2 8 SEP 2006 WO 03/083092 PCT/ EP03/03279 Dedifferentiated, progranmable
stemcells of monocytic origin, and their production and us@ DX BIC R 1 P
Tl ON The invention relates to adult dedifferentiated programable stem
cells deriv uman nonocytes, as well as their pro j use for
t he productﬁgﬂkgﬁﬂ%%dy cells and tissues. According tC)E:%Eﬁ ﬁ%ﬂ?@?ly
preferred enbodi nent of the invention these cells are autol ogous human stem
cells, i.e. the cell of nobnocytic origin comes fromthe patient who is to
be treated with the stemcell produced fromthe original cell and/or with
the body cells produced fromthis stemcell. 28 SEP 2006 WD 031083092
PCT1EP03103279 - 2 In the state of the art, the term"stemcells"
designates cells which (a) have the capability of self-renewal and (b) the
capability to format |east one and often a nunmber of specialised cel
types due to their asymmetrical division capability (cf. Donovan, P.J.,
Gearhart, J., Nature 414: 92-97 (2001)). The term "pluripotent” designates
stemcells, which can essentially be differentiated into all possible cel
types of the human and ani mal body. Such stemcells have hitherto only
been obtainable fromenbryonic tissue or enbryonic carcinoma (testicular
tunour) (cf. Donovan, P.J., Cearhart, J., loc cit) . The use of enbryonic
stemcells has been the subject of extensive public discussion, especially
in Germany, and is regarded as extrenely probl ematical. Besides the
ethical and | egal problens connected with enbryonic stem
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DESCRIPTION

The invention relates ﬁb“adﬁlt_dedifferentiated programmable
stem cells derived from human monocytes, as well as their
production and use for the production of body cells and
tissues. According %to a particularly preferred embodiment of
the invention. these cells are autologous human stem cells,
i.e. the cell of monocytic origin comes from the patient who
is to be treated with the stem cell produced from the original

cell and/or with the body cells produced from this stem cell.



cells, the therapeutic use of such cells also cones up agai nst
difficulties. By nature, enbryonic stemcells are obtained fro%ﬂoﬁirﬁ’ozrﬂﬂﬁ
organi sns, which are heterol ogous vis-&vis the potential recipients of

di fferenti afgdspglphs or tissue (hereafter referred to asﬁqﬂﬁ‘n% r get
cells or targetﬁgtlbssue) devel oped fromthese cells. It ist eré c“;'trmfa1 to be

expected, that such target cells will trigger an i medi ate i nmunol ogi cal
response in the potential recipients in the form of rejection. Stemcells
can be also isolated fromdifferent tissues of adult, i.e. from

differentiated individuals. Such stem.cells are referred to in the state of
the art as 'Inul”tthEp0$’earite addl tthestant cekhe” telm t'hecdwodgelbhey pleaygpatase in

tissue reg t gast S sent fference t
enbryoni c p?%?lﬁ'%okﬂ@% st eHn TH%,\ S %ﬁéd %%%%ellr%fﬁ i pfot enff Ee{ner"n" celéllrpCia |Y%s in
t he nunber dahedidapabehtiigt b tfugueat \deheh onh@n ded obfaemed fuwothetrheof
respective cells.

resumahl.y, this i due to t.he fact that Iur| otent stem
cell's come FPSﬁf‘@ ?‘?1‘?20@ éEPt@G%% \?%GOSEL‘E)S T EReY E%‘?l?s, or
fromcells Wapablmﬁﬂy pr@ﬂucmxm%hm P | steaghiitc, ul,t npeuest 45&9@2@9? S
come fromt or soma of adult individuals (cf. Donovan

Gear hart, Zopgé}/m fhepigam gplusippERnyy dﬁ%%g%ﬁﬁfolét?ﬁ §%Q-$m p?’]'éﬁ‘f:l]&t i on.

The act ual @&ablegg&nf_fww NGk 1 dree ot atod nﬂﬂ?ef‘dal‘ls%d%fsa.%d@' belst eppéel | s
however lie in the rarity of these cells. Thus, in the bone marrow, stem

cell's are pPésdke JHiman renthean gl bﬁdy 1: destposten nce ks péﬁV@hBFﬁheﬁ‘bod of
1:250, 000 apgiin phen |oveLiddbide Al Oefthrdodl, Q0G st /N1 agLyehiSt em

cells is
carcinoma (testicular tumour} (cf. Donovan, P.J., Gearhart,

Jd., loc cit). The use of embryonic stem cells has been the
subject of extensive public discussion, especially in Germany,
and 1is regarded as extremely problematical, Besides the
ethical and legal problems connected with embryonic stem
cells, the therapeutic use of such cells also comes up against
difficulties. By nature, embryonic stem cells are obtained
from donor organisms, which are heterologous vis-a-vis the
potential recipients of differentiated «cells or tissue
{(hereafter referred to as somatic target cells or target
tissue) developed from these cells. It is therefore to be
expected, that such target cells will trigger an Iimmediate
immunclogical response in the potential recipients in the form

of rejection.

Stem cells can be alsc isolated from different tissues of
adult, i.e. from differentiated individuals. Such stem cells
are referred to in the state of the art as "multipotent adult
stem cells™. In the body they play a role in tissue
regeneration and homoeostasis. The essential difference
between embryonic pluripotent stem cells and adult multipotent
stem cells lies in the number of differentiated tissues, which
can be obtained from the respective cells. Presumably, this is

due to the fact that pluripotent stem cells come from sperm



therefore very expensive and stressful for the patient. In ad ihﬁg t he
generation of large cell quantities, as required for clinical 8 g@%, has
scarcely been possible hitherto at reasonable expense. This is contrasted

by a const Lhcreasing need for possibilities for tr 'Eﬁlf}
destroyed ?Féé%‘gg(% the formof "tissue engineering" or ggi‘ce ?os?lkerapy,

within the framework of which skin-, nuscle-, heart nuscle-, liver-,

islet-, nerve- , neurone-, bone--, cartilage-, endothelium and fat cells
etc. are to be replaced. In this connection, the foreseeabl e devel opnent of
the age and disease profile of the population in the western world is

deci si ve, |eadifg ro tirerexpetlat wbichf candpastizcet wpeirmg  yiaildt | addie next

10 years in : care, sector t st ern_European popul.ation
i ncl udi ng tﬂ% EEEEAI arﬁéﬁ%@iaeeﬁ% Fﬁ@ng&é’F‘a&%ﬁ\éﬁ%‘% cObf Sé‘?mﬂﬁe aﬂ#’xgﬁe t he
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year-old ag r oup. 2015, and 6% grom h in the over-65 age group. This
i s bound tos?gSquqq% afecﬁlé’ﬁggap‘?\bﬁ%t‘? (PSTL; PRRtEFELYd in the spectrum of

di seases requiring treatnment. Predictably, diseases of the
cardio-circ gator?_/ system.(high 2 8 SEP 2006 W) 031083092 PCT/ EP03/ 03279 4
pressure, rry BafOvat inH SoffiavhRe utarthf SPiedaingeand usetef i adwhter osis
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liver in the ratioc of 1:100,000. Obtaining such stem cells is
therefore very expensive and stressful for the patient. In
addition the generation of large cell quantities, as required
for eclinical therapy, has scarcely been possible hithertc at

reascnable expense,

This is contrasted by a constantly increasing need for
possibilities for treatment of destroyed tissue in the form of
"tissue engineering” or as cell therapy, within the framework
of which skin-, muscle-, heart muscle-, liver~, islet-, nerve-
, neurone-, bone-, cartilage—-, endothelium- and fat cells etc.

are to be replaced.

In this connection, the foreseeable development of the age and
disease profile of the population in the western world is
decisive, leading to the expectation of a drastic turning
point in the next 10 years in the health and care sector of
the western European population, including the USA and Canada.
In the Federal Republic of Germany alone, the demographic
development suggests a 21%-growth in population in the 45-64
year—-old age group by 2015, and a 26%-growth in the over-65
age group. This is bound to résult in a change in patient
structure and in the spectrum of diseases requiring treatment.

Predictably, diseases of the cardio-circulatory system (high



I ncrease and require innovative treatnment concepts. These facts explain the
I mrense national and international research and devel opnent effqrts by the
specialists involved, to obtain stemcells which can be prograndetSimiléh

differenti a‘;@%/ﬁgbhs typical of tissue (liver, bone, cartidaggsns4scl e,
skin etc.). The problemunderlying the invention therefore resides in

maki ng avail able adult stemcells, the generation of which gives rise to no
et hical and/or |egal problenms, which are, rapidly available for the planned
therapeutic use in the quantities required for this, and at justifiable
production costs, and which, when used as "cellular therapeutics" give

rise to no Bréeswfd.ecmyocavdiabnelndarcliioeht i omiseglari ndiseames oflueeltal ar

rejection aQQté%ﬁ%ﬁﬁﬂ%ﬁé?@% tgﬂgu%ﬁ#ﬁg%itECQ#%%%%FﬁnaIi nqﬁgﬁ%ynggéée%%gb;he

patient in ques ording'to i"Aiven FsIBro is°S
the production dcin dediabtedesnt nal oty ,0gcdewabee cet | Slifwveam metahol banocyt es

which, for th urposes of the inventio are referred to -hereafter, as
"sten1ce||s&?8?%% B&Pﬁ?seﬁe&%WQﬁ t?%tgéﬁeangfQ%IQQﬁ ?@eﬁﬁﬁgbe?¥§$ﬁm
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I g-4, t signifies the regression_of an ul t, rea
specialisedO%dF??ePgﬁ 5?%d§mﬁﬁﬁ§1@8PF“F€“Fﬂea§9a9 %aﬁfcﬁiitiﬁ?g%%lV%l%.e.

of a cell, whtebasd dnd retpilrle ihhatst Bfd &t edt8eSEPcER8Spt 0 03/ 083092
PCT/ EPO3/ 03279 - 5 (programmed) into a nunber of cell types. Surprisingly,

it has been denpnstrated that the process according to the invention |eads
to the dedi Thes&ntia@iisONeB1 MNOEKEESimmERGeSIEMIGRIAIS and international

research and development efforts by the specialists involved,
te obtain stem «cells which can be programmed into
differentiated <c¢ells typical of tissue (liver, bone,

cartilage, muscle, skin ete.).

The problem underlying the invention therefore resides in
making available adult stem cells, the generation of which
glves rise to no ethical and/or legal problems, which are
rapidly available for the planned therapeutic use in the
quantities required for this, and at justifiable production
costs, and which, when used as "cellular therapeutics"” give
rise to no side effects - or none worth mentioning - in terms
of cellular rejection and induction of tumours, particularly

malignant tumours, in the patient in question.

Acecording to the invention this problem is solved by the
production of dedifferentiated programmable cells Zfrom human
monocytes which, for the purposes of the invention, are
referred to hereafter as "stem cells". The term
"dedifferentiation” is familiar to the person skilled in the
relevant art, cf. for Weissman I.L., Cell 100: 157-168, Fig.4,
(2000). It signifies the regression of an adult, already
specialised (differentiated) body cell to the status of a stem

cell, i.e. of a cell, which in turn can be transferred



produced in this way can be transforned (programred) into a |arge nunber of
different target cells/target tissue, cf. exanples. The sten1c$l§§ ?
according to the invention express, in addition to the CDl4 su p g gﬁtigen
char act eri sgj di fferentiated nonocytes, at |east one, y two or
three, of t g%?e%ygal pl uri potency markers CD90, CD117, Cgfggﬂﬁgﬁﬁﬁ%rnBS. In
a particularly preferred manner, the stemcells produced according to the

i nvention express the CDl14 surface antigpa as well as the four pluripotency
mar kers CD90, CD117, (D123 and CD135, cf. Exanple 2, Table 1. Preferably,
the stem cells of the invention express the nenbrane associ ated

nonocyt e- spébrPPEamRdlacituntd gewbep of apdl atypemstSwirrisingdivpoibnbys

mar kers sel %tgﬁﬁd dfeanHbﬂ?f’ts&% ?l':‘k{ij%ﬁ ofRd ?fd@as%f ac%}agﬁgcgéi}h@nq.n@ﬁ"é?on Mor e

preferably, e stemce I nvention carry antigen 1n
conbi nati onlekth & |Best dedhefetantiipdtioncpinmmdercyC®E23 Bhrel/ sterCDE8F]s Less

than 3% p y.:less..th % e C ccordi o t.he

i nvention e %rrjgégg hé‘hcﬁx Sa%%e%ﬂ l\égt t%%rg? e?lg{‘)%c?/, ? 36%%9%&%‘:{)%1&0%? cells
of the invedierge express blfe CIBFerEntt geargdin cellils /maygetortidwmef,iref. tine
adult stemcells,are de .availahle, whigh cap within a short tine be
reprogranne&xﬁwpéesprgﬁgr§5P? éﬁggﬁoﬁﬁﬁgrg?ggugg.t%ﬁelégﬁ@FéPPoﬁXBFe?ﬁe stem
cell's accordinngadditite | BgentieONCDE4 carAFhekel antiajar espatactdie Adld ept and

- in the casg _of autol ogous use - conparable to own bl ood donation. The
quantity of “HERFERFIZERA 0B WGCYESS celdls) LrREI rif f oPTERBTARL alt¥ChePhpY

options (seghzBeyehrCaRebeypRAR] aydhil ARG QS e 1&@CIdDsR!, Y it ki nehPr50 14

days after the bl ood is tagén. In adg$%|on the cell product provided for

t he therapyﬁnﬁncpﬂ§528I8EP pegsicularly preferred manner, the stem cells
produced according to the invention express the CDl4 surface
antigen as well as the four pluripotency markers CD90, CDil7,
CD123 and CD135, cf. Example 2, Table 1. Preferably, the stem
cells of the dinvention express the membrane associated
monocyte~specific surface antigen CD 14 and at least one
pluripotency markers seleéted from the group consistiing of
Cbl17, CD123 and CD135. More preferably, the stem cells of the
invention carry the CDl14 antigen in combination with at least
the pluripotency marker CD123 and/or CD135. Less than 3%,
preferably less than 1% of the stem cells according to the
invention express the CD34 antigen. Most preferably, none of
the stem cells of the invention express the CD34 antigen. In
this way, for the first time adult stem cells are made
available, which can within a short time be reprogrammed into

preferably autologous tissues.

The generation of the stem cells according te the invention is
completely harmless to the patient and - in the case of
autologous use - comparable to own blood donation. The
guantity of stem cells (10%® to 10° cells) required for the
usual therapy options (see above) can be made available cost-
effectively within 10 to 14 days after the blcood is taken. In
addition the cell product provided for the therapy, in the



WO 031083092 PCT/ EP03/03279 - 6 case of autol ogous use, does not give rise
to any i mmunol ogical problemin terns of cell rejection, as celh?ﬂsﬁp '
recipient are preferably genetically identical. The stemcells acco iﬁgﬁto
t he inventi al so proved to be risk-free in aninal ' tation
and in cul t\ﬁﬁ@&]@éﬁ% regard to giving rise to malignancy, Pg)f&gédd t ‘which is
only to be expected due to the cell of nonocytic origin, fromwich the
stemcells according to the invention derive. The essential steps of the
process according to the invention for t’he production of dedifferentiated
programabl e stemcells of human nonocytic origin conprise: (a) Isolation
of nonocyt esapeomafunauintemdus( b)uRr,opadras ngnohe gomMecytrse n  sudnwabl e

culture ves LY I I [ We t ai_ns

macr ophage- églt“gﬁl???g%ﬁn% Q%O(riljgle\l‘mag ot}:g{:ﬁ%?@gf {‘A"‘Ee&fl \r,%e]%jeér?:rt(eig)%’t ggagggﬁwc} and
(c) Cultivatrerdptdet nms tteferabliyhgepsebeide didenthtell eukin-3 (IL-3); and
(d) Obtaining the human dedifferentiated programrable stem cells, by
separating the cells fromthe culture medium According to a particularly

preferred embedistent cefllkhaccprotessso MHSHmRtlibn3hake ailBul paoesedisty
added to th% cel] ~culture rredi.unLi n SteE bll)l. |t is_hqowever SO oss1i:bl e,
initially omdy Tekddem cdt e8iMthe BBPF IR AT P Hedldmi™h & fﬂ”’(ﬂp FhEDr der
to cause theegaRaOENt §5vigy PFORAGR] GaldbHahOy Add ddsdd iHike €gl bnTyl teire
medi um subsequently. Finally the process in Step b) can,al so be carried out
in such be expeécted due "to the cell of monocytic origin, from which

the stem cells according to the invention derive.

The essential steps of the process according to the invention

for the preoduction of dedifferentiated programmable stem cells

of human monocytic origin comprise:

(a) Isplation of monocytes from human blood;

{b} Propagating the monocytes in a suitable culture vessel
containing cell culture medium, which contains the
macrophage—colony—stimuléting factor (hereafter referred
to as M-CSF); and

{c) Cultivating the  monoccytes in the presence of
interleukin-3 (IL-3}; and

(d)  Obtaining the human dedifferentiated programmable stem

cells, by separating the cells from the culture medium.

According to a particularly preferred embodiment of the
process, M-CSF and IL-3 are simultaneously added to the cell

culture medium in Step b).

It is however also possible, initially only to add M-CSF to
the cell culture medium in Step b) in order tc cause the
monocytes to propagate, and to add IL-3 to the cell culture

medium subsequently.

Finally the process in Step b) can also be carried out in such



26 SEP 2006 WD 03/083092 PCT/ EP03/03279 7 a way that the nonocytes are
initially propagated in a cell culture nmediumcontaining only MCSF, then
the nediumis separated fromthe cells and a second cell culturezdbﬂﬂhﬂMHs

t hen used, %io%bsﬁﬁnt ains IL-3. According to a preferred eghagiiimis of the
I nvention the culture nmediumof Step b) is separated fromthe cells

attached to the bottomof the culture vessel and the human,

dedi fferentiated, programmble stemcells; are obtained by detaching the
cells fromthe bottomand by isolating the cells. According to a preferred
enbodi ment of the invention the cells are further cultivated in the
presence of 2a Y&¥ pHRAt cbpouRpocYtefe 2%8 t ivtEiah Y proragand ddt cut cehl a

separate preeesarst Ghed Ctéohehiﬁﬂﬁg“&%lgulﬂidﬁj O%S;heptl?é deRaibeds

above. It can however also be carried out in Step b), by further adding the
sul phur conpeBagatedt Gecvulthar echbai antl pr erepadl pedlr cudyivse medeumt &t of

the cul tivatd@n. I8 p&%%@ﬁ%q_ ipg_$0 the invention surprisingly |eads
to the dediffergntlaétion of the %gng%y%es, wherein the adult stem cells

resulting fromthe dedifferentiation, besides the CD14 surface antigen

typi cal of t LG fer [ teg e | XprLes t le .one nor e,
preferably 5}1%0%9 FL[ﬁeei%p)l %’ri 5 e%%’f/él&nar%ﬁ%rgg%&ﬁ , 051%}?,% dji‘ge\silttér?& C%EL%S
(cf. Table dilturBrmkdiabl yf $tep ddlemscekbarated hBromvidid icwllexpreéashiede
menbr ane assgoci at.ed cyte-specjfic surface antigen CD 14 nd at | east
one pl uri pot é’nc?zrhear g‘?& | et ed lﬁ?oni:‘tl#éuﬁ ouﬁesg%f]si §?ﬁ}ngt€? C%TT‘?I?' CD123
and CD135. Mwog.ffectftadtyd, t rogrammable stem cells are obtained by

detaching the cells from the bottom and by isolating the
cells.

According to a preferred embodiment of the invention the cells
are further cultivated in the presence of a sulphur compound.
The cultivation can be carried out in a separate process step
which follows the cultivaticon Step b) described above. It can
however also be carried out in Step b), by further adding the
sulphur compound to the culture medium, preferably already at

the start of the cultivation.

The process according to the invention surprisingly leads to
the dedifferentiation of the monocytes, wherein the adult stem
cells resulting from the dedifferentiation, besides the CD14
surface antigen typical of the differentiated monocyies, also
express at least one or more, preferably all of the
pluripotency markers €CD90, CD1l17, CD123 and CD135 (cf. Table
1). Preferably, the stem cells of the invention express the
membrane assoclated monocyte-specific surface antigen CD 14
and at least one pluripotency markers selected from the group
consisting of CD117, Cbl23 and CD135. More preferably, the
stem cells of the invention carry the CD14 antigen in
combination with at least the pluripotency marker CD123 and/or
CD135. Less than 3%, preferably less than 1% of the stem cells



stemcells of the invention carry the CD14 antigen in conbination with at

| east the pluripotency marker CD123 and/or CD135. Less than 3% pi gferabl y
|l ess than 1% of the stemcells 2 0 SEP 2006 WD 03/083092 PCT/ EP03{ 83274005 8
according t opy/ention express the CD34 antigen. Most y, none
of the sten?%%?@gmg¥ t he invention express the CD34 antiégﬁﬁﬁﬁﬁgﬁ§£pression
of the respective markers (surface antigens) can be proved by neans of
commercially available antibodies with gpecificity against the respective
antigens to be detected, using standard immuno assay procedures, cf.
Exanple 2. As the cells, during the propagation and dedifferentiation
process, adREFErding h&chdthoniBrerhion eSEPERETe T t GP34 \vaddern. i tMost
necessary t epanate t eLts o] e lt.ur [ t nd to
det ach then?f?onlﬁﬁggbd??gﬁ1g#t5?é gg%%|é%¥%% é?ffﬁ%gdgﬁ?%¢§§%§;§%§$%ﬁs
Accordi ng tbtha gDeferardd gesnbdthsrenkpogssimn i nferithiconrespeaidve cwtigns

super nat ant ,j | sc ore_t d 1N f celd s e | to the
bott om and é%l g%%éuezntg Fggg?ﬁ%f a(ﬁ%élr Pﬁ% g%l%ﬁrghagaf pfn% g?abc}f‘ly c?%%%%i%l]t}ﬁ
fresh cul t ureaibgilen afolbahiary with r spsciycifivesdgaindtt urlee medspctisreagai n
added to th el |l s adperi to. the., bottom. and the step of releasing.the
cells from ?ﬁgl%%rﬁ ompot hg)% foqeltéa\%e ¢f . ﬁgﬁpl esjﬁ")qsariccojrrﬁ['%é’ toa%gay
preferred epbodedierds,t hef.cEkbspaee2 brought into contact with a biologically
wel | -tol erated organic solvent, at the end of Step c) and before Step d).
The biologically well- tolerated organic solvent can be an alcohol with 1-4
carbon atoms, dthe 4sE19f aubangl te ngrovefiied. and dedifferentiation

process, adhere to the bottom of the respective culture

vessel, it is necessary to separate the cells from the culture
medium from Step b} and to detach them from the bottom after
conmpletion of the dedifferentiation. According to a preferred
embodiment of the invention the cell culture supernatant is
discarded before the detaching of the cells adhering to the
bottom and subsegquently, the adhering cells are préferably _
rinsed with fresh culture medium. Following the rinsing, fresh
culture medium is again added to the cells adhering to the
bottom, and the step of releasing the cells from the bottom
then follows {cf. Example 13}.

According to a preferred embodiment the cells are brought into
contact with a bioleogically well-tclerated organic solvent, at
the end of Step c) and before Step d). The bioclogically well-
tolerated organic solvent can be an alcohecl with 1-4 carbon

atoms, the use of ethanol being preferred.

In a further embodiment, at the end of Step c) and before Step
d) the cells are brought into contact with the vapour phase of

the biclogically well-tolerated organic solvent.

The detaching can moreover also be carried out mechanically,

however, an enzymatic detaching process is preferred, for



In a further enbodi nent, at the and of Step c) and before Step d) the cells
are brought into contact with the vapour phase of the biol ogical Iyﬁ

wel | -tol erated organi c solvent. The detaching can noreover al so be cagrEFizgﬂ(ﬁ
out mechani ¢l baysspehiovever, an enzymatic detaching processpipppfapbpsred, for
26 SEP 2005 WD 031083092 PCT/ EP03/03279 9 - exanple with trypsin. The

dedi fferenti ated progranmable stemcells obtained in this way, floating
freely in the medium can either be direcply transferred to the

reprogranmm ng process, or kept in the culture nediumfor a few days; in the
| atter case, cyt oki.n or LIP (leukaema inhibitory factor) is preferably
added to theeéam eu??’]ltlgntgmﬁnto avoid premature | oss of the
programmability (cf. Donovan, P.J., Gearhart, J., loc. cit., Page 94).

Finally the cell an. be deep-frozen for storage purposes w thout |oss of
pr ogr anmabi Iﬁ%gﬁ%}ﬁr&’?\ ¢BFPE BECBFETMRP YD FHR i Rt i rFadimered s st he

pl uripotent wdgm eebisif erbeyPNis AHII Meddi@WN Bii hektRefnte fdBLNS
known adult stemcells fromdifferent tissues, in that besides the

menbr ane- assotAHIEF HFN0EYt -he FPPFEITIFING uPEAERS ANt iYen KePReylk athy at

| east one plg&ippie s KGR fr r oup Nl St v 17,
D123 and CoLBE oy Mopai ls%?:f 288 prggg?agil-}y,tﬁghgéﬁ%%g%ﬁﬁ,ng?c 3{%&%

invention c@fr}IFhd leekbeahe asbabitoryl Fenbeyt eispecefecablyf addedard gen

CD 14 and at a ne. pl uri po ker.s..sel from-t he groQup

consi sting o?ﬂ%ﬁ#q%blzgi%ndé%%S@ck/brge‘%l;drse&gregtb ty,ret helos?t%emoggl Itsheof

the inventi oprapranyraiold 1EPL 4 cfantiogpevainn  Fohi ndleiachawk{ h Jat, lleast dibe,

pluri pot encyPéT&_( kgﬁ} . Finally the cells can be deép—frozen for storage
purposes without loss of programmability.

The stem cells according to the invention differ from the
pluripotent stem cells of embryonic origin known hitherto and
from the known adult stem cells from different tissues, in
that besides the membrane-associated monocyte~specific CD14
surface antigen, they carry at least one pluripotency marker
from the group consisting of CD30, CD117, CD123 and CDL35 on
their surface. Preferably, the stem cells of the invention
carry the membrane associated monocyte-specific surface
antigen CD 14 and at least one pluripotency markers selected
from the group consisting of CD117, CD123 and CD135. More
preferably, the stem c¢ells of the invention carxy the CDl4
antigen in combination with at least the pluripotency markex
CD123 and/or CD135. Less than 3%, preferably less than 1% of
the stem cells according to the invention express the CD34
antigen. Most preferably, ncne of the stem cells of the

invention express the CD34 antigen.

The stem cells produced using the process according to the
invention can be reprogrammed intc any body cells. Processes
for reprogramming stem cells are known in the state of the

art, cf. for example Weissman I.L., Science 287: 1442-144¢



CD123 and/or CD135. Less than 3% preferably less than 1% of the stemcells

according to the invention express the CD34 antigen. Most prefe;?g é none
of the stemcells of the invention express the CD34 antigen PeRBBI | s

produced u process according to the invention capchgphfRsRaranmed
I nto any b%@g‘gﬁ}ﬁ” Processes for reprogramming stemcells are Enown I n

the state of the art, of. for exanple VE|ssnan |.L., Science 287: 1442-1446
2 8 SEP 2006 WD 03/083092 PCT/EPO3/0327% (2000) and Insight Review
Articles Nature 414: 92-131 (2001), and Phe handbook "Met hods of Tissue
Engi neering", Eds. Atala, A., Lanza, R P., Academ c Press, |SBN

0- 12-436636- (QOOQDbﬁaﬂyInquiﬁbn@e%w Cbt‘@:ﬂ,t‘d@sca?adtum@ 42861887431 TREO1),
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obt ai ned by Treprogrammn em ce acc g the“Thve
nor eover cal.y tleazagni.adne- lassiamiat ebeGBl4 THBNf ei—ém—mat@saﬁ 8ar kébratyt he

nonocyt es .onal | ess n..3% bly | ess than 1% of these
somati c targQ?QSEPFES% '%$“¥%é%§ g?ge%gﬁﬁggﬁgs according to the invention
express the CD34 antigen. Mst preferably, none of these cells or tissues
express the 4 i pat I ch

deri ved frorﬂ&;‘tl:e)ﬁedjg){| n&éPngaG@mﬁ& a tsﬁmgﬁéc #\?&ﬁ? orFeQ'@fpr%% ‘Trhet%)m

surface mardegigethi €isdue t ypteahedf RO NEHRGanMihhStoRt thie Sae tebes they
produce the protein albumn, which is typical of epat ocytes. The

hepat ocyt es ARECFFEATF r Bfh t HRe st EWELoE  BOEBPEShg F4F Hhe GO e MEMBKARER
therefore b%s%'o%t:l.la'ﬁgéll shetls f r@Frdyainiiak 1 BRPALLENE LS of N ke SRR YRY¥s. t he

menbr ane- associ at ed
Additionally, less than 3%, preferably less than 1% of these
somatic target cells and/or these target tissues according to
the invention express the CD34 antigen, Most preferably, none
of these cells or tissues express the CD34 antigen. As shown
in Example 11, hepatocytes which are derived from the stem
cells according to the invention, express the CDl14 surface
marker which is typical of monocytes, whilst at the same time
they produce the protein albumin, which is typical of
hepatocytes. The hepatocytes derived f£rom the stem cells
according to the invention can therefore be distinguished from
natural hepatocytes. In the same way, the membrane-associated
CD14 surface marker was detected on insulln-producing cells,
which were derived from the stem cells according to the

invention (Example 9).

In one embodiment of the invention the dedifferentiated,
programmable stem cells are used for the in-vitro preduction
of target cells and target tissue (cf. Examples). Therefore,
differentiated, isolated tissue cells, which are obtained by
differentiation {(reprogramming) of the stem cells according to
the invention, and which carry the membrane—assoclated CD14

surface antigen, are also subject of the present invention.

The stem cells according to the invention are preferably



CD14 surface marker was detected on insulin-producing cells, which were
derived fromthe stemcells according to the invention (Exarrpl e QSSEH Hppne
enbodi ment of the invention the dedifferentiated, programmable stemcells

are used f vitro production of target cel I's and plcgeinsbiessue (cf.
Exanpl es) . q#ﬂer@?g%e differentiated, isolated tissue cells, mh?ch are

obtained by differentiation (reprogrannlng) of the stenlcells according to
the invention, and which carry the nmenbrane-associ ated CD14 surface
antigen, are also subject of the present invention. The stemcells
according to the invention are preferably 28 SEP 2006 WD 03/083092

PCT/ EP03/ 03218p1y| |andi nysilylakad r 81 fEanentdiatidr eari avre n iviter odeaived
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Exanpl es 6 t Thi s,su nat i eferred to. hereafter
tapget ceII %@l@?&ﬁé&gﬁshﬁuﬁiemFGF RelBi fr BeSitPal 6ﬁh(F8BF%b?%nﬁ?ﬁg) of

the dedi ff@h@@ﬁ:hﬁtéﬂt sgm@el | sudesHs dnBgitm, t he IWhiRIH | BRet Rkespbetliowi ng
procedure can therefore be followed, in whi ch a) tissue which contains or

consi sts of 1XESHeSEI by 2RGHRA f§ﬂ9m3§tﬁst3?ﬁ§?@xFaYﬁ hera ingshated (st-
(target cel lgshmandsos iéaﬁﬁ?niﬁiéﬁsdﬁyiﬁﬁtant is referred to hereafter as

"target-cell-conditioned medium”.

For the differentiation {reprogramming) of the
dedifferentiated stem cells according to the invention the

following procedure can therefore be followed, in which:

a) tissue which contains or consists of the desired target
cells is crushed; '

b) the tissue cells (target cells) and/or fragments of these
are obtained;

c) the target cells and/or fragments of these are incubated in
a sultable culture medium;

d) the culture medium supernatant is collected during and
after the incubation as target-cell-conditioned medium; and

e) for the reprogramming/differentiation of dedifferentiated
stem cells into the desired target cells or target tissue,
the stem cells are grown in the presence of the target-

cell-conditioned medium.

Standard cell culture media can be used as culture medium (cf.
Examples). The media preferably contain growth Zfactoxrs, such

as for example the epidermal growth factor.

The incubation of the target cells and/or fragments of these



are obtained; c) the target cells and/or fragnents of these are incubated in
a suitable culture nmedium d) the culture nmedi um supernatant is cgl#&?ﬁ@%
during and after the incubation as target-cell--conditioned nmedium™ e)

for the re m’ng/differentiation of dedifferentiated s into
t he desi reﬁhﬁggrfge 2ceI | s or target tissue, the stemcell gég@gbsg@%?n in the

presence of the target- cell-conditioned nmedium Standard cell culture nedia
can be used as culture nedium (cf. Exar’rl)gees). The nedi a preferably contain
growt h factors, such as for exanple the*epidermal growh factor. The

I ncubation of the target cells and/or fragnents of these ~, 46 WD 03/083092
PCT/ EP03/ 0327€ell ll@tc'gl lcapebketiyriam doe: caran &d tautl5evereSetablp,10
preferably 10 _days. The supernatant, j.e. the target-cel,-conditioned

medi um i & BPEF er A SHRSRVERT dach BASetaRqE il RRGLY Lot ML ed
by fr?ash rregis urprefheasmperml ds iﬂnragebt ?a@%d a;ﬁed r be fid ter eﬁytslnd@;[d
sterile conditjons, separately or A pooled an stored at approxinately -20C or
used di rectF?P#%cfeq HY SFEER alffhgior TRE e AFREFIREAAS o IRAREG Hern
programi nghef £il hersd erndet | Srd M thdddesbhedstpagste Tl b bSoLad ramd out
by growing stemcells in the presence of the mediumconditioned wth the

respective FaPHRE | apryoximakepiesy20Fhe G owsRS nedraRtpY ef E2BDI Yhe

addi tional | y-69PimhitRy Bof GG -d8l1ls . SRECIdHoRm ABBYED LAG! Rrogssfi@s der
exanpl e the "hepatocyte growh factor” or the "keratinocyte growth factor”
(cf. Exanpl €8%. sten gl lenidadiondie g sinedi vargrt melilivse igegrirrerdnoiatiey,

growing stem cells in the presence of the medium conditioned
with the respective target cells (¢f. Examples). The growth
medium preferably additionally contains a target—-cell-specific
growth factor, such as for example the "hepatocyte growth

factor" or the "keratinocyte growth factor" {(cf. Examples).

In one embodiment of the invention the dedifferentiated,
programmable stem cells according to the inventlon are used
per se for the production of a pharmaceutical composition fox

the in-vivo production of target cells and target tissue.

Such pharmaceutical preparations can contain the stem cells
according to the invention suspended in a physiologically
well-tolerated medium. Suitable media are for example PBS
(phosphate buffered saline) or physiological saline with 20 %

human albumin solution and the like.

These pharmaceutical preparations contain vital
dedifferentiated, programmable stem cells according to the
invention, which have on their surface the CD14 surface marker
and at least one more of the multipotent stem cell markers
CD90, CD117, ©D123 and/or CD135, in a quantity of at least 1,
2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 2%, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or



programuabl e stemcells according to the invention are used per se for the
production of a pharmaceutical conposition for the in-vivo prod?égkon of
target cells and target tissue. Such pharnaceutical preparations P86t ai n

the stemc gording to the invention suspended in a gjcally
mell-tolergh ? ﬁ@lUﬁ] Sui tabl e nedia are for exanple PBS]Q%%%gsﬁﬁat
buffered saline) or physiological saline with 20 'k human al bum n sol ution
and the |ike. These pharmaceuti cal pregaégtlons contain vital

dedifferenti ated, programuable stem cell s”according to the invention, which

have on their surface the CD14 surface marker and at | east one npbre of the
mul ti pot ent 5t efn ceréefawatkey s 60CRI0, 7,1 7paBikab saniy/ qrr<izgd®lyi Bl or

gquantity of 8, o, . 1 4 6,
17, 18, 19, g%t(? i %ﬁ?r%?§%4§r§§?r%%l,yzjl,8°2%’ iag%@e d3%t,‘é3%,gt§%,
35, 36, 37, md@peld%pf4bheddell, prében%41n45he4ﬁreﬁ3raﬂ£bn%ﬁhnﬁ 2% 15kR12005
WO 031083092 PCT/ EP03103279 - @6 abl 0 or particul arly
pref erably é%lg% r90£%@£ﬂ?%ﬂ¥: ﬁ%iy gﬁi @6aﬁéP5FP t&ngﬁgrtota
nunber of thereekkSsphesended N the preparatlon and optionally further
pharmaceutically well-tol erated adjuvants and/or carrier substances. Stem
cell preparations can contain vital dedifferentiated, programmable stem

cel l's accor djeh t @e1he ;Jﬁé\p%&falt%nsvwmh BaNea1,0N ihelr guufeea ddie AEDA4
surface marker and at_I'east one nore of the pluripotent stemcell mar ker s

CDO0, CD117Prourasmahde oftesbls jaraprgiadt Lo ythe hmverrefazsqnflwhzchshane 5,
6, 8 9, 10,0 Jt%ell'zsu%%acé‘lthé%[)ﬂfﬁsul&acés J]:ﬁer Z&dzé'b l?e?astz%nezﬂiorgS

of the pluripotent stem cell markers CD90, CD117, CD123 and/or
CD1353, in a quantity of at least 1, 2, 3, 4, 5, 6, 8, 9, 10,
11, l2, 13, 14, 15, 1le, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 35,
56, 57, 58 or 59 %, preferably at least 60 %, relative to the
total number of the cells present in the preparation; cell
suspensions in a cell culture~ or transport medium well-
tolerated by cells, such as e.g. PBS or RPMI etc., or deep-
frozen cell preparations in a suitable storage wedium, such as
e.g. RPMI with 50% human albumin solution and 10% DMSO are
preferred. |

The number of wital cells and hence the proportion of these in
the compositions referred to above, can be determined
optically by use of the "Trypan blue dye exclusion technlgue",
as vital cells can be optically distinguished from non-vital

cells, using this dye.

As a rule, it will be irrelevant for clinical use, if some of
the cells present in the pharmaceutical preparation do not
fulfil the criteria of dedifferentiated, programmable stem
cells according to the invention, provided, that a sufficient

number of functional stem cells is present. It is however alsc



26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58 or 59 % ?Pg%erably
at least 60 % relative to the total nunber of the cells present P g5
preparati oru,ogig,Hsugzsuspensi ons in a cell culture- or trangegrdpodBefoum wel |l -
tolerated by cells, such as e.g. PBS or RPM etc., or deep- frozen cell
preparations in a suitable storage nedium such as e.g. RPM with 50% human
al bum n solution and 10% DMSO are prefefjped. The nunber of vital cells and
hence the proportion of these in the conpositions referred to above, can be
determned optically by use of the "Trypan blue dye excl usion technique",
as vital ceIPP§SéQ1-Hebéoopﬁ:'il&&lnﬁifedi“@FFﬁ@éJ-%ﬁf&fq’trl@l’ﬁeﬁor?QﬂiJ{SalbY dB$3ns @8 ng
this dye. Apradckdbés idnoil | iRe drier eb@uant okorend i pealoiSenei o334 9F the
cells present in the pharnmaceutical preparation do not fulfil the criteria
of dedi ff er &frifared, Pdgrameiriostlemoicel FBeacdeddiffgrentiateed nveallsn,

provi ded, t fici ; r.,,ofi _f i ] .S 1 r ot
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el i m nat e newhiednf f thentdetietdebbldy rarssehtiplbyesmese kifowm.i nOtde
state of th n e basls. surfa par ker sy ical of th

dedi f f erent i%gt%énhl%el }Bg gcc%ﬁzd?gn%let optrﬁé%g?ﬁveggi onﬂ%&ﬁunsoucﬁn ngggrcat}la%% , SO
t hat these swantiagh,tbf.dBsmasd e®l 45, nTeshmnirndl.l Wetioelsf @gg: OG8-1Bkanpl e
of a suitabl@grgcess I's "I nmmuno magnetic bead sorting", cf. Romani et al.,
J. Imunol . fdds 196: 137-151 (1996).

Stem cells further have the capability, of spontaneously
differentiating in vivo by direct contact with a cell group of
a specific cell type into cells of this type. Processes for
tissue production using cells which can be redifferentiated
{("tissue engineering™} are known in the state of the art. For
example Wang, X. et al. {("Liver repopulation and correction of
metabolic liver disease by transplanted adult mouse pancreatic
cells™ Am., J. Pathel. 158 (2): 571-572 (2001})), have shown
that even certain adult cells of the pancreas in mice are able
te transform, in FAH- (fumaroylacetoacetate hydrolase)-
deficient mice, inte hepatocytes, which can fully compensate
for the metabolic defect in these animals. A further example
is the experiments of Lagasse et al., "Purified hematopoietic
stem cells can differentiate into hepatocytes in vivo", Nature
Medicine, 6 (11)}: 1229-1234 (2000). The authors have shown
that hematopolietic stem cells from bone marrow were able,
after in- viveo transfer inte FAH-deficient mice, to transform
into hepatocytes, which <could then compensate for the
metabolic defect; see also the review by Grompe M.,
"Therapeutic Liver Repopulation for the Treatment of Metabolic
Liver Diseases" Hum. Cell, 12: 171-180 (1989).

Particularly preferable forms of application for the in-vivo

differentiation of the dedifferentiated stem cells according



Stemcells further have the capability, of spontaneously differentiating in
vivo by direct contact with a cell group of a specific cell typezgrgtp @El | s
of this type. Processes for tissue production using cells which can bé

rediffer e”t%{}éﬂssuﬁ'ti ssue engi neering”) are known in the gmipgsfhsd he art.
For exanple ng, X. et al. ("Liver repopulation and correction of

nmetabolic liver disease by transplanted adult nouse pancreatic cells" Am

J. Pathol. 158 (2): 571-579 (2001)), havggshown that even certain adult
cells of the pancreas in mce are able to transform in FAH

(umar oyl acet oacet ate hydrol ase)- deficient mce, into hepatocytes, which can
fully conperisht B2e f JRVERELIGR 86| ialaeteer. i Anfreben aak nimplantpbionept
exanple [s o seneceledl enoh b0 Alel 1’ RUBLEL L1 1T GRQJ Bllg, Stem
cells can differentiate into hepatocytes in vivo", Nature dicine, 8"(11):
1229- 1234 ( 26bL9ethetaudhbrs Few etlvhoskem t ¢rtlh bt dbHf etdant isttemtdelres f r om
bone marrow per g4 , LBz Vi t sf intq FAH deficient. mce, to
transform i%oé%g%%?oggﬁéés?{ w'ﬁ?‘éﬁ é%%l d&ét%'rqengé%ér)r‘%eaﬁcsla é fjor%tcf hEEILJr?%t 8§ol iC
def ect; see Hiso ¢kl rbypew PprGimfpetbbn otrThHerfaedwhi ccHd vesl Repesn! ki on

for the Tre : t apokd ive i seases” Hum. .Cell, 12: 171-180
(1999). Par ﬁ%%gﬁﬁérgrseigrﬁa% e(ﬁ%grsﬁ\rglagf’ §B€)rg?%ed$iscﬁjrlf"8r) ‘the in-vivo
differentiation of the dedifferentiated stemcells according 2 6 SEP 2006
WO 03108309 PQ3/03279.15 tpo t i nvention are j.njection, ,infusion or
i mpl ant at i oﬁP%ggrEﬁg ste%%m%??s Pﬁt opﬁ?\e Spetiat c’erfcil Bfat *8n “H1fhe
body, in oraemectiahl onaket theistterpicel | ofto dhkferepiéat e thei@eathy
di rect contagct \@Tft.h.the cel |l associatign, into ¢ells of |,
tnsulilciency, acute or chronic kidney failure, hormonal
under-functioning, cardiac infarction, pulmonary embolism,

stroke and skin damage.

Therefore preferred embodiments of the invention are the use
of the dedifferentiated, programmable stem cells for the
production of different pharmaceutical compositions for the
treatment of cirrhosis of the liver, pancreatic insufficiency,
acute or chronic kidney failure, hormonal under—functiohing,
cardiac infarcticn, pulmonary embolism, stroke and skin

damage.

For the therapeutic use of the target cells obtainable from
the stem cells according to the invention, a number of
'concepts are available (see above Science 287: 1442-144¢
(2000) and Nature 414: 92-131 (2001)).

A further preferred application concerns the injection of the
dedifferentiated stem cells according to the invention into
the peritoneum, so that they differentiate there, due to the
influence of the cells surrounding them, into peritoneal
cells. In the case of peritoneal dialysis of patients with
kidney insufficlency, these cells can take over a kidney

function via their semi-permeable membrane and give off kidney



this cell type. For injection or infusion the cells can be admnistered in
PBS (phosphate buffered saline). Preferred exanples of the relevaﬂ@SEPZMB
indications in this connection are: cirrhosis of the liver, pancreatic

i nsufficien or chronic kidney failure, hornonal Fﬁﬁﬁg- tioning,
cardi ac inf§¥g?@%#%FpulnDnary enbolism stroke and skin anaggykgﬁgrefore

preferred enbodi nents of the invention are the use of the dedifferentiated,
programuabl e stemcells for the produq;iqp_pf di fferent pharnaceuti cal
conpositions for the treatnent of cirrhg3|s of the liver, pancreatic

I nsufficiency, acute or chronic kidney failure, hornonal under-functioning,
cardi ac inf ﬁqnqr@}qeptpuwmt@r yuistahtes igthookshandekitenegamageon Fohetrike

t herapeutic O bhetabggt, &£ = %H%gbggpée from the stemcells

according to the invention, a nunber 0 concepts are avail able (see above
Sci ence 287: 1442-1446 (2000) and Nature 414: 92-131 (2001)). A further
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PCT/ EP03/ 03279 - 16 dependent waste substances into the peritoneumfrom

where theset 2§38 r 8ABYEHC vitATERE fi%dyfsaged/or . target tissue preferably
contain adipocytes, neurons and glia cells, endothelial cells,

keratinocytes, hepatocytes and islet cells.

However the cells can also be introduced directly into the
organ to be reconstituted. The intreduction can be carried out
via matrix constructions which are coated with corresponding
differentiated cells or cells capable of differentiation. The
matrix constructions are as a rule blodegradable, sc that they
disappear out of the body while the newly introduced cells
grow together with the cells present. From this point of view,
for example cellular, preferably autologous transplants in the
form of islet c¢ells, hepatocytes, fat cells, skin cells,
muscles, cardiac muscles, nerves, bones, endocrine cells etc.
come under consideration for restitution for example after
partial surgical resection of an organ, for repair for example
after trauma or for supportive use, for example in the case of

lacking or insufficient organ function.

The stem cells according to the invention and target cells
obtained from them can further be used to coat implantable
materials, in order to increase biocompatibility. Therefore,

also. implantable materials, which are «coated with the
dedifferentiated, programmable stem cells or the somaticl
target cells and/or <target tissue are subject of the

invention. According to one embodiment of the invention these



Therefore, also the differentiated, isolated, somatic target cells and/or
target tissue, which are obtained by reprogramm ng of the sten1cquggggy®%
are characterised by the nenbrane-associated CD14 antigen are subject ©

the inventign. adijgse somatic target cells and/or target ticgsRspnef erably
contai n adi pocytes, neurons and glia cells, endothelial cells,

kerati nocytes, hepatocytes and islet cells. However the cells can also be
introduced directly into the organ to bg.reconstituted. The introduction
can be carried out via matrix constructigns which are coated with
corresponding differentiated cells or cells capable of differentiation. The
mat ri x constimpdensablar e materimilse bavdegrrmhaiheseso t hdr t partigiudappear
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somatic targele,68bhs:ARd/ Pke tAMIS Polggsue are subject of the invention.
Accordi ng to one enbodi nent of the invéention these 28 SEP 2006 WO 03/083092
PCT/ EP03/ 03279

In one embodiment of the invention such a bag, containing
islet cells, which are differentiated somatic cells according
to the  invention, 1is used for ‘the preduction of a
pharmaceutical construct for use as an artificial islet cell

pert chamber for the supply of insulin.

According to a further embodiment of the invention, a bag or
chamber containing adipocytes, which are differentiated
somatic cells according to the invention, is used for the
production of an artificial polymer filled with adipocytes as
a pharmaceutical construct for breast construction after
surgery and in the case of further indications of plastic

and/or cosmetic correction.

Moreover, semi-permeable port chamber systems, containing
endocrine cells of very widely varying provenance, can be used
in wivo for the treatment of endocrine, metabelic or
haemostatic disorders. Examples of such endocrine cells are
cells which produce thyroxine, steroids, ADH, aldosterone,
melatonin, serotonin, adrenalin, noradrenalin, TSH, LH, FSH,
leptin, cholecystokinin, gastrin, insulin, glucagon, or
clotting factors.

Therefore, also implantable materials, which are semi-



17 inplantable materials are prostheses. In particularly preferred

enbodi ments these prostheses are cardiac valves, vessel prosthesgg3rbome-
and joint prostheses. The inplantable naterials can also be artificial

and/ or  bi olpaisgadefarrier materials, which contain the desedidobffgnti ated,
programmabl e stemcells or target ceIIs. In this regard, e carrier

mat eri als can be bags or chanbers for insertion into the hunan body. In one
enbodi ment of the invention such a bag,_ ﬁ ntaining islet cells, which are
differentiated somatic cells according the invention, is used for the
production of a pharmaceutical construct for use as an artificial islet
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the productlih@seof semi greriviciabilel geimorer $ysteds ward amqnbchuesiiiferant

pharnaceutlgﬁb %gthEgctoEortgreagktengigﬂuc%éogo n%?[grengg%%?and |n t he

case of furt I'¢ations O and/
Mor eover, sqﬂw&pecaahbbelpotbnsbaﬂber $yst erthe coppavhvag tessandnine o€l s

of very w dely, varyin nce, .can be used,, in viva for the treatnent of

endocri ne, ﬁﬁ%%ﬁﬁF%@ g?g{ﬁggﬁﬂ% ok Peppshe it H198¢8%Pes of such endocri ne

cells are cells which produce thyroxine, steroids, ADH, al dosterone,
otonln adrenalin,, noradrenalin, TSH, LE, FSH, leptin

nel at oni n,
cholecystokﬁﬁﬁh aﬁﬁ??rFﬁll?n%?ﬁ?%Pe%ﬂﬁfﬁﬂg6ﬁe BFemc?%%¥$rﬁf9Q£§%§Bst° the
Therefore, alf@ntABhantak! ej ot £ididion WMBeChygk8 S8 cell cultures in

bioreactors outside the body, for example in order to carry
out detoxification reactions. This form of use is particularly
relevant in the case of acute conditions, for example in the

case of acute liver failure as a hepatocyte-bioreactor.

The production of +the constructs described —above and
conducting the corresponding therapeutic process have already
been described many times in the state of the art, compare for
example the review by Lalan, S,, et al., "Tissue engineering
and its potentizal impact on surgery" World J. Surg. 25: 1458~
1466 (2001); Nasseri, B.A., et al. "Tissue engineering: an
evolving 2lst-century science to provide replacement for
reconstruction and transplantation™ Surgery 130: 781-784
{2001) and Fuchs, J.R., et al., "Tissue engineering: a 2lst
century solution to surgical reconstruction™ Ann. Thorac.
Surg. 72: 577-58%1 (2001},

Finally, the pluripotent stem cells according to the iavention
open up a broad field for transgenic modification and therapy.
According to a preferred embodiment of the invention the
dedifferentiated programmable stem cells per se or somatic
target cells and/or target tissue finally differentiated from
these, are transfected with one or more genes. In this way,

one or more genes which are required to maintain the



2 8 SEP 2006 WO 03/083092 PCT/ EP03/03279 18 perneable port' chanber
systens, containing differentiated isolated somatic target celd &Sﬁ-‘rﬁmﬁ

subj ect of the invention. These sem -perneabl e chanber systens are used in
di fferent o]e) ts of the invention for the producti onGigpdsnsaro
pharmaceuti cal "construct for the in-vivo treatnment of endocrine, netabolic
or haenostatic disorders. The target cells obtained fromthe stemcells
according to the invention can in addiithgn_be used as cell cultures in

bi oreactors outside the body, for exanplé™in order to carry out
detoxification reactions. This formof use is particularly relevant in the
case of acutteigbpdismons, Jegitadramiigsnisn tveh @fselef a¥arRle | YeéversiPare as

a hepat ocyt %i@n%?ﬁ?c%%- J&'aeccgée%fju & P8 Oéuéﬁ@c%‘%w%in@??&ﬁé%’&.d EBQVG
and conductli ng e correspondi ng therapeutic process have al ready een
descri bed nexampilges sitamt keldsaves dfepafiecytes denpued foem bthespl eaw hbe

review by L . t "Ti,ssu gi r I tentjal i ct on
surgery" V\bﬁl%?lffggﬁ?g ‘g:lsth 14%[336- EFA@{; (%egkﬁcg%g?éé&gﬁ% , I}lfytdargllégg% ssue
engi neeri ng:.geae. elnl vihg 2I3E-dehicirentscmense tmogebvide: r epltacspierhior
reconstructi,on and transpl a ion. Surgery 130: 781-784 00 and_Fuchs,
L7.R, et al*PJSH88ue Ungi ﬁégbl n&mg'pf%&xvgentwrsol E?P% O‘f%gesgurgf‘réﬁl
reconstruct isuffiAnent Thor aemplEtely F2popdlamni%k (ZQ01)ivdd nafter 6 heo 8
pl uri potent stem cell cording tq the inyentio en_u road field for
transgeni ¢ St e éatli %Hfgfﬁdc?rﬂ_% -© f,eQEc i ﬁﬁt%]}éojgf‘br%?%‘%eae %ﬁBﬂi nt of
t he It_nventl i e s igedisf frerentiwdred(pf oot a1, stee ael | syper senet.
sonmatic

12: 266 f£f, (1998)).

Correspondingly, by transfection of the stem celis or the
respective target cells obtained £from the stem cells by
programming (for example hematopoietic cells, hepatocytes,
ovary cells, muscle cells, nerve cells, neurons, glia cells,
cartilage or bones cells, etc,) with "Multi-Drug-Resistance-
genes" extended radical chemotherapy can be made possible in
the case of malignant diseases by corresponding hematopoietic

reconstitution or radiation resistance can be produced.
The invention is explained in detaill as follows:

The starting material for the process according to the
invention is monocytes from human blood. These are preferably
autologous monocytes, i.e. monocytes, which originate from the
blood of the patient to be treated with the stem cells
according te the invention or the target cells produced from

these.

To obtain the monocytes the blood can first, after standard
treatment with an anticoagulant in a known manner, prefersbly
by centrifugation, be separated into plasma and into white and

red blood cells. After the centrifugation the plasma is to be



target cells and/or target tissue finally differentiated from these, are
transfected with one or nore genes. In this way, one or nore g%ggga%hich
are required to naintain the 28 SEP 2006 WD 03/083092 PCTI EPO3 2096 19

met abol i vaﬁn}oéj&%ﬁi n organs, such as for exanple livers geprkisAagys, are
restored and/ or Supported or reintroduced. For exanple, stemcells or

hepat ocytes derived fromthese can be transfected with the FAR
(fumar eyl acet oacet ate hydrol ase) gene. % the FAR-deficient nouse nodel the
intrasplenic injection of 1000 FAH posi1ive donor hepatocytes was
sufficient to conpletely repopularise the liver after 6 to 8 weeks and
fully conpeficare figr the nstpdoidtandef eceléowadindg t biesi ra hdeysrofwhimh | i ver

(ct. G Onpecoz%ailfé tﬂjée Sifé\?éllligf%eft thg 1§¢hi%g6big?d( ég?@) ‘Fl%% rfép%gdisngl Y

by transfection © em cel’l s or respectrve target cel tal ned

fromthe stehbscekkfebyedptogreamtiing fyf aoaeXamied olertdti@pdiiats ctlhoel plsase
hepat ocyt es

vary cel | nmuscle.cel |.s, nerve.cells, neurons, glia cells,
cartil age oFo?jg‘:ﬁJé% r%:%ﬁesd,s’belto .%) cﬁjlfc'ﬁ l‘ﬁﬂ[ﬁai%pﬁfﬂlngesi stance- genes" extended
radi cal chenot herapy can be nmade possible in the case of malignant di seases
by correspondi ng, hemat opoi efic recopstitution or radiation resistance can
be produced§he QHhfeht FBATT s 1&¥SIai hed HRPdetshlated f hfoviep egt af? i ng

mat eri al f obptBen PERS ERSnASAYLifRE bRakPEe E}F‘Vc?éﬂﬂﬁrfdg%nﬁoﬁgﬁﬁ?eé kh&p human
bl ood. These are preferably autol ogous nonocytes, i.e€. nonocyies, which

ori gi nate fPsATERe- BreedEdbidthe palireAeried bBEreeees cUeniamt t Hee stenfEel | s

according tgehpe NV 98 QUodilG (I aCel {rpHIRIUCCefd ARion medium
{e.g. Ficoll Hypaque) and centrifuged. By further centrifuging
and rinsing, the monocyte fraction is obtained from the blood

(cE. BExample 1}.

Examples of alternative processes for obtaining the monocytes
from complete blood are "Fluorescence-Activated Cell Sorting"
{FACS), "Immunomagnetic Bead Sorting" (cf. Romani et al., J.
Immunol. Methods 196: 137-151 (19296)) and "Magnetic-Activated
Cell Sorting™ (MACS) or the so called "Rosetting process" (cf.
Gmelig-Meyling, F., et al., "Simplified procedure for the
separation of human T and non-T cells™ Vox Sang. 33: 5-8
{1977}y .

According to the invention, monocytes can be cbtained from any
igsolated human blood, and the blood can also originate from
crgans such as the spleen, lymph nodes or bone marrow.
Obtaining monocytes from organs is considered especially when
the separation of the monocytes from human blood, e.g. in the
case of anaemia or Jleukaemla, is not possible, or not in
sufficient quantities, and in the case of allogenic use, if,
within the framework of multi-organ removal, the spleen is

available as a source for isolation of monocytes.

For the production of a sufficient quantity of stem cells



these. To obtain the nonocytes the blood can first, after standard
treatment with an anticoagulant in a known nmanner, preferably b¥gSsep 0
centrifugation, be separated into plasna and into white and red bIoog

cells. Aft gntrifugation the plasnma is to be 28 SER

03/ 083092 g%?ﬁ%@ﬁ@%%SZ?Q - 20 found in the supernatant; ggﬁ@%ﬁ?ﬁ?? lies a

| ayer which contains the totality of the white blood cells. This layer is

also referred to as "buffy coat". Belog/%?i§ lies the phase containing red
bl ood cells (haematocrit). The "huffy coat" layer is then isolated and

separated to obtain the nmonocytes for exanple by centrifuging using a known
process. AcéSfdraing ota phef ényentiproddssisy dfilicsht nelressbuff o poapigdtyer is

coated ont Otﬂg{/%ﬁ%&é@g SeE?oaJ:r awt:lim(.)sr'] %%9%9% § (nglrgwtgi ?n%lciiaw%lgﬁﬁ:e%alean or

centrifuged. er centriflgrng- a ng, the mono raction is
obt ai ned frownmbtbetds ogdn (ld . uEBxdnphbetpin Fxaepbeding alct etimat ivesptbaesses

f or obtainingiahe nocyt es fron1&f§gget§nbloo are "F uores%enci-ggtivated
Cel | Sortin§™t9FARS-U | i3 naghett ¢ Bea" S PPRF® (S LORONEN ™ EIa%INY 3.

I( mTun;)I . I\/EF\EEGﬂSrfLQFF&—(Bj:@T- 161 cl 996§ & r ot EM(iga]lcEEt CSFAF)t £ q:likocﬁﬂidd Seyting"
MACS) or the so called "Rosetting process"” (c Lg- Meyling, F._ at

al ., "SinplPPPBBYB?%teduFé%FB%R?ﬁ S seﬁ&ﬁatiéﬁ‘ thﬁﬂﬁﬁh T d%ﬂjﬁbn-T Thag s

Vox Sang. 3ZonbeBtridfoiy)df WeCOr dindihe® EREtuFYanddim fDDNoGYdafk can de

obtained froma i sql at ed _hunman bl ood, .and t he bl ood can_al so_orjgi nate
from organgosugﬁ agg?he CRfeEh, IRARAPTADAEs 8¢ EBnesnaPQZQL ana” i '

particularly prefered manner 5 ng/1.

On the monocytes M-CSF binds to the specific c-Fms receptor
(also referred to as CSF-1R), which is exclusively present on
the surface of monocytes and which only binds M-CSF ({(Sherr
C.J., et al., Cell 41 {3): 665-676 (1985)). As the specific
interaction between M-CSF and the receptor induces the
divigion of the monocytes, the medium, in which the monocytes
are cultivated containé M-CSF or an analogue therecf, which
can bind to the receptor and activate it. Other growth factors
such as GM-CSF (granulocyte-monocyte colony stimulating
factor) and G-CSF (granulocyte colony stimulating factor) are
unsuitable, as, due to the lack of affinity teo the c-Fms

receptor, they are not capable of inducing menocyte division.

Tn a particularly preferred embodiment of the process M-CSF
and IL-3 are simultaneously added to the cell culture medium
in Step b) of the process. The concentration of I-3 in the
medium may amount to 0,2 to 1 pg/l, preferably 0,3 to 0,5 wpg/l
and in a particularly preferred manner 0,4 pg IL-3/1.

It is however alsc possible, to add initially only M-CSE to
the cell culture medium in Step b) and add IL-3 only
thereafter.

In a further embodiment the culture vessel initially contains



Obt ai ni ng nmonocytes fromorgans is considered especially when_ the
separation of the nonocytes from human bl ood, e.g. in the cadd G Hifaeni a
or | eukaem a, is not possi ble, or not in suf fi ci ent quantl ties, and in the -

case of_ al I‘ggg_%sg% i f wthin the franework of nul t| &E&ﬂb?\_ﬁgval , the

spleen is e as a source for isolation of nDnocytes

production of a sufficient quantity of stemcells 28 SEP 2006 WD 03/083092
PCT/ EP03/ 03279 - 21 according to the i ntion it is first necessary to
propagate the nonocytes. For this purp , gromh nedia suitable for

nonocytes can be used, wherein, according to the invention said nmedium
cont ai ned MEEF ¢unrrsp ey wokwbnyh stomtdiats mgplyf MeCEF) . wwﬁ.CJSFaf’aazzsd:he

referred to --1) ks .prod d b cy. flbr | ast

endot hel i al S%%?]%fiofﬁeolfcg‘%gen%%% o%s o?‘g%ﬁcé%%l eﬁie bgg ?urszecﬁr’gl can
amount to 2culion2® mpgiihumyedharh poefeirabllf-3.to0 6 pg/1l and in a
particularly prefered manner 5 pg/1l. On the nonocytes M CSF binds to the
specific c-Ens receptor (also referred to as CSF--1R), which is exclusively

present on Atberéind ane DfprEamaeertesnaddindiicbOnhe BinveatMbeSEhé SherTs
CJ., et al,, Cell 41,0? 665-676 (1985)). As . the specific interaction
bet ween M C5E ShEPt Re &R PLOTETE e 878N EAAYELPRRBIY oF Ut HEVHSITb A '€ t he

nedi um in Méﬁ@n&é‘eoﬁoao%ﬁﬁﬁﬁuraE@mﬁé‘ﬁﬁd Vvad &g, cONkal-Bsod - ESpAInEN in
anal ogue thereof, which can bind to the recept or and activate it. O her

growt h fact BRECh saie hl%@smr@mycﬂgpﬁ@b@@yg@%ﬂ@cmd@él sy thei rulahityg

factor) andaﬁacﬁglé%ga $¥15&1C (St 'nﬁﬁi} ald NG &G QldeANA tHH Y t&bI e,

as, due to the lack |n|ty the ¢
more functlonal groups. Mercapto compounds are defined as
compounds which have at least one mercapte group (-SH), which
is bonded to a hydrocarbon group. By the additicnal use of
such a sulphur compound, the number of the stem cells obtained
by dedifferentiation of the cells of monocytic origin, which
express one or more of the stem cell markers (D90, CD117,

CD123 and CD135, can be increaed.

The functional group{s) is/are preferably hydroxyl- and/or
amine groups. In a particularly preferred embodiment, the
sulphur compound is 2-mercaptoethanol. According to a fuxther
preferred embodiment the sulphur compound is dimethylsulfoxide
(DMBO)Y .

The quantity of the sulphur compound used can range from
approximately 4 to approximately 200 nmol/1l relative to the
sulphur. Approximately 100 pmol/l is preferred.

When 2-mercaptoethanol is used, the culture medium should
contain approximately 3 pl to approximately 13 nl, preferably
approximately 7 ul 2-mercaptoethanol/1.

The treatment with II-3 and optionally with the sulphur

compound can be carried out simultaneously with or following



receptor, they are not capable of inducing nonocyte division. 1In a
particularly preferred enbodi nrent of the process MCSF and IL-3 are
simul t aneously added to the cell culture nedium in Step b) o?@qm$3ﬂmocess.
The concentration of 1L-3 in the mnmediumnmay anount to 0,2 to 1 pg/
preferably |od334b80%8 5 pg/1l and in a particularly preferredrmneserO, 4 pg
IL-3/1. It is however also possible, to add initially only MCSF to the
cell culture nmediumin Step b) and add IL-3 only thereafter. In a further
enbodi ment the culture vessel initially ggntains 28 SEP 2006 WO 03/ 083092
PCT/ EPO3/ 03279 - 22 cell culture nedi um which contains only M CSF, which
after the aration f the cells |s t hen r | ace a, seco cel |
culture medlﬁ RifvPef= 6ﬂ?a|°t#s%}\_e I§“° tﬁugtb‘%/ Jé?z}eﬂln’g?rb%a?ﬁ%'nt of
the inventi gtimtiheasebls p&o§tag@tban of ahhe piﬁaaﬁ@rﬁtre adeghti anallly and

cultivated in, the resenci of a sul phur conmpound, %f a nerca to conpound,

in which atPFigReLbHe® hH{BLEF bEem QHﬂ)qg§nﬁbﬁH@§eF8 h&ETSRPARH sai d
hydr ocar-bon dgue8pésan it o sHesh il Utﬁﬁex\i\ﬂ oy Qr 190 @of Hoeki @Hé‘:h o oups.

Mer capt o conpounds are defined as onpounds” whi ch have at | east one

mer capt o gr 8a8s¢ - SMd Eh?cﬁreﬁ§m86ﬁdéﬁtﬁo By drBeardd ogieddy. vHyh hehe

addi tional usepRfiir SHGPodnd WG GRITRAYRd ogt REL NEFRET Efléﬁﬁtsﬁeﬂﬁ&eéis
obtained by dedifferentiation of the cells of nonocytic origin, which

express oneMoFtnbf eday¥si reficambdyl b Adykers CDOO, CD117, CD123 and CD135,
can be increaed. The functional group(s) is/are preferably hydr oxyl - and/ or
am ne groups. In a particularly preferred enbodi nent, the

Therefore, according to the invention, in the case of

cultivation of the monocytes in a culture medium, which
simultaneocusly contains M-CS8F, IL-3 and preferably a mercapto
compound, the duration of cultivation until the detaching of
the cells from the bottom of the culture vessel amounts to at
least 3 and at most 10 days, preferably 5 to 8 days and
particularly preferably & days.

If in a preferred embodiment the process according to the
invention is carried out in such a way that the monocytes in
Step b) are initially propagated in a medium containing only
M~CSF, the propagation in such a culture medium can take place
over a period of at least 2, preferably 3 and particularly
preferably 4 days with a maximum duration of 7 days, and =z
subsequent cultivation in the presence of IL-3 and optiocnally
of a mercapto compound can take place over a further 3 days.
Preferably in such a case the cultivation in a medium
.containing only M-CSF will however only last a maximum of 4
days, followed by a cultivation in the presence of IL-3 and
optionally of a mercapto compound over a period of 3, 4, 5 or

¢ days.

To carry out the propagation and dedifferentiation jointly, as
described in Examples 2 and 13, the monocytes are after

isolation transferred into a medium, which contains both M-



sul phur conpound is 2-mnercaptoethanol. According to a further preferred
enbodi ment the sul phur conpound is dinmethylsulf oxide (DVSO). T?% %Bantlty
of the sul phur conpound used can range from approximtely 4 to S

appr oxi mat 5&{3 gmol /1 relative to the sul phur. pr oxi 0 pnol /|
IS preferrg‘g en 2-ner capt oet hanol is used, the culturepﬁhﬁ’h%/n% oul d

contain approximately 3 }il to approximately 13 pl, preferably
approximately 7 }il 2-mercaptoethanol /| 4The treatment with IL-3 and
optionally with the sul phur conpound ca%] be carried out sinultaneously with
or following WD 03/083092 PCT/ EP03/03279 - - 23 the propagation of the
nmonocyt es b@Sli':uI@Iil@aIth abt Well C8F, prsfeandbtincos pubpagat ¢compand,t risat ment

with IL-3 qn%?# d being prefered. Propagation and
dedi ffer enﬁgatlon sa%n?r{eé%agﬁggj':?ogelt her gst no nore than 10 days, and the
treatment with IL-3 and optionally with the sul phur conpound shoul d be
carried out_.ove | east and at ref rabl ys

Ther ef or e, accogl;al TGeeE ¢ esr’r\ygntpr(?ﬁerf:ﬁe? hgﬁ% BFY gal P%\slatq%@ Ftem he
nonocyt es i gebl£ubrytaceediftom Whah dskig t aReoystocNt adierdt €6F,tHd - 3

and prefera}lrglél a rrercap&_to conpound, the _duration of cultivation until the
det achi ng oPOLEMR &ff | $her oRPFRECTHIR oFiEUFRe TRFTTe PESSEPIRFDLI s A 0 at

| east 3 andpaéréPsdy 1omsksnedyr eferald Y1I§vér&l%nda)1§1é"r@altﬁﬂret Il iR Vs
preferably 6 days If in a preferred enbodi ment the process according to the
aftef Step c) separated from the cells adhering to the bottom
of the culture vessel and is discarded. This is preferably
followed by rinsing of the cells adhering to the bottom with
culture medium, and the cells are then covered with fresh

culture medium (cf. Exampie 13).

In this step the propagation and dedifferentiation medium
described above can be used as culture medium, as well as a

standard cell culture medium, for example RFMI.

According to a further prefered embodiment Qf the invention,
the cells are brought into contact with a biologically well-
tolerated organic solvent at the end of Step c¢) and before
Step d), in orxder to increase the number of stem cells
floating freely in the medium at the end of the process. The
quantity of the solvent can range from 10 pl to 1 ml. This is
preferably an alcohol with 1-4 carbon atoms, the addition of
ethanol being particularly prefered. According to a
particularly preferred embodiment the cells are brought into
contact with the vapour phase of the previocusly defined
biclogically well-tolerated organic solvent, preferably with
ethanol vapour (cf. Example 2). The time for exposure to the
organic solvent, particularly preferably to ethanol vapour,

should amount to 4 - 12 hours, preferably 8 - 10 hours.

The process according to the invention is preferably carried



invention is carried out in such a way that the nonocytes in Step b) are
initially propagated in a nmediumcontaining only MCSF, the prqmg ﬁ)n I n
such a culture nmedium can take place over a period of at |east "2, 0l

preferably 3o398sparticularly preferably 4 days with a mpgyipppshefeat i on of
7 days, and a subsequent cultivation in the presence of IL-3 and optionally

of a nercapto conpound can take place over a further 3 days. Preferably in
such a case the cultivation in a nmedium 2%o_nt aining only MCSF will however
only last a maxi numof 4 days, followed by a cultivation in the presence of
IL-3 and optionally of a nercapto conpound over a period of 3, 4, 5 or 6
days. To caPu§ dat sWHEYReopspasion die dudifacer eofl i wtldn hasnprrgyiessly

descri bed i a 2 and. 1 NRRQCY, r er; ¢ s |

transferr ed%ie%or%a%(% um V\h?tg#%gnt al %s "[Iboi i M‘?Eé%f S 5f208%&%%03?1)0'83092

PCT/ EP03/ 03228 ern2?i ve)SF, hamah | AB-35earsimnve doma snadree fadmmadadsy dare sl phag be

conpound, | artq cul C 0 nol_ Qr e e to,thei si.ve
sel? &hg 85‘{:{@% : eh el{‘é? can %e %\c@? e?é 8u%:r 8% tc:ﬁ(étrani’fl:% i’?_llbet he

properties the nonocytes an st€m Cells proau

process adhaueftost b€ chattioem obssdbs resecFiyebefbtairesyessed . afioamrali ng to
a preferred_enbodinent of _the_invention, .,the culture Lumis frer_Step
c) separ at e&XPPSHF?EHB%WE R rfdlt%afttﬁgugaft m!éoo%gfg@uﬁﬁ{tﬁ? estel
and is di scpatedculdiby i preref&ied| Mandst | DWaduby, I iansli NGy ofetdiei el tise
adhering to the bottomwth culture nedium and the_cells are then covered
with fresh & PoEeadeRfiindg (( thexgupfaca s a sudfpbletBai$e propagati on
and dedifferentiation nmedium

If treatment with organic solvent take place after Step <)
optionally after exchange of the culture medium, the cells
already become detached from the bottom to a certain extent in
this process step. The (further) detaching can be carried out
mechanically, for example with a fine cell scraper, spatula or

tip of a pipette (cf. Example 13).

According to a preferred embodiment of the process, complete
detaching is carried out by treatment with a suitable enzyme,
for example with trypsin {cf. Example 2). The cells may be
exposed to the trypsin solution (0,1 tc 0,025 g/l, preferably
0,05 g/1) for 2-10 minutes at 35°C to 39°C, preferably at 37°C,

in the presence of CO:.

The trypsin activity is then blocked by a standard method, and
the now freely floating dedifferentiated programmable stem
cells can be obtained by a standard method, for example by
centrifuging and in one embodiment by suspended in a suitable
cell culture at the end of Step d). They are now available,
suspended in a suitable medium, for example in RPMI 1640 or
DMEM, for immediate differentiation into the desired target
cells. They can however alsc be stored in the medium for a few
days. In a preferred embodiment the medium contains a cytokine

or LIF factor {leukemia inhibitory factor), cf. Nature 41l4: 94



descri bed above can be used as culture nmedium as well as a standard cel
culture nedium for exanple RPM. According to a further prefepgﬂﬁgggodinent
of the invention, the cells are brought into contact with a b i @ﬂly
wel |l - tolerated organic solvent at the end of step ¢) an Step d),

in order tWOPH®EP®3se the number of stemcells floating ?F@@ yﬂ?ﬁwthe medi um
at the end of the process. The quantity of the solvent can range from 10 pl
tolm. This is preferably an alcohglzgﬁgh 1-4 carbon atons, the addition
of ethanol being particularly prefered” "According to a particularly
preferred enbodi nent the cells are brought into contact with the vapour
phase of tH&0ptevPousvryndefidhed Garnblaggitcall.y Wwetl - cotet at 88 bhganretls

sol vent, prefegably V!Eo*}edeti%awlt‘ﬁ%o‘fror( %nga%gg é@r@%ffg%%%d II)@apour,

exposure to the organi ¢ solVve parti-cul ar pretera
shoul d anpbeoturtoad dedPftwmerstigbedf prabtymBablel GHenurcellEheIpr acmsdium

according to the invention,i r ef er abl arried 28 SEP 2006 03/ 083092
PCTI EP031055P5° 10588 oTHCR {RTHaRgr 8 ToBsSat Lo T%q%%ﬁ?ei’ge 5 o LRPREsL0
previ ousl y dafgess coQad LeFamdrit ila@etapregtdmeaylemstERSre{Té, Exanple 2).

Al ternatively human AB-Serum from mal e donors can be al so be used. The
coating with FCS can be carried out by covering the surface of culture

vessel s W tihy RCHhefOrRUSbRRMAL! BheaBel 8XPASHN BukpbBRIOd 8o €WonhBr
particular 2 to 12 hours, and in_a particularly preferable manner hour s,

and by rens¥rAgIehEn ECEIHotd JREMMGIothRR SBFPZER I a GEPERLE Rehner.
| T 1reat TeRheMddapOrGaA ng0l e Ml e fU13%e Bl BincahPiE) tndPEt 9Pl by after
exchange of the culture nmedium the cCells

the art, cf. Griffith M., et al. "Epithelial Cell Culture,

Cornea, 1in Methods of Tissue Engineering”, Atala A., lLanza

R.P., Academic Press 2002, Chapter 4, Pages 131 to 140. A

preferred suspension medium for the deep freezing of the stem

cells according to the invention is FCS-containing DMEM, cf.

Example 2.

The invention is further exemplified and described below with

reference to examples.

If not defined within the examples, the composition of the

media and substances used are as follows:

1. Penicillin/streptomycin soclution:
10,000 units of penicillin as sodium salt of penicillin G
and 1000 pg streptomycin as streptomycin sulphate per ml

physiological sodium chloride solution (NaCl 0,9 %).

2. Trypsin~-EDTA
0.5 g trypsin and 0.2 g EDIA {4 Na}/l

3. Insulin
human, recombinant, produced in E.coli, approximately 28

units/mg



al ready becone detached fromthe bottomto a certain extent in ?ghi.process
step. The (further) detaching can be carried out nechanically, 'ﬂm@ﬁﬂﬁple
with a fine cell scraper, spatula or tip of a pipette (cf. Exanple 13).
Accordi ng 9 @y@ﬁ&ﬁerred enbodi ment of the process, conpl gk¢ppeisashi ng is
carried out %y reatment with a suitable enzynme, for exanple with trypsin
(cf. Exanple 2). The cells may be exposed to the trypsin solution (0,1 to
0,025 g/l, preferably 0,05 g/1) for 2-1 7'ninutes at 35C to 39C, preferably
at 37C, in the presence of COz. The trypsin activity is than bl ocked by a
standard net hod, and the now freely floating dedifferentiated progranmabl e
stem cells can be obtained by a standard nethod, for exanple by

centrifuging a in odi, ended in a suitable cell culture
at the end %F %93% %?EET ey’ gfgﬁﬁ%wﬁé%g? abl e, suspended in a suitable

medi um for exawpkeins RBAutkwikeor DVEM for inmediate differentiation
into the desired target cells. They can however also be stored in the
mediumfor a few days. In a preferred enbodi nent the medi umcontains a
cytoki ne or LRPMiac{®os¥eEukeairk | Menbrial y hactionie) cfMeddd uld4f14ar®4 2 0

SEP 2006 WO 031083092 PCT/ EP03/03279 - .26 (20Q1l, Donovan, P.J... Gearhardt,
J., loc. cit.)FnFﬁcgﬁé égfpgfagf%n?b Hglg?oféﬁ Rﬁgc PY rSXFSPsf%%E%r%?ﬁan
approxi matel y 43mmhduss e@s1uedi fferentiated programmable stemcells. In a
medi um contai ning such factors stemcells can be kept for at |east 10 days
as dedifferentiated programable stemcells. In a preferred enbodi ment the

cells are suspended for longer storage in a liquid medium and then
deep-frozen. Protocols for



the deep freezing of living cells are known in the state of the art, of.
Giffith M, et al. "Epithelial Cell Culture, Cornea, in Methods of Tissue
Engi neering", Atala A, Lanza R P., Academ c Press 2002, Chapter 4, Pages
131 to 140. A preferred suspension mediumfor the deep freezd A§ERRYEhe stem
cells accor&brbgm%sggzt he invention is FCS-containing DVEM GlererbiédaRl € 2. The
I nvention is further exenplified and described below wth Treference to
exanples. If not defined within the exanples, the conposition of the nedia

and substances used are as follows: 1. _Pgpicillin/streptonycin solution:
10,000 units of penicillin as sodiumsalT of penicillin G and 1000 pg
st rept onyci i ey S orogrear Soorarreney | de
sol ution ( ponedisyy . 2. Trypsi n- EDTA MolSwegtitr y psi Gongrinigh). 2 dEEBiFANM) Na) / |
3. Insulin nan.. Lgconbi nant, produced in E. coli, approximtely 28
uni ts/ mg 28 3092--RPCT/ ERPQ3/ 03279 27 4—RRM-- 1640 X,
i qui d ( 1187S)gam e @@NCe)y BE0) ami e RPM  ( Rmsel | Par konenor i al | nadgat it e)
Medi a 1640 |dvessimndioeiie@or nul ati gns, whi ch B3n be used.@xt ensi vel ysatof
manmal i an ¢édgeesi@Gulphite MEPS:) WO 031083092 PLW/|EP03/ 0327884 0.407
Sodium chloride (NaCl) 58 6000.00 103.44
Sodium bicarbonate (NaHCOs) 84 2000.00 23.800
Sodium phosphate (NazFIPOs) 142 800.00 5.63
Further components
Glucose 180 2000.00 11.10
Glutathions, reduced 207 1.50 0.0032
Phenol red 398 5.00 0.0125
Amino acids
L-Arginine 174 200.00 110
L-Asparagine 132 50.00 0.379
L-Asparaginic acid 133 20,00 { . 0.150
| L-Cysteine dihydrochloride 313 65.00 0.206
L-Glutaminine acid 147 20.00 0.136
L-Glutamine 146 300.00 2.05
| Glycine 75 10.00 0.133
L-Histidine 155 15.00 0.0967
L-Hydroxyproline 131 20.00 0.153
L-Ysoleucine 131 50,00 0.382
|| L-Leucine 131 50.00 0382
|| L-Lysine hydrochloride 146 40.00 0.219
L-Methionine 149 15.00 0.101
L-Phenylalanine 165 15.00 0.0909
|| L-Proline 115 20.00 0174
L-Serine 105 30.00 0.286
L-Threonine 119 20.00 0.168
L-Tryptophan 204 5.00 0.0245
L-Tyrosine disodium, dihydrate 261 29.00 0.110
L-Valine 117 20.00 0.171
Vitamins
Biotin 244 0.20 0.008
D-calcium pantothenate 477 . 025 0.0005
Choline chloride : 140 3.00 0.0214
Folic acid 441 1.00 00022
i-Inositol 180 35.00 0.194
Niacinamide 122 1.00 0.0081
p-aminobenzoic acid (PABA) 137 1,00 0.0072
Pyridoxine HC1 206 1.00 0.0048
Riboflavin 376 0.20 0.0005
Thiamin FICI 337 1.00 0.0029
Vitamin B12 1355 0,005 0.00000369

Reference: Moore G.E., etal, J.AM.A.199: 519 (1967)



- - 28 Components Mol: weight Conc. (nmg'l) Mdlanty (nM Anarganic salts
Calciumnitrate (Ca(NO3)24H20 236 100.00 0. 424 Potassiun1dih£@;ﬂ§[éK0) 75
400. 00 530 WMagnesium sul phate (MgSO4) 120 48.84 0.407 Sodi urh't ofile
(NaC7) 58 6 3.44 Sodi um bi carbonate (NaHCGOa) 84 800
Sodiun1phos§%ﬁ?@g?%gaI9Po4) 142 800.00 5.63 Further conpé%%%?@ggﬁ%%ose 180
2000. 00 11.10 dutathione,reduced 307 1.50 0.0032 Phenol red 398 5.00
0.0125 Am no acids | kArgenene 174 200;02 1.10 L-Asparagine 132 50.00 0.379
Lr Asparaginic acid 133 20.00 0.150 1-Cy felne dhydrochl ori de 313 65. 00
0.206 LrQdutanmudnc acid 147 20.00 0.136 |,-d utam ne 146 300.00 2.05

d yci ne 75 0. ®BS0 (Pudbecce] 3| phsphaltes biSfefed . H8bine)l .dfidrlbox Frpol Mad. 131
20. 00 0. 153 dgl%ql?ygggg,lsl 50.00 0.382 LrLeucine 131 50.00 0. 382

L- Lysi ne hydﬁoghlorlde 46 40.00 0.219 LrMethionene 149 15.00 0. 101

L- Phenyl al ani ne 165 15.00 0.0909 L-Proline 115 20.00 0.174

Components g/l
KCl 0.2
KHa POy 0.2
NaCl 8.00
NazPHO4 1.15

6. 2-Mercaptoethanol
Quality for synthesis; Content > 98%, Density 1.115 to

1.116, c¢f. e.g. Momec J., et al., J. Am. Chem. Soc. 73: 4961
{1951).

7. Ficoll-Hypadque:
Lymphocyte separation medium (saccharose/epichlorohydrin-
copclymerisate Mg 400,000; Density 1.077, adjusted with

Sodium diatrizoate).

8. Retinic acid:
Vitamin & acid (CzoHzs02), 300 pl in 1.5 ml PBS corresponding
te 1 mM. As medium for programming of neurons and glia
cells use 150 pl on 10 ml medium (corresponding to 107° M).

9. DMEM
Dulbecco's modified Eagle medium (high glucose)
cf. Dulbecco, R. et al., Virology 8: 396 (1959); Smith,
J.D. et al., Virology 12: 158 (1960}; Tissue Culture
Standards Committee, In Viﬁro 6: 2 (1993)



L-Serine 105 30.00 0.286 LrThreonine 119 20.00 0.168 L-Tryptophan 204 5.00

0.0245 L -Tyrosine disodium dehydrate 261 29.00 0.110 L. \@Jsgpe [éﬁﬁ 20. 00
0.171 Vitamns Biotin 244 0.20 0.008 D-cal ci um pant ot henat 7z ) 25

0. 0005 Choﬁ(g&é@}?:ﬂggri de 140 3.00 0.0214 Folk add 441 1. Opcﬂnﬂf:l@?m

I -1 nositol 0.194 N acinam de 122 1.00 0.0081 p-am nobenzoic acid
(PABA) 137 1.00 0.0072 Pyrido due HO 206 1.00 0.0048 Riboflavin 376 0.20
0.0005 Thiamn HO 337 1.00 0.0029 Vitayn B12 1355 0,005 0. 00000369

Ref erence: More GE., et al., J.AMA 199. 519 (1967) 20 SEP 2006 WO
031083092 PCT/ EP03/ 03279 - 29 - 5. PBS (Dul beccols phosphate buffered
saline) cf. WM.IEGlutkhine 98: 167 (1954): Conponents g/I KCl1 0.2 KH2PO 0.2

NaCl 8.00 Na2R 1o 1 .22 Mer capt oet hanol Quality for synthesis; Content
> 98% Density T ,tgg,é ng7if

1ll.Collagenase Type II:
Cf. Redbell, M. et al., J. Biol. Chem. 239: 375 (1964).

i2.Interleukin-3 (IL-3):
Recombinant human IL-3 from E. coli (Yang Y.C. et al., Cell
47: 10 (1986)); contains the 133 amino acid zresidues
including mature IL-3 and the 134 amino acid residues
including the methionyl form in a ratio of approximately
1:2; calculated mol. mass approximately 17.5 kD; specific
activity 1 x 10° U/ug; (R&D Catalogue No. 203-IL)

13. Macrophage-colony stimulating factor (M-CSE)
Recombinant human M-CSF from E. coli; contains as monhomer
(18.5 kD) 135 amino acid residues including the N-terminal
methionine; is present as a homodimer wiith a molar mass of
37 kD; (SIGMA Catalcgue No. M 6518)

14. Antibodies:
The antibodies used in the examples against the_antigens
cDid4, <CD31, <CD9%0, CD117, CDi23, CD135 are commercially

available. They were obtained from the following sources:

CD1L4: DAKO, Monoclonal Mouse Anti-Human CD14, Monocyte,
Clone TUK4, Code No. M 0825, Lot 036 Edition 02.02.01;

CD31l: PharMingen International, Monoclonal Mouse BAnti-Rat
CD31 {PECAM-1), Clone TLD-3Al12, Catalogue No. 22711D,

0. 5mg;

CDY90: Biozol Diagnostica, Serctec, Mouse Anti-Human CDwS0,



1.116, cf. e.g. Morro J., et al., J. Am Chem Soc. 73: 4961 (1951). 7.

Fi col | - Hypaque: Lynphocyte separatlon nedlun1(saccharose/eplchlpmthQ&jn-
copol yneri sate My 400, 000; Density 1.077, adjusted with Sodium i

di atri zoat tinic acid: Vitamn A acid (CcH2002), 394 1.5 m
PBS corres%ﬂ&?’ﬂ%ﬁﬁto 1 mM As nediumfor progranmm ng of neur gﬁimdg?\bd glia
cells use 150 pl1 on 10 mM nedium (corresponding to 10-6 M. 9. DVEM

Dul becco's nodi fied Eagle nedlun1(h|gh_gbﬁcgse) of . Dul becco, R et al.,
Virology 8: 396 (1959); Smth, J.D et a Virology 12: 158 (1960); Tissue

Cul ture Stand%lds Copmttee, In 6: 2 (1993) 2 0 SEP 2006 WO 031083092
PCT/ EP03/ 03279 %*°§0 Ngp [ﬁﬁ?t‘élm NSAPEQquﬁi%Fcfwoz RM§P& 11 .Col | agenase
Type Il: Cf. Rodbell, M et al., J. Biol. Chem 239: 375 (1964).

12. I nterl euki.n-3 %IL-B Reconblnant human 1L-3 fromE. coli (Yang Y.C. et
al ., Cell 47:“Pd1(198B)9: citrrgcAsnahe MBBanPnblabiman esiRics icnkliogdi ng

mature 1L-3 an¢ibhe ket 2oy, agbfler A81 dHey1abChudi B 6 th%ﬂ%ghpg%ogorm 'n

a ratio of approxinmately P 2] ate mass appr oxi ma
specific actividfy 1 x 103 Olpg, (R&D Cat al ogue No. 203-1L) 13.
Macr ophage- col ony stimulating factor (M CSF)
CD123: Research Diagnostics Inc., Mouse Anti-human CD123

antibodies, Clone 9F5, Catalogue No. RDI-CD123-9F5;

CD135: Serotec, Mouse Anti-Human CD135, MCA1843, Clone No.
BV10A4H2.

Example 1

Separation of monocytes from whole blood

To avoid blood clotting and te feed the cells, 450 ml of whole
blood in a 3-chamber bag set was mixed with 63 ml of a
stabilising solution, which contained for each litre of H0,
3.27 g citric acid, 26.3 g triscdium citrate, 25.5 g dextrose
and 22.22 g sodium dihydroxyphosphate. The pH-value of the

sclution amounted to 5.6-5.8.

“Sharp centrifugation” of this mixture was then carried out to
separate the blood components at 4000 rpm for 7 minutes at
20°C. This ‘resulted in a 3-fold stratification of the
corpuscular and non-corpuscular components. By inserting the
set of bags into a pressing machine provided for this purpose,
the erythrocytes were then pressed into the lower bag, the
plasma was pressed into the upper bag, and the "Buffy-coat"
remained in the middle bag, and it contained approximately 50

ml in volume.



Reconbi nant human M CSF from E. coli; contains as nononmer (18.5 kD) 1, 35
am no acid residues including the NNtermnal nethionine; is present as a
honodi mer with a nolar mass of 37 kD; (SIGVA Catal ogue No. M 6513){ 3. 7606
Anti bodi es: The antibodi es used in the exanples against the antigens CD14,
CD31, CD90, whlgddehs00,CP123, CD135 are commercially avail ablggebasysaver e

obt ai ned from the foI | owi ng sources: CD14: DAKO, Mbnocl onal Muse

Anti - Human CD14, Mnocyte, C one TUK4, Code No. M 0825, Lot 036 Edition
02.02.01; CD31: PharM ngen International 3 Monocl onal Mouse Anti'-Rat CD31
(PECAN-1), Cone TLD 3Al12, Catal ogue No. "22711D, 0.5ng; CD9CG Bi ozol

D agnostica, Serotec, Muse Anti-Human CDWO0, 26 SEP 2006 WO 031083092
PCT/ EP03/ 03Zhe quagtity ife o mIF1Brephly, citapesd BRUERYNooabbo®as Colarn:

DAKO, Monocl t 0 No M
7140, Lot of@%éﬁ%#@ﬁ"o gw{%gs %%3“%?5?%11’0%1 agnospi% ﬁasc&q
Ant i -hurran cor2ad @nthbadi mi F@bohé-ﬂfﬁaqn@atﬁmgu&:.m mléﬂb.uﬂDlﬂBs.@EShacd:DBS.
Ser ot ec, Se At 0A4H2 Exanpl e 3
Separ at | on E tr@g G?C} Btlwgcsﬁ gglagtcar\)/noltN%SFoE §E2F5t#1%g and to feed
the cells, 450 m of whole blood in a 3- chanber bag set was m xed with 63
m of a St%ﬁf"%ﬁ@ u%gl%%EOQE @Ql%ugggn hou fégakacgo Bemlnuggs at

2500 rpm. Thereafter, erythrocytes and dead cells still

present in the "Buffy coat” lay below the Ficoll phase whilst

the white blood cells including the monocytes are separated as

a white interphase on the Ficoll.

The white interphase of the monocytes was then carefully
pipetted off and was mixed with 10 ml of phosphate buffered
physiclogical saline (PBS).

This mixture was then centrifuged with brake three times for
10 minutes at 1800 rpm; the supernatant was pipetted off aftex

each centrifugation and fresh PBS was filled up,

The cell sediment collected on the base of the centrifugation
vessel (Falcon tube) contained the mononuclear cell fraction,

i.e. the monocytes.

Example 2

Propagation and dedifferentiation of the monocytes

The cultivation and propagation of the monocytes on the one
hand and the dedifferentiation of the cells on the other hand
were carried out in one step in nutrient medium of the

following composition:



3.27 g citric acid, 26.3 g trisodiumcitrate, 25.5 g dextrose and 22.22 ¢
sodi um di hydr oxyphosphate. The pH value of the solution amount ¢ E@Qg
5.6-5.8. "Sharp centrifugation" of this m xture was then carrled @@
separate t fLonponents at 4000 rpmfor 7 mnutes atp 1%8%5 S

resul ted |h®UHé ?ﬂ?d stratification of the corpuscular ané:non %%?%uscular
conponents. By inserting the set of bags into a pressing nmachi ne provided .
for this purpose, the erythrocytes were_then pressed into the | ower bag,
the plasma was pressed into the upper bg “and the "Duffy-coat" renained
in the mddle bag, and it contai ned apprOX|nater 50 m in volune. 28 SEP
2006 WD 031083092 _PCT/ EP03103279 32 The quantity of 50 ml_ freshly obtained
"Buf fy-coat" was then divided Into portions of P each, egch of which
was then coated RBM2516ﬂ0lﬁaﬁdmmrHypaque separ at dAa0nedi um ch had
been introduced i nfo TWO 50U M Fal com tubes peforefrand TS T X[ ure was

centrifuged wthou Fbéagg ééﬂfiﬂ@rﬁmnqtg§)at 2500 pgb ﬁhereafte'
eryt hrocytes and dgad—cetts—st+t+—present—+nr—the—Bui-fy—eeat—+hy bel ow t he

Fi col | phase whi | of peflies Whid Ao cell syl hosthe monocytps are ©

separated as a wh
nonocyt es was then efuIL% 1§5$F ted off and was ngxe with 108 m of
phosphat e buffered p 35 ?ﬁ aline (PBS). This ture was|| t hen
centrifuged with b Zg ree ti,mes for 10 minutes|at 1800 rpm [ he
supernatant was pip F%ﬂ ALUFODY  each centrifugation and fresh PBS was

filled up.

Total volume 500 ml

The nutrient medium further contained 2,5 pg/500 ml of M-CSF
and 0,2 ug/500 ml interleukin-3 (IL-3).

The monocytes isolated in Example 1 were transferred into 5
chambers of a 6-chamber well plate (30 mm diameter per well)
in a quantity of approximately 10° cells per chamber in each
case, and filled up in each case with 2 ml of the above-
mentioned nutrient medium., The 6-well plate was previously
filled with pure, inactivated FCS and the FCS was decanted
after approximately 7 hours, in order to obtain an FCS-coated
plate in this way. The cell number for the exact dose per well
was determined according te a known process, cf. Hay R.J.,
"Cell Quantificaticon and Characterisation” 4in Methods cof
Tissue BEngineering, Academic Press 2002, Chapter 4, Pages 55-
84,

The 6-well plate was covered with its 1lid and stored for &
days in an incubator at 37°C. The cells settled to the bottom
of the chambers after 24 hours. Every second day the
supernatant was pipetted off and the chambers of the 6-well
plate were again each filled up with 2 ml of fresh nutrient

medium.



The cell sedinment collected on the base of the centrifugation vessel

(Fal con tube) contained the nononuclear cell fraction, 1i.e. thnggﬁgﬁﬁées.
Exanpl e 2 Propagati on and dedifferentiation of the nonocytes The clifti'Vation

and propagyfd HhsHfost he nonocytes on the one hand and thepgdpghdsfosi-gnti ation
of the cells on the other hand were carried out in one step I n nutrient
medi um of the follow ng conposition: 28 SEP 2006 WO 03/ 083092

PCT/ EP03/ 03279 - 33 RPM 1640 nedium 440_m Foetal calf serum (FCS) 50 mi
Penicillin/Streptonycin solution 5 nl 2Z-Mercaptoethanol 5 m (Stock
solution) Total volume 500 m The nutrient nmediumfurther contained 2,5
jag/ 500 ml @f teeCSth gday @ mlp@isG0%nethanel | waki migrgduceg) inthe thenécyt es

i solated i anp| We t red, i,nt S a h wel
Pl ate (30 M Bt et f PR Bl g ~RRTHEA S ool PHETREEE 'S
per chanberwdm sgmadh cdaseqd and was | Ebnepl ifioreacfiucaberwl0hh@uind af IHe
above- nentién¥ﬂ% nut&'g t_medium The 6-well plate was previously filled
with pure, i'nhac i VALE “and the FCS was decanted after approxinmately 7

hours, in order to obtain an FCS-coated plate in this way. The cell nunber

for the exagt dose per I s_det ermi ned._accordi.ng to. a knowy pr ss,

of ! Hay R aossgpR Ty At 8B O Al CRELACen SREPES T} LGS
were pipetted intc each of the chambers of the well plate
which contained cells. The closed well plate was placed for 5

minutes at 37°C under 5% CO; in the incubator.

The trypsin activity was subseguently blocked by the addition
of 2 ml of RPMI 1640 medium to each of the wells. The total
supernatant in each of the chamﬁers {1 ml trypsin + 2 ml
medium) was pipetted off, pooled in a 15 ml Falcon tube and
centrifuged for 10 minutes at 1800 rpm. The supernatant was
then discarded and the precipitate was mixed with fresh RPMI
1640 medium (2 ml/10° cells).

This cell suspension could be directly used for

differentiation into different target cells,

Alternatively, after centrifugation and discarding of the
trypsin-containing supernatant the cells were mixed with
DMSO/FCS as a freezing medium and deep-frozen at a

concentration of 10%/ml.

The freezing medium contained 95% FCS and 5% DMSO. In each
case approximately 10° cells were taken up in 1 ml of the

medium and cocled down in the following steps:

30 minutes on ice;
2 hours at -20°C in pre-cooled Styropor boxes;

24 hours at ~80°C in Styropor;



Ti ssue Engi neering, Academ c Press 2002, Chapter 4, Pages 55- 84, The 6-well
pl ate was covered with its lid and stored for 6 days in an incd%gﬁBPZﬁﬁ
37C. The cells settled to the bottom of the chanbers after 24 hours. Every

second day ernatant was pipetted off and the cha e 6-well
pl ate were‘bagglsf?légbgch filled up with 2 mMl of fresh nutri g%feﬁ‘&r}rﬁe)%(}s?r%\ WO
03/ 083092 PCT/ EP03/03279 - 34 On the 6th day 2 ml of 70% et hanol was
introduced into the 6- well plate's 6th ésagber whi ch had remained free, the
plate was again closed and was stored f a further 10 hours at 37C in the
i ncubat or. Subsequently, 1 m of a trypsin solution diluted 1:10 with PBS
wer e pipetted ﬁﬁpﬁaeacgnotubm@:bhéﬂn@dé pitregenelNz) phatel88iki-ch cont ai ned
cells. The closed well plate was placed for 5 mnutes at 37C under 5% C02
in the incubator. The trypsin activity was subsequently bl ocked by the

addi ti on ofFfd® rmmofheRPMEtdEHEnIT=di whehotgpihg obf t tise wedlls . pokhd atzabal of

o1 bot tod of A HEEFEa Fi BEd CORP RTtebH = UG art LISe i ITUSEY For PR Ot hut es
at 1800 r pmgeheeasuferamicamtingasto t Bea dbsear gewdcasd, t hm peech pichate MAS

mxed with fresh RPM 1640 mediuym (2 m /105 cells). This cell suspension
coul d be di rceegasy“'%&dtﬁg?n ar ffglr%‘%ﬂ ia iPoFYiEREBLRI PFERTFATYL gt S@é Fs.

Al ternativelfor affugtheent hi blgahdmitand sdagaandi Nguotsddle p. "A slide

trypS|n-chnégAE£1 uég?eégaéggérégﬁé(¥ﬂg img%ggtggégggméé{hs in suspension
on a microscope slide." J. Lab. Clin, Med., 68: 494-501
{1966)). After this the cells could be stained using the
technique described by Cordell, J.L., et al., {Literature, see
below) with APAAP red complex. If not indicated otherwise, the
added primary antibody was diluted 1:100 with PBS, and in each
case 200 ul of this concentration of antibodies was used.
Monocleonal antibodies were used as primary antibodies against
the cell antigen epitopes listed in Table 1. Figure 6 shows
stained cytospin preparations and the corresponding prcof of
the stem cell markers CD90, CDl117, CD12Z23 and CD135.

Literature relating to staining technique:

Coxrdell J.L., et al. "Immunoenzymatic labeling of monoclonal
antibodies using immune complexes of alkaline phosphatase and
monoclonal anti-alkaline phosphatase {APAAP complexes)." J.
Histochem. Cytochem. 32: 219-~229 (1984).

Literature relating to the markers:

CD14

Ferrero E., Goyert S.M. "Nucleotide sequence of the gene enco-
ding the monocyte differentiation antigen, CD14" Nucleic Acids

Res. 16: 4173-4173 {1988).



DMSQ FCS as a freezing nedium and deep-frozen at a concentration of 106/ m .
The freezing nmedi um cont ai ned 95% FCS and 5% DMSO. I n each case

approxi mately 106 ceIIs were taken up in 1 nl of the medi um andl 86681288 down
in the follomnqg ge 30 minutes on ice; 2 hours at -ZOgb pi3fo8z76 00! ed
Styropor bS¥Q&U3%3 hours at -80C in Styropor: 28 SEP 2006 WD 03/ 083092
PCT/EP03/03279 - 35 Storage in tubes in liquid nitrogen (N2) at -180C. For

i mrune- hi st ochem cal phenotypi ng of the g@ll popul ati on of dedifferentiated
programuabl e stemcells of nonocytic origin, generated according to the

above proces in each case 105 cells were taken and fixed as a cytospin
preparation B% slides for further histochem cal staining (Watson, P. "A
slide centﬁégﬂgﬁ AR, ag@@g 19%4Q9r nt at i pg; gl ks gu on a
m croscope slide." J. é% g 284 5 i (19% § thi's the

cel |'s coul dPpédaeki hed 5@1-’5111@9? thé\ f'é‘Bﬁthh&%cml@@dngya@dr delatl@n ltq et

al ., (LiterakyLg ﬁﬁf gat ed

ot herw se, tﬁgé éﬁ%éﬁﬂﬁ?ﬁ%&%@Oﬁ%%H%Af n%?i%bﬁ??gdﬁén?d%n&ﬁﬁﬁhﬁg and in
each case 200eptectdt:hilgllonedat (2820 of anti bodi es was used. Mbnoc! onal
anti bodi es were used as primary anti bodi es against the cell antigen

epitopes listed in Table 1. Figure 6 shows stained cytospin preparations
and the corﬁégponding proof of the stemcell markers CD90, C0117, CD123 and

CD135. Literatu gatlng to ning t chnlque: Al .

"Innunoenzyﬁﬁ%ﬁc Fab Pﬁﬁ %f'n@?%%ﬁ yert 5., Goog%e&low P., élf%er
J. "The human thy-~1 gene: structure and chromosomal location®
Proc., Natl., Acad. Sci. USA 82: 6657-6661 {1985).
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Yarden Y., Kuang W.-J., Yang-Feng T., Coussels L., Munemitsu
5., Dull T.J., Chen E., Schlessinger J., Francke U., Ullrich
A. "Human proto-cncogene c-kit: a new cell surface receptor
tyrosine kinase for an unidentified ligand.”™ EMBO J. 6&: 3341-
3351 (1987}.
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Kitamura T., Sato N., Arai K., Mivajima A, "expression cloning
of the human IL-3 receptor cDNA reveals a shared beta subunit
for the human IL-3 and GM-CSF receptors.” Cell 66: 165-1174
{1991}.
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Small D., Levenstein M., Kim E., Carow C., Amn 5., Rockwell
P., Witte L., Burrow C., Ratajazak M.Z.,, Gewirtz A.M., Civin
C.I.

"STK-1, the human homolog of Flk-2/Flt-3, is selectively
expressed in CD34+ human bone marrow cells and is involved in
the proliferation of early progenitor/stem cells." Proc. Natil.
Acad. Seci. USA 91: 458-463 (1994).



ant i bodi es using i nmune conpl exes of al kal i ne phosphatase and nonocl onal
anti - al kal'i ne phosphat ase (APAAP conpl exes)." J. H stochem Cyt Oﬁ@e&ﬂ’ 32:
219-229 (1984). Literature relating to the markers; CD14 Ferrero®E Yt é&ﬁﬁert
S. M "Nucl e@ty uence of the gene enco- ding the nono

differenti aﬁdodr'j{%g%tgggen, CD14" Nucleic Acids Res. 16: 41%@%@?0%219988). 28
SEP 2006 WO 03/083092 PCT/ EP03/ 03279 -36- CD31 Newman P.J., Berndt MC.
Gorski J., Wite J.C. Il, Lyman S., Pg_dSZC_Ig C., Muller WA. "PECAM 1(CD31)
cloning and relation to adhesion noleculFes of the immunogl obulin gene
superfam |y" Science 247: 1219-1222 (1990). CDO0O Seki T., Spurr N., Obata
F., Goyert S., Goodfellow P., Silver Jaklellle hunan thy-1 gene: structure
and chronos : catlLon: C. tl... Acad. Sci.  USA_82: G657-6661 985) .
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Dull T.J., GmeenEionSchlessinger J., Francke U., Ulrich A "Human

pr ot o-oncogene c-kit: a new cell surface receptor tyrosine kinase for an
unidentified ligand." FNBOl 6:-—3341-..3351..( (D123 Kitamura T., Sato
N., Arai K, Myajim A _"expression cloning jof the human IjL-3 receptor
CDNA reveal s a shared b&PEI§GBunit for the hyfRAOPE-3 and G CSF
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Stem cell marker

CDSO ot
cD117 "

cpl123 b4
CD135 ()

Differentiation marker

CD14 (monocytes) +

The graduation indicated corresponds to the detected antigen
positivity, which becomes apparent from Day 4 toc Day 9 after
cultivation of the monocytes in the correspondingly specified
media and was carried .out wvia microscopic comparison of the
respective cytospin c¢olorations with the negative control

(coloration observed without primary antibodies).

+ c¢lear colour reaction of the cells with the primary
antibody;
++ strong colour reaction of the cells with the primary

antibody.

Only cytospin preparations which had more than 70% vital cells
with typical stem cell morphology (cf. Figure &) were
evaluated. Less than 1% of these cells expressed the CD34



(1991). CD135 Snall D., Levenstein M, KimE., Carow C., Am S., Rockwel |
P., Wtte L., Burrow C., Ratajazak MZ., Gewirtz A M, CGvin C.I.'ggpﬁwg,

t he human honol og of Flk-2/Flt-3, is selectively expressed in CD%E+ hunen
bone marro nd is involved in the proliferation of
progenitorw§?§%¢%% ls."” Proc. Natl. Acad. Sci. USA 91: 4§5ﬁﬁ%@ﬁ%%gb4). 28
SEP 2006 WO 031083092 PCT/ EP03/03279 - 37 - Table 1 Antigen expression of
the stemcells according to the invengi%%_ﬁntigen Col our reaction Stem
call marker CDOO ++ CD117 + CD123 ++ 135 +(+) Differentiation marker
CD14 (nonocytes) + The graduation indicated corresponds to the detected
antigen poghtigeny, which becones apparent fromDay 4 to Day 9 after
cultivation of the nonocytes in the correspondingly specified nedia and was
carried out via mcroscopic conparison of the respective cytospin
colorations with the negative control. (coloration observed wi thout primry
ant i bodi es).

Example 3

Production of neurons and glia cells from adult stem cells

The prodﬁction of neurons and glia cells was carried out in
petri dishes with a diameter of 100 mm. To prepare the petri
dishes, 5 ml of pure inactivated foetal calf serum (FCS) was
introduced into each dish, so that the bottom was covered.
After 7 hours, the proportion of FCS not adhering to the
bottom of the petri dish was pipetted off. Approximately 10° of
the cells produced in accordance with Example 2 were
introduced into one of the prepared petri dishes and 10 ml of

nutrient medium of the following composition was added:

DMEM solution 440 ml
Fetal calf serum (FCS) 50 ml
1-Glutamine 5 ml
Penicillin (100 U/1)/Strepto- 5 ml

nycin (100 ug/l) solution

Total volume ' 500 ml

The nutrient medium further contained retinic acid in a

quantity of 1x107® M/500 ml.

The reprogramming/differentiation of the stem cells used into
neurons and glia cells took place within 10 days, the medium
being changed at intervals of approximately 3 days. After this
period, the cells were mostly adhering to the bottom of the



+ clear colour reaction of the cells with the primary antibody;, ++_strong
colour reaction of the cells with the primary antibody. Only cya% ﬂMB
preparations which had nore than 70% vital cells wth typical stem cel

nor phol ogy ‘ﬁ&f]sa%gé?gure 6) were evaluated. Less than 1% opcyipssseel | s
expressed t 20 SEP 2006 WD 031083092 PCT/ EP03/03279 - 38 - antigen.

Exanpl e 3 Production of neurons and glia cells fromadult stemcells The
production of neurons and glia cells waszgarried out in petri dishes with a
di aneter of 100 mm To prepare the petri dishes, 5 m of pure inactivated

foetal calf %#’jm(l: ) wa]Sd i ntroduced jnto each di sh, ,so that the bottom
was cover ed 2@ RPEE2 bteh %ﬁSPt?Bnb%*eﬁ:@BfRﬁlmP-Pﬁg fomt hae

bot t om of tb@tﬂ@mrbfdma wastRi Rel kediehkr ARBRNBYLAB! eby +h3€ %evaaﬁsffl I's
produced in accordance with Exanple 2 were introduced into one of th

prepar ed pefFPcBiRfstAndED sHemorelh®t ri ent medi um of the fol | owi ng
conposition was added: DMEM solution 440 Ml Fetal calf serum (FCS) 50 ni
1-Qutamne 5 mM Penicillin (100 U1)/Strepto-- 5 mM nycin (100 pg/1)
solution Total volunme 500 m The nutrient medium further contained retinic
acid in a quantity of Ix1006 M500 m.

Example 4
Evidence of neuronal precursor cells, neurons

and glia cells

For the later immunohistochemical characterisation of the
target cells induced by the dedifferentiated programmable stem
cells, the stem cells generated from monocytes (105 cells /
glass 1lid) were applied to glass lids (20mm x 20mm), which
were placed on the bottom of the 6-well plates (30 mm diameter
per chamber) and cultlvated with the nutrient medium (2 ml)
per well plate. After the respective target cells were
differentiated, these were fixed as follows: After removél of
the nutrient medium (supernatant) the cultivated target cells
were fixed by the addition of 2 ml Methanol, which took effect
over 10 minutes. Subsequently the ethanol was pipetted off,
and the well plates were washed twice with PBS (2 ml in each
case). After this, the cells could be stained with APAAP red -
complex using the technique described by Cordeli, J.L., et
al., "Immunoenzymatic labeling monoclonal antibodies using
immune complexes of alkaline phosphatase and monoclonal anti-
alkaline phosphatase (APAAP complexes)." J. Histochem.
Cytochem. 32: 219-228 (1994). Unless otherwise specified, the
added primary antibody was diluted 1:100 with PBS, in each
case 200 pl of this concentration of antibodies were pipetted

into each of the 6 wells.

Neuronal precursor cells were detected by staining the ceils



The reprogramm ng/differentiation of the stemcells used into neurons and
glia cells took place within 10 days, the nedium being changed a é@hg als
of approximately 3 days After this period, the cells were nostl 8

to the bott 8 SEP 2006 WD 03/083092 PCT/ EPO3/ chanber
and coul d ‘88]39’{)835% d by brief trypsinization fromthe b%iét%om o? @he pl ate
in a manner anal ogous to that previously described for the stemcells.
Exanpl e 4 Evi dence of neuronal precursor cells, neurons and glia cells For
t he | ater immunohi stochem cal characteri %étTon of the target cells induced
by the dedifferentiated programable stem cells, the stemcells generated
fronlnnnocyméth(tbé eetibody afaisst it Gk0e-applded taf .ghdskllkei déct2Bem x
20m) , whlcQ $ ggugﬂ the bottom of the 6-well plates (30 nm di aneter
per chanber) a cultrvatedviith the nutrient nedium (2 m) per well plate.
After the respectlve target ceIIs wer e diff_erentiated these were fixed as
foll ows: Af reqoval d rient di um rnm %%ﬁ cultijvated
target cell eu%@?@ V?%gd 8§6Fﬁ ﬂl???ﬁﬁ c:?%ﬁ ﬁ&n61 ﬁoPﬁgﬁl%ffect
over 10 mi nwa@g. (ukseguBaliy hb@o@idn@éwl p¥&seid PRf t ad oblirofanshére vel |

pl ates. were washed twice with PBS (2 |n each case) . After this, the

cel I's coul d "B&hstHAieneFPXHAIPRIARE BeciEdfpPakineries t HOTiBeRYi goE1Eed¥ri bed

by Cordel I, aliktedel:3@b witi fﬁﬂmoeﬂ%ﬂ@iﬂ&d hehng s?n@g!.;@f@ll anbipgodi es
using inmmune conpl exes of al kal i ne phosphat ase and nmonocl onal ant i -

al kal i ne phosphat ase ( APAAP conpl exes)." S. Hi stochem
Glia cells, such as for example astrocytes, were identified by

detection of GFAP (glial fibrillary associated protein)
(primary antibody diluted 1:200 with PBS), left-hand picture
of Figure 1, x200.

The separation of neurons and glia cells was carried out using
antibodies specific against MAP2 (neurons) or GFAP (glia
cells), by means of MACS (Magnetic Activated Cell Sorting)
according to the process as described for example in Carmiol
5., "Cell Isolation and Selection” Methods of Tissue

Engineering, Academic Press 2002, Chapter 2, Pages 19-35.

The cell types made visible by staining are shown in Figure 1.

Example 5
Production of endothelial cells from dedifferentiated
programmable adult stem cells of monocytic qrigin
" . . ®
For the cultivation of endothelial cells, Matrigel (Beckton
and Dickinson, Heidelberg, DE) was used as matrix. This matrix

consists of fibronectin, laminin and collagens I and IV.

The frozen matrix was slowly thawed at 4°C in a refrigerator



Cytochem 32: 219-229 (1994). Unless otherw se specified, the added primary
anti body was diluted 1:100 with PBS, in each case 200 pl of this
concentration of antibodies were pipetted into each of the 6 Wﬁéﬁ%

Neur onal precursor cells were detected by staining the cells 28 E&é@% WO
03/ 083092 R LERB®203279 -40- with the anti body agai nst t pergbfhsenti gen,

cf. mddle picture of Figure 1 (x200). Neurons were detected by specific
expressi on of synaptophysin MAP2 (m crotubul ar associated protein 2) or
neurofilament 68 wth the correspondi nggspecific antibodies (primary

anti body diluted 1:300 with PBS), right-hand picture of Figure 1, x200.

Gia cells, such as for ng?lﬁ astrocytes, were identified by detection of
GFAP (glial °FFbrid | BFY188sdt atéd AWtk nbur¥ns i iy areFbody 1881 utteake: 200

with PBS), brbhgéand piceure tpb Fi guigida1#200. sJNEs SEPARBEI PN OhelGHH ONS
and glia cells was carried out using antibodies specific against MAPZ
(neurons) oFPERFAY Yiluid. d& |Eis REakeans wRSMACSTrOfEgRat Letacei ¢Btwelicel |
Sorting) a i t : riped X in i S.,
"Cel 1 b0l P e and o o AR g e SR O 8 e R e
Press 2002, bchbpr ot Eadghagds the- 8sllTwacaavergges nmade visi bl e by staining
are shown in Figure 1. Exanple 5 Production of endothelial cells from
dedifferentiated programable adult stemcells of nonocytic origin For the
cul tivati ondsterndpphetattiomel ths MMettrd. g rRey(tBeldat 0BI0 mimiut < katnsoomom

He'd6|berg’tEﬁ%eF@éufgthf¥ifn¥ﬂé)ﬁeiT@a% g% thfied at the bettom as an

adherent layer.

Subsequently approximately 1x10%? cells per well were incubated
on Matrigel® with addition of the nutrient medium (as

described in Example 2).

After 4-~5 days the first tubular cell strands appeared, which
developed after 6-8 days into three-dimensional cell networks.
On the cells, the endothelial markers CD31 and factor VIII
could be identified with the respective specific primary
antibodies (200 pl, in each case diluted to 1:100 with PBS).

In an alternative process the liquefied matrix was applied to
a vessel-prosthesis, which was then <coated with the
dedifferentiated programmable adult stem cells according to
Example 2. After approximately 6 days a lawn of endothelial
cells could be identified, which coated the prosthesis in a

circular mannex.

The endothelial cells made visible by staining with
corresponding endothelium-specific antibodies (see above) are
shown in Figure 2. In the middle picture, the cells are shown
after 5 days’ incubation on Matrigel®. First tubular strands
combine individual cell aggregates. The dark-brown marked

cells express CD31 antigen (x200 with yellow filter). After 8



consists of fibronectin, lamnin and collagens | and IV. The frozen matrix
was slowy thawed at 4Cin a refrigerator 2 0 SEP 2006 WO 031083&%?
PCT/ EP0O3/ 03279 - 41 over a period of 12 hours. During this perio P Wkt e

changed, i. iginally solid matrix became spongy/ |4 G this
state it maﬁmvﬁﬁgﬁ uced into a 48-well plate (10 nn1dian€¥g$hgggb&%ll) in

such a manner, that the bottom of each of the wells was covered. After
application, the plate. was kept for 30 ninutes at room tenperature, until
the gel had solidified at the bottom as adherent | ayer. Subsequently
approximately 1x102 cells per well were incubated on Matrigel(r) with
addi ti on of daye ntitetrentisnedh uintasastescrbadtion Boxdhplthreg-disfensdicaat days

the first t | ar,.ce r i dexgl 0 : er_.6-8.days
into three- |néﬁgﬁon%#r%%IﬁQ%itgggﬁg.?ﬂéﬁg?héngglﬁégltﬁgqé %%tﬁggﬁgﬁgﬁérkers
CD31 and fact2®0 VIwithcoyledlbw i denttiefr)ed vikiten helfespizgts vetkpecinkivdy

primary  antiodies (200,01 ool eaghy casGdlut ¢d {0 L 100N LN REY - hn ar

al ternati ve Proces i que I"ed
vessel-pros&h&&ﬁ@elﬁbicﬂomﬂseih@@seeateﬁkawtﬂhﬁd@}diﬁﬁdbibﬁabnﬁhﬂkedwith

pr ogr ammabl e ult stemcells_according to, Exanple 2. After appraxinately 6
fye o | ann B ndGTRE] VoL SERCCRtRTY BELTHoRT| FLEIAPOrP L
prosthesis ifendinigiceedl 3 HBBEgsel The: endelbebhakegs! tBaras, \Wisidele aby
staining with correspondi ng endotheliumspecific antibodi es (see above) are

shown in Fi dgifte 9elis eFermeaditéep C@ifr eantiger el(C34r €dmgmslon, x400,
blue filter), right-hand picture.

Example 6
Production of fat cells (adipocytes)

A: For the programming/differentiation of the adult stem cells
according to Example 2 into fat cells, a cenditioned medium
was first generated. For this purpose 20 g of an autologous
fat tissue, i.e. fat tissue from the same human donor, from
the blood of whom the monocytes also originated, was

processed as follows:

At first, the fat tissue was crushed in a petri dish and
the crushed tissue pieces were passed through a sieve

{diameter of hcles 100 um).

The.suspension thus obtained was then transferred into a
petri dish with a diameter of 100 mm and 10 ml DMEM-mediim
with a content of 30 mg collagenase type II were added. The
mixture was left for approximately 60 minutes at room
temperature (22°C+2°C) to allow the collagenase to take
effect on the fat cells.



after 5 days' incubation on Matrigel (r). First tubular strands conbine

i ndi vidual cell aggregates. The dark-brown nmarked cells exprgg%é%
antigen (x200 with yellow filter) . After 8 2 0 SEP 2006 WO 03/ 2

PCT/ EPO3/ 036308, days there is an increasing formati gggﬁfml’osmszw

t hree-di nensi onal network structures takes place (anti- 1-antigen
staining, x200 with yellow filter). After 12 days the newly differentiated
CD31+ cells, which had been cultivated ong Matrigel (r), forma vessel-like

t hree-di nensional tube with multi-layer wall structures, which is already
nmor phol ogi cal Iy, .rem ni scent of a vessel. It is recognised, that now al npst
all the cells Sé%?ﬁﬁ%?“?ﬁ@ EB81 Wiathugen WaD3trepsErnnachnto x40oml Hadeon
filter), right-thard, pisidir €ne Ex e rq,g_.jl#&tf f cehl s | bocyt es)
A. For the pr o%fr amﬂ"ng/di ffer enﬁiggtgi g%rgf t he é“ggfgt%st%% cg(#lélﬂ%géc%r 8|¥ng to
Example 2 into &8Mrs, a conditioned medium was first generated. For
this purpose 20 g of an autologous fat tissue, i.e. fat tissue fromthe
same human donor, from the bl ood of whomthe nonocytes al so originated, was
processed as f dHitews ceatriifngatiometiat stpesuans wasushiedarded patr ichdi sh

and the crushedfi e . assed .t hrough a_si.eve di anet er, _of

hol es 100 gn). %Iéhe gésrh%eér?si gﬁﬁﬁjﬂﬁ bt(gifnggl%%y n2PHaREFEPFERT T FP415

petri dish wtwas ditaketerupf 100 8mmmandof0 arl ridMEMmMEdE UNMhev tHbldoReageNt

of 30 colla se ., e |l ,were.added., The. m xture ,left for

approx?ﬁately g%ﬁloﬁ&%égna?ngo ?ﬁuba ed in petxi égshesvﬁgaameter 100 mm)
for 10 days at 37°C in an incubator:

DMEM solution 444,5 ml
Foetal calf serum (FCS) 50 ml
Insulin solution 0,5 ml
Penicillin (100 U/1)/Strepto- 5 ml

mycin (100 pg/l) sclution

Total volume 500 ml

The insulin solution contalned 18 mg insulin (Sigma 1-0259)
dissolved in 2 ml of acetic water (consisting of 40 ml of
H:0 and 0.4 ml of glacial acetic acid). The solution is
diluted 1:10 with acetic water.

During the incubation over 10 days, the fat-cell-
conditioned medium (FCCM} formed a supernatant. The
supernatant was replaced with fresh nutrient medium after 2
to 4 days in each case. The FCCM obtained during each
change of medium was subjected to sterile filtration and
stored at -20°C. Subsequently 10 ml of the FCCM described
above were introduced into a petri dish (diameter 100 mm)
together with approximately 10° stem cells according to

Example 2. The first precursor cells containing fat



~tenperature(22C2C) to all ow the col |l agenase to take effect on the fat
cells. 2 0 SEP 2006 WD 031083092 PCT/ EP03/03279 -43 Subsequently the

m xture was transferred to 50-nl Fal con tubes, and the tubeszﬁﬁgﬁ
centrifuged for 10 minutes at 1800 rpm After centrifugation®t 20

super nat ant I,Gg;'o&farded and the cell pellet consisting Lppcytes and
precursor cells was taken up in 8 m of a nmediumof the folTow ng
conposition and incubated in petri dishes (dianeter 100 mm for 10 days at
37C in an incubator: DMEM sol ution 444,5 Foetal calf serum (FCS) 50 m
Insulin solution 0,5 M Penicillin (1004€VT)/Strepto- 5m nmycin (100
jig/l) solution Total volunme 500 m The insulin solution contained 18 ny
insulin (Sigmavac0bsy bdeasel vesibhie 2afiemfs am‘,a;ys". C(W\tagme (m}n.siﬁfttmg of 40

m of H20 and f gl acy etlc aci_d Iut n |s uted 1:10
with acetic manVS'DE%% égthéiﬁﬁg ari &P 89§%d CEFF &

condi ti oned neﬁuth1sﬁdﬁmaré®r(mﬁbureﬂuﬁﬂ’mmwamn Eﬁeersupedagbaﬂhemaswas
replaced with fresh utr ent

4 days in_each case,_ The
FCCM obt ai ned &dPiHg e&gﬂregﬁgﬁﬂ% gnﬁgFﬁﬁﬁﬁﬁgbgTﬁE%%ieﬂﬁtgﬁ§?%rp?%lsf
filtration andwhstnredaat -200s SubsesluendduidlO0 rirefadivhe BeCM deseribgd

above were introduced into a petri dish (dianmeter 100
macroscopically as fat tissue (Figure 3D}.
The fat cells made wvisible by staining in Figures 3A-3D
thus differ quite considerably from the controls 3B and 3F:
Figure 3E shows the cells of monocytic origin, which were
cultivated in the nutrient medium (as indicated in Example
2) for 6 days, but without the addition of IL-3 and 2-
mercaptoethancl to the nutrient medium. This was followed
by the addition of the FCCM. These cells were not capable
of differentiating into fat cells. Figure F. shows cells,
which were cultivated for 6 days with complete medium
{according to Example 2), and which were then treated for a
further 6 days with nutrient medium instead of with FCCM
(according to Example 2). The FCCM thus contains components
which are reqguired to provide the signal for

differentiation into fat cells.

The staining of the cells with Sudan red in Figures 3A, B,
C and D tock place according toc the method described by
Patrick Jr., C.W., et al. "Epithelial Cell Culture:
Breast", in Methods of Tissue Englneering, Academic Press
2002, Chapter 4, Pages 141-149.

B: In addition to the phenotyping of the fat cells by staining
with Sudan red, molecular-biclogical characterisation of
the fat cells was carried out at the mRNA level, in order
to check whether the genetic programme of the fat cells,
after corresponding programming with the fat-cell-

conditioning medium wused, |undergoes a corresponding



together with approximately 106 stemcells according to Exanple 2. The
first precursor cells containing fat 28 SEP 2006 WD 03/083092

PCT/ EP03/ 03279 - 44 vacuol es becare visible after 4 days (Fi gurkf $E5 006
After 6 da | e adi pocytes appeared, which could be | i th
Sudan red (é%gﬁ'rﬁ]gibg 3 and C). After 10 days there was typfé’lg#%ggﬁzlﬁemgation
and cluster formation of these cells, which at this step could already be
observed macroscopically as fat tissue_ (J:El; gure 3D). The fat cells nade
visible by staining in Figures 3A-3D thus differ quite considerably from
the controls 3E and 3F: Figure 3E shows the cells of nonocytic origin,
which were culdlitgdeédonn e ntypient nessenygasiboedicheid iaviBxamra) 2)

for 6 days, buti i he | La- 2- nercaptoethanol tq the
nutrient medi urﬁﬂ%ﬁ?’s&%\’éé'f&%?%‘ég&b% hgagdgug?%ncé‘f‘ Hee :lf%@%llr%‘]’ﬁgséncel I's
wer e not capablthe ofatdi ¢¢klenpragramgnacht firdrat pregtsmabilgumeocysbevws el | s,
whi ch were cul tixate ays w.th.co et.e nedi accqrdi,ng to Exanpl e
2), and which R ﬂseé;l ern%é#ed FCEL £ 3Ft héte d"f;ig']vm'(]’feﬂ: S8nt &G um

i nstead of wit farfdGMieflabyomdang bd bBoappeéeass . cHiten RS @R aimen
conmponents which-are regujred t rovi de the signal for differentiation
into fat cell s.lsrh‘%'gtgfiai %ﬁ%g %afmﬁciﬁ% c%FP’é‘ vﬁt‘]‘%qif%?&ﬁ‘tlléae‘ijn Erefassabie B

C and D took plstes aceDrsli bg tmoridigtiet F&diqi@lscaﬁcﬁ,ed 1BY a PREELEKeP! test W,

et al. "Epithelial Cell Culture: Breast", 1n Methods of Tissue Engineering,
Acadeni ¢ Press ™G5, iftldli8d Papes the - pgogrammed fat cells, namely

"peroxisome proliferative activated receptor  gamma”

(PPARG) —1RNA, (Tontonoz, P., et al. "Stimulation of
adipogenesis in fibroblasts by PPAR gamma 2, a lipid-
activated transcription factor."™ Cell 79: 1147-1156 (1994),
gene bank access code :number; NM 005037) and "leptin
{obesity Thomolog, mouse)"-mRNA, (zhang Y., et al.
"Positional cloning of the mouse obese gene and its human
homologue.” Nature 372: 425-432 (1994), gene bank, access
code number: NM 000320).

The RNA-isolation needed for this purpose, the reverse
transcription method and the conditions of +the PCR
amplification of the desired mRNA sequences were carried
out as described in detail in the state of the art, see Un-
gefroren H., et al., "Human pancreatic adenocarcinomas
express Fas and Fas ligand yet are resistant to Fas-

mediated apoptosis", Cancer Res. 58: 1741-1749 (1988).

For this purpose the respective primers produced for the
PCR amplification were selected so that the forward- and
reverse primers bind to mRNA sequences, whose homologous
regions in the chremosomal gene lie in two different exons
and are separated from one ancther by a large intron. It
could thereby be ensured that the amplification fragment

ocbtained originates from the mRNA contained in the cell and



B: In addition to the phenotyping of the fat cells by staining” wth Sudan
red, nol ecul ar-biol ogi cal characterisation of the f at cells was carried
out at the nRNA level, in order to check whether the genetic programre of
the fat cells, after corresponding programming with the fat-c&BISEP 2006
condi tioni n§ ! used, undergoes a corresponding 2 0O SER0Q

03/ 083092 P /E%hoj???203279 - 45 alteration, and typical 7 Soaff?
messenger-ri bonucleic acid (nMRNA) transcripts, described for fat cells can
be identified in the fat cells prograrlmﬁg from programmabl e nonocytes. Two
MRNA. sequences typical of fat cell netabolismwere anplified by neans of
pol ynerase chain reaction (PCR) from isolated RNA sanples from

dedi f f erent i at 8@tpd§Parthd| eedutngr cei¢sendt Honbegt cbrempgemanBNAi nla

parallel test X§ UL ar ARD! féiﬁﬂqd'ﬂcnrgo rHBSrpQQ%Wﬁ%@%eQa%Ly

"peroxi sonme proliferative activated receptor ga

(Tontonoz, P., PEARav. andtfomllantdm:of adi pogenesis in fibroblasts by PPAR
gamma 2, a lipid- activated transcription factor." Cell 79: 1147-1156
(1994), gene bank access code nunber; NM 005037) and "leptin (obesity
honol og, nouse)PPARRMA, (Zhawgrd-pristergt. 2EBe288i onatortesporgiiof t hgemsuse
obese gene and its human honol fgue." Nature,372:. %24%% §19944ﬁ, ene bank,
access code niiTFEFRCRM-B06%90) 1T ThECEINRS DEEREF onhitel PGP EPRose,

the reverse tascCepuateMhhedoand) | hencongbdinns of dhealGR fication
anplification of the desired_nRNA sequences were carried out as described
in detail in tH&EETERE B8f fRE-4Pt, PRed ¢h2 bp, see Figure 3G. As further

shown by Fiqure 3G traces of transcribed PPAR-y-specific
mRNA can already be identified in the programmable stem
cell and din the tumor cell line HL-60 (of & human
promyeloic leukaemia cell line), although with
significantly narrower signal bands than in the fat cell
itself. In contrast, the fat-cell-specific protein leptin
can only be detected in the fat cells derived from the
programmable stem cells at mRNA level by reverse-

transcriptase PCR.

The programmable stem cells (progr. stem cell) used as =&
control and the human tumour cell lines HIL-60, Panc-1 and
WI-38 transcribe no leptin. As negative controls all the
samples without the addition of the reverse transcriptase
{(fat cell/~RT) and Hy0-samples were simultaneously co-
determined. By identification of the GAPDH "house-keeping”
gene 1in the positive controls, it 1s ensured that the
respective PCR amplification steps were properly carried

out in the individual mixtures.



gefroren H., et al., "Human pancreatic adenocarci nomas express Fas and Fas
| i gand yet are resistant to Fas- nedi ated apoptosis", Cancer Res. 58:
1741-1749 (1998). For this purpose the respective priners produgseh fggg the

PCR anplifigati re selected so that the forward- and i mers
bind to ml\ﬁ(%soéﬁé}g%&e g&)ﬁ%ﬁ&:

ces, whose honol ogous regions in the chirofnmosomal gene
lie in two different exons and are separated from one another by a | arge
intron. It could thereby be ensured tha% the anplification fragnment
obt ai ned originates fromthe nRNA cont ai &d”in the cell and 2 0 SEP 2006 WD
031083092 PCT/ EP03/03279 - 46 not fromthe sequence present in the

chronosomal DNA. In particular the fEtde@deng priner sequences were sel ected
for PPAR-y and for le

in:. PRPAR-y: forward-priner; 265-288 (corresponding
gene sequence in exonq%5qdq9§&gpséfpi+Yﬁﬁ:CQ&Q?-Zggp?€8?¥%% ondi ng gene
sequence in exon 2), this results in an anplification fragnent of 487-265

bp = 223 bp, see Fiqure 3G As further ,  shown by Figure 3G traces of
transcri bed "PPARYy -SfecP¥ P oL RIS caﬁ é‘lhteea%%]ﬂlt%felr&gﬁﬁ?it?gd BrRorRpEmable

programmabl e skeehn eellisaBd mBnbBe:icndrigel laddoraibly- 68 ERbmpléupainto
pronyeloic | eukaem a cell line), although with significantly narrower
signal bands tH&NeFnCBheSt ap CERALITIG fmediyn gigs ddgrsty generated. For

fat-cel | -speci thg sPrRtpblel @Rt id of AR Y1DGedet et ed iBst Beotats&e! bs

derived fromthe programable stemcells at nRNA | evel by reverse-
transcri ptase PER1oWAe programmable stemcells (progr. stemcell) used as a

First the liver tissue was rinsed several times in PBS, to
essentially remove erythrocytes. The tissue was then
crushed in a petri dish and incubated with a dissociation
solution for approximately 45 minutes at room temperature.
The dissociation solution consisted of 40 ml PBS (phosphate
buffered saline), 10 ml of a trypsin solution diluted 1:10
with PBS and 30 mg collagenase type II (Rodbel M., et al.
J. Biol. Chem. 239: 375 (1964)). After 45-minutes’
incubation the tissue pieces were passed through a sieve

(see Example 6}.

The mixture was then transferred into 50-ml Falcon tubes,
filled up to 50 ml with PBS and centrifuged for 10 minutes
at 1800 rpm.

After centrifugation the supernatant was discarded and the
cell pellet containing the liver cells was again washed
with 50 ml PBS and centrifuged. The supernatant thus
produced was again discarded and the cell pellet taken up
in 25 ml of a medium of the following composition and
incubated in cell culture flasks (250 ml volume) for 10

days at 37°C in an incubator:

Liver cell growth medivm



control and the human tumour cell lines HL-60, Panc-1 and W-38 transcribe
no leptin. As negative controls all the sanples without the addition of the
reverse transcriptase (fat cell/-RT) and H20-sanpl es &SE nght UHSly
co- determned. By identification of the GAPDH "hous %J h the
positive controls, it is ensured that the respective PCF%@HE%@O@E tlon .
steps wereWO @8Iy carried out in the individual m xtures. 2006 WO
03/ 083092 PCT/ EP03/ 03279 -47- Exanple 7 Production of liver cells
(hepatocytes) A: For the progranm ng of J$e dedi fferenti ated progranmabl e
stemcell's of nonocytic origin according®to Exanple 2 into liver cells, a
condi ti oned negH f ;
liver tissue oy &%%ﬁgn S ows. First the liyer tissue was Jrinsed

several tines i

then crushed i di sh and i ncubated with a dissociation sdlution
for approxi nat ¢ %yﬁﬂgﬁhFﬁ@F@s at_roomtenperature.  Th&®®ssociation sol ution
consi sted of 49 m PBS (phosphate buffered saline),|10 m of a tr p5|n

sol ution dil ut ¢dosfal ggf (HEBBS and 30 mg col | agenas¢ ®yde 11 (Roddel M, et
al. J. Biol. ¢hem 239. 375 (1964)). After 45-mnutés’ 1 ncubati on the

ti ssue pieces wdrsslipwhdiod t hr ough a sieve (see Exam&&émn. The m Xt ure was
then transferrgd 1nto 50-n Fal con tubes, (Tilled up|to o0 mM W 1th PBS and
centrifuged for Piflcillin (106 B51)/Streptomycin (100 pg/1) solution 5ml

Total volume 500 mi

The nutrient medium contained in addition 5 ug (1¢ ng/ml}
of epidermal growth factor (Pascall, I.C. et al., J. Mol.
Endocrinol, 12: 313 (1984)}. The composition of the Insulin

solution was as described in Example 6.

During the incubation lasting 10 days the liver cell
conditioned medium (LCCM) formed as a supernatant. The
supernatant was replaced by fresh nutrient medium after 2
to 4 days respectively. The respective LCCM obtained during
the change of medium in each case was subjected to sterile
filtration (filter with 0.2 um pore size) and stored at -
20°C.

1%10° dedifferentiated stem cells were then cultivated with
10 ml of a medium of the following composition in a petri

dish (@ 100 mm) or a culture flask.



at 1800 rpm After centrifugation the supernatant was di scarded and the
cell pellet containing the liver cells was agai n washed \Mggm%p W% PBS and
centrifuged. The supernatant thus produced was again discarde Q t he cel
pell et taken u in 25 mM of a nediumof the follow ng co bid and

i ncubat ed ivﬁoegﬁw%ul ture flasks (250 m volunme) for 10 3?3@"%*{‘9%‘% in an
I ncubator: Liver cell growth nmedium 28 SEP 2006 7 SEP 2006 WO 031083092
PCT/ EP03/ 03279 - 48 Liver cell growh pepdium LCGM RPM 1640 medi um 445 mi
Foetal calf serum (FCS) 50 Ml insulin s% ution 0.5 nil FenidlDin (100

U 1l)/Streptonycin (100 g/l) solution 5m Total volume 500 ml The nutrient
~medi um cont ai nbigericell dffaértiption nfedipgr (10 ng/ ml) of epidermal growth. factor
(Pascall, I.C at at., J. M. Endocrinol. 12: 313 (1994)). The conposition
of the Insulin solH<ef—neas i ' h

d —Fa 6~ gt he
I ncubation |asting {10. days.t.he. . Liver,. c%- condi tioned nmedi umj{ LCCM forned
P b P afoldvaton St LORME

S PaVal S had 1o rml a6 Duriona
= e

ai(w L=

as a supernatant. | Was. fep ed by fresh nutriepnt nmedium
after 2 to 4 days Jrespectively. The respective LCCM|obt aj ned dLring t he
change of nedi uminlé:igﬂ case was subjected to_sterilld®®tratfon (filter
with 0.2 pm pore sijze) and stored at - 20'C. 1x106 dedifferenti F\ted stem

cells were then cultIngelinsadutigh fcf Example 6) 0.1ml
epidermal growth factor kg
hepatocyte growth factor 2\g

Hepatocyte growth factor (Kobayashi, Y. et al., Biochem.
Biophys, Res. Commun. 220: 7 {1996)) was used in the
concentration of 40 ng/ml. After a few days morphological
changes towards flat, polygonal mono~ or diploid cells
could be observed {(Figure 4A). After 10-12 days hepatocytes
arising from dedifferentiated stem <cells could be
identified by immune-~histochemical detection of the liver-
specific antigen alpha-fetoprotein (Jacobsen, G.K. et al.,
Am.J. Surg.Pathol. 5: 257-66 {1981)), as shown in Figures
4B and 4C.

B: In addition to the phenotyping of the hepatocytes by
immune-histochemical identification of the alpha-
fetoprotein, a melecular-biological characterisation of the
hepatocytes at mRNA level was carried out, in ozxder to
check whether the genetic programme of the stem cells,
after corresponding programming with the liver-cell-
conditioning medium used undergoes a corresponding
alteration, and whether messenger-ribonucleic acid (mRNA)
transcripts, described as typical of liver cells in the
hepatocytes arising from the stem cells according to the
invention can be identified. For this purpose, the presence

of five different mRNA sequences typical of hepatocytes was



10 mM of a nediumof the follow ng conposition in a petri dish (0 100 mm
or a culture flask. 2 6 SEP 2006 WO 031083092 PCT/ E @GS/EBGMIB% nﬂ4994ﬂ ver
cell differentiation nedium (Liver cell differentiation nedium LCD!\/F

100 nil | | i ution (cf. Exanple 6) 0.1 nil epider factor T
Pg hepat ogérpeolz'@?% h factor 2 Pg Hepatocyte growth facto;ﬁ! Qg{)ayas , Y. et
al ., Biochem Biophys. Res. Commun. 220: 7 (1996)) was used in the
concentration of 40 ng/m . After a few_d;éxés nor phol ogi cal changes towards
flat, polygonal nono- or diploid cells uld be observed (Figure 4A). After
10- 12 days hepatocytes arising fromdedifferentiated stemcells could be
identified by eramheedi Syocheansabfdgodomeoasef chhdn| |wctl§pec{1fﬁfd anni gen

al pha- fetopro C n, at S
(1981)), as shg\%}%ﬂﬁég |g%$gss %B§§ﬁd ﬁ%Lm deiéﬁ%‘égae#g#? Of#e"gg‘ ggéjpl ng
of the hepat ocgtem h;elljsrnmﬂeﬁdmbsyamhemrd@hm e, fmatal opan&lléﬂe akpba-

fetoprotein, a nolecul r-b| cal ch ract I sat of the at qcyies at
nRNApI evel vvasséﬁlPi?Ed 01?71 A Eg'ﬁl qq@a&gﬁ i %p}Y'%%rarme

of the stem celskem aéws cors emﬂdﬂgam OgtRIFI ngs vvlﬁrha t vl Velpeehs -
condi ti oni ng gbum used un mes correspondi g alteration, and whet her
nessenger - ri boRtEPEEE BRI ) RPMans@h pRs: dederi RWSLSe yF cBrmpr

liver cells ingkh@m albumin cDNA and its expression in E.coli." Nucleic
Acids Res. 9: 6103-6114, (1981), gene bank access code
number: NM-000477), alpha-fetoprotein-mRNA (Morinaga T., et
al., "Primary structures of human alpha-fetoprotein and its
mRNA," Proc. Natl. BAcad. Sci. USA 80: 4604-4608 (19B3),
gene bank access c¢ode number: VO01514), Human carbamyl
phosphate synthetase I mRNA (Haraguchi, Y., et al. "Cloning
and sequence of a cDNA encoding human carbamyl phosphate
synthetase I: molecular analysis of hyperammonemia" Gene
107: 335-340 (1991), gene bank access code number D20282),
Homo sapiens coagulation factor II (Thrombin, F2) mRNA
(Degen, 8.J. et al. "Characterization of the complementary
deoxyribonucleic acid and gene coding for  human
prothrombin® Biochemistry 22: 2087-2097 (1983), gene bank
access code number NM-000506), Homo sapiens‘ coagulatlion
factor VII (serum prothrombin conversion accelerator, F7)
mRNA (NCBI Annotation Project. Direct Submission, 06-Feb-
2002, National Center for Biotechnology Information, NIH,
Bethesda, MD 20894, USA, gene bank access code number XM-
027508} .

The RNA-isolation necessary for this reverse transcriptase
method and the conditions cf the PCR amplification of the
desired mRNA sequences was carried out as described in
detail in the state of the art, see Ungefroren H., et al.,
"Human pancreatic adenocarcinomas express Fas and Fas

ligand yet are resistant to Fas-mediated apoptosis" Cancer



hepat ocytes arising fromthe stemcells according to the invention can be
identified. For this purpose, the presence of five difé%%%%t sequences
typi cal of hepatocytes was 2 0 SEP 2006 7 WO 03108309 / 3/03279 - 50

exam ned by nmeans of pol ynerase chain reaction (PCR) in J NA
sanpl es frﬁﬁ“ﬁ@ﬁ???erentiated programable stemcells cﬁ*éﬁ#ﬁ%@g?g origin

and, in a parallel test sanple, fromthe liver cells obtained by
programm ng of the stemcells. In particular, this is the Hono sapi ens

al bum n-nRNA (Lawn, R M, et al. "The“Sé&uénce of human serum al bumi n cDNA
and its expression in E.coli.” Nucleic Acids Res. 9; 6103-6114, (1981),
gene bank accees.csde 1n4lhET49 NWSBO477), al pha-fetoprotei n-nmRNA (Mori naga
T., et al. "Primary structures of hunman al pha-fetoprotein and its nRNA "
Proc. Natl. Acad. Sci. USA 80: 4604-4608 (1983), gene bank access code

nunmber; VO1514he HueBPecBlvaMPrimpiesphas € Nt beRasempl ENAHiKar aguedi , Y.,
et al. "Coning_ and sequence of a cDNA encodi ng human car banyl phosphate
synt het ase |. StoEEEFasCatdfsitdeorforyperanaprefcyereaneriteys Bind 340

(1991), gene hams %@ag%aceedahey@rbﬁemw%?&@ rediU S3PIERS GRAAMLBHLEN
factor Il (Thronbin, F2) mRNA (Degen, S J. et al. "Characterization of the
conpl enent ary ged€oxyiei Bondatoceidd fherentnekermeanbdisry Jananaiedn frproeheonbi n"

5 ocher Sty 22:020871.8097 101883) . B0 BANG AGERSS, QUG IRCTrMADG0500),

Hono sapi ens coagul at | ac serumpro i N conversion
accel erator, FHat nBNA @NEBLAcmuiat | GnadnajiecbbiBinedt oBugimssesn fro8- Feb-
2002, Nationalg,Centigfy fol Bl QkerMetaqy Lo L iRy 88: Wbl the sequence

present in the chromosomal DNA.

The primer sequences indicated below were selected; the
results of the respective PCR analyses are reproduced in
Figure 4D. The dedifferentiated programmable stem cells
according to the invention, are designated there as "progr.
stem cell™ and the hepatocytes derived by programming of

these as "progr. hepatocyte".

» Alpha-fetoprotein: forward primer: 1458-1478 (corresponding
gene sequence in Exon 1), reverse primer: 1758-1735
(corresponding gene seguence in Exon 2), this results in an
amplification fragment of 1758-1458 bp = 391 bp, see Figure
4D.

As shown in Figure 4, the programmable stem cell (progr.
stem cell}, which itself containg no identifiable specific
NRNA transcripts for alpha-fetoprotein, can be programmed
" into a hepatocyte {progr. hepatocyte), which contains this
mRNA transcript (positive band with a molecular weight of
301 bp). This also explains the immune-histochemical
detectability of the alpha-fetoprotein, as shown in Figures
4B and 4C. The positive controls, namely human liver tissue

and the liver tumour cell line HepG2 alsc transcribe alpha-



Bet hesda, MD 20894, USA, gene bank access code nunber XM 027508). The
RNA-i sol ation necessary for this reverse transcriptagse nethod and the
conditions of the PCR anplification of the desired Psitfuences was

carried ougyaiﬁﬂﬁaﬁrlbed in detail in the state of the a&%Tm%&QMyBgefroren
H, et al., UmMan pancreati c adenocar ci nomas express Fas “an as” ligand

yet are resistant to Fas-nedi ated apoptosis"” Cancer 2 0 SEP 2006 WO
03/083092 -PCT/ EPO3/ 03279 -- 51 Res._§§§ 1741-1749 (1998). The respective
primers for the PCR anplification were Zel"ected so that the forward- and
reverse primers bind to nRNA sequences whose honol ogous regions in the
chronosomal  g@tenriosein-speciifi¢ etRiA, esohbkeallll dree bemlsr abafifmom one
another by a large intron. In this way it could be ensured that the
anplification fragnment obtained originates from the nRNA contained in the
cell and no¥ falomntime sdquence priosent iIU50kae40B8r oesorabpdMNingT herapkl Mer
sequences i ndi cat ed bel ow were selecésd; the results pof the respective PCR

anal yses are reprtdi€ed iR Fi€§OPe 4B/ TheT8E8FFT er eRFHER%Y priotffamiddl e

stem ce: : S aggﬁth.d:ieﬁ@ohﬂihbe geR¥eRkl0Bncar endesbanal ed drier ercan1tBHOGh
stemcell" an '

t he hffaioc tes derived by programm ng of these as "progr.
hepat ocyte". >*TAl pH&* %‘c‘@d%é’t'bi hragmengaref pltPRRT14a%58P14784%¥L oPPes$6/di ng
gene sequence giypeorRpl), reverse priner: 1758-1735 (corresponding gene

sequence in Exon 2), this results in an anplification fragment of 1758-1458
bp = 391 bp, see Figure

Figure 4D shows traces of transcribed albumin-specific mRNA
already in the programmable stem cell, whilst the
hepatocytes cobtained by programming of the stem cells and
normal liver tissue as well as the tumour cell line HepG2,
which were both used as positive controls, strongly express

the mRNA, as can be recognized by clear bands.

» The carbamyl phosphatase synthetase I: forward primer:
3135-3157 (corresponding gene sequence in exXon 1), reverse
primer: 4635-4613 (cbrresponding gene sequence in exon 2},
this results in an amplification fragment of 4635-3135 =
1500 bp, see PFigure 4D.

The carbamyl phosphate synthetase I represents an -enzyme
specific to the hepatocytes, which plays an important role
in the metabolisation of urea in the “urea cycle”. This
detoxification function is guaranteed by functioning
hepatocytes. As Figure 4D shows, both in the hepatocytes
generated from programmable stem cells and alsc in the
positive controls (human liiver tissue and the HepG2-tumour
cell line), the mRNA bands (1500 bp) specific to carbamyl
phosphate synthetase I c¢an be identified. The somewhat
weaker expression of the mRNA bands for the programmed
hepatocytes (progr. hepatocyte) is due to the lack of

substrate available in the culture dish.



4D. As.-shown in. Figure 4, the programmable. stemcell (progr. stemcell),
which itself contains no identifiable specific nRNA transcripts for

al pha-fetoprotein, can be programred into a hepatocyte (g%ﬁgF hepat ocyte),
whi ch contains this nRNA transcript (positive band with %é@ﬁar wei ght

of 301 bp). This al so explains the imune-histochem cal i) 1ty of
t he al pha- f%?&ﬂ?’ﬁ?géi n, as shown in Figures 4B and 4C. Thggg}o@ﬁ"?‘\??

controls, nanely human |liver tissue and the liver tunmour cell |ine Hep&
al so transcri be alpha 2 0 SEP 2006 WO 03/.053092 PCT/ EP03/ 03279 - 52
fetoprotein-specific nRNA, as the 301 5b5 ands confirm > Al bunmin: forward
primer: 1450-1473 (correspondi ng gene sequence in exon 1), reverse priner:
1868- 1844 (correspondi ng gene sequence in Exon 2), this resulted in an

amplificatiop-f nt of 1868-1450.0Qp = 419 bp, see Figure 40, Figyre 4D
shows trace?go l%%gﬁgéribe %}ﬁﬁnin;gpecif ??W#%@A aPF& %§'in t %5@ 1463
progr anmabl e st{emreesbondbingsigehbe scigpatecyinesefdn al ned dayepsegrmitiety of
the stemcells ma] liver tissue as well as the, tunour cegll |ine
HepG2, which vﬁbg"ﬁg?h uL’é?f%prBQFP?vﬁe@@nﬁ%cﬁ%e,ncﬁ r 6ﬂg|‘%?‘°é’xp§)as$ tlhtlﬁe
MRNA, as can berdsRaegnizednb¥msl el cDanRgs Fraghbft Caf bagy] - piyssrhatsasep,
synthetase 1: forward priner: 3135-3157 (correspondi ng gene sequence in

exon 1), revers¥®e JigHER: 48635-4613 (correspondi ng gene sequence in exon 2),

this results in an anplification fragnent of 4635-3135 = 1500 bp, see
Fi gure 4D.
This likewise hepatocyte-specific protein can only be

detected in the programmed hepatocyte (progr. hepatocyte)
and in the positive control from human liver tissue at mRNA
level by 444 bp band expression, whereas the programmable
stem cell (progr. stem cell) does not show this band, i.e.
the gene is not transcribed there, as can be seen in Figure
4D,

» Clotting factor VII: forward primer: 725-747 (corresponding
gene sequence in exon 1), reverse primer: 1289-1268
{corresponding gene sequence in exon 2}, this results in an

amplification fragment of 1289-725 = 565 bp, see Figure 4D.

As in the case of clotting factor II, alsoc this protein is
only transcribed in programmed  hepatocytes (progr.
hepatocyte) and in the positive control (human liver
tissue) (see bands at 656 bp), although weaker than
clotting factor II. Neither the programmable stem cell nor

the negative control (H,0) show this specific mRNA band.

» Glycerine aldehyde dehydrogenase: This gene, also referred
to as a "house-keeping gene" can be detected in every
eukaryotic cell and serves as a control whether PCR
amplification was properly carried out in all samples; it
is co-determined in parallel and results from the addition

of a definite quantity of RNA from the respective cell



The carbanyl phosphate synthetase | represents an enzyne specific to the
hepat ocytes, which plays an inportant role in the netabolisation of urea in
the "urea cycle". This detoxification function is guaranteébﬁﬁ&Pmectioning
hepat ocyt e igure 4D shows, both in the hepatocytes from

pr ogr anmabl Oﬁﬁgﬁhgélls and also in the positive controlggﬁﬂﬁﬁgﬁﬁ iver
tissue and the Hep&-tunour cell line), the nRNA bands (1500 bp) specific
to carbanyl phosphate synthetase | can q identified. The somewhat weaker
expression of tthe mRNA bands for the programred hepatocytes (progr.

hepat ocyte) is due to the lack of substrate available in the culture dish.
WO 03/ 083092 PERFEPOSL03279 -53- 4 Cotting factor I1: forward priner:

1458- 1481 (correspondi ng gene sequence in exon 1), reverse priner:

1901- 1877 (correspondi ng gene sequence in exon 2), this results in an

anpl i ficatidh Asagnegatiofe 1801t #458 Hs044hmples SEerdi gtimel#dhedld sy | tkew se

hepat ocyt e- spegj_f.i rot.ein n.only b et ed in the programmed .

hepat ocyt e (prgﬁﬁ?gﬁgﬁgéo%?t%§h & &%rnEthhigéﬁt'9en Bn??% a heRuitaRE I i ver
tissue at MRNARNRgveb hypdddibprband sxahessi duringerpas PCRe apaogbanEall e
stem cel | (progr.dsgentceil) oes not show this band, i.e. the gene is not
transcribed t héPeCHECERR %e(@&’é’h SEAVEF 9B eSOW e TOCORErRY fact or VI I ;
forward primer: 725-747 (corresponding gene sequence in exon 1), reverse

prinmer: 1289-1268 (correspondi ng gene sequence in exon 2), this results in
an anplification fragnent of 1289-725 = 565 bp, see Figure 4D.

Example 8
Production of skin cells (keratinocytes)

For the programming of dedifferentiated programmable stem
cells of monocytic origin according to Example 2 in skin cells
a conditioned medium was first generated. For this purpose, 1-
2 cm? of complete human skin was processed as follows.

The skin material was first freed from the subcutis under
sterile‘conditions. The tissue was then washed in total 10x
with PBS in a sterile container by vigorous shaking. After the
2nd washing, the tissue was again freed from demarked

connective tissue residues.

The skin material was then placed in a petri dish with a
diameter of 60 mm, mixed with 3 ml of a trypsin solution
diluted 1:10 with PBS_and cut into small pieces {approximately
0.5 to 1 mm®). After this, 3 ml of the trypsin solution diluted
1:100 with PBS was again added to the mixture and the mixture

was incubated at 37°C for 60 minutes with intermittent shaking.

The larger particles were then allowed to settle and the
supernatant c¢ontaining the keratinocytes was poured off and
centrifuged at 800 rpm for 5 minutes. The supernatant now

produced was pipetted off and the cell pellet was taken up in



As in the case of clotting factor Il, also this proteinis only transcribed
in programmed hepatocytes (progr. hepatocyte) and in the p@sitpiygg contr ol
(human liver tissue) (see bands at 656 bp), although weaker than clotting
factor 11. j he progranmable stemcell nor the ne i ro
(H20) ShOM/ﬁE*%mg%%%ifiC MRNA band. > d ycerine al dehyde 3gﬁ?§?§§gﬁése: Thi s
gene, also referred to as a "house-keeping gene" can be detected in every
eukaryotic cell and serves as a control_ ther PCR anmplification was
properly carried out in all sanples; it 71s co-determned in parallel and
results fromthe addition of a definite quantity of RNA fromthe respective
cel | 28 SEP 2006 YD 03083002 Epthe EPoBI®EETED compssitsanphed . ingubategatinve
control FQC)@@@@I e gl t.ame cQz.. def.erm ned | | .te If the
H20 i s not contan?%ﬁ?%% é?tgybéﬁﬁ,qﬁgléFH%F¥gi%§fglﬁ§g%?%§%%é Ed%??%g t he
PCR and no band 1is detectable (thus serves as counter-control). Exanple 8
Producti on of dratinegielgpowiikaedimnocytes) For the progranm ng of
dedifferentiated programmble stem c¢ells of nonogviic origin according to
Exanple 2 in skin cellls a conditioned nmediumwas fjrst genergted. For this
purpose, 1- 2 cnR of ¢&EAtiaecsteigiomiinmeditom K@ processed as fol llows. The skin
material was first freed fromthe subcutis under sferrle conditions. The

ti ssue was then washegDMEM otal lox wth PBS in a s%8bmnie contai ner by

vi gorous shaking. After thHe 2Znd washing, the trssS ™ freed from
demar ked Foetal Calf serum (FCS) 50 mi
Ham's F12 medium 11T mi

Penicillin (100 U/1)/Streptomycin (100 pg/1) | 5ml

solution
Insulin solution (cf. Example 6) 0.5 mi
Total volume 500 mil

The nutrient medium contained 5 pg of epidermal growth factor
{(for exact specification see Example 7) and 5 mg of
hydrocortisone (Ref. Merck Index: 12, 4828).

During the 15 days’ incubation period, the keratinocyte-cell-
conditioned medium KCCM formed as supernatant. The supernatant
was replaced with fresh nutrient medium after 2-4 days in each
case. The KCCM obtained during each change of medium was

subjected to sterile filtration and stored at -20°C.
1%10° dedifferentiated stem cells were then cultivated with 10
ml of a mediums of the following composition in a petri dish

(¢ 100 mm) or a culture flask.

Keratinocyte differentiation medium



connective tissue residues. The skin material was then placed in a petri
dish with a dianmeter of 60 mMmm mxed with 3 mM of a trypsin solution
diluted 1:10 with PBS and cut into snmall pieces (approxi r’rﬁt@@' B 5to1 mm
3). After thi of the trypsin. solution diluted 1:1 i was
again added“iéoos{aﬁ?é&m xture and the m xture was incubat edog?%];'}%“?zg? 60
mnutes wth intermttent shaking. The larger particles were then all owed
to settle and the supernatant contai ni_nget_be keratinocytes was poured off
and centrifuged at 800 rpmfor 5 m nutes.” The supernatant now produced was
pipetted of f and the ett—petet—was—taker—tp—-—28—SEP-2686—\\0 03/ 053092

PCT/ EP0O3/ 03279 -55- ?TKEJ . .U 1h | oM ng conposjtion and
i ncubated in petri o| s ngl%%ﬁqjﬁ%gfﬁa,m%r ays iin an | ncubptor at 37C.
Kerati nocyte grow h '%(Kerati nocyte grow h nedi g”T KGW :| DVEM 333.5 mi
Foetal Calf serum (F(QS) M __Hanis F12 medium 111399 FeniHvin (100

U 1)/ Streptonydn (10(‘ g/l) 5 mM solution Insulin golution (cf. Exanple 6)
0.5 mM Total vol ume [FotdiRpoltiea ChEampa® medi um cont®i®wed 5 j| g of epi der nal
grow h factor (for gxact specification see Exanplg 7) and 5 [rg of

hydrocorti sone (Ref. {Mpidehmal grdwihfact® (EGF828). During t#e 15 days' incubation

period, the keratinogyte-cell- conditioned medr um KCCMT or med| as
supernatant. The supgrigirénitisone 1mg
keratimocyte growth factor (KGF) | 25ng

Keratinocyte growth factor was used in a concentration of 25
ng/ml, as described by Finch et al., Gastroenterology 110: 441
{19%96).

After a few days a morphological change in the cells could be
cbserved. After 6 days the keratinocyte-specific antigens,
cytokeratin 5 and 6, which are both bound by the primary
antibody used, (Exp. Cell. Res. 162: 114 (198¢)) could be
detected (Figure 53). After 10 days a cell adherence of the
clearly larger individual cells already took place in culture,
which made it possible to identify a visible cell tissue

combination of confluent cells (Figure 5B).

Example 9
Production of insulin-producing cells from differentiated

programmed stem cells

The production of insulin-producing cells was conducted in
culture flasks with a volume of approximately 250 ml and flat
walls (175 cell culture flasks). Approximately 5 X 10% of the
cells produced according to Example 13 were suspended in

approximately 5 ml of the culture medium indicated below



was replaced with fresh nutrient nediumafter 2-4 days in each case. The
KCCM obt ai ned during each change of nedi umwas subjected o sSterile
filtration and stored at -20C. 1x106 dedi ffer enQifgr@dsst em cBT1 ¥ere t hen
cul tivat edd;é\é)hﬂgsjﬁgg m of a mediuns of the follow ng conpegiieiuzi®a a petri
dish (01 * a culture flask. Keratinocyte differentiation nedi um 26
SEP 2006 WD 03/083092 PCT/ EP03/ 03279 - 56 (Keratinocyte
differentiationnedi um KDV KCCM 100 nl_ gknsulin solution (cf. Exanple 6)
0.5 mM epidernmal growh factor (EGF) 1 ug Hydrocortisone | M
keratinocyte growmh factor (KG) 2.5 ug Keratinocyte growh factor was used
in a concent{&fifereptigtiongnediumfogednpiben Bgo%ﬁqkﬂg(gekﬂs),and after
Gastroenter 10 ( ) f f ey S p i.cal = change
in the Ce||§*%%§|§%%§°é§%§3r%§§$ EP?é?E%S%%yEM%%gak%?%??%ogg%g@%%e%?fﬁ%
anti gens, ®&ft oreitaren redamm. 6 Forhitdle aliéfboehtbatieh bgft hbepceldsy the
anti body used, 2: 4.(19 ). could be detecte Figure
5A). After %‘ gg{;)s(agr%:#c% e%%rjli(%e a0%1 %trﬁ%%ngggéa?ﬁgfllF%?%e%n iNdi Hﬂ‘%g %tel I's
al ready toolkipl3ale amd Gf tQze, which nade it possible to identify a visible
cell tissue conbination of confluent cells (Figure 5S). Exanple 9
Production of insulin-producing cells fromdifferentiated programed stem
cells Culture medium (modified according to Rameya V.K. et al.,

Nature Medicine, & (3), 278-282 (2000)):

RPMI 1640 445 ml
Foetal calf serum (FCS) 30 ml
Penicillin {100 U/1)/Strepto- 5 ml
mycin (100ug/l) solution

Nicotinamide _ 620 mg
Glucose 360 mg

Total volume 500 ml

The nutrient medium further contained the epidermal growth
factor in a quantity of 10 ng/ml and the hepatocyte growth
facter in a quantity of 20 ng/ml. _

Within the first hour the cells adhere to the bottom of the
culture vessel. The differentiation of the stem cells was
monitored by reférence to insulin production. For this purpose
the culture medium was changed at intervals of approximately 2
to 3 days, the cell supernatant was collected each time, and
frozen at =-20°C. The cells adhering to the bottom of the
culture flask could be detached by tryptinisation as described

in Example 2.

The insulin content of the supernatant collected at the
different times was measured by means of ELISA (Enzyme-linked-
immunosorbent-assay) against human insulin (Bruhn H.D., F&lsch
U.R. (Bds.}, Lehrbuch der Labormedizin: Grundlagen,



The production of insulin-producing cells was conducted in culture flasks
with a volune of approximately 250 m and flat walls (T75 Ci?# fﬂﬁ ture
flasks). Approximately 5 x 106 of the cells produced accord dJ Exanpl e

13 were su n ,n approximately 5 m of the culture girhpbdigashecat ed
bel ow 28 Ségﬁﬂg@ggﬂdle 91 WO 03/083092 PCT/ EPCB) 03279 ”? }Fg?l) {dtaerent i ation

medi um for insulin producing cells) and after being i nt roduced into the
flasks, mxed with a further 15 m  of _cukture nedium For the
differentiation of the cells, the flask5 were incubated in a horizontal
position in an incubator at 37C and 5% Coe. Cul ture nedium (nodified
accor di ng t ®irapeyhik: K Kbink . Pa‘qha:ﬁogpghmw ci hBexighbqd) , 278-I2¥RraLoey)) :

RPM 1640 4 oet Peni c g é;]cg
U 1)/ Strept g@@cﬁflg nyci rﬁ% %Ea%gﬁ%%l ﬁm C%Qamb%%ﬂ r%@nm&rﬁéose
360 ng Tot all19®6l)un§’a¢5008ﬁi) Ehd wotrpaead we’d]nutxhéubﬂ_hak coatdanmedf t bbe
epi der mal gr {o uant it f,10 qQcyt row h
factor in a %\g{(aln |t§ﬁof£§6u %ﬁ qu‘1re %u | H’IeF?F Eflosﬂ} %&a@: %ﬁ'xg §8§%$e to
t he bottonlmhv@hEeachbﬁuthevmasﬂmumTlmvamfdfﬂxﬁﬁuIﬂn @rodficthenstuebecells was
nmoni t ored by referenc in uct| For this the Iture
medi um was CRafged &° tHF@rviﬁg E‘é%d?o%ﬁ tidilPs, pricgu 98a§¥ thhe 8
super nat ant piesiteal liactiewk Qﬁﬁ¢t§é76$ differentiation increased after
14 days to 3 nU/ml, whilst no human insulin was detectable in
the control medium. The bars in Figure B each represent three
separate values each determined from three independent

individual experiments.

Next to the determination of the insulin production in the
deprogrammed stem cells, which were differentiated into
insulin producing cells according %to the invention, the
portion of insulin-producing cells were determined which still
expressed the monocyte~specific surface antigen CDl14 also 3
weeks after conducting the dedifferentiation. It was found
that on a great portion of these cells (about 30 to 40 %) the
monocyte-specific antigen CDl4 was detectable also after 3

weeks.

Example 10
Alternative method for the production of hepatocytes

from dedifferentiated programmable stem cells

As an alternative to the use of hepatocyte-conditioned medium
{LCCM), as described in Example 7, the differentiation of the
stem cells into hepatocytes was induced by the nutrient medium
(Ha)} indicated below. The production of hepatocytes from stem

cells in turn took place in culture flasks with a volume of



frozen at -20C. The cells adhering to the bottomof the <culture flask could
be detached by tryptinisation as described in Exanple 2. The |nsuI|n

content of the supernatant collected at the different tines SEPdlBur ed by
means of EL] me- | i nked- i nmunosor bent - assay) again sulin
(Bruhn H. D %ég%ggﬁy U PlI. (Eds.), Lehrbuch der Laborned?éln uh%lagen

28 SEP 2006 WD 03/ 083092 PCT/ EP03/ 03279 - 58 Di agnosti k, Klinik

Pat hobi ochem e [ Text book of Laboratory di ci ne, Principles, D agnosis,

Cl i nical Pathobiochemistry] (1999), Pagé&€~189) and conpared with the bl ank
readi ng of the nedium The results reproduced in Figure 8 show that the
cell's have amacheétatheynBx0 muin devy ef 1adf maliulKmTﬁPodth¢w¢tuﬁaeﬁlabms)days
in culture. JThe insulin quantit ced b the treat ed. he
course. of i FPRTPREPARIY T off | bt oBEad i+ 6P111a REGRIRS oPRRU RS T s
no hunman InSE&arﬁphwslﬁemtaathlrﬁ:ﬂdaiucbﬁe aoy r ebpr@tingve1ihes bails b8 I‘E'lhgure 8
each represent three arate val ues each determned fro éhree i hdependent
i ndi vi dual eXRREh 1&5& nefdite RdiGatefatide or (Have i[ﬂh tR5eT9R5d 88t i on

in the depr;ﬁmlamwreﬁblstﬁ §’@c£d:3ﬁhe§’)’m§rﬁ'ﬁmﬁf€ef“ Bé@ﬁ@ntlhaksgubéuomws%en
producing cells according to t i nvention he portion of

i nsul i n- prodf%ﬁﬁﬁfrcépﬁ@dméﬁéhdétéPﬁﬁh@H Wi eh of | prltusgmadism t for the
moNOCyt €- SPeg ## LSl %genaese' gem k452l $8e3 £1WRRKS yRkLE] Tneaﬁgeea' 2 ahe

dedifferentiation. It was foun that oh a great portion O ese cel

(about 30 t chagizmgniEle pogbhbeytin Fedincubatnri gensTO14andast dél=ect abl e aI so
after 3 weeks.

Differentiation medium for hepatocytes (Ha) (modified accor-
ding to Schwarz et al., "Multipotent adult progenitor cells
from bone marrow differentiate into functional hepatocyte-like

cells™, J. Clin. Invest., 10 {109), 1291-1302 (2002)):

RPMI 1640 445 ml
Foetal calf serum. (FCS) 50 ml
Penicillin {100 U/1}/Strepto- 5 nl

mycin {100ug/l) solution

Tetal wvolume 500 ml

The nutrient medium also contained fibroblast growth factor-4

{(FGF~4) in a quantity of 3 ng/ ml.

Within the first hour the cells adhere to the bottom of the
culture vessel. The differentiation of the stem cells was
nmonitored with regard to albumin production. Foxr this purpose
the culture medium was changed at intervals of approximately 2
to 3 days, the cell supernatant collected each time, and
frozen at -20°C. The cells adhering to the base of the culture
flask could be detached by tryptinisation as described in
Example 2.

The albumin content of the supernatant collected at the



Exanpl e 10 Alternative nethod for the production of hepatocytes from
dedi fferenti ated programmable stemcells As an alternative to the use of
hepat ocyt e- condi ti oned nedium (LCCM, as described in Exandl &5, e

differenti stemcells into hepatocytes was i W he
nut ri ent a,g; QJ(O% I ndi cat ed bel ow. The production of hepa o?:y gﬁs from
stem cells in turn took place in culture flasks with a volune of 2 0 SEP
2006 WO 03/083092 PCT/ EPO3/ 03279 - Bprom mately 250 ml and flat walls
(T75-cell culture flasks). Approxi rrate“l% 5 x 106 of the cells produced

according to Exanple 13 were introduced into approximately 5 ml of the
i nproved culdififerapdi tlhmeﬂdthwtmhmatlmbﬁﬂ—lmeadsfbﬁrﬁmmat (Emzymmdiinﬂmﬂer

hepat ocyt es) e nt roduc | nt fla xed

further ﬁg‘ogé%ﬁéﬁlg érr%%yb f%gr theatgi ?;eu%%ﬁ‘l at? Codr?ro ntghe eI I g t he
fl asks wer e pmtehaf edfi Beahymoluabommrmllncnn arml &n:domdib_@t (i]e) &thﬁiﬁzand
5% C02 D|fferent|at|on rredlu for. he ato di.fi ed accor-

Schwarz et &t 2Ll=NulPFpofdhe aﬁﬂ'flt fi’g %hbeaq E"sbq"r%r"’tﬁ‘r’n HeEHan %PFO&J‘

di fferenti atgedithe fumet lﬁmiltt@,eppi@gdﬁ@d I ke Efdbse, 9). skbin.tHawveshe 10
(109), 1291-1302 ,(2002)); RPM 1640 445 Foet a calf serum (FCS) 50Q ml

Penicillin @dumdnpraghghien of nrhe n?%lr%‘?' Aoy /ehe ssrdefortTéfakovéBune

500 m The nyyd eninnedida.reu%so Egﬁﬁﬁié@d Ebbrob! mste 19 OWEBR ERLHOr - 4 The
(FGF-4) in a gquantity of 3 ng/ :

measurements were carrled out on days 0 (blank reading of the
medium), 14, 21, 28 and 30 relative to the time of addition of
the Ha medium. The values determined in each case amounted to
ca. 5 ng/ml, 450 ng/ml, 425 ng/ml, 440 ng/ml and 165 ng/ml.
The bars in Figure 9 each represent three separate values each

determined from three independent individual experiments.

Example 11
Detetermination of the co-expression of albumin and of the
monocyte-specific antigen CD14 in hepatocytes derived from

dedifferentiated stem cells

The determination of the co-expression of albumin and of the
monocyte-specific antigen D14 in hepatocytes derived from
dedifferentiated stem cells was carried out on the one hand
by double-staining (&) and on the other hand by FACS analysis
(B}.

A) Stem cells according to the invention differentiated iato
hepatocytes according to Example 10 were cultivated on cover
glasses in a 6-well plate and fixed with methanol as described
in Example 4. A double-staining was then carried out, in order
to detect the simultaneous expression of the antigen CD14

(phenotype marker of monocytes) on the one hand and of albumin



Wthin the first hour the cells adhere to the bottomof the culture vessel.
The differentiation of the stemcells was nonitored with regard to al bum n
production. For this purpose the culture nediumwas changedZatSiPieh val s of

appr oxi mat e 3 days, the cell supernatant collected e, and
frozen at -W’"’?&uﬁgzcel | s adhering to the base of the cul tﬂ&@ﬁtwogs coul d
be detached by tryptinisation as described in Exanple 2. The al bum n
content of the supernatant collected at the 26 SEP 2006 WD 03/ 083092

PCT/ EP03/ 03279 - 6 0 - different tinmes Wds measured by neans of ELISA

(Enzynme-1inked- imunosorbent-assay) for human al bum n (according to the

protocol of Bdieylspabdfbd aidafiserd)neon 8Ad acker diaigi.to Schwarz et al., |oc.
cit.) and conpared with the blank reading of the nmedium The results
presented in Figure 9 show that the al bum n production of the cells during

the period of ¥brt 0t28s dawuspbBeCUbhdr ec&BI®I NRskrAPPFPEUTBLIRINHERBEL agk. The
measurenents were carried out on days O (bl ank reading of the_ mediun, 14,
21, 28 and 30 FES8EiLP8t ot hEXPTRES off atHFR i Gn BYiM3HE PATAREIVIM2IMHESTal ues

deternined in eagRnCasEaBUN(gditds pag 5¢5‘19/ﬁﬁhma145glﬂg{nm1% 425 Hohnkp 440
ng/mM and 165 ng/m . The bars in Figure 9 each represent three separate

val ues each détiduiigad inr GRS hrisd lowdegeade@nshingi vebal terpeelAentere
Exanpl e 11 Det g4k m At - X o 2l g L
nonocyt e- speci 19% %nan{[?%en 8%’14%% %gpg@oﬁﬁésq@eﬁ v%d fr S%dgggdi te?%ﬁ?’i at ed
stem cel | s The ngetser anhatiah, ofhidle kindsx phes ghidneaf pid bamt Yo sof aflke
in a 1:50 dilution in PBS. The staining process was then
carried out according to Example 4 using the method of

Cordell J.L., et al. {lecc. cit.) with APAAP red complex.

For the second staining step, the cells were then incubated
with the primary antibody, mouse anti-human-CD14, and
following a washing step according to Example 4 stained
with the ARBC Streptavidin KIT of Vectastain (Vector) using
the method of Hsu, S.M., et al. "The use of antiavidin
antibody and avidin-blotin-peroxidase complex in
immunoperoxidase technics™ Am. J, Clin. Pathol. 75 (6):
816-821 (1981) with dem DAB-Complex (brown) (Vector

Laboratories).

Nucleus counter-staining with haemalaun was then carried
out as described in Example 4, followed by embedding in

Kaiser's glycerol gelatin.

The results are shown in Figure 10. The figure shows the
expression of the antigen CD14 as brown color, which slowly
decreases parallel to the morphclogical transforfnation of
the cells into hepatocytes, whilst the albumin expression
as red color increases with the increasing maturation of
the hepatocytes. Picture No.4 in Figure 10 shows the cells

after three weeks’ stimulation with the hepatocyte-



nmonocyt e-specific antigen CD14 in hepatocytes derived from dedifferentiated
stemcells was carried out on the one hand by doubl e- stalnln %ﬂﬁ on
the other hand by FACS analysis (B). A Stemcells bﬁéﬁ?d%ﬁg to t%
invention digfid &gkt ated into hepatocytes according to Ex Foshhyere
cultivated on cover glasses in a 6-well plate and fixed wth nmethanol as
described in Exanple 4. A double-staining was then carried out, in order

to detect the simultaneous expression of the antigen CD14 (phenotype marker
of nonocytes) on the one hand and of albudftin 28 SEP 2006 WO 03/ 083092

PCT/ EPO3/ 03279 - 61 (liver-specific marker) on the other hand. For this
pur pose the celacadjeiengd reediympubat ed as described in Exanple 4 with a
primary antibody agai nst human al bumin (guinea pig vs. human albumn) in a
1:50 dilution in PBS. Followi ng a washing step, the cells were then

i ncubat ed f @) Faralhales wiitthh atlsecondabye anmalrddyg, noute anstemat cebMbich

bi nds the gui ne i I es in.a 1:50 dilution in PBS. The

st ai ni ng proce§@f%§gePﬂ%ﬁ ega???%gﬁﬁﬂ?t%ﬁﬁﬁﬁﬁﬂ%ﬁfoFglﬁﬁa | $hF §§Wﬁﬁtﬁﬂ8

nmet hod of Cordelre J.dubj&itad . {bOoC.Fagist . ) (Middr«APAABeFa8t CoaREEX. cBRL the
second staining ste the cel]s were then incubated wth the primary

ant i body, nnuséQ§ﬁEBQhuﬁ%%lxiﬂﬁ- and followi ng a washing step according to
Exanple 4 stained wth the ABC Streptavidin KIT of Vectastain (Vector)
using the nmethod of Hsu, et al. "The use of antiavidin antibody and

avi di n- bi ot i n- %}eoﬁrtaa?séeééﬁpﬂeifwﬁn’qwﬁlopet@xhaag’@ocﬁm.womﬁcpga todin.

Pathol. 75 (6):the invention according to Example 10 were first harvested
by mechanical detachment of the cells from the culture
flask using a cell scraper. The cells were carefully rinsed
from the flask with PBS and washed twice, each time in 10
ml of PBS-solution. For this purpose the cell suspensions
in the PBS solution were introduced into a 15-ml centrifuge
tube and precipitated at 1600 rpm. The resultant cell
sediment was diluted with PBS, such that exactly 1 X 10°
cells were present in 100 upl PBS.

10 pl of each of FITC-marked anti-CD14 antibodies (BD
Pharmingen) or FITC-marked anti-albumin antibodies
(Beckmann) and FITC-marked non-specific IgGl mouse anti-
human antibodies were then added to this cell suspension.
After an incubation pericd of 20 minutes the cells were
resuspended twice in 500 pl PBS and each precipitated for 5
minutes at 1600 rpm and then finally taken up in 200 nl
PBS. After resuspension of ¢the cells, fluorescence was
measured with a BD TFACScalibur flow cytometer from the
company BD Biosciences (Franklin TLakes, NJ) (cf. Bruhn
H.D., F&lsch U.R. (Eds.), Lehrbuch der Labormedizin:
Grundlagen, Diagnostik, Klinik Pathobiochemie [Textbook of
Laboratory  Medicine, Principles, Dlagnosis, Clinical
Pathobiochemistry], 395-403 (1999); and Holzer U. et al.,

"Differential antigen  sensitivity and  costimulatory



816-821 (1981) with dem DAB- Conpl ex (brown) (Vector Laboratories). Nucleus
counter-staining with haemal aun was then carried out as described in
Exanpl e 4, followed by enbedding in Kaiser's glyckfSEPdMiatin. The results

are shown i ' 10. The figure shows the expression o
as brown co&é‘??%ﬁz {’Cyﬁ

Lgen CDl14
I'Ch slowly decreases parallel to the norp ’gﬁ’é’g?%:%

transformation of the cells into hepatocytes, whilst the al bum n expression
as red color increases with the increasi mat uration of the hepatocytes.
Picture No.4 in Figure 10 shows the cell after three weeks' stinulation

wi th the hepatocyte 29 SEP 2006 WO 031083092 PCT/ EP03/ 03279 - 62 -

condi ti oned nedremirmeRasalinel hwsiarh Thie adaliblie? nankigen-diecistieman (49

differentiated jnt.o hepatocyt.es_a rdi ng.1o,the Lnventjo suhj.ect ed
to FACS (fl uor eésezielnsce‘"ilg%i isvlérilg‘&rcgﬁg 3363%%%9)951%%%?%1: %}@l\’se(ém g'gfss
differentiated 123 (xpa)ocyrae acsbuakiing toF thberkBVRdsi V8s acHOriHA @uito

Exanpl e 10 were fjirst harvested chani cal detachne of the cells from
the cul ture flﬁ%’t{l%si%a EIIPSQ%\{ap .MDFhePEQIg@mV\/eWéEEarE? ¥]NGS ndd

fromthe flask waddue2BS g, wased &wi cerreagh tdy®neRri@ MnaQfsis of
PBS-solution. For this purpose the cell suspensions in the PBS solution
wer e i nt roduced-iftsdigals. dntEenepi thgyealt ydomphacypkesi pit atdd Badelso®E pm

The resul tant Cldyn @fmcggfszndhié'ﬁ@ 2l vPBGe oRUE Ryt BBt (graciinibox 105

oefREH1 R
cells were present 1n 100 p
(2000) .

The resulits of the FACS-Analyse are reproduced in Figure
11. The figure shows the expression of the CDl4 (top row)
and of the albumin antigen (bottom row), which was measured
in dedifferentiated monocytes {left-hand coclumn) and in the
stem cells differentiated intoc hepatocytes according to the
invention (right-hand column) . In dedifferentiated
monocytes a strong expressiph of CDl4, but no expression of
albumin could be detected,. whilst in the hepatocytes
developed from dedifferentiated monocytes a  weaker
expression of the CDl4 and a very strong expression of the

albumiﬁ was detectable.

Example 12
In vivo use of dedifferentiated programmed stem cells of

monocytic origin

In order to c¢larify, to what extent the programmable stem
cells in vivo after injection via the portal vein into the
liver of a genetically identical recipient animal undergo a
specific differentiation via the signal-providers present in
the liver, livers of female LEW rats were first treated with

retrorsine, in order to inhibit the hepatocytes present in the



10 ul of each of FITC nmarked anti-CD14 anti bodies (BD Pharm ngen) or
FI TG marked anti-al bum n antibodies (Beckmann) and Fl TG narked non-specific
| gGl nouse anti- hunman anti bodi es were then added td AR | suspensi on.

After an in period of 20 mnutes the cells were r 24 twce
I n 500 pl w%%g@éch precipitated for 5 mnutes at 1600%%’%%"% hen

finally taken up in 200 }il PBS. After resuspensmn of the cells,
fluorescence was neasured with a BD FAC% i bur flow cytoneter from the
conpany BD Bi osci ences (Franklin Lakes ? {cf. Bruhn H.D., Folsch UR
(Eds.), Lehrbuch der Labornedizin:" Gundl agen, Diagnostik, Kl i ni k

Pat hobi ochenl &ve:Texl boak pﬁrenab;nnat oeyldkdregaedimiy i hhepkeproDi figrosicn

Clinical Patho che 395:-403 (1999),. and .Hol zer t .
"Differential® Hfa]h‘foc enRg It)gd\%“?y Bnd Sostt mul&F e §§I§r2g6%gjvﬁlver
03/ 083092 PCHé;ERﬂfdM?%y -tx&&spuaﬁﬂatiaasrerﬁﬂs v 1laeain h’ébhtaaﬁté&lan rats
anti gen- speC| fic l.ls wwth simlar. TCR av I munol . 170
() 21015 " TosAFierb oo TRRECETATA R i PoRG-r 1331 1 819 DR out
usi ng the Mcrosoft WnMJI programwi th reference to Mirquez MG, et al.

"Flow cytonetric analysis of intestinal intra-epithelial_l yrrphocyt es in a
model of i nfRfodEtTi HESPITE Widtear Bl s rateyt sReeryedl 39) .M 158 2%khe

(2000). The 5] 1552 1Qf1 rleh 6 HAGS AN 8l 450131 B!, €A @H%@Ei '1@1t'i‘aﬁlé£§toééali5}‘e
figure shows the expression of the CDl4 (top row of the albumn

anti gen (bot¢w e ow)thimi di v@%ymag@bmuamtl&ecﬁﬁ f Bﬁﬁnmeéﬁé‘@lmnmiyti‘é’ée
(left-hand Cf&%ﬁ?@ EE%E%éBtES this way was carried out, followed by the

administration of 5 x 10° of the programmable stem cells in 1lml
PBS into the'portal vein of the remaining reéidual liver. The
stem cells had  been obtained, as described in Example 2, from
mdnocytes of male LEW rats. Five days after administration of
the stem cells a punch biopsy of the liver was carfied out for
histological assessment of the liver and to detect the cell
types differentiated from the stem cells by means cof
fluorescence-in~situ-hybridisation . (FISH) with Y-chromosome-
specific probes, as described in detail in Hoebee, B. et al.
"Isolation of rat “Chromosome—specific paint probes Dby
bivariate fl&w sorting followed by degenerate oligonugleotide
primed-PCR." Cytogenet. Cell Genet. 66: 277-282 (1994) .

Figure 7A shows the Y-chromosome-positive (red points in the
cell nucleus) hepatocytes derived from the male I;EW stem cells
on the "5th- day after intraportal injection into retrorsine-
pretreated 80%-resectloned llvers of female recipient animals.
The selective removal ‘of the same liver on day 25 after stem
cell injection shows the differentiation of the stem cells
into hepatocytes, endothelial cells and bile duct epithelia
(Figure 7B). At this_point in time, the liver has already
reached its normal size, and >96% of the cells have a Y-
chromosome. From thié, it can be concluded, that the\injected

syngenic programméble stem cells of monccytic origin - are



stemcells differentiated into hepatocytes according to the invention
(right-hand colum). In dedifferentiated nonocytes a strong expression of
CD14, but no expression of albumn could be detecﬁﬁg§P .l st in the
hepat ocyt es ed fromdedifferenti ated nonocyt ression
of the CDl14 vgﬁgé’@is%ry strong expression of the albumn vva?i@{g?%@?gbl e.
Exanple 12 in vzvo use of dedifferentiated programed stemcells of
nonocytic origin In order to clarify, to at extent the programmable stem
cells in vivo after injection via the porPal " vein into the liver of a
genetically identical recipient aninmal undergo a specific differentiation
via the signekppbbei der sripreserft éffeditinphe | completd vesscafatfiomler LEW rat s

were first t d wih_ _retrorsine,..in_order to [ nhibit_the hepafocytes
present in tag%%%onﬂﬂ d@?&ﬁﬂ@’f %?F%P@%/ ogé%r%ﬂél F]i}%‘i’sp (%} veris
parenchyna cebhsgctibgarihaKagian-Mpieli defaiv0n cialdsvithkd( Bet. gkeg®Nesr E. |
et al. "Long- ergg Qfagﬁtégéﬂ | iver reglacenent by transpl antation of

i sol at ed hepdtGeyYres TS YPesid Wirrrated r dresilpdenim rats paehlowss
319-329 (1998}hinFotrdtich R RAELOEIENS BN 0% 1868V EdsecBy Of the
pyrrolizidine alkaloid retrorsine, injected intraperitoneally twi ce within

14 days. Subsequently an 80% resection of the Ilivers treated in this way

was carried eyt, ikt o8edobyhde Ad0 NI stEat 1030
programmabl e stemcells i% %ﬁl F];BSG]:lggnltr}'(%;%%3 gi Sglrﬁt %Ifrm\?’g}{ﬁ gﬁﬁfﬁeﬁﬁéﬁe&i tn]?‘eng
.residual |iv¢emplake metabolic functionality of the long-term surviving

stem—cell~treafed animals (Figures 7D and 7E).

Example 13
Propagation and dedifferentiation of monccytes in cell

culture flasks

Cultivation and propagation of the monocytes on the one hand
and the dedifferentiation of the cells of the other side on a
larger scale were conducted in culture flasks in the same
nutrient medium, which was also used for the cultivation in
well-plates (cf. Example 2). The nutrient medium containt 2.5
1g/500 ml M~CSF and 0.2 pg/500 ml interleukine 3 (IL-3).

The monocytes isolated in Example 1 were transferred to the
bottom of culture flasks having a volume of 250 ml and flat
walls (T75-cell culture flasks). About 10 times x 10° cells
were transferred into each flasks and were each filled up with
20 ml of the above indicated nutrient medium. The
determination of this cell number for the exact dosing per
flask was carried out according to known procedures, cf. Hay
R.J., “Cell Quantification and Characterization” in Methods of
Tissue Engineering, Academic Press (2002), Chapter 4, pages
55-84.



stem cel | s had-been obtai ned, as described in Exanple 2, from nonocytes of
mal e LEWrats. Five days after admnistration of the, stemcells a punch
bi opsy of the liver was carried out for histological assessnent of the

liver and to detect the cell types differentiated fromthe stemcells by
nmeans of flygpesseace-in-situ-hybridisation .(FIS}BS&W?%B?&@E@Qﬁﬁ me-
specific probes, as described in detail in Hoebee, B. et al. "lsolation of
rat chronosone-specific paint probes by bivariate flaw sorting followed by
degenerate ol igonucl eotide primed-PCR " togenet. Cell Genet. 66: 277-282

(1994). Figure 7A shows the Y-chronosone-positive (red points in the cel
nucl eus) hepatocytes derived fromthe male LEWstemcells on the 5th day
after intraportal injection into retrorsine- pretreated 80%resectioned

livers of fepgple recipi.ent ani S. . The selecti,ve remval ,of the, s liver
on day 25 af t&F %ﬁé%nd%égpFeiﬁ?g%%?cﬂggﬁuﬁﬁgukﬁgeﬁif?é%QHﬁQQ5Ha3HrOFttﬁgg§ten1
cells into bepat apytas Afeagokhehddts,cedHes candsbséet ik tatephiechbbi@om (&£ gur e

7B) . At this point intinme, the liver has already reached its nornal size,
and 500% of LR LIS hibe aus??rw%g@r?e?e@%ﬁgt%wYﬁecegﬁ B8Yc8RTI uded,

that the injegéefhasiggRmeCcRERYEANTRD WG 13t et el Foedi APNGEHE GeBiuML N are
2 0 SEP 2038 WO 031083092 PCT/ EP03/ 03279 - 65 capable in vivo, of

effecting a conplete restoration of the Iliver with normal netabolic

function. Fi gHr@ay G ,Shows t1BskBi fer& OPNAG QRitheyiap! i eires sdEN| val
curves (n~4 per group) of stemcell-treated versus untreated recipient rats
foll owing adftarstiativdaients Bedbusihrd RIEVE0UslY viepen axikattend. offe

function parﬁgsﬁefﬁé*¥ﬂééyébiﬁeé@ﬂy?ﬁyiﬁﬂé%ﬂi§H%Lr8rEBﬁbééHi which did nct
adhere to the bottom of the flasks. The cells growing adhere
to the bottom of the flasks were subsequently removed from the
bottom of the flasks with a steril cell scraper. The separated
cells were now removed from the flasks by rinsing with PBS and
were pooled in a 50 ml Falcon tube and were centrifuged at
1800 rpm for 10 minutes. Thereafter, the supernatant was
discarded and the sediment was resuspended in fresh RPMI 1640
medium {2 ml/10° cells),

This cell suspension could be used directly for

differentiating into various target cells.

Alternatively, the cells were mixed with DMSO/FCS as freezing
medium after centrifugation and were deep-frozen at a con-

‘centration of 10%/ml.

The freezing medium contained 95% FCS and 5% DMSO. About 10°
cells were taken up in 1 ml of the medium and were cooled

following the subseqguent steps:

30 minutes on ice;

2 hours at -20°C in precooled styropor box;

24 hours at -80°C in styropor;

stored in tubes in liquid nitrogen (Nz) at -180°C.



conpl ete nmetabolic functionality of the |ong-term surviving
stemcell-treated animals (Figures 7D and 7E). Exanple 13 Propagation and
dedifferentiation of nonocytes in cell culture flasks Cultivatipgg
propagation of the nonocytes on the one hand and the dedifferentiation of
the cells of the other side on a |argerg$cale were conducted in culture
flasks in the same nutrient nmedium which was al so used for the cultivation
in well-plates (cf. Exanple 2). The nutrient mediumcontaint 2.5 pg/500 m
M CSF and 0.2 pg/500 m interleukine 3 (It-3). The nonocytes isolated in
Exampl e | VieldEMEr ansferred to the bottomof culture flasks havi ng a vol une
of 250 m and flat walls (T75-cell culture flasks). About 10 tines x 106
cells were transferred into each flasks and were each filled up with 20 n

of the above Processdbethenpitoduetidn odedifferehtigtedd Fsramneibile Btedd célldi 6F cel |
nunber for the exact dosing per flask was carried out according to known

pr ocedur es, human mapocyticoriginceharagierizediim 4hpbn and Characterization" in
Met hods of Tissue Engi neering, Acadenm c Press (2002), Chapter 4, pages
55-84. WD 03/083092 2 Q SEP 2006 PCT/ EP03/03279 - 66 The cell culture

flasks wer ey ReNGG &b 136latddChRAAO bR q?@ 6 oﬁégqat&l (P Suitlé @Ot hours,

the cells séttled’at the bottomof the f asl';s he supernatant was renoved
every secormediam, avhich cortainsdbe celdargeandh fadtot MdCSIFt h 20 ml fresh nutri ent
medium On day 6, the flasks were rinsed twice with 10 ml PBS each, after
the nutrient nmedium had previously been pipetted off fromthe flasks.

Hereby,  al | pyohbl Moty fes SRR RAatdN SIS with or subsequently to step a)

in a culture medium containing IL-3; and

c) the human adult dedifferentiated programmable stem cells are obtained by
separating the cells from culture medium.

2. Process according to claim 1, characterised in that a mercapto compound is
further added to the culture medium in step b).

3. Process according to claim 2, characterised in that a mercapto compound is

" used, in which at least one carbon group is bonded to the sulphur, and wherein
the hydrocarbon group(s) may be substituted with one or more further functional
groups.

4. Process according to claims 2 or 3, characterised in that the mercapto

compound is 2-mercaptoethanol or Dimethylsulfoxide.

5. Process according to claims 1 to 4, characterised in that subsequent to
step b) and before step c) the cells are contacted with a biologically acceptable

organic solvent;



adhere to the bottom of the flasks. The cells growi ng adhere to the bottom
of the flasks were subsequently renoved fromthe bottomof the flasks with
a steril cell scraper. The separated cells were now renoved frpgip jygs f1 asks
by rinsing with PBS and were pooled in a 50 m Fal con tube and were
centrifuged at 1800 rpmfor 10 m nutes. g eafter, the supernatant was

di scarded and the sedi ment was resuspended fresh RPM 1640 nedium (2

m /105 cells). This cell suspension could be used directly for
differentiating into various target cells. Aternatively, the cells were

m xed wi t h Gpeyesegcerrdingdeslaim Snehpnacterised m&hatthmg@iqgmﬂund wer e

05t Fos. and B BREQToalE T EhLS riaird ot 1 BIBRGESERS 1 o™ he e um

and were cool-ed follow ng the subsequent steps: 30 mnutes on ice; 2 hours
at --20C in precool ed styropor box; 24 hours at -80C in styropor; stored in
t ubes in | iZyirdcessacoeding KXlaiat 6, dsaactedsedin that thealcchaliisrethanol. Pr ocess
for the production of dedifferentiated, programmable stemcells of hunman
nonocytic origin, characterized in that a) nonocytes fromi sol ated human

bl ood are I ns the
cel | ul ar g%ﬁﬂ%ﬁ?gﬁrﬂ@(@%ﬁ@? §ﬁevn%%@ﬁg§gg§ghgﬁﬁﬁﬁba§§ ag'}em“ t aneously

with or sulizeagidrintoycdntacttveiph #)e vapoun phasé of thesidiogitaltp at@eptablg otdariic and c)

t he human as%wetnt dedifferenti ated progranmable stemcells are obtained by

9. Process according to claims 1 to 8, characterised in that the cells are

suspended in a suitable cell culture medium subsequent to step c).

10. Process according to claim 9, characterised in that the medium is RPMI or
DMEM.

11. Process according to claims 9 or 10, characterised in that the medium
contains a cytokine or LIF.

12. Process according to claims 9 to 11, characterised in that the cells are
suspended in a liquid medium and subsequently deep frozen.

13. Process according to claim 12, characterised in that the medium is a cell

culture medium.

14. Dedifferentiated, programmable stem cells of human monocytic origin,
characterised by the membrane associated monocyte-specific surface antigen
CD 14 and at least one pluripotency marker selected from the group consisting
of CD117, CD123 and CD135.



separating the cells fromculture nedium 2. Process according to claima1,

characterised in that a nmercapto conpound is further added to the culture
mediumin step b). 3. Process according to claim2, characterised in that a
mercapto conmpound is wused, in which at le sgt one carbon gr ozg{s@ bonded to
t he sul phur, and wherein the hydrocarbon 3r oup(s) may be su #Bd with

one or nore further functional groups. 4. Process according to clains 2 or
3, characterised in that the nmercapto conpound is 2-mercaptoethanol or

D net hyl sul foxi de. 5. Process according to clains 1 to 4, characterised in

that subsegt®rtharpaceytics! gompesitionreentairing she dedifferentiated, pregeommableed wi t h

a bi ol ogi caétéﬁz' &ﬁgggé&@ilﬂgrmgkgﬁ '4: sol vent. 28 SEP 2006 68 6. Process

according to clalmb; a €d in that the biologically acceptable
organi c solvent is an alcohol with 1-4 carbon atons. 7. Process according to
claim®6, characterised in that the alcohol is ethanol. S Process according

to clai ns 5L8dJsg ofcihardegiffarpgiéated nprogrammablecstemscells accdrdimgtiotclaimsdl4c ont act
with the v of .t biologically acceptable organic solvent. 9.
Process ac%Eﬁf@gﬁge{@r%tﬁgﬁia?@E@gegﬁﬁﬁ’édpé’l’tféed inthat the cells are
suspended in a suitable cell culture nmedium subsequent to step c). 10.
Process according to claim9, characterised in that the nediumis RPM or
DVEM 11. Fdddsesacgording imglairo 16, eharacteviseddn thiakr act eri sed in that the

medi um contains a cytokine or LIF. 12. Process according to clainms 9 to 11,
characterised in that the cells are suspended in a |liquid nedium and

subsequent | f tot I laim 12, characterised
Tn that theniDg e ESRAI the dRFEATaREE CER Serlshet)
b) the target cells and/or fragments thereof are obtained from the crushed
tissue;

c) the target cells and/or fragments thereof are incubated in a suitable culture
medium;

d) the supernatant of the culture medium is collected during and after incubation
as target-cell-conditioned medium; and

e) for the reprogramming/differentiation of the stem cells into the desired target
cells, the stem cells are allowed to grow in the presence of the target-cell-
conditioned medium.

18. Use according to claims 16 or 17, for the production of adipocytes, of
neurons and glial cells, of endothelial cells, of keratinocytes, of hepatocytes or of

islet cells.

19. Process for the production of transgenically modified dedifferentiated
programmable stem cells of human monocytic origin, characterised in that
cells produced according to claims 1 to 13 are transfected with one or more



14. Dedifferentiated, programmble stemcells of human nonocytic origin,
characterised by the nenbrane associ at ed nonocyte-specific surface antigen
CD 14 and at |east one pluripotency nmarker selected fromthe group
consisting of CD117, CD123 and CD135. 6 9 28 SEP 2006 15. P euti cal
conposition, containing the dedifferentiatgd, programmable 2s S
according to claim14. 16. Use of the dedifferentiated, programmable stem
cells according to clains 14 for producing target cells and target tissue
invitro, 17. Use according to claim 16, characterised in that a) the tissue
cont ai ni ng ¥M€5desired target cells is crushed; b) the target cells and/or
fragnments thereof are obtained fromthe crushed tissue; c) the target cells
and/ or fragments thereof are incubated in a suitable culture medium d) the

super nat ant2®fSteimecetls lateoreinged dlaini 34,cclidractadsald in tiabtie af ter incubation
as target-cel|-conditioned nedium and e) for the

r epr ogr anmi 4e§iftarentéatedt programmable siemsealimace Irapsgenically maodiied byd t ar get
cells, the el | 0 grow in the presence of the
t arget - cel |tf5@g%@§bi‘§ﬁﬁéﬁ%§hhﬁf§%f§&we according to clainms 16 or 17, for

t he production of adipocytes, of neurons and glial cells, of endothelial
cells, of keratinocytes, of hepatocytes or of islet cells. 19. Process for
t he pr oduct2brCampasitiovsepniaiving gedifferiehtiateddprtigrimmahie steadcelisrazgoraingbl e

stemcel |l s ,of , hu cytic. origin, characterised in that cells produced
accordi ng t®8 C@I@gﬁ@ W'”X%SQF%I?MQN ed with one or nore 7 0 28 SEP 2006
genes. 20. Stemcells according to claim 14, characterised in that the

dedi fferentiated, programmable stemcells are transgenically nodified by
22, Use of the dedifferentiated, programmable stem cells according to claims 14

or 20 for the preparation of a pharmaceutical composition for the treatment of

liver cirrhosis.

23, Use of the dedifferentiated, programmable stem cells according to claims 14
or 20 for the preparation of a pharmaceutical composition for the treatment of
pancreatic insufficiency.

24, Use of the dedifferentiated, programmable stem cells according to claims 14
or 20 for the preparation of a pharmaceutical composition for the treatment of

acute or chronic kidney failure.

25. Use of the dedifferentiated, programmable stem cells according to claims 14
or 20 for the preparation of a pharmaceutical composition for the treatment of

hormena! under-functioning.

26. Use of the dedifferentiated, programmable stem cells according to claims 14
or 20 for the preparation of a pharmaceutical composition for the treatment of

cardiac infarction.



transfection with one or nore genes. 21. Conposition containing

dedi fferenti ated, programmable stemcells according to clains 14 or 20 in a
suitabl e medium 22. Use of the dedifferentiated, progranmable stemcells
according to claims 14 or 20 for the prephration of a phar rraczegnggzgdgﬁ
conposition for the treatnent of |iver cirrhosis. 23. Use of

dedi fferenti ated, programable stemcells according to clains 14 or 20 for

t he preparation of a phar maceuti cal composition for the treatnent of
pancreatic _insufficienc 24. Use of the dedifferentiated, gogrammbl e stem

cel I's accoldr Hge phthe deditferentiatad, programmable pieapsellstacsarding to ghimsrideut i cal

of he dedlt Pofere drefatBE or S phefindt €l El PR tart i 3R ' RlmEhot e 14 or
20 for the mm\aménmongﬁsa pharmaceutical conposition for the treat msnt of

hor nonal under functioning. 26. Use of the dedifferentiated, progranmable
stemcells according to clains 14 or 20 for the preparatlon of a

phar maceut Lga 0S| '. n f the treat nt of iac.infarction, 71 28
SEP 2096 ;$ bég% @%‘fg @&??F&CQH‘BQ@W&&P [%Ft(‘?a? I‘dg@%{:ﬁ €8s 4 ccor di ng
to clains 3142019(5 tAQ dreparkhsn BF 9 PGt tion for
the treat nent of ' puﬁrn%%argng gml’agﬁr;g@éut%l&e ofm‘?ﬁgjﬂgedlf gﬁgﬁtﬁ?ﬁat ed,

pr ogr ammab$tsoks.em cel | s according to claims 14 or 20 for the preparation of

a pharmaceutical conposition for the treatnment of stroke. 29. Use of the
dedifferenti ated, programmable stemcells according to clains 14 or 20 for

th Ki
danage. 3020t E5e o tfe BefrERrBted, ProdigfReatic ot Callc dRBrn B FRlhs 4 511
to clains 611420 <ﬁmr th@ greparatien }mfan:draamwoeutmhl eommmwttheaﬂeamemaﬂ tion

suitable for the in vivo
skin damage.

30. Use of the dedifferentiated, programmable stem cells according to claims 14
or 20 for the preparation of a pharmaceutical composition suitable for the /7 vivo
production of target cells and target tissue.

31, Differentiated, isolated, somatic target tissue and/or cells from somatic
target tissue, obtained by reprogramming the stem cells according to claims 14
or 20, characterised by the membrane-associated surface antigen CD14,

wherein human monocytes are excluded.

32. Somatic target cells and/or target tissue according to claim 31, selected from
the group consisting of adipocytes, neurons and glial cells, endothelial cells,
keratinocytes, hepatocytes and islet cells.

33. Somatic target cells and/or farget tissue according to claims 31 or 32,
characterised in that they are transfected with one or more genes.



production of target cells and target tissue. 31. Differentiated, isolated,
somatic target tissue and/or cells fromsomatic target tissue, obtained by
reprogramm ng the stemcells according to clains 14 or 20, cggagg@@@@§ed by
t he menmbrane-associ ated surface antigen G314, wherein human are
excluded. 32. Somatic target cells and/or target tissue according to claim
31, selected from the group consisting of adi pocytes, neurons and gli al
cells, endothelial cells, keratinocytes, hepatocytes and islet cells. 33.
Somati c target cel I's and/ or target tissue according to clains 31 or 32,

char act er i saft ImplpRtable Maleriaiecoatad yikcihelagiffareniiated, piagrampgahiessteme 2 o

or ogr ammal €915 AR Haf 1 S P bPo0 of % Smitic Brbp oS Snalf ERich bRt | o et

cells and/ oaccbpmggttogqstam according to 31 to 33. 35. Inplanted materials
according to claim 34, characterised in that the materials are prostheses.
36. Inplantable materials according to claim35, characterised in that the

o1 ost hoscs, SBonaoeafey TaldBR IS ARd I Rh 34 bhathrterBuibtat g™ Yoo

characteri sgﬁtérmgg,@t rbgmésgge artificial and/ or biological carrier
mat eri als, which cont al n the dedifferentiated, progranmable stemcells

according to clainms 14 or 20 or the target cel I's accordi ng to clainms 31 to

33. 38. Inmplantable terlal accordin 0 c¢laim37, characteris d in that

the carri e%gné'[@'lafﬂé\ ﬁ@cwd'ﬂﬂéaﬁg'@angWPﬁ?FWlﬁﬁﬁhﬁT € he human

body. ~ 39, _pRRtfleds leéte P She BB PrBid of LA vl eiepont & ne
a| m fo on a

i slet cell s ccordi ng rmaceut i cal

construct sprdsEHElses, ticme-uad]amtpmsahiésem cial islet cell portcharrber for the
supply of insulin. 40. Use of a bag or chanmber according to claim 38, which
contai ns adi pocytes according to claim32, for the production of a

phar maceuti g3l 1 GORREIHE hatdMHIS tharacterised in that they are artificial and/or
biological carrier materials, which contain the dedifferentiated, programmable

stem cells according to claims 14 or 20 or the target cells according to claims
31to 33.

38. Implantable materials according to claim 37, characterised in that the
carrier materials are bags or chambers for introduction into the human body.

39. Use of a bag or chamber according to claim 38, which contains islet cells
according to claim 32, for the production of a pharmaceutical construct suitable
for use as an artificial islet cell portchamber for the supply of insulin.

40. Use of a bag or chamber according to claim 38, which contains adipocytes
according to claim 32, for the production of a pharmaceutical construct, which
contains artificial polymers filled with adipocytes, suitable for breast construction
after surgery and for use in the case of plastic and/or cosmetic correction.



contains artificial polynmers filled with adi pocytes, suitable for breast
construction after surgery and for use in the case of plastic and/or
cosnetic correction. 28 SEP 2006 41. Inplantable materials according to
claims 34 or 38, characterised in that they_are sem -perne gl% port chanber
systens, which contain differentiated isol éﬁed somatic targ SER b
according to clains 31 or 32. 42, Use of the sem -perneable port chanber
system according to claim4l for the production of a pharnaceuti cal

construct suitable for in vivo treatnent of endocrine, netabolic or
haenpst at i Akilowhardablespatersls ascondingsio daing 34 gr B8 chakagkerigedindhabf

dedi 11 er enty a0 Sk G ABIBR Fort th§MLEFb)sterRl, TR BMBALGHd b m 11 2

culture ma(}
isolated somatic target cells according to claims 31 or 32.

42. Use of the semi-permeable port chamber system according to claim 41 for
the production of a pharmaceutical construct suitable for /7 vivo treatment of

endocrine, metabolic or haemostatic diseases.

43. Use of M-CSF and IL-3 for the production of dedifferentiated, programmable

stem cells of human monocytic origin in a culture medium.



