WO 03/ 083092 PCT/ EP03/ 03279 Dedifferentiated, programmble stemcells of
nmonocytic origin, and their production and use DES CRI P T 1 ON The

i nventi orwoaBas®s2to adult dedifferentiated programmabl e PEUaPOdad2NSs
derlved from human nonocytes, as well as their production and use for the
production of body cells and tissues. According to a particularly
preferred enbodi nent of the invention these cells are autol ogous human
stemcells, i.e. the cell of nonocytic origin cones fromthe patient who
is to be treated with the stemcell produced fromthe original cell and/or
with the body cells produced fromthis stemcell. WO 03/083092

PCT/ EP03/ 03279 - 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 nunber of specialised cel
types due to their asymetrical 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

et hical and Ineahfaéeaheﬂatéann?%géamnbﬁlén‘awﬂnbenbe% mehbeythbe

t herapeutic use of such cells so cones up against difficulties. By
nature, enbryonic stenP&&BiB,apadobhgineproduction and use

DESCRIPTION

The invention relates to adult 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.



from donor organi snms, which are heterol ogous vis-a-vis the potential
recipients of differentiated cells or tissue (hereafter referred to as
somati c twogawswel | s or target tissue) devel oped fromthese/ErPeddR91t is
therefore to be expected, that such target cells wll trigger an imedi ate
i mmunol ogi cal response in the potential recipients in the form of
rejection. Stemcells can be also isolated fromdifferent tissues of

adult, i.e. fromdifferentiated individuals. Such stemcells are referred

toin the state of the art as "nultipotent adult stemcells". In the body
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required céncincbfnemi Caledthendpy, tasoscpr celfy. bpenopassi tH.e7.hi t Beatbaat,
J., 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 1legal 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 immediate
immunological response in the potential recipients in the form

of rejection.

Stem cells can be also 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". 1In 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



reasonabl e expense. This is contrasted by a constantly increasing need for
possibilities for treatnment of destroyed tissue in the formof "tissue
engi neer iwQ'03083095 cell therapy, within the franework of PaliEPh3/6RIN-,
nmuscl e-, 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 decisive, |leading to the
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therefore very expensive and stressful for the patient. 1In
addition the generation of large cell gquantities, as required

for clinical therapy, has scarcely been possible hitherto at

reasonable 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 1is 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



differentiated cells typical of tissue (liver, bone, <cartilage, nuscle,
skin etc.). The problem underlying the invention therefore resides in
maki ng avaiDloalodmondult stemcells, the generation of whi clrRCTFPOBE32r9 se to
no ethical and/or |egal problens, which are rapidly available for the

pl anned therapeutic use in the quantities required for this, and at
justifiable production costs, and which, when used as "cellul ar

t herapeutics" give rise to no side effects - or none worth nmentioning - in
ternms of cellular rejection _and induction of tunours, particularly
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cell, i cell, which in turn can be transferred WO 03/ 083092
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it has begdréesonsid atesuiPati ey P BRESS-ARGRIH R Jdhe invention
| eads to the dedifferentiation of nonocytes. The stemcéells produced in

this way can be transformed (programmed) into a |arge number of different
target Cerhéééaﬁﬁﬁﬁxi'é§g§aiﬁf-thgxéﬁﬁkg§f Thgtféﬁgic s §8€§£959?o£81the
i nvention express In addition to the 4 surface antigen characterrstic
of differestintiedandndeyeéspmant| edforame byprieier gbbyisdiwsos involved,
to obtain stem cells which <can be programmed into
differentiated «cells typical of tissue (liver, bone,

cartilage, muscle, skin etc.).

The problem underlying the invention therefore resides in
making available adult stem cells, the generation of which
gives 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.

According to the invention this problem is solved by the
production of dedifferentiated programmable cells from 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



three, of the typical pluripotency markers CD90, CD117, CD123 and CD135.
In a particularly preferred manner, the stemcells produced according to
t he i nverwD®n/0830p2 ess the CD14 surface antigen as well a®cCrhwpos/oazr9

pl uri potency markers CD90, CD117, CD123 and CD135, cf. Exanple 2, Table 1.
Preferably, the stem cells of the invention express the nmenbrane

associ ated nonocyte-specific surface amdigen CD 14 and at | east one

pl uri potency markers selected fromthe group consisting of CD117, CD123

and CD135., More ﬁggfgrab y, the stemcells _of the invention carry the CD14
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produced according to the invention express the CDl4 surface
antigen as well as the four pluripotency markers CD90, CD117,
CD123 and CD135, cf. Example 2, Table 1. Preferably, the stem
cells of the invention express 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 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 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 to the invention is
completely harmless to the patient and - in the case of
autologous wuse - comparable to own blood donation. The
quantity 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 blood is taken. In
addition the cell product provided for the therapy, in the



be risk-free in animal experinentation and in culture with regard to
giving rise to malignancy, a result which is only to be expected due to
the cell wbonwossweytic origin, fromwhich the stemcells &ctmprds/ogg74 o the
invention derive. The essential steps of the process according to the
invention for the production of dedifferentiated programmable stemcells
of human nonocytic origin conprise: (& dsolation of nonocytes from human
bl ood; (b) Propagating the nonocytes in a suitable culture vessel

cont ai ni ng cell ¢ Itu%ﬁ gedi um which cgnt ains the | .
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(c) CultivakiunglbhecARNPERLESmI Ant RerpLesence9f reget:%abﬁykbe- delhk-3hg and
(d) Obtaining the human dedifferentiated programmuable stem cells, by

separ at i n§SCRE1E8E| 3rer birefRbablyt aeechbdr by ideroicihg to a particularly
preferred enbodi nent of the process, MCSF and |IL-3 are simultaneously
added to the cell culture nediumin Step b). It is however al so possible,

initiallyTorl pten add. 1M CSedmlindhecetiie clihtaertiel sredhane | 815beprbyedntor der
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then usedinwhiseBnCeRE akNgckbzding to the invention derive.

The essential steps of the process according to the invention
for the production of dedifferentiated programmable stem cells

of human monocytic origin comprise:

(a) Isolation of monocytes from human blood;

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

(c) Cultivating the monocytes 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 to 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



According to a preferred enbodi nent of the invention the culture nedi um of
Step b) is separated fromthe cells attached to the bottomof the culture
vessel arwotopestoman, dedifferentiated, progranmmbl e ste®CTaPIZORIE
obt ai ned by detaching the cells fromthe bottom and by isolating the
cells. According to a preferred enbodi nrent of the invention the cells are
further cultivated in the presence of a Bulphur conpound. The cultivation
can be carried out in a separate process step which follows the
cultivatiaqn p described ahove. It can. .h ver also be carried out in
Step b), %y @u‘? t Eg%ta End " UHeEY S phtT &Bﬁﬁ&ﬁmgt FHWELRHCurd nBdiceml
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dedi f f er erhical @R, bGBHE8S cbRgaEPL4r,Syrface antigen typical of the
differenti ated nonocytes, also express at |east one or nore, preferably

all of the pluripotency markers CD90, CD117, CD123 and CD135 (cf. Table
1) . Prefgrahly. the, ste ells of the invention express the nenbran
AT Sect 1 M S ece. SREPHORCED 195 G attfvsad G the

. . e
associ at ed nonocyte-speci fi‘c surfac

p|uripotenmytmaekmeaiamle@tedebr@nmﬁ@es@F@@Qteaoaik@ﬁE@g Q191 L ¢t aEREE3
and CD135. Mor referably, the stemcells of the invention carry the CD14
antigen i k° cdmi naPPohoWi t Rat theast CehEuUpe ur vgsseAcy ang kekheD1 hgmand/ or

CD135. Lesgdil#ara%ineeher aglyqlessphan 1%0f temcel 3/ 083092
PCT/ EPO3/ 03279 8 aécordl ngBt ogthe ?n@%nt%\r&)ex%‘gr@ssz the Cﬁ%ia\aﬁﬁte%ge%%

Most  pr efétaphjingnoklee ofcalies sfenmceths dfotttren | Aventbpn jespreasisng  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 cultivation 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 monocytes, also
eéxpress at least one or more, preferably all of the
pluripotency markers CD90, CD117, 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, CD123 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



the CD34 antigen. The expression of the respective markers (surface
antigens) can be proved by neans of commercially available antibodies with
speci fi ciwQ 0agsdopst the respective antigens to be detect @dI/RPed/oy7st andar d
i mmuuno assay procedures, cf. Exanple 2. As the cells, during the
propagation and dedifferentiation process, adhere to the bottom of the
respective culture vessel, it is necesgary to separate the cells fromthe
culture mediumfrom Step b) and to detach themfromthe bottom after
conpletion of the dedifferentiation. According to a preferred enbadi nent
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before Step d) the cells are brought into contact with the vapour phase of
the biologically well-tolerated organic solvent. The detaching can noreover
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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
completion 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 subsequently, the adhering cells are preferably
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 biologically well-tolerated 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, 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 biologically well-tolerated organic solvent.

The detaching can moreover also be carried out mechanically,

however, an enzymatic detaching process is preferred, for



The dedifferentiated programmable stemcells obtained in this

way,

floating freely in the nedium can either be directly transferred to the
repr ogr armwong/ogaoeress, or kept in the culture nmedi um for PATEPOB/ARYS; |in
the latter case, a cytokine or LIF (leukaema inhibitory factor) is
preferably added to the nedium in order to avoid premature | oss of the
programmability (cf. Donovan, P.J., GCearhart, J., loc. cit., Page 94).
Finally the cells can be deep-frozen for storage purposes wthout |oss of

pr og_ram‘raggig'}n%xe V‘I,’QF,P?C%%%%I s according to the invention differ fromthe

pl uri potent stem ce ryonic origin known hitherto and

fromthe

known adult stemcells fromdifferent tissues, in that besides the

menbr ane- gssocj af. nonocyt e-specific 4 urface antigen, they carry at
| east one%ﬁﬁuﬁ%&?&ﬁ&“ﬁe}%&&? prrro(grﬁagr}qg%lleo TorisT st n%g%al‘irtiﬁgo,xnc%%‘ﬁ,
CD123 andw&b]35mutihei Frevi{ace: Pref efcdfihin, tB&nSlkanneel lise obiithet1y

invention carry the nmenbrane associ ated nonocyte-specific surface antigen
CD 14 andt&BPPégstreanetpl uriPott@RBP FRRENY sBIFreeesd, feomiaRE gdgupthe

CO“SiSti“%uQ%u§Ql%EdiGR1%%raQ9:&E&%ﬁﬁyépffhng§§fféépé¥zchggfs%g

the invention carry the CD14 antigem in co natron wt

%%kb eOf
ast the

pl uri pot epcy InEr kéteukBDd@Ba andhdbiCor35. fdmssr)t han 3%e ferefdyabigdédssot han
1% of the,stemcells according to the invention express the CD34_. anti gen.
Most pr ef §P§b| ﬁecﬁ&ﬁﬂé of 1t heojé‘?%]Fn C%P| s agpl[éhe pﬁerﬁfgcrﬂﬁeon 3§57 es8ft hghéDM

anti gen. TPhegstenapelksypreiucesbusisig, t hegpr ocreshaeeor df.ng 16ct heit.,

i nvention _can be reprogrammed into any body cells. Processes for
repr ogr anhPA§ st®m cELPelare WitowReLASt K@t Bt e dserrigozeny  fo¥ . stgrage

exanpl e W,s5BBRs! wkthoSti €BEE 387prddA2niddE1 MG, 03/ 083092 PCT/ EPO3/ 03279

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 CD9%0, CD117, CD123 and CD135 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 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 according to the invention express the CD34
antigen. Most preferably, none 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 into any body cells. Processes
for reprogramming stem cells are known in the state of the

art, cf. for example Weissman I.L., Science 287: 1442-1446



- 10 (2000) and Insight Review Articles Nature 414: 92-131 (2001), and

t he handbook "Methods of Tissue Engi neering"”, Eds. Atala, A , Lanza, R P.,
Academni c Woas®83005BN 0- 12- 436636-8; Library of Congress @atralPosoiZay d No.
200188747. The differentiated isolated somatic target cells and/or the
target tissue obtained by reprogramm ng of the stemcells according to the
i nvention noreover carry the nenbrane— agsoci ated CD14 differentiation

mar ker of the nonocytes. Additionally, less than 3% preferably |ess than

1% of thes mat | arget cells and/or these target tissues according to
Lhe. | nvent PO O Arst ST HE OB B gBRLL RART NRERETaBle:  Ranediof 20Ndse

cell's or Ghnssugfe edHEsHR hudIRMANE 9ensshs BA mﬁeekﬂngﬂﬁnﬁas.létala,
hepat ocytes which are derived fromthe stem cells according to the

i nventi on?-exph®ds&2 ¢ hB- BD14Acadrmse Bumdcor WBNENOFE2t¥PF6aAP-9f Anboaytyes,
Whi 'St at oehecsag ot BB:oiheYCREgdyse She:pEoLei n album n, which is Lypical
e

of hepatocytes.” T hepat ocytes derived Tromthe stemcells according to
the invention can therefore be distinguished from natural hepatocytes. In

t he sane , nenhr.ane- associ at e CD14 surface marker was detected on
i nsul i n- p\rﬁg%uc%{r]\%fecre% sl,ancﬁﬂii &ﬁo:}@%% deérd S rorr e §P§Hﬂsce¥i‘%/e%05p8i ng
to the | meegeicont{&xaaplad)indd pre espesirmotief the tnvenddap theis

dedi fferentiated, programmuable stemcells are used for the in-vitro
product i 0ACCOFIHRFgetOceltPs ad@VERFGOR t MOEGEVEES . CEXAND| 8bF. Tembahoee,

differentb@%@@ia&%ﬁ'at9@4ti@3%?eg§h%§at$@hchm%%?egbtgknthgy monpﬁgtes.

differentiation (reprogranmm ng e stemc S according to
i nvent i onAddid inhiedhyecarlepst heharend¥ anprasspaebay edeEP14hasuriacer anhiegen,

are al so %%gg%g% %%r%g% %% 3%92n&£%§ptéﬁgge 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 CD14 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 from the stem cells
according to the invention can therefore be distinguished from
natural hepatocytes. In the same way, the membrane-associated
CD1l4 surface marker was detected on insulin-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 production
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-associated CD14

surface antigen, are also subject of the present invention.

The stem cells according to the invention are preferably



The stemcells according to the invention are preferably W 03/ 083092

PCT/ EP03/ 03279 - 11 sinply and reliably differentiated in vitro into
desired warogms3ogel |l s, such as for exanple adi pocytes (cf PCEERPIRTD),
neurons and glia cells (cf. Exanple 3), endothelial cells (cf. Exanple 5),
keratinocytes (cf. Exanple 8), hepatocytes (cf. Exanple 7) and islet cells
(islet of Langerhans, cf. Exanple 9)_- hy growing the stemcells in a
medi um whi ch contains the supernatant of the culture medium in which the

respective, t?rget&ﬁells and/or fragnments thereof have been incubated (cf.
Exanpl es 618+8) . 28fi sTetpRr hat ahtEFarenii@tedl tid herddir ednge desired

"target- cQla!rzf:,@en@ieuilgr)e@ur@%dialgﬂ'fofocléxérh&@i LAEEEE AL 1 P8 (T BREQQT 8TRH NY)
of the dedifferentiated stemcells according to the invention the
f ol | owi ngngr&eBEURBIcaRIeherdier dcife Eskmpwed3)inewdpthelaplt cedle whifch

cont ai ns ists O ; i target_. cells i,$ crushed: th i ssue
cells (ta3§8@B§§|?@y a%8%§§1?§§%%§%ts‘%g t%%%%pi%rg§0bt%ﬁgéiﬁcige§hzckarget
cel | s andEeembiagmenteandfishesecalesi ndshatedi Mamgsthdrad) eceul EubRple
medi um dé the cul ture ngg%$n1s%ﬁernatant is collected during and after
the i ncubdl ¥ oRYadTOH gt - | | SEHRAFEL bRed nedi A1 W dWhEgh  6pnERENS the
reprogr amgupgkdhthgtendd athan @f1ded f hepenhi atgd shepnhcalls lr@%B,eEIE?LP]re

desired target cells or target tissue, the stemcells are grown in e
presence GRTERE £gldet angépk- EéspamenbAedhpedpiinhageahdandioelbateatit Ucé.

medi a CanEQQmH§§g @StgubzHLﬁhggdEﬂgégﬁgtangx@gpkg§érrggetgegggeg%gggr%gly

contain gr owt actors,
"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 suitable 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 factors, such

as for example the epidermal growth factor.

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



as for exanple the epidermal growth factor. The incubation of the target
cells and/or fragnents of these WO 03/083092 PCT/ EP03/03279 - 12 ("cell
pell et") wear3jgsoearri ed out over 5 to 15, preferably 10 aay®EPoIneR79
supernatant, i.e. the target-cell-conditioned nedium is preferably renoved
in each case after 2 to 4 days and replaced by fresh nmedium The
supernatants thus obtained can be filLtgped under sterile conditions
separately or pooled and stored at approximately -200C or used directly
for the progranm ng of stemcells. As shown above, the programmng of the
stem cel | 4 "FRLS PREIAES) reant RPgERTEAPASOPE eHPF| 8dteut Shy PrgiewrRdysiem

cells in aagipr@ﬁsn%ﬁp%ngkgasnﬁzed' jum cepdi tiy (E cwhgh gﬂaﬂc% gt h&éatlhﬁfget

cells (cf. wt h nedlumpr rabI |t|ona ycon arns a
t ar get - celLb- szm%ﬁéﬁablwr oambvedctior, esigbh assé orafé;)eacrrpke ttiche4" hispat oeytle

mbodi mentBP-ERE. FeHiT h TREdhu) FRE GHCAreron TS Ol kmaBle: S onFeel |

accor di ngbto fuheenrﬂdelmtmd@ﬁr atenised ccymmﬁaﬁsarséﬂs@rﬁmm@r 0Po8ied and
phar maceut ;gcal osition for the in-yivo production of target cells and
target tiS5G&sd Sué pREPHEESHELEAY pr é}ga? atPBnsUe8n cohtaFRlYheferemtbel | s

accor di ngpkegkhfmi A¥ e QR fU nded S i C y r ed
medi um Sﬁl tgbl e nedia are for%%gxgenplzténgBjSWp%%é atglll ﬂ%@:é #? 3

physi ol ogBal s&ami aelwist hnko %ehdﬁamradbuﬁrgetobaﬂen1andatctneeti| ket lﬁgese
phar maceu at contajin vital dedi ent| ted, ranma
stem cel | ékggég d| %%EH[ detq*qu | nvgh i O SWhISCh %nm?ﬁéiﬂin §§P1%gééopﬁ
CD14 surf acehmegHeer regipdciat vé eastrgene d¢alrles of cfhe maalntpmt entTisd egredkh
mar ker s
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 invention are used
per se for the production of a pharmaceutical composition for

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 CDl14 surface marker
and at least one more of the multipotent stem cell markers
CD90, CD117, CD123 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, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or



CD90, CD117, CD123 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, 28003083030, 31, 32, 33, 34, 35, 36, 37, 38, 39, 207T/EPL3/03229 43,
44, 45, 46, 47, 48, 49 or WO 03/083092 PCT/ EP03/03279 - 13 50 preferably
60 or 70 particularly preferably 80 or 90 % and extrenely preferably 100
relative to the total nunber of the cehks-present in the preparation, and
optionally further pharmaceutically well-tol erated adjuvants and/ or

carrier s#gsgances Steg;cell preparations can contain vital
dedi f f er enti at'edPreHFE4 ﬁndﬁ1e°§téHQGelIEaéE%%VH?ﬁﬁYt@rﬁﬁ@rPPQthﬁ%nor

whi ch haveo en dhei bxsuehad thee LD rﬁ@@em&fﬂ@f @ik at ol easl epe Hor e
of the pluripotent sten1ce|? &gﬁiers ngo CD117, cfizs and/or CD135, E?n a

quantity &u r| edsthe, czlls, presentsingthe, preparation?, ang, optiobsl1ys,

17, 18, 1 21, 4 26, .2 30,..31, 32, 33, ,34,
35, 36, 3%Pr§g?r39,plﬁ%r,m§§ﬁ?’%a%f§%, 21’4?“4%“ atﬁg A9 sy 8p4/88
53, 54, 5barr56r 5dpsb8neesH9 % preferably at least 60 relative to the

total nunber of the cells present in the preparation; cell suspensions in
a cell culture- or transport mediumwell- tolerated by cells, such as e.qg.

PBS or RPWkegt CcelDr pi&gsaraw% call BrgParAtiPNns: i N REUidakle sterage
medi um such as e RPM Wwith 50% human al bunmi n sol ution and 10% DVBO ar e

preferredpr?ﬁéaﬁ@ﬁbg? gte call leepcsogddnbeneethie ipreptirnenwbfchhbseei n

the " Trypan blae"dye exeluston Dagharananc HEERCR, 3RA aPPeeedt baBiptitary

d|st|ngu|gﬁe@hér@&um@poVehalstem cell markers CD90, CD117, CDl123 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, 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 %, 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 medium, such as
€.g. RPMI with 50% human albumin solution and 10% DMSO are

preferred.

The number of vital 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 technique",
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 also



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 thwowsismwe:a of dedifferentiated, programmble stemCToPOI/E322Ccordi ng
to the invention, provided, that a sufficient nunber of functional stem
cells is present. It is however also WD 03/083092 PCT/EP03/03279 - 14
possible to elimnate non-dedi fferenti-at@d-cells by neans of processes
known in the state of the art on the basis of surface narkers typical of

t he dedi ffer t d ce according to_the inyvention in
preparall %S%q%%%th #@@%naE%nP&PngFﬂéféﬁg?%EﬁaEﬁéI§eh%52§§@ﬂ??%m$y0§ure

form Cneprema@pbe Oknews UiitrabkBeprogess b¥ "tROUNO-tTaghRet g b
sorting", Romani et al J. Immunol. Methods 196: 137-151 (1996) Stem

cells furFHéFaﬁﬁve3?%@k%%%abﬁwpﬂ§alof<§bonﬁéﬁeou@¢@iffﬁiémﬁ%&ﬁadﬂw aglils
vivo by dizceet-aeapt a6t +Wet hndeheh bndt QUR,RE gguégggkgbﬁscell %%g%w%ﬁgﬁecan

cells of this typé. Processes for tissue pr ion-usihg ce
be red|ff@P@ﬁﬁﬂéteﬁhe("déssnedeng$hb£rung")e&a&nﬂmai&y| purke $batme obnthe

art. For e ng ("Liver re opu tion and correction of
met abol i ¢ |vg?Ed|§gasg bfugkgﬁéﬁlaﬁfgﬁeﬁﬁul g@mﬁgﬁcrgﬁgpetlﬁelp§adAm
J. Pat hol s0188n(2): c§71Rorn(i21)3l. haye §mmmwb1th@étgygg gggtaqg7agght
cells of t@g ggncreas inmce are able to transform in

(funaroylé P8Acet at e hydr ol ase)- deficient mce, into hepatocytes, whi ch
can fully conpensate for the netabolic defect in these animals. A further

exanple 1is the eerrinents of Lagasse et al., "Purified hematopoietic
stem cel | SteBn @eifer efurbberi navdiepdtocydagmhbil iviwo" ofNatpbataneously

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. Pathol. 158 (2): 571-579 (2001)), have shown
that even certain adult cells of the pancreas in mice are able
to transform, in FAH- (fumaroylacetoacetate hydrolase)-
deficient mice, into 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 hematopoietic stem cells from bone marrow were able,
after in- vivo transfer into 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 (1999).

Particularly preferable forms of application for the in-vivo

differentiation of the dedifferentiated stem cells according
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§w@kﬁ%S%%%%éegRTﬁgﬁe?B$88§$%#%r?%ﬁk%ﬂ%%d FEtRS) of the invention
se of the dedifferentiated, programmable stemcells for the
SPEERESH vEra
honneaakodndebrbunct L9Ri-Rgs; scar dicac ipfar cti; pul -
.Stroke and skin damage. Eéf t he therapeutﬁé%%gé ofggﬁgE¥§Fégt
ANsYbEacieBRyY, 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-functioning,

cardiac infarction, 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: 1442-1446

(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 insufficiency, these cells can take over a kidney

function via their semi-permeable membrane and give off kidney



the stemcells according to the invention, a nunber of concepts are
avai |l abl e (see above Science 287: 1442-1446 (2000) and Nature 414: 92-131
(2001)). wofoawsdeer preferred application concerns the inj@cCriEp3/ef27¢4 he
dedifferentiated stemcells according to the invention into the
peritoneum so that they differentiate there, due to the influence of the
cells surrounding them into peritoneal 1gells. In the case of peritoneal
dialysis of patients with kidney insufficiency, these cells can take over
a kidney functjon via their sem -perneabl e nmenbrane and give off ki dney WO
03/ 083092 SEFFESHY 08276° -SURStaRGRhdEMTtIadhs sHBEL BARREN| fi%PR hathere

per i t oneumHds@MawaerenotBES§1ar enE ARy eYsyia. the dial ysate. Therefore, also
the differentiated, isolated, somatic target cells and/or target tissue,

whi ch are obtained by reprogrammng of the stemcells and are

char act er igeddit Lhe - IEIDLANS ASSCIANAd COLA ANLJ g, 21 € qUD) £0t . e

i nvention. These Somatic targe I'§ "and/or targe i'sstie pre
contai n adiegdeyt espdrieur onsaagdtgl i aisshés, enmddtiel iate celdtcained by
ker ati nocyt es epat.ocyt e nd i sl et cills. However the cells can_al so be

h
i nt r oduced SEPEEFYLPG %t 'S of bR C61BE rA&ChRSET t GRRBACTRELSFE r Bdudthicon

can be cafffen®da9lt-askoaiBRER XDEANSHEYGLh0RT VLGN Bk cF0atHed Widhtion.
corresponding differentiated cells or "cells capable of differentiation.
The matribeesnsepietiensagiaetascaltal endtuegrtadasie, tEosudatrnafeyrably

o Sappear st LGN LB R8RS aiGEd Gl gy st

pr ef er abl keauttdlnogytiest, r arpplkanysesnahbeisioetnmcoilssl et cells, hepatocytes,

fat cells, skin cells,
However the cells can also be introduced directly into the
organ to be reconstituted. The introduction 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 biodegradable, so 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 cells, 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 somatic
target cells and/or target tissue are subject of the

invention. According to one embodiment of the invention these



muscl es, cardi ac nuscl es, nerves, bones, endocrine cells etc. conme under
consideration for restitution for exanple after partial surgical resection
of an or gwn,03/083092 epair for exanple after trauma or for POPEENI/N32@9 use,
for exanple in the case of |acking or insufficient organ function. The
stemcells according to the invention and target cells obtained fromthem
can further be used to coat inplantableqjsmaterials, in order to increase

bi oconpatibility. Therefore, also inplantable materials, which are coated
with the .dedifferentiated, programable stemcells or the somatic_target
cell's and/dP QFGQﬁetis@ﬁEeé%@l§ubj%€? of PN SREeNt | I ABESItdicHd ard Yone

enbodi mn?r‘éffetrli%_di NYRIBLE PRk S & AR O3 Qgéggésgg/r%g?’g%ﬁl c V%I?Lves,

i npl antablle materials are prostheses. In particu erred

enbodi nentvestsieds prpsdbehesesbane-candi jcival pessthemssel prost heses, bone-
and joint prostheses. The inplantable nmaterials can also be artificial
and/or biological carrier materials, which contain the de- differentiated,

programmalithe stiemlealkbdler matgetatel | Sanl Nalkbi speegands fikeatar 6hel/or
material s caﬁpbe bigs or chanbers for insertion into the human body. In
one enbodPHer9dfethe FRAVEREFon Bakdrkabag, cOWiE ni mPntadet &&Fl s, 9@hi ch

are differnertreatadi5088L i Gk} dSuRtA dkpgn tc%fltﬂ%e &PV%@&QQ% éélfi’sied hor
the production of a pharnmaceutical construct for use as an artificia
i slet cel Fhisoredendnbéhef eprrhersuppeyiefsi nsnl ba. bAgeoprdi whambeasf dotcher

enbodi ment; Q. . 4he i@M@BtEBQ’h§?$§9b8& chanmber contai ni ng adi pocytes, which
are differentlateg somatic cells acc%fding to the invention, is used for
t he
In one embodiment of the invention such a bag, containing
islet cells, which are differentiated somatic cells according
to the invention, is used for the production of a

pharmaceutical construct for use as an artificial islet cell

port 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 vivo for the treatment of endocrine, metabolic or
haemostatic disorders. Examples of such endocrine cells are
cells which produce thyroxine, steroids, ADH, aldosterone,
melatonin, serotonin, adrenalin, noradrenalin, TSH, ILH, FSH,
leptin, cholecystokinin, gastrin, insulin, glucagon, or
clotting factors.

Therefore, also implantable materials, which are semi-



production of an artificial polynmer filled with adi pocytes as a

phar maceuti cal construct for breast construction after surgery and in the
case of fwotohes3opndi cati ons of plastic and/or cosnetic cECTEPDI/L79

Mor eover, sem -perneabl e port chanber systens, containing endocrine cells
of very wi dely varying provenance, can be used in vivo for the treatnent
of endocrine, netabolic or haenostaticidi sorders. Exanples of such
endocrine cells are cells which produce thyroxine, steroids, ADH,

al dost er one, nghatonln serotonin, adrenalin, noradrenalin, TSH LH FSH,

| eptin, cHGIBEFSLBki RPRt gSBPMPAT | AYSFFRS: ol GERGBAPLBE ErSEPFRRTIAESr s,

Ther ef or e sal sechMcatal! ecaByLF | aksi sWhieh §u1§ e M0 O3 083082+ on .
PCT/ EP0O3/ 03279 - 18 perneable Eort chanber % contai ning
€

di ff erent TAEER swm@m@&ﬂmu embget wu@nsar @rgubyl@@d dfn t deffaventi on.
These Se”meSBgﬁéﬁkﬁ chanber e;ysiﬁfgngig%usggrlntg]ff re Cé?ﬂ%pdlqgnts of
or the produc 8

t he i nvention |on 0 arnaceutlcal cons ruct for th
i n-vivo tphatmenéubicabnd@nmdsuxucﬁetaﬁotlC~UMe haeppst abi ¢ thesamderss. dhe

target cells obtained the stemcells accordi to the invention can
in add|t|83888rﬁ§§d ﬁ%L%%? l%u?%d?%%m?§la?ﬁ?ﬂé&ﬁﬂ%ﬁ%?%nﬂ5|de t he body, for

exanple in order to carry out detoxification reactions. This formof use
is particularly relevant in the case of acute conditions, for exanple in
the caseTBf kelig6t| Feelstabraiaedstaonepacosyen- broleascoprdihe beodbeti on

of the cohaybyeisnde glrlIb?ﬁreag&e'tgeen gnng%angaEhe ?%;géﬂ?@g%e sté?e of

therapeut| C process ave a escr| eéd man
the art, b@npaaetbns 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 ILalan, S., et al. "Tissue engineering
and its potential impact on surgery" World J. Surg. 25: 1458-
l4e66 (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 21lst
century solution to surgical reconstruction" Ann. Thorac.

Surg. 72: 577-591 (2001).

Finally, the pluripotent stem cells according to the invention
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



exanple the review by Lalan, S., et al. "Tissue engineering and its
potential inpact on surgery” Wrld J. Surg. 25: 1458- 1466 (2001); Nasseri,
B. A, et wD.03/0§3033ue engi neering: an evolving 21st-cent uUPCTEPIFIE t O
provi de replacenment for reconstruction and transplantation” Surgery 130:
781-784 (2001) and Fuchs, J.R, et al., "Tissue engineering: a 21st
century solution to surgical reconstructicon” Ann. Thorac. Surg. 72:
577-591 (2001). Finally, the pluripotent stemcells according to the

i nvention %pgn ug afﬁgoad field for transg ?QIC modi fication and therapy.
Accor di ng™F&ROpreFeHed ettt nOAO28F t IRRIGhVaRt F6R (HETRIGHi +1 €PNt Pat ed
progr ammablienst,em Gedd SrB8Eo$8JOTarRPB | SuphBrel <8l | Sc AL QL& 98ty
tissue finally differentiated from these, are transfected mnt% one or nore

genes. | nSEAMBlRay Stegneoklsoee @éﬁé§OﬂMt@ﬁ dﬁélﬁ@dwﬁﬁamtthemancamnbehe
WO 03/083@%%n€@£é§583/@g%§9 thelgE%EEt%tore%@ r%%%@a%%gagsgroﬁgge?s

for exanple livers or neys, are res supported
rei nt rodugede . FoEn exa&pléAHsﬁemuc&bhs omohepatmowbes dQE|vathé@@Héh&&e

can be nst cted Wi mar Q Iaceto cetate hydrol ase) gene. In
t he FAH-de§PC| At nnd%% nﬁgg¥F %&anﬁé &R ¢ ?%?%ct|Q§$QﬂOQF was
FAH-p03|tsuéfdomehthebakﬁmxﬂﬁﬁ: éﬁ@ﬁm;ﬁﬁﬁget@hgom@bgye@ft@qupubgrBse
the liver after 6 taq weeks and f conpensate for the netabolic defect

| eadi ng t §€ ?rPHSsﬁgléV FH@p?P§éFe(5Pr Ghenpetaippliet dgffectNaeaddageto
12: 266 b4 rbhd86L) orOatespopdinglon, Ry-dhalsiactian ofy theysf emyggLls or

the respective target cel tained fromitHe stemcells 'by  programi ng
(for exanpRe Rématbpoi&PPe)tells, hepatocytes,

Correspondingly, by transfection of the stem cells 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 detail 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 to 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, preferably
by centrifugation, be separated into plasma and into white and

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



ovary cells, nuscle cells, nerve cells, neurons, glia cells, «cartilage or
bones cells, etc.) with "Miulti-Drug-Resi stance- genes" extended radi cal
chenot herwpy3osidbe nmade possible in the case of mali gnalmCTdiPs®eres by
correspondi ng henmat opoi etic reconstitution or radiation resistance can be
produced. The invention is explained in detail as follows: The starting
material for the process according to-the -invention is nonocytes from
human bl ood. These are preferably autol ogous nonocytes, i.e. nonocytes,
whi'ch originate fromithe blood of the patlent to be treated with the stem

cells accSPithgiPo the i FHRMIURY t ReleHr géhisel 14Hr RIuCEYSH ot ichese.

To obt ai n coheammBRoGHLS dthe ok catk fiKste @ié@& standar @'hlér%&gg G th
an anticoagul ant in a known manner, preferably by centrifugation

separ at ed 3 ﬁPoﬁﬂﬁﬁﬁﬁ?Qw@olﬁﬁo'Wmﬁﬁyeﬁmﬁt?edeﬂewdt@eBI§Je¥téhetp®ase
cent 11 1 Ugakea HIGGPLESITR, Lol 0. be.VR,03(,083007. PCTI EPDS/ 03279 - 20 found

i n the supernatant el OM/t Fies ayer contalns the totality of
the white blood cells. This Iayer is alsoreferred to as "buffy coat™

Belom1th| Iles phase ntainin bl god _cells (haematocrit),. The
"buf fy co ]%Egy y&ffedlgnoﬁ'éeébarlé‘toéé ted BB ai FeRHE HRFhOSH es

for exaﬁpbbtbinCthrhk%@b@ﬁe%sﬁ%& 2xkhpwa b@r%%%%§lfﬁ%996d @gngo a@known
preferred process variant the "buffy coat" |ayer is Coated on

Iynphocyt@r§€ﬁ§§auﬁﬁ?QﬁﬁmQ9nt?eagrﬂﬁﬁ@éwﬁdHﬂmﬂgﬁgsewmkxﬁnnrthagé@ufay
further C%Bbﬁhfuﬂéﬁgr QQQ %b%;b@g  oh S Qpn?g%ha?%gggtlg aPaOQ%gLn%%%&%grhg

the blood (cf. Exanple anpl es of al € proocesses
t he nonocyeeg. Ficoll Hypaque and centrifuged. By further centrifuging
and rinsing, the monocyte fraction is obtained from the blood

(cf. Example 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 (1996)) 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)) .

According to the invention, monocytes can be obtained from any
isolated human blood, and the blood can also originate from
organs 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 leukaemia, 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 1is

available as a source for isolation of monocytes.

For the production of a sufficient quantity of stem cells



fromconpl ete blood are "Fluorescence-Activated Cell Sorting” (FACS),

"I munonmagneti c Bead Sorting" (cf. Romani et al., J. |Imunol. Methods 196:
137- 151 (Weds)p330and " Magnetic-Activated Cell Sorting" (MRCBEPOIOX2E SO
call ed "Rosetting process” (cf. Gmelig-Meyling, F., et al., "Sinplified

procedure for the separation of human T and non-T cells" Vox Sang. 33: 5-8

(1977)). According to the invention, nopgcytes can be obtained from any

i sol ated human bl ood, and the bl ood can also originate from organs such as
h nodes_or bone marrow.  Cbtaining nonocytes fromorgans is

the spl een,
consi der eac‘ég%ggilﬁl £ Whén Invsetdeparidt ioh BT 3he?BRReYt este r BAPRAERRS
bl ood, e.gnei mdhf-yicase ebranagn aﬁﬂffgbggka%ﬂ? tH Smaaiap%ﬁﬁt@bq_e O%RPOt

in sufficient quantltl es, and Int ase of” al |l ogeni c use, ,
t he franeWenkcyfeaulaan obgamsmvahgrehe, spemrding avai |t&td elaseatsour ce

for isolagi cy. For_ t oduction .of a sufficient.quantity of
stem cel | % g\% 8@?%@@9?@%@%& Q3S% te MEGToRRART dird Y tﬁé 'i%H%%liLf%n it
is first fAecessary M—@:Sp:? ofagate rdfwrrmnoeyt ess ESF-Uhi sipuipeskicedr ovlh
medi a sui tabl e or ggx Oi? can be used, wherein, accor di n% to the

i nvent i on™ 84FY ’ﬁﬁdl um M CSENEnacr SR bny SElkSIat i nEhe
factor). bMb&SEntaksooneber neddro 3s GRF-dh1ts-or RdHEEA @ﬁn'ﬂﬁUﬁﬁ@

fibroblasts and endothelial cells. The concentration of MCSF In the

cul ture nedi uAPcan94rhoumecism IPé”er@r&@/lN nédi (r T efiegd/abl i t ol pa/ |

and in a pparf y . On the nonocytes M CSF binds
to the spgm flgﬁg{iﬁ% l?g%g%t?%(?%%a: SO rg'*ggrred to as CSF-1R), which is

excl usively present on
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
division of the monocytes, the medium, in which the monocytes
are cultivated contains M-CSF or an analogue thereof, 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 to the c-Fms

receptor, they are not capable of inducing monocyte division.

In 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 IL-3 in the
medium may amount to 0,2 to 1 ug/l, preferably 0,3 to 0,5 ug/l

and in a particularly preferred manner 0,4 pg IL-3/1.

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

In a further embodiment the culture vessel initially contains



the surface of nonocytes and which only binds MCSF (Sherr C. J., et al.,
Cell 41 (3): 665-676 (1985)). As the specific interaction between M CSF
and t he rwoepwga: nduces the division of the nonocytes, wPhe/RPeHIRIM in

whi ch the nonocytes are cultivated contains M CSF or an anal ogue thereof,
which can bind to the receptor and activate it. O her gromh factors such
as G\t CSF (granul ocyte-nonocyte colony spinulating factor) and G CSF
(granul ocyte colony stinulating factor) are unsuitable, as, due to the

| ack of affw % Jtco the - receptor, they are not cap abI e of inducing
monocyt e GFvisFBAT ur?nmﬁ Bﬁ“t WEﬁFlar F9nb?%?%r?%ﬂye%6§ﬂrewf116? 2hEepr bhess

M CSF andephr3tace %ﬂmthénws_dsv added,dr0 Eéflgéé& G tYr es Rl dHMmeh

Step b) of the process. The concentration of 3 in the nedi ummy anount
to 0,2 toCtlpyre medévmr aWhicl, @nams Hg/d. and in a particularly
preferred manner 0,4 pg IL-3/I. It is however also possible, to add
initially only MCSF to the cell culture mediumin Step b) and add IL-3
only thekReabtréingl hoaaf pn:blﬁerreﬂbeﬁlbﬁﬂmhemheoﬁuthar énvessebni Bhéi akllys
contai ns WO %%/ O%QZﬁCT%EPOBI 03279 - cell cul ture nmedi um which
contai ns ORI i ER®aPrercefhe ar?e&éjrdd{tllé’r?a&f % Hé et Vat§% ihekhe

repl aced predesee08¢ GelLu1ontht UEEMPBELYM e}(’"ﬁ' ch GRMAINS, lLs 3 &Orﬁhng

to a preferred enmbodi nent of the invention e cells I'n Step of
process awélahdatuéﬁastyoaalbvdap@arbﬁntgéoupreSeh@ed@d éOsuhphaulpbnpound

gogdeg [rgé{%ﬁgtsgdlagh r, sa@%dfstc}cgﬁ ; gpgup g)l%nlg;?l&ggug%gu%% uted

wi th one morenoflmdtKMabna;rcngpsMeWEapapt ocaoppatigls saree deffined ass
compounds which have at least one mercapto group (-SH), which
is bonded to a hydrocarbon group. By the additional 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 CD90, 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 further
preferred embodiment the sulphur compound is dimethylsulfoxide
(DMSO) .

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

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

The treatment with IL-3 and optionally with the sulphur

compound can be carried out simultaneously with or following



conpounds whi ch have at | east one nercapto group (-SH), which is bonded to
a hydrocarbon group. By the additional use of such a sul phur conpound, the
nunber ofwoDha/0830em cel | s obtained by dedifferentiation offCriEpozed2is of
nmonocytic origin, which express one or nore of the stemcell markers CD9O0,
CD117, CD123 and CD135, can be increaed. The functional group(s) is/are
preferably hydroxyl- and/or am ne groups.-~In a particularly preferred
enbodi ment, the sul phur conpound is 2-nercaptoethanol. According to a
further Eégferred enbodi nent t he sul phur conpound i s di nmet hy| sul f oxi de
T

( DVBO) . qEHAGR TP KRt s HPEhdeRURPGh dPYis sdlddivatdege T¥gm M-CSF,
appr oxi mgehy1#ah8oaBpPr PdsEH It 2P0 paRl /| relahiye tq”’%%m g4lghur and

I
Approximately 100 prnol /1" is preferred. \Wen 2-mercapt oet i's use
cul ture neBFUANShRbYI @ sedphaion copmoNidrirsing opéfevedppPospanielyn 18ngl

pr ef er abl ] 7 e o] | /.. The treatnent, with IL-3
and optio%g??ggéf%hg?%giﬁﬁl%ﬁé?fabb%%%gédgégggﬁ%éta%??gdngu?og?n%??%ng8usly
with or fdevew rend\Otb8/ 0B3X2nRET/ EPAR/ 0BRYD and23opthengl Dpagdatsronthé t he

nnnocytessgx n agation and

ultivation wth F, sinultaneous pro
tr eat ment mnPﬁquggmgﬁBndoﬁ#PBmafgﬁ.§a§ﬁﬁﬁﬁupu§oﬁﬁﬁﬂhdﬁbe}?ﬁfﬁw%ﬁ%@@d?t
Propagat i mosando dedsf ferenétahl 9ne d,,-taken together, last no nore
than 10 days, and the treatnent with 1L-3 and optionally with the sul phur

conmpound shoul d be carried out over at least 3 and at npst 10 days,
prEf?rab!Yh@rQEMEe,ThQE@EQB§n aC%Brdkﬁ% to A& d kentian, %ﬁ%thgaggseogf
cultivation of the nonocytes Pn a cultire He I um Vhi ch
cultivation of the monocytes in a culture medium, which
simultaneously contains M-CSF, 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 6 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 a
subsequent cultivation in the presence of IL-3 and optionally
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

6 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-



si mul t aneously contains MCSF, 1L-3 and preferably a nmercapto conpound,
the duration of cultivation until the detaching of the cells fromthe
bot t om ofwODha/ogwb1 ure vessel anmounts to at |east 3 and aPCREPH3/(RN7Ways,
preferably 5 to 8 days and particularly preferably 6 days. If in a
preferred enbodi nent the process according to the invention is carried out
in such a way that the nonocytes in Stgp b) are initially propagated in a
medi um containing only MCSF, the propagation in such a culture medi um can
t ake pl ac over a_period of at least 2, preferably 3 and particularly

pr ef erab|§3'ﬁr daPe R @S¢ huinfauPEeisRaBLy7 thgy SUditita CamEfentn

cul tivatigart Ncbher presenseOfhddes3 anahwrgi onal ly of a nmercapto conpound
can take place over a further 3 days. Preferably in such a case the

cultivation in a medium containing only MCSF will however only |ast a

maxi mum 4 ays, . f ol : Ltivati in the presenc f 1L-3 and
opt i onal ?@u%f tg rr%lreclargt %8%%%}13g%n r§§8§f%§g%egﬁ%§d B n%?ygle,s 5a8§ Qcé]edafl *MTo

carry outcéhes proopagatddonfaod dédinf f anebhgatilen pebakky, @therteseni bedei n
Exanples 2 and 13, _the nonocytes are after isolation transferred into a
medi um  WAPEHCR o Gi N ot MIAB 1078 0838 eCTVEPESL03229C0rAPAT C&F, and

I L-3 as wetbrasr&d ebppalliyehhe osulur i compoLnd, thAe RANhGY Hedium is
mer capt oet hanol or DMSO. Due to their adhesive properties the nonocytes and
the stem2Ee®T sSpebdGLedePrERitERefmranyr ithg tded Isr cobesriadhetre the thettowmtt om

of the regpegijve e | . cordi pr r e | of

the i nvent?on, et h%&% %rg%%gﬁunﬁﬁ Q%f t&;l?s(gqre%dc') gfelg%r gldsedg%?gg%%:n?ﬁ%y

cell s adhtrlhgwed bhe rbaoistiomm of the cells adhering to the bottom with
culture medium, and the cells are then covered with fresh

culture medium (cf. Example 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 RPMI.

According to a further prefered embodiment of 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 order 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 previously defined
biologically 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



of the culture vessel and is discarded. This is preferably followed by
rinsing of the cells adhering to the bottomw th culture nmedium and the
cell s arewDhanswovered with fresh culture nedium (cf. ExXREpIEPOL@R79 1IN this
step the propagation and dedi fferentiation nedium described above can be
used as culture nedium as well as a standard cell culture nedium for
exanple RPM . According to a further pregteced enbodi nent of the invention,
the cells are brought into contact with a biologically well- tolerated
organi ¢ sol vent at {he end of Step c) and before Step d), in order to

i ncrease CHE rdhberlbiret ¥Rseelrs Tt MRS efy Wi dtheha®dPuRVaPUEhE end

of the preeess.dded auarhi t¥of.1 E%aﬁ@' vealyfan gange t(%f(.)m(%%nfbllet 02t .

This is gqueferabl_y an al cohol with 1-4 carbon atons, e additron o
et hanol béiligrpativelyahpapr dferSedumActomdi mgl¢ odanopar tciaculkear | 1 $v eber r ed

nmbodi LI | | h h f th
ot cvi ous! 3 °dar | 1e9 CSLag ATy ) [0 et AT STYane K1 GHEL B3 cFBrabl y

with ethanolfacapofr (uwiftulexamd sl . witle FCHEe@brexpesyr eatd dfeer 0agani c
solvent, particularly preferably to ethanol vapour, should anount to 4 -
12 hours, Q‘EPSFBF%H%@ -0%16‘ %bﬂzs_lq@%% gecdt dingheers heridvERt fon

i s preferablkyiealkie 0B3QIZ R EPOSNRZED  an@S by OUterddy it tHRE
vessel s, the surfacegog?mhi ch has previously been %%at egovvietnh flg*e%a cal f
serum ( FCEFS( 8Pt gdbapirg2fo tinttewntr¢yelly gt dAB-cSaranner.om mal e donors
can be also be wused. The coating with FCS can be carried out by covering
the surface of culture vessels with FCS before use, and after an exposure
time of alIffewrdatnmartieuthr cxdamit? boUwent ardkien wlace after Step c)

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 to 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 also 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 414: 94



particularly preferable manner 7 hours, and by renoving the FCS not
adhering to the surface in a suitable manner. If treatnent with organic
sol vent twbe3psmer after Step c) optionally after exchangeTafPoy/7cul ture
medium the cells already becone detached fromthe bottomto a certain
extent in this process step. The (further) detaching can be carried out
mechani cal ly, for exanple with a fine-celd -scraper, spatula or tip of a
pipette (cf. Exanple 13). According to a preferred enbodi nent of the

process, complete chi is carr d out by %eat ment wWith a suitable
enzyne, ?(or exam?lng)%tavﬁ%t 'h E?Ebypfs él’;l a(é”f 1% Thetckt | sfngfpepeells

exposed t @rehgd rh]qz)sshosedjutmora:u(l&,ulret (f(Q:; 025n@kt , +RESS %Eﬁ%ﬁlmgt%ygﬁ@
for 2-10 m nut es at S‘Fig 0 39C preferably at 37C, int resence of
The trypsi'¥ &t A% CFHE FERER CERSERe BT ATBARABAFE TR RS - aﬁid at e ddiow

[reely [1ashkadndad Shereatlabed Bfoaragmall e.a! 8 (aekl 2ogag Deontanged

by a standard nethod, for exanple centritugi ng and i n one e
suspendedd@ﬁsaa§uid?ébpf§er@étﬂatadtpregaammdaﬂelemjt@ﬁ &¥xpsd). They are now
avai | abl e, suspended in a suitable nmedium for exanple in RPM 1640 or
DMEM for inmmediate differentiation into the desired target «cells. They
can howevén & sordfestat eembodihentredhemoan sa £10W s@aysnddd BoPprebageed

enbodi ment, . ?Q rredl um iont ains g,c%t okine or LIF factor (leukem a
i nhi bitory or)"™ & IRNLHr Begintn gndwohes dgspgfrPeTnEPBELE3270s £026

(2001, Dohbeaned Jredeaifiabdt 11ding @1 1a taﬁe kﬁoxﬁﬁe ﬁe'éhse gLgcdoe

stored in gul ture for |onger than approxi matel ours
dedi f f er efiPPat3dd pr 6§r afibifd t eth celdts. aln &E@edhaﬁuadorﬂeﬂlm aglsueb,

factors stephesg!! sitapePE-KEP A OF 8L L e%%glneerlng", Atala A., Lanza
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:

l. Penicillin/streptomycin solution:
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 EDTA (4 Na)/l

3. Insulin

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

units/mg



days as dedifferentiated programmable stemcells. In a preferred enbodi nent
the cells are suspended for |longer storage in a liquid nediumand then
deep-frozwn.o3@dDCOl S for the deep freezing of |iving ceCr&prases2known in
the state of the art, cf. Giffith M, et al. "Epithelial Cell Culture,
Cornea, in Methods of Tissue Engineering”, Atala A, Lanza R P., Academc
Press 2002, Chapter 4, Pages 131 to 140.,7A- preferred suspensi on nmedi um for
the deep freezing of the stem cells according to the invention is
FCS-containing DVEM cf. Exanple 2. The invention is further exenplified
and described belowwith reference to exanples. If not defined within the
exanpl es, 4t h&peaMeaot i(9%, oﬁ_lp_ﬂ]gd @ggq 88d subst ances used are as foll ows:
1. Penicillin/streptonyci n solution: 10,000 units of penicillin as sodium
salt of peni GoRtRrANS Laﬁéute@d)nsg streptomycin as streptonycin sul phate per
m  physi ol ogi cal sodium chloride solution (NaCl 0,9 % . 2. Trypsin- EDTA
0.5 g trypsin and 0.2 g EDTA (4 Na)/1 3. Insulin human, recombinant,
produced in REVG| i (Rappedki nBeeky R&monial s/Irgsm%)OSWaPC'%EBO?»/aQ%Zm
- 27 4. RPM| 164?1%1 |i qui.d, 1875%1%e contains L-d utam ne RPM (Roswel |
Park Menori a®FAstrEutE” Iﬁ\@d?tal 70 YPechefi@thke fuéreﬁul%%?%rh%lv%ﬁ}’clﬁoéan
be used extemammeﬂiahobelmgnna|lan cells.



WO 03/ 083092 PCT/ EPO3/ 03279
Molarity (nM Anorganic salts Calciumnitrate (Ca(N03)2 4H20) 236 100. 00
0.424 Powassiosasprhl ori de (KCl) 75 400.00 5.30 Magnesi umpSuiEPZ03227{ MgSO4)
120 48.84 0.407 Sodiumchloride (NaC) 58 6000.00 103.44 Sodi um

bi car bonate (NaHCC3) 84 2000.00 23.800 Sodi um phosphate (Na2HPO4) 142
800.00 5.63 Further conponents d ucose»2380 2000.00 11.10 d utat hione,

reduced 307 1.50 0.0032 Phenol

174 200.
0.150 L
20. 00 O.
L-Histid
L-1sol eu
hydr ochl
L- Phenyl

28 Conponents Mol .

red 398 5.00 0.0125 Am no

wei ght Conc. (ng/ 1)

aci ds L-Arginine

U I. 10 L[-ASparagrne I32]90.00 0.379 ] L-Aspar agi nijc_acr.ad, 133 _2y. 00
EPEPERTE di hydr ochl ori de| 313 Y- weighf. 206 Cercsma/Biyi niMrariE (147
Aiorchnibdiisam ne 146 300.00 2.05 dycine 75 10.00 0.133

- - e-oxyprone—431+—20—06-—06-153
iCaiutBiir8O((@AMNN®:)3820) L- Leuci ne 1312%0. 00 0. 38200.00-|{Lysi ne 0424
Prdeium@lotide JACID. 219  L- Met hi oni ne 749 15. 00 0101 5.30
Maghesaur s¥phats (MgS@) 0909 | L- Prol i nell5 20. 00 048B%4 0.407
Sodium chloride (NaCl) 58 6000.00 103.44
Sodium bicarbonate (NaHCOs) 84 2000.00 23.800
Sodium phosphate (Na2HPO4) 142 800.00 5.63
Further components
Glucose 180 2000.00 11.10
Glutathione, reduced 307 1.50 0.0032
Phenol red 398 5.00 0.0125
Amino acids
L-Arginine 174 200.00 1.10
L-Asparagine 132 50.00 0.379
L-Asparaginic acid 133 20.00 0.150
L-Cysteine dihydrochloride 313 65.00 0.206
L-Glutamininc 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-Isoleucine 131 50.00 0.382
L-Leucine 131 50.00 0.382
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 0.174
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 0171
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 0.0022
i-Inositol 180 35.00 0.194
Niacinamide 122 1.00 0.0081
p-aminobenzoic acid (PABA) 137 1.00 0.0072
Pyridoxine HCI 206 1.00 0.0048
Riboflavin 376 0.20 0.0005
Thiamin HCI 337 1.00 0.0029
Vitamin B12 1355 0.005 0.00000369

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



L-Serine 105 30.00 0.286 L-Threonine 119 20.00 0.168 L-Tryptophan 204
5.00 0.0245 L-Tyrosine disodium dehydrate 261 29.00 0.110 L-Valine 117
20. 00 0. w0 o3M08302a1i NS Biotin 244 0.20 0.008 D- cal ci um pamrCotEresiet2e 477
0.25 0.0005 Choline chloride 140 3.00 0.0214 Folic acid 441 1.00 0.0022
i-lnositol 180 35.00 0.194 N acinam de 122 1.00 0.0081 p-am nobenzoic
acid (PABA) 137 1.00 0.0072 PyridoxineshCL 206 1.00 0.0048 R boflavin 376
0.20 0.0005 Thiam n HCG 337 1. 00 0 0029 Vitamn B12 1355 0. 005 0.00000369
Ref er ence; Nggg g'gb M A 199: 519 (1967; 03/083092

PCT/ EP03/ §327§° (D3 e§°°PBsPPBﬁPBéEEOb§fSﬁB§ﬁhai%lbﬁ f 6f edIsaf¥Re) Mo J.
Exp. Med. 9g985%6(1689%4) : Conponents g/1 KC1 0.2 KHZPO4 0.2 Nad 8.00
Na2PHO4 1.15 6. 2- Mercaptoethanol Quality for synthesis; Content > 98%
Density 1.115 to 1.116, cf. e.g. Mno J., et al., J. Am Chem Soc. 73:

4961
Components g/l
KC1 0.2
KH2PO4 0.2
NaCl 8.00
NasPHO4 1.15

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

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

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

Sodium diatrizoate).

8. Retinic acid:
Vitamin A acid (CgoHzg02), 300 upl in 1.5 ml PBS corresponding
to 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 Vitro 6: 2 (1993)



(1951). 7. Ficoll-Hypaque: Lynphocyte separation nedi um

(sacchar ose/ epi chl orohydri n- copol yneri sate My 400, 000; Density 1.077,

adj ust ed wotob/083Bezli um di atri zoate). 8. Retinic acid: VitarCh/EROHCI2M
(C20H2802) , 300 pl in 1.5 mM PBS corresponding to 1 mM As medium for
progranm ng of neurons and glia cells use 150 pl on 10 m nedi um
(corresponding to 10-6 M. 9. DVEM Dul hgcco' s nodi fi ed Eagl e nmedi um (hi gh
gl ucose) cf. Dul becco, R et al., Virology 8: 396 (1959); Smith, J.D. et
al., Virology 12: 158 (1960); Tissue Culture Standards Conmmittee, In Vitro
6: 2 (19930 -WwrFdarem3ne2 PCT/ EP03/ 03279 - 30 10.L-Gutamine Liquid: 29.2
mg/ M 11. COLH%Q?&'@S%TY%gH{l Cf. Rodbell, M et al., J. Biol. Chem 239:
375 (1964). 12.Interleukin-3 (I1L-3): Reconmbinant human IL-3 fromE. coli
(Yang Y.C. et al., Cell 47: 10 (1986)); contains the 133 am no acid

resi dues ﬁnﬁl ?g'ﬁ? mat ur.e ILi:g- and the 134 am no acid residues including
t he net hi ony CrofATTASE rEPF o of approximately 1:2; calculated nol. nass

approxi mat el g£17R6dk®L1spEci étcalact Fvidyoll. xCHAB. Wam:; { RO 1Gd4ml.ogue No.
203-1L) 13. Macrophage-colony stinmulating factor (M CSF) Reconbi nant hunan
M CSF fromE. coli; contains as nononer (18.5 kD) 135 am no acid residues

i ncl udi ng1phenbeteeakPals (11.-3) :
Recombinant human IL~3 from E. coli (Yang Y.C. et al., Cell
47: 10 (1986)); contains the 133 amino acid residues
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-CSF)
Recombinant human M-CSF from E. coli; contains as monomer
(18.5 kD) 135 amino acid residues including the N-terminal
methionine; is present as a homodimer with a molar mass of

37 kD; (SIGMA Catalogue No. M 6518)

14. Antibodies:
The antibodies used in the examples against the antigens
cbl4, <CD31, CDS90, CD117, <CD123, CD135 are commercially

available. They were obtained from the following sources:

CDl4: DAKO, Monoclonal Mouse Anti-Human CD14, Monocyte,
Clone TUK4, Code No. M 0825, Lot 036 Edition 02.02.01;

CD31: PharMingen International, Monoclonal Mouse Anti-Rat

CD31 (PECAM-1), Clone TLD-3Al2, Catalogue No. 22711D,
0.5mg;

CD90: Biozol Diagnostica, Serotec, Mouse Anti-Human CDw90,



met hionine; is present as a honodinmer with a nolar mass of 37 kD; (SIGVA
Cat al ogue No. M 6518) 14. Antibodies: The anti bodies used in the exanpl es
agai nst twe oatwsiogens CD14, CD31, CDOO, CD117, CD123, CD13ET&wPe3/03279
commercially available. They were obtained fromthe foll ow ng sources:
CD14: DAKO, Mbnocl onal Muse Anti-Human CD14, Monocyte, C one TUK4, Code
No. M 0825, Lot 036 Edition 02.02.01; -CB31~ Phar M ngen International,
Monocl onal Mouse Anti-Rat CD31 (PECAM 1), Cone TLD 3Al12, Catal ogue No.

22711D, 0.5, .. Biezol,,Di ag Lca, . Serotec, e Anti-Human CDwOO,
WO 03/083092@28%%Egg§f0?2§942Ph31ﬂ8%%gﬁe Rﬁgcgf@9428%§§NCAP90, Bat ch No.
0699; CD117: DAKO, Mbnocl onal Muse Anti-Human CD117, c-kit, C one No.
104D2, Code }5’%111\/"71@8 OLot 016,  Edition 04.05- .00; CD123: Research

Di agnostics I"hc, *MoHSECAnt HORRFEANTD Moustt iA8didhiman of®19F5, Catkaltogue
No. RDI - CD12818hkb; NeGD13g4$3er at us tsip- H 35 43, one
No. BV10OAAH2. Exanple 1 Separ aﬁ%nwgf %{)/f?i(r)lélﬁt'esbL ro%onggﬁégd%%oggvoid
bl ood clotti naoénd to feed the cells, 450 m of whole blood in a 3-chanber

bag set was mxed with 63 m of a stabilising solution, which contained
for each litre of H20, 3.27 g citric acid, 26.3 g trisodiumcitrate, 25.5

g dextrose &Rd232. Zespaori umidphydtoxyphusphat Boutbe At Mal e of chhes

sol ution anDQH%fgo&geg;Géﬁbgé 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 to 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 H,0,
3.27 g citric acid, 26.3 g trisodium citrate, 25.5 g dextrose
and 22.22 g sodium dihydroxyphosphate. The pH-value of the

solution 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.



"Sharp centrifugation” of this mxture was then carried out to separate
the bl ood conponents at 4000 rpmfor 7 mnutes at 20C. This resulted in a
3-fold stwetmsmwati on of the corpuscul ar and non-cor pusc®CarErodoqonent s.
By inserting the set of bags into a pressing nmachine provided for this
purpose, the erythrocytes were then pressed into the |ower bag, the

pl asma was pressed into the upper bag.- apd-the "Buffy-coat" remained in
the m ddle bag, and it contai ned approximately 50 m in volune. WO

03/ 083092 PCT/ EP03/,03279_ - 32_ The quantity of 50 ml freshly obtained

"Buf fy- codt® eNHew ff vPledli direshlyordhtainest “Buifyeeedt” eden shewnhich

was then gggated whih 25 =gl lsHpagque raft i di {e Lch
been i ntroduced ir]to tm%gg rgﬁo %alocon t ubes CFe}?'o?ée %dngh#g}:kﬁlm@%%rgH%s
cent ri f ugegariethadthbrZdk enk¥ oFi @0l Iniypapiat sepddf i gm ndheweaf weich had

eryt hrocy ar I Ls, still resent.in the "Buffy cqat" |ay bel ow
the Ficol Fggﬁaggt\%ﬁ?ﬁggg %Hgomﬁ“’?eagl%gdﬁ%]eﬁ% § ef%g?‘?%oﬁeﬂ'?r’rﬂjnocyt es are
separated as a white interphase on the Ficoll. The white interphase of the

monocyt esTB/as t hen careful I% ‘E%fetted off and was mxed with 10 m of
phosphat e TBaFT dred IEnyEa ol 6o tat Faged nel thesy . PYRKs Mon Lt MaRuERRnat

centrifugedooi t hphr akenthegerbi-mes «k9kn 40, aLHUt gg4at 3180 S heriil
supernatant was pipetted off after each centrifugation and fresh PBS was
filled upPreReNEein $&@ r'r'eﬁﬂffd/oIQ@dl"edlam béreowasiee oF 1chil cphasef ubatson
eVt oo ChEAnENOCL1680! 2e8%d 1RE, RIRYERE oRBLY LE 8L Bepakabea 08

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
physiological saline (PBS).

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

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:



Propagati on and dedifferentiation of the nonocytes The cultivation and
propagati on of the nonocytes on the one hand and the dedifferentiation of
t he cel | swonsigs®Int her hand were carried out in one stepPCh/EPO3/OI2eNt

medi um of the follow ng conposition: W 03/083092 PCT/EP03/03279 - 33
RPM 1640 medium 440 ml  Foetal calf serum (FCS) 50 m
Penicillin/Streptonycin solution 5 ml _ 32gMercaptoethanol 5 m  (Stock
solution) Total volume 500 ml The nutrient nediumfurther contained 2,5
pg/ 500 mM of MCSF and 0,2 pg/500 m interleukin-3 (I1L-3). The nobnocytes
isolated in Exanple 1 were transferred into 5 chanbers of a 6-chanber well
plate (30 nm di ter per well) in a quantity of |approximately [105 cells
per chamber in e BHMIC§§éO @ﬁ@l‘ﬂml led up in each ¢ga&® wilth 2 m [of the
above- mentioned|nutrient nmedium The 6-well plaié was previouslily filled
with pure, inact Faéeleeslanéetlhhﬁ FEZSS)Nas decant ed 5(}afnt1er appr axi mately 7
hours, in order o obtarmanm FCScoated——ptate—tntthrs—way—Fhe—cel | nunber

for the exact dOB@eH%ﬂ@!Lh/S\‘f‘@épg&R & S ACLH i ng {0 a known process,
cf. Hay R J., "%—I—Qaa-m—i—f—Lsax-l-gn—gn%aJ_aa_eusafinn" in N ods of

Ti ssue Engi neerijpg, ./Acade res 2002, Chapter 4 es 55- 84 The
6-wel | plate was goWSFSBP%?E #8811 i d and stored forgaér(‘;ll days in

i ncubator at 37 The cells settled to the bottom| of the chanb s after 24

hours. Every secphdtagy gpeution)

Total volume 500 ml

The nutrient medium further contained 2,5 ug/500 ml of M-CSF
and 0,2 pg/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 to a known process, cf. Hay R.J.,
"Cell OQuantification and Characterisation"™ in Methods of
Tissue Engineering, Academic Press 2002, Chapter 4, Pages 55-
84.

The 6-well plate was covered with its 1lid and stored for 6
days in an incubator at 37°C. The cells settled to the bottom
of the chambers after 24 hours. BEvery 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.



supernat ant was pipetted off and the chanbers of the 6-well plate were
again each filled up with 2 m of fresh nutrient nedium WO 03/083092
PCT/ EPO3/W0B23083092 34 On the 6th day 2 ml of 70% et hanol wa3/EPas/exduced
into the 6- well plate's 6th chanber which had remained free, the plate
was again closed and was stored for a further 10 hours at 37C in the

i ncubat or. Subsequently, 1 m of a trypsin-solution diluted 1:10 with PBS
were pipetted into each of t he chanbers of the well plate which contained

cells. The close% gp | at e mas_PIaced for. 5 mnutes_at 37C under 5% CO2
in the i nglbak6r oF QatYr ¥p&itn et 187 (§ERARO s Ut e P ER S ks by ¢ he-

addi tion yei12p7atel sRRMK 16A8mPEdi %Wl’é:ﬁ q{%ﬁf' PIemébﬁeWe'flr%e Thﬁ}% Oﬁﬁlate

supernatant in each of the chanbers (1 m trypsin +

pi petted W&$, agadnedlpped innWaFaBtgneduﬁeraﬁdfuc@herlﬂ@gédutcra103ﬁ1©utes
at 1800 r e ant was then discarded and the precipitate was

m xed mﬁtEH}Fggh éﬁ%ﬁépﬁ%ﬁo medium (2 m /105 cells). This cell suspension
coul d be dlrectly used for differentiation into different target cells.

Al ternati after ce fugation and discarding. of th ,

rypsin cORPSEATHEE Cpel ak e EhECUOrF3 RBraLAPRed uPERS DIy ¥Ee 285S
freezing wedéu l@d@ﬂ:t@%@pnﬁf@z@éc@&t Sf GoRcephsabéps ff 10REMye1lhepiseszing
nedlun1conta|ned 95% FCS and 5% DMSO. I n each case apprOX|natek%w£06 cells

wer e takefhiphi gontaingd cpélspedhemcanscconicdd ddate masheo¥asng
steps: 30,MHLES, PRI under 53 CO, in the incubator.

The trypsin activity was subsequently blocked by the addition
of 2 ml of RPMI 1640 medium to each of the wells. The total
supernatant in each of the chamgers (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 ml1/10° 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 cooled 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;



2 hours at -20C in pre-cooled Styropor boxes; 24 hours at -80C in
Styropor; WD 03/083092 PCT/EP03/03279 - 35 Storage in tubes in liquid

ni t r ogen Whidg/ost092 180C. For i mmune- hi st ochem cal phenot ypiPag/EPD3/03229 cel |
popul ation of dedifferentiated progranmable stemcells of nonocytic
origin, generated according to the above process, in each case 105 cells
were taken and fixed as a cytospin prepa=ation on slides for further

hi stochem cal staining (Watson, P. "A slide centrifuge; an apparatus for
concentrating,cells in suspension, on a mcroscope slide." J. Lab. Cin.
Med., 68: 49£BYEIY f%%) eSafifed NS PRETEEPRs (Mol 3t bel &Y &i-ned using the
techni que described by Cordell, J.L., et al., (Literature, see below) wth
APAAP red conplex. If not indicated otherwi se, the added primary antibody
was di | ut éP1L: OBING tH RS hegri¢ailn hwsiet vodog 200 tile ofeltlhimomdrddmtr atfi on

of anti bodgj 2483 C nt i hodi es re used as primary.
ant i bodi egie%m nste%%?%étegeli: Ozﬁn%q%{gr?qui%)ep%sc?ﬁ? eal%i Wo?gﬁyglf. qlllylgﬂﬁne 6
shows st ajeredabgdosptaopdEpgr alo onlse antbavike sP6EEsPONdNNge PEWOTal 1
stem cel | rkers 0, CD117, CD123 and CD135. Literature relating to
stai ni ng t€chm -© angl fixed ag a "q%ﬁﬁﬁéhWEE@tllﬁelqrhgﬁ%d@es

monocl onalforantihadicas usidibdnEmite 10mI0X8%0f @kaldine phosphat ase and
nonocl onal anti -al kal i ne phosphat ase (APAAP conpl exes). 3" Hi stochém
Cyt ochem C§RLTAfeo®I9 3 goparatiuse ristu rapnasindtriarig ndo el sneirk enssperGiibh

gy U ehle Spbhop i s e Secusase ot 0608, g, 944
(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 pl of this concentration of antibodies was used.
Monoclonal antibodies were used as primary antibodies against
the cell antigen epitopes listed in Table 1. Figure 6 shows

stained cytospin preparations and the corresponding proof of

the stem cell markers CD90, CD117, CD123 and CD135.

Literature relating to staining technique:

Cordell 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).



Res. 16: 4173-4173 (1988). WD 03/083092 PCT/ EP03/03279 - 36 CD31 Newran
P.J., Berndt MC, CGorski J., Wite J.C 1II, Lyman S., Paddock C., Miller
WA, "PEGKMM030€0D31) cloning and relation to adhesion nol ecwlEpes/ef27¢ he

i mmunogl obul in gene superfam |y" Science 247: 1219-1222 (1990). CD90 Seki
T., Spurr N, Qhata F., Goyert S., Goodfellow P., Silver J. "The human
thy-1 gene: structure and chronosomal 4 @wgatd on" Proc. Natl. Acad. Sci. USA
82: 6657-6661 (1985). CD117 Yarden Y., Kuang W-J., Yang-Feng T., Coussels
L., Minemdysy S., Dull T.J., Chen E., Schlessinger J., Fr ancke U, Ulrich
A. "Human proto-oncogene c-kit: a new cell surface receptor tyrosine

ki nase foNeafmauanj@nt,l fHeathdd garml.," &MBR1]. J6 wefde 3381 ﬂQSng?gDéﬁ

Ki t armur a o_N. ., M ima A "expression cionin
human’| 0. $aKds é)‘t&' cfﬁ%ﬁ?év&fa y’%ﬁ‘&%& (6863) sabaning fod rhéahdnanthl. 3

and GVt CSRdheeephomnslecGekl 8§6: tﬂ@SléﬂJAb%«éﬁﬁéﬁ? &%&; @%ﬁ?fq BurrOW o

Levenst ei n M, KimE., Carow C.

Rat aj azak SFL2NCEGRATF t 22A9M 2281 VIR0, | . "STK-1, the hurran honol og of
FIk-2/FIt-3, is selectively expressed in CD34+ human bone marrow cells and
is involved in the proliferation of early progenitor/stemcells."” Proc.

Nat | . CDS0
Seki T., Spurr N., Obata F., Goyert S., Goodfellow P., Silver
J. "The human thy-1 gene: structure and chromosomal location”

Proc. Natl. Acad. Sci. USA 82: 6657-6661 (1985) .
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Acad. Sci. USA 91: 459-463 (1994). WD 03/083092 PCT/ EP03/03279 - 37 Table
1 Antigen expression of the stemcells according to the invention Antigen
Col our rwaamBiogano2 Stem cell marker CD90 ++ CD117 + CD12BCTEPISZIRID +(+)
Differentiation marker CD14 (nonocytes) + The graduation indicated
corresponds to the detected antigen positivity, which becones apparent
fromDay 4 to Day 9 after cultivation @f the nonocytes in the

correspondi ngly specified nedia and was carried out via mcroscopic
conparison of the respective cytospin colorations with the negative
control (coloration observed w thoutT3isrdry antibodies). + clear col our
reacti on ghtifencebkprikthohheopr i e b ot Holals T ota] r tion
of the cells ?vith t%% primary <:’gnt ir%(;@/dy. Onl y%ﬁilosspi%%repaﬁlt iog‘{r’ls &ﬁ%eh
had nore thuentbémvital cells wth typical stemcell norphol ogy (cf.
Figure 6) were evaluated. Less than 1% of these cells expressed the CD34
WO 03/ 083092 PCT/ EPO3~03249 38

Antigen Colour

reaction

Stem cell marker

CD90 o+t
CD117 +

CD123 o
CD135 +(+)

Differentiation marker

CD14 (monocytes) +

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

(coloration observed without primary antibodies).

+ clear 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 6) were
evaluated. Less than 1% of these cells expressed the CD34



antigen. Exanple 3 Production of neurons and glia cells fromadult stem
cells The production of neurons and glia cells was carried out in petri

di shes wiwb oaostioszret er of 100 nmm To prepare the petri diPpshapp3/as2m 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 bottomof the petri disgh was pipetted off. Approxi mately
106 of the cells produced in accordance with Exanple 2 were introduced
into one of the prepared petri dishes and 10 m of nutrient medi umof the
fol I owi ng®BbhPBRiti on was added: DVEM sol ution 440 mi  Fetal calf serum
(FCS) 50 M 1-Gutamne 5 mM Penicillin (100 W1)/Strepto- 5 mM nycin
(100 pg/1) solution Total volume 500 m The nutrient nmedium further
contained retinic acid in a quantity of 1X10-6 M500 m . The

reprogramm ng/differentiation of the stemcells used into neurons and glia
cells took place within 10 days, the nedium being changed at intervals of
approxi mately 3 days. After this pasanghle I3e cells were nostly adhering to
t he botton1%f 5hetm0 03/.083092 PCT/ EPOQ [0327i - _39 chanber and coul d be
det ached by TBPCEF EPYpSTNPEHEPBR PRONPLER CBOLE ofF P 2Hel bl 3 i $e Ll Sranner

anal ogous to that previously described for the stemcells. Exanple 4

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/l)/Strepto- 5 ml

mycin (100 pg/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



Evi dence of neuronal precursor cells, neurons and glia cells For the |ater
i mmunohi st ochem cal characterisation of the target cells induced by the
dedi f f er ewDIOa89Dr ogr antrabl e stem cells, the stem cel | sPgeEmPoR0R® f r om
nonocytes (105 cells / glass lid) were applied to glass lids (20mm x
20m), which were placed on the bottomof the 6-well plates (30 mm

di aneter per chanber) and cultivated-w3ch-the nutrient medium (2 m) per
wel |l plate. After the respective target cells were differentiated, these

were fixe | 1 ~Ater removal of . the .nutrient .medi um (supernatant)
the cul ti \?:élt%ggfe?aragl\eats <& J1d§ beweiégtafclg?gd Ry A Lo FdivBsdm 16 T2 oy f%é’f“hé‘—r]i@ ,
whi ch t ookosftectof ovies platenuhes Rubsequenilygdhe ebhanak wasHiRehted
of f, andcfhe W%|| Elatgg were washed twice with PBS (2 ml in"each case).
After thi $CSCREPEE FOXbhedShEMsFElhEd with APAAP red conpl ex using the
techni que described by Cordell, J.L., et al., "Imunoenzynatic |abeling
nonocl onal anti bodi es using inmune conpl exes of al kaline phosphat ase and
nonocl onal anti- al kaline phosphat ase (APAAP conpl exes)." J. Hi stochem
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 pi Etdngsiie ito each of the 6 wells.

Neur onal precursor_cells merﬁ detected by staining the cells WO 03/083092

PCT/ EP03/ 03279 - A0 JGRER Phelant PhdHPIREHTRAT (4R IStomesmangen, cf |

mddle picture of Figure 1 (x200hng Beypopgiyere detected by specific
expression of synaptophysin MAP2 (m Crotubul ar associ ated protein 2) or

neur of i | ament 68
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 1id) 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 cultivated with the nutrient medium (2 ml)
per well plate. After the respective target cells were
differentiated, these were fixed as follows: After removal 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 Cordell, 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: 219-229 (1994). Unless otherwise specified, the
added primary antibody was diluted 1:100 with PBS, 1in 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 cells



with the corresponding specific antibodies (primary antibody diluted 1:300
with PBS), right-hand picture of Figure 1, x200. dia cells, such as for
exanpl e aw0reo§es, were identified by detection of GFAPPCHIEPas/oR2rbrill ary
associated protein) (primary antibody diluted 1:200 with PBS), |eft-hand
picture of Figure 1, x200. The separation of neurons and glia cells was
carried out using antibodies specific ggaLnst MAP2 (neurons) or GFAP (glia
cells), by means of MACS (Magnetic Activated Cell Sorting) according to
the process as described for exanple in Carmol S., "Cell Isolation and
Sel ecti on"1{Bt F08s 2O 1POSyu&IaERGIEnEBEI R 00nenldArR, PEEssmEdd2e phRabuse 2,
Pages 19-3%. rlBareehl (kypes. made visible by staining are shown in Figure 1.
Exanpl e 5 Production of endothelial cells fromdedifferentiated
programuabl e adult stemcells of nonocytic origin For the cultivation of

dot hel i g ' kt on. -and_Di cki nson, Hei del b DE
Doed ag maEEE TN 5 by SO BT LF CHECT TR | & R =BRACEHE Bgens

| and |V. MERe f(nmizerotmtuliar Wassstiadad t bavediat 24C dm actebri perator W0
03/ 083092 F.’gT/ P03/03279 - 41 over a_period of 12 hours, During this
period it & &fatid® cRahgeaPoRcingt FReGrL§PnAN L RASHiSF miPFiRapecahsibody
spongy/ |'i quildtebin1tBD® ghaherhl)Wasi it rogduged: At A% malle P! 310 nm

di aneter per well) in such a manner, "that the bottom of e€ach of the wells
was covered. After application, the plate. was kept for 30 m nutes at room

| oyt 8t UG 4atBEhh | NSulR! S1AToR0leldbh8a8t b1 RE] ! H2L2° :80ne 2EELCRY
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
3., "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 origin
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



Subsequent |y approximately 1x102 cells per well were incubated on
Matrigel (r) with addition of the nutrient nedium (as described in Exanple
2). Afterwo-03/0stays the first tubular cell strands appear edCTEPOZOB279

devel oped after 6-8 days into three-dinensional cell networks. On the
cells, the endothelial markers CD31 and factor VIII could be identified
wth 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 vesse -pros&hesis, whi ch was then coated with the

dedi f f er efit P&t ed FHOUr 51 eladUtUEt emPUERS abROPdi PRI Btamppéase

After appeaxhgBbely 6 .days achawn gf-jgndathelialsoioe] |s goubgd,be p
i dentified, mg?cﬁ coated the prostheé?s in g cf?%ular manner . Theecame

endot hel i &PoBaVY simadd- vilsi Hihd shiststtal nithgvas t int coduespoitinga 48-well
endot hel i ypxspecjf4 c antii. ' (see ) ;are hown _i_n _Fi gur . t he
i ddl e pi gt u?g <Itlhde %Igl }d%g‘gl%let%%hopm% ‘ggﬁéf §%dasyuscsniﬁc5€é)tnie A o e Hhe

Mat ri gel (bptthinr of eabhl af sheawndsls coadiderést vi dual cel | aggregates. The
dar k- brown marked cells express CD31 antigen (x200 with yellow filter)
After 8 WD 03/083092 PCT/ EP03/03279 - 42 days there is an increasing

formati onAgtetheg@idicaRAShoNalhe NEtWRS kySd r UEHHT €3 rt AKESHPIREE at room
(anti-CD31-antigen staining,@ x200 with yellow filter). After 12 days the

new y di FPEBPEREFHEFRd P8Il &8R gelwhiach srdd diddmc 1t | We ddosom as an
Nhtrigel(5hhe§@5g1§a¥ﬁ§§el-like t hree-di nensi onal tube with nmulti-I|ayer
wal | structures, whi I's al ready norphologically remniscent of a vessel.
I't is recognised, that now alnost all the cells express the CD31 antigen
(CD31 CO'gﬁggéaﬂén%fgoépproximately 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 manner.

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



blue filter), right-hand picture. Exanple 6 Production of fat cells

(adi pocytes) A For the programm ng/differentiation of the adult stemcells
accordi ngwoessmapl e 2 into fat cells, a conditioned nedi ecI/BRa3 027y St
generated. For this purpose 20 g of an autologous fat tissue, i.e. fat
tissue fromthe same human donor, from the blood of whomthe nonocytes

al so originated, was processed as follaws—- At first, the fat tissue was
crushed in a petri dish and the crushed tissue pieces were passed through

a sieve gQianeter of .holes 100 . .The suspensi on thus obtained was then
transf err 88Ynt U/FC petT i 2Bi sHGHGas i ArETerior 190 hhrsasadigempsional

DVEM nedi ueweirkh gt £08teREs Oft 3Q MUpeglbagenase-¢yPe-dde Wede agdded pthe
m xture was | eft for approxi natel i/éGFOD enperature (22820

f . mnutes at room t
to al | ow #880col YhEenastelilow akéilepreet ohthdie fdR cetloys WOIGS/ 08869

PCT/ EPO3/ 0328 ren 431 oSubEBgueNtLy {10 Rty e vas LIAnST rngd Lo 50-

Fal con tubes, an he tubes were cedtrifuged for m nutes at o T OOOPpnl
After centeitfragefli on fhemsuperwassat - bise ditsosraleait ot tdial celdbepeklietn

consi sting of .adi pocytes .and precursor ceJls ,was _taken up in 8 m, of a
nediun1of%ﬁﬁglfgﬁggﬁiHﬁalcdﬁﬁ&ﬁ q?ﬁ?%ﬁ%ﬁ%?ﬁyﬁﬁté&rﬁﬁdﬁeFﬂraﬁQ§ﬁgécallY
(di anet er r&@@niBkentobrl@ daysedt 3¥CiknhrakoyRculat 0khaPVEM,SahHbiseNn 1444, 5
m  Foetal calf serum (FCS) 50 ni

the cells express the CD31 antigen (CD31 coloration, 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 conditioned 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 holes 100 um).

The suspension thus obtained was then transferred into a
petri dish with a diameter of 100 mm and 10 ml DMEM-medium
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.



Insulin solution 0,5 M Penicillin (100 U1)/Strepto- 5 mM nmycin (100
pg/ 1) solution Total volune 500 mM The insulin solution contained 18 ngy

i nsulin (8oga@s3a9N259) dissolved in 2 mM of acetic water PCE@EPes/eRing of 40
m of H20 and 0.4 m of glacial acetic acid). The solution is diluted

1: 10 with acetic water. During the incubation over 10 days, the fat-cell-
condi ti oned nedium (FCCM) forned a supewsmatant. The supernatant was
replaced with fresh nutrient medium after 2 to 4 days in each case. The
FCCNIobtaine% urln% %ﬁ .tchan e of nmediumwas subjected to sterile
filtration and- StHFEE-dt Iﬁbcm §EB§8qdﬁﬁil§rﬁﬁsﬁ?rﬁ?dtﬁ€ FeErHeSerdcead
above vere i ntubedyceshd ntoeca metdd (bsh (&@d@ﬁgewofm 10t AgetfeL s Wiskh
apprOX|nateIﬁ 106 stemcells according to anple 2. The first precursor
cel I's contai HitR§ £RE-WO 03/ 083092 PCT/EP03/03279 - 44 vacuol es becane
visible after 4 days (Figure 3A) . After 6 days, single adipocytes
appeared, which could be stained wth Sudan red (Figures 3B and C) . After
10 days ther &fings aeppimdlugagdoagdticonsarardustterwior shstcondefl she€sehe
cells, whic t step coul e observed nmacroscopi cal

fat tissue (Fi gurégﬁiﬁet'T 8HF5F9689 %ﬂ33819?§¥5?§ BV S5t RF R HgP 9 Th P?é&?es
3A-3D thus difkf etagent euponshdegabhy feomM4 hendoinin oloy 3Enand £3k1 owkhgur e

3E shows the cells of nonocytic origin, which were cultivated in the
nutrient nmedCOMPESL TR é&ﬁleanpﬁbéizsﬁpn@ peyriofdighgayddipaetart A0t mmhe

addi tion of lby318Ndads 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

nycin (100 pg/l) solution

Total volume 500 ml

The insulin solution contained 18 mg insulin (Sigma 1-0259)
dissclved in 2 ml of acetic water (consisting of 40 ml of
Ho0 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



mer capt oet hanol to the nutrient nmedium This was followed by the addition
of the FCCM These cells were not capable of differentiating into fat
cells. Fiworg/083095hows cells, which were cultivated for @Cadayps3/u2rh

conpl ete medium (according to Exanple 2), and which were then treated for
a further 6 days with nutrient nediuminstead of with FCCM (according to
Exampl e 2). The FCCM thus contains conopgpents which are required to
provide the signal for differentiation into fat cells. The staining of the
cells wth Sudan red in Figures 3A, B, C and D took place according to the
met hod descr VBEHOHGS PSERIEK Visible witeant 4l daygpi(EReviral 38911 Ahfewre:

Breast”, in Ne{,BOdSiQfg1H Ssue,EOQE HeeLlng, -Agadem r 2 , r 4,
Pages 141- 149.‘£]B: Inl gddi ti oﬁpto t he S ngtrﬁpl' nﬁ%}fhgéﬁé‘ﬁ g%lzl E%@/ﬁég
staining w vhtSuf8adanededndFéguires- Boleogi ¢il. dhdreact el i days obhefe whe fat

cells was carr) ut. at the.nRNA | eve i n order . to check whether._the
genetic prog{r:ghirgagf tgﬁ5693$18gl Ia§CF %#?%‘ie%oFPJé@ﬁBhaPn& pr sfrm??\b'ILWth
the fat-cellwhdondit eeni nghiedi usdeged, ddes goegsl@ea:d)ﬁyresl@@ndi A8s¥Bred
03/ 083092 PCT/ EP03/03279._- 45 alteration, and typica

messenger - r i BBAGEFEPRIGRT LY (AR hesiaer {FHAITrQiedVri bed for fat cells can

be identifiednkn rdhectatscaldas prognamared.f rom prog amabie, Cyhesp Two
MRNA sequences typical of fat cell netabolismwere “anplifie y nmeans of
pol ynerase chBiA féaéeronaul PERFohsbaeraishy af eom RiAe saopt esl$ r i and 3F:

paral | ol test TRt ofe SR S B B g P oy At Car e T nREry
cultivated in the nutrient medium (as indicated in Example
2) for 6 days, but without the addition of IL-3 and 2-
mercaptoethanol 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 required to provide the signal for

differentiation into fat cells.

The staining of the cells with Sudan red in Figures 3A, B,
C and D took place according to the method described by
Patrick Jr., C.W., et al. T"Epithelial Cell Culture:
Breast", in Methods of Tissue Engineering, Academic Press

2002, Chapter 4, Pages 141-149.

B: In addition to the phenotyping of the fat cells by staining
with Sudan red, molecular-biological 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 used, undergoes a corresponding



"peroxi sonme proliferative activated receptor ganma" ( PPARG - mRNA,
(Tontonoz, P., et al. "Stinmulation of adipogenesis in fibroblasts by PPAR
gama 2, WOlo3/8a92 acti vated transcription factor." Cell 79CTEP4Y03R156
(1994), gene bank access code nunber; NWMD05037) and "leptin (obesity
honol og, nouse)"-nmRNA, (Zhang Y., et al. "Positional cloning of the nouse
obese gene and its human honol ogue. " -Nature 372: 425-432 (1994), gene
bank, access code nunmber: NM 000320). The RNA-isol ation needed for this

pur pose, the rgverrs‘i trarééé tiion_nmet hod and the conditions of the PCR
anpl i ficati o of "Fhé tesit CedqiEN IR ¢ o conrcid dBREA) bed

in detail inttrhasstapesof ddierdbed s€sr Urat 0ebnokendi .pé&t 18bnt i Fiugan
pancreatic adenocarm nonas express Fas and Fas ligand yet are resistant to

Fas- nedi at ed"&pdpttosFatls canesiramasd gg:om manoaramnagosonFoytesi s Two
pur pose the ect r ed_tor e n were
HEFRCCIUMAIJIIT seppodieedobor Lhe ECR an %kgmssequgﬁges

sel ected so that the Torward- reverse primners
whose honol o@@@élfnégl oys maarténebithp@hymmmsbe gelneith i Eeaotim dpERer €rtom

exons and ar from one an ther ar ntron. It

t hereby be engurﬁgggfJl ?H’?’hes%\rﬁ%???i cat?™n ddtafr#eerﬁe %ﬁ%%eé’@ﬁF@F‘ﬁ‘é‘P&?
fromthe nRNAteont@éIled iof theneeytiand \WQi03/ 888092 PC/ ERD3 103279 + o146
not fromthe seguence present in _the chronosomal DNA. In particular the

fol | owi ng pr AEFUEEqueTis Mgt SEPBCRW f BEOIPIAREY /¢ fegllept pamely
FECEFZé L?{ﬁg?@rg%%?@ﬁe 26%;?226%% Eﬁgépongbﬂgvgﬁga S%QBQB%Sr'” Sé%ﬁal)
(PPARG) -mRNA, 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 homolog, 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 1ligand yet are resistant to Fas-

mediated apoptosis", Cancer Res. 58: 1741-1749 (1998).

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 chromosomal gene lie in two different exons
and are separated from one another by a large intron. It
could thereby be ensured that the amplification fragment

obtained originates from the mRNA contained in the cell and



gene sequence in exon 2), this results in an anplification fragnment of
487- 265 bp = 223 bp, see Figure 3G As further shown by Figure 3G traces
of transcwDwaWsIPAR- y-specific nRNA can al ready be i dent iPCirgod/ms2the

programuabl e stem cell and in the tunmor cell line HL-60 (of a human
pronyel oic | eukaem a cell line), although with significantly narrower
signal bands than in the fat cell itsehk.-In contrast, the

fat-cell-specific protein leptin can only be detected in the fat cells
derived fromthe ]Pro granmabl e stemcells at, nRNA | evel by reverse-

transcri pt as8°EORTFhetpf o GPINFREFe Ri%iA el % CPPoGRT LA | PNAsednas a

control and bB@th@ﬁ@Qrt uﬁeuEo@‘&bbzlhtgnE%lﬂerQquéHEeé #8de MLi38iLpampseribe
no leptin. As negative controls al sanpl es without the addition of

the reverse EFARsYrppfader teatigel|/-RT) and H20-sanpl es were

si mul t aneously co- determned. By identification of the GAPDH

"house- keeping" gene in the positive controls, it is ensured that the
respecti ve PERARRrpLi fi Catrwamdsbepsecner e BH6pEBBY cabbkedspoudihg t hgene
i ndi vidual mixtures. WO 03/08 392 PCT/ EP03/ 03279 Exanp

Producti on 0§69P93Fecépl§xeﬁe§ v 6§W3§F6A9r¢8ﬁrthé85r5&Paﬁﬁpﬁ§e§P°Pﬂéng

dedi fferenti gkad peogkamenlle o:&dremcel tis: Of raBNDEYLES QR Gp1agserding tO
Exanple 2 into liver cells, a conditi oned medi um was first generated. For

this purposefZB8IgeBE RbmdS m2eEr BH $3R2 el precesEeduss 3Feol PewgurEhest
the liver tiggdgnvas, riengadesexer akbabbBeSd Nt PBSsciPoed PPAR-y-specific

mRNA can already be identified in the programmable stem
cell and in the tumor cell line HL-60 (of a 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 a
control and the human tumour cell lines HL-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 HxO-samples were simultaneously co-
determined. By identification of the GAPDH "house-keeping"
gene 1in the positive controls, it 1is ensured that the
respective PCR amplification steps were properly carried

out in the individual mixtures.



essentially renove erythrocytes. The tissue was then crushed in a petri

di sh and i ncubated with a dissociation solution for approximtely 45

m nut es aworeosavenperature. The di ssoci ati on sol uti on cea3EPoE20d 40 i
PBS (phosphate buffered saline), 10 m of a trypsin solution diluted 1:10
with PBS and 30 ng col | agenase type Il (Rodbel M, et al. J. Biol. Chem
239: 375 (1964)). After 45-m nutes' i-nggbation the tissue pieces were
passed through a sieve (see Exanple 6). The m xture was then transferred
into 50-m Fal con tubes, filled up to 50 mM_wth PBS and centrifuged for
10 minutes at 1800 rpm After cent rF¥38R%S oh the supernatant was di scarded

and the cell pellet ppolatpidg shelijdereLrld Sgs e ashed  with 50
mM PBS and centrifuged. The supernatant thus pro uced "was agai n di scarded

and the cell pellet taken up in 25 ml of a mediumof the follow ng

conpositign u u re v me) f 10
days at 3%C ?gganﬁ%c%%tgggﬁkﬂ%ﬁ?@ Ofcelltﬁllégr%%éﬁéﬁ&dé %%3%8§§66Wg516
PCT/EPOS/OSZ%@em—c¢81sLmﬁém@nﬂdyﬁy&mﬂﬂngﬁnﬂaunoﬁdiﬂ@F%%ﬂEiﬁM@n@Eﬁimﬁté45
m  Foetal calf seru gFCS ({}11 | in solution_0 Pen|C|II|n(100
U 1)/ Strept onyérh (:fg]é B HIGR ﬁ?qdluf‘bt“éﬁ‘s vf)]r{lﬁjé g6B°hPtSHe ©
nutrient rredrcumsccmi@ds%d i@ @ddiftlma%lgl(zés@ RAsBLE Ris eprEes SR gpaW h.

fact or (Pascall C. et al.
1ows

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 medium
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12: 313 (1994)).

The conposition of the Insulin

sol uti on was

as described in Exanple 6. During the incubation |asting 10 days the liver
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ed J.hune- hi st ochemi cal detecti
g I‘;{E@W#é%tffﬁmﬁmr@o@ pedoblden G K.
5. 257-66 (1981)), as shown in Figures
Total volume

The nutrient medium contained in addition 5 ug (10 ng/ml)
of epidermal growth_factor (Pascall, I.C. et al., J. Mol.
313 (1994)).

solution was as described in Example 6.

Endocrinol. 12: The composition of the Insulin

During the incubation

lasting 10
(LCCM)

the cell
The

supernatant was replaced by fresh nutrient medium after 2

days liver

conditioned medium formed as a supernatant.
to 4 days respectively. The respective LCCM obtained during
the change of medium in each case was subjected to sterile
filtration

20°C.

(filter with 0.2 um pore size) and stored at -

6 . '
1x10” 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.



B: In addition to the phenotyping of the hepatocytes by

i mmune- hi stochem cal identification of the al pha- fetoprotein, a

nol ecul arwbioslosaypral characterisation of the hepatocytesPat/EPRMS2Ievel was
carried out, in order to check whether the genetic progranmme of the stem
cells, after corresponding progranmng with the liver-cell- conditioning
medi um used under goes a correspondi ng - alat erati on, and whet her
nmessenger -ri bonucl ei ¢ aci d (nRNA) transcripts, described as typical of
liver cells arising fromthe stemcells according to

t he |nvent|%§7%%§dgggﬁﬁgﬁ?x? Eﬁ' For this purpose, the presence of five
di fferent nRNA sequences typical of hepatocytes was WO 03/ 083092

PCT/ EP03/ 03279 -|[ 50 exam ned by means of potrymerase crarmtreacti on (PCR)
in isolated RNA >amp&&ﬂd&@&ﬂhﬂ@ﬂhﬁﬁﬁhﬁﬂ@b@ﬁed progrannable stemcell s of
nonocyti c origin gnd, T naparattet—test—sample—from-the iver cells

obt ai ned by progr ﬂﬂhﬁg of the stemcells. In partl, %@r, this|is the Honp

al bumi n cDNA and ﬁ% eSS|o in Ecoli.” Nucleic |Acids Res.|9:
6103- 6114, (1981) e6ode nunber: NM 0d0@77)

al pha-fetoprotein nRNA (Nbrlnaga T., et al. "Primary structures of human

al pha- fetoproteln[%ﬁ&npﬂ§ﬁwﬁhﬁﬂbf Proc. Natl. Acad. Saivg USA 80F 4604- 4608
(1983), gene bank access code nunber: VOI5SIZ), Humap carbamyt—| phosphat e

synt hetase | nRNA Kdgatogagbivth fattor et al . "Clonlng anQp%equence of a cDNA
encodi ng human carbanyi plosprate—synthetase—t+—nptecuta—anrallysi s of
hyper ammonem a" Gene 107: 335-340 (1991), gene bank access code nunber

D90282) ,

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 Dbe
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 4cC.

B: In addition to the phenotyping of the hepatocytes by
immune-histochemical identification of the alpha-
fetoprotein, a molecular-biological characterisation of the
hepatocytes at mRNA level was carried out, in order 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



Hono sapi ens coagul ation factor Il (Thronmbin, F2) nmRNA (Degen, S.J. et al.
"Characterization of the conplenentary deoxyribonucleic acid and gene
codi ng f owolagan92 pr ot hr onbi n* Bi ochemi stry 22: 2087- 2097 PCT3®8)/9320ene bank
access code nunber NM 000506), Hono sapi ens coagulation factor VIl (serum
prot hronmbi n conversion accelerator, F7) nmRNA (NCBI Annotation Project.
Direct Subm ssion, 06-Feb- 2002, Nationgb Center for Biotechnol ogy
Information, NIH, Bethesda, MD 20894, USA, gene bank access code nunber

XM 027508). The,RNA-i.sol ation necessir for this reverse transcriptase
met hod and t ig®CoRAFt iDhs AP EheP PCROAMIFF ARt Eh Tof TERET1ABS| AR InRAA

sequences wasseahtbQd RWA asafleBEs | bedi N gdptdidrdnt ithe St ategehmkigart
see Ungefroren H, et al., "Human pancreatic adenocarci nonas €xpress Fas

and Fas |igahémyetehie odsiBeretyttc Fasigidi ated, agopt asiptraddeder tt
03/ 083092 P /0 + 51. Res. : 1741-1749, (1998). The respective
FREPREL TR, rhed igkEs cedts AEEA ALA00l PaBbraliabosRoth

primers for t I cCation " were ~selec S0 e &nd

reverse prinecsmbi ndlile. nRNA sequencesrwhoskibomkogals r @gnonsskpithe

chr onosonal ne.lie_jnt di fferent exons_and are separated from one
2R RHGEA ARG, o §-

anot her by a®farge"ih Ahi §-Way K- cButd be'%enSEHRBENCEhAL t REman

anpl i ficati ogettagrEMur@pbt adimed Shd gipat @S ohhe ARNA-goNt @i RadikAct he
cell and not _fromthe sequence present in the chronosomal DNA. The priner
sequences i nfiFédBedRdB! oR wePé03sbitted; (13HEl) r egEREs PANkh@aGesFecEPde PCR

gtnglmyiglsl ar enlRBELIURRd 000477 QULE AR rIPE HEOLE S oRA T 260 RLOYr fMrapL €
al. "Primary structures of human alpha-fetoprotein and its
mRNA." Proc. Natl. Acad. Sci. USA 80: 4604-4608 (1983),
gene bank access code number: V01514), 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 D90282),
Homo sapiens coagulation factor II (Thrombin, F2) mRNA
(Degen, S.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‘ coagulation
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 of 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



according to the invention, are designated there as "progr. stemcell" and
t he hepatocytes derived by programm ng of these as "progr. hepatocyte".

Al pha- f etwprootgiosz forward priner: 1458-1478 (correspondi RGT/Epesias23equence
in Exon 1), reverse priner: 1758-1735 (correspondi ng gene sequence in Exon
2), this results in an anplification fragnment of 1758-1458 bp = 391 bp,
see Figure 4D. As shown in Figure 4,_the programmable stemcell (progr.
stemcell), which itself contains no identifiable specific nRNA

transcripts for alpha- oprotein, can be progranmed into a hepatocyte
(progr. hepaFSEytégf %ﬁ?iﬁfzgété}%%Skhis mRNA transcript (positive band
with a nol ecular weight of 301 bp). This also explains the

i mrune- hi stochemi cal detectability of the al pha-fetoprotein, as shown in
Figures 4B &RE 4tesopetpvei thneneemt rivls, themePERhupaplifieatipssueerand

the liver tu I L nGR \NSCr i b .03/ 083092
PCT/ EPO3/ 032%%99%}5 Skegglﬁr@gt el naé%g‘”é%‘?c %%e?s‘?%%e\g%%eﬁﬁ goalnndjs to
confirm - AmnBNA seqghenwnesd whoisee honbd ol I i sitontheagchestosseguence

in exon 1), reverse priner: 1868-1844 correspondi ng gene sequence in Exon
2), this resaFPgdi?ﬁ 13n &WblHﬁ%ﬁﬁﬁQ51é%%ﬁﬁnﬁﬁacﬁr%8 39 bpt LRI,
see Figure 4hothkgupg 4D1shees ithaees ah tWranSGfdped: abbund nsspegkhiieq MRNA

already in the Ero rammabl e stemcell, whilst the ™ hepatocytes obtained by
progranm ng &Pathehg epmpéifscandonndrimemantyepbtpinee ayiwdinates t hieom

tumour cell t,0e JgeRGaL on W £y WeY e RQt used, g$ HgﬁiQfQﬁ(¥ﬁgrgé§Uence

strongly express
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 sequence 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 contains no identifiable specific
mRNA 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 also transcribe alpha-



the nRNA, as can be recogni zed by cl ear bands. - The carbanyl phosphat ase
synthetase |: forward prinmer: 3135-3157 (correspondi ng gene sequence in
exon 1), wewatsmw92 priner: 4635-4613 (correspondi ng gene s@quaEPOR0I2Mm exon
2), this results in an anplification fragnent of 4635-3135 = 1500 bp, see
Figure 4D. The carbanyl phosphate synthetase | represents an enzyne
specific to the hepatocytes, mhich playsp an inportant role in the

nmet abol i sation of urea in the "urea cycle". This detoxification function

IS guaranteeg functlonlng hepat ocytes. As Figure 4D shows, both in the
hepat ocyt es © YTy B TIRA i oy reifab e §@@n@@é|P§ RRgds SENEATRNe
positive controls (human liver tissue and the Hep&-tunmour «cell line), the

MRNA bands (1500 bp) specific to carbanyl phosphate synthetase | can be
i dentifi ef. Prlﬂeursmmhﬁ@rwmmprmwessl@ﬁmooMHwe ERNAr dpisd iy tdrene

pr ogr ammed tes.(pro ep tocyt i s due to the |ack _

substrate avai 65‘?%%% 1(‘1e c%lxtoure g Y0317 5830&%EP03]/%%%73984% 53
"Cotting f@miféspdndimgW@éﬂepBEQBéncé458rﬂ%&ﬁl gror respondisg tgenein

sequence in exon reverse p 901-.1877 _(carrespondi ene

sequence in %’S’(oﬁ““?;ll tlﬁiaglopes{ﬂatgsneiw aﬂg r}éqsgr'lé;f’t% c}ﬂpfragfw]e%t

1901- 1458 = #Ad4ubp,4psee Figure 4D. This |ikew se hepat ocyt e- speC|f|c

protein can only be detected in the programed hepatocyte (progr.
hepatocyte) and in the positive control fromhuman liver tissue at nRNA

level by 444??%:? ”&’Deéﬂ?&ﬁ%%ﬁ %"”Sfeg a%@é?r%é’@rQMRiE—SSé@{%fE'ILRNA
(progr. stemc does no h and, "1.e.
already in the programmable stem <cell, whilst the
hepatocytes obtained 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 exon 1), reverse
primer: 4635-4613 (corresponding gene sequence in exon 2),
this results in an amplification fragment of 4635-3135 =

1500 bp, see Figure 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 1s guaranteed by functioning
hepatocytes. As Figure 4D shows, both in the hepatocytes
generated from programmable stem cells and also in the
positive controls (human liver tissue and the HepG2-tumour
cell line), the mRNA bands (1500 bp) specific to carbamyl
prhosphate synthetase I can be identified. The somewhat
weaker expression of the mRNA bands for the programmed
hepatocytes (progr. hepatocyte) 1is due to the lack of

substrate available in the culture dish.



the gene is not transcribed there, as can be seen in Figure 4D. > Cotting
factor VII: forward priner: 725-747 (corresponding gene sequence in exon
1), reverwoopiosaer: 1289-1268 (correspondi ng gene sequen®ETIEPOFHRIM 2) ,
this results in an anplification fragnment of 1289-725 = 565 bp, see Figure
4D. As in the case of clotting factor Il, also this proteinis only
transcri bed in programred hepatocytes { @ogr. hepatocyte) and in the
positive control (human liver tissue) (see bands at 656 bp), although
weaker than clotting factor I1. Neither the programmable stemcell nor

t he negative control (H20) show this specific nmRNA band. > dycerine

al dehyde dehydragamse: Hactogene, 18kso rebersed t o asnd- i housgrdgen

gene" can be detected in every eukaryotic cell and serves as a contro
whet her PCR GRAGFSRORGIST walner Geekieycear 1 e@xont i arbveaspl esgindr: i s

co-det erm ned dgy Rl | ko f t ILLio f definite
quantity of RNA fromt hg ‘r’e%%@?ﬁ%@eﬁ@% g%ﬂéggfiéz %&:T%E‘IB%‘N ggZ?d:hl-S 54
sanpl es. > Assvddat ilve ol i f2@tsanplEsgwene sifMlAcarRaadsl = cotd bp,
determined in all_stests., If the HZOis not contam nated with RNA, no

anplificate isseeerdl(%lg@d ur | ng the PCR and no band 1is detectable (thus

serves as counter-control). Exanple 8 Production of skin cells

(keratinocytes), For the programm ng of dedifferentiated programmable stem
celI's of monddis ¢ oMsgiiTeacdsRfitesite Brasiifd 2 inrodkilm celans aaly be

condi tioned rRAidEPIMASIAT kS %%BﬁfgﬁﬁgdFﬂépé@ééyPQrRB§8gr%'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, also this protein is
only transcribed in programmed hepatocytes (progr.
hepatocyte) and in the positive control (human Iliver
tissue) (see Dbands at 656 bp), although weaker than
clotting factor II. Neither the programmable stem cell nor

the negative control (H20) 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



2 cn? of conplete human skin was processed as follows. The skin materi al
was first freed fromthe subcutis under sterile conditions. The tissue was
t hen washwo odsioet al 10x with PBS in a sterile contai ner POY/BPO3aR20US
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 dianmeter of 60 mm m xed w34 -3 m of a trypsin solution
diIuted 1: 10 with PBS and cut into small pieces (approximately 0.5 to 1
After thi 3 m of the trypsin solution diluted 1:100 with PBS was
agaln added to he nlxture and the mxture was incubated at 37C for 60
mnutes wth intermttent shaking. The larger particles were then all owed
to settle>gn t he ernatant containing the keratinocytes was poured off
and centrif ednﬁgaﬁgﬁer RFofe5 HeRutesoIafe waper naimnt tamsvuplpduced

was plpettedd@&fraﬂ@ he cghl t S Kk i 2
hey Erbs) bapsatkrallelencally RESLEL MESLhaKAM Uk éﬁ?@?ﬁ%ﬁ% s vk

i ncubat ed |nRNﬁetﬂO(ﬁ@ﬂkﬁi%@ﬁﬁﬂﬂlSn@rdducadidh@mngrtb@ PGRubaHOhoa%a%EC
Ker ati nocyt e ;gr |noc te growth nediu GV): DMEM 333.5
nil Foetal C 9@§%F§%§&EC§%§§ Eén?g Fs" H*%%?Eﬁﬁf%1 Penicillin
(100 LVl)/StreptonyC|n (100 g/1) 5 nil solution Insulin solution (cf.

Exanple 6) 0.5 m Total volune 500 mM The nutrient medi um contained 5 pg
of epidermal growth factor

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 containing 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



(for exact specification see Exanple 7) and 5 ng of hydrocortisone (Ref.
Merck I ndex: 12, 4828). During the 15 days' incubation period, the

ker at i nocyoa3ogdob2 condi ti oned nmedi um KCCM f or med as supePOatE®n3/032The
supernatant was replaced with fresh nutrient nmediumafter 2-4 days in each
case. The KCCM obt ai ned during each change of nediumwas subjected to
sterile filtration and stored at -20C- BglQ6 dedifferentiated stemcells
were then cultivated with 10 m of a nmediuns of the foll ow ng conposition

in a petris dis (0 100 mm or_.a culture flask. Keratinocyte _

di f f erent i:Sa?[!lonhﬁfrnaadin‘t%erﬁ'%\}(]ﬁl ﬁdﬁ%#lﬁéﬁl@ﬁoﬁoﬁ%t@%@n% K&t Eey tia

di f f er ent ipattirdn diwdtiesm (eKDRD KEEMEdR0181 dal/BSuhi gn SohstboFot it el e 6)
0.5 mM epidernmal growh factor (EGF) 1 Pg Hydrocortisone 1 ng
keratinocyte growth factor (KG) 2.5 Pg Keratinocyte gromh factor was used
in a concent ﬁ%ﬁﬁw@fg@ﬁhnﬁgﬂlm, as described by Finch et al.,

Gast r oent er ol ogy 110441 (1_&95) After a few davs a nmorphol gl cal Change
in the cells could be observed. After 6 days the keratinocytpe-specific
antigens, cytoker af UfH$naeE govihmedmKeMot h bound by the prinary

anti body used, (Exp| Cell. Res. 162: 114 (1986)) cpuld be defected (Figure
5A). After 10 days aDdBIM adherence of the clearl y3dsamgjer individual cells
al ready took place {n culture, Wwhich nmade Tt possibte toidentify a
visible cell tissue| FearighinadiR(FCef confluent cell s fpfhigure 5B).

Ham's F12 medium 111 ml

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

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

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.
1x10° 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



Exanpl e 9 Production of insulin-producing cells fromdifferentiated
programmed stem cells The production of insulin-producing cells was

conduct edwDre3/08bz ure flasks with a vol une of approxi mat elPgTAPO3/0d27nd f | at
walls (T75 cell culture flasks) . Approximately 5 x 106 of the cells
produced according to Exanple 13 were suspended in approximately 5 m of
the culture nmediumindicated bel ow WO 03¢ 083092 PCT/ EPO3/ 03279 - 57
(differentiation mediumfor insulin producing cells) and after being
introduced into thg TTasks, mxed with a tartner Io5 m_of cyglture nedium

For the differenti gtikemtkyth BfefeRlidion mbfigm, kbRAsks |were incubgted in a
hori zont al positi on—+f—afr—+hacubator—at—3+Cant—5%Co02—Cduttufje nedi um

(rmodi fied accordi ng ﬁg&ﬂ%aneya V. K et al. Nature]5ﬁ9h0|n 6 (3), 278-282
(2000)): RPM 1640 calf <nrun1(FFQ\ Penicillin (100
U1)/Strepto- 5 ml 100 sol ution Nicot|i nam de 62( ng J ucose
360 ng Tot al volun %q%ﬁ%P*éht medi um f Jr B8 cont 4i ned t he

epi dermal growmh flactor in a quantity of 10 ng/m| and the hegpatocyte
grow h factor in g eifermalgypwdtifactor Bghm . Wthin tihe"$§irst hqur the cells
adhere to the bottgmof the culture vessel. The differentiat)ion of the

stem cel |l s was noriHgkedrtByner ef erence to insulin praguction. For this
pur pose

keratinocyte growth factor (KGF) 25Hg

Keratinocyte growth factor was used in a concentration of 25
ng/ml, as described by Finch et al., Gastroenterology 110: 441
(1996) .

After a few days a morphological change in the cells could be
observed. 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 (1986)) could be
detected (Figure 5A). 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 (T75 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



the culture nmedi umwas changed at intervals of approximately 2 to 3 days,
the cell supernatant was collected each tinme, and frozen at -20C. The
cel | s adhwpiongsive2 t he bottom of the culture flask coul d PeTdPvREREd by
tryptinisation as described in Exanple 2. The insulin content of the
supernatant collected at the different times was neasured by nmeans of

ELI SA (Enzyne-|i nked- imunosorbent-assa&y) -agai nst human i nsulin (Bruhn

H D., Folsch U R (Eds.), Lehrbuch der Labornedizin: G undlagen, WO

03/ 083092 nostl KI [ n Pat hobi_ochem e [ Text book
of Labor at (I;Qﬁ;/? %g{ ng%‘ﬁtéLo P r?ig%q D" YHTaI CBEH o FiNGL Fehast r y]

(1999), P&g@.n@@)nmmﬂmmai@ﬂov\thb tfnesmsanlmrx%ﬂlmwf t@ﬁrtﬂegl li@‘ mine
results re od ced in Fi gure 8 show that the cells have reached

maxi mum | SR UPPAT PR odBEEi dheafdidifempnitdatsiam efil thee CeTlle,l rshd i n
quanti ti eSflg{quue,@}eb t t.h f t
differentiation i ncregs%dgﬁjﬁgr *n arg%tﬂdZdn%?l %/ ﬁﬁ%y\?\ﬁ‘l Iqu o Jhntfﬁﬁar?tor

i nsulin wad dtecendl 8%i @024 he control medium The bars in Fi gure 8 each
represent three separate values each determ ned fromthree i ndependent

i ndi vidual experiments. Next to the determ nation of the insulin production
in the dépldgranmeddstuam eeddisfienhi alkcvetend fEer elinaaiedyi Rt 0 o4 Nyl i n
produci ng I\IC%I |.s accarding to éhe invention, the portion of

i nsul i n- proauéiTnySEe e e (dbt efriPRéB2wWhEBROEIFI |1 expressed the
nonocyt e- specific surface antigen CD14 al so 3 weeks after conducting the
dedi ffergntration. 1T was found tiatonmragreat—port+er—et—these—ecells
(about 3QREYI4364P the nonocyte-specifiddhtmyen CD14 was det ectabl e al{so

after 3

Foetal calf serum (FCS) 50 ml
Penicillin (100 U/1)/Strepto- 5 ml
mycin (100pg/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
factor 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 reference 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,



weeks. Exanple 10 Alternative nmethod for the production of hepatocytes
fromdedifferentiated programmabl e stemcells As an alternative to the use
of hepat owgtog/wgwezli ti oned medium (LCCM), as described i nPET@Ppd/as3279 t he
differentiation of the stemcells into hepatocytes was induced by the
nutrient nmedium (Ha) indicated below The production of hepatocytes from
stem cells in turn took place in culturgg fdasks with a volunme of WO

03/ 083092 PCT/EP03/03279 - 59 approxinately 250 m and flat walls

(T75-cel | flas ) pry tely 5 X 106 of the cells produced
accor di ng to ?@' e iTht 4?%%36@%6P&F0 SRR eldf 5 Ibagia taqy
i mproved @Mdl@l@dmdpﬂﬂhbﬂﬁlégt e DRI i(dHa, Cgth'L@Ez? iﬁﬂ%ocg%% L%;Qrfﬁr

hepat ocyt es) %pd after being i ntroduced i nto the m xe
further 151M2°6F ARdturE8%edrnsh craparrd wdithf e'tmwtbhamlgnreadm@ o€l Itdhe the

flasks werRdingubated fe%u%tsh%%a%%h% o aPOg! %‘1%?,5% 8( nc'tl%a a&?%ﬁ : 351%?9 to

5% C02 Differentiation nediumf hepat oCcyt €$ ar'fied
Schwar z ethaale reamhaﬁ;ﬁhenmaxnmnm ¥E@@bnofoinselhﬁ ptbdﬁbboﬁﬁ BEEEQW] 4

differenti to do he te-l1ike Adin, Invest. 10

(109), éi% 30{2)1 (Cé{fol%% @ﬁ %ﬂzf%q‘ﬁimt%%‘%%l PE%WC%%H% cbesFedd sn

Peni ci | | i rt:r(e]aﬂt@:dU/m)/ﬁhéeQersé Wf W 81€20000f 13+ S0k Ut hapdoLgl Jyelwme

500 M Th ANUL, dlun1also contalned fibroblast growmh factor-4

( FGF- 4) ﬁ éht(% %g/w no human insulin was detectable in
the control medlum. The bars in Figure 8 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 CD14 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 CD14 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



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 pwodamsioen. For this purpose the culture nedi um ras/EPhaozed at
intervals of approximately 2 to 3 days, the cell supernatant collected
each time, and frozen at -20C. The cells adhering to the base of the
culture flask could be detached by trypbini sation as described in Exanple
2. The al bum n content of the supernatant collected at the WO 03/ 083092

PCT/ EPO3/ 03279 .-ﬁg% di%fer nt times was _neasured %ﬁ means of ELI SA

( Enzyne- | PRk&EG*t n¥sérBe -égganﬁaFoWaﬂéﬁaﬁTgpﬁﬁ ik CHEEHF8I Adagsst he
protocol ebpBekhyktkahorat ori gl nee and aee@ndi NGrd@uEMWA Zo iR - ol OC-
cit.) and conpared with the blank reading of the " medium The results

pr esent ed BFATRLgur £3 9 veikew thbrodheed alibde nappodutnatoal pf 5t helcedd s tderi ng
the period t VS 1 ul,t L i.ned approxi matel y constant.
The neasup'kgﬁég 3%%@1%%$r$% P%ﬁtl%§l§§§§gg}%%(ghkPé%ad?ﬁ6%8¥epﬁéa ton
medi un), i4di2é 28 ahdp3focetas) vendo dfte=t | beinf dddirddrecdf idte Bae
medi um The val ues .determ ned i ch cagse ampbunted to ca. .5 ng/m, 450
o 428 R TG dnd adaty T The BAIEire Fedive. SERgCRNS
represent dilifeecsepatabg wal uese easin s detpemenad kkr uANr aecdddepengsnt

i ndi vi dual experinments. Exanple 11 Deteterm nation of the co-expression of

al buni n aR@rdEorkal RBeAdEJPR- speeRfikCWPR e CHIUG Rnkepst 66yt es deri ved
from dedifferentiated stemcells The determ nation of the co-expression of
al bum n and of the nonocyte-specific antigen CD14 in hepatocytes derived
from 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/l)/Strepto- 5 ml

mycin (100ug/l) solution

Total volume 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
monitored with regard to albumin production. For 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



dedifferentiated stemcells was carried out on the one hand by

doubl e-staining (A and on the other hand by FACS analysis (B). A Stem
cel | s accwopdBqogsodd the invention differentiated into hep&Compoees2accor di ng
to Exanple 10 were cultivated on cover glasses in a 6-well plate and fixed
wi th nmethanol as described in Exanple 4. A doubl e-staining was then
carried out, in order to detect the sigygltaneous expression of the antigen
CD14 (phenotype marker of nonocytes) on the one hand and of al bumin WO
03/083092 PCI/ EPO3/ 03279 - 61 %Iiver-specific mar ker) on the other hand.
For this 8&%%8§8n hET0EF| ¥aRelE2PPFSE PHcliFalEd C4s Eldésc (Fped™enlERERPIe 4

W th a prifibiio8ptb8ReYaagaynst roRUMAAmALbUAY Buk@Hi NR8cBbIdYRg NEBBNthe
albumin) ina 1:50 dilution in PBS. Follow ng a washing step, the cells

vere theRTPReGBAt 84 Bsithys disharedaries dsecomtdr yceptdbogytombabearz

anti-rat, cphi;gh bijpds t ui ' i I L n : Elution
in PBS. Tﬁe gtafning pf%gggséﬁggcgt ﬁﬂﬂ%gsgﬁggsgh %g%%$df%%&%%8E§gn§Fg 4
usi ng t hempdtihod dfhe Carelsllts). breseintald (hocFigute) W tdhoAPAARatedthe

conpl ex. For the secqnd, staining.step, .the cells were then incubated wth
t he prina?gggﬁbe859,uﬁ5688 Qﬁtghﬁuﬁ%HJéDﬁﬁr%ﬂﬁitﬁ%ﬂ??ﬁﬁ?ﬁ)%fwb@hFﬂgzétep
accor di ngdbgsExampl e i shained rewht helihe ARG SkIgptary di ndlstaef Veckast ai n
(Vector) using the nethod of Hsu, S.M, et al. "The use of antiavidin

anti body BR&SHYFPUPALBI BEFA- perstrdaseitcomplddys 0 (damopeeadiemsel the
Cor oy S 0EShuy , Ak oF01 B8 and®300ke1aP192580 LA LINY! L] daHy PR CGEP! o

(brown) (Vector ' ’'Laboratories
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 CD14 in hepatocytes derived from
dedifferentiated stem cells was carried out on the one hand

by double-staining (A) and on the other hand by FACS analysis
(B) .

A) Stem cells according to the invention differentiated into
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



Nucl eus counter-staining with haemal aun was then carried out as described
in Exanple 4, followed by enbedding in Kaiser's glycerol gelatin. The
results awoeosihgsmm2 in Figure 10. The figure shows the expPeIHPos0x2f9 t he
antigen CD14 as brown color, which slowy decreases parallel to the

nor phol ogi cal transformation of the cells into hepatocytes, whilst the

al bum n expression as red color increaggs_wWth the increasing nmaturation
of the hepatocytes. Picture No.4 in Figure 10 shows the cells after three
weeks' stimulation with the hepatocyte WO 03/083092 PCT/ EP03/ 03279 - 62
condi t i oné&t WelT SReC By I pdrar ) it e tdwubihandar ki ng, the stemcell's
differentiated i nto hepatocytes according to the invention were subjected
to FACS (fluorescence-activated cell sorting) analysis. The stemcells

di fferenti atBdri ntbihepavsopses abeor diglg st o wardee |fiesit | olnawdeoretl ngaso

Exanpl e 10 i rv by chani cal_det achnent .of the_cells from
t he cul turemﬁégﬁé@%‘gi nqgTl aﬁgéﬁglgcr%ﬁrﬁ%hg c%ﬂnéa%rean&% é)fjgl I@g?l“ﬁ?éd
fromthe flaskmant kh1IPBSiand (gashed tpiiceyseadurdidieallbut@n)mimwfa 1:50

PBS- sol ut i on.%gor .this purpose the cell suspensions, in the PBS solution

wer e introduletiFhe® P15 e 2t UBERARY SEEBY pithst F LS 1880°r pm

The resul tanthegl linegitERNt £¥8Ss 4 | B G- ¥4 t R 1RBS, 5 SUChdrifilrexagt t ¥ody X
105 cells were present in 100 pl PBS. 10 pl of each of FITC narked
anti-CD14 ani¢hoei @st{BmRt Phahbthgen)der tiFe TOupekedignant dbodihes, also

antibodies {Beckmany apfl,fl I 1B kel norspeeltl¢nl 9Bt RUse N then
carried out according to Example 4 using the method of

Cordell J.L., et al. (loc. 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 ABC Streptavidin KIT of Vectastain (Vector) using
the method of Hsu, S.M., et al. "The use of antiavidin
antibody and avidin-biotin-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 morphological transformation 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-



human anti bodi es were then added to this cell suspension. After an

i ncubation period of 20 mnutes the cells were resuspended twice in 500 p
PBS and ewoh3fsamei pitated for 5 mnutes at 1600 rpm and wPo@rEPh3/oxldy t aken
up in 200 pl PBS. After resuspension of the cells, fluorescence was
measured with a BD FACScal i bur flow cytoneter fromthe conpany BD

Bi osci ences (Franklin Lakes, NJ) (cf._Bgphn H D., Folsch U R (Eds.),
Lehrbuch der Labornedi zin: G undl agen, Diagnostik, Klinik Pathobi ochenm e
[ Text book of Laboratory Medicine, Principles, D agnosis, dinical :

Pat hobi ochenfSEFyFLORe% - HB31¥M999): and Hol zer U. et al., "Differential
antigen sensitivity and costinulatory WO 03/083092 PCT/ EPO3/ 03279 - 63
requirenents in human Thl and Th2 antigen-specific CD4(+) <cells with
simlar TER Berdlig: Jwithmunthe 17d@oyl3)e: ®218ing223 ¢l2H03)tenThecells

eval uati on of,. | was, carried ou usi ng the M.crosoft . W nMDl
progranlmﬁth&%gggFéﬁgga%%d ﬁﬁFaugfpﬁ%@FyESF SFé%ﬁﬂ%&% 3§%0§%?r%8vgﬁg?9§is

of intestinakréent rauepidtwl i ako ynphosyt e livb e giarle-efct ivaedodegeti ency
in Wstar rats.",Qétonetry 41 (2): 115-122 (2000). The results of the
FACS- Anal yseSareiP@pr38@es8ifn Figure 11. The figure shows the expression
of the CD14 (top row) and of the album n antigen (bottomrow), which was
measured in dedifferentiated nonocytes (left-hand colum) and in the stem
cel I's differ&hei k68 FrRtdshepafecynesabedoidraghepatheytenvencpoaing to

(L™ e SRk TR er S U RLAR e UK 25003, HRLGEgEOD ©

hepat ocyt es 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 ul 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 period 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 ul
PBS. After resuspension of the cells, fluorescence was
measured with a BD FACScalibur flow cytometer from the
company BD Biosciences (Franklin Lakes, NJ) (cf. Bruhn
H.D., Fo6lsch U.R. (Eds.), Lehrbuch der ILabormedizin:
Grundlagen, Diagnostik, Klinik Pathobiochemie [Textbook of
Laboratory  Medicine, Principles, Diagnosis, Clinical
Pathobiochemistry], 395-403 (1999); and Holzer U. et al.,

"Differential antigen sensitivity and costimulatory



devel oped from dedifferenti ated nonocytes a weaker expression of the CDl14
and a very strong expression of the albumn was detectable. Exanple 12 In
vi vo use wb odestiopf erenti at ed programred stemcells of nomcEEPO®ORII gin In
order to clarify, to what extent the programrable stem cells in vivo after

injection via the portal vein into the |Iliver of a genetically identical
reci pient animal undergo a specific diggecentiation via the
signal -providers present in the liver, livers of female LEWrats were

first treated with retrorsine, in order to inhibit the hepatocytes present

in the WO 03FB84H59mPEYTFERG3/ WD Tihy anﬁv&harawagmremeﬁyw cEPE4Y)

regar di ng th@b&wr%'ﬂtkers%ﬂ%r %{R WdaiRef .7 L oF: 11 % 1218~
"Long-term near-total liver replacenent by transp antatlon of "isolated

hepat ocyt es ﬂﬂZBaﬁgooﬁreat@bemthluetremsoﬁethAnreSulPatWa3153rr3e9 329
(1998)). For p 0S ceived 30 t he roI| i dine
R b DR b Y LD S ekl Po= 20 i hi | REReRaREg B0

al kal oi d retrors I'nj ec aperi

Subsequent | yManqSG% res.ez:.tl oneef e [1TvEs8 t cgabedticict hignamysiwas of
carried out, ?Ilo y.the admnistration of 5 x 105, of the progranmabl e

stemcells i h® ﬁFtlﬁ%é |ﬁPBrFﬁﬁpbB??%}a%er%Y%?h?¢¥¢?%na}%rn@ resfabal of
liver. The shmiheakEschadobeen abLalnpedstasr degephbed 'E:LErérfP' Elghlﬁéom

nonocytes of nmale LEWrats. Five days after adninistration of e stem
cells a punch2BPBpsy of the liver was carried out for hrstologrcal
assessnment of the liver and to detect the cell types differentiated from
the stemcells by neans of fluorescence-in-situ-hybridisation -(FISH) wth
Y-chronosoneThe results of the FACS-Analyse are reproduced in Figure

11. The figure shows the expression of the CD14 (top row)
and of the albumin antigen (bottom row), which was measured
in dedifferentiated monocytes (left-hand column) and in the
stem cells differentiated into hepatocytes according to the
invention (right-hand column) . In dedifferentiated
monocytes a strong expression of CD14, 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

albumin was detectable.

Example 12
In vivo use of dedifferentiated programmed stem cells of

monocytic origin

In order to clarify, 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



specific probes, as described in detail in Hoebee, B. et al. "lsolation of
rat chronosone-specific paint probes by bivariate flow sorting followed by
degener atwoaBjiogpomrcl eoti de primed- PCR " Cytogenet. Cell @cmatPo3/6R79 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 retrargyne- pretreated 8096resect|oned

|l ivers of fenale recipient animals. The selective renoval 'of the sane
l'iver on ga¥ er stem ceII injection shows the differentiation of the
stem cel | $*V#ht d 6%108?¥%%C @ﬁﬂo?ﬁéﬂﬁélﬁﬁQQQQ%Ww Bhedr dipgrlagernéiion

(Figure 7§%t10it§hg§e90'ﬁﬁcbﬂet'EE Egeah'veioﬂgst@ hea%%&ron??ﬁgdll%%r

normal size, and >90% of the cells have a Y- onosomne it ca
be concluéeﬁla@ﬁ@@ntth|hFé@Be&anSyhgenlofpneg&anﬁdbhepstenytebl$notats

t 3108309 §P03] 03279,
o fecti ng"atorg) B e ERPEr R on it i 1o Wh oY et

function. Figure 7C shoms in thls connectlon t he Kapl an- Mei er surV|vaI

curves (n=4 pe£hgrouEL stemcel | -treated versus untreated recipient
rats fol | b3 ng EPPEE ot lsF & oS afRFED%Y i VY rBSecPfonthehe

function @? BOEL 21810 | ian w1 and- AFEI i NHB) 5 DEOYE Eﬁ%raﬁggﬁkghgaély
met abolic functionality of the long-termsurviving stemcell-treate

animals ( b%@eylﬁblﬁndl?EﬁaM§«M§Wb§§QM¢H%bhgénldﬁ}andeée@tibereﬁilaheon
of nDnocyif§efﬂ E?EEte8U|HPr€ %gg gﬂ%%lggé 0 agqtpr agatj.an ,9f %F
e he "de * 59 %t “the

nonocytes on t one han eren |on of e ce

ot her si dedmimbstration of 5 X lO of the programmable stem cells in 1ml
PBS into the portal vein of the remaining residual liver. The
stem cells had been obtained, as described in Example 2, from
menocytes of male LEW rats. Five days after administration of
the stem cells a punch biopsy of the liver was carried out for
histological assessment of the liver and to detect the cell
types differentiated from the stem cells by means of
fluorescence-in-situ-hybridisation = (FISH) with Y-chromosome-
specific probes, as described in detail in Hoebee, B. et al.
"Isolation of rat uchromosome—specific paint probes Dby
bivariate fléw sorting followed by degenerate oligonucleotide

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 LEW stem cells
on the 5th day after intraportal injection into retrorsine-
pretreated 80%-resectioned livers 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 >90% of the cells have a Y-
chromosome. From thie, it can be concluded, that the\injected

syngenic programmable stem cells of monocytic origin -- are



| arger scale were conducted in culture flasks in the sane nutrient nedium
whi ch was al so used for the cultivation in well-plates (cf. Exanple 2).
The nut riwoto3oedum containt 2.5 pg/500 mM M CSF and 0. 2 Pog/EP08032i79
interleukine 3 (IL-3). The nonocytes isolated in Exanple 1 were transferred
to the bottomof culture flasks having a volunme of 250 mMl and flat walls
(T75-cell culture flasks). About 10 tingg x 106 cells were transferred
into each flasks and were each filled up with 20 m of the above indicated
nutrient medium The determnation of this cell nunber for the exact

dosi ng peFaPEPisk ihsvVEéseri o @ﬁf%&%.%gcp@p&ﬁéﬁn rRgdiien ef. they

R J., "Cehljyopankid t it 1.oN" 5 t hed
Engi neeri %gl Acgltdlécrkrll ggﬁng}s%oo 1%&%%%%{?164@ p%ig SJ!\@SJ{Q@S%}I% %-5/ 33‘%&92

PCT/ EP03/ @32ngctioss thEh&apdbh-Malieur eukivavkd wergesndobat pdn granp) of

i ncubat or 3 f After s, the ceII settle

bot t om of S%ieﬁle%% Ilc%s(lgi:egjl_'%e sUpet 12 gﬁ]t%r\ﬁ'?s erdenﬁcﬁgﬁpéglé =S % gtatffwéﬁg
the fl asksadweneseaahibil bedrwn:i:braﬂnm ahd este nyiwa_enﬁemhm On day 6,
the flasks were rinsed twice with 10 mMl PBS each, after the nutrient

medi um had previously been pipetted off fromthe flasks. Hereby, all cells

were renoved, MNGH H bdneradhene; 10.4he, bot ko e k ercells
growi ng adhere to thed%ot tn(l)em of tlﬁle % khlks %ﬁe%@%gégueiﬁ%{ﬁ ég?rg%egﬁ%rom
the bott compflethe metathsling t Huacstienalitel Ioﬁcrt@perloﬂ'@etssparsaltr@dvingl S

were now renpy r mtheflasks by rinsin PBS . and were pooled in a
50 m Fal cg% %%%Eag \%Ereg ??}?uégﬁg%e %Eﬁ o‘r 10 m nutes.
Thereafter, the supernatant vvas di scar ded and the sedi ment was resuspended

in fresh RPM 1640

Example 13
Propagation and dedifferentiation of monocytes 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

pg/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.



medium (2 m /105 cells). This cell suspension could be used directly for
differentiating into various target cells. Alternatively, the cells were

m xed W tWODMBEIPLS as freezing nedium after centrifugat iPOm/EPO3I032e9 e
deep-frozen at a con- centration of 106/ m . The freezing nedi um cont ai ned
95% FCS and 5% DWVSO. About 106 <cells were taken up in 1 m of the nmedium
and were cooled follow ng the subsequegg steps: 30 mnutes on ice; 2 hours
at -20C in precool ed styropor box; 24 hours at -80C in styropor; stored in
tubes in liquid nitrogen (N2) at -180C. WO 03/083092 PCT/EP03/03279 - 67
Clains 1. Process for the production of dedifferentiated, progrannable

stem cel | ?Eﬁf ?QWB u f1Pg % fi&s?%)@%lﬂeé 1&&%?@&%?% Bt g g) a@@eie’

are isola rom human bl ood nonocyt es ‘are propagate
sui t abl e €olct 6r daysedhAfingr whd cliocost atlns ¢é&ismﬂétﬂbmdgﬂn“ﬂha&mﬂtmm1mﬁCSF

) h TR a N R e o B AT B R R Sk © st

dedi f f er eshkeatedspsogeasnadtie sierecelish 20 enotaifehitiseRaniding .t he
cells fromculture nedium 2. Process according to claim1, characterised

in that a nercapto conpound is further added to the culture nedium in step
c). On day 6, the flasks were rinsed twice with 10 ml PBS each,

after the nutrient medium had previously been pipetted off
from the flasks. Hereby, all cells were removed, which did not
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 subsequent 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.



3. Process according to claim?2, characterised in that a nercapto conpound
is used, in which at | east one carbon group is bonded to the sul phur, and
wher ei n tWe o3fogadencar bon group(s) may be substituted w t hPCREPOI/0ITDT €
further funtional groups. 4. Process according to clains 2 or 3,
characterised in that the nercapto conpound is 2-nercaptoethanol or

D net hyl sul foxi de. 5. Process accordinggyo_clains 1 to 4, characterised in
that subsequent to step c) and before step d) the cells are contacted
with a biologically acceptable organic solvent. WO 03/083092 PCT/ EP03/ 03279
- 68 6. Process according to claim5, characterised in that the
biologicapﬂﬁlﬁéceptable organi c solvent is an alcohol with 1-4 carbon
atons. 7. Process according to claim6, characterised in that the al cohol
is ethanoll.. 8prBresessoaccaedpirgduetibal B8 detio fferehariactier,i sed in that
the cells are brought éﬂto gontacglmﬁt? %he vagpur %hase af .t he

bi ol ogi cal |y ACREPFABPESr §afi'c C8oFeRt. "gaBr FRBOS YA CoPFi g o claims 1
to 8, charactehksedtemishkdt int batcel | s are suspended in a suitable cel

cul ture nedium subsequent to step d). 10. Process according to claim?9,
characterised in that the nmediumis RPM or DMEM 11. Process according to
claims 9 & 10oneRdtast eresegoilatedatfromhdumadi bhoodt ai ns a cyt oki ne or

LIF. 12. Process according to claims 9 to 11, characterised in that the

cells are _suspended in a |liquid nmedi umand .
b) the monocytes are propagated in a suitable culture

medium, which contains the cellular growth factor M-CSF;

c) the monocytes are cultivated simultaneously with or

subsequently to step b) in a culture medium containing
IL-3; and

d) the human adult dedifferentiated programmable stem cells

are obtained by separating the cells from culture medium.

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

3. Process according to claim 2, characterised in that a
mercapto compound is used, in which at least one carbon
group 1is bonded to the sulphur, and wherein the
hydrocarbon group(s) may be substituted with one or more

further funtional 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 c¢) and before step d) the cells are

contacted with a biologically acceptable organic solvent.



subsequent|ly deep frozen. 13. Process according to claim 12, characterised
in that the mediumis a cell culture nedium 14. Dedifferentiated,

progr ammeMDa3®8m®mM cel | s of human nonocytic origin. 15. SPEREPEIHRTI
according to claim 14, obtainable by the process of clainms 1 to 13. 16.
Phar maceuti cal conposition, containing the de- differentiated, programmable
stemcells according to WO 03/083092 RCH&ER03/ 03279 - 69 clainms 14 or 15.
17. Use of the dedifferentiated, programmable stemcells according to
clainms 14 or 15 for producing target cells and target tissue. 18. Use

according 2o i 7 erlsed in that a) the tissue contajning.the
desired ta6tr ge?r% S;s |asgé(;$ﬂ§ll‘ Co i ¢ fgé%qa(?&clt$r&ﬁ§ orlrfrgbﬁént e
thereof are ofstigilead cafldomadueptrainiee drigassioe ;sodvetlte itsarsgetaleedHcdl anidftor
fragments therneof angdncihated in a suitable culture nmedium d) the
supernatant of the culture nmediumis collected during and after incubation
as target-cell-conditioned nedium and e) for the

r epr ogr anmm. ng/P(ilofd‘e%rsenict@&t@ﬂn@f tth:l%hQrm 68! lcharike rtikegdesi r%HaEar’&Fé
cells, the steT | I.s ., are&zﬁl to growmthe presence of the
target-cel | - condi% &n ¥ S 19 Use according to clains 17 or 18, for
the production of adipocytes, of neurons and glia cells, of endothelial

8. Process according to claims 5 to 7, characterised in that
the cells are brought into contact with the vapour phase

of the biologically acceptable organic solvent.

9. Process according to claims 1 to 8, characterised in that
the cells are suspended in a suitable cell culture medium
subsequent to step d).

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.

15. Stem cells according to claim 14, obtainable by the
process of claims 1 to 13.

16. Pharmaceutical composition, containing the de-

differentiated, programmable stem cells according to



cells, of keratinocytes, of hepatocytes or of islet cells. 20. Process
according to clains 1 to 13, characterised in that the dedifferentiated,
programesDe3ss®m cel | s are transfected with one or norePgeEmPs3 019

Dedi fferentiated, programmable stemcells of human nonocytic origin
according to claim 14, characterised by the nenbrane associ ated

nonocyt e-specific surface antigen CD-d4and at | east one pluripotency
mar ker sel ected from WO 03/083092 PCT/ EP03/ 03279 - 70 the group

consi sting of «dBdine 1@DI3 lénd CD135. 22. Stemcells according to clains
14, 15 or 21, characterised in that the dedifferentiated, programuable
stemcells are transfected with one or nore genes. 23. Stem cell

preparati on,- cbift aitf ngtlRedi dedtEiryetdditedpr ogremmnaninagicemstwd s cells
according to cddaddmiilyy 48, cgélﬁé 122 d)f‘ a5Sutd.able,gRdi 4 t%%g]e_gs%legtfléz?_e

dedi fferenti at ed ro rarrma le stemcells according to clains
or 22 for theeﬁ}de F1S54 phar maceuti cal conposition for the
treatment of liver ci rrh05| s. 25. Use of the dedifferentiated,

pr ogr ama emcells,. ac ordln cla ms 14, 15, 21 or 22 for t he
preparatio blge ﬁse SIS gc| g&@&s. EraharbPrERedt tBabhBRt of

pancreatic insufficiency. 26. Use of the dedifferentiated, progranmable

stem cel | sy aggQy O & 21.or for the aratiaon of a
phar maceut | cal cocr?pl%%%l é:(r;o 8%%%@ #%a Bhf S5 %353?5 cﬁ}fﬁh onF ! %?%‘P]’ey
failure. 27. Use of the dedifferentiat ed, programabl e stemcells

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.

19. Use according to claims 17 or 18, for the production of
adipocytes, of neurons and glia cells, of endothelial

cells, of keratinocytes, of hepatocytes or of islet cells.

20. Process according to claims 1 to 13, characterised in that
the dedifferentiated, programmable stem cells are

transfected with one or more genes.

21. Dedifferentiated, programmable stem cells of human
monocytic origin according to claim 14, characterised by
the membrane associated monocyte-specific surface antigen

CD 14 and at least one pluripotency marker selected from



according to clainms 14, 15, 21 or 22 for the preparation of a

phar maceuti cal conposition for the treatnent of hornonal

under - f urwoioansage 28. Use of the dedifferentiated, progracwaErzoxrrem cells
according to clainms 14, 15, 21 or 22 for the preparation of a
pharmaceutical conposition for the treatnent of cardiac infarction. 29.
Use of the dedifferentiated, programmebl/® stemcells according to clains
14, 15, 21 or 22 for the preparation WO 03/083092 PCT/ EPO3/ 03279 - 71 of
a phar maceut i ¢dle gaopesiconsnstongt hé Chealre@b1d8 apdl opnasy enbol i sms. 30.
Use of the dedifferentiated, progranmable stemcells according to clains
14, 15, 21 or 22 for the preparation of a pharmaceutical conposition for
the treat fént S50 Sldite acpprdive ¢ e idediléf eddnttirat?dd, qirogrcrardbicel

stemcells adeorshdig ﬁKéC&@&fﬁféfbnééétéQ;05r§&r{ﬁﬁaﬁf@ QESBaggﬁh%Qar%f a
of~s e. ) e of

phar maceuti cal %pngos%tion,gﬁaathe t r eat nent In damag
the dediff er entPRCEGCtHRogl BPeCEtBAfeefPReSaccording to clainms 14, 15,
21 or 22 for the preparation of a pharmaceutical conposition for the in

Vi vo prodyat i of et nd target tissue. 33. D fferentiated,
isolated,@gdnggfglta%%g? ceﬁ?%ﬁgﬁgy%ﬁn’teuiﬁﬂt%%3i55é, 6%%%15@Je@§1ated'

r epr ogr anmi ngPERETSMBAPEE| [ssemacedddi repdordilngl M lellaikly 24, 0152221 or
characterisedabyithg spephragesassQgi ated surface antigen CDl4. 34. Somatic
target cells and/or target tissue according to

24. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the treatment of liver
cirrhosis.

25. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the treatment of

pancreatic insufficiency.

26. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the treatment of acute

or chronic kidney failure.

27. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for +the treatment of

hormonal under-functioning.

28. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the treatment of
cardiac infarction.

29. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation



claim 33, selected fromthe group consisting of adipocytes, neurons and
glia cells, endothelial cells, Kkeratinocytes, hepatocytes and islet cells.
35. Somatwo oB@asyer cells and/or target tissue accordi ng t ®CTaPa3/ER783 oOr
34, characterised in that they are transfected with one or nore genes. 36.
| mpl antable materials coated with the dedifferentiated, progranmble stem
cells according to clains 14, 15, 21 or 7122 or the somatic target cells
and/or target tissue according to 33 to 35. WD 03/083092 PCT/ EP03/ 03279 -
72 37. |npl aptfedamapbatrabsecactosli ngopo£itaidn 36Eochaact eresethenitn bifat

the material s_ar t : .38. Inplantable materials according to claim
37, character'gé§08%%§tEgﬁgiﬁgéﬁfostheses are selected fromthe group

consi sting of cardiac val ves, vessel prostheses, bone- and |joint

prost heseso . S9sel Meleantcaly € dupdielreales -aGEaRI NG 10 Chalin 26, SERAr ackenised
inthat the inplantable materials are artifici I and/ or |0Fog|cal carrier
material s, whPEROESAREI Fot Helaidedi ¥4 er &bt i dled®r ptdgfarmibee Preparesiios

according to ogl abkMBpRdrmidSeuic® Z2ZoffodnNeiddr 9y Colds aGeRhding ter
clainms 33 to 3 40. I nplantable materials according to claim 39,

characterisedSQFﬁthat the carrier materials are bags or chanbers for
i ntroduction into the human body. 41. Use of bag or chanber according to

cl ai m 40, whi cont ai.ns isj et |1 s.according _to claim33, for the
0 3T, : '
product i on of%%ephggnaggﬁilcadh§§%§FP&&F%F8r u §°§§agwagbe stém ~ cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the treatment of skin

damage.

32. Use of the dedifferentiated, programmable stem cells
according to claims 14, 15, 21 or 22 for the preparation
of a pharmaceutical composition for the in vivo production

of target cells and target tissue.

33. Differentiated, isolated, somatic target cells and/or
target tissue, obtained by reprogramming the stem cells
according to claims 14, 15, 21 or 22, characterised by the

membrane-associated surface antigen CD14.

34. Somatic target cells and/or target tissue according to
claim 33, selected from the group consisting of
adipocytes, neurons and glia cells, endothelial cells,
keratinocytes, hepatocytes and islet cells.

35. Somatic target cells and/or target tissue according to
claims 33 or 34, characterised in that they are

transfected with one or more genes.

36. Implantable materials coated with the dedifferentiated,
programmable stem cells according to claims 14, 15, 21 or
22 or the somatic target «cells and/or target tissue
according to 33 to 35.



artificial islet cell portchanber for the supply of insulin. 42. Use of a
bag or chanber according to claim40, which contains adipocytes according
to cl ai m88,03/083091 he production of a pharmaceutical constPCE@EP)3/0d27Th
contains artificial polyners filled with adi pocytes, for breast
construction after surgery and for use in the case of plastic and/or
cosnetic correction. 43. Inplantable materials according to clains 36 or
40, characterised in that they are sem -perneabl e port chanber systens,

whi ch congal niflpibateat mated-iia9Q) adecb st i €o taArget B€) | shaegetdirngetio
claim33. WO 03/€§399§ PCT/ P03/93279 - 73 . 44, Use of the sem -perneable
port chamber 3§st8Atatlorithgrtals cP5f ME% 187°%%e production of a

pharmaceutical construct for in vivo treatnment of endocrine, netabolic or

hae”DStatbg, ﬁﬁg?éﬁﬁabfé'm%%?g?glg4g§%P?§gnéLE§ E?éiﬁh§7pr8ﬂgggkegrgged

dedifferentiate rogr anma stemce 0 aman ~nonoéyti ¢ origin.
in that the prostheses are selected from the group

consisting of cardiac valves, vessel prostheses, bone- and
joint prostheses.

39. Implantable materials according to claim 36, characterised
in that the implantable materials are artificial and/or
biological carrier materials, which contain the
dedifferentiated, programmable stem cells according to
claims 14, 15, 21 or 22 or the target cells according to
claims 33 to 35.

40. Implantable materials according to claim 39, characterised
in that the carrier materials are bags or chambers for
introduction into the human body.

41. Use of bag or chamber according to c¢laim 40, which
contains islet cells according to claim 33, for the
production of a pharmaceutical construct for use as an
artificial islet «cell portchamber for the supply of

insulin.

42. Use of a bag or chamber according to claim 40, which
contains adipocytes according to claim 33, for the
production of a pharmaceutical construct, which contains
artificial polymers filled with adipocytes, for breast
construction after surgery and for use in the case of

plastic and/or cosmetic correction.

43. Implantable materials according to claims 36 or 40,
characterised in that they are semi-permeable port chamber
systems, which contain differentiated isolated somatic

target cells according to claim 33.



WO 03/083092 PCT/EP03/03279

44,

45.

- 73 -

Use of the semi-permeable port chamber system according to
claim 43 for the production of a pharmaceutical construct
for in vivo treatment of endocrine, metabolic or

haemostatic diseases.

Use of M-CSF and IL-3 for the production of
dedifferentiated, programmable stem cells of Thuman

monocytic origin.



