WO 02/ 36751 PCT/EPA /12768 -1 G 3 MAY 2005 Human Cord Bl ood Derived
Unrestricted Somatic Stem Cells (USSC) The present invention pertains to a
somatic stemcell, a plurality of stemcells, a nedicanment conprising the
stem cel | wid 0/3@51 nvention and a nmethod for purification, REGERKIIDI$8 and

uni que differentiation-potential of thk-stemcell of the inventjan :

Al t hough stemcells are permanently self-replacing, they are gM?QﬁYﬂ@ﬁow
cycling. Conventionally, it is thought that these cells give rise to a
transient anplifying cell population with [imted self-renewal capacity to
increase nunbers of differentiated cells. Htherto, the chall enge has been
to locate stem cells in the adult human and, therefore, a nunber of
surrogate markers (e.g. <colony formng tests for the henatopoietic |ineage)
*have been enployed in the existing literature. A nunber of US-Patents e.gqg.
US 5, 486, 359; 5,591, 625; 5,736,396; 5,811,094, 5,827,740; 5, 837,539;

5,908, 782; 5,908, 784; 5,942,225; 5, 965,436; 6,010,696; 6,022, 540;

‘6,087, 113; 5,858, 390; 5,804, 446; 5, 846, 796; 5, 654,186; 6, 054, 121;
5,827,735; 5,906,934 are dealing with nesenchynmal stemcells (MSC), which
can be differentiated into several progenitor cells, for exanple nuscle
progenitor cells, connective tissue cell progenitors or oval cells. Miscle
progenitor cells are differentiating further into cardiac, skeletal as well

as Smooth MiScligneel Forg WISEEaR G GRANESHAESIRR GoloyDrpERR)t O ey

differentiate : ;
differenticate into,l.iver,.or pancreas cells. (G onpe ,et_a 01). . WO

0b) 7. b1 Ther PR 15YERHPH PSRRI s55ament SPBEEE e BlurliY At s Bissils:
stem cel |  Whébicamem bbeplristy dhbl aeeh il of ithk W#Wdatiof sedssimBtHdyYani et
at. 2000, Mareschi et al. 2001). The German patent application DE 198 03

267 Al wadurficationsiselgtigasund beiqys: eifrertatig-ogtentialref thedsteeneelt of #a¢ i on
from hunar]n\gglr]gog?_l ood.

Although stem cells are permanently self-replacing, they are generally slow

cycling. Conventionally, it is thought that these cells give rise to a transient
amplifying cell population with limited self-renewal capacity to increase
numbers of differentiated cells. Hitherto, the challenge has been to locate stem
cells in the adult human and, therefore, a number of surrogate markers (e.g.
colony forming tests for the hematopoietic lineage) have been employed in»the

existing literature.

A number of US-Patents e.g. US 5,486,359; 5,591,625; 5,736,396,
5,811,094; 5,827,740, 5,837,539, 5,908,782; 5,908,784, 5,942,225;
5,965,436; 6,010,696; 6,022,540; 6,087,113; 5,858,390; 5,804,446;
5,846,796; 5,654,186; 6,054,121; 5,827,735; 5,906,934 are dealing with
mesenchymal stem cells (MSC), which can be differentiated into several
progenitor cells, for example muscle progenitor cells, connective tissue cell
progenitors or oval cells. Muscle progenitor cells are differentiating further into
cardiac, skeletal as well as smooth muscle cells, whereas the connective tissue
cell progenitor may differentiate into bone, cartilage as well as fat. Ovai cells

can differentiate into liver or pancreas cells (Grompe et al, 2001).



However, the use of these nmesenchymal progenitor cells of prior art is often
limted since they are too far devel oped in order to be useful tools for
generating organs or tissues. In other words, they seemto be already too

much cony nd specialized to yield a functional rege ] gan or
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tissue. refore an object of the invention to provide a stem cell
which is able to differentiate into different progenitor cells sfighpay 708
nmesenchynmal cells, neural cells, bloadscells or endothelial cells.” It i§ -
anot her object of the invention to provide a stemcell which does not have
t he drawbacks of enmbryonic stemcells. It has been found that a newy

i denti f i ddves priegencesvemaiehematoppiatia steyol eallst withinpjrebilicahderdskleadaisove.

The somat | ell of t i nv.ent i IS, derived. fr nunbi.lical cord
ol oo, piklete e BbaSendl e SHERL P o bt n 2B THE b BBt o
stem cel Ipzhehndxghirbtivat DE Qwgbel cgpahlieviae tik ffiet et idiseribat est@senghy mal
stemor progenitor cells, hematopoietic |ineage stemor progenitor cells,
neural sthepgeRitprogedihane wematian fronbunean apréblaader | iver progenitor

cells. These cells represent the progenitor of the hematopoietic I|ineage,
t he mesemdwendr, sthenmnuseldf shasewsleseashyreal arogerdhorc etlls of Firics art igueften

mul tifunctional capacity and the_techno| o to expand these cord bl ood (CB)
dor | ved IESS 17 DEBq CAONec P TATc VeI FesE , SETeP e Sl SHiRIE 1 7t e
cells or g@%e?@ﬁﬂgtéqar@% Sidsnder 16l stHetCivordd,f eidNiskakd @8 Bé 0d1RSAS o8l | ows
preci se characterization, standardi zation and utilization for the production
and i nplrenentcarnonittedl enerapesidlizelerapyyeldna rfegetienal regemerdtiognerga @r 1

shows a Qhotom’ crograph of primary USSC culture Cells plated at | ow
density. "84S 2 shows a photonicrograph of confluent USSC cul ture. NVO

02/ 36751 _PCT/ EPO /12768 (S i-Pr4 2025 - 3 Fig. .3 shows a FACS anal is for
CD45 ant iltg&twéfor@oawévgﬁ'ft ohthg inventian ta Bgov'éf—@. St@rgw&@sw*alcg é:s@ybi%épysi s

for SSEAY;RERINRRECHERdiBErent progenitor cells such as mesenchymal cells, neural

cells, blood cells or endothelial cells.

It is another object of the invention to provide a stem cell which does not have

the drawbacks of embryonic stem cells.

It has been found that a newly identified somatic stem cell is able to solve the
objects addressed above. The somatic stem cell of the invention is derived
from human umbilical cord blood, placental blood and/or the blood from a
newborn child, said somatic stem cell being distinct from but capable to
differentiate into mesenchymal stem or progenitor cells, hematopoietic lineage
stem or progenitor cells, neural stem or progenitor cells or endothelial stem or
liver progenitor cells. These cells represent the progenitor of the hematopoietic
lineage, the mesenchymal stem cells as well as neural stem cells. This unique
multifunctional capacity and the technology to expand these cord blood (CB)
derived unrestricted somatic stem cells (USSC), either as such somatic stem
cells or as committed cells under distinct differentiation protocols, allows
precise characterization, standardization and utilization for the production and

implementation of stem cell therapy in regenerative medicine.

Fig. 1 shows a photomicrograph of primary USSC culture Cells plated at low
density.

Fig. 2 shows a photomicrograph of confluent USSC culture.,



Fig. 5 shows a FACS analysis for HLA-class | (A B,C, HLA DR and CD14. Fig.
6 shows a FACS kinetic for CD34 surface marker. Fig. 7 shows a

phot om crograph of USSC cells after neuronal induction. Fig. 8 shows that
USSCs of twe ot/meenti on express the neural stem cell marker PCEEPG1N2768
anti-nestin i munostaining. Fig. 9 shows USSCs generating cells _f.,:,t.\ﬁhg{ ,.\
neuronal |ineage. Fig. 10 shows USSCs generating cells of the gFisli¥* 2605
| i neage. Fig. 11 shows mineralised nodul & formation after osteogenic

i nduction and after staining with alizarin red (B). Fig. 12 shows Al cian

Bl ue st ai ngng - i It i OWS: ype |1
st ai ni ng (Slgégg§h&§§§85%%f %\uéleﬁ% l!#g% lf(g,% Fglgs %ﬁ@r}edf %g%&%@u'ﬁéf er' g\ﬁH :‘gﬁ{(}]nr%' Fig.
14 shows agdi pageni c di entjation SC cultures_as denmonstrated by Gl
‘Red st ai ni E’@ FPWe s %‘Ie) n@hﬁ%ﬁ%%lj@ﬁggwoqﬁg@r tures before and
after nyogenic di fferl?nti ati ?n., Fig. 16 shows i mnocyt ochem stry for

sl ow act i ng9mpoSiavart ACazadXsiafore LA rdassb i B.E) g HIADR L CBIE cel |
‘phenot ype of USSC derivatives. Fig. 18 shows survival and integration of
USSC cul t uFigs Gashaws ienfAle® ikbreliafear CBef BurAseemrk@T par enchyma. The somatic
stemcells of the invention can be isolated and purified by several nethods
conpri si ngFighd shaps aofhatensctggrgphdifdh® ST sellatafoar, newrlonal echfctiadher ent
cells and subculture applying gromh factors as described in exanple 1.

After a cpigf |I8iehdweehbt IUBSTs bfishbaavemssmlekpsdsdihd meurslodtati eall pnedess to

derive cells WO 02/36751_ PCT/ EPQ1/ 12768 03 May 2005 !w~t VY (~105 - 4
of this inPesn SAtirBestguiMAYRCLBMIPS | ed by nor phol ogy (fi brobl ast oi d
Fig. 9 shows USSCs generating cells of the neuronal lineage.
Fig. 10 shows USSCs generating cells of the glial lineage.

Fig. 11 shows mineralised nodule formation after osteogenic induction and

after staining with alizarin red (B).
Fig. 12 shows Alcian Blue staining of USSC-derived pellet culture.

Fig. 13 shows collagen type II staining (green) of USSC cultures after

chondrogenic differentiation.

Fig. 14 shows adipogenic differentiation of USSC cultures as demonstrated by

Oil Red staining.

Fig. 15 shows photomicrographs of USSC cultures before and after myogenic

differentiation.

Fig. 16 shows immunocytochemistry for slow-acting myosin after azacytidine

treatment.
Fig. 17 shows oval cell phenotype of USSC derivatives.

Fig. 18 shows survival and integration of USSC cultures after injection into

SCID mouse liver parenchyma.

The somatic stem cells of the invention can be isolated and purified by several
methods comprising the steps of density gradient isolation, culture of adherent
cells and subculture applying growth factors as described in example 1. After a

confluent cell layer has been established, the isolation process to derive cells



nmor phol ogy) and phenotypi cal anal yses using anti bodi es directed agai nst

CD13 (positive), CDl14 (negative), CD45 (negative), and CDZ9 (positive; see
exanpl e 2) surface antigens. The somatic stemcell of the invention is

react i ngyonegafilvely with markers specific for the hemat ®6dVEWILE216B neage
such as CD45 and hence, is distinct from henmatopoietic stemcelfl$ MbyY chifgan
al so be isolated fromplacental cord blood. CD14 is another surface antigen
that can not be detected on USSCs. Furiher, the stemcell of this invention
is characterized by a set of antigens whi ch are present on the cell surface

such asotDiBis dp¥gntionadis, ramdinehiocontyelied dreparerphotngyar Eibiabizstpid

char act p cer e

nol ecul gidrlzpl%%é&%@l %g}“ﬁﬂq% gr gg’?'ﬁg %éé g‘gsb{‘% 5%%%2_5:'3)3 i rtﬁﬁéﬁ %qcalﬁétrl ved
growt h Taq(positiep) 0CDAUP(Wed RN, RD45 Rdgatieel,| andraDed (pbsigivel dercept or
(IGF-R). These cells are also typi cal | y expressing transcription factors
such asemm@ﬂﬁ(ﬁwﬁ%@%ﬁ*%ﬂs .on factor 1), Runxl (runt rel ated
transcription factor 1) and AML1C (acute nyeloid | eukema 1 transcription
factor) Ths sl@rmecitceataw ¢t _RERheHiweandion issSCapting anegatiraly awisht ynairkard vy
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Anal ysis of the transcription patterns of PCR results
achi eve@Dii4 Is pnetheart suifade gohgehetbtat@enmq»me sﬂ@adadmmyssmnmss@s, and
positiv ot her tISS brain or

cont r ol . fro e baone, . carti .,
Cor d bl ot SHeoRe Chdpis M RRU B Re e Tier Plae Pacbf Aruases atnish i sue)
PDGFR abpsstit 6Adiet cOPreHdceRitich @@dgbtwqum NEDAR/ /b EOASH, BF8ECT . , 768
Neurofilanment-+ (adult liver) CD105+-i - (rmnonucl ear cells from CB) '
preparations are further characterized by the presence of mRNA transcripts for
certain receptor molecules like epidermal growth factor receptor (EGF-R),
platelet derived growth factor receptor alpha (PDGF-RA), and insulin growth
factor receptor (IGF-R). These cells are also typically expressing transcription
factors such as YB1 (Y-box transcription factor 1), Runxl (runt reisted
transcription factor 1) and AML1C (acute myeloid leukemia 1 transcription
factor) as detected by RT-PCR. However, USSC preparations are typically
negative for transcripts for the chondrogenic transcription factor Cart-1 and
neural markers such as neurofilament, synaptophysin, tyrosine hydroxylase

(TH) and glial fibrillary acidic protein (GFAP).
Table 1.: Analysis of the transcription patterns of USSCs by RT-PCR

RT-PCR results achieved with predicted oligonucleotide primers and mRNAs
from USSCs and positive control mRNAs. from other tissues like bone,

cartilage, brain or cord blood mononuclear cells.

Name PCR-result PCR-result
USSC (other tissue)
PDGFR alpha + + (adult bone)

IGFR + + (adult bone)




GFAP- + (fetal brain) Synaptophysin-+ (fetal brain) Tyrosinhydroxyl ase-+
(fetal brain) YBl++ (fetal brain) Runxl++ (adult bone) AM.lc++ (adult bone)
BWR || ++ (adult cartilage) Collagen type |I++ (adult bone) Cart- 1 +

~ (nononucMEaP2/BEF] s from CB) Chondroadherin-+ (adult bone) RE34RY &%&{JNEME
bone) The RNA expression of USSC preparations and bone narrow derl

(Capl an, 1991) were directly conpared bé using quantitative Affymetrix
GeneChip " mcroarrays The transcrl p'f f t he F| buI in-2 gene (gene bank
nunber X8 C

MSCs. Fifp draf%rﬁé,qguctlon was preVJ ousl y d<ﬂag
et al.,}1993). Northern bllot analysis of

I’OI’IIALaI’I Qus hunan tissue

reveal s undant 4.5-kb transcrjpt in hear tissues
- (Zhang e1ﬂa($§.), 1994). The Ppr otein ~’nas been Wgé rﬂ%%%ra?%}gdff—g%a{ﬁ) H

rncroscoatiA}l l'evel in hugan enbryos of ge&tg%l rﬁﬁqwseks 4-10, using
nt

pol ycl on&d i bodi es. Fibulin-2 was detec{® y within the

‘ neuropi t NErTUM spinalr_ganglta and peripnefar _nerves (Mosge et al., 1996)
In the r ﬁyr@rmtfmmyfrmdel rat |iver myofi brolpt dﬁ&t@? (JFEN’F) are col ocal i zed Y th
fibulin- 2 Fhrese—cetts—were¢tocated—n—theportat IFCITl, tHre—watt+s—of
central Vgrrosinh\Wré)a/1864 . 51 PCTI EPG /12768 |2Qfetal br&in)and only occasional |y
i n the parenchymwa—thr—early—stages—offibrosis—+M—were —detected-withi-nithe

devel opi ygiscars. In advang¢ed stages of fi bn.pS(f&a[NFa.ngccount ed for the
majoritylaf the cells locatled within the sc (Knittel et al

Runx1 + + (adult bone)

AML1c + + (adult bone)

BMPR 11 + + (adult cartilage)

Collagen type 1 | + + (adult bone)

Cart-1 , - + (mononuclear cells from CB)
Chondroadherin - + (adult bone)

CD49%e + + (adult bone)

The RNA expression of USSC preparations and bone marrow derived MSCs
(Caplan, 1991) were directly compared by using quantitative Affymetrix
GeneChip™ microarrays. The transcript of the Fibulin-2 gene (gene bank
number X82494) was detected in USSCs at high expression levels but not in
MSCs. Fibulin-2 production was previously demonstrated in fibroblasts (Pan et
al., 1993). Northern blot analysis of mMRNA from various human tissues reveals
an abundant 4.5-kb transcript in heart, placenta and ovary tissues (Zhang et
al., 1994). The protein has been localized at the light microscopical level in
human embryos of gestational weeks 4-10, using polyclonal antibodies.
Fibulin-2 was detected primarily within the neuropithelium, spinal ganglia and

peripheral nerves (Miosge et al., 1996)

In the rat animal model, rat liver myofibroblasts (rMF) are colocalized with

fibulin-2. These cells were located in the portal field, the walls of central veins,



1999). In an other animal nodel, nouse Fibulin-2 protein is expressed during
epi theli al -nmesenchymal transformation in the endocardial cushion matrix
during enbryonic heart devel opnent. Fibulin-2 is also synthesized by the

snoot h Wigs@lg7Qr ecursor cells of devel oping aortic arch yegsgls g t he
coronary endothelial cells that are originated from neural crest ﬁ
i{;fs‘ 3 4

epicardial cells, respectively (Tsuda et al., 2001). The transcr
Hyal uronan Synt hase gene (D84424), F+bgosodulin gene (U05291) and the
transcri pt 1INFLS (W3846) were not detected in USSCs but at high levels in

MSCs. NarHheI) &t@iiciilyyRi thd RAFERIRME A, cbbs EhaRjedr oMAProshy AMirageréd s

ubi qui tously expressed in human tissues (ltano and Kimata, 1996). The
pr oduct d@teqtﬁﬁsv\et’mlynﬁwe HjeNalepingn scaks: vBs advieacedt ptagest @ficfi bms rMF
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menber 0H9g), frarin ytHdr smmhadl mater, Srhbhséllﬁtmmm-gog&dteﬁnrs eXpiesee@tdinihg
exhibits a wide tissue distributi on, hest abundance observed in

articul apltbahalrm@nchmﬁioﬁra%ﬁ@maggrﬁrem zhseth‘: epArdial ecusiion. mebvdy . The

| < oxpr £8bnd ErERys MO iTOR RS MR 1Y s el ER 2 HCBE o on

| evel i grideeh VBGSscl€DBreduss@X elissefl davei@iyig Boliimengh cekislsanddothemat ure
granul ocytes (Van der Schoot et al., 1989). Wen conpared to MSCs, the
somat i cCeenayorndntielialyepls cthaar ediosiaineiedodEUB NGHralherests §aKS sand ce

t hey arg c%? % g”é eléH(/E{g,e Tsu S(%s ,ar%)é;@ar acterized by no expression

of hurran en ¢ In contrast to the
somat’i c__st m cel | i nventl t he reV| i bed, M5Cs

" sol at oMM sr’%frtuth P el Binth i 8 en%é@5@?@&@*&?@?“&%@6 of
HLA- cl paggshoantingetheottahletipt G RIFLSSUND3886) wERre il diet@f:tédﬂrﬁU'SfS@lbupn al so
expresses the stage specific early antigen 4 (SSEA4) (see Fig. 4). WO

02/ 3675at pagin BEpgels1oV 685Cs. Bomrern0dst Bl sis |19dlca soaatthe l@Y@lh*f@@w of
the i ”V§9Hr?é‘sesWQ“’EbH&E&@I?%%r‘Es&% | msrmﬁﬁan a‘HQSlPer (![ﬂ(a'?{ it 'Iﬂn‘?é’ca,

adher enT’ manner
1996). The product of this enzyme, Hyaluronan, serves a variety of functions,

including space filling, lubrication of joints, and provision of a matrix through
which cells can migrate (Hall et al., 1995). Fibromodulin is a member of a
family of small interstitial proteoglycans. The protein exhibits a wide tissue
distribution, with the highest abundance observed in articular cartilage,
tendon, and ligament (Sztrolovics et al ., 1994). The transcript 1NFLS was

cloned from human fetal liver.

The CD24 gene (L33930) is expressed in a very low level in the USSCs
compared with the expression level in the MSCs. CD24 is expressed in many

B-lineage cells and on mature granulocytes (Van der Schoot et al., 1989).

When compared to MSCs, the somatic cells of this invention are distinct based
on the tissue source they are isolated from. Further, USSCs are characterized
by no expression of human leukocyte antigen class I (HLA-class I). In contrast
to the somatic stem cells of this invention, the previously described MSCs
isolated from bone marrow and muscle tissue, express very high levels of HLA-
class 1 antigen on their cell surface . The cell of this invention also expresses

the stage specific early antigen 4 (SSEA4) (see Fig. 4).



In a preferred enbodi nent of the present invention the somatic stemcell of
the invention (USSC) is present in a plurality or m xtures representing
precursors of other somatic stemcells e.g. of the haematopoietic |ineage
pr ef er abl YOREFELsi ng AC133 and CD34, nesenchymal progenit 8FTESAHEEE8 stem
cell's, neuronal progenitor somatic stemcells or conbinations t :egleggv ,,'I;gi S
enbodi nent i s advant ageous since it conprises a high regenerative? -tdd\f edlttnal
based on the capability to differentiate into other different somatic stem
cells or the presence of such somatic stemcells as preferred enbodi nent of
t he i nvenTiypitallPy eiersabhatid biee mestinehthelnventigenst ows Sibrabiactait exellcsHd e or
the neural progenitor somatic stemcells are produced by differentiation
froma s?@%@'@ﬁferéf:eﬁ HeaP RAEBhMaAdEsr di ng to the invention a medi canent
“(regenerative therapeutic) is provided conprising the somatic stemcells of
t he i nvenihgnpaefeegd easbedimgnirefl the poesentxinyvesasioof theo samagicsstem selll ef
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met hod of using USSC or a plurality or m xtures of stem cells of the
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in vitro grout b of R{e&@ﬂa‘(j@@g'_eﬁggﬁ *%gn)rr(@ér%f gfceﬁ‘ggﬁg{&cgﬁ%ati&%pﬁ%ér%’of.

pancreati C and nedral di se the present

i nventi onThiy digbagiphed is os@vdntagtotdesingetie obmperds e. Bighvirkhenéraniviehout
bi omaterials. Depending on the kind of disease |ocal and/or_systemc
admi ni st r ROtMIIf basrd st Gagabllity 481 @ifferpatipkssirtonainerediissenegomatict | y
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bone regeneration nay be co-applied with the USSCs. WD, 02/ 36751

PCT/ EPQI / ibg &§ugal ;?r@?/%plto'r&omgt?c stem _ce&!s are proguced by di%rennatlon from a
stem cell of the invention.
According to the invention a medicament (regenerative therapeutic) is
provided comprising thé somatic stem cells of the invention as well as a
plurality or mixtures of somatic stem cells according to the invention. The
medicament may further contain carrier substances or auxiliary substances,
which are medically and pharmacologically acceptable. The present invention is
also related with a method of using USSC or a plurality or mixtures of stem
cells of the invention in gene therapy, organ replacement, testing of
pharmaceuticals, in vitro growth of blood vessels, therapy of vascular, bone,

hepatic, pancreatic and neural diseases.

For example, the USSCs of the present invention may be applied locally at the

site of need, e.g. with or without biomaterials,

Depending on the kind of disease local and/or systemic administration of the
USSCs is suitable. The USSCs fnay be applied directly or together with
pharmaceutically acceptable carriers or adjuvants. It may be advantageous to
add further substances which promote curing of the diseases. For example, in
orthopedic applications substances which improve bone regeneration may be
co-applied with the USSCs.



- 8 Basically, the nmethods known for the application of MSCs can be applied
in an anal ogous manner when applying USSCs. Furthernore, the application of
stem cells is described for exanple in B. E. Strauer et al. M
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Vacanti C. A, "Brief Report: Replacenment of an Avul sed Phal anx with
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of the invention are furthef described in greater detail. The stemcells of
t he i nvenReporaRepiaiteament of edrl Awnilsed aDHalarmbmstsaueerigmeﬁ@peBand"tho or
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to confl UE’ﬂ@ﬁ\él:fnr?g FonBesbrsighesh BPARONAUMD( FNQ:nél)J Med2001; wﬁsw-
phot om crograph of primary USSC culture. The cells %@gted at | ow density
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for Severe Parkinson's Disease",N Engl J Med 2001; 344:710-719; Shin'oka T.,
"Transplantation of a Tissue-Engineered Pulmonary Artery”, N Eng! J Med
2001; 344:532-533. Shapiro A.M. 1., Islet Transplantation in Seven Patients
~with Type 1 Diabetes Mellitus Using a Glucocorticoid-Free Immunosuppressive
Regimen N Engl J Med 2000; 343:230-238. These references areincorporated

by reference.
The stem cells of the invention are further described in greater detail.

The stem cells of the invention are adherent cells with a fibroblastoid cell
shape and two or three nucleoli (see Fig. 1) obtained after trypsin EDTA-
treatment and reseeding under appropriate culture conditions (example 1)
rapidly expand to confluence of a long stretched morphology (Fig. 2). Fig. 1
shows a photomicrograph of primary USSC culture. The cells plated at low
density demonstrate the fibroblastoid morphology of USSCs. These cells can
readily be grown over greater than 14 culture passages. Fig. 2 shows a
photomicrograph of confluent USSC culture. Almost confluent cell USSC layer

shows a parallel orientation of cells.

The surface marker phenotype of the brimary adherent cell layer as well as all

derivatives thereof in subsequent passages are and remain negative for the



derivatives thereof in subsequent passages are and remain negative for the

WD 02/ 36751 PCT/EPOL/ 12768 1' | ~ 11Z",Y 211,1T) CD45 nmarker. Fig. 3 shows a
FACS anal ysis for CD45 antigen over the course of in vitro culture. CD45, a
char act er i@ P¥3¢7at ker antigen for hematopoietic cell is al RoFEPHHRTOS

detectable in USSCs fromlater passages. (Fig. 3 at days 48, 54, § 82)y AYADRS
in vitro culture using nmethod A (exanple 1) USSC preparations becone
positive for the stage-specific early anfi gen 4 (SSEA4) and show t he
honpgenous_expression of this enbryonic marker. Fig. 4 shows a FACS
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negative (Fig. 5C. Fig. 5 shows a FACS analysis for HLA-class | (A B O,
HLA DR arﬁjz)CDM USSC cultures of the invention after expansion in vitro

‘are negative for HLA-class | anti %ens (Panel A). These cells are al so
negative fAfter MLMtDRCplYRRUSB)Y aethopid (eramdlle @), HF$G rsepntatigassbecome

Fi'g. 6. Shl TVEAlSS ke RePoPeis Sy atBUREYL 4 (ST LRSe Ve o Din

in H5100/ Hihobenooy eexpi@spiass agethis Dembirgohiti snaru&etrurlagpe:nmbvas sa gmctscant
i ncrease of CD34 antigen expression was observed. Wth regard to

hemat opoi ANAYSE AT SFAeNY opismarkek. Cells expandedny m%theés/ééﬁéammt. |
day 54 no {34 Rl Eh ¥ %&%s%ﬂnop @e%gébeaea}fe &é}*’s“a%%.gen'@(s%ma&%t h

passage on day a nove 05| ation is
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progenitor c the other hand, if cord bl ood nononucl ear

cel I s depleRednl orDTH14)IS5E cultures of the invention after expansion in vitro are
negative for HLA-class 1 antigens (Panel A). These cells are also negative for
HLA-DR (Panel B) and CD14 (Panel C) surface antigens, characteristic for

antigen presenting cells (HLA-DR) and monocytes (CD14).

Fig. 6 shows a FACS kinetic for CD34 surface marker. The USSCs were grown
in H5100/ PEI for over 10 passages. During this culture period a significant
increase of CD34 antigen expression was observed. With regard to the
hematopoietic stem cell marker CD34, Fig. 6 reveals that in passage 3 until
day 54 no CD34 positive cells can be detected. In contrast, in the seventh
passage on day 82 a novel CD34 positive subpopulation is appearing. On the
other hand, if such CD34 or/and FIK1 positive progenitors were cultured with
cytokine conditioned medium specific for hematopoietic differentiation, the
typical mixed or hematopoietic colonies for red and white blood cell precursors
(CFU-GM and BFU-E) developed comparable to CD45" hematopoeitic

progenitor cells (Example 9).

On the other hand, if cord blood mononuclear cells depleted for CD14 are
cultured in high glucose containing medium, they reveal the typical
characteristics of neural stem cells. Fig. 7 shows a photomicrograph of USSC

cells after neuronal induction. USSCs of the invention cultured in Dulbecco's



cultured in high glucose containing nedium they reveal the typical

characteristics of neural stemcells. Fig. 7 shows a photom crograph of USSC

cells af
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ter neuronal induction. USSCs of the invention cultured in

of such cultured cells showing glial norphol ogy obtained

culture (exanple 6). After being -expanded with PElI, USSCs express

al stemcell marker nestin. A first -observation i ndi cates that
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Pre gal actocerebroside (Gl C, Fig. 10B) and glial fibrillary
rotein (GFAP, Fig. 10 D). Fig. 9 shows USSCs of the invention

desail,sFigef8 tsh@WrSe‘dSSﬁaIOfl theelayentiogsexpressingethennewral gteme cell gr own
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phot ographs of same_ preparations as in A The DNA st ai ner DAPI (bI ue)

is used

nsubeied Tehd daye i dib 180/REI fallowipg WSeof ineLSEPNUBrdE LBAMEth

phot ograﬁﬁl Lﬁ#é‘fg, 2Rt NEMBAvote that nestin staining is reduced compared to cells

grown under conditions in (A).

Further analysis of these cells reveals also expression of proteins characteristic
for neural cells like y-aminobutyric acid (GABA, Fig. 9 B), tyrosine hydroxylase
(Fig. 9 B), synaptophysin (Fig. 9 D), neurofilament (Fig. 9 F), or typical glial
antigens like galactocerebroside (GalC, Fig. 10B) and glial fibrillary acidic
protein (GFAP, Fig. 10 D). Fig. 9 shows USSCs of the invention generating cells
of the neuronal lineage. USSCs of the invention were grown in H5100/PEI for 7
days and kept for 27 days on H5100 containing RA, bFGF and NGF. After
standard fixation protocols, neuronal specific antibodies were applied. (A, C, D)
Phase-contrast photographs, (B, D, F) fluorescence photographs of same
preparations as in A, C, D. The DNA stainer DAPI (blue) is used to stain the
nucleus of cells. (B) Double-immunofluorescence photograph using anti-GABA
(red), and anti-tyrosine hydroxylase (TH, green). (D) An anti-synaptophysin
staining (green). (F) A neuron specific anti-neurofilament staining is shown
(red). A cocktail of antibodies against different subtypes of neurofilament was
used. Fig. 10 shows USSCs of the invention generating celis of the glial
lineage. Cells were subjected to the same cell culture conditions as shown in
Fig.9. DAPI is in blue. (A, C) Representation of phase contrast photographs.

(B) Same cells as seen in (A) which have been subjected to anti-GalC

ceptisahayet o

-



(red), and anti-tyrosine hydroxylase (TH, green). (D) An anti-synaptophysin
staining (green). (F) A neuron specific anti-neurofilament staini ng i's shown
(red) of antibodi es agai nst different subtypes i | ament
usecﬁ&gﬁb ?J HO shows USSCs of the invention generati ng Q’Pe/FP ?(fs
gI [ aI | i neage. Cells were subjected to the sane cell culture cor%ﬁthé%s?%
shown in Fig.9. DAPI is in blue. (A -C1Representation of phase contrast
phot ographs (B) Sanme cells as seen in (A which have been subjected to
anti - Gal Gm Hu'no\ﬁ\%lﬁ?r{g%(?é&) Pgﬁé EEOHe1 26688 13 MY éQ%d’ vJ@h thETURGSERINI Ng
(red). (D) Same cell Tas in stained with the anti-glial fibrillary acid
protein ({EFARryrady. pﬂotelnl‘(@%‘\ibrredt)he above described universal stemcells
are taken fromany of the expansion passages and induced in DAG
“(dexanet hEs treyevsss¢ ahki sbae descriBedluniesrchl ptoapteliseare aaken Mrorg oy tafr e

condi tion in fibronectin containin dj di fferentiation,al ong, the
st eogeni 19 PYBABEONs PRRARESA(UaRFE 4) DAGS depGREASTaB: £5<0rdioder
specific H%l%@éro@%iﬁ%%p(‘nﬁ{éﬁaééﬁ’c%lrﬁh@sd&hl%?é%%ndltﬁﬁ{seeﬁﬁl ﬁbP@n&Qin' aftaidinee 1)
are readily i nduced and détectabl e”by RT-PCR controlday 7day 14 B-actin
(pos. conmeoilll)m+4dléfemnlate>rpra¢mg1aha$5teegmt|lamget yp@dulcedﬂax@nweam:u N++-
Tabl e 2: PCRanaI ring osteogenic_differentiatian of ,USS

three marET ShiRWNBs T %@?eZQqu'& e AP o Hegﬂ%m‘aa;lﬁﬁf%rpé%

expr essi opstalocHrYn, cAfadenG p'édtgcér'e%adﬂl?'lﬁﬁlﬁéé?j 868 \RSe@Sbie B?fR'Tf-PER control .
Fig. 11 shows a mnerallse ule formation after osteogenic induction and

after staining with alizarin red (B). Osteogenic differentiation of nearly
confluent _USSC | ayers was induced by addition of dexanethasone, ascorbic

acid and [3- gl ycerol phosphate t chnQ?olcul ture*dggd; um H5100. dAéK/ fi@y 10 _of
B-actin (pos. control) + + +
alkaline phosphatase - + +
collagen type 11 - + +
osteocalcin + + -

Table 2: RT-PCR analysis during osteogenic differentiation of USSCs.

All three marker genes of osteogenic differentiation show an increased mRNA

expression at day 7 of DAG induction. B-actin serves as a positive control.

Fig. 11 shows a mineralised nodule formation after osteogenic induction and
after staining with alizarin red (B). Osteogenic differentiation of nearly
confluent USSC layers was induced by addition of dexamethasone, ascorbic
acid and B-glycerolphosphate to the culture medium H5100. At day 10 of
stimulation characteristic bone nodules appear (11A). Mineral deposition of
these nodules can be demonstrated by Alizarin Red staining (11B). Under
these osteogenic induction conditions, the cells of the invention undergo
complete osteogenic differentiation as demonstrated by accumulation of
mineralised bone in distinct nodules (Fig. 11A) which can be stained with
Alizarin Red (Fig. 11B). Alternatively, the accumulation of hydroxyapatite in

the cell culture can be detected after six days by von Kossa staining



stimul ation characteristic bone nodul es appear (11A). M neral deposition of

t hese nodul es can be denonstrated by Alizarin Red staining (11B). Under

t hese osteogenic induction conditions, the cells of the invention undergo
conpl et avost/eogeni ¢ differentiati on as denonstrated by acegmmEpai/izes of

m neral i sed bone in distinct nodules (Fig. 11A) which can be stained with
Alizarin Red (Fig. 11B). Alternatively, the accumul ation of hydr §x3 dp&t iX}gs
in the cell culture can be detected-aft%er six days by von Kossa staining WO
02/36751 - 12 5 11AY 20V Fromthese results it is evident, that cord bl ood
cont ai ns i rt e e e Wi | i n ded
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Figures 11A. After conplete induction wth DAG a further differentiation to
m neral i #¥8 KeheCABdBReduGRdpéo BHteirPABEALe d8thBRtS P duee fhere ko
Alizarin ining ! fiqt of, I Shrk til s even

ar cat er | SECRLIBRSy A aenyy SERI kel nIBuRE, LA aer SRR, Al ctiEn ~
cul tivat witth | DABVEM furgher| diffesentiation atoni mip efeiaedt baseneodpied i cen bedi um
pyruvate, |TS+ Prem x, and _TG-- 1 ohnstone et al., 1998). At day 0, and

14, of tRBLRINGHs P& SEAYAIN EW“r%QééerﬁF%'ng ,arb"éﬁﬁg $EFiNBar vest ed and anal yzed
by RT-PCR (Table 3, exanple réff) _Controlday 14 13-actin (pos. control)++

Cart - 1- +ThelVeigetiit ppahe (ceflsmfgihic swentiathisnay eadieptei- as vgmaensiratry

anal ysi s ri .0gam LLf.erentiation.of,. Yil4 o
chondroggﬁﬁ%‘ctﬁgpn&%'gnaﬁeﬁggh% '§bagﬁ!ee?i sct?ﬁ%(':\?gnt?'ar S&gé\wﬁop%n élglj'gloﬁa

chondr ogeorsdisingy eeraptethasshe, proline, sodium pyruvate, ITS+ Premix, and TGF-

B1 (Johnstone et al., 1998). At day O, and 14, of these differentiation

experiments, cells were harvested and analyzed by RT-PCR (Table 3, example

4).

Control day 14
B-actin (pos. control) + +
Cart-1 - +
collagen type 1I (unspliced) |- +
Chondroadherin - +

Table 3: RT-PCR analysis during chondrogenic differentiation of USSCs

At day 14 of chondrogenic stimuiation three characteristic marker genes of on

going chondrogenesis are expressed.

The results of these studies clearly demonstrate the upregulation of Cart-1, a
specific chondrogenic transcription factor 14 days after chondrogenic
stimulation. Furthermore mRNA transcripts for two typical cartilage
extracellular proteins (collagen type II and chondroadherin) were also
upregulated. Furthermore, the cells of this invention clearly produced
extracellular proteoglycan molecules typical for chondrocytic differentiation as

demonstrated by Alcian Blue staining. Fig. 12 shows Alcian Blue staining of



The results of these studies clearly denonstrate the upregul ation of Cart-1,
a specific chondrogenic transcription factor 14 days after chondrogenic
stinmulation. Furthernmore nRNA transcripts for two typical cartllag
extracel | W@P2H8t ei ns (col | agen type 11 and chondroadheri MCTERE/147680
upregul ated. Furthernore, the cells of this invention clearly proﬁgpnga 2608
extracel l ul ar proteoglycan nol ecul es typical for chondrocytic
differentiation as denonstrated by Alci‘ah Bl ue staining. Fig. 12 shows
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Col | agen type Il staining (green) of USSC cul tures after chondrogenic
di f f er ent i{®8hehB).USSCs were cultured in a chondrogenic differentiation
medi um The expression of the extracellular matrix protein collagen type 1|1

at day 14 Rwsherenomstthat presdhefl bfuthie sapiiceersseadic epllagen ngpantli ceold bgen
type Il primary anti bod ¥ and a Fl\ﬁai: anti -nouse secondary antibody (Fig
13B). The qamengiratad suthe protein levrd. figr dstirielagerstwg & Ftla'”@gs(fﬂfﬁﬁn%@rfe by

di fferentqy%*gr&v‘dp{uréﬁ%lﬁh r&%hﬂ%é}é’nnl:”&l%éretrﬁ tidH - prot ocol expanded cul tures

into fat ce concentrati ons o exanet hasdne (exanpl e 5) Fi g.

14 shovs fgiceells ;@q@eggg PEnGREBEERERY L ShALARH AMEADAC! {1 Felof SLGR).

Adi pocytes are c C [ Ampunt Pt racerul arc vés es and

a specifidf thetexaraddliungr Wathx (Brbteﬁhd:ollEgéh hepadl @t dd$SIs wdsecnemulnstrraeédf or
24h in H5100 with 10pM 5' -azacytidine . ] )
by flucrescence microscopy using anti-collagen type II primary antibody and a

FITC anti-mouse secondary antibody (Fig. 13B).

The further versatility of the unrestricted stem cell is shown here by
differentiation of such previously under the PEI-protoco! expanded cultures

into fat cells with higher concentrations of dexamethasone (example 5).

Fig. 14 shows fat cells which can be specifically stained with Oil Red (Sigma).
Adipocytes are characterized by a high amount of intracellular vesicles and a

specific red staining with Oil Red.

Furthermore, USSCs when cultured for 24h in H5100 with 10pM 5’-azacytidine
and subsequently with 100 ng/ml bFGF show strong evidence for muscle
differentiation. A change in cell morphology is accompanied by the expression

of slow-acting myosin (Fig. 15 and 16).

In addition, the appearance and proliferation of typical oval cells is regularly
observed in late passages (Fig. 17) when PEI induced USSCs are subcloned
from the CD34" subpopulation, which has been shown in Figure 6 (example 8).
These cells to variable degrees express the.enzyme dipeptidyl peptidase 1V,

meaning that such oval cells can further differentiate into liver cells.

In vitro expanded USSC survive and persist after injection into regenerating

livers of SCID mice with 50% partial hepatectomy as well as non-



and subsequently with 100 ng/ml bFG- show strong evidence for mnuscle
differentiation. A change in cell norphol ogy is acconpanied by the
expression of slowacting nmyosin (Fig. 15 and 16). In addition, the

appear anggy #)skey ol i feration of typical oval cells is regup@f/kpor/@bgerved in
| ate passages (Fig. 17) when PEl induced USSCs are subcloned fromthe CD34+

subpopul ati on, which has been shown in Figure 6 (exanple 8). The§e3 cféfTs'},"P@
vari abl e degrees express the enzyne di pebttdyl peptidase IV, neaning that
such oval cells can further differentiate into liver cells. 205 In vitro
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also be differentiated into insulin producing 13-island cells making them

useful tdighd misrogeaph oheayse lllvﬁrcﬁl%@tthhpat@@ﬁt%d ouman pSents with
hepatic failure.
Since the precursor for liver and pancreatic B island cells is identical, such CB-

derived oval cells can also be differentiated into insulin preducing B-island cells
making them useful tools for cell therapy in diabetic patients or in patients

with hepatic failure.

In addition to these obvious clinical applications any of the well characterized
and under standardized conditions expanded stem cell components and their
progeny can be used to monitor and define actions and molecular as well as
cellular effects of newly developed pharmacological agents and thus substitute

also for certain animal based experimentation.

Thus, these well standardized stem cells and differentiated cells derived from
the human cord blood cultures described here be used as a valuable test

reagent for the pharmaceutical and biomaterial industry.

USSC preparations under appropriate culture conditions developed muitipie
colonies of different hematopoietic lineages, providing evidence that these cells

can give rise to hematopoiesis.

Under appropriately conditioned culture medium with defined concentrations of
VEGF, Flt 3L, SCGF (stem cell growth factor) and in methyl-cellulose such cells
develop mixed colonies with cells also positive for FLK1+ and AC133+, Tiel
and Tie2 markers. Upon further differentiation the marker profile characteristic
for endothelial cells with AC133 negative, CD31*, CD54%, VWF*, VE-Catherin*
did develop.



In addition to these obvious clinical applications any of the well
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appl i cabl eregenerative cell types.

One completely new aspect of this knowledge is the fact that such progenitors
can asymmetrically develop into two or more distinctly differentiating cell
types. This reveals a new biological principle of co-component regulation in

functionally oriented cell regeneration taking place even in vitro.

The consequence of this invention is that stem cell based therapeutics have to
be engineered according to this principle and not only consist of one clonal cell

type. The invention is further described in the following non limiting examples.

Example 1
Collection of Cord blood (CB)

Collection of cord blood in the Obstetric Departments was performed with
informed consent of the mother. After delivery of the baby with the placenta
still in utero, the umbilical cord was doubly clamped and transsected 7-10cm
away from the umbilicus. After disinfection of the cord, the umbilical vein was
punctured and CB collected into collection bags containing citrate phosphate

dextrose (CPD) as anticoagulant.
Isolation of mononuclear cells from cord blood

Umbilical cord blood was carefully loaded onto Ficoll solution (density



regenerative cell types. One conpletely new aspect of this know edge is the
fact that such progenitors can asymmetrically develop into two or nore
distinctly differentiating cell types. This reveals a new bi ol ogi cal

princi pl gy@h28¢sgonponent regul ation in functionally orieptedreeizhes

regeneration taking place even in vitro. The consequence of this in engl on

is that stemcell based-therapeutics have to be engi neered accor di giut‘b 2005

this principle and not only consist of bée-clonal cell type. The invention
is further described in the following non Iimting exanples. Exanple 1

Col | ect i on 0gf7gferd) blroeenéiER) némtéﬁmmgamhdwblsqa@lrfbmébe(@mj etddre

Departments was perforned w t i nformed consent of the nother. After
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was doubl gl g(g@t%ggmgs@é@@ﬁ&%qw?q HREE R aTLE S ihid) cus AT ter

di si nfection Vel n CB col |l ected

t |1 ect t hat CPD
ant | coagdrane SiabPRAPBR i iR m*f@q%%%‘ﬁl R BhelEh b o0 Linh ??cal cor d
bl ood was_ car eful I aded on o Ficoll solution (densit q2/ 6751,
PCT/ EPQl MORBURSAT CBI Mete Piategsous 32y EFERBY O Aa%%%)lgt e

centrifugpig 1}’@% rm 0ga ¥ BN ¢ §TPEHGE WHiffer E“IBJ F‘T@chd

nononucl ear cgg_‘ (ﬁ/ﬁl%{(é)( Cel}ﬁn? r)bhaz]e Warp e%t%g a%d r;/?/ashedot\;svl ce
i n phosphate: beéd ¢p isilataaropith fRdHeBS)It st(é@meeélm on of adherent | ayers of
fibrobl astoi d norphol ogy Mononucl ear cells were plated out at a density of

about 5 xA303 CBldefive® MRCsTRereuinitikley fduitsked (iNumedagulf A4J10®. pnediumn) .
Four different culture met hods were used to injtiate grow h of adherent

stem cel |(©teGelts- dERFRIICHREs weY BN GAMVEN AR t uceB RNy el dll ¢ HY100
medi um  (RLEFEIHasEgnol ogi es, Vancouver/Canada) containing 10-7 M

B.) CB-derived MNCs were initially cultured in Mesencult (StemCell

Technologies, Vancouver/Canada) containing 10”7 M dexamethasone.

C.) B-derived MNCs were initially cultured in DMEM low glucose (Bio-
Whittaker) with 30% FCS containing 1077 M dexamethasone.

D.) CB-derived MNCs were plated at a'density of 5x10%ml in 10 ml
Myelocult H5100 Medium (StemCell Technologies, Vancouver, Canada) into 50

ml culture-flasks (Nunclon) without dexamethasone.

All cultures were incubated at 37°C in 5% CO, in a fully humidified
atmosphere, and were fed once a week by removing the complete medium
with the non-adherent cells and adding 10ml! of fresh medium. After several
time points the adherent spindle-shaped cells were removed by treatment with
0.05% trypsin and 0.53mM EDTA for 2 min, rinsed with 50% serum-containing
medium, collected by centrifugation at 780g and analyzed by Flow cytometry
or RT-PCR. After two to three weeks, adherent cells of fibroblastoid

morphology appear in about 30% of all cell cuitures.
Culture condition for the expansion of USSCs of the invention

USSCs of the invention can be expanded in H5100 medium containing 10ng/ml
IGF I (Insulin-like growth factor-I), 10ng/m! PDGF-BB (Platelet -derived



-dexanet hasone. B.) CB-derived MNCs were initially cultured in Mesencult
(StentCel |l Technol ogi es, Vancouver/ Canada) contai ning 10-7 M dexanet hasone.
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Wi tt aker) % FCS cont ai ning 10-' M dexanet hasone. D.") 763eqlwl\/NCs
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(StentCel | Technol ogi es, Vancouver, Cangd?)] into 50 mM culture-flasks

(Nuncl on) without dexanethasone. Al cultures were incubated at 37C in 511/0
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renoved by treatnment with 0_.0511/atr&3ps | for 2 mn,
rinsed wi thxEduselts/omh peasiimethedilmAltasnetiveld USHE @nep? Riigasi Gin Be

780g and : lqgﬁﬁr - ter two to three weeks,
adher ent géelﬁ:*a\s{%%qj WB'%WA@&. N%Fgﬂ%qqc%ygg%ﬂ)gg' in about 30% of all cell
cul tures. %gltu[eaconditi on for the expansion of USSCs of the invention
USSCs of t tion can be expanded in H5100 nedi um contai ning 10ng/ m
G- 1 (Insulin-like growth factor-1), 10ng/m PDG--BB (Pl atel et -derived WO
02/ 36751 -‘mmunsefhenstypingreigcel s WatosuoneMatone h f act or- BB) and 10ng/ n
rh- human EGF (Reconbi nant Human epi dermal grow h factor%l‘S (PEl nmedium _ at a
densi ty rdfgPrierTiorrisimunedhe immupepkenelype of URpaAsrels wereistringd with

Al ternativy _ | d-i e gt i.al _
medi um A, @,Lr)éang&ga%g%ny %%ﬁ:g@m‘)}ﬁ é@ﬁﬁg’?’o?bgﬁ%ﬂs F’ES&@@ 8f ?éuc.(;\ré%]ﬁet ry
| n order tO©DWet ¢Phamdirides,i CoultepheantiypSEAF4 UISCs813-G10N) s labmied sivithnembani t h
FI TC - conj u%%t d anti-CD45 1( Becton Di ckinsaon, Coulter), PE conjugated anti-

: F( 2 anti-Mouse 1gG+IgM (H+L)-FITC (Coulter), anti-CD10-PE (CALLA,

PharMingen), anti-HLA-class I (, Coulter) labeled with goat F(ab "), anti-Mouse

IgG+IgM (H+L)-FITC, anti-CD13-PE ( Becton Dickinson, Coulter); anti-CD29

(Coulter), anti CD44 (Coulter), anti-CD49e (Coulter), anti-CD90 (Coulter),

anti-HLA-class II-FITC (Coulter). Cells were analyzed using an EPICS XL

(Coulter) or a FACS analyzer (Becton Dickinson).

Example 3

Demonstration of the osteogenic differentiation potential of USSCs

USSCs obtained as described in example 1 were cuitured in a standard
medium until they reach 70% confluency. Osteogenic differentiation of these
cells was induced by addition of 107 M dexanﬁethasone, 50pg/ml ascorbic acid,
and 10 mM B-glycerolphosphat (Bruder et al. 1994, Jaiswal et al., 1997). At
day 10 of stimulation, cells showed calcium phosphate deposits resulting in
bone nodules. Mineralized bone nodules were detected by staining with Alizarin
red as follows: The adherent cells in culture were washed twice with PBS,
pH7.3 and stained with 5ml 0.1% Alizarin Red solution for one hour at room
temperature and subsequently with 0.1% acetic acid and absolute ethanol as
well as PBS. Alizarin Red and von Kossa staining of calcium demonstrate the
mineralisation potential of these cells (Stanford et al., 1995, Rungby et al.,
1993). Osteogenic differentiation was also demonstrated by RT-PCR using the

bone-specific differentiation markers osteocalcin (OC), osteopontin (OP), bone-



CD14 (PharM ngen, Coulter), anti-SSEA-4 (MC-813-70) |abeled with goat F(ab'
)2 anti-Muse 1gGH gM (H+L)-FI TC (Coulter), anti-CD10-PE ( CALLA,
Phar M ngen), anti-HLA-class | (, Coulter) |abeled with goat F(ab')2
ant i - Mouge@ ¢2/b@StH gM (H+L) - FI TC, anti-CD13- PE ( Becton D ckcmgen/iSesl t
anti-CD29 (Coulter), anti CD44 (Coulter), anti-CD49e (Coulter), @ |;4§;D9@f,;-
(Coulter), anti-HLA-class II-FITC (Coulter). Cells were analyzed Si NC o)
EPICS XL (Coulter) or a FACS anal yzerlgBect-on Di ckinson). Exanple 3
Denonstration of the osteogenic differentiation potential of USSCs USSCs
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mM f 3- gleg(gf ,hggae et al. 1994, Jaiswal et al., 1997). At day
10 of st thll on, cg‘%q s showed cal ci um phosphate deposits resulting in
bone nodul.e neral i zed bone nodul es were detected by staining with
Alizari M foll ows: The adherent cells in culture were washed tw ce
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absol ute ethanol as. well|l as PBS. Ali zasrl n Red and von Kossa stai ning of
cal ci um d@'nﬁﬁ@f‘id’éﬁﬁtert'ﬁed'ﬁﬁﬁ'é?%ﬂ'?%a?i"d?l FONERENaIStM (985 eWEER | B’aE@ a’ﬁ*f or d

et al. 293) D f ernEMAtHiQA
t
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specific gene products encoding Cart-1, collagen type II and chondroadherin.
In addition, the USSCs were used in sedimentation cultures. After two weeks
Dewax sections were fixed with 4% paraformaldehyde for 15 min at room
temperature and washed in ethanol. Sections were stained in 1% Alcian
Blue/3% acetic acid, pH 2,5 (Sigma) for 5 min and washed in distilled water.
They clearly demonstrate a positive staining of specific proteoglycans as
demonstrated by Alcian Blue staining (Fig. 12) (Chao, G. et al., 1993). After a
chondrogenic induction period of 14 days cells were fixed according to a
standard protocol and analyzed by fluorescense microscopy (Rosenbaum et

al., 1998) demonstrating the presence of coilagen type 1I specific extracellular
matrix (Fig. 13B).

Example 5
Demonstration of the adipogenic differentiation potential of USSCs

USSC were cultured in H5100 containing 10® M dexamethasone, 50pg/ml
ascorbic acid and 10mM B-glycerolphosphat résulting in partly differentiation of
USSCs towards adipocytes as demonstrated by Oil Red staining (Ramirez-
Zacarias et al., 1992). |

Example 6

Demonstration of the neurogenic differentiation potential of USSCs



For chondrogenic differentiation 2x105 adherent stemcells were placed in
sedinentation culture in 15m pol ypropyl en tubes. DMEM hi gh gl ucose

cont ai ni n ] dexanet hasone, proline, sodium pyruvate, |TS+ Pr eé]ii@p f‘?ﬂ» TG
131 was udEHO%¥7el | culture medium (Johnstone et al., 1998 CNGEt™ 4 .,
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of the adipogenic differentiation potential of USSCs USSC were cultured in
H5100 contBPHPMCean scalisyeiret Wil atsepgersity a?fc 30/ matiin ARdmiokigh
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of USSCs WD 02/ 367-5]1_PCT/ EP 12768 - 19 Cel| isoqlation and culture

condi ti onsathpg‘lef%1 fer 119- ﬁdP&Vt%Sr%gEISBBBegéFf% WRSEHGTeqteds

descri bed were depleted for CDl4+ cells by CD14/ magnetic Activated Cell
Sorting (NACsyentizien tewasyspewial @S oyi ng” VS+ separation col urms accor di ng

to the instructions of the manufacturer (MI|tenyi Biotec, Bergisch
d adbach) A)The @iB4weeplexpanded for 7 days either in H5100 medium alone or in the

presence of 40pg/m! PDGFB, 10pg/ml! EGF, 10pg/m! IGF-1. Cells were
trypsinized and plated at a density of about 3,5 x 10° cells /cm? in 24- well
cuiture dishes on coverslips coated with poly D-lysin (PDL) and laminin
(PDL/lam). Subsequently, neuronal differentiation was initiated by addition of
inducing agents such as all-trans retinoid acid (10 M), bFGF (20ng/ml), and
NGF-B (50ng/ml). '

Fluorescence microscopy

After the induction period (27 days) cells were fixed according to a standard
protocol (Rosenbaum et al., 1998 ) and stained with antibodies against neural
specific antigens. Specimen were analyzed using fluorescence and

transmission light microscopy.

Example 7

Demonstration of differentiation potential in the myocytic lineage

1x 10% USSCs were cultured in H5100 medium (StemCell Technology)
supplemented with 10ng/ml PDGFBB, 10 ng/m! EGF, 10ng/ml IGF at 37°C, 5%
CO? until they reach about 70% confluency. Thereafter cells were incubated
with 10puM 5’-azacytidine (Sigma) for 24h, washed twice with PBS and cultured
in H5100 medium supplemented with 100ng/hl bFGF (Sigma). After 1 week in
differentiation medium, the morphology of the cells changed (Fig. 15). After



nmononucl ear cells were cultured at a density of 2x106/m in 10 m High

A ucose Medi um (Dul becco's MEMwi th 4500 GL G ucose) into T25 culture-
flasks (Nunclon) and incubated at 37Cin 5% CO2 in a fully humdified
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all -t ranq'arr@b?'hﬁ' e ey annfﬁ‘-qastﬂ%m%'FG: (tong/nm), and NGF-13 (Song/m).

Fl uorescence m croscopy After the induction period (27 days) cells were
fixed a h dard protocol (Rosenbaumet al., 1998 ) and
stained with antibodi es agai nst neural specific antigens. Specinen were
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i munost @ig 11@).- | mmunhi st ochem stry.

Example 8

Human USSC cells as well as cord blood derived mononuclear cells (MNC)
were labeled with the PKH26 RED Fluorescent Cell Linker Kit (Sigma, PKH26-
GL). 2x10° USSCs and 5 x 10° MNCs were injected into the liver parenchyma
of SCID mice with and without 50 % hepatectomy. 7 days after transplantation
complete liver regeneration was achieved for the hepatectomised animals.
The liver tissue was analyzed by fluorescence microscopy of cryo-sections for

the presence of red labelled human cells (Fig. 18).

Example 9

Demonstration of the differentiation potential of USSC into the hematopoietic

lineage

Three different USSCs preperations (USSC*®>® in DMEM medium containing
30% FCS, USSCK®®? jn H5100 medium containing dexamethasone, USSCK<®13
in MesenCult medium containing dexamethasone and USSC® in H5100
medium containing PEI) growing in appropriate expansion medium for
extended periods (passage 5 to 8) were seeded in 250 pl (2x10%-2x10° cells)
of cell suspension in triplicate in 24-well plates in hematopoetic specific culture
medium (Methocult 4434). Colonies of more than 50 cells were counted and
classified as derived from granulocyte/macrophage (CFU-GM), early erythroid
(BFU-E) or multipotent (CFU-GEMM) progenitor cells according to established



Cells were fixed with 5% fornmal dehyde/ PBS for 15 mn and washed twice in
PBS, pH7.3. Using a standard protocol, cells were incubated with an anti -

skel et al osin (slow) specific primary antibody (clone 7.5.4D, 1:400)
“(shown inr‘%‘?%(r"\()bbnd with anti-CD13 prinary antibody (shy\s\ﬁ'qTﬁE]?OéH)”(’Br a
nonocl onal anti-skeletal nyosin primary anti body (clone MY-32, 1: 4@%8%, 2005
Stai ning was positive for USSCs cul tur§d2imger the above cul ture comdit'orgus
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Via cloning into the pCRL1 vector (Invitrogen/USA) and consecutive
transformation into E. coli strain TOP 10F the respective specific cDNA clones
were obtained and characterized via cycle sequencing on an automated

sequencer (Applied Biosystems).

RT-PCR reactions were perforrﬁed in a two step procedure. 200 ng total RNA
of the cells are first reverse transcribed with 10 U AMV Reverse Transcriptase
(Promega, Mannheim), 1.5 pmol 3'-gene specific Primers, 1 mM dNTPs and the
supplied buffér (Promega, Mannheim) in a volume of 20 pl for 1 h at 50 °C.
The PCR reaction was performed with 2 pl of the cDNA with 1 U HotStarTagq
DNA Polymerase, buffer and Q-solution (Qiagen, Hilden), 1.5 mM dNTPs and
20 pmol 3'- and 5'- gene specific primer. The PCR reaction was carried out
with a initiation step for 15 min at 95 °C, 37 cycles at 94 °C for 30 sec, 56 °C

for 30 sec, 68 °C for 1 min and a final polymerization step for 5 min at 68 °C.
Table 4: PCR-primers for the amplification of specific cDNA sequences

The table shows the 5'- and 3’- Primer sequénces of the examined genes and

the expected length of the PCR fragment in bp



condi ti ons.
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fragnents. Via cloning into the pCRL1 vector (Invitrogen/USA) and
consecutive transformation into E. coli strain TOP 10F the respective
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on an a[ledfated sequencef (ADBITEY BrEE fens). RPPER ELE s Pe
perforngd 1n a two step pfocédure. 200 ng tot.al RNA of thé celTsS gre ilirst
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C for BO sec, 68 Cfor 1lmn g%%?fi%nglg pglylmri%itgﬁ} g ep tgjor 3 mn at
68 C T 4: PCR-priners f j.fication i_fi QgA S ences
The tabagzlpgphoms the 5 - and %eqtcgﬁggggdsaggégnces g%tct%ﬁi&gégfﬁgﬁe geﬁg and
the exppcted length of the PCR fragnment in bp WO 02/36751 -
PCT/ EPOEVDZPERPRIRS  pr i nbr COGRBERGACRERY s cquErtaBgcReRipRicac (516
al phaacgagtggagat t acgaat gt gcacar cagt ggt gat Ct cag#st
| GFRcgagy§esigadatdroyr'ggeac c agggelfeacaegticgoy 2 ctgtccagcacgtcgatgg  [387
YB1 ggtgaggaggcagcaaatgt agggttggaatactgtggtc 279
Runx1 gcaagctgaggagcggceg gaccgacaaacctgaagtc (296
AML1c cagtgcttcatgagagaatgc gaccgacaaacctgaagtc 453
Cart-1 ggagacgctggacaatgag ggtagctgtcagtccttgge {560
CD105 cctgccactggacacagg atggcagctctgtggtgttg 411
Collagen Typ I ggacacaatggattgcaagg aaccactgctccactctgg 441
Collagen Typ II tttcccaggtcaagatggtc cttcagcacctgtctcacca (377
Osteocalcin agtccagcaaaggtgcagc ggccgtagaagcgecgat 231
alkaline phosphatase gcttcagaagctcaacacca cgttgtctgagtaccagtac 454
beta actin gagaaaatcttgcaccacac ctcggtgaggatcttcat {340




EGFRt gccacaaccagt gt gct ccacat aat t acggggacac205

Neur of i | anent att cgcgcgcagct t gaagcct ggt aggaggcaatgtc2 ;i

GFAPct ct ccc ctc aat gccct cct gat aact ggccg871

Synapt ophﬁé b’gagaacaagt accgagccttgctgcccat agt cgc516 Tyrp§sT/}F|P0]/]27(’

hydr oxyl asecacct t cgcgcagttctcgcet gt ccagcacgt cgat gg387 (£ 3 MY 2005
Blggt gaggaggcagcaaat gt agggt t ggaat act gt ggt279 '
Runx| gcaagct gaggagcggcggaccgacaaacct gaagt c296
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DAG osteogenic differentiation medium containing dexamethasone,

ascorbic acid, and B-glycerolphosphat

HLA human leukocyte antigen

MSC mesenchymal stem cell

PEI medium containing PDGF-BB, EGF and IGF
SSEA4 stage-specific early antigen 4

Ussc unrestricted somatic stem cell

PG proteoglycans
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antigen MSC nesenchymal stem cell PEI™/Bdi um contai ni ng PDG-- BB, EGF and

| G SSEA4 stage-specific early antigen 4 USSC unrestricted somatic stem
cell PG proteoglycans 20f15 -26 Clains | . Use of unrestricted somatic stem
cells (USSCs) for the manufacture of a nedjcanent for treating a human

di sease, other than diseases of the connddti®& tissue, bone, or cartil age,
wherein said USSCs: (i) are negative for the CD45 and CID 14 surface
antigens; (ii) are positive for the CD13, CD29, CD44, and CD49e, antigens;

(iii) express YBUseAVuindestrididiléomatiabdnt delle(UBSZ5) fanthe(rhanufalauireaif aexpr ess
hyal uronan synthase, fibronodulin, and INFLS. 2. The use of claim], wherein
sai d USSCaredicampridiontresite ohfmat digease.vaberfthahgiseaspmrd the apnnesive Biyed,

pl acent al 0 .roma newborn. 3. The use of claim1 or
2, mhereiRggﬁﬁguﬁﬁ%§§§ghﬁgﬂ§§€g§%u %r di sease. 4. The use of claim1l1l or 2,

wherein said disease is a disease of the cardiac nuscle or snmooth nuscle.

5. The use of ¢laim1 aor iﬁ mh&rein s%hg disggse is a hepatic disease. 6.
The use of cl atinaie Bggadve iHdpetR4ssng ([ exger antigepe | di abetes mel litus.

7. The use of ghaimoie for HEERARNCEALICHUS CARECD S0 REYGA] di sease.
(111) express YB1, AML-1, RUNX-1, and fibulin-2; and

(iv) do not express hyaluronan synthase, fibromodulin, and 1NFLS.

2. The use of claim 1, wherein said USSCs are isolated from, or derived from,

umbilical cord blood, placental blood, or a blood sample from a newborn.
3. The use of claim 1 or 2, wherein said disease is a vascular disease.

4. The use of claim 1 or 2, wherein said disease is a disease of the cardiac muscle

or smooth muscle.
5. The use cf claim 1 or 2, wherein said disease is a hepatic disease.
6. The use of claim 1 or 2, wherein said disease is type 1 diabetes mellitus.
7. The use of claim 1 or 2, wherein said disease is a neural disease.
8. The use of claim 7, wherein said neural disease 1s Parkinson’s disease.

9. The use of claim 1 or 2, wherein said disease is a hematological disease.



8. The use of claim?7, wherein said neural disease is Parkinson' s disease.
9. The use of claiml or 2, wherein said disease is a hematol ogi cal disease.
-27- L' 3" 11AY 2005 10. The use of anypf clains 1-9, wherein sagcl.z F A s
medi canment further conprises in vitro differentiated progeny of é?d”@Sé@@S
11. The use of claim 1, wherein said USSCs are differentiated into

hemat opoi eti c 16t dinewet bSanyneEdaimiay r adhesdie vrid @hddscantemt fiathes cempaedslis, or
conbi nati ons tgfreof 12. The wuse _of claim 11. wherein said differentiation
occurs i n"Wiq figferephiatedipgogray obpaidUNSAS11, wherein said USSCs are
differentiated into mnmesenchymal stemcells. 14. A nethod for generating
unrestricted somatic stemcells (USSCs) conprising isolating USSCs from
unbi | i cal cord bl Ghd vandf daint Uy whegeinashd WSSCsare i fférentpat ed anc Bembtopoietic
dexanet hasone; mhereln said USSCs: (i) are negative, for %Bﬁ CD45 and CD14

surface asty&Hls: mesenphypal SEﬁS’%F?lisv/Be"frélr“?fﬁée@a%co‘@b%“m e0hnd CD49e,
antigens; (iii) express YBl, AM.-1, RUN1, and fibulin-2; and (iv) do not
express hyal uronan synthase, fibronodulin, and 1INFLS. 15. A nethod for
produci ng a sefdar dtease of clSSCE, vaiereih anihdiffersatiadiometchod in edrgpri si ng t he
steps of: (i) isolating nononuclear cells fromhuman unbilical cord bl ood,
pl acental bl ood, or a blood sanple froma newborn by gradient

Centr'fUQat'On’13('"['h)eu§§5f851'n{"91 SATRETan ael S bl shep (1) 10 the

presence of insulin-Ti act or erive gromﬁh fact or - BB,
and epldemmahmmwanwﬁmmﬂmr to expand USSCS |n said sanple; and (iii)
renovi ng the non-adherent cells fromsaid cells of step (ii), wherein the
adherent cells conprise USSCs.

14. A method for generating unrestricted somatic stem cells (USSCs) comprising
isolating USSCs from umbilical cord blood and culturing said USSCs in the presence of

dexamethasone; wherein said USSCs:

(1) are negative for the CD45 and CD14 surface antigens;

(11) are positive for the CD13, CD29, CD44, and CD49e, antigens;
(i11) express YB1, AML-1, RUNX-1, and fibulin-2; and

(iv) do not express hyaluronan synthase, fibromodulin, and 1NFLS.

15. A method for producing a separation of USSCs of claim 1, said method
comprising the steps of:

(1) 1solating mononuclear cells from human umbilical cord blood, placental
blood, or a blood sample from a newborn by gradient centrifugation;

(11) culturing said mononuclear cells of step (1) in the presence of insulin-like
growth factor, platelet-derived growth factor-BB, and epidermal growth factor to expand
USSCs in said sample; and

(i11) removing the non-adherent cells from said cells of step (ii), wherein the

adherent cells comprise USSCs.





