising the steps of 10 a) isolating a
source of @a'JHﬁﬁﬁ‘? Pé%ramff%ﬁf@ﬁ%fé‘ﬁré?for early progenitor cells b)

cul tivasi nggt he @fidosittPdr_Hkr S8 dtibREmaRIEHAA@NEnd TYrawdP IR h@fan
according to any of clains 79 to 83. 93. The nethod according to claim?92
wher ei n t henkiypricstem ealls| conaprsing dmapoptedrakbistbnoc alvasiaahwhidteisaztul t

ecor di ng 1e P75 e R0 ooy LR ARMGth) BE Rl sheiebl 2™ et

an expansi @9. Axoaipdsétntfol thef stramb Sregbdaamsibn SfomaAmms|ledadidicstedi ¢gist o
claim92 wherein the step of cultivati ng%_t_he step of cultivating us

performed unt?l €@HE PERRSIHCT 681% $AidkeRmRORiEPD shafacteisesynibatdk pamBEsedy at
| east 3@ fol dcc], iﬁ%eemn@%gﬁi@%ﬂé&e@@bm 92 wherein in the popul ation
S t o +

of expanded ce t he anoun cell's have been expanded by at | east
3 fol d 97. A0nEhérodmpositivdiacgotding kaclairg 7 Swieereimtheagelu lbsteoncealls aarpanded
cells have begen f:ultivat ed feglr at theast 15 da nmet hod accordi ng

. 25, 98,
to claim92 wWiENaloRoslisHgRrelisand theasiit <y %a%%mﬂa(d;e 818 which respond

posi tively i nha@Ralopeidtic F8s@%or eelidicreased by at least 15 fold. 99. A
met hod according to claim92 wherein ex%anded cells can repopul ate a

subl et al i BlabhecenpPrePBECDo(dRG taopeie 78 ik fuctheseharastaisetiin dhat the
15 composition is not enriched with cytokines and/or LIF.
82.The composition according to any of claims 81 or wherein the fibroblast cell
line is immortalised.
83. The composition according to claim 82 wherein the immortalised fibroblast
cell line is the Rab9 (ATCC CRL1414) cell line.
20 84.Use of a composition according to any of claims 79 to 83 for the stromal free
expansion of isolated mammalian adult stem cells or early progenitor cells.
85.Use according to claim 84 wherein the adult stem cells are hematopoietic
stem cells and the adult early progenitor cells are hematopoietic precursor
cells
25  86.Use according to claim 85 wherein the isolated hematopoetic stem cells or
hematopoetic precursor cells are human CD 34+ cells.
87.Use according to any of claims 85 or 86 wherein the hematopoetic stem
cells or hematopoetic precursor cells are isolated from a source selected
from umbilical cord, placental blood, peripheral blood and bone marrow.
30 88.Use according to any of claims 85 to 87 wherein the total amount of cells

have been expanded by at least 25 fold.
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89. Use according to any of claims 85 to 87 wherein the amount of CD34+ cells

have been expanded by at least 3 fold.

90. Use according to any of claims 85 to 87 wherein the expanded cells have
been cultivated for at least 15 days. |

91.Use according to any of claims 85 to 87 wherein the number of expanded
cells which respond positively in an LTC IC assay is increased by at least
15.

92. A method for expanding mammalian adult stem cells or early progenitor
cells comprising the steps of
a) isolating a source of mammalian adult stem cells or early progenitor cells
b) cultivating the cells under stroma free conditions in a composition
according to any of claims 79 to 83.

93. The method according to claim 92 wherein the adult stem cells are
hematopoietic stem cells and the adult early progenitor cells are
hematopoietic precursor cells

94.A method according to claim 92 wherein the step of cultivating is performed
until an expansion by at least 25 fold is obtained.

95. A method according to claim 92 wherein the step of cultivating the step of
cultivating us performed until the amount of nucleated cells are being
expanded by at least 10 fold.

96. A method according to claim 92 wherein in the population of expanded cells
the amount of CD34+ cells have been expanded by at least 3 fold

97.A method according to claim 92 wherein population of expanded cells have
been cultivated for at least 15 days

98. A method according to claim 92 wherein expanded cells number of
expanded cells which respond positively in an LTC IC assay is increased by
at least 15 fold.

99. A method according to claim 92 wherein expanded celis can repopulate a
subletal irradiated NOD/SCID (Non Obese Diabetic/ Severe Combined

Immunodeficient) mouse.



