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(54) Title: COMPOSITIONS FOR THE IN VITRO DERIVATION AND CULTURE OF EMBRYONIC STEM (ES) CELL LINES
WITH GERMLINE TRANSMISSION CAPABILITY

(57) Abstract: The present invention
describes novel compositions for
deriving, mainfaining and growing
phuripotent and germ-line competent
mammalian . embryonic stem cells.
The compositions of this invention
refers to compositions comprising
a 1) conditioned medium of a cell
line expressing limited amounts of
Leukemia Inhibitory Factor (LIF),
2) conditioned medium from a cell
line transfected with mammalian LIF
and 3) z medinm supplemented with
recombinant rabbit LIE. The present
invention describes novel compositions
for deriving, maintaining and growing
adult human stem cells andfor adult
early progenitor cells, preferably under
stroma free conditions and without
added LIF and/or cytokines or growth
factors. The media of the present
invention are used or for the generation
of pluripotent and germ line competent
embryonic stem cells of mammals of
which these cells were not obtained
up to now. The media of the present
invention are used or for the generation
of adult human sters cells and/or adult
eatly progenitor cells. The present
invention is also directed to a novel rabbit LIF and to nucleotides encoding the Rabbit LIF and methods for the expression of
recombinant rabbit LIF in the Pichia pastoris expression system.
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enbryos, which under specific conditions can be nmaintained in culture for
many passages, i.e. replating of cells onto new cell culture dishes at 20

regular tine intervals, without loss of their pluripotency. They maintain a
normal karyotype and when reintroduced into a host blastocyst they can
colonize the '‘germine. Such cell lines may provide an abundance of
pluripotent cells that can be transforned in vitro with DNA (see bel ow),
and sel ected for reconbination (honol ogous or non-honpl ogous) of exogenous .
DNA into chronpbsomal DNA, 25 allow ng stable incorporation of the desired
gene. To date, germine transmssion, i.e. the transm ssion of the ES
genone to the next generation, has however only been achieved with ES
cells of certain nouse strains. Mirine enbryonic stemcells were first
isolated in 1981. Since then,
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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‘coidnize the
germline. 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 chromosomat DNA,
25 allowing stable incorporation of the desired gene. To date, germiine
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 ‘smbryonic 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 ge.rmline-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/B).
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20 The isolation of pluripotential ES cell lines from preimplantation rabbit
blastocysts was reported by Graves KH, Moreadith RW, “Derivation and
characterization of putétive pluripotential  embryonic stem cells 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 capabie of generating overt
coat-color chimeras following injection into recipient New Zealand White
blastocysts, de?nonstrating that the cells were pluripotential by in vivo criteria as
well. However no germline transmission has been achieved. Additional

30  experiments showed that the iow 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




ML, -Tomida M Yananoto-Yamaguchi Y, Hozunmi M Purification gfy a,5bg6d or

I nducing differentiation of nouse nyeloid | eukemc ML cells from

condi t i oMEY83/0FEIPum or nouse fibroblast L929 cells. J Bi ¢dcr@mond®84; 259:
10978-82). The Factor D cDNA was subsequently shown to be identical to
that of LIF (Lowe 30 DG Nunes W Bonb%ra M MCabe S, Ranges CE, Henze[ W
Tom da M Yélma t 0- Yamaquchi Y, _HozugqéM GOFIdﬂeI Dv. nom ¢, cl oni ng and
het er ol 0gdBEIex JRYRSi ATOBHCIRG mYRTIANS 1 EACtP($)at PEh- RISVRDL athenCqllsctiiom DA
1989;  8: d¥fdreBliatint 9t KHELHOEN Shbwi t imagi gas

pr eceeded l:f)?/ 6 Jun-éa]ZOOf_S VO (_)5/ g\ggEg%tf%ec\%ﬁ%g&%dﬁo%g%@é%&gﬁfbgﬁrEié:‘é’a

i nhi bi ti o®figet t RWAVEIF f(difarentiatiosn indfibitary i activitylieykasindias inhibitieg | factoy), DI A
(differentiahi ienhj RiL tivit d by. Buffalo.rat, |jver, cells.
‘Subsequent TSRl BorbbR with oy G EbEdRih, Rcart” @RUkEENA an
protei A | enebstatimiM heilkddy ridembinoghiic faxtonhas @ardBiropMingit & nokopesibld toSt ahl 5

M Rogers D, .l.nhi bition o.feﬁgéur' otential enbryonic stemcell )

di 1 er ent PSIARYRN B BANRINES GsH o Glturesin therahsense @i Teedss: calsebudn Smi t h
AG Nich i . =Y oo RIS

activit y"f"éﬁ e ot S actis 2t Wbt for Selerel PAkcases o Sbrlks blfthr o,
‘Advances than teonpusetS Dri teciolegogstilwnder kievelapmetd cmdethbay are A6

greatly fagilditat | at | d, mani pul ati.on_of genes, to the point

_ where an?ﬁlg‘(l)éﬁceg’i ?gﬁ 28%%'?/@{9 é%rﬁgtl\%%cfraeﬁwpsgémbﬂbiarfB/ngﬂ?'e§u‘&theéﬁﬁﬂ} f usi ng
“the poonmicrsepf one gene to the codi ng sequence of another, or by
site-directed _nut agenesi.s. Li kew se, advances in enbryo mani pul ati on have

facilitated thBece ndr Leykearpias inhiitasy EBaelgendifd) derrresentlyo reutingjgnous
chr.onpso SANRS rat 4 ' i Tr.an | C i mal s can
be gener gtgggl el t%hgcﬂgﬁgin?\%dé%i '305?15%3? g%ﬁ?%%%%%@&ﬁﬁ@%ﬁ? (5%5 fgg%t es, by
¥ n]t Irod.uct from man(oeliat exbnos igrmﬁntb.p'ﬂhietm@thotliliwgiaﬁﬁéélﬁﬁ Lﬂb!‘lﬁ@ﬂ%&i,ﬂ?mh( ES)
cells int "e iy nore recent nucl ear transfer wt
ctably tr ReTEHE aBOoIEon1 i datetl oo X i Ao BIENE A UAISH FYO0BH The

revi ey of d L : | | : nom c
co‘\r/r;:)osi ti oﬁ%?tﬁ%qd%%ﬂ%g@ %QYIR?QW ér?]d?ﬁemn%{ﬁﬁé gf :[}?'Fgaor{]gﬁ?pg%%mgvg%m l'ine
conpet ent Pufifias apd eDNY stbnesdsen dhe pasishef its ability koinaluce adifiérentiatien of

and for TeomybhBrEERBR BBl R Gt margeideaiarancenveat” T
tr ansgeni reduced clonogenicity. The (recombinant) protein and cDNA’s (the murine and
“human variants) are claimed in a.0. US 5,187,077 (and severai 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 929 cells. J Biol Chem 1984, 259: 10978-82). The
Factor D cDNA was subseguently shown fo 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: 361-9). The use of LIF in the culture medium of ES cells was preceeded by




25 animal s could be useful for the study of the bi oI ogi cal gf) Lﬁ %0601:
I dentified genes, for the pharnaceutlcal producti on of therapeu I'C gene
product swaayosstte generation of "inproved" live stock, @CI/BEINE196
difficulties in maintaining the undifferentiated phenotype of cultivated
stemcells is not linmted to enbryonic _stemcells. Also adult stemcells of
tend to | ogse their capacjity to differentiate in

. 30 different,lin ge?l

differ elnlt %%’l;wrt ffﬁe@ RN phithe diterentiaion; %W@ﬁ} Tfebwoaweﬁsn*yse"s by |
Col T (abbin) AHERSRRO NIIERE AARAY] | Solcfl, B Sulief BEohR Bt Gsa1 70

PET { ngﬁ/ Eﬁl@@q&entbethepmﬂrﬁity l@lfdleiék autlrigtlFlwas ese)ahﬂllsgedoat the g:lhig Imadr ow

_E:e?l s. Thé @gﬁ\‘e‘ekéﬂédwt@g@’ca ﬁ"n‘[ﬁrﬂ) Dg? Wﬁ@gﬂ%geh% can

under g6 piwgRegardDc eAtibideatdT, luﬁﬁitéﬁ@biaﬁﬁsﬁ@ﬁicssten@ anQﬁﬁe%énﬁatude h cells
that are detrinental or unneeded sel f-destruct. I nevery 10, 000

‘to 15, 000 PHEHEd neelyBartidas. sNﬁ&fﬁhdaéﬁt 33: 58859%t§m't1‘ta|4\6 | Nichls' bl ood

streamth
el ont] {1 LOEeRBEA MRt POX Biferoftidit: RIS G IRB I i se B, g
t he | ast 8evglopment.tleved RiciMo2; 61:033%R MMt opoi etic 10 progenitor/stem
cell's from bon rrow.and nopi | i ripheral blood is a rocedure of
onauest i oned_oPeBASR i PPedhBinant BA TheBiioss aver he last dedtse have
[P ted
mal | gmanc?ﬁﬁatlybﬁﬁlllﬁe@ﬁﬁe dysiatiés ahe MaRRRIRE 6f Sé@@s‘r drer @eaﬁkgnflg}?%?é e
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more recently by nuclear transfer with stably transfected somatic donor celis
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 transge'nic
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 embryonie stem cells. Also adult stem celis of
30  different lineages tend to loose their capacity to differehtiate in different cell
typ'es. 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
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di sadvant &8 Jof unbilical cord blood is that average donations contain
only 1.5 109 n cI eate aver a one tenth of the nucleated cell
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engr af t mrent ef BI ci ency. Recently some authors proposed a threshold dose of
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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 qf 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 celfs, a dec7reased risk of transmission of infection and higher
“percentage of telomerase, promises to circumvent many of the problems
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I'NVENTI Nynpredictable (Henon PH et al. (2001) in J. Biol. Regul. Homeost. Agents. 15,

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 theraby,

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 traﬁsplantable 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 L., (2001) in Immunity, 14, 425-436.). Secondly scientists do not




The present invention is directed to novel and superior conpgsi %d:a%s for
~deriving, maintaining and growi ng pluripotent and gernline conpetent
manmal | alW@ISYHAi ¢ stemcells and the use of .these conp@®IIVBENRS0196 N a
first aspect of the invention, the conposition for deriving, maintaining
and gr ow ng pI uripotent and germ I ne cQyTp etent human or non-hunman
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20

SUMMARY OF THE INVENTION
The present invention is directed to novel and superior compositions for
deriving, mamtammg and growing pluripotent and germline competent
25  mammalian embryonic stem celis 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 celis 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




-preferably encodes for rabbit LIF. Said nucleotide sequence ;an ?@ a CDNA
sequence but is preferably a genom c sequence of the mammal § AL P8 The
transfected cell line is preferably stably transfected with the LIF
encodi ng nucl eotide sequence. The cells used for transfecting a nucleotide
sequence encoding for LIF can be any manmalian cell but is preferably a
fibroblast cell, nore preferably a rabbit fibroblast cell line and nost .

~ preferabM ®A¥1P0abbit Rab9 (ATCC CRL 1414). The transfREYRBI#20@96s used in
this invention are rabbit Rab9 6 June 2006 9a fibroblast cells which are
stably transfected with a genom c seqyence encoding for rabbit LIF. Such a
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expr ess oo S Bpoda HrmPlest 3ot lfe surh 2.t ke Roroblaet ael e
met hyl ot rRAPY ATRGERI B 4#f1)a pastoris and wherein the nucleotide sequence

encoding for said protein’is optionally adapted in order to obtain an
optinzed sequénaerotheraspeet ofithe ire/eptiars theresipprwitiedra sorapesitior for thabbi t LI F

di sclosed,in this invention is produced b he Pichia pastoris strain,
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can include a basic cell cul'ture medirum such as, but not Imted to, a

medi um cofgg iexpagsinngel ManosdamhEMtvstem feslls hand aarlyopedgenitor cells
characterized in that it comprises a conditioned medium of a fibroblast cell

line and in that it contains less than 0.1 ng /m! Leukemia Inhibitory Factor {LIF).

In another aspect of the invention, the composition for deriving,
“maintaining and growing pluripotent and germiine competent human or non-
human mammalian embryonic stem cells is a composition comprising a
conditioned medium from certain cells transfected with a nucleotide sequence
encoding LIF. Said nucleotide sequence encodes for mammalian LIF and
preferably encodes for rabbit LIF. Said nuclectide sequence can be a cDNA
sequence but is preferably a genomic sequence of the mammalian LIF. The
transfected cell line is preferably stably transfected with the LIF encoding

~ nucleotide sequence. The cells used for transfecting a nucleotide sequence
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 Rabg
(ATCC CRL 1414). The transfected cells used in this invention are rabbit Rab9




addi tion of one of the conpounds sel ected from non-essenti & jaidpggaci ds,
gl ut-am ne, a reducing agent and fetal, newborn or adult serum such as fetal
15 bovi ne serum The present invention discloses the use of these
conpositions for the generation of nultipotent or pluripotent enbryonic
stemcells of non human manmals such as but not |imted to nouse and nore
specifically to Mus  nusculus strains selected fromthe group 129/ SvEv,
~C57BL/ 6N, - C57BU6J 20 HPRT, BALB/.cAnN, CBA/Cad a, 129/SvJ, DBA/2N, DBA/ 1Qla,
- C3H HeN, (C57BU6JA a, FVB/ DBAllLacJd, @ BALB/c, MRL, C57BU6 x CBA and
Sw ss Webster genetic background. The™present invention relates further to
mul ti Ipot entﬁﬁmblaﬂt lcellsmmmrftargafﬂtédmytzrgh@feetbdmiﬂﬁé |g§n@ifnid1$‘.t§mlm_@?_elh@dlil:lihgnﬁn _
mammal s su a t limte t 0 nouse an r yecifically to nus
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C57BU6JA a,_ FVB/ N, DBAlLacJ, CD1, BALB/c, 'MRL, C57BU6 X , and Swi ss
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CBA and ' Swi ss \Slfyebﬁ;er geneti c background whi ch.are obtained by culturing
the enbry8fUN.delghsheapseyed for the generation of said animals for at
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of cultivating the enbryonic stemcells for at | east one passage in the
conposition of the present invention. The present invention relates further
to nethods for producing the conpositions, enbryonic stemcells and
transgenic aninmals disclosed in this




i nvention. In one aspect of the invention, there is provi de%_f} 8 QBEM l'i ne
conpetent enbryonic stemcells obtainable by the nethod of e present

i nvent i oWO QMBAEON said cells are froma non-human mamwcTaEHRO®E from
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cul ture- nedi ur:PHsuch as, but not Timted to, a nmedium conprising high
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- for grovvt nd sel f cells. It has been found that this
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sel f- 1gnepalinefsemancel | s and allows ES cell derivation. Mintenance of the
undi fferentiated state, as evidenced by norphol ogical and surface marker
criteria (pr esEheepresentl osention pisckyseat theeuseof thése compobitivhsHot ithe and

cytokerat pilara¥i88 S RChipdtertCor Eﬁitnpgpen?remgryomc stem cells of non human
| mammais such as but hot 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/6JOIa, 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/Svy, DBA[2N, DBA/10la, C3H/HeN, C57BL/6JOIa, FVB/N, DBA1Lac,
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 prés_ent 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,




standard cell culture media to which nurine LIF or rabbit L4k wesodded. To
this conposition purified reconbi nant Leukem a Inhibitory Factor (LIF) 6
June 2006 WD 03/054170 PCT/ BEO2/ 00196 12 can-optionally be added,
preferably rabbit LIF (Rab-LIF) disclosed in the present invention, or
alternatively commercially available LIF. Antibiotics, such as

peni ci I 1 glskh %H Pmycin, and insulin, may also be i ncl Udpeéjrﬁ#{;)é{ogtsg
i bbit LIF

conposition. e present invention is also directed to :
(Rab-LIF) that nmaintains ES cells undifferentiated in vitro culture and to
nucl eotides encoding the Rab-LIF. Qhér ingredients may optionally be

I ncl uded | nmed] ch terl |ns r ot rophic

factors, é‘ﬂ'fr@ Er?N’f acpﬁg‘]éc%@é fﬁg%’)ﬁqyﬂastsm'h fﬁé&? a, Sp&ﬂ%ﬁ R'

exanpl es ofCSWEISGJOmtDVB/MFBBM[@éU cotesgureNMAL, GQWBD/G)RCGBIA%M‘ M
hic factor, cardlotrophln I'nterleukin 6 with its

h |
SBZE‘Pf ﬂ: Ircagééﬁ Weg)ﬁée hasaetic hackgeeynd ahish aretptaingdnby ol furing the
relates to e‘nhtﬂ?/ﬁﬁi% égf&mt gé;]lg,teﬁj{e? fcﬁ' the! ddies Gq ek dtw oﬂﬁé*eﬂ sflmad fcfr%ﬂl?ﬁﬁ 8 and

for the generafion non- human ani na e Tnvention
further reIP@ﬁ%@QUthlﬁﬁom@esltjﬁnsthéhacpvwerltcrwpnhmn ions of the present

I nvention for the isolation, maintenance and expansion of prinordial germ
cel I's. The i nvernione aspest péthet iesention Hbece)lsnﬂavuiedmsrrfeﬁnod begereratimg f r ee
expansi on dul t st eg eI | s or earl prﬁgeni tor cells.

i s hUPBGRSHE BONHRRERS B GTAE arm reaypae ﬁampﬁ"'s@ﬂrth? Step
hemat opoi e Ccmmaiﬁgl ey é}ﬁbﬂy&n]&h%terﬁOE{F&S'f& Oéislefagl &t H}%@%@g%%ﬁ%

conpri se conditioned nmedium of a fibroblast cel robl'ast cell
| i nes i s. pcempositipy oathe presentihvardidncel | fine, nore preferably a rabbit,
imortalised fibroblast cell and nost preferably the Rab9 (ATCC CRL1414)

cell -line. The Tenmeséntoirvehtion crdlatesafurther AGCnstabes abl Yorodaspgi gRs no
In one aspect of the invention, there is

added cyt oki nes nd/

provi ded u§8"2ﬂ nﬁGJLJ?WP@ﬁ Fem ¢olls and dransgeniseanimals disclased istthismal
free expanghehigd isolated mammalian adult stemcells or early progenitor
cells. The invention also relates to the use of the conpositions for

expandi ng ASC ar L) n |1s, such SC. These HSC are for
exarpl e Ccooas HarEasspbol b RENLVHube’ Bk i B Eerm o corptan
urbi | i cal @mtﬂyonﬁc%tem cédsébtainable by the method of the present invention, wherein

~said cells are from a non-human mammal selected from the group of primates,

pigs, cows, horses, goats, sheep, cats, dogs, rabbits and rats.

The present invention discloses the use of media conditioned by rabbit

cell lines for the generation of embryonic cells and transgenic animals and is

. applicable to other non human mammals such as non-human primates, pigs,

sheep, cows, mink, horses, goats, sheep, cats, dogs rabbits, rats, hamsters and
-rodents other than the mouse Musmusculus:

The present invention further discloses methods to obtain embryonic
stem cell Imes for 30 or more percent of explanted blastocysts.

In one aspect of the invention, there is provided a method of deriving,
maintaining or growing pluripontent embryonic stem- cells from a mammal or
expanding mammalian adult stem cells or early progenitor cells comprising the

-step of cultivating the cells for at least one passage in the composition of




12a placental ‘bl ood, peripheral blood and bone marrow. Wth the gﬁ@ of the
conpositions the total anount of cells are expanded by at | east % fol d.
Wth the wuse of the conpositions the amount of CD34+ cells is expanded by
at least 3 fold. Wth the use of the conmpositions the expanded cells are
cultivated for at |east 15 days. Wth the use of the conpositions the
nunber of expanded cells which respond positively in an LTC |1 C assay is
increased by at |east 15. 6 June 2006 WG {Q3/054170 PCT/BE02/00196 13 The
invention further relates to a nethod for expandi ng mammal i an adult stem

cells or eg,ﬁ)}é’ftﬁé%gnimveﬁﬁﬂs conprising the steps of isolating a source
of manmalian adult stemcells or early progenitor cells and cultivating

the cells und : | L i 0Si Lk ing.to the
bresent & i el BrERER ihiehfiof YA tisQRRes S RTRO B Rafif BRIGIIEVA D
hemat opoi eaggregation cellsmtittpembiryanip rstemr calls that have Baeh omltivaiddcian dbe

per f or med j n__expansion of the ASC by at |east 25 fold is obtained.
~This met holggégp ﬁgss%geq%f ornmed until the amount of nucleated cells is

~expanded by at Theaptestdt troletition Tipartieilad dRectelaonesved 'cBRthdsitidrs fope
anount of 4+ cell s have been 10 expanded by at least 3 fold This nethod

can be perdSMAS fRRintgiNNgGa3pd 1 9reMipg  piuipotertt rand caermbing e competemt unt i |
H ther | : hhe ) T
| 5° nor oadngmpSABATHAE BAl SR, THESBABDRRARS 1ole a Bl cdiicutie Pe

obt ai n expaediath $ikh asldut noblimited &) a megiopItehprising Wiglegaabsd DMENat ed
NCD SCI D (Non Cbese Di abetic/ Severe 15 Conbi ned | nmunodeficient) nouse.

- The pr esemion-essantialcaminbsarids; (ghitamina) & Relubmg RfenfBAH de@PBEVIhE @BATMDY a
stabl.e cell |ine far tﬁ%eﬁo?x ansi on of hematopoietic stemcells from bone
i

marrow, {At@UIAIRS vhich@ge prasoitiengy by gablegelbinpsuchrae.
- fompost {1 IR rdt iR 1ol 18 RaiSuiF BLA 1A RAHSPIATACUORIUEN A% BilfivAlBhid | 71 ¢ o

to, a nedi um conprising ucose : non- essen m no aci ds,

glhu't arr:c ne thereoéawbichgsengete: essendial eleinemmnlnghJT:m? gselfe‘qnér]val eﬁE?
i ced ¢ SN ARE pREATARR P R afigfondd fiedia SR Jow TS drital's "'

ther eof , \ihitoé absenee of d4B enipipairtses elfreaiewdloss BEBIR and alls@slESaRgwal of
“hemat opoi et i .c tstem e.I{s. 25 Tq? resg%t invention wll now be descri bed
Vith ref e#gﬁlg@ iQry tl\ﬁ%m enance ofthe undifferentiated state, as evidenced by
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)




fol l owi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gurg 1, t he
nucl eoti de sequence [SEQ ID.: NO 1] of rabbit LIF 30 (Rab-LIF) c al ong
with the peptide sequence thereof [SEQ ID.: NO 2]. Figure 2 shows the
nucl eotide [SEQ ID.: NO 3] and amno acid [SEQ ID.: NO 4] sequence of
rabbit LIF cDNA optim zed for expression in Pichia pastoris. 6 June 2006

-WD 03/ 05%@,05&33 BE02/ 00196 14 Figure 3 shows the ini tb&mg@@@?“ h

(passage 0) of attached bl astocysts from C57BL6/ N nouse, tured in
A) enriched basic mediumw th added nmnurine LIF (1,000 IUm ); B) enriched
basic nmediumw th added Rab-LIF (10-2@2 ng/m); C) basic medi um conditioned
on Rab9 fidanaptiensllyclss heded)préfaraisty mﬁnu_anRéaquF)tF diSE16sbPIh thEPrEaly #19

[

fibroblast cell line; E) enriched basic medium gure 4 shows the

- mor phol ogy"\§NtieR, ©F| alterpativaly scaammerciallyp availahle i lHFA)Antibinticshetichags ¢ nmedi um

W th adde: : o i I medium wi th added
\gab- LIF c%%'f'@g"n%%@m r#c ggg%ﬁ i‘%rq‘é%)' rgng/lfg%g b% P‘ﬁ?’b’@?aéﬁ th@éiolnﬁeos\gionpasi C
medi um coritie preset imvartiorRabslss Hrddtdd e laasvesiatabbiti INE; (Rab-LIF)ethat ched
basic nedium _ Fig sho the grow h of expanded nucl eated cells

(depi ct ed %“t%grﬁg‘% § undiftesentipted fneviipiculitiee apd b nuelestidesencadingler i ved

Cond! ond FAN I Mg s hapEBfoml TRt B B e
condi t i onedchviashinerktikine! Iancostatihs,| newrotsphic hlﬁclggs,gétém tb@lﬁ e g&ﬂw;ﬂ 6
. . . . . I :
e 1 GO S e e e
Expansi on"8f 39 sfag Q/r{é cHed QF%B g : of
i gi nal i e ug 3 | itive
el s i SREfouRAPH 1, furhh Scdstafilt i e, iy feeniionriGidR,

condi t i onedrdigtrophiRa rgied@ukire 6] with ftsispedifioreceptan dndi lanrghe stenmedil otor.
co.nditionq.g| W th ansion of LTC-IC positive cells

(dopi ct ea 8¢ ¥gaes Girtienislatesdd heaiss offiane Epceltings far damling <) i n
Ful 11 e tangifese ok B foncrapr ordirsica shkifed hES SR iRels. FENT) 1 e
wi th triangl esThgBiHidPCRHEr 28RHed"d fhe use of the novel compositions of
| the present invention for the isolation, maintenance and expansion of
primordial germ cells. |
The invention also relates to the compoasitions for the stroma free expansion
of mammalian adult stem cells or early progenitor cells. Examples hereof are
" hematopoietic stem cells and the adult early hematopoietic progenitor cells The
compositions for'cultivating ASC comprise conditioned medium of a fibroblast
cell fine. The fibroblast cell lines is preferably an immortalised cell fine, 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.

In one aspect of the invention, there is provided use of a composition of
the present‘irfl\'/ention for the stromal free expansion of isolated mammalian
adult stem cells or early progenitor cells.

The invention also relates to the use of the compositions for expanding
- 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,




Rab9 cells. DEFINITICNS Enbryonlc sten1(abbreV|ated ES) ceglisnd fodehe
present -invention are cell lines 30 isolated fromthe inner cell nass (ICM -
of bl astocyst-stage enbryos or derived fromthe prinordial germcells from
a post-inplantation enbryo (prinordial or enbryonal germcells). ES cells
can be maintai ned under specific conditions in culture for many passages

wi t hout | oss of their pluripotency. 6 June 2006 WD 03/054170 PCTBEO2/ 00196
15. Pluripotent or multipotent in t hd2present invention neans that stem
cells-can give rise to different types of cells and tissue including cells
and ti ssu@tacestabpolood.ngetiperpt @g:maina;ndbhmn@rmammblmm dhgl wee fsthet o cel | s

f th | ] el |
D6t et SeBbpoRfinnd BRSH Bl SreuE B Skt 51 T 25 ok LR oo 1 <
can give. Us8®fiife 8bmpb¥iess tHe éﬁ‘bhﬁt anéotsusﬁgn%ll%keﬁhdw B;?h%% § sthe germ

line (spermcells and egg cells) . Leukem a | tory Factor as used
herein refddsWith the userafithasopipesisions the exganded gells aretliltvated fapunced by

Gearing e 7 3995- 10 4002 which e ables t he

“derivati Oieaﬁgﬂgﬁg %’dﬁﬁggrﬂs&fﬁﬁ@% °8F’F’8ﬁg'i° %HFV‘&’?E gt expandedi cellst em cel I s
derived f whivhtresporngssithelly infERIST®fiCtis \A%Wiﬁélte%sediby%?fe%%ﬁﬁ also to splice
variants of LIF and to variants of LIF erein one or nore anino acids are

nut ated, inserted or deleted with the restriction that the variant LIF is
at | east 95% identical to wild type LIF and that it enables the derivation,

- growth 15 and mai ntenance of undifferentiated enbryonic stemcells derived

fromthe inner cell mass of blastocysts. Functional protein fragnent of
LI F as used herein refers to a LIF protein with N or C term nal deletions,
which still enable the derivation, growh and maintenance of

undi fferentiated enbryonic stemcells derived fromthe inner cell 20 mass
of blastocysts. "not enriched with cytokines and/or LIF " in the present
invention in the context of ASC nmeans that the conposition wherein cells
are mai ntai ned or expanded, is not enriched with additional cytokines or
LI F. Addition or enrichnment means supplenentation to the conposition of
cytokines or LIF as a protein. It also 25 nmeans the suppl enentation of

t hese conpounds via the transient or stable
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 andodormal oG VERE fRhEETERS b Yifiety
i sol at ed atemfoelis ex 28Ry Prodeitor 86lls d:drﬁbﬁﬁzlg%‘tﬁb sIRPRQT IRt a Yalideigral cord
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DEPOSITS ecRllposiiER W PTCISYgA) SRS, B p P LI ves

"adult stemcells" as used herein relates to nultipotent adult stemcells

i sol at edWA ¥t mammal , such as rodents (e.g. nouse andPCXBEONALY®Tr i mat es,

especially humans. Adult stemcells or derived froma non-enbryoni c organ

or tissue and 30 have the capacity to p39 I nduced to differentiate to form
g

f sodernpl . ~ect odermal, and
R'Pfjgﬁ{ WH%’H’?@%‘%? angdit cel s are
bl ood or placenta. The different 6 June 2006 WD 03/054170 PCT/ BEO2/ 00196
16 types "eAMEElipg adylisten ceflie op maslyrrageniton cella land auivalieg the gells

depen g oniPBuobhd Bsrithld SR accbRipSIEIR Sefsheo” 2ot

chondrocytes, adipocytes, b Mar row s | nuscl e,
smoot h3 nudwnieation deneulivationASC. Thiswhethod eatidichapplizd, todrintdtop biatic sterpat i c,.

pancreati . ieti | i,al-,.0eur.pnal or oligodendrocytes. "adult
early pr oggﬁﬁé@@?P?C”fﬁ?f%ﬁﬂs'p?aéE?ﬁtﬁ?&\?eﬂi%ed?ﬁf&gff%dwt QBomitted cells
whi ch havexpassionof iy ASCIsMatIéast s fold ieoistamledt 'Fﬁis%éfﬁbgeéa'n tf.éwy originate
from but a,re still able to differentiate in a nunber of cell |ineages,

Rrped untkthg, a@punt ¢fiucieated selly isdeXpanded 1y atleastti®dolct i ¢ st em

di f f el@nt expandes by ableast ¥ falfl Thizewiethddzesh belpesforiefIorcatlesarEnehyt e t he
eryt hroi dT

.. .neutrophil - macr.ophage, . akaryocyte and | ynphoi d henopoi etic
his Bethod candbe peda Weﬁuﬂﬁ"ﬁﬁgﬁamw&emanw @@%Wﬁhess CD38. 15

deposited with ‘accession nun by” Thr omb- X
(Leopol dsmedhed can bggetforread émprdaeltgiobtsin iexpahdedtiSE eetlsGolicHicaat ed

Gt hol 1 quEheBuie s RRERR AR N M Rfos 15665 BRanstich Sote® 1 & neuve,
Bel gi 151 ThmbimdabirtmUhbasidi@ss mekk. | i ne expressing rabbit LIF (Rab9#19

cl one) was defosited W th accessi on nunber LMBP 5479CB) on April 07, 2000
by Thronmb- X ( %Wﬁﬁﬁﬁ@‘éﬁﬂt@n 290 telptas tontheBes ey ofimedian conditiGedd)byra

- Coordi natgdple cell line for the expansion of hematopoietic stem 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, giutamine, 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.

I_D.: NO 4] sequence of rabbit LIF ¢DNA optimized for expression in Pichia
‘pastoris,




25 Col | ections of M croorgani sns (BCCM Laboratorium voor thjﬁf;,glngge
Bi ol ogi e- Pl asm dencol |l ectie (LMBP) Universiteit Gent, K L.Ledeganckstraat
35, 9000W@Ri5417Bel gi um DETAI LED DESCRI PTI ON OF THE | NVENT/SEu2/8094 he
present invention relates to the use of the disclosed conpositions for the
derivation, naintenance and growth of Dg%uri potent and gerniine-conpetent
manmal i an enbr ni c lin as exenmplified . in nouse strains.
These. i npr oved dQH Ftﬁsgﬁ%‘ﬁ%gh% 'Qiﬁ%' Quigroydh (RasFags éﬁ’g@@e&%@ﬁ@%ﬁﬁl ne ES
6 June 20%«\@57@@&413&%@5@@&@9&@@1 AYenﬁ@ﬁé&béQ@rﬁwé&U% WHth fepegt

rm

genetic backgrounds, with superior potential e I ne transm ssi on.
Thi s techﬁBWdﬂﬁ/LiFs(“aQ%"Hﬂﬂl: |Biaﬂﬂf'@h$6 b@ﬁlﬁ?dﬂedkblm witheaddedeRatliR (1G:R8Ci es
(rabbits, ; Qly o et ed

{r ansgene Bl OF Bebivinein oo op B o HAS! Pellim) bBiE IR
speci e$. 'medrttonpdmntthelﬁ%ab@dh‘eg ﬁbrobfasacblaﬁmé; BEyadrrichiedtbase mediuain which is

precondi ti oned a stabl e, cell ne, t secretes essential elenents for
growth and sell'ba{*r emwsbiiheli@oﬂmql%gy ‘*‘I’J(Eé rel eolomigsoaltar brassageiin fad

~ reconbi na@nrlch@dlbéﬁb%édml'nhhﬁt?é&!dg@?ﬁlﬂfne(ﬂ-lﬁ"—()l GUWILPIN)L B ghlidhd¥n ﬁ&md €.g.

cell ture mis high

in |low anmbunts. 10 I n one enbodi nent

~‘glucose Mediemstisaddrr Rabd |E4y kasic Mlummﬁtlpnedm Rab? filsreblast al  ani no

Slabi e oot B RERT EERRNBR RN e Ribe ARl ol B B

CRL- 1404) enfitleecdbasionsddiuraddi tion of LIF pref erably consists of the new y

di scl osed rabb LI E %ﬁab LIF) 15 which helps maintain ES cells

undi fferenti at EQ”T‘T"'] 9 §howerhecarawtheof Qﬁéﬂ dc Rutleatash cails édepiotedx@s essi on

of an opt o P ol d I'ls
eRb&Rdors PhkoP A URE &:%H%l bsgulau&@uamm?c dervef R AS ggtY,s i

into the nedium can be determ atlve | ch as

- l'inked i nififfesertonédiat legesdyfulllineS#th squansadiediummoonaitionay Wit RabO#T i muno

Chent 1 un Rels: 37 e, Wit inkoofks: rosdi Maifonactwith Jeaist salt: il 88 it i muno
assay 1§ ECslrolsSbago &8 hieHims dBUBHNHe WA cirbd: s ESMERIIN Wil lafldA usi ng

a nonocl onal antibody with reactivity agal nst
mouse nonBYWPKIAEE. anti body C one 9824.11 raised against human LIF, is

preferred as apfGleReNEG, AloR*A EbS3L pos‘iive cel@;s(sdae\{:ictedtageexbansion
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
Rabg 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
Rab¢ 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.




25 QJantl ki ne Human LIF i mmunoassay (Cat No DLFQOO, R&D Systgrrﬁnezo%

M nneapolis, M\, USA). The conpositions of the invention may have a varyi ng
amount oWO B@#¥9 onal consti t uent s provi ded that their a®eKMER/B0196f i cient
to maintain ES cells undifferentiated for prolonged periods in culture 30
The conposition of the invention corrprﬁes condi tioned nedi um of the

fi brobl astgs] | cell line in a di um sel.ected but not. linited to Phosphate
Buf f er ed mﬁl@é@:ﬁl@—tﬁ%&b 'Gpem%HFJH?'(S@EWth §8Bve's
Modi fi ed, -gied hiseces diffddnt! éé?@?yCeﬁi@ aﬁéla@,@ue’w.ﬁunﬁmhg Eéél@nbha'né%%@ a 6
June 2006 WO 03/054170 PCTBEO2/00196 18 Eagle (ME RPM um

199, MCDB SVRRPHIRY thenregoraaybut are knabie tesgivatrise tq\@aisaotm ger(m]lrEM
DVEM F-12 %ﬁ%ﬁ@c Eaépgi utrient mxture, Leiboviti's L15 Media, CVRL
Medi a, B dru %ﬁ}g R%Idl um Eagle (BME), Brinster's BMOC-3 Medi um
W liaf s Qs tiné canpbefe @tipoteritbnti gmnibotstd [ih ahe gresédteinesition mekhe

It t h d h bet t th I
i U hi ot r SPRHem K FancH ES to G ens, & whcanib s BRGMNBGRISAIdRe col | s

whi ch ar e gefh Imb“@ﬁérﬁ‘?@él?éjambb Ia@ﬂs)encodl ng LIF, the nmediumis
suppl emrented wth adul t, nevx/oorn or fetal serum In the conposition with

condi t i oné-&_hﬁmgmgﬂﬁéﬁtgi (LU ) tasaureideberein véfers ONA meaTomdiian protEin, t he

Such s noraceny clofls B \YchenPBTEY CEART' A (1P BUEAT, | Bos™

conpodDt i dﬂOBfwmd:ieenableettheIﬁeﬁ:Naﬂmn spowieand lrﬁzﬁhterﬂ@:&é'df'tfhﬂﬁfér@ﬂiﬁté’cﬂn of the
fibroblast-like.cell 1li dded volume of 50 to 15 120, preferably 80
M of fet SMURYRNIAS @Er%nlﬁ dﬁf“’te foom the drraraeell massaf blastogysienttiraferaini no

1725 i ey e Gefghis ORHE R EARHEC o S wheni A dhore BRGAST 7Y

bias al ES eeids aﬁemmmitb rlmelsrted mf?ﬂdétédtw:tlﬁﬂlﬁla rﬁ?ét&jrtatbiay thé@éhlagt Lglg/[ﬁ:;\/lohll gh
; 0 r ) ni gi

or ot or bl §t E3sPoUEREGTo ey A0F Zofghat R ehebRafe esbinam goueh

- gl utaps neang§ méini&'«ad&éeﬁfiru@aﬁlfﬁér@nt?at@d éﬁbr&%h@@ﬁﬁgté@lg #%‘?‘%& fch}'fLﬁQe The

preferably 70 m fetal bovine serum neu f pre
i nventi on'Wf@ﬁ'bmasélcétb@S’f@@VSﬁ& ocesses to derive and to culture
Functional protein fragment of LIF as used herein refers to a LIF protein with N

or C terminal deletions, which still enable the derivation, growth and

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 ce!‘ls“ 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 celis are isolated are for example, but
‘not limited to, bone marrow, umbilical cord blood or placenta. The different




- manmal i én ES stemcells to obtain pluri potént and germ i he-gg @% ES 25
~cells, wherein the culturing of the manmalian ES stemcells IS a east
parti al | WOSf0s6u7red i n a conposition according to the i npemBRonIEDN

descri bed above. Such a process conprises the steps of: a) culturing cells
of bl astocyst stage enbryos; b) cuItuEéng i sol ated inner rass cells; and
c) passagi,ng the inner  mass cells periddically in a conposition of the
inventi on.-tyg?%f)gt‘;&ﬂ? %attq:@ éﬁr@ta@egm gduly stery eelifeare derandipg pliernged
for at |eank t§pé ioMBdiult BEmRIENC 5 Sex@iplef OBRGH i

produci ng tragggeni c ani mal s. 'Accordi%g ﬁéy?ﬂgtﬁgﬁﬁgﬁ%‘gg %ﬂ?}i@?g@%s.t he

i nventi on filaspblasts, traarsowrsteome, skeletal (ES)Cle;esthobthnesisele; ltagiiacimoscle,

pCT/ BE02/ (LU RB0Clelat pRRTS/EE HapacotiiRafd Hervalpoitinedlia hesipnet |

| i nes &r e arlcligofendioblies. In case of a murine cell line, the cell line can
be derived _fromcells or tissues of 129/ SvEV, C57BUGN, C57BUGJ- HPRT,
'BALB/ cAnN,-2 0 rgells” ipl)e presentinvention Lefars Hp IeoRmitisr1GelIs6 014,

FVB/ N, DBAJHias havEidst o3eB e L SS: geneti c

backgr ounds. Thgv_ rrurtioﬁg pﬁeﬁ‘f?ﬁ@? n|3re eraE)F/hye aveeéa" @g&ﬁﬁgﬁﬁ%&%ﬁ%m ssion

capabi | i t pudfarestil able to diffesentints ayesnumiber efrbel tineages, dut (¢=3) thewl thel | nes

of the in [ char |.zed by three dinmensional colony formation,
SF 0 4P e GRBR R

positive stainin phosphat ase and negative staining for

cyt okdgat i*herh@tepuletic stent ¢all” 2hbtrevibedBs PSS 2l bIP8SRASE fom KHhepaDr yoni ¢
stem (ES) (fel lines may be used 1n tThe generation of chinmeric or ES cell

derived atiord:sumbilicahCoydnblagd: @rabpas maraventbabgars renewoitsélfnsaogous

r econbi natg; RO rakl : Ll ] ne alteration via
gor i i e hrentifteltds Ry Bf LOCiRlzoBLAIR. Bisch fah Pehult i ehiigid.f e
gener at i omeofrophil-medroplageyenegéiaryoyto gamd dginphyiit hemopeldtiencelNipdol 5

reci pi ent tl_%(gsto‘%/st(gp% di@tl oild or tetraplold enbryo aggregation, or
" nucl ear Er¥RrEssy hE Kt andthyl. Putdanolwexsess G538 ) genes or for the
expregsi on or overexpression of genes. The conpositions of the present

“invention show superior characteristics in maintaining the phenotype of
enbr yoni ¢ DRROBEES OF GELUILINESent mice strains. 20 The present invention

Stemcell's of ndPe BabeBhE, 5P (AL FBEPFSg abBR A ep RHSEH Wibs,
rel ates t actdusion aufriber MUGLA26P5)6h July 5, 2000, by Thromb-X (Leopoldstraat
1, 3000 Leuven, Belgium) in the Belgian' Coordinated Collections of
20 Microorganisms (BCCM) Mycothéque de PUniversité Catholique de Louvain
(MUCL) PtaceCroix 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 Microorganisms (BCCM) Laboratorium voor Moleculaire Biclogie-

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 disclbsed 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




corrp05|t|ons for the maintenance and growh of adult stem c? -early
progenitor cells, as exenplified with HUC derived CD34+ cells. 25 1n one
embodi meN¥O 630548 i nvention cul tures of adult stem cel s POT/REII00196 ear | y
progenitors cells are naintai ned and expanded in the conpositions of the
present invention under stroma free comgltions this is in the absence of a

direct co C th fee t he sence of an indi rect cont act
with f eedeérglé QPWS M3 G@%{ ﬁtgeé'ﬁf? u!'p@@3gr0tm§ oSHREMOK sPetgptigl, for
expansi on gémiiBe tRfhsANSSIHA] TFBISH@ChH@IOP{(%%‘IHO aﬁmﬂfablé)fb éfl-%rcrfa?'ﬂhhh-u%ﬂed by
fibrobl ast ceIIs preferably immuortalized fibroblast cells, and nore

pr ef er abl y"AEGRAlEN; ﬁ?@ﬁ%ﬂrmsr iRigsbratile, etw) |andsgan fesmt the Rase 6l | | ne

Suporior detete UfigBheaginh Ttk FhosBost s oMby df THgeurRes o7 e
PCT/ BEO2/ GpegiEs20 proI | ferat I on and mai nt enance of adult stemcells or

early progenit cel | as topoi eti c precursor cells. The
conposi ti ons Co[rm Cgﬁmqog 'Onﬁda?'f?'%tn& q_rhﬁsd%d@@d%'ﬂﬁ?em?d“ﬂ'ﬂ- Whichyrigduced

by transf gréeshdidred bip aktine cefpdl tHA %‘e@ﬁbté@%sé’@rméﬂ @em#zrﬂsq%l:’ge \ih' ed

enbodi ment however, the 5 conpositions for I'ts stem ce no added
LIF. On o@ichaRtirenewal abdehiceellst Ta Rhese mmsosmns purified | reeomibirantt he

i ferayi t her hand th f
Pl R | haetiRefi iithory Eagdl o £33 cpYonglh 0 848 o IAIGwiaReliES 0 s 0
nyel oil@ .| i neagén d?rae emhisatﬂmntzf tHd bashngeh émuﬁeambamrﬁugeh@hfg 088
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mai nt ai ni t he - undlffereg ted properties of at 10 |east HS r early
hemat opoi "3 Bindifisd Eaples madiymBMEM, with rqriessassial aetino sicidsae

i nventiong ]Mgmghﬁé}'&ép{&%ﬂb&rﬂﬁ ar‘@#étél"%wﬂ@ Yy mk..%sg Le’ag"%s Q%aéj §§| nes or

enriched, that is have no a nes or
“growt h f adin@ris awnaklit ﬁbmbﬂqqhhkalttqﬂ mahugo(ﬂrr’é@CaCRﬂ_emml fﬁh\eabpll’tﬂ*laﬂ or
or, 15 exanple FIt3

Frgand: 1 eaton R afRleraby Ginstits ot Rewbe Bisclosed sabbit HF GBSO i )
' SCF (35 emugidH hé@%ttﬁél}wtalhrES”cbﬁé”ﬂnﬂr%reﬁ tﬁﬂ 'lﬁ’%‘l 'v cﬁculﬁﬁr@sﬁnd(\ﬂﬁlﬁﬁ%ocyte

col ony-stinulating factor)(MP-1 a) nmacro amra tofy protein-la,
- MCP (-nono&btainedbysxpressionafanmpinized BDI\{A/EHDenc&smﬂlmla prasttmtshel ial cell

Byt oki ries. suchtfo REFARARBH aBlR, dnte 3nEL TR . BT b6 “BeleTisiedt (brdt i on
and mei nt quaniitetivé imdinioastBMsaeh| g ARkaRihuiOSEbchPassay |(ELISES 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 monoclonat 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 peridds in culture

30 The composition of the invention comprises condiiioned 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




as HSC or hematopoietic precursor cells. Thus, in a preferrgdusdbggy nent of
the invention the conposition for cultivating ASC such as HSC is perforned
in a con&HBH%t o which neither 25 LIF, neither cytokPeEBE4R/B0186ded. | n
one enbodi ment of the invention the conpositions of the present invention
are used for maintaining the phenotype}g)f adult stemcells and adult early
1
I

pr ogeni t or | 5 !-#;M I Oy kN E A ' deggr j,bes,_t he

appl i cabi I%@godnﬁn%ﬁﬁ ai nfﬁgqpbﬁmg(ﬂg&‘o gﬁgmbﬁﬁ{@%&pﬁb é?Mh glr:-lﬁgow

pr lolper t iA gsmi?fmltlr&O Elslkﬁt(ahuMg?iaJrﬁdgllef q@mnsnn,d)t{mgm;w?fz Wméﬁopmnﬁs ig—wt em |
cells. .stem.ce nd/.or ear rogenitor cells such as or ear
‘hermat opoi SYYtEent MP%?L%Q?Y@[SCQ@ 'é@g'@r %M&Lt Medi: BEdRMedivauBasaln be Y
passaged ' [ on o da i [ C Wi {e at
aact (30 ot SRR (B Drssar ST oWty Wildhes MEGREETAN T
pr ef er bl MeCpy'atMediasyr &ipptaljonsi thecedft Toethecoempasitien fprtisdrea abliycihgr at -

| east 90 LN.C e and evepn nore preferably for at |east 180 days in
culture. %@%ﬁ% é%?he# %g{al@%écfﬁﬁ%?nmpll d @%"Haﬁﬁ?f% cell's such as HSC or
~early 5 hemat dxptﬁebcbmpmiﬁ@mlb&ﬁfairﬁﬁ%'c&n@ﬁﬂne@@ﬁé?ﬁ%r& deffis ! WRicATH8 §1ok

I nvention,kbe _expanded 'lal)é/\aat'least 0 fold, preferably by at |east 25 fold,
more pr ef &RABleptad, with DN encording i, the, edediwmeisppupdenasitedowithtadudast 100

fol d, andneERsbrPbe " " . 4+ adul t
stem cel Ig anEi)/roP Z%??%rgpdgbe{rtli 8@%@@%@98@%%%@%&;@@%

hemat d@oi tansfegtest withoDNA| éscadimg 1AEc dhdi sgrune dame ber adelit or inevdakh on be

- expanded t l.east 5 fold referably by at |east 10 fold, npre

~ preferabl ég@mgliam SELMY fioy) gf)v'@@e%?ﬁjrrﬁeéa’%‘r%lf@ 8pINPreg, geat) aksheen f ol d,

and nost fasedguap! y by at | east 1000 fold. The potential of expanded adult

stemcells and/or early progenitor cells 15 such as HSC or early
henat opoi eti c Privelarest example of angompaesition of theoinveetiorpcamerises peeliter on be

oxbanee Sondlotf adubobe ORI By 5ol e F5Ckn 101 a
and mbSt pRef prefbiaphbg0anl beashl ﬂ@@ﬁefséranaszoaﬁ:szsﬁgréwra%uy 49SAY neHCch as
the LTC IC assay wherein the capacity to expand into nyel’oid progenitors
is 20 evefsantiglamino acids, 2 to 8, preferably 5ul B-mercaptoethanol, 0.5 to 2.5,
preferably 1.25 mi insulin, and 80 to 130 ml basal ES cell medium.
Preferably, the basal ES 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
ml 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 pIuﬁpotent and germline-competent ES
25  celis, 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 procesls‘comprises the steps of: a) culturing cells of blastocyst stage
- embryos; b) dUIturing isolated inner mass cells; and ¢) passaging the inner
mass cells peripdicatly 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




The expanded ASC such as HSC can after cultivation for at |gagte ddps days,
preferably at |east 28 days, and nore preferably for at |east 60 days and
nost prel@BM®or at |east 90 days, engraft sublethal PETEAEOAHEA NOD/ SCI D

m ce 25 The HSC cells which are cultivated according to the present
Invention are can be serially passadeghbto secondary NOD/ SCID m ce. The
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optional ly include LIF, préferab ‘'econbl nan
cel |'s Sun®AlBeoMRLatCETRIHE x:@ﬂ\:l oy Svuserdhster genetic ltneckgmuads s¥hen. In

Fi 1, eotid nce of Fls rovi de th the
pleg'l[J irge S%%C%&F@wﬁ%g@g%rﬁgﬂdi%vq_gg ngéra&sgﬂ 29 Oﬁf?ag"' u for

met hods, myrecphssades. oMt @mbrybRicMBRYN w@s&;ce@mmnes%pgh@ahvérﬁﬁhs ard - €
expressi on selstems avai lable to biologists. In such a case, DNA nol ecul es

encodi ng REBLacterizedopy; Hiraeydimensignal agtlony i fervation, prsitive stairing foncodi ng

 Gassette. CREUROCRbSTES: BRd niBalit Bfhg for SABKaNT 1B B IRERh Hher

' Rﬁb Eﬂg Entmehthg"l tbwpassageme”ﬁwm embnmduc:el@gt (Es) eell findd nfatyrb@ugdalleﬁ i on of
't t ncodi.n secretion.signal is
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t he cel | sWith g@necaltenatipn \um:gerrmdjne drgnsodssient foe th&agendratior of ehimednd under
whi ch cong reconbi.nant Rab-LIF is

or oduced THmEiTps BB BTG R oty Plood HedASA ST pha
f act o5 sergoigiemn biRisttYEts aNAIHIBRI 8l cefaplorRk eftifo ladgé¥8tlon, or nuclear
transfer, for the study or isolation of (novel) genes or for the expression or
overexpression of genes.
- The compbsitions of the present invention show superior characteristics
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. 4
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 exempilified 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 cofnpositions 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 Rab8 cell line (ATCC CRL-1414). The present invention
shows that these compositions are superior over basal ES media for the




20 pronoter. Alternatively, the Rab-LIF-encoding DNA may begqopgeabby |1 nked
to appr(g)Jorl at e Erom)ters, enhancers or termnators (collectively, "control
sequence xpression in prokaryotic cells or hi ghe®PCIIEGRAGPé c cel | s
such as rramml ian cells and insect cells. Reconbinant Rab-LIF was produced
using the methyl otrophic yeast 25 Pichja pastoris expression system from
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pPl CZa vecapacify. ldntthegether Hemidsthel b:wenbbeoﬂ BIF & kaowaf td BEmuRES the nant

protein fr sfor Pi chi astoris culture supernatant. This prinmer 5
i nt roducefi'c'l‘gfﬂjr'g'i')t Ng {re%] ﬂ@&@&%ﬁ‘e{ mﬁ?é‘?'ﬂl'W@égﬁnThﬁé‘bé‘?éa%l%é"gbove)
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. processm of the alpha factor secretlo S5 gnall 1 ner
- cont ailRed leaskibtSC gre@rly hematepaieticprogasitonoelisi ed, di gested with XhoI and

R BT R R M S W
- the stronguldVatirodf A8CHesR ot HeAR6hricRE nlﬁb?fs hdve f aH@%J E@Bﬁlfn% Ftion in

P. pastor e vect or pPl CZa-RLI F100 was |ineari zed estion with
Bst X1, Efqvﬂb ?ﬂOfihé?Bok'A@Rpr gmwtarﬁ%fptatSewhlcbea;aéywealmaﬂc&:odl to\medlabl e

Lo o b SN oM B SHERT, o0
suppl 1&r. examaple FltSakigand, sLﬁr(aneﬂwmmnsomalb LR ke cefiér, Tfplonal l y sel ected as
B L, B maiohal, S et e PR A5Gy b iienin B &g & et e
- (granulocyte colony-stimulating factor)(MIP-1a) macrophage-inflammatory
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 prolohged period the stem cell properties of
30 HUC (human umbifical cord) derived hematopoietic stem célfs.
Adult stem celis 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 déys in culture, preferably at least 30




added. | nPBSRB

MUCL42925) 20 It should be noted that the expression casseté euseswd bed
above is _stably integrated in the chronosone. The X33 (RbL) strain was
deposi t eWQHAHE® BCOM Col | ection on July 5, 2000. The opCIMBEIRYE0MGC| eoti de
sequence for .expression in Pichia fornms a part of the present invention.
The nucl eotide sequence and anmino acidy,gequence of the Rab-LIF 25 cDNA,

whi ch has ar evie ousl een ried I 0 | n.Figure 1. The
nucl eot i de(ﬂa g%q'ﬁeﬁe({“e&%g)( Ysi g’%ﬁé rﬁ@@ g’gc%tr %a%%ttbo&?#qutééﬂﬂ'éer YR RS0t
Sanger- et paéfefately Rabat leash 00| dkiye inwuttueane evenahoidpraf@abliefopratieagt was

manual |y ,@@ ared tﬁ t he human LI F sequence (Gough et al. 1988, accession
M63420 & ABEUSHE nouse LI F sequence (Gearing et al. 1987, accession

M53419 & JO543ndy A sipridngy D% the 1pae! sl id
sequence of human and rabbi?@?Fgéﬂ%@fggggr lggh o\R/aggf oundst%ta\?@en t he
nucl ei é adematgpejetio cerestiramucalisacdny aimobtding Ao Tihe presewts irosetitiog be

h l-ogi WO 03/,054170. PCT, /00196 2 I m d
o o “BBindBr bR ot 0 PR, Ke BV S 1 25 0 OGS erlees B b, o
human LI Fat B&#WROHOR, dvendusis prefetabrdoy ot leadthboTEIdTRAY Wby oned

with Rab9 5 I n one odi nent of the present invention, basic ES cell
medi um PMr?(ﬁi*?qséﬂggg&ﬂgconfl uent nonol ayer cultures of the Rab9 fi brobl ast

[1s, i | t f [ t i f.i '
Co0l o0 for uae Terol ofCOSRS 8Alk Sitin CBYS alfbrcafiiBgedofagls Mhgh® 27
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di sh i it.. ti 1 4. T 10 fi ft [1tti , th
meci um 1 < MYEDUB 4B SRRIEY by it Test & e PisfRiablyaby ot Teastrichfaids marem ¢ ne
m xture opréfbrably &9!ateehson0 dﬁ?byeﬁ%ef sﬁegé%apw@ggaﬁééé{%qﬁm an

non-essential am no aci gl ut am ne, rcapt oet hanol , (1 25

ds, 20
insul'i n afMeskoraferbiaby st leashi 080 faddled and the pH is adjusted to 7.4. The

basi ¢ nedi um f: M hi | ycose, 70 m .fetal bovine
15 serum 1ot THS HOLP of &Pt e S et dhdlff Rty drogenior calls "
G3- medgapsuet fanbISC @ndadBenfaiopsiete Nirealirsah defls 26Arf SacdardingN&s thasi ¢
medi um i s basi f nedi.um to whi ch anot her 4%év: v) fetal bovine,serumis

inveption kerfxpandad byratdeast Hivlds preferably lynatienst 16 feld, medi um
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) | |




- endogenous Rab-LIF (see below). 10 After

can be scal ed up using standard procedures such as roller betjiesoosel !l
factories 20 or bioreactors. EXAMPLE 3: Derivation and culture of murine
enbryoni ¥ABARHRS) cells 1. Muse strains and ES cel | s PESBERM9an be
derived anongst others fromthe followi ng coomercially 25 avail abl e nouse
strains: 129/ SvEvTaconi ¢ (Taconic, Gergmntown, NY, USA); C57BUGNTacf Br
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| ndi anapolH"differepialed anggapac Uskaermling tiapgiissieny indyigwedt . (ther | an) ,
-DBAlLacJd, rfulfeoti A Videdd 0 0
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from 375- 4heye@hys ol d bl ast ocyst stage murine enbryos, which can be

- collected and t e indivi 96 vel | dish dwth
i tot cal Iy ar REray R BRI Y F Bt et etlsr SEGINIL98E O rhe
bl ast ocystise ananylrholeedlar dhielogivalh toois! Hee. Mexplatsain spaRm<t sehilagkety day

with conditioned ES cel/l nediumof the present inveniion (see Exanple 2),
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o o OPeratRyl iR O INR RiALk [WhROfIRR® 4! SafiEtriptldrl Broffbfeh afi@cr ot
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undi fferentiated for nore than 20 passaﬁes 15 by 0sing conditio ES cel |
medi um of SEHEUP signal is nQRrsTablynlinkgd te ihe SRab-#trencodipngr BN&ain Isechbta ai ned

frommuri @Eﬁfﬁécﬁ{e k%bgz}fﬁ%‘éé%%?é%ﬁ%@i 'regnant m ce. The mice are

sacrificed, erl in a petri dish containing
phosph&t e buf f Ehe grarabienendyPBS)kondiitatives Thdusibledsraisdus spelchid, el citficd he

_Ut erus angf %'hlchnt?fgl%gﬁy %%péggg \{cholh tggeceils in which it is desired to produce the
Rab-LIF protein, and under which conditions. As described herein in Exafnple 1,
recombinant Rab-LIF is produced in Pichia pastoris and is operably finked 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.

Recpmbinant 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 |} (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 consedutive 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. |




20 enbryos are transferred into a new dish containing PBS, §hgdwmpgd and al l
“internal organs renoved and the carcasses washed in PBS to renove bl ood.
The car cHEBOSETR then minced using 2 insulin-syringes i RCE/BROYOEIDf 2 to 3
mm in diameter, and incubated in Trypsin- EDTA/ MEM sol ution (10/90 VN) at
4C for 2 hrs. The suspension is then jficubated at 37C for 15 mn, a single
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murine LIF (10 e |umW|t 15 LIF
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medi um colinkarizede dyodigaationf WitholBsgst, eatlting WCMed'SWQAU)Ue @la?ec{)or f)
basi ¢ medi um condl t| ned.on the Rab9 #19 fibroblast cell Iine Fsee
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- recommended by the supplier. The P. pastoris transformant X33 (RbL) was
- finally selected as Rab-LIF yeast expression strain and deposited in the Belgian
Coordinated Collections of Microorganisms with accession number
MUCL42925) |
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 Ju'ly 9, 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 Rai:)-LIF nucleic acid sequence of the mature protein was manually
- compared to the human LIF sequence (Gough et al. 1988, accession M63420 &

30 - JO5436 and mouse LIF sequence (Gearing et al. 1987, accession M83419 &
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




i s basic nediumto which another 4% (v:v) fetal bovine serugyige agsied. The
basic nmedi um conditioned by the Rab9 fibroblast cells is obtained as

i |1 ustra¥y0¥4¥anple 2. To 1 liter of conditioned basi PCESBEREIG6N (f r om

the mxture of the 4 collection days), 80m fetal bovine serum 17m :
non-essential 25 am no acids, 20nl gl ué am ne; 6.3l (3-nercaptoethanol, 1.25

m I t ted to 7.4.
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_ first- passage
In other embodiments, the productaon 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 commercié!ly

25 available mouse strains: 129/SvEvTaconic (Taconic, Germantown, NY, USA);
C57BL/6NTacfBr (Taconic); BALB/cAnNTacfBr (Taconic); DBA/2NTacfBR
(Taconic); C3H/HeNTac MTViBe (Taconlc) FVB/NTacfBR (Taconic);
Tac:(SW)BR, Swrss 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/10OlaHsd (Har!an) DBA1LacJ CD1, BALB/c, MRL, C57BL/6 x
CBA.




20 Table |: BL6/N ES Efficiency cell derivation of nurine Einddeur €

Nunmber Nunber of medi unof blastocystskS cell |ines -ex plantedestablished
Nunber % B} $3¥éd%basi ¢ medi un2100% Enri ched basic medi umPGIEFIEE@SH added
murine LIF (1000 U nl Enriched basic mediumw th21628% added Rab-LIF 10n
/' m Enriched basic nedium wi th22523% agged Rab-LIF 20n /m . Basic medium

dition ; 0 "ﬁﬂE% L | ast cells Basic nedium cpndi tioned
gﬁ281\95|000A) %e@@%@%é%f | ro%bT"?g?chl | 'ine When either murine LIF or RabLIF
was added to tHeS emeils daecbdaeriveddtinid.54.5 dags AP Glas6yRB R Hurine
PCTBEO2/ 0019 efficiency of ES cell derjvation increased

28 th erj v to
appr oxi mat®l ry?s%"m'erbrcaﬁ b% EE’@. anf eplated; lé'll:%\ﬂ‘é‘ya“ﬁ ZESﬁ(iﬁ M;&!ledishzéts i ggl I
Ger 1 vati oo pred, DA of Mookl | areRied SPpREd o ebrlalie Crbl i e dierim veas
used iR t HBoRY8¥el: dhefblgsigcystsare dllowedatidatiadt fo the siomolayer, Ehd eéfed

derivationghf I g0k Y85aifBEE 88 W MRShCof the present invention (see
Example 2), with basic ES medium with or without addition of murine LIE or
Rab-LIF, or with ES cell medium conditioned with the Rab9#19 cell line which
secreted endogenous Rab-LIF (see below).

10 After 56 days in culture, the inner cell mass (ICM) outgrowth is
selectively removed from the (remaining) trophectoderm and replated after
- trypsinization with trypsin;EDTA on a 96 well dish with mitomycin arrested
murine fibroblasts. Subsequently the ES cells are gradualiy plated on larger
culture dishes. ES cells can remain undifferentiated for more than 20 passages

15 by using conditioned ES cell medium of the present invention.

Fibroblast feeder layers can be obtained from murine embryos of 12.5
days post-coitus pregnant mice. The mice are sacrificed, and the uteri collected
and placed in a petri dish containing phosphate buffered saline (PBS). The
embfyos 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 (16/90 VIV) 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 m| Feeder Medium.

Feeder Medium consisted of 500 ml! Dulbecco’s Minimal Essential
Medium (DME‘M), 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 chahged 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




medi um was conditioned with the Rab9#19 cell 1ine, which segrgh&doos
endogenous Rab- LI F. \Wen bl astocysts were cultured in basic medium

condi t i o345 bo or Rab9#19 fibrobl ast cells (Fi gur e PSTBEAYODIG t here
was a facilitated outgrowh of 10 inner cell nmass cells. In enriched basic
medi um wi th added nurine LIF or Rab LI partial differentiation of the

i nner cell, éﬁiaa or outgrowh of throphectodermal cells was seen (cfr

- Figure 3A and ¥ Al ready after one passage, a difference was observed in

t he norphology of ES cell colonies in different culture nedia. Enriched

basi ¢ nedi i th ded nurine or Rab-LIF (Figure 4A and B) gave rise
to rather #@{\% OEégcﬁﬁ whil e the use of basic nedi um conditioned on

Rab9 or Rab9#1 [ I ' i
t hr ee- di nensi p\;'lqiagls c}gslggéﬁlsérggﬁo{rl()isggégwyﬁﬁﬁgsﬁf%n%i %ﬁﬁ%&sﬁ%sﬂggo ba{??tscel l's
wer e - dif f anikotically carregtedr with paitemyein( FCgliure didhes Tire keptldt s3@R€dni hed

above wer [ uIt ai.ned t 3 eks of 20 cul tur In.a
coupl e of ﬁuﬁ@ﬁﬁs@‘g@ﬁ\oﬁgﬁ% S%G?B(Séz Ibeyi ﬁ”&aﬁ%mﬁiﬁr@pﬁm@ d@¥ErY Z-Font hs.
The cunul a#aweariftus a@uﬁwqmrepa@rdefeéumrsh%gdmé HRBERs hie feBaéwr%"day witRal
efficienc r.ine 7BL6/ N ES cell derivation after

“culture. 'Beﬂﬂ tioned E dRePUMES cel | Cul ture medi unbl ast ocysts I i nes
est abl i shed expl anted Nunber % enri ched basi ¢ nmedi un2100% enri ched basic
medi um wi th added 26934% nmurine LIF (1000 U m) enriched basic nediumwth
added 1Rab42 CeBgearisodune 2006 WO 03/ 054170 PCTBE02/ 00196 29 In table I,
only ES cell | ||nn%%é e\:'\énde% of (ta‘hngllrpvee%tllorq the gp%‘tggygtrse\rfvyreato%(tjalgéc? tfr%m the
natural matings of C57BL/6N TacfBr (Taconic) mice. The blastocysts were
cultured with: a) enriched basic medium (see below); b) enriched basic medium
with added murine LIF (1000IU/ml); c) enriched basic medium with added Rab-
15 LIF (10ng/mi); d) enriched basic medium with added Rab-LIF (20ng/ml); e)
basic medium conditioned on Rab9 fibroblast cells according to example 2; or f)
basic medium conditioned.on the Rab9 #19 fibroblast cell line (see below).
- The basic medium was composed of: 500 ml DMEM high glucose, 70 m
fetal bovine serum, 13mi penicillin/streptomycin, 13ml giutamine, 6.3ul B-
20 mercaptoethénol, 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
llustrated in Example 2. To 1 liter of conditioned basic ES medium {from the
‘mixture of the 4 collection days), 80ml fetal bovine serum, 17m! non-essential
25 amino acids, 20ml glutamine, 6.3pl 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 medtum, conditioned by the Rab%#19 fibroblast celfis, 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 B-

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




during at |east 10 passages, were considered as establisheds kEmegids |1 nes.
When either nurine LIF, long RabLIF or 20ng RabLIF were added to the 5

enri ched MY ®B4HBdi um efficiency of ES cell derivation RETBERIPH1988% and
36% respectively. The efficiency of ES cel | derivation with either nmurine
or rabbit LIF was conparable. An ES cell derivation effici ency of 51% was

. 2%252%&%%3%@53 Tk kSRR %Eé’ﬁa&@%aﬁfe&ﬂcs% hicth B30 Begh sabixs
obt ai ned andfened adinctheediblm Lekera IhRibROGFAdtbNgehe JRADIHIER seRidte! | NE,

whi ch secreted_ endogenous Rab-L|F. These differenCes (51% versus 61% are

not stati ¢t ©aP9 pO/raday of BabrlIf @nthesmedium asdajeingineit) thesELISA fdrer
~enbodi nment hub?ar lFaoﬁﬁﬁﬁf%étéhewrﬂ{éa%%néﬁM[g{/gﬁ@”ve“t ion, the blastocysts
t mat |
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col | ection Eai% %é %ﬂ Ihs’t al povine serum 17mlL non-essential LIF (I
‘Ong/ m ) efFiEHE % Cetteliiegnisneeuntad ded %519 obwpoulture conditions.) Theisi c
medi um coQHHiHeRsIR bedal f ge i'tioned
on the Rab91816161% #19 cﬁ?l br oblggif(é céeﬁéagh Jé‘%\lg hgg%égvﬁg@ﬂ@ggl%

PCT/ BEO2/ domsBoghemigai rstainingdar mreﬁemermﬁalkamnel plidspiataszpi(dettoanol
- 1'_25 m 'E?a%lla?or?&d !gc(:) i Burlingame, CA), or for the absence of vimentin and
15  cytokeratin (both Dako A/S, Denmark). Only ES cell lines, which consnst 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 dunng the first passage (Figure 3E
and Figure 4E).

20
Table 1. Efficiency of murine C57BL6/N ES cell derivation
Cufture medium Number of | Number of
blastocysts ES cell lines
explanted established
. Number %
1 Enriched basic medium 21 0 0%
Enriched basic medium with | 26 6 23%
- | added murine LIF (1000 {U/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). g
Basic medium conditioned on | 35 17 48%
| Rab9 fibroblast cells
Basic medium conditioned on | 18 9 50%
the Rab$ #19 fibroblast cell '
line

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




basi ¢ mediumis added and the pH adjusted to 7.4. This condigtjgaegggredi um

contai ns_unneasurabl e |l evels (less than 20 pg/m) of Rab-LIF as determ ned

with t heaLBEE Y human LI F of R&D Systens (M nneapol i s PCUBEOMENYG whi ch

S fully cross-reacts with rabbit LIF. Table I'll: Efficiency of ES cell

derivation from FVB/'N and Bal b/ C m cehf gouse strainNumber of bl astcysts
e

BALS c3414 TRanPL e oS P B AR S L I RS oo e
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gradually passed onto ‘%g culture dishes with a ter 2
mont hs Sof Of@ddedd;IFt ﬁesm éiS@BllI@rlvahmbﬁmmsamalhemMarsbasmnt ed

. for each cter f, the e bl i shed
ES cel | | ﬁ%%%s%déefe?%%lgﬁg% %S@%hgﬂ%géqg Pﬁg ‘F’@Pht PECHT %&ence of
al kal i ne ehdegérdssRabdE! or Labor atories Inc. Burl i ngame, CA), or for
t he absence of V\érmeq,@ |n and Cér okerat| n (bath Dako A'S, Denmar kz) Only ES
~ cell lines, aglacysisyvere: liuerd, in basie megiem gongitioned wiRab8oent i at ed
' state (m)mbgh [ ok
 passages e S S FIrE e ShEE efer S byed Jebiedten SBTow St i
. condi t Donﬁwelﬁyﬁeﬂ e sRateslst |¥fbenbtlam:t basit Insedilimowith tadeled daufivaLiFo6r Sab-
enbryonlc %ﬁ% I]bromtth I?/lg as well as fromthe BALB/c straln
After twofont " differsn @t'gne PEsHEREESCRl| MAsshe8r aoutarawi e@f f or 25
the FVB/ Ntmbpweaoma%eﬁé;mldeew(eﬁw% dAgn@MB/ c strain. This inplies
an overall derivation efficiency of réspectively 40% and 44% EXAVPLE 4:

Generation of Oheady pllenane paseads, ajd!ffemé‘@eamsmbser@edmmeQQﬁphMy
oorort e o RN, R b STRRACAULY Aok eRred bobrmeRhEL &l 1% o
host b5 asadatqctrrm,nnerorb?alﬁ-ﬂlﬂ? (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 I, -

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 baSlC 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%
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I mpl ant atigg:ng t eBe chimeric enbryos intlo pseudoprfegnant fpster nothers
“usi ng st anddr dures. In order to alljow easy estinmation] of the

per cent ag€pa&fdl (i eI T T Ut RO e Ofa A e ES—¢eht-—genope L o—the
chimeric offspr %S?%Sc@dg‘gﬁ?al idr':'esﬁgpgmsr?ouse st glbns W t hgz: ored [coats
(C57BUBN) f/lbl_’(mlasijceM ed in Swiss Wbster |bl astocys wher eps ES cel |

| frol ; : _f- y himerized with hl 'k
C57BU6N b BIE Paaim (A ianed o R6rRaB Gi%r L he he

&1cel | ge®b¥e was [t hen
tested by} #19%iBidldadtic@ linger centage chinmefas with

S,

i sSs Webster or C57BL/ 6N
mce, as appropriate _tao_ 20 establish the ES cell |ine derijved coat col or
in F1 of fspri ndn tatadk onlsESiasldioes owhishsreominedéh antundifisientiasd stdie

i th v meaidet P g e BRb S Sl ighe Bergy B pStabliShed s i BRSws | nuced

by injection of 7.5 |[|.U of pregnant nmare serum gonadotropi n (PMSG, Sigma,
St. Louis, M) 25 followed by injection of 7.5 I.U. of human chorionic
‘gonadot ropi n ( BYR@heitheranytne hiF, 498y Ratl|Rar 2ongRat)IF avere mdaeddoibar

interval . | t hla Ls e hed with and, culjivated in M6
nedi umg( Egrﬁﬂg}é%g(%?& @%gé%S%%ﬁ n0f2|§$ %%Qfaé@@at% Yere %ﬁléeéé%e?
Eﬁssgged Em despe c!lieé?r é’h_e’t ﬁfﬁcieﬂic?Cc?]ﬂ B8 eall Q?ri@atié‘r@_\ﬁﬂid@ith%l‘hﬁgﬁizr%yéhes- At
e day of_,micrainjection e dishes were trypsinized w . 25%
try(r])l_sit n/ 1@%&%(@??%@@@%@ o‘g“agg‘{r:gﬁ“ R ::Q aifisieney oft 53§’C.V;a8'he new
condi ti ong Vil U : - spensi 0 une
2006 WD 03/ 054170 PCT?%%%S?%%H&%E%Z p‘?@fe*? {‘Q#@S%%ﬁu@ié aarbsﬁ\gﬁsﬁe-"gel |
suspensi ofitdggarausceraddedudht AoES ¢dlDBerivation efficieacy bf 61 Wwas bbidisedES cel | s
' L h it | | t di d kept at
nere. 165 3RERPadid Mebilifa D2Y EatohedWith 1 RabS#1 S S ling. which aocreted °
. 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 FVBINtaCfBR (Taconic, Germantown, NY, USA) mice
and from the natural mating of BALB/CAnNTacfBr (Taconic). The blastocysts
were cultured with basic medium conditioned on Rab$ fibroblast celis according
to example |l

20 The basic,medium was composed of. 500 ml DMEM high giucose, 70 ml
- fetal bovine serum, 13mi penicillin/streptomycin, 13mi glutamine, 6.3pl p-
mercaptoethanol, and 13ml non—essentfai 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




,

. ES.cells,iwhich were deri vd

Bl aét ocyst injection was carri ed oUt by injecting 15-20 ES geluhs 2065 mouse

5. strains with colored coats (C57BU6) into host blastocysts of albino Sw ss
Webst er MQ®M541700f ES cells of nmice with a white coat (PCB/BLR2BM8/ C) into
host bl astocysts of black C57BUGN mice. After injection, blastocysts were

reinplanted (7-8 blastocysts in each h (ﬁn of the uterus) into 2.5 days
mated to vasectom zed 10

d Swi b f , i ous| 0 Va
ol 65" £1 RO e PORY SRSEER ek Ferier aRtGa Ao 1145l rekin ANG B8mics
Webst er  blssi@psliin iEW@H%d Wpﬁsaagﬁéﬂed'tb”§.4\"ﬁfﬁisa§$ﬁdiﬁ@?é&§\jl'\rn%sd§5rﬁébs Cor

chimeric pups after blastocyst injection into blastocysts
mce. Al ICOHIBUGRTESSUEle [I¢vais (leas dthahdhpgémlyridf rRak-Linh asi deteoninelit er

Cest i ng o e ERSA R ke B AR Siant® (ipreasose, MW wieheyer -

and seven fal\l Gbss-réztts elith rabbgtIMere injected into C57BL/ 6N bl ast ocysts.
For each of these ES cell lines fromthe FVB/N strain as well as fromthe

BALB/ c strain chimeric pups were born after injection of into blastocysts

of CoTBLI il fie eIy &Y NeRBoRtil froh ARSINGIL BkBCTLE! © 5 cel !

| i nes have_shown gernli'ne transm ssion _capa I'thonal testing of
the germ | Mouseastraiti ssi on ddyarbbér t yof s bpestédystsrbNumbah! 6f ES cBN dihest|i on of
chinmeric pmce after injectijon of S‘Evl ss Webster 25 bu:_\stocysts wi th ¢57BUBN
c?_xg??d't% ltured with bp8F@PlI$HEH Um conditigned on
Rab9 fi brpblasts. ES cell Tjine NOo.PaSSage # Db as @u@ggps #ehgrasygrn i ne
No. i njectedborn C57RUAN#31148105 C57BU6GN#3910371116 L/ 6N#29(L 73644
C57BUBN#6[LBYBIN C57BUSN#29228655 C57BUGN#6193488F8/ 1 6 June 20040 WO

The blastocysts are aliowed to attach to the feeder layer. The culture

10 medium is refreshed every day. After approximately 1 week in culture, the ICM

outgrowth is removed from the trophéctoderm and after trypsinization ;ﬁassed

onto a new 96 well dish covered with a feeder layer of mitomycin C arrested

murine fibroblasts. The ES cells are subsequently 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 'efnbryonic 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




33 PCTBE02/ 00196 C57BU6N#81644107 C57BL/ 6N#24141411 C57BL/ 6p#101338126
C57BUBN#2321422216F1/ 2 C57BUBN#3153295 C57BUGN#111761149 '

C57BL/ 6NMBRIEEE1/ 1 C57BL/ 6N#375ML/ 1 C57BUSN#1084F1/ 3 MPCI/BE02/00196

C57BL/ 6N#1942M2/ 2 C57BL/ 6N#10F1612F1/ 6 ML/ 3 C57BL/ 6N#2454ML/ 2

. C57BL/ 6N#11184511 C57BUGN#384ML/ 1 C57B%{ 6N#9114391 C57BUGN#1118691111F1/1

C57BUBN#1119318] C57RUBNE292532T4- 4MR/ 2! 11/ 1 C57BUBN#31954103
C57BL/ 6N#9 1527%9%§1%@%§§%M?@0@59 e 8@5@&'@%9?32‘&%} gmbryo can
C57BUBN#1 7 BB 942 ENEA93049 1 o
%78%%3%%%%&/ C57B€Li#6ﬂ|\1%%3%§%é6§w 1%% %5%&8@3‘51%4%”

C57BUG N#1 REgs8aaiPRDwith morulacstape/ dinieit: ermbepmVor g—mllelgetenﬁpw en@rmtﬁ,ss Iv on
via mal e ' B | I ssion via female chieras Table Va:
Pr oduct | ony Pantilg 1Rehferd BRApRHAbrt pPhasilt s padsiiegnt
5 foster recipients according to standard procedures. The resulting chimeric
offspring can be test bred for germiine transmission of the ES cell.genome.

1. Blastocyst injection of ES cell clones
The ability of the established ES cell lines from the C57BL/6, FVB/N and
10 BALB/c mice to colonize the germline of a host embryo was tested by injection
of these ES cell lines after 10 or more passages into host blastocysts and
implantation of these chimeric embryos into pseudopregnant foster mothers
using standard procedures. In order to allow easy estimation of the percentage
chimerism (i.e. contribution of the ES cell genome to the chimeric offspring), ES
15 cell lines from mouse strains with colored coats (C57BL/6N) were injected in
Swiss Webster blastocysts, whereas ES cell lines from mice with white fur
(BALB/c, FVB/N) were chimerized with 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

1.U. of pregnant mare serum gonadotropin (PMSG, Sigma, St. Louis, MO)

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

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

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




with FVB/N ES cells, which were derived and cultured with bas g&gg um
condi tioned on Rab9 fibroblasts. ES cell |ine Passage #bl asts #pups :
bor n#chi A BO§E7% i ne No. No. i nj ected FVB/ N#7101674M2/ 2 FVETHBEIBIIIB87
(rmother died) FVB/ N#11113066M3/ 3 FVB/ N#2133062ML/1 6 June 2006 WO

03/ 054170 PCT/ BEO2/ 00196 34 FVB/ N#2314§$74M2/ 3 FVB/ N#23144587M/ 2

FVB/ N#316 ENB/ 81653 FVB/ N#35157033ML/ 1 FVYBI N#2217 4

PV N7 14 PRRHER S Y ORUEY Rt FRl SR R M Rt OB AL A o ral e
chineras fbr 50a1imbtes)y the TS NdeHS| Ware/ irdsspERLEd GRI tHY ﬁéw'\/boe%ﬁd%éd‘%ell

transm ssi on via male chineras 10 F: germine transmssion via female

“chi meras  Fultgfegngdiunm gpd kgat alode 6F inthe drgubat®rones The di pl oi d aggr egat i on
nmet hod can be executed as follows. Swiss Wbster (albino coat colour)
femal es are suBlasiocyshirgectivrn Wapmmbum PjectingSES-B0ED BagObf MiduSe

h Tabl e Vb: Production of
chi mor pe AALSANIE, OPfact 0l (F5CBHBIORILINSE dugaipeystn o aBIAB/SVES. ol | o

- which wer avelsdtoN RSt SUESIEAR o mited@th G WRAEWBat (FVB/N, BALBIC) into
host blastocysts of black C57BiL/6N mice. After injection, blastocysts were
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 fines were injected into C57BL/6N biastocysts. 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 fines have shown germline transmission

capability. Additional testing of the germllne transmission capabihty is
performed.

Table IV: Production of chimeric mice after injection of Swiss Webster
25  blastocysts with C57BL/6N ES celils, which were derived and cultured with basic
medium conditioned on Rab9 fibroblasts. |

S

ES cellline No. | Passage |# blasts {# pups | #ichimeras germline
No. injected | born :

C57BL/6N#3 11 | 48 10 5

C57BL/GN#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 F1/1




condi ti oned on Rab9 fibroblasts. ES cell |ine Passage #bl asg JudtPsdss born

--- - --_-- ---#chinmerasgermn ine No.No.injected BALB/ c#12103031

BALB/ c#9 M@0 BAL B/ c#9156163 BALB/ c#111649108M | |

BACB/RESZDE36 32

BALB#121864109MD/ 2 Fl /1 BALB/ c#42014127M /1 BALB/ c#4143088ML/ 1

ALB/ c#11273633 BALB/ c#3172988

M: germline transmission via male chimeras

F: germline transmission via female chimeras

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 Rab fibroblasts.

BALB/ c#11221565M2/ 2 BALB/ C181'2248§M4| L% oD SR e lobo0 DA-D CHo-[e5C
BALB/ c#427 IR AR € EEA & VR € oy R IR
The.ov, cul GBI o i ot 8 S er ik ce tlushes 2.5
days after ‘fv-‘i._,hf EZ tid7collect3Bate 81deI1 st Se diploid enbryos. | All ES
cel | 1inedGIBLLENELR dt ved frdd ni cel 2Brai ns[WPth a coaF16bl our,
facilitatilfpiBIdBN#Bi catlibon of EBRmeric|®ffsprihg.
: C57BL/6N#11 17 61 14 9
C57BL/GN#9 10 29 8 3 F1/1
C57BL/6N#3 14 30 7 5 M1/1
C57BL/BN#10 | 19 31 8 4 F1/3 M1/1
CH7BL/6N#19 | 12 31 4 2 M2/2
C57BL/6N#10 | 18 45 16 12 F1/6 M1/3
C57BL/I6N#24 | 17 36 5 4 M1/2
C57BL/6N#11 18 45 11 6
CH57BL/6N#3 18 53 8 4 M1/1
C57BL/6N#9 11 43 9 1
C57BL/6N#11 18 69 11 11 F1/1
CH7BL/BN#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/GN#29 |28 43 17 7 M2/2
C57BL/I6N#3 23 41 15 2 M1/1
C57BL/6N#11 | 22 13 6 1
C57BL/GN#9 18 42 12 1
C57BL/I6N#29 |30 49 11 1 FO/
C57BL/BN#39 |9 103 24 14 M1/
| C57BL/6N#24 | 15 31 9 6 M1/1 F2/2
C57BL/BN#39 |12 14 7 3
C57BL/6N#19 1 13 56 20 7 M2/2 F1/1
C57BL/6N#24 | 14 13 5 5 M1/2

ES cell line | Passage | #blasts #pups born | #chimeras | germline
No. ‘No. injected
FVB/IN#7 110 16 7 4 M2/2
1 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




5 Zonae pelluci dae of these 8-cell stage diploid enbryos argyuemmeed by
treatnent with acid Tyrode's buffer. The zona-free enbryos are washed and
pl aced | WOBESHEYi um ~Aggregation is perfornmed between oRETEBESYI196t age

di pl oid enbryo and a clunp of ES cells. The aggregates are cultured in
mcro drops. of M6 until the bl astocy‘ist stage before they are reinplanted

into the | ‘FV.B./H#ES lﬁ)&ﬂb UI 3&) day—ps¢ j.qujguamAﬁ;::r/m ?i :\pjﬂZB:\. L\:.\.c| es.

Chi meric pb d et +Hhe—presepree—of .
col our, WE W%ﬁ?l I_Ail]é'\rl fron 4 S Enl BpnnLr! butliion.— The rAVl?an age of
chi nmeri sm m“#s }leh& new Ian pup, )BI Cll nat i n&fof romt he ES cell S) IS
visually i ,B,IN#’l&d b j udgi: Eﬁt_he_mir_ 8nt age of [@ark coat [(ori gi natijng
from the ESFYB/N#$5151%onpared7@0 the whBte coat (8ri gi nati jgvifom t hé
al bi no Swi sEVIREN#22r | thbryo) .| 88 Tetraplaid aggredati on of EFsg8ml T cl gnes

Conpl et el y| ESBEN#Y det4ved enpgyos can begqigenerat ¢d4vi a aggr|q@aigi on of t he

ES cell s W Elyye#{@pl &4 d host fa0ryos.Ygcerred el TR 2T € ] ectTTTal |y
20 fused, and Subsequently aggregated as 4-cefted tetraptord—enbryos—w th

‘the ES ceIM érHlIiBQrtFEn%H'héE?&‘l i.g:%( rﬁ ch are then inplanted in
pseudopr e j'g %C al nost) exclusively contribute to
t he devel ggﬁg Thﬁfﬁéﬁ%@&é% &' the tetraploid cells to that of
the extra enbryonic merrbrane 25 In order to distinguish between the ES

and t e$ r afiabledVbe Produdiioht of SHIMEAS mickSifer | |HjbCﬁ&95?@§7‘B‘?.‘7@N%§stgﬁ%é&%’ed from

t he ROSA26 strain, which expresses LacZ ubi‘quitously and throu
entire deW@hoBﬁ%ﬁt’C &v celisi whisbdwer glerived dand cultfiresl pithobasiat raddmmd mat ed

ROSA26 M e8néi fp@.ﬁ: fter treatnment with human chorionic
gonadotroplsn tlgnécdopﬁ 93@;{86 \?\% cell stage 30 enbryos. EXAMPLE 6: ex vivo

expansi on of hematopoietic stemcells fromunbilical cord blood 6 June

2006 WO 2/ 00196 36 1 Urhilical cord bl ood (UCB)
col I ecti ot SAFRIEINE|fRassage c difiasts hunkdpumssbemolehimerasr frgeeniiner i és
were col N8t ed at t|H¥O. Hospi tidnjeckesk hujjsber g (Leuven, Bel gi um) fol | owing
t he standdBflBfs#deedutl used |f3 UCB banki ng. The| procedur e|consists of
i nserting BAEB/#95 daudge needl58 of a stjegdard 450r 51 bl 600 {Ifqp0p Set
~ cont ai ni NBAEBAYYo! |clgt r ate- | 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/ci#4 20 14 12 7 M1/
BALB/c#4 14 30 8 8 M1/1
| BALB/c#11 | 22 115 6 5 M2/2
BALB/c18 12 124 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
10 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
15 serum gonadotropin followed 44-48 hrs later by 5 units human chorionic




- phosphat e- dextrose adeni ne (CPD-A) anticoagul ant (Baxter Heglide S5a6e,
Deerfield % into the unbilical vein of the delivered placenta and
letting WéBO Pnh by gravity into the bl ood bag. In al | PCEBESH8M6 bl ood
sanpl es were processed within 24 h after harvest. For each bl ood harvest,
aliquots were set 10 apart for routinejhaenatol ogi cal analysis (Cell-Dyn

> Vool at inepHRpn, 118 g\gb%ﬁﬁ*p%%&lﬂa%% Sosy TR PR rWebe i TiRe
I\/tr)lnonﬁclt eeare;fhulshed ledaiys’\ﬂﬂgf ¢ml@£c§dtob%)|lq%d !g;é Bg:eillfbﬁaéélﬂfpm)@ﬁﬁbryjés}/ in 15
- phosphat e a |ne co an sl and an ayerin
gomlpport @ﬁg%\}i?ﬂ El ‘gﬂ hésw\ﬁﬂrp&qu@meétraw withnar oedh) COWHBSZ °
- sanpl es WFAEIiRERY lidd 20 m n. The | eukocyte-rich
i nterface cell I sé noﬁmgﬁg&etaﬁeca&%g eg Bf'ﬁ%d cells were coll ected, washed

and poditi vel y Zaneeupeliveisiae: ofctabse gecell stage dlpbimwb@rémevwﬁﬁ CD34
P t t t Bi ub di t
e nanut deenent S8l HBIES irery TS tarRes VAR e aaseS 88 pended

in Ca2+ frpammhm M?Uanéd‘itﬂm Pyghepations isPBSrfs e SERRESS dMdl B- &!I5ﬁé§§A
(Fraction V g%{]%y éj WEDTA Cells_were then incubated wt n anti _
cD34 anti GG ”E oqang @ ¢h EPralsadbe agaregatps ase seured i miaseki ng

r eagent m O M6 e bRRIddyet Siih bBIAUSRoP SO TAMERRATESE (RS ¢ e

separated using a high gradient I C separa
st r ond0magtesus ornsaom SWewapr@gnanESmmWetﬁtérSfemte% el uted. and the| r

purity was det flowc y.to be nore than 95% 30 3. Stroma
f eeder. The nurllﬂ)ggﬁgtpé%sl gr\?epegﬁpqraei)yr;@e@g@ch ?m darky(F tn%f‘r@hﬁ”@

Theuni ssesplounawhich orijinadd aﬁo,aBin Eglélegeg&q E@ Eé%&? @ (DVEM
G bco- BRL,, Grand Island, NY) suppl enente Yo FBS™ ( on Logan

ur), 6 JuRBimMeEE (eertop @émeroewbmmmmmur@momaae \ESrcelts)ris mdubllyl 1oo

Loui s, - o orBuey 5udanlsie REIGIOCT b 988 cded Brelhd o e bE aubles

pl at e$5 ( Fad:mpare&:dhemf[ﬂa:dsomiarglhahvgifrém ﬂNé)altﬁhQW&@Wébété\' efbd@) g€l atin
(Speciality Media, Lavalette grown to confluency and noved 5 at 37C,

5% C02 in order to stop the growth. 4. Culture of hematopoietic stemcells.
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
recqptents The ES cells (almost) exclus:veiy 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 celis, 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 'sdperovulated 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 hematogozeﬂc stem cells from umbitical cord

blood




Briefly, 105 enriched UCB CD34+ cells were seeded in 6-well a)j@re@@gand

cul tured dur| ng 30 days: 10 1) on bare dish without stroma cells in rredl um

condi ti oReY e rabbit fibroblast-like cell |ine Rab®PCI/BROSOQNS - 1414)

- 2) on bare dish without stroma cells in nmedium conditioned by the rabbit
fibroblast-1i ke cell line Rab9#19 (Rab9#19 is the rabbit fibroblast cell

line Rab9y¢ cﬁfﬁﬁﬁbgg@)"&tﬂ&ﬁe genomi c rabbit LIF gene) 15 3) on |

bare di sh WI out strona I'uUm condi ti oned by the rabbit

fi brobl ast - | i keAftarl infoimed Radreh9 hUMER W@%M)fulﬁmrhﬁr@hdet‘ié‘s \MrérEOUt
nted with insulin.

bar o i oh WEHBHELDE %pﬁafé&s{ﬂﬁ%@‘éﬁ rehBooBER oMol e R od
with i nsulproosdure! @Eenio L oB! tarihd1or E}‘Béﬂggré:b%ﬁ?lﬁsg@ﬂse&:hgﬁh%:;{ézl k2),

20 ng/nd human 1L-6 reconbi nant (r IL 6 human re i nant 1L-6
Recept or <IAuUgs| neediepf asstamgard 2450l hoodudanoer Stelhrcontm‘png@ﬁ ml 6fgitate-25

t ok h | = 6
Chiie gy PriddBRateCadddscatithing "[CRBiA) SlieoBblTBRL ' (Bsines S8R “Bormn
tT hr orrbopoﬂbeerﬁe!dl( lltpa)ntmmeum?ﬁnednf?fcmeha@vsm pmtenfé ag@aémh%wgﬁg g

Wi ce a we ells r W res appropriate nedl um acC ays
until day ‘ﬁﬁ"‘ ﬁh%{&éﬁ %e'BIO g'é?ﬂéovérl@%aﬂvéﬂt&w Fgﬁe:t klogsk saaias weref cel>ll
counts, W@é@s&éﬁ'@ttﬂﬁ@ﬂﬁ'aﬁer%@u&!é{' P’éﬁ«%ﬂct@?fb@ﬁshér'vé% la%e?tgr\]ﬁer ré’ an bl ue

. exclusion nethod was used to deternine otal via t of
- expandidon apartt for seutir@ hgemattolggitabanalysis (Ee B GBOE-Systdrhs Abbok) aﬁ@ded in

pcToE02) 00 1gueBReREb L haEatoBeigte BRSRnRissi on are shown i n table W

and figure 5 After 30 days the total ceII nunber had increased 25 tines

when cul t%{ n nmedium conditioned Rab9 cells on bare dish w thout
strona cel OIWrPfMP@Qﬂ%eﬁrrFe”ﬁéMNﬁh%@WﬂérMn.wlﬁmw cells on bare

cei s on bar e HRRUERE! SIS N WERNBopRed 15 Bfuboyhe, it an
suppl éfrenpbdsphiate-biuffersd salind (PBS) (GbboBRICYGad &I KIV) antelgefhd
30ml portions over 10ml of LymphoprepTM (Nycomed, Oslo, Norway). These
samples were centrifugated at 2000 rpm for 20 min. The leukocyte-rich interface
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 nyf'on 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. Siroma 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),




differentiated after 15 days of culture and all lost their Hgomd s etic
cell phenotype. 10 Table VI : . Expansion factor of nucleated cells cultured
in diffeMM30§EdPa. (Unbilical cord sanple #40) Medi unDREE/BEG2/00IDE ur e
51015202530 Rab9#19 nedi um -cyt 0. 81. 385. 417. 651543 Rab9 nedi um
-cyt1.86.18.5417.5918. 9925.45 Basic E -fredi um -cyt 0. 20. 140. 482. 350. 35-

iSC and HEDOPEY efkiti o bRl myeinpapsbuntc2-ereenBehanch it oned
cyt oki ne fSig@anBRighBs e NSICDoRar md)l)vvidénse\m@.%sahbm@&mmhbe*bnks FrRgd for

i solation and nai ntenance of ES cells. The presence of LIF has a
benef i ci al@n8i§-«t9Gwell iptates thalspmrBestor BlitkingarohahwareRMIY precoatedRaitb#19) .

20 5. Flu G = L At I | FA 4+ cells were first
S0l at od s Ragati (Spectaiid od, 1Bl Bron [o8aMEHey i Sigledd

anti body (Bdf@, 5BICORaMeTdostoiShe groagh. CA) and a CD38- PE- conj ugat ed
anti body (clone H T2, Pharm ngen, San Jose, CA) for 15- 20 min at room

© tenperature. Then the cells were washed twice with PBS, and 25 then

anal ysed - an CuithACSE b mbtopoldiRvesmicmst er (Becton Dickinson, San Jose, CA)
equi pped with a 488nm argon | aser. |Isotype matched control s conjugated

wi th FI TC aririefly, i eenriched: UCBCD3e oelid weragegdedsin ®wellngatas and e

sanples 6 054170 PCTBEO2/ 00196 39 were taken at 5 days
i'nt erval scﬁguq%&fqr?fﬁﬁpx@ ﬁ%%er of CD34+ cells and CD34+CD38- cells. Table

VI and figuteof tsdrevdishatittiut &troath dams i médili ¥éHidihed bg tﬁ%f’r‘asbitof
CD34+ cells hap-l ncreased about 3 tines in nmediumconditioned by Rab9 cells
- 5 on bare dish 'Qﬁqq?ﬁﬁh"k§tcﬁﬂﬂfﬂe(9é1hgéAT@%Qﬂu-a‘r“‘ﬂ)ncrease was observed when

e ol 12, 2ot i R NP BN i SRR B 9L, "
di sh wi t hout fibroblast-like cell line Rab9#19 (Rab9#19 is the rabbit fibroblast cell line
Rabg, stably transfected with the genomic rabbit LIF gene) |
15 3) on bare dish without stroma cells in medium conditioned by the rabbit
fibroblast-like cell line Rabg#19 (LMBP 5479CB) |
4) on bare dish without stroma cells in enriched basic medium
~ supplemented with insulin. _
5) 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 ‘nglrnl human IL-6 recombinant (rhlL-6), 200 ng/ml
human recombinant IL-6 Receptor soluble (rhiL-6 sR), 20 ng/ml human
thrombopoietin (Tpo).

25 Cytokines (human Fit3 ligand (rhFIt3/FIk2), human IL-6 recombinant (rhiL-8),
-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. | | |




stroma cells in enriched basic nedi um suppl enent ed wi-th i nsglji,he bog he 10 .
presence or absence of the cytokines cocktail could not be counted due to
thei r exMEHIS§1Teak capacity of expansion. There were neCTEBogNIcel | s

avai lable for a flow cytonetry analysis. Table VII: Nunber of CD34+ cells
(X105 cells) during 30 days of cul ture%8 15 (Unmbilical cord sanple #40) bd:
bel ow detection., limt, n enqugh cel 15" available  far perform ng cell
" Medi uiDays in gl'Lhetrgﬁgl‘t%gP &'@ qegb%ﬁgégon ar Mgn table%ll gnci Lgure 5.gAfter .

medi urmiL. 9&06déys the:tofif &Il HafnlkF hafl jfcRAR3d Prinel witA: Adkirdd n feifiGin696. 8
.24 4 basic ES nedi um +bdbdbdbdbdbdbd I nsulin basic ES neéigum SHiéin

- +bdbdbdbds@pditigned v Rab9 cellelen hareakismadtheot stromacselis. M¥isaty sultifed inost
- frequentl| ] he f f it Ils i
VieretTs Fud EBidioned by RABHEIT Reli By LB ERE ey Gty cofnedny T I

f orms Bociexpansion fidtesbisEwasebtdingd. primtive hematopoietic cells in the

stroma. These guantify by limting dilution assays the primtive 25
progenitors t hgtr&gé"n%éjl %"LP@EQ Aishyithout strema eellsr ingnrehgddhasic megiitaure on

a henat opabBlehfertePPWith i 0 G S 0 L 4+
fraction 6 gﬁne_ 20%“& \Ilt% Olglstglgﬁl%h P(I#Bégg}é&@lgmg]é WH%t%Ph%g? ggggneous
expr essi ofliffgredizded aftars d5adays of deulhwe amchsalk ostethiir hemawepoietiilcelll | neage

otenti al raft ment potential of progenitors (de
P Y ph8hofyPd
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Table VI : Expansion factor of nucleated cells cultured in different media.
(Umbilical cord sample #40)

Medium Days in culture

5 10 15 20 25 30
Rab9#19 medium —cyt | 0.8 138 |54 17.65 |15 43
RabO medium —cyt 18 | 6.1 854 |17.50 | 1899 |2545
Basic ES medium -cyt 0.2 0.14 (.48 2.35 0.35 -
Basic ES medium + oyt | 0.2 18 675 |243 1683 |-

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

15 or Rab%#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+ cqlls were first isolated as described above then labeled with a
| CD34-F!TC-coﬁjugated aﬁtibody (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. fsotype matched controls conjugated
- with FITC and PE were used to set the analyzing gates. During culture samples




Wnter E, Ploemacher R E. (2001) in J. Biol. Regul. Homeosg 15:
23 7). 5 CD34+ cells fromexpansion cultures were plated in % | mt| ng

di | uti onWQo3/054170 r epl i cat es on AFT024-coated 96-wel | pl aPeS/BEMGIHM

consi sted of Iscoves nodified Dul becco medi um (| I\/DM suppl enented with
12. 5% FBS, 12.5% horse serum (Stem Oe%& Technol ogi e Vancouver, Canada),
1000 U m crom)l L-d ut am ne

en II| 1000 U m strep
(G bco- BRIFfé)gn g % q%YEr tevalsy te cﬁ%‘n{ tb%n’é“mg,‘ﬁf tQfr €03 r eelisapndai ned
for 5 \Aeel(som*tdpgmlcéns nmedi um change weekly. Mediumwas then conpletely
renoved and replaced wth clonogenic nethycellul ose nedium (MethoCult TM GF

H4434, St diabteMil apd digwse &ysbew theh after ﬁ@gdays nf Tedtvatiohy thel hutbee,of | VDM

30% FBS, r / m Cel. | cto /m rh
an Cor 18 28l e aBRRAeBY dhout S iefin by ReRlonet of RebRsld
culturé i ront bare dish lmttmlt Istriopree colisli Aliming .harea%éauagwsémeedwheﬁ thae
presence or ,absence @ hemat opoi eti ¢ ¢ol oni es and scored positive or

negative FEIHNGTR eylifired fip V@df%q%%tipﬂﬁ&sbtfh@ﬂb%ﬁ%lﬂeﬂﬁew hare otigihng t o

Poi sson stiathott stfSmaBNéf ter 15 days of culture the nunmber of LTCG 1C had
I ncreased 18 tinmes when cultured in nmedium conditioned by Rab9 cells on
bare dish withdhe @lﬂmbﬁaofc@IDBé+aamﬂ GDILEDBBe callslidr barefdisty vationes. When

cul tured di 0 9#19 cells an bar di sh w t hout

~ stroma ce PgH%n 'ﬁogﬂhémedﬁleb%fdﬁl t'ﬁ%& iﬂ@%@d wit e%ﬂgl B thect or of

only 308 pmmemrmden@ef&@ @h@l@iﬂé@c@&ktbil Eou!a ﬁd}%eceaméa %sq%fﬁféir um has
or

.a beneficia &ct on the expansion of long LTCIC. The LTC I
cultures § r%%?? Weal capasibLel sxpanmionclhesei werennotcarolgh asiis: avaitiibie

suppl emnf&%m&ﬁwﬁﬁw%g@ w th or not cytokines cocktail was not

anal yzed due to of enough cells under these culture
- conditions. 30 Table VIIl: Expansion factor of LTCIC. (Unbilical cord

sanpl e #2 S o) ew c vail ab gue to limted growth. Medium Days
o Euttur 2oee e e osPaR oS PoSicientid rlutnos 205 devs of cuture, |
15  (Umbilical cord sample #40) bd: below detection limit, not enough cells avaliable
for performmg cell . ‘

Medium Days in culture
: ‘ 0 5 10 15 |20 25 30
Rab8#19 medium 1.98 |- 0.61 0.64 1118 [6.47 [6.4
7
-| Rab8 medium 1.98 |242 [1.94 1.24 (7.94 6.69 (6.8
basic ES medium + [bd bd bd bd bd bd bd
Insulin
‘basic- ES medium + ! bd bd bd bd bd bd bd
insufin + added

cytokines '

20 6. LTC-IC assays.

| The mést 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 herﬁatopoietic 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




Rab9#19 medi unD. 950. 813. 85 Rab9 nedi unk. 21218. 4 basic- ES nE@hlg’{Q?OO%*
insulin basic ES nedium+ insulin + cyt The results presented in table
VIl andMOGOFE7¥ c| early show the influence of LIF on PE®BENIEWMENti ation
capacity of the expanded cells. The absence of LIF in the Rab9 nmedium
dramatically preserve the potenti al of4%ge cells to differentiate in the
nyeloid I|i ults also.s t he_novel , Rab9 nmedi um i ch
has .Supe'r_i\@ﬁ?g%ﬁé%’?gﬁég&f%?x@grs?@nn%% '?rtl??ﬁea?ﬁaﬁ@ qesnebmeasug sgff-has a
‘superior penéwalyenalilindags oMMt oR ceriraféiznd ShteMidlt 8f Prodbrifefs (de
undlfferesjvl ated status of hematopoeitic_stemcells and stem cell

pr ecur sor VYA Exaieemasner R-5i (29043 ény. Bl Regrdppmeosy Agsots Pto@a-t i es of
HSC are sql)_f-renevval , multilineage differentiation capacity, and ability
to repopul ate a nyel oabl at ed host. Assays such as the long-term cul ture-
initiafing cel ICQH%_/#'O:MES) fromapaosiohectdtorés wereoplated Irs6 limigrendilutionsrofel oi d

15 eni . j od, i | . Howe\ “th

io P o CPIEUE P ORISR ! b SR e~

pot enti al neddifigt AUEDEET edGRE UMD ippiditemar #ithi 'r?.wiﬁésy 18f50puman
a

HSC requires still requires transplant nodels. Sever xenogenel ¢ nodel s
have beenh@&see|sssuan (Stem| Gelind echaglogiesnt Yanenvver,arGanaata)atfio ititrd t he

humani zed : i i dsf i ¢ ; i b
i pat o pREIAAE R LI sgrtdIR Rl HErGREY LRl i Beh Hrl"aRg oo
f et al 18 hedp amictarnol hjmrotontisone aBpiteres wérewnairdinal foR804deid RRE HT.

- 3441- 3449 SCILD reci pi.ent A breedi ng colony of NOD-SCID mce was M ce
wer e kepm’\égi’@pcé@"g%wgﬁﬁ)ﬁomm T il eroRictaly removedaand depacerti di f i ed

vat er andwitRSclahb i@%ﬁétﬁy}é@ﬂhio{% ;ﬁ%pﬁﬁg@m@%ﬁmﬁﬁ ﬁuhém%xg fl e 300

mg (Hof fmann-La Roche, Nufl ey, er was grven weekl y.
At 6 to techeelegias) cansjstingcef Wet28 i metiyicelllddse)i IMDRN30% BBS, @OW/mt 57

M Dol OISk sl MR Bl oREo TR 1 ™
- 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 Viil: Expansion factor of LTC-IC. (Umbilical cord sample #23) *: too few
cells available due to limited growth.

| Medium I Days in culture |




42 occurred 24 hours after irradiation. Cell doses ranged & IR st 0 150 X
103 CD341 cells on day O (ie, uncultured) or the progeny of an I entlcal
nunber oWO®BWS#TPed cells on days 7, 14, or 28. Six week®CafpEez/00196
transplantation, mce were Kkilled by cervical dislocation. Bone nmarrow
(BM  was obtai ned by flushing 5 femurs,and tibias with | MDM 20% FCS. Cells
f r om engr aft+ed—ant-rals—were ther—psed-for—ei-t-her—secondary transpl ant
“experinment xt-ended-phendt ypes When WRre than 2% human CD451 cells
Were prese %b?#ﬂg{rﬁ@d'iﬂ?rl ne M8r%%w, | 08311 s/ $86m 2 femurs and 2 tibias were

t ranspl amW—seeoniwse_LecL)i ents. Assessnent of
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pan- | euko¢ PF%Caﬁﬁ g8adiema st ( Bect on| Di cki lson | muhocyt ometry Systems, San
Jose, CA) mseiNigated to fluprescei | sotlhi ocyanate (FITC) or peridinin
chl or ophyl Pagipe F8p)mediuieet E81 or phenotypiig was performed by staini ng
cel I's wit hin84in hewan CD4A5_PercP (Becton [0 ckinson), antinouse CD45 FITC
(Phar m ngen San Di ego, CA), and 15 anti hunan CD3 phycoerythrin (PE), CDl14

PE, CD19 R { Di ' . i at
i sotype cont rgpé@s\l\gr eseﬁfsegﬁm%le\ﬁ I(%ldi f%gﬂgsgﬂﬂ%&‘?’%ﬁ@"ﬁﬁ%w glr: ai ﬁ
t he nouse ondaéidiffereatiation SRSacityasf the@xpahaé@@ehw THeabddrteddf lUFiiRMhe

. analysis re | nfused with increasing cell nunbers and engraft nment
defi ned ag\g@gt'@mﬁ @mﬁmeé'vtmeﬁeweéwmﬂtem@@fdmw%m Idgfergﬁ@%w'equency

was cal culyd ﬁgem{d lﬁ’ﬁé ah oneé’ﬁg |a¢%‘l ﬁh gq“;v%i: %gd'yé’é v?ﬁf& d cells

wer e suspended Rab9 co ty (group up 1) 3
103 uncul hag esuipEmdy 1capsicitiesofort Herivipg ogahynaintammgd&ﬂt icelld, alsobhasaod cells

b er e B S incRnein rediei b LU A hihalible Mar i oncs

usi ng t heundifferdritiatédStates SFIGRatepBeitic lsferh Qais %n@%&%ﬂ%“?}rﬁ altsgRl s were
u

“killed 60 days after transplantation and BM anal yze man cells. The
BM al so served as the source of CD451 cells for transplant into secondary

''rec |e [ owed to be born and BM '
exam H(Ea)d Iz(}llh'j[:-% |{réf§§%a¥ @rﬁé@@ﬂ%@’gq H%‘dd For secondary transplants,
“human CD451 ceI I s Were isolated fromthe BMof primary recipients from

~groups I, é} at 60 days after transpl ant béopannl ng. The CD451
cells fro gt arersedifebawnl, gnwtilineags: differestiation aapagityeand or CD341

cell cont QIB‘iFity B8PS PSS hyelidbisted FO80 Pk sdéi s HEfong-term cuiture-

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 Ihave been developed,
inciuding transplantation transplantation into the humanized severe combined

20 immunodeficiency (SCID) mouse into noncbese 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 feé:ipients’. A breeding colony of NOD-SCIiD 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




presence oM
fromthe f . | |
onalyzed 1opot )28l B MRG0 S RANLIRN TR 1R bRiell of an ISP AligbEREF | 1\

WO 03/ 054170 PCT/ BEO2/ 00196 43 fetal recipients (group I, gr‘JgHg bq gr oup
[1, group V, group II1Il, group VI). Animals were killed on day 6 (?ter
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cells transplanted into tertiary recipients. All 5 recipients were killed

|
on day 60 after Eé‘@gspl ant ation and thé’ BMcells were analézed3for t he
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calcu_lated by limiting dilution analysis. Mice were infused with increasing. celi
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Fetal sheep recipients. Cultured cells were suspended Rab9 conditioned
medium. Fifty (group X) to 100 (group 1) 3 10° unbultured CD341 cells or the
~ progeny of an identical number of cells cultured for 7 (group X! and Il) or 14
- {group XIi and |If) 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 transp!antaﬁon and BM analyzed
for human cells. The BM also served as the source of CD451 celis 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, I, 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
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E:gg :;?Jgg ; &%ﬁ#éﬂ %%{r%/%ﬁ% BEEP%%;E@@*%‘%P%%&M&%%%E%P f/ HeN,
C57BL/ 6J Gmcipieﬁt@h/bmkﬂléﬁvoasﬁa?ﬁﬂbafwr transplrtaticans thd B éslieaysteng to claim
7 wherein_th man_nmanmal selected from the group of Mis

rnuseul us a&?ﬁfégﬁgf’w Wre%e'bc@rfgtn%“%ﬁﬁlbﬁ* Sk @sgessregntahdenpr gell saL skAnN.
'CBWCaol a, eh%ﬂif@ﬁdnt BRARINC fBA tHRtal aha'd wbam %Z%ﬂ&ﬁlapﬁ%ﬂnd SW S

Webster 12-1-he conposition according to € non- human
manmal i s himaneglis wereanalyzed forthsi presengenthimabaelg by diow aforhddy SvEv or

with a ge 7 13..The co sition ccor |ngto any
o o1 i oo Bten, MR AER Bt it B nt R ST BE BpnteTadieietan | rmoet o
f i br obbd asteltelAntibodies shécifiedocumpasiCH3CB20oCBERICDB 420043 aﬁaal ms 1-13

wherein th ondi.tioned medium of cells is fromthe rabbit Rab9 cell Iine

(ATCC cat Qﬁ’& o i clor Dickingpn) wsrencerjkgaiertip eithac EGiGiPhg to any of

of “plur .lp'é’Feé'r? oSSBT el W MR Al T G BT AR 7 "

one or nofempargsbtmtie appidpaaty nup—b:@hgqsmpémn\m ebhBoKiBxpresgigst at i n,
basi c fibrobl ast growth

I fact | |
Factor. alReRIal ot SPIE cawd Peicignisns T arltiondINANG wWerestisnd i
I 1 5
O T ol 10,2 S Bty Sl BRAT"GhRRoBbAt 2™
IU/mL), IL-3 (5 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 composmons of the present invention.




characterised in that the conposition is not enriched with 6%9&5{5&5- 17. A

~ nethod of derivi ng, maintaining or growi ng pluripontent enbryonic stem

cells froma nmammal or expandi ng manmal i an adult stemcells or early
progenitor cells conprising the step of cultivating the cells for at |east
one passage in the conposition of any of claims | to 16. 18. The nmethod of
claim17, wherein said stemcells are non-human pluripotent enbryonic stem
cells. 19.The nethod of claim 17, whergin said stemcells are germline
conpetent enbryonic stemcells. 20. The nethod of claim 18 or 19, wherein
said cells are froma non-human manmmal selected fromthe group of
prin&teS,Zﬁggi, cows, -horses, goats, sheep, cats, dogs rabbits and

rodents. 1+ P IREPRSEIAG dpr Sy derivation. TRinknace or givettedfipluipblentetibhenial € f rom i ce
wi th a genet i gembailslofmamrdisass (54p , Al a, 129/ SvJ,
DBAI 2N, . PBNgﬁg,ﬁ,mgi%mwscé?wacfaﬁ%%?ﬁﬁﬁﬁ@%%?ﬁg% 8P 22, The
germ|ine conpetent ‘e FI6hi°C MEBAAE Spwstern calls-and| s propenitoresti od of claim
118, wherein s@REceEEdN 41z ticomprises aeonditonanmEBIRRY oSBBRtE O™ t he group

~of primat es,angii,qgatﬂqgn@;"sjégg@lg??_? gﬁ@ggﬁquaﬁgwﬁwgo s rabbits-and

rats. 23. A hod of generating k 1s fromenbryonic
stem cell s‘{r‘g‘%‘ﬁﬁ?’%? N Chelig te Whesein dhel adilt stinreglist dve hermbbysiaicssnt em  cel | s

- for at 1east collsand prssial early PrigBforiPas i o . f clains 3 to 16. 6
- June 2006 46 ﬁé-@,}%&- af ugf;Fff,?gO i tion acﬂgg@@f’%ﬁ:tﬁgé%nyr%ﬁ"&cl aim1 for the
stronal - free expansi gn = I%F@d‘f?&ﬁﬁ'ﬂﬂm gbtyenis istem callklage or early
progenitor c@P%'!ﬂem@aﬂembmmﬁcﬁt@gﬁHemhmg& wherein the adult stem
- cell's are. BeTRé eamicRishf - s-and the adult early progenitor cells
are hemat opoleti.c I%ecufgégfdmtg{??é}%&dm&&?d%w w5, wherein

the Isol at ed Jaan L0%agd i beukemia dnhibltorg Pattoy(DiR),i C -pr ecursor cell's are

human CD 3%+ Thetdrmpositich acchigfg 45 88, Bﬂanéc?er?é}}c’ i“ﬁf’%ﬁ{,%b%ﬁls(?!%sﬁéan% wher ei n

t he hemat-opoghb &; cel r _henmat opoet’ are |sol ated

froma so‘ur--ce-'b'bég?;e@%k%%l?m?ﬂﬂﬁ%ﬂmcmd, placental blood, peripheral

bl ood and BoR Rempostion se@udidhts amt dFogkiné 104 %Qﬂefh?ﬁw%ﬁoﬁgﬁqgé' d stemcells
genitor cells. 29.

are mamal i aguitasls de ear | ro _ The net hod
accor di ng t 0 cl ai m Z%érﬁmr?ﬁgérag% "tgﬁ".urgﬂh"%mg!ﬁ(eﬁ?l%q oy rige 1gspupt Bpol et i c

males. pigs, cows, horses, goats, sheep, cats, dogs o rabbits. .
. 7. The a_c_:mgcsﬁion according to any of daims 1-G wherein the composition 1s
C su@le for stem cells of & non-human mammal selectsd from the group of
e - _ A e g .
8. The composition according to claim 7 Wherem the nc;n-ﬁumén mammal is Rattus
s | R 3 | |
. _9.._:T11e ccmp’usiﬂpn _aqcoming fo-clalm 7wharéin the nun%uman mammal is Mus sp. |
10.The composition according to diaim 7 whereln the non-human mammet Is a Mus "

- muscalus mouse sirain of anir of the strains with = ganstic  background
* background selected _fmm_’ the group of 129/SvEEv, C57BIL/SN, CS7BLIGJ-HPRT,
 BALBIcARN, CBA/CaCia, 129/5v), DBA/ZN, DBA/IOls, C3H/HeN, C5TBLIGIOG,
| FVB/N and Swiss Webster. ' ' , :
| -_11.The composiﬁon according o claim 7 whersin thé non-human mamma! is‘ :
- selected from the group of Mus mu&cuf&s‘strains with a genetic baekg‘rcund..of
COTBLRLHPRY, BALBICARN, CBA/CaOla, 128/Svs, DBAZN., DBA/{CL,
‘CBHMeN, CI7TBL/BJOIR, FVB/N and Swiss Webster. o
12.The composition according to daim 7 whe:ein the non-human mamma!i is'a




stemcells and the adult early progenitor cells are hemat opé'.) Lﬁ fotogr ecur sor
s tJ S

cells. 3D. The nethod according to claim28, which conprise p of
cultivating the cells until an expansion by at |least 25 fold is obtained.
.31. The nethod according to claim 28, which conprises the step of
cultivating the step of cultivating us performed until the anmount of

nucl eated cells are being expanded by at |east 10 fold. 32. The nethod.

according. to claim 28, wherein in the popul ati on of expanded cells the

amount n@f_ﬁ%%ﬂ génde t?dcﬁt‘;rﬁﬁﬂé‘%ﬁqggl@ﬂé@br VRS ggnél?! Backdrbyn

met hod-_acc ng"to clal wner ei'n popul ation of expan eg cells are
cul ti vaPEEPYr at |east 15 days. 34.T6e method according to claim 28.

wher s, Thé bemposifer acebrdingbRRIYGT SRins 1-Rivelersin exp oot thadlns 1N an LTC i C

~assay & d. 35.The nethod according to claim
28, V\héfc&h% sfe %g%éﬁagkﬁb%gﬁ?%%éﬁ%repopul ate a subl et hal

irratd bR ERINBEIRD FoCOMT tolrayof Clalme-18 wheesin the wﬁﬁmd m$dwmnodef i cl ent)
NDUSE. oﬁ:eﬂ M%%@%Q@é&?ﬂ,%@%ﬂgﬁmF t - X Schoonj ans,
1'ons for

Luc ENCE L1 STI NG <120> Novel 0S|t Itro derivation
and t FAmposHionAgsryiing o sl EQI“scéltP 14.nwhich; 'ﬁrﬁ‘ﬁ'@‘PH fcﬁefhﬁr ansmi ssi on

capabi dérivitioH) d niainteddiReC Ut torbrtroof aglufijotsdte enbRdric staR0zealls ?o'nr‘67 PCT <150>

S bV Mt s = S g B,

~ Oryct @M@ trami ioleHeskin2@@estztin, clliary neurstrophic factor, stem cell fector,

basic fibroblast growth factor, and cardiotrophin.

. 16.The composition according to any ane of daims 1 tu 14, for the stroma free
‘expansion of mammalian adult stem cells and early progenitor cells further

- Gharacterised in that the composition is not snriched with cytokines.

17. A method of deriving, maintaining or growing pluripontent embryonic stem calis
from a mammal or expanding mammalian adult stem cells or early progenitor cells
comprising the step of cultivating the cells for at least one passage in the
composition of any of claims 1 {0 16.

18.The method of ciaim 17, wherein said stem cells are non-human piuripotent
embryonic stem cells. ] _ -

19.The method of claim 17, wherein said stem cells are germ line compstent
‘embryonic stem cells. _

20. The method of claim 18 or 19, whersin said cells are from a nen-human mammal
selected from the group of primates, pigs, u::f.:-wsl horses, goats, sheep, cats, dogs
rabbits and rodents.

‘21 The method of claim 18 or 19, wherein sald calls are from mice with a genetic
background of C57BUEJ-HPRT, BALB/cANN, CBA/CaOla, 129/SvJ), DBAZN,
DBA/1Ola, C3H/HeN, C57BL/6JOIa, FVB/N and Swiss Wehster. '

'22.The genn line compatent embryonic stem cells obtainable by the method of claim
18, wherein said cells ars from a non-human mammal selected fram the group of
primates, pigs, cows, horses, goats, sheep, cats, dogs rabbits and rats.

23.A method of generating transgenic non-human mammals from embryonic stem
cells compising the step of culiivating the embryonic stem, cells for at least one
passage In the composition of any of claims 3 to 16.




<221> CDS <222> (1). (609) <223> Rabbit Leukem a | nhi bi toré/ acé@rﬁ <400> 1
atg aag ate ttg gcg gca gga gtc gtg ccc ctg ctg ctg gtc ttg Met Lys
Ile Leu Ala Ala Gy Val VvVal Pro Leu Leu Leu Val Leu Hs 1 5 10 15 tgg aaa
CCC ggg gcg ggg age ccc ctt coo ate aac ccc gtc aac gee 96 Trp Lys Pro Ay
Ala Gy Ser Pro Leu Pro' Ile Asn Pro Val Asn Ala 20 25 30 acc tgc aac aca
cac cac cca tgc ccc age aac ctc atg &ge cag ate 144 Thr Cys Asn Thr H's
Hs Pro Cys Pro Ser Asn Lau Met- Ser G n Ile 35 40 45 agg age cag ctg gca .
cag ctc aat ggc act gcc aac gcc ctc ttt att 192 Arg Ser Gn Leu Ala G n

Lau T, t _tac ace goo caa
g9g g ﬂ%’:g:fa cmccc aac aac ee %%“3‘ ‘g&wﬁﬁﬁgg %‘fﬁ%?"ﬂﬂ? SIof o %n dy
Gu ?3‘5':51 wsegty egeitor cells.t gc ggc ccc sat gtg acg
gac 28. Msemg:ec&ﬂné twaﬁ&czzge@nea@ﬁ 5 6@ Stent Alis BFS h@r&td?fd?etéS&eMa' Thr Asp

Phe Pr acg.gag aag gtc agg ctg gtg gag
ctg ta%egsr@%mih %‘#@f&&é‘awﬂg?%g@@mfﬁma@am "%B“Wr'éelﬁau val G u Lau
Tyr 29.§selascomiingNcecidipr 24, etheifif) tHdBokléd HaoRPE=BESaf &I aac ate ace egg
gee ca C 4 1 6 06 WO 03/ 054170 PCT/ BE02/ 00196
y ThooAfe Leucé}ébu%q‘c%% ard fig Cﬁ%‘f}d‘% 8Lys Thr Lau Asn Pro 115 120
125 %eg’sgeﬁj’ce%“%&ﬁf&’t@% agoraaamm‘ema‘he hgmetopogtigetEmeellseg ctg 432

Zhr Al BejatopSetic ﬁébulﬂo?céﬁrarﬂéoléﬁgf@?ﬁaguﬁr%%a%t%dég kg 130 135 140
99 gg&"% glacenta?gl 03 penphgral blgood and b%ne mgrrovg J

.28, The method of claim 17, wharein sald stem cel!s are mammalian aduk stem celis
or early progeniior cells.

29 The method according to claim 28, wherein the aduilt stem cells are hematopoletic
stem cells and the adult eary progemtor cells are hematopoietic precursor cells,

30.The method according to clalm 28, which comprises the step of cultivating the
celis untll an expansion by at least 25 fold is obtained.

- .31.The method according to claim 28, which comprises the step of culfivating the
step of cultivating us performed until the amount of nudeated cells are bemg
expanded by at least 10 fold.

~32.The method accordirg to claim 28, wherein in the population of expanded cells

| the amount of CD34+ cells are expanded by at least 3 fold,

33.The method: -acconding o claim 28, wherein populatron of expanded ceils are
culiivaisd for at least 15 days. -
- 34.The method according to ciaim 28, whergzin the number of expandead cells which
respond positively In an LTC JC assay Is increased by at least 15 fold.
735 The method accordmg to claim 28, wherein sald expanded cells can repopulate a

~ sublethal jradiated NOD/SCID (Non Obese Diabetic/ Severe Combined
Immunodeficient) mouse,




Arg Ay Lou Lou Ser Asn Val Lou Cys Arg Lou Cys Ser Lys Tyrg Wi 2o 150 155
160 gtgﬁ&gf cac gtg gac gtg gcc tat ggc cog gac acc tog ggc aag gac 528

Val Al a WO0a#17hsp Val Ala Tyr Ay Pro Asp Thr Ser Gy PGE/BESNOUISH 170 175
gtc ttc cag aag aag aag ctg ggg tgt cag ctg ctg gga aaa tac aag 576 Val
Phe G n Lys Lys Lys Lou Gy Cys @n Lou Lou Gy Lys Tyr Lys 180 .185 190 cag
gtc atg gcc gtg ttg gcg' cag ' n Val Met Ala Val Lou Ala @ n
Al a Pha1895 t208u<210> 2 <21%§>iB l%%-é%%gggLRT <213> Oryctol agus cuni cul us
<400> 2 Met skysonibkes louwc Ala Ala Ay Val Val Pro Lou Lou Lou Val Lou Hs 1
5 10 15 Trp Lys Pro Gy Ala Ay Ser Pro Lou Pro Ile Asn Pro Val Asn Ala 20
25 30 <HIP> Olfevels femmasitiapsfar bhe iy vitmood@dration ol ohbturSesf G n |le 35
40 45 Arg SePUE¥APIDETAR 458 (FelbliReR W) BerRline BapopiesicprappkilitE 50
55 60 Lou TyLnd ¥or k& Pr e Pro Asn Asn Leu Asp Lys 65
70 75 80 Lou W%G%EPQSLQKS%\%\% é{‘!rlgrgtfgpgﬁﬁg Pro Pro Phe His Ala Asn Gy
85 90<@50dhm £2ar bgrs Val Arg Lou Val GQu Lou Tyr Arg no Val Ala Tyr Lou

- 100 105 110 609 Gy Thr Ala Lou Gy Asn Ile Thr Arg Asp G n Lys Thr Leu Asn

’ 0 C 0F/0
Pro L}B)128CTRS08/098%e 2006 WO 03/ 054170 PCT/ BEO2/ 00196

<150> UK 0220145.7
<151> 2002-08-30

<160> 4
<170> Pateann version 3.1

<210> 1

<211> €09

<212> DNA

<213> Oryctolagus cuniculus

<220>

<221> CDS

<222> (1)..(609) :
<223> Rabbit Leukemia Inhibitory Factor

<400> 1

atg aag atec ttg geg gea gga gtc gtg ccc ctg cotg ctg gte ttg cac 48
Met Lys Ile Leu Ala Ala Gly Val Val Pro Leu Leu Leu Val Leu His

1 5 10 15

tgg aaa ccc ggg geg ggg age cee ctt cec ate aac ccc gte aac gec 96
Trp Lys Pro Gly Ala Gly Ser Pro Leu Pro-Ile Asn Pro Val Asn Ala
: 20 25 ' 30 '

acc tgc aac aca cac cac ceca tgc cce age aac cte atg age cag atc 144
Thr Cys Asn Thr His His Pro Cys Pro Ser Asn Leu Met Ser Gln Ile
: 35 40 45

agg age cag ctg gea cag ctec aat gge act gec aac goc cte ttt att 192
Arg Ser Gln Leu Ala Gln Leu Asn Gly Thr Ala Asn Ala Leu Phe Ile
50 85 60

cte tat tac aca gee caa ggg gag cog tte cec aac aac ctg gac aag 240
Leu Tyr Tyr Thr Ala Gln Gly Glu Pro Phe Pro Asn Asn Leu Agp Lys
65 ;. 70 . 75 80

ctg tge ggc cocc aat gtg acg gac tte cog cee tte cae geoe aac ggc 288
Leu Cys Gly Pro Asn Val Thr Asp Phe Pro Pro Phe His Ala Asn Gly
85 20 95

acg gag aag gtc agg ctg gtg gag ctg tac cgc atc gtc goc tac cott 336
Thr Glu Lys Val Arg Leu Val Glu Leu Tyr Arg Ile Val Ala Tyr Leu
100 _ 105 ‘ 110

gge acc gec ctg gge aac ate acc cgg gac cag aag ace cte aac cce 384




ThrAla His Ser Leu H's Ser Lys Leu Asn Ala Thr Ala Asp Thr Leyuneldfdsgl35 140
Arg Gy Leu Leu Ser Asn Val Leu Cys Arg Leu Cys Ser Lys Tyr His 145 150
155 160 VAAASHTH s Val Asp Val Ala Tyr Gy Pro Asp Thr BeI/BEDY0I9E ASp
- 165 170 175 Val Phe @ n Lys Lys Lys Leu Gy Cys G n Len Leu Ay Lys Tyr Lys
. 180 185 190 G n Val Met Ala Val Lau Ala G n Ala Phe 195 200 <210> 3 <211>
543 23h: DA 924331 oL agls, [ SpS2202 1 .5221> <222> <223> CDS
(-1);.-??33)- Rabbi t L‘eﬁ\_im%imi %‘%%%ﬁc?‘%ﬁgﬁ‘fﬁi’%’e“dp‘f%r expression in
Pi chia <400> 3 get cca ctt oca ate aac cca gtt aac get acc tgc aac aca cac
cac. A PrOcRe doPreFal Pre Aga Proctiabadsweha Fhg s@psaddsatghr Hids2His 1 5
10 15 Tﬁ’gp‘?)ga’*i'ﬁcgeﬁc%?“t B{F’\gg Imsglet gsaddacthy &l 2eptThrobewwag eta gca cag 96
Pro Cys Pro Ser Asn Leu Ser Anlle Arg™Ser Gn Leu Ala A n 20 25 30
ttg addggOgfe 864 HEhgRAEadGEqt tdL . tot a_goo ca 44 Leu
Asn GapgTeny &%wﬁmﬁ &d.gugﬁjég ¢j£ &:%%:ngi tf:%ﬁ %e:aﬁ% n 358436 45 ggt .
gag cdd5ttc cca aac aatsctg gac aag ctgssgc ggc cca satigft 192 dy Qu
Pro Pg%ngc% Asn Asn Lau Asp Lys Leu Cys Ay ProAsn Val

cac gtg gac gtg gee tat gge ccg gac acc tcg gge aag gac 528

Val Ala His Val Asp Val Ala Tyr Gly Pro Asp Thr Ser Gly Lys Asp '
165 170 175
gtc ttc cag aag aag aag ctg ggg tgt cag ctg ctg gga aaz tac aag 576
Val Phe Gln Lys Lys Lys Leu Gly Cys Gln Leu lLeu Gly Lys Tyr Lys
180 185 180
cag gtc atg gee gtg ttg geg cag goe tte tag 609
. Gln Val Met Ala Val Leu Ala Gln Ala Phe
: 185 200

<210> 2
<211> 202
<212> PRT
<213> Oryctolaqus cuniculus
<400> 2

Met Lys Ile Leu Ala Ala Gly Val Val Pro Leu Leu Leu Val Leu His
1 5 10 : 15

Trp Lys Pro Gly Ala Gly Ser Pro Leu Pro Ile Asn Pro Val Asn Ala
20 25 30

Thr Cys Asn Thr His His Pro Cys Pro Ser Asn Leu Met Ser Gln Tle
35 - 40 45

Arg Ser Gln Leu Ala Gln Leu Asn Gly Thr Ala Asn Ala Leu Phe Ile
50 , 55 60

Leu Tyr Tyr Thr Ala Gln Gly Glu Pro Phe Pro Asn Asn Leu Asp Lys
65 . 70 75 80

Leu Cys Gly Pro Asn Val Thr Asp Phe Pro Pro Phe His Ala Asn Gly
— 85 : 90 95

Thr Glu Lys Val Arg Leu Val Glu Leu Tyr Arg Ile Val Ala Tyr Leu
. 100 | 105 110

Gly Thr Ala Leu Gly Asn Ile Thr Arg Asp Gln Ly=s Thr Leu Asn Pro
. 115 ' 120 _ 125




50 55 60 acg gac ttc cca cca ttc cac get aac ggt acc gag aag gid @2 eta
240 Thr Asp Phe Pro Pro Phe Hs Ala Asn Ay Thr dJu Lys Val Arg Lau 65 70
75 80 gMOGH$41Mg tac cgt ate gtg get tac eta ggc acc gRCIEE24@06 aac 288
Val Qu Leu Tyr Arg Ile Val Ala Tyr Leu Gy Thr Ala Leudy Asn 85 90 95

ate acc cgt gac cag aag acc eta aac cca acg get cac age ttg cac 336. Ile
Thr Arg Asp G n Lys Thr Leu Asn Pro Thr Ala H's Ser Leu Hs 100 105 110 6.
June 2006 AW 33/ 4140 HRECTHREDZ 004 o naG Qﬁ@p@.&%&a.@hﬂ%‘éuacc gcg goo aeg .
ttg cgt gd8%ctg Ot agc aass5384 SerlLys Lauidsn Ala Thr Ala Asp ThrLau Arg
Gy Lau Lau SerAsn 115 120 125 gtg etg tgc ego ctg tgc ago aag too cac gtg
goo ¢ Q0 atg ou Cys Arg Lou Cys Ser Lys Tyr Hs Val Al a
Hs ngrggE%' 875]’ I%?OS % }%1916%: Fat 258 gg_crﬁyﬁzferaréé Tt Hggé: aag gac gtt tto
cag aag aag aag 480 AIa Tyr Ay Pro Asp hr Ser Ay Ly p Val Phe dn
Lys Lys Lys 145 150 155 160 ttg ggt tgt cag ttg ttg ggt aaa too aag cag
gtc atlgdle gig Vel gadi2Bal 0 Wity cGy $r&d Asplonk lsed diyyrdd/asdyr Lys G n Val

Met Ala Val Lou 165'€F70 175 got cagigeo tto tag Alain Ala Phe 180 <210>
4 <211> 180 <212> PRT <213> Oryotol agus cunl culus <400> 4 Ala Pro Lou

Pro I I e T HIS 1 5 10. 15 Pro Cys Pro
Ser ASVﬁlfgl% I\B/E{[P?Q )gsﬂy{‘ng Ctvl % gq.et euAF-; Tyr Lys

-@Gln Val Met Ala Val Leu Ala Gln Ala Phe
195 200

<210> 3

<211> 543

<212> DNA

<213> Oryctolagus cuniculus

220>

<221> CDS

<222> (1)..(543)

<223> R:b:;t Leukenia inhibitory factor optimized for expression in
ichia

<400> 3

" get ceca ottt cea ate aac cea gtt aac gct ace tge aac aca cac cac 48
Ala Pro Leu Pro Ile Asn Pro Val Asn Ala Thr Cys Asn Thr His His

1 5 10 15

cca tge cca tee aac ttg atg agc cag atc cgt toec cag cta gea cag 96
Pro Cys Pro Ser Asn Leu Met Ser Gln Ile Arg Ser Gln Leu Ala Cln

ttg aat gge act goc aac gec ttg tte atc ttg tac tac aca gce caa 144
Leu Asn Gly Thr Ala 2Asn Ala Leu Phe Ile Leu Tyr Tyr Thr Ala Gln
35 , 40 : 45

ggt gag cca tte cca aac aac ctg gac aag ctg tgc gge cea aat gtt 192
Gly Glu Pro Phe Pro Asn Asn Leu Asp Lys Leu Cys Gly Pro Asn Val

acg gac ttc cca cca ttc cac geot aac ggt ace gag aag gtt aga cta 240
Thr Asp Phe Pro Pro Phe His Ala Asn Gly Thr Glu Lys Val Arg Leu
65 70 75 80

gtt gag ttg tac egt ate gtg get tac cta ggce acc get ctg gge aac 288
Val Glu Leu Tyr Arg Ile Val Ala Tyr Leu Gly Thr Ala Leu Gly Asn
85 90 95

ate ace cgt gac cag aag acc cta aac cca acg get cac age ttg cac 336
. Ile Thr Arg Asp Gln Lys Thr Leu Asn Pro Thr Ala His Ser Leu His
100 105 _ 110 ‘




20 25 30 Lou Asn Gy Thr Ala Asn Ala Lou Phe Ile Leu Tyr Ty jlRE 286bg G n
G u Pro Phe Pro Asn AsnLau Asp Lys Lou Cys Ay Pro Asn Val
S8 Pro Pro Phe His Ala Asn Ay Thr G u Ly®CVAERNIEau

Lou Gy Thr Ala Lou Ay Asn

35 40 45 d
55 60 ThW
70 75 80 Val

100
115
130
Asp
Cys
Adn

108yc1d8h 2Rk

Thr

Ala P

gca tat gge
Ala Tyr Gly
145

ttg ggt tgt
Leu Gly Cys

gct
" Ala

cag gcc
Gln Ala

<210> 4

<211> 180
- <212> PRT
1 <213>

<400> 4

Ala Pro Leu

.
Pro Cys
Leu Asn
Pro
Phe
Leu
Ile Thr
Ser Lys
115

Val Leu
130

shele

Arg Asp
Leu Asn

Cys Arg

da¢SgdDdcldegAla

gVaI -
L OSCuE S

135

]

cca gac acc
Pro Asp Thr
150

cag ttg ttg ggt aaa
Gln Leu Leu Gly Lys
165

ttc tag
Phe
180

Oryctolagus cuniculus

Pro Ile Asn Pro Val

Leu Met Ser

Ala Leu
_ 40

Ala Asn

Phe Asn Asn Len

55

Pro

Phe Ala

70

Pro Pro His

Arg Ile Val Ala

85

Tyr

Gln Lys Thr Leu

160

Ala Ala Asp

120

Leu Ser

135

Cys- Lys

AQu Lou Tyr Arg Ile Val
85 90 95 Ile Thr A=9 Asp A n Lys Thr

18§ A AS B?ri Mﬁi

tac aag

Tyxr

Asn

Gln

25

Phe

Asp

Asn

Tyx

Asn

105

Thr

Ala Tyr
Lou Asn Pro Thr Ala Hi s Ser
¥ Lou

1281 2Ps Vah Asaualy ShARgalap Gys et Adsse A Hs
135 140 3348 4 6 June 2006120\D 03/ 054170 PQ¥$BE02/ 00196 Ala Tyr Ay Pro.
Phe A n Lys Lys Lys

g‘h °valg

r His Va

tet gge aag gac
Ser Gly Lys Asp
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