0 2 AUG 2006 PLURI POTENT EMBRYONI C- LI KE STEM CELLS DERI VED FROM TEETH AND
USES THEREOF Thi s invention rel ates generally to pluripotent stemcells,.
-including enbryonic- like pluripotent stemcells derived fromteeth. The
invention also relates to uses of the stemcells for tissue engineering In
cell or tissue transplantation, in gene therapy, and in |dentU| fMJG”&ﬂE
assayi ng, or screening with respect to cell-cell interactions, Ti1neage
commi t ment, devel opnent genes and growh or differentiation factors.
BACKGRQJND OF THE IN\/EI\ITI ON Stem Cel | Location Any tissue or organ in

stasis or q ) , 0.3 G0 ) [ ment, has
resi dent 5 gﬁ:r& i : L T ' Wt hei r
associ at ed connect ive tissue conmm‘lrgggm:yed to dat e i ncl ude whol e

enbryo, whole foetus, skeletal muscle, derms, fat, tendon, |iganent,

per i chondhisutveR86h Q€L BenBRAK vo gmﬁpaterﬁn&eﬁ%éw ”hcl@ﬂﬂ?ga'éml:#%nlo
epicardium |arge arteries and veins, granul ation tissue, peripheral nerves,

per i pher ke giwiatant sismhselic dedved fiom teesht HhemnvRdion glsadriskes tegepfhagus,
stomach, 8 g 'stérﬁ‘tc%ﬁé 'f&etlsé@é@ ||n@EF?ﬁ%'iﬁ"EeH ok“’c%%uestpér?s?‘ar?tgﬁﬁﬁrﬁaﬁe ndari etal
peritoneum visceral perit oneunt par i l'eura, Viscera urinary
bl adder , theyapy, mndddreridertitiiey: assatngtad scrmﬁ:nmt wnéhtlresgaés tanclelboeeib mar r ow

Recent |y | p e y hos,. et al .
Socert LY i SRREL LI SEakBHLP BEEIEER, thal o FAbog ot 21
t oot h pr diftenenttatiaefactorsr om enbryoni ¢ stemcells or adul t stemcells or
tissue culture. Mreover, Yelick and coll eagues (United States patent
appl i cation: 20020119180) cl ai ned the method and the production of a
bi ol ogical tooth from third nolar tooth germ(Young et al. 2002). They
renoved BAGKERSHBAYIEF THEMIYVENEI@NMot h cusps and used cells of remaini ng
enanel and pul p organ tissues for tooth engineering.

Stem Cell Location

Any tissue or organ In stasis or undérgoing repair énd having a conneétive tissue
compartment, has resident populations of mesenchymai stem cells. Organs,
tissues and their associated connective tissue components assayed to date
include whole embryo, whole foetus, skeletal muscle, dermis, fat, tendon,
ligament, perichondrium, periosteurn, heart, aorta, endocardium, myocardium,
epicardium, large arteries and veins, granulation tissue, peripheral nerves,
peripheral ganglia, spinal cord, dura, leptomeninges, trachea, oesophagus,
stomach, smallk intestine, large Intestine, liver, spleen, pancreas, parietal
peritoneum, visceral peritoneum, parietal pleura, visceral pleura, urinary blkadder,
gall bladder, kidney associated connective tissues and bone marrow .

Recently, stem cells from dental pulp have been isolated by Gronthos et al.
2000, Shi et al. WO 02/07679. Sharpe (WO 01/60981) claimed the production of
tooth progenitor cells frbm embryonic stem cells or adult stem cells or tissue |
culture, Moreover, Yelick and colleagues (United States patent application:
20020119180) claimed the method and the produ'ction of a Ibiologica[ tooth from
third molar tooth germ (Young et al. 2002). They removed and discarded
immature tooth cusps and used cells of remaining enamel and pulp organ tissues
for tooth engineering. '

The invention enables the skilled person to identify, separate and to bulld teeth
like and teeth related organs and tissues by tissue engineering. The surprisingly



The invention enables the skilled person to identify, separate and to build
teeth Ilike and teeth related organs and tissues by tissue engi neering. The
surprisingly AUG 2906 2 advantage of the invention is the preferred use of
follicle cells of wisdomteeth, which are routinely extracted in adults and
children. Thus, a source of stemcell s was devel oped which fr”eze’Mﬁ 2006

avai l abl e even for any adult patients. In contrast to the described stem
cell s above, these said stemcells are Mifferentiable into a peri odont al

| i gament rel ated biol ogi cal nenbrane. Definition of StemCells A Stem Cel |
can replicate Itself and produce cells that take on nore specialized N

f unct i onsadvEmsagaat theomventipndd the nraterresk esalpf falidatdells ed wiadaphtterticel | s

and thei i ef er h vel ) ot ential ,
or - por entyRhSF e S E R IR EREEER] Sriish 08 TBBRES el bR e
di f f er entas edvelepéd arhdctt Ermbdavailgbdd enen fétmampedoll peieges. Irheontedsattbve
terms ol,jgo | L tipotent, and pluripotent repre t an_.increase in
t he nunbe'%h%oﬁgécgl%g eSEth F@ SeaB?&%e@%?oﬁﬂ’%é&?m&%ng%a[%%65? _iabAe {3t Bot ent
cell is opeiddoataldigamepenelaaée bioheyitaitradibyaref cell types that can conprise
the organism In practice, these fewterns poorly  describe a continuum of
possi bi | i DefestiodbeSadmIddlly to forma wide variety of cell types nakes
pluripotent stemcells a pronmsing resource for tissue engi neering and

t ranspl ang @tewenCellbaougpliddte itsed araf pestice hyaiptthat edlecbh GRoreLspedszean, and
sorting t entiati of stemcells w rtainly

chnol ogies, in vitro i ff ( 1 ¢

contri but@”P%OQ%J?{%FW}C&IH%F%?WS& %\ﬁ%‘f %?'ﬁppgge.rewtﬁgpﬁ%te%%il’ﬁ @BSI s can
be cul t urgdirf pesgemynr@mebnfyoetmdrratndoagsl! thes AeveRPmentsl hapsntidne dpest
known source is gm?1 marrow, whi ch contains both haematopoietic stemcells
(G vin etPUPNSY 1684 earfdeTesEnEnRHEM Stei EEh vy pilsa dRgdnheton .tYRe99) .
Neural st@fefeitiated@YE =t SRrRQENUSHbNEEth Icba{hbh QisagBE s Falati08! dePmki Ni Ng
the brain ventricles (Johansson et al., 1999a). It iS |i keI%/

oligopotent, muftipotent, and pluripotent represent an increase in the number of

differentiated types from new to many or most. A totipotent cell is one that can

generate the totality'of cell types that can comprise the organism. In pfactice,

these few terms poorly describe a continuum of possibilities.

The ability to form a wide variety of cell types makes pluripotent stem cells a
promising resource for tissue engineering and transplantation. Through the use
of enrichment, se[ectioh, expression, and sorting tech.nologies, in vitro
differentiation of stem cells will certainly contribute to future transplantation
therapies. 7

Multipotent stem cells can be cultured from a number of foetal and adult sourées.
Perhaps the best known source is bone marrow, which contains both
haematoboietic stem cells (Civin et al., 1984) and mesenchymal stem cells
(Pittenger et al.,1999). Neural stem cells have also been cultured from the
ependymal cells lining the brain ventricles (Johansson et al., 1999a). It is likely
that of the many lineage-restricted stem cell populations that exist in vivo, some
will be amenable to In vitro growth and analysis.

The organization of the embryo into three layers roughly corresponds to the
organization of the adult, with gut on the inside, epidermis on the outside, and
connective tissue in between. The endoderm is the source of the epithelial linings
of the respiratory passages and gastrolntestinal tract and gives rise to the
pharynx, oesophagus, stomach, Intestine ‘and to many associated glands,



that of the many |ineage-restricted stemcell popul ations that exist in
vivo, sone wll be anenable to in vitro growh and anal ysis. The

organi zation of the enbryo into three |ayers roughly corresponds to the
organi zation of the adult, with gut on the inside, epiderm s on the outside,
and connective tissue In between. The endodermis the source &Ee
epithelial linings of the respiratory passages and. gastr0|nte3t| Iﬂmﬁact
and gives ri'se to the pharynx, oesophd&gus, stomach, intestine and to many
associ ated glands, 0 2 AUG 2006 3 including salivary gl ands, Iliver,
pancreas and |lungs. The mesodermgives rise to snooth nuscular coats,
connect i wecbdﬂ@ﬁtva&sﬂ@la\fﬁ@ﬁﬂb@n Fasacdagtad lingb. Trh@ mésmlumSg:&l@I rieegans;

nesoderm al so, f or ne r’rD ag t he car di g’vascul ar éy m and thei'\ ﬁurce of
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(epi der nal aner of the skin), the sense organs, and the entire nervaqus
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the nervoug rey@ldaBtyRese! VL@ C@#g'aﬁs.' eSS P REETHERT tﬁef c8pig&ihig and

pluripotent stemcells, Progenitor ' s precursor stem cel I medi at e
~st em cel (epideraysd [avsr Al e skin)pithe sengepragnse agd, thﬁry@mragnesrvowrswmrast s,

chondr obl;agf,gin CgeBFal?l %Eﬁ')all '&F@g%nﬁog'mtﬁ% erguthl ljr&_g'o%ﬁ%ﬁﬁen% P ! ‘bé k! form

tissues restricted to € I'i neage (suc myogeni c, f1brogenic,
adi pogenigyst&fondr ogeni ¢, osteogenic |ineages, etc.). Bipotent stemcells.
will formtissues belonging to two |ineages .(such as the:

chondr o- ddtsesgreritern adipdrdude gbaenitar Hlenepds, arnd qlyripdtenp stemt celisem cel | s

L O PObERBUERnGER0 0, LLFESHARAeReLotaL, 330 rorming ar st

chondr o- ost neage, éetc emce form
nul ti pl e i) teyg;esnwtﬂzhﬂtsn, adipnobmm chosdodblasts; k. hmtlmmage{uommlttmhge)
Pr ogeni t el o lLine
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remai n qungsgerit, florogade- calipoddndd rhogdrogeoic, ceﬁtbegamre lineages, etc.).
Bipotent stem cells will form tissues belonging to two lineages (such as the
chondro-osteogenic, adipo-fibroblastic iineéges, etc.). Tripotent stem cells will
form tissues belonging to three lineages (such as chondro-osteo-adipogenic
lineage, etc.). Multipotenf s’tem cells will form muitiple celltypes within a lineage
(such as thle hematopoietic fineage). Progenitorstem cells will form tissues
limited to their lineage, regardless of the inductive agent that may bedded to the
medium, They can remain quiescent. Lineage-committed progenitor cells are
capable of self-replication but have a limited life-span (approximately 50-70
celldoublings) before programmed cell senescence occurs. They can also be -
stimulated by varlous growth factors to pl',"ollifefate. If activated to differentiate,
these cells require progression factors (i.e., insulin, insulin-like growth factor-1,
andinsulin-like growthfactor-11) to stimulate phenotypic expression. In contrast,
piuripotent cells are lineage-uncommitted, i.e., they are not committed to any
particular tissue lineage. They can remain quiescent. They can also be
stimulated. -

Examples of progenitor and pluripotent stem cells from the mesodermal germ
layer include the unipotent myosatellite myoblasts of muscle; the unipotent
adipoblast cells of adipose tissue); the unipotent chond'rogenic cells and
osteogenic cells of the perichondrium and periosteum, respectively; the bipotent
adipofibroblasts of adipose tissue (Vierck et al., 1_996); the bipotent



capabl e of self-replication but have a limted |ife-span (approxi mately
50-70 cell doublings) before programmed cell senescence occurs. They can

al so be stinulated by various growth factors to proliferate. If activated
to differentiate, these cells require progression factors (i.e 0 i nsul in,
insulin-like growth factor-1, andinsulin-Iike growt hfactor-11) 0tlofUst {08l at e
phenot ypic expression. In contrast, plurlipotent -cells are

| i neage-unconmitted, i.e., they are no# conmtted to any particular tissue
| i neage. They can renain qui escent. They can al so be; stinulated. Exanples
of progenitor and pluripotent stemcells fromthe nesodermal germ |ayer
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1998. Pluripotent nesenchynmal stemcells can be utilized for the
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transplanted to repair the site of tissue loss, An alternative strategy could be to '
provide piuripotent stem cells, as cellular compositions. or incorporated, for
instance, into matrices, transplaht into the area of need, and allow endogenous
morphogenetic proteins and growth factors to induce the pluripotent stem cells

to recreate the missing histoarchitecture of the tissue. This approach Is
exemphfled in U.S. Patent No. 5, 903 934 which is incorporated herein in its
entirety, which describes the vlmp[antmg of pluripotent mesenchymal stem cells
into a polymeric carrier, to provide differentiation into cartilage and/or bone at a
site for cartilage repair. - | '

Summary of the Invention

- The formation of tissues and.organs occurs naturally in early normal human
development, however, the ability to regenerate most human tissues damaged
or lost due to trauma or dislease is substantially diminished In adults. One object
of the invention is to solve the problem of teeth- and teeth-related tissue
substitution. Another object Is to provide a source of regenerative cells from.

adults.

Surprisingly, stem-cells in wisdom teeth were found, which have the potential for
extended self renewal of teeth, periodontium and related tissues such as bones.
The present invention relates to pluripotent stem cells, particularly to pluripotent,
multipotent, tri-bi-and unipotent stem cells.



instance, into matrices, transplant into the area of need, and allow
endogenous norphogenetic proteins and gromh factors to i nduce the
pluripotent stemcells to recreate the m ssing histoarchitecture of the
tissue. This approach is exenplified in U S. Patent No. 5,903,934 which is
incorporated herein inits entirety, which describes the inpl anqjizn‘gJ ozq

pl uri potent mesenchymal stemcells into a polyneric carrier, to pr \gi Q—:ﬁ
differentiation into cartilage and/or Bone at a site for cartilage repair.
Summary of the invention The formation of tissues and. organs occurs
naturally in early normal human developnent, however, the ability to
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the present invention, -

The present invention also relates to engineering of teeth and teeth surrounding
tissue such as paradentin or bone, vessels or nerves related to teeth,

The invention relates also to the development of a stem cell bank for teeth or
teeth derived tissues teeth derived tissues, as well as the development of
membrane-like meso/endodermal matrices which can be used for a wide range
of regenerative medicine.

Two general strategles have been adopted for the creation of new teeth-related
tissue:
(1)Isolated stem cells or cell substitutes applied to the area of tissue

deficiency or compromise.

(2)Cells placed on or within matrices are implanted and become incorporated |
into the body combined with tissue-inducing substances, that rely on
growth factors to regulate specific cells to a committed pattern of growth
resulting in tissue regeneration, and methods to deIiVer these substances
to their targets.

The approach for engineering teeth and related tissues is exemplified within the

present invention,



relates to nmethods of produci ng nesodernmal, endodernmal or ectodermal
| i neage- commtted cells by culturing or transplantation of the pturipotent
stemcells or segregation these germlayers through progressive
| i neage-commtnent Into progenitor (nultipotent, tripotent, bi é@ﬂﬂﬂ?nd
eventual |y unipotent) |lineages of the present invention. The dﬂg
invention also relates to engineering of teeth and teeth surrounding tissue
such as paradentin or bone, vessels or ftherves related to teéeth. The
invention relates also to the devel opnment of a stemcell bank for teeth or
~teeth derived tissues teeth derived tissues, as well as the devel opnent. of
menbr ane- Pekelcaaketepiodef thd invBhtibices Wi ch can be used for a wide range
of regenerative nedicine. Two general strategies have been adopted for the
creation Dhe neunt eell hoft eheatmienttdnsw%bténﬂxthES%ai etle SheMepsbrysniRr tl§&ﬂ]e|
substitutes f_Jed to the e? E% tiss defi ciency .or conprom se.
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to their tangets. The approach for engineering teeth-and related tissues is
exenplified within the present invention. 0 2 AUG 2096 . 6 Detai | ed
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partlcuiar the stem cell of the invention is a human cell.

SubJect of the present invention is also a pluripotent mesenchymal stem celi
obtainable from the stem cell of the Invention.

The stem cell of the invention can be kept in a culture comprising:

a) pluripotent embryonic-like stem cells, derived from follicle cells capable
of self-renewal and capable of differentiation to cells of mesodermal

lineages; and
b) a medium capable of supporting the proliferation of sald stem cells.

c) a medium capable of supporting the proliferation of said stem cells into
cells building a biologicél membrane with blood vessel or other vascular

vassels,

Preferably, this culture is further comprising a proliferation factor or lineage
commitment factor. In particular the stem cells are human cells.

Subject of the invention is also a method of isolating an plurlpotent embryonic-

fike stem cell, comprising the steps of
» obtaining cells from a dental sac (dental follicle) |
e culturing the cells,

According to the invention a clonal pluripotent embryonic-like stem cell line can

be obtained by a method of isolating, comprising the steps of

« obtaining clonogenic cells from a dental follicle



structure. The stemcell of the invention which was derived from
non-enbryoni ¢ or postnatal animal cells or tissue is capable of
sel f-renewal and capable of differentiation to cells of endodernal,

ectodermal and nesodermal l|ineages. In particular, the stemcell of the
i nvention is a human cell, Subject of the present invention is also a
pl uri potent nmesenchymal stemcell obtainable fromthe stemcell of the

I nvention. The stemcell of the invention can be kept in a cul thir &6 2006
conprising: a) pluripotent enbryonic-like stemcells; derived fromfollicle
cells capable of self-renewal and capable of differentiation to cells of
nmesodermal | ineages; and b) a nedi um capabl e of supporting the

proliferati oncufuriagittiestedmirc diffesentcinedianedi um capabl e of supporting the,
proliferation of said stemcells into cells building a biological nenbrane
wi th bl ood wedibthgmaidthienredastinltarcionsbdsmdis,; Preferably, this culture is
further conprising a proliferation factor or lineage commtnent factor, In
particul ar thmitstiemsadd Hfutedecdhisyman cel [s. Subj ect of the invention is also
a nethod of isolating an pluripotent enbryonic- |like stemcell, conprising

the steps ofs proptgatirignthoceldutiufeohadnglerdiadlesall, (dental follicle)
culturing the cells. According to the invention a clonal pluripotent

enbr yoni cThikealsost edtoeal plukipotert asmbhy@nabliied mesmbyelalinetdbadinablel Spltatsi ng,
conprisin e . steps_ of tai ning clonogenlc cells froma dental follicle O
2 AUG 200 ett‘god @uﬁ@&?&rf’d‘%{qﬁé”‘éeé]t%&i ndifferent media diluting said
qu tured ﬁeslt{lar% ée c?#t%réailr]vgﬁtrilgrlt w(‘n’tch Iscguelnte |E51P\9erslgailngel%dl t%t g)?pr(égsl lasgene or

protein of interest is also subject matter of the present invention. Such a stem

cell may be generated by a method of producing a genetically engineered

pluripotent embryonic-like stem cell comprising the steps of

(a) transfecting pluripotent embryonic-like stem cells with a DNA construct
comprising at least one of a marker gene or a gene of interest;

(b) selecting for expression of the marker gene or gene of Interest in the
pluripotent embryonic-like stem cells; '

(c) culturing the stem cells selected in (b).

In particutar, the stem cell obtainéble by this method is genetically engineered
pluripotent embryonic-like stem cell, such as a dental follicle cell.

The stem cells of the invention may also be used in a method for detecting the
presence or activity of an agent which is a lineage-commitment factor. This
method of the invention comprises the steps of

» contacting the stem cells of the invention with a sample suspected of

-containing an agent which is a‘lin-eage-commitment factor; and

» determining the lineage of the so contacted cells by mRNA expression,
Antigen expression‘or other means; wherein the lineage of the contacted
cells Indicates the presence or activity of a lineage-commitment factor In.

said sample.

The stem cells of the invention may also be used In a method of testing the
ability of an agent, compound or factor to modulate the lineage-commitment of a
lineage uncommitted cell. This method of the invention comprises



9 propagating those cultures having a single cell. Thus also a clonal

pl uri potent enbryonic-like stemcell |ine obtainable by this nmethod is

subj ect of the invention. A stemcell of the invention which is genetically
engi neered to express a gene or protein of interest is also subject matter
of the present invention. Such a stem cell may be generated by a nmethod of
producing a genetically engineered pluripotent enbryonic-Iike stem cell
conprising the.steps of (a) transfectirfg pluripotent enbryoni c- 10ik&lbs#8m
cells with a DNA construct conprising at |east one of a nmarker gene or a
gene of interest; (b) selecting for expression of the marker gene or gene of
interest in tol“rmltunhgrtlmtse@m ealy )mfn'tI'EE limkemrtiphien celdroawtl Coneeldnt Uivhidg t he
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the lineage of .the so contacted cells by mRNA expression, Antigen

expr essi omherst@ihesllsmeanse~ nm@atuehnnfalvealsbnﬁéig@se@ff it Negh %@5?% yatem CRk| S
i ndi cates the Er esence or activity of | i neage-comm tnent factor in said

sanpl e. THESERBH TSNS %m&%dﬁrﬂfefﬁﬂ%ﬁ f%{}haaﬁg'&it\béo uBedulpte Ehendnersd-of
testing tafnmaiditt }asfca‘ imagaeﬁhcoﬁﬁ{meaméerprTﬁ:@cwtﬂﬁa Bp%laaﬁrﬁ/emsn

| i neage- conm t nent of | i neage uncommtted cel i's nethod of
i nvent i oncY¥BRHIESses 8 0 2 AUG 2906 culturing-the stemcells of the

invention in a growth nmediumwhich_ nmaintains the stemcells as |ineage
unconmmi tted CEUf@ring the stem cells of the invention in a growth medium which

maintains the stem cells as lineage uncommitted cells,
«» adding the agent, compound or factor under test; and

e determining the lineage of the so contacted cells by mRNA expression,

antigen expression or other means.

The stem cells of the invention may also be used in a method for detecting the
presence or activity of an agent WhICh is a proliferation factor. This method of the
invention comprises the steps of

« contacting the stem cells of the invention with a sample suspected of
containing an agent which is a proliferation factor; and

. detefmining the proiiferation and'lineage of the so contacted cells by mRNA
gxpression, antigen expression or other means; wherein the proliferation of
the contacted cells without lineage commitment indicates the présence or
activity of a proliferation factor in said sample.

~ The stem cells of the invention may also be used in a method of testing the
ability of an agent, compound or factor to modulate the proliferation of a lineage
uncommitted cell. This method of the invention comprises:

» cufturing the stem cells of the Invention In a growth medium which
maintains the stem cells as lineage uncommitted cells;

« adding the agent, compound or factor under test; and



addi ng the agent, compound or factor under test; and determning the

| i neage of the so contacted cells by nmRNA expression, antigen expression or
ot her means. The stemcells of the invention nay al so be used in an assay
system for screening agents, conpounds or factors for the ability to

nodul ate the |ineage- conmtnment of a |ineage uncommtted cell. This nethod
of. the invention conprises: - culturing the stemcells of the invention in
a growt h medi umwhich naintains the stemcells as |ineage unﬁgnnbtb@?
cells, - adding the agent, conpound or gfactor under test; and e é I ni ng
the |ineage of the so contacted cells by nRNA expression, antigen
expression or other neans. The stemcells of the invention may al so be used

in a method, § ieG ; e Ry n ' is a
proliferation earmﬁg tlﬂﬁ%srbﬁﬁg{%%’ %ﬁtﬁﬁ%ﬁﬁ gf/%Hn %%ﬁo%ﬁg% g%;% %%m@gps of e
cont acti-ng t R¥pressianceantigernexpreesionwenthenmeand a sanpl e suspect ed of

cont ai ni ' ' | L.feration f oe.and.s.deter mping the
ool 1 1 or atieasee3AaRer WEL6R ooty BEsHoBE st PR o SRS e 2eli o,
anti gen efphessvemiar imbhermizanss whitdr ailh usbte for ebddrerating paeddorititie,
contacte s wi.thout |ineage conmtnent indicates the presence or

acti vi ty%ﬁ‘?@sprlbqqm%? t iHSﬁC"'F] a?:chrorgﬁ%r gzljﬁcif é’gnﬁ:ﬂn@?‘:%%s@ﬁ? cBHAROTERY ¢ he

i nvent i onjiffergndbidon e rmessthilc/andehBnd colls ies e tbsselnbi lectdtepiappr agent ,
conpound .or. factor, to nodul ate the proliferation of a |ineage unconmtted

cel I. Thi'¥ORaHBRRI{SSHRe i nvention conprises: culturing the stemcells of.

t he i nveniccomind t@ tBE OmbdhtimRcdineBruhisCle]ls NoH Rk ah PentdMecsi 88 Gfiursd 3§ 4 | neage
uncommitted, c X ddi ng the agent, conpound or factor under test; and 9 0

2 AUG 206%¢th8§|t é?srhwrwanﬂhéﬂ P iTediat iCBRtAMAY | PRéage 1Bf CORPIRFIXbfPact ed

celI's by gntiation: insulin, retinoic acid, indomethacin, isobtylxanthine, theophylline,
transforming-growth-factor-beta (any), bone morphogenetic protein (any)';
Fibroblast growth factor (any), Epidermal Growth factor (any), Platelet derived
growth factor {(any), Vascular endothelial growth factor (any), hepatocyte growth
factor, Interferon (any), Insulin like growth factor (any), Interleukine (ahy), |
nerve growth factor.

The invention is also related to a method of ex vivo administl;ation of a protein or
gene of interest comprising the stép of transfecting the pluripotent embryonic-
like stem cell of -the invention with a vector comprising DNA or RNA which
expresses a protgin or gene of interest. |

Subject matter of the present invention is also a method of preventing and/or
treating cellular debilitations, derangements and/or dysfunctions and/or other
disease states in mammals, comprising administering to a mammal a
therapeutically effective amount of pluripotent embryonic-like stem cells, or cells .
or tissues derived therefrom. The skilled person knows how choose time
development stage of the stem cell of the invéntion in order to implant the stem-
cell as well as its dosage. For exa.mple, the cell number to be applied can vary
dependent on the disease to be cured. In animal experiments typicaily cells were
administered in a number about 10° cells,

The stem cell of the invention can be used for tissue repair or transplantation in
mammals by administer]ng the stem cell to a mammaf in a therapeutically
effective amount of pluripotent embryonic-like stem cells, or cells or tissues
derived therefrom. | '



expression, antigen expression or other means. Subject matter of the present
invention is also a nethod for culturing stemcells of the invention into
menbranes which will used for regenerating parodontitis, tendons,

| i ganents, fascia and other kinds of connecting tissues supporting
differentiation to nesothelic/endothelic cells into blood vessels or
ectodermal or - into neuronal tissue, According to the invention. the st ens
cells of the invention can be cultured0-by a nmethod for cultuﬂln@Jlﬂﬁbny
medi a contai ning one or in conbination for differentiation: |nsuI|n
retinoic acid, indomethacin, isobtylxanthine, theophylline,

transf or RGP ’ﬂ‘rJ ﬁ'ﬁ/reﬁflbﬁ%;ré s&EQfW&e’Hs Qﬁﬁ%é@é&hﬁgﬁ Wﬁéﬂh%dpdfoér%{ulﬁht(rgg{‘

Fi brobl ast growth factor (any pi dermal Gowth factor
derived ageduitthestia eplluamggbilitations @ﬁra@@mm@lialndé@rod\wsfum@tmran@ém)

henal ooy i Qe SASLAE maEEIL 8 AoniABA NG B8 phdink s By bf] o

(a Interle , nerve i's al'so

reI at ed teffeativeamounbbf exmesederautilinesge-aoinontiet celipderivednfrom thgestenof

i nt erest step of transfecting the pluripotent enbryonic- |ike
stem cel |C8ﬁ)1gpﬁ1e§”|(}%’&€e'nu on with a vector conprising DNA or RNA which '

expresse n t t t tter sent
i nventi oﬁ'h?s%ﬁ*sgggs Frbeﬁct %(;%dﬁ?)\{‘)enﬁlrogv a,??nposg% ga(r: m eogt PFI%SEEFI Bé‘? 5
debi | i tattramsﬂ,anbﬁmngterrantammaldl ocompséiugcteidmmsamﬁiﬁg)r tot hermaninsdase st at es

ef oot | v SRBERICY BiRsE Bavaay ot gunp Rl egrs ol e r ke o

ti ssues dem Yedsicheref obthe IFventkh) | ed person knows how choose tine
devel opnment stage.of the stemcell of the invention in order to Inplant the

stem celTheasteweldellasof tthe dpvagtion Fean exaspdential heare edfl antplhsbﬁnactemthel applied

can vary dependen n _the d sease to eri

Cypi cal | §oREBREOGere it RPLTERocT Aeliiarurfiscitatifhe. CUBNSRNPE: SHLOS: em
cell of tdyefunByieinty eaneaBishecrgeBifg@r tissue repair or transplantation in
mammal s by adm ni stering the stemcell to a mammal in a therapeutically

+ a therapeutically effective amount of pluripotent embryonic-like stem cells,
or cells or tissues derived therefrom; and

» a pharmaceutically acceptable medium or carrier.

In one embodiment of the pharmaceutical composition of the invention a
proliferation factor or lineage-commitment factor is added. |

The stem cells of the invention can be present in a scaffo!d, consisting of Table 1
to engineer.teeth by culturing stem cells of the Invention on matrices or for
creating teeth-connection periodontal cell lines for treating periodontal diseases.
The scaffold consisting of table 1 can also be used for bullding teeth-
surroundings bones/bone matrix alveolar bone or jaw bone or building arterial
and venous vessels in mouth,

In a further embodiment of the invention a stem cell derived from teeth Is
seeded on an extra cellular matrix controlling its behaviour by providing adhesion
signals, and growth factor binding sites seeded on a scaffold héving cell binding
domain sequences according to table 2 conS|st|ng of table 1.

" The invention also concerns a method of culturing of cells wherem the cells are

" seeded on matrices in a bioreactor in table 3.



effective anmount of pluripotent enbryonic-like stemcells, or cells or
tissues derived therefrom 10 0 2 AUG 2096 According to the invention the
stemcells can be used in a nethod of preventing and/or treating cellular
debilitations, derangenments 2 and/or dysfunctions and/or other disease
states in mamual s by adm nistering to a mammal a therapeutically effective
~anmount of--a nesodermal |ineage-conmtted cell derived _froth? ﬁ@ﬁh cell of
the invention. .The stemcells of the jiinventi on make possi bl é od . of
tissue repair or. transplantation in manmals, conprising admnistering to a
manmal a therapeutically effective amount of a nesodernal |ineage-conmitted
cel | der mteloteh! eghd BF (6L HM&fldn Ldn bRCMBNERY: A0y NE RLERLCR) Spdhe L D
i nvention can be ‘essential part of a phar eutical Tconposrtion R t he
t r eat mentstayh exdis| il aeridéditiunt aoi ceiyuilde parigdorgium abal/ioprody dfaatiog i weth n

manmal s, 1 SLAQ:.1.i herapeutically effective amount of pluripotent
enbryoni ggﬂ?ﬁ@@?ﬁ% (}:(gIallegltaﬁg'or cells or tissues derived therefrom and a

phar macew | I I dj r.carrij I . diment .of the
Phar mcedr| R HenBEar b, ot srE e ReRnAR ey o Y o R PO Rk Bl obr
| i neage- cemair temphtdracf osoths added. The stemcells of the invention can be
present in a scaffold, consisting of Table 1 to engineer. teeth by
cul t uri nghstievertin is foftheheesonvedtinh onorerdetallr i ces or for creating teeth
-connection periodontal cell lines for treating periodontal diseases. The
scaf f ol d Det#isidsdésreintibn ofibheinveational so be used for building teeth-
surroundi ngs bones/bone matri x al veol ar bone or jaw bone or buil ding
arterial Cuftnce weddsdatiassedienm cellvoddived from Widdémeregirbodi nent of - t he
invention a stemcell derived fromteeth is seeded on an extra cellular
mat ri x camtarfatthengspéct, tehprasent invgnilonveldtasgosal begisirencorapdsiays, and growt h
factor binding sites seeded on a scaffold having cell binding

(a) Pluripotent embryonic-like stem cells, capable of self regeneration

and capable of differentiation to cells of endodermal, ectodermal and
mesodermal lineages; and

(b) a medium capable of supporting the proliferation of said stem cells.

Such stem cell containing cultures may further comprise a proliferation factor or
lineage commitment factor. The stem cells of such cultures may be isolated from
non- human cells or human cells.

The invention further relates to methods of isolating an pluripotent embryonic-
like stem cell. In particular, a method of isolating an pluripotent embryonic- like
stem cell of the present invention, comprises the steps of

- (a) obtaining cells from a non-embryonic animal or human source-,

(b) with or without slow freezing said cells in medium containihg 7.5%
(v/v) dimethyl sulfoxide until a final temperature of -80° C is reached; and

(¢) culturing the cells.

The invention further relates to methods of isolating an pluripotent embryonic-
like stem cell, In particular, a method of isolating an pluripotent embryonic- like
stem cell of the present Invention, comprises the steps of

(a) obtaining cells from a postnatal animal or human source;

(b) with or without slow freezing éaid cells in medium containing 7.5%

v dimatrhul ctlfavide 1nfil a final temnerature of -80° € is reached: and



domai n sequences according to table 2 consisting of table 1. The invention
al so concerns a nethod of culturing of cells wherein the cells are seeded
on matrices in a bioreactor in table 3. 0 2 AUG 2906 The stemcells of the
i nvention can be enployed also in a nethod to inplant stemcells in
periodontiumto rebuild periodontium to Inprove healing teeth extraction
and skin lesions. Further, the stemecells of the invention are inplanted in
periodontiumto build or repair cenentzimof tooth. The inventjpn-is further
described in nore detail. Detailed description of the inventi Euitor e and
isolation of stemcells derived fromw sdomteeth In a further aspect, the

present i nvent(i:p@ugflg}, 8% t&isa culture conprising: (a) Pluripotent .
enbryoni c-1i ke stemcells, capable of self regeneration and capabl e of

di fferenttid iRRnt8 t; | ARk i g&?ﬁ i.neages;
and (b) aT]?rﬁtedi urq1lcgggtﬂlh%r.g%[agégg(gﬁﬁgd% E\jg 1?0 Irﬁ?gpa@?sgﬁ 0 S%Pgwgtngm cells.
Such st enfikgestermt egit dinnpargice @t arraethedyoffiselatieg apopipripetend gomlylybhier dikeon

fact or or?te,lni g@,a&qhgﬁ;pggéﬁﬁgi‘v?ﬁ% %Bmﬁ;fggsﬁﬁgg?%léfs_ of such cultures may be

i solated from non- hHunan c s o hurfan ce he i nvention further

relates to rret(?T&gE%aﬁqiS?%lghgtﬁjorﬁg ag%gﬁ‘tﬁ“ﬂ”ﬁ"?ésph“m%?@é&' li ke stemcell. In

particul ar, a “1solatin otent e ofic- like stemcell
of the presentpi i-ap; r ; : fi (AL i.ning. cebls, froma
non- enbr yoni Ct(g}]W&ﬁf%?ﬂ%ﬁ%ﬂ?l&%ﬁ%g%lhﬁ(%gﬁyﬁ "Br%‘j%ﬁ"ﬂﬁlgﬁf ?é@’%i ng -
sai d cel | s | n{wkqgidimetioH tsaifioikidg untsh o fina) tempdiatercgf -807 € oxredehedt ahd a fi nal
tenperature of -80 Cis reached; and (c) culturing the cells. The invention
further rel at é8) ewturintchtbdscalls. i sol ati ng an pluri potent enbryonic- |ike stem
cell, In particular, a nethod of isolating an pluripotent enbryonic- |ike
_ The invention further relates to methods of isolating an pluripotent embryonic-

like stem cell, In particular, a method of isdiating an pluripotent embryonic- like
_stem cell of the present -inventlon, comprises the steps of

(a) obtaining cells from a non-embryonic animal or human source;
(b) filtering said cells through a strainer;

(c) with or without slow freezing said cells in medium containing 7.5%
(v/v) dimethyl suifoxide untl} a final temperature of -80° C is reached; and ‘

(d) culturing the cells,

In a further aspect, the methods of isolating an pluripotent'embryonic- like stem
cell relate to methods whereby a clonal population of such stem cells is Isolated,
wherein a single pluripotent embryonic-like stem cell is first isolated and then
further cultured and expanded to generat.e. a clonal population. A single
pluripotent embryonic-like stem cell may be isolated by means of limiting dilution.

or such other methods as are known to the skilled artisan.

Genetical engineered stem cells

Thus, the present Invention also relates to a clonal pluripotent embryonic-like
stem cell line developed by such method. In a particuiar aspect, the present
invention relates to p!uribotent embryonic-like stem cells or populations of such
cells which have been transformed or transfected and thereby contain and can
express a gene or prbtein of Interest. Thus, this invention includes pluripotent
embryonic-like stem cells genetically engineered to express a gene or protein of
interest. In & much as such genetically engineered stem cellé can then undergo



stemcell of the present invention, conprises the steps of (a) obtaining
cells froma postnatal aninmal or human source; (b) with or wthout slow
freezing said cells in mediumr containing 7.5% (%/N) (llmi-1"k/1
ciiifnyirip tintil P finAl tp.mp.raturp nf -,qno (-. icz rpached: and 12 0
2 AU. G 2006 (c) culturing the cells. The invention further relates to

met hods of isolating an pluripotent enbryonic- |ike stemcel 7 AUR 1006
particular, a nethod of isol atlng an piauri potent enbryonic- like stemcell
of the present invention, conprises the steps of (a) obtaining cells froman
adult animal or human source; (b) with or without slow freezing said cells

in nmediu %o V/ ul e |
tenper at (rSagy CoRRFREnt " ni s e I RAGR fURHEEE sBbirbadiae, Wpage-
i nvent i orcofumittask cettsl,auesht@rermiehueld; ﬂﬁml aog@:tatlngllsarerqgllmaarp@tmlamp@nbt yoni c-

like st ene"n?tﬁjyi?mc -l ep&EH %‘fl thegﬁ Ples f éé:hoé &Ibr@el nolﬁb*r"el{rig&gt ent

enbryoni C em ce nvent t he steps of

i) ert nd earnee fuhiiTE Y ‘i\%ﬁ%ﬁdo B R PeRet, SO Rl i ng

sai d cel llisebge-reninumittaint allgi Iagd7 s e/ M);r(dotrmthwu&ulefsom deunipdteht a fi nal
t enper at ure_of eac @ﬁlturln the.cells. In a further

homoct " thEseeniBalsEr Pl i a MRG0t rells Sucttat thi Ao aetuC 8T Apnvadadd ol |

rel ate t@elEThotsention ebyn relotenal neehsdsadfi modoting Lacbersétam:lq &nlgmelesed
i sol ated, ., wherein Si ngbk%pl uri potent enpbryonic-| ige stemcell is first

i sol at ed prooc%ﬁ@hem SIRRITSS CSH&P"@W@a §eHERD O enerate a cl onal

popul ation. A, sin | urj potent e onl like stemc y be isol ated
by means of | 'irg ‘EJ:F ﬁ”é‘ﬁ”te'ﬁre@aﬁ‘? StF‘rE’t ﬁ%ESWQE gﬁknown to the
skilled artisan. s, the present inveption also relates to .a clonal

pl uri pot ent eﬁ‘b’?%}% éomr%@é' SreiFPELPIe PT AEKEEPBPR A" l?yg%(l’f'ﬁjﬁ fd. In a

articul ar aspect resent
P Pt?) selectrng or expression of the marker gene or gene of interest in

the pluripotent embryonic-like stem cells;
(c) culturing the stem cells selected in (b).

Ina pa'rticular aspect, the present invention encompasses geneticail_y engineered
pluripotent embryonic-like stem cell(s), including human and non—humanl' cells,
produced by such method. The present invention further relates to methods for
detecting the presence or activity of an agent which Is a lineage-commitment
factor comprising the steps of | '

A. contacting the pluripotent embryonic-like stem cells of the present
invention with a sample suspected of containing an agent which is a

lineage- commitment factor; and

B. - determining the lineage of the so contacted cells by morphology,
mRNA expression, antigen expression or other means; '

wherein the lineage of the contacted cells indicates the presence or activity of a
lineage-commitment factor in sald sample.
Assays for cell modulating agents

The présent invention also relates to methods of testing the ability of an agent,
compound or factor to modulate the lineage-commitment of a lineage

uncommitted cell which comprises



invention relates to pluripotent enbryonic-like stemcells or popul ati ons of
such cells which have been transfornmed or transfected and thereby contain
and can express a gene or protein of interest. Thus, this invention

i ncludes pluripotent enbryonic-like stemcells genetically engineered to
express a gene or protein of interest. In as nmuch as such genetlcally

engi neered stemcells can then undergo 0 AUG 2096 13 | i neage-ldoktii Hbgent ,

the present invention further enconpasbt®s |ineage- committed cells, whi ch
are derived froma genetically engineered pluripotent enbryonic- Iike stem

cell, and which express a gene or protein of interest. The |ineage-conmtted
cells may be endagdermal thecpofabEt @mbmﬂmkerabtenhlmag@f $rMprédend cells
and may be pl urllﬁotent such as a pluri pot mesenchymal stemcell, or

progeni tor cel | SNVETSN 48 éngwtﬁogﬁﬂ'mof"’ 'TT;}'B@'@FFI“&S i'1‘5‘@I stemrheelisngént i on

then relates to |[f%ta|§@q§,cgﬁqrﬁ%@qiuc@”ggaﬁd genetically engineered pluripotent
enbryonic-like stemcell conprising the steps of (a) transfecting.

pl uri pot ent erﬁ)ré/dwgtmé K§ert @BpLiha opirhdtor uRBY tegPnst ruct conprising at
| east- one of a marker gene or a gene of interest; selecting for expression

of the mar ker cjengerindefthelinddtiecemiple goncdrﬂsctahttrau@eyerﬂérp%mgxp%:@mix' ke

stemcells; (c) culturing the stemcells selected (b).” I'na'particul ar
aspect, t he pres@?ﬁr%&%rﬁﬂtmneﬁ?@éﬁM%OQ'@ﬁéﬂ@wl I y engi neered

pl uri potent enbryonic-like stem cell (sz i ncl udi ng. human and non- human
cell's, prsdieeantisp dnduwdefetdo@ssaheysiaBel pereeRindonf fmttenaal raélﬁa‘tses to

rrethodsf cty.n ca.~or t 3, 2Of a
ébrmﬁc%td% dr er&%l? BFEGRIC Qo mﬁ&ﬁ!ét’é the prgf‘fecont R n tcicix%

| i neage-co tment fact npri si ng

pl uri pot exMEBIENENKLE - thel<eplsneme@e| Embwomeréakpr émt celinveitthen mselmta
sanpl e sy ﬁp&@goq]d of containing an agent which is a |ineage- commtnent
factor; and determ ning the Iineage of the so contacted cells by

ror phoI 9% a further such aspect, the present invention relates to an assay system for
screening agents, compounds or factors for the ability to modulate. the lineage-

commitment of a lineage uncommitted cell, comprising:

A. culturing the pluripotent embryonic-like stem cells of the present-
inventlon in a growth medium which maintains the stem cells as
lineage uncommitted cells

B. adding the agent, compound or factor under test; and

C. determining the lineage of the so contacted celis by morphology, mRNA
expression, antigen expression or other means.-

The invention also relates to a method for detecting the presence or activity of
an agent which is a proliferation factor comprising the steps of.

A. contacting the pluripotent embryonic- like stem cells of the present
invention with a sample suspected of containing an agent which is a

proliferation factor; and

B. determining the proliferation and lineage of the so contacted cells by
morphology, mRNA expression, antigen expression or other means;
wherein the proliferation of the contacted cells without lineage
commitment indicates the presence or.activity of a p'rOIifer'ation factor

‘in said sample.



MRNA expression, antigen expression or other neans; wherein the |ineage of

the contacted cells indicates the presence or activity of a

| i neage-comm tment factor in said sanple. Assays for cell nodul ating agents
The present invention also relates-to nethods of testing the ability of an

agent, conpound or factor to nodul ate the |ineage-comm tnent Of%i Iiﬂﬁfge

uncomm tted cell which conprises 0 2 AUG 2006 14 A culturing t AUG

pl uri potent enbryonic-like stemcells & the present invention in a growh
medi um whi ch maintains the stemcells as |ineage uncommtted cells; and B.
addi ng the-agent, compound or factor under test C. determ ning the |ineage

of the soIganfuditieehspetd, sheYinyehidPimdes iRt o BX6F BSftin@Nthe2Abii8LHf an
expression or other nmeans. The invention includes an asSay system for:

scr eeni ng@8¥Ntpof@RPPANT agEnfactor cBpBeARter thi ugEclderatieni i ©o lifs@arat e t he

proliferayhQin@ittdd BERARICHCMpAdERNT of the pluripotent enbryonic-like stem
cells of the present 1invention. In a further such aspect, the present

invention rel gie ; S lgeni a GRIMR or
factors for the gl’glhﬁl’r{@; ttﬁg %gﬁéﬁ%@%my?a}ﬁ%e@ge?%-m@néﬁm%& of ag@ﬁeage
unconmi tted cel | iNVEBkYD | i8I Ag grewthc umedivimngvhieie mRimtRipst Ere skardr gdlsi @sl i ke

stemcel l's of- thg, qy, %’l‘nﬂnﬁi’ﬁ‘&é Qn in a growth nmedi um whi ch maintains the
stemcells as "li1neage unconm e& tells B. adding the agent, conpound or

factor under t@ﬁﬁ\f&%ﬁ&%?ggﬁﬂ%mﬂyum &rqgcﬂot@ﬁégﬁté&. Tang so contacted cells

by nor phol ogy, ssi‘on, antigen éxpression or other nmeans. The

nvention al'sqyrglah@hihg the Brofad A aHEUFREEB%b e B6 GBRRREPLeREVI 1Y Of

mRNA expression, antigen expression or other means.

The invention further relates to an assay system for screening agents,
compounds or factors for the ability to modulate the proliferation of a lineage
uncommitted cell, comprising: '

A. culturing the pluripotent embryonic-like stem cells of the present
invention in a growth medium which maintains the stem cells. as

lineage uncommitted cells;
B. adding the agent, compound or factor under test; and

C. determining the proliferation and lineage of the so contacted cells by
mRNA expression, antigen expression or other means.

The assay system could importantly be adapted to-iden;cify drugs or other entities
that are capable of modulating the pluripotent embryonic-like stem cells of the
present invention, either in vitro or in vivo. Such an assay would be useful in the
development of agents, factors or drugs that would be specific in modulating the
pluripotent embryonic-like stem cells to, for instance, proliferate or to commit to
a particular lineage or cell type. For example, such drugs might be used to

facilitate cellular or tissue transplantation therapy.

The assay system(s) could readily he adapted to screen, identify or characterize
genes encoding proliferation or lineage-commitment factors or encoding proteins
or molecules otherwise involved in cellular differentiation and development.

For instance, genes encoding proteins involved in or expressed during
differentiation along a particular lineage could be identified by known methods



an agent which is a proliferation factor conprising the steps of, A
contacting the pluripotent enbryonic- |like stemcells of the present

i nvention with a sanple suspected of. containing an agent which is a
proliferation factor; and B. determining the proliferation and |ineage of
the so contacted cells by norphol ogy, nRNA expression, antigen expression
or other neans; wherein the proliferation of the contacted cel]s w thout

| i neage conmitnent indicates the presence or activity of a prﬂ)z itfeddbi on
factor in said sanple. 0 2 AUG 2096 185 In a further aspect, the invention
i ncl udes nethods of testing the ability of an agent, conpound or factor to
nodul ate the proliferation of a lineage wunconmmtted cell which conprises B.
cul turin h [ NiiL@dFR: EG i c S h I

i nventi ogfofrn%ggggdrégv\flﬁﬁlﬁeg?um %%}ﬁéﬁ:mﬁfacﬁ@%'hg%i e—?n{ucstél seoés Ei i%rgage
unconmi t €8Pr¥eNEs; ke, staiiaels tdiethwy Present oppeiien soulthdeocuiwger Updést ; and
D, deter i ; I f t 1,1 | g f C | s by
MRNA exp%@%@g?ﬁ @glrll]?é g}leérﬁ-j g(i%r Egg}cgr%qolr[ﬁ%S%e%n%g%}ye n%%e&%%@n%)i%%ﬁ l(ert her
rel ates theranchaeaipriggdt emdtors sackepiatgnagercsessarg ofipoumaintainifgacther s f or

the abil iy, 1 P i ferati f iy unconm t t cell,
conpri si H[)%p k?ergfg%é?\?oﬁgaé {ﬂ E% %ig'{'}r F%([)St éﬁ? Hee?%?%&hi 'B-efgﬁﬁ%n Jf e%@pgﬁﬂogg%tf t he
present embremic-diei stade gnmMthaisedbansiniiedh wentifiad nsnd hehaséetariesl lby. as -
| i neage unconmm tted cells; B. adding the agent onpound .or factor  under
Lot andUES T s Rt st bR Sl e ah O on FRR asotr v refEh Bt act ed
cel I s by condRidnexmiegshing, thant s rere eaphdty and aiHescteBamg. the genes

and proteins so expressed or which, when provided exogenously, will maintain

the self-renewal capacity. ‘

Transplantation

In a further embodiment, the present invention relates to certain therapeutic
methods which would be based upon the activity of the pluripotent embryonic-
like stem cells of the gbresént invention, including cells or tissues derived
therefrom, or upon, agehts or other drugs determined to act on any such cells or
tissues, Including proliferation factors and lineage-commitment factors. One
exemplary therapeutic method is associated with the prevention or modulation of
the manifestations of conditions causally related to or following from the lack or
Insufficiency of cells of a particular lineage, and comprises administering the
plurlpotent embryonic-like stem cells of the present invention, including cells or
tissues derived therefrom, either individually or in mixture with proliferation
factors or lineage-commitment factors in an. amount effective to prevent the
development or progression of those conditions in the host.

In a further and particular aspect the present invention includes thera;;eutic
méthods, including transplantation of the pluripotent embryonic-like stem cells of
the present Invention, including lineage-uncommitted populations of cells,
'lineage-committed populations of cells, tissues and organs derived there from, in
treatment or alleviation of conditions, diseases, disorders, celiular debilitations or
deficiencies which would benefit from such therapy. These methods include the
replacement or replenishment of cells, tissues or organs. Such replacement or
replenishment may be accomplished by transplantation of the p!qripotent
embryonic-like stem cells of the present invention or by transplantation of



The assay systemcould inportantly be adapted to -identify drugs or other
entities that are capable of nodulating the pluripotent enbryonic-like stem
cells of the present invention, either in vitro or in vivo. Such an assay
woul d be useful in the developnent of agents, factors or drugs that would
be specific in nodulating the pluripotent enbryonic-like stemcells to, for
instance, proliferate or to conmit to a particular |ineage of Zd&h120tbype.
For exanpl e, such drugs m ght be used €6 facilitate cellular or tissue
transplantation therapy. The assay systen{(s) could readily be adapted to
screen, ldentify or characterize genes encoding proliferation or :

| i neage- climadgeremto nfirmitad sopulaidémeodi calspliot@iarsomarittad ipepulatimnetdierié,se

i nvol ved ng cel | ul ar Hitf%{ﬁpt%ation and devel opnent. For instance, genes
encodi ng ProtaiNLTPRAVHFVEFT N7 C'8xpressed during differentiation along a

particul | i neage _coul.d. be identified by known hods, 0.2 AUG 2006 . 16
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cul tured un ondi tion iving rise to, a rticular |ineage and the gene
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identifi eglyamel sAHBErR AR oRY.-liIRUWtbHT Ed)B doRepriding HROLRM ofafoN0ah

| -like
stemcells of tﬁe present invention under conditions naintaining t%ei_r

sel f-renewss tisRes thy POdpslaar éﬁlb?ﬁérﬁ&ﬂﬂe%‘ﬂ@ﬁ%ﬂ?%f LR Brdbeft HVERLISA.
expressed or which, when provided exogenously, will maintain the

sel f-renewpd sERP@EheY aspcd SR AdtAtio®Thcludesda MEthb@ of RTDIOEi almhistiatienpr esent
invention relates to certain therapeutic nethods which would be based upon

the acti VPt PEteIQ 9enk PhHBEYREL erBPYoRe fhe ster oktransiesting thy PlurpoRsEsent

i nvent i ongmbRfdiiRE s |c%ll9rof"tli1§%»\"@s%n@¢rﬁ\ifé4ﬁﬁn WhRrL{EQBF cOMpPRMG DRAENt S or

ot her drugs_determ ned to act on any such cells or

or RNA which expresses a protein of" gene of interest.

The present invention provides a method of tissue repair or transplantation in
mammals, comprising administering to a mammal a therapeutically effective

amount of pluripotent embryonic-like stem cells.

The present invention provides a method of preventing and/or treating cellular
debilitations, derangements and/or dstunctions and/or other disease states in
mammals, comprising administering to a mammal a therapeutically effective
amount _of pluripotent embryoniolike stem cells.

In a further aspect, the pre'sent invention provides a method ‘of.preventing
and/or treating éel!ular debilitations, derangements and/or dysfunctions and/or
other disease states in mar.nrnals, comprising administering to a mammal a
therapeutically effective amount of a endodermal, ectodermal or mesodermail
lineage-committed cell derived from the bluripotent embryonic-liké stem cells of
the present invention. ‘

The therapeutic method generally referred to herein could include the method for
the ftreatment of various pathologies or other cellular dysfunctions and
derangements by the administration of pharmaéeuﬁcal compositions that may
comprise proliferation factors or lineage-commitment factors, alone or In
combination with the pluripotent embryonic-like stem cells of the present
. Invention, or cells or ‘tiésues derived therefrom, or other similarty effective



tissues, including proliferation factors and, |ineage-comm tnent factors.
One exenplary therapeutic nmethod is associated with the prevention or

nmodul ation of the nmanifestations of conditions causally related to or
following fromthe lack or Insufficiency of cells of a particular Iineage,
and conprises admnistering the pluripotent enbryonic-1ike Stfz]ﬁ§ﬂ¢§

the present invention, including cells or tissues derived the A 00 t her
I ndividually or in mxture with proliféBation factors or |ineage-conmitnent
factors in an anount effective to prevent the devel opnent or progression of
t hose conditions in the host. In a further and particul ar aspect the present

i nventi Onagmbudaﬁgﬁ bercapisiuinds ja@itfRds fori Inetande ngy tar dAsPkaREANgOassRly t he
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cells, tIESUES ang grgans derived there from in treatnment or alleviation
of condl t 2 ! ers, cellular debilitations or- defi ci enci es
whi ch wou d ben rom such thera These net hods i ncl ude t
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enbryonic-1ike stemcells of the present invention or by transplantation O
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commitment factors may be further comprise the pluripotent embryonic-like
stem cells of the present invention, or cells, tissues or organs derived therefrom.
The pharmaceutical compositions may comprise the pluripotent embryonic-like
.stem cells of the present invention, or cells, tissues or organs derived therefrom,

in apolymeric carrier or extracellular matrix,

This invention also '.provides pharmaceutical compositions for the treatment of
cellular debilitation, derangement and/or dysfunction in mammals, comprising:

A. a therapeutically effective amount of the pluripotent embryonic-like
- stem cells of the present invention; and

C. a pharmaceutically acceptable medium or carrier.
Pharmaceutical cbmpositions of the present invention also Include compositions

comprising endodermal, ectodermal or mesodermal lineage-committed celi(s)

derived

from the pluripotent embryonic-like stem cells of the present invention, and a
pharmaceutically acceptable medium - or carrier. Any such pharmaceutical
compositions may further comprise a proliferation factor or lineage- commitment

- factor.
Development of teeth



enbryonic-like stemcells of the present invention with a vector conprising
DNA or RNA which expresses a protein or gene of interest. The present

i nvention provides a method of tissue repair or transplantation in nanmls,
conprising admnistering to a mammal a therapeutically effective anount of
pl uripotent enbryonic-like stemcells. The present invention provides a

met hod of preventing and/or treating cellular debilitations, derangenents
and/ or dysfunctions and/or other disease states in mnmmls, cong)rl si ng

adm nistering to a mammual a ther apeutiBally effective anount ﬂmﬁrrl pot ent
enbryonic-like stemcells. In a Further aspect, the present invention

provi des a-nethod of preventing -and/or treating cellular debilitations, .
der angenment theafdiboingl yisfgract iaoswnamdymf thet teaith cﬁemazs:ensrﬁtatseshdm metmaral s,

conpri si ng, admi.n er,n 0 t.her t|c | | ffectiye anmount of
a endoderfid" Oééb%fﬁg?%g %‘F %@%@@F%W‘thltpﬁ %8@5’099 P{Q ﬁ? by ('Jgilnrgvaed from
the pl uritpotrerdererdieyims a- dtag@ wtparﬂméh@y,@‘ undiffer@itesentprebwebt k@ige, The
therapeutvw@?]get hoRféji_‘%enera‘%j g referred {]ﬁ_@?l n could incl ude tqe met hod for
the treat NS FARADNTY S HHEFOTEES &2 CB S8 dertel araan. dlpofdl RaRiBnanand -
derangenej@tnwbyn;t:ﬂae adm ni strati on of pharnmaceuti cal corrposr t i ons t hat May
conprise proliferation factors or |ineage-commtnent factors, alone or in

combi nat iToys W grlrbwmqen rrthricpontr@moremwonw@Tém keyts! opaICaistSo8Y, FuFtﬁ wy. esent
invention, or cells or tissues derived therefrom or other si'mlarly’ .

ef fect i vd1eFtY IROGIIWD6 18 agents, drugs or conpounds identified for

I nstance by, a dru% screenl ng assay prepared and used in accordance with a
further sent Invention. Rharnmaceutical conpositions It is
a still further obj ect of the present invention to provide phar maceut i cal

conposi t ifdhs 1} oPxpiies ithe tdrvelgrinentc ofst YR (RRPER ERidr ikite-BrhelsikivBsed upon
the pljur IFRQt @Rth BRTBR R GoddskBisShEoRLBBENE Rhehthf, RIESLR tHeRVARLRYY by

nelu In%he ectomesenchyme so that it can elicit tooth formation from a varlety of
epithelia, For example, recombination of late first arch ectomesenchyme with
embryonic plantar (foot) epithelium changes the development direction of the
epithelium so that a dental organ is formed Conversely, if the epithelial dental
organ is recombined with skin mesenchyme, it loses its dental characteristics and
assumes those of epidermis. What these experiments show Is that odontogenesis
is first initiated by factors resident in the first arch epithelium influencing
ectomesenchyme. These experimental findings are mirrored by the expression
pattern of transcription and growth factors in these tissues. Thus bone
morphogenetic protein (BMP) 2 and 4 are specially and transiently expressed in
the epithelium at sites where the teeth wili-form, and it has been shown
experimentally that they upregulate the explression of several molecules,
especially BMP4 and the homeobox genes MSX1 and MSX2 in the
ectomesenchyme, Thus the evidence from experimental embryology,
recombinant DNA technology, and immunocytochemistry indicates that first arch
epithelium is essential for the initiation of tooth development. Once the ability to
initiate tooth development has been acquired by ectomesenchyme, it Is
maintained by dental papillary cells. Thus, if early tooth germs are'cultured for
an extended period, the cells dedifferentiate, and the morphology of the germs is
completely lost; yet, if these dedifferentiated epithelial and ectomesenchymal
cells are harvested and recombined In vivo, they form a tooth (the program for
tooth formation Is not lost). Of particular interest in this regard is the finding



| i neage-uncommi tted popul ations of cells, |ineage-comm tted popul ati ons of
cells, tissues and organs derived therefrom along with a pharmaceutically
acceptable carrier. Also contenplated are pharnaceutical conpositions
conprising proliferation factors or |lineage conmtnent factors that act on
or nodulate the pluripotent enbryonic-like stemcells of the present
I nvention and/or the cells; tissues and organs derived there %ﬁgﬁ%ong
with a pharnaceutically acceptable ca2¥ier. The pharmaceutic sitions
of proliferation factors or Ilneage commtment factors may be further
conprise the pluripotent embryonic-1ike stemcells of the present
| nvent i ongha@r ifGRblise tédtﬁ%‘éﬁﬁn@éer&hgﬁiéslsdc%rnﬁbﬁﬁgd el QﬁlEQrEpithEhém teeth
pharnaceutlcal composi tions may conprise the pluripotent embryonic-1ike

. stem cel #&VeiiP-t he present invention, or cells, tissues or organs derived
theref ron& [ Sﬂa p@]é‘cﬁ@fﬁe?e fo'neénd)Mo% d‘?\f@r‘ehﬂiﬁlﬁé )mat rix. This invention
al so pI’OVI p@ ceut | c conpositions for the treatnent of cellular
debilitati on derangenent and/ or dysfunction in mamuals, conprising: A a-

t her apeut t tem
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or carri ethe Eklmmaipem potdr, mwpﬂsepﬂtimimnmf Thhecqilsebelrtterlnlgventtl'mdah&tb

i ncl ude co SI t rrp t oder mal or _

| neage. domre s SiPEEmisd Phis, et FisbiefraRn dREhes crorinsBry i JoFe st em
cel |l s of ;Rhﬂe@asawmﬁuaawemb Itbé,d@lﬁd mp;lmehasmmetﬂ sﬁt?itholmﬁe:ptﬁibeean@dl um or
carrier. ny suc ar nace onposi.tions, na ur.t her ri se
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i's shown. in of the tooth is the tooth th the ability to

formall @Eﬁ@’f@mqg FelFta retigdtm spBte eaﬁaelmisceéﬂ s@lﬁ‘eéeraﬁfatﬁuam @oiaéfﬁey a
undi f f er eifieatiRe BFRGMH PRI REASS: The cells of this layer are soon characterized by
an exceptionally high activity of the enzyme alkaline phosphatase. Although the
cells of this layer are histologically distinct from the cells of the internal dental
epithelium, both layers should be considered as a single function unit responsible
for the formation of enamel, The internal dental epithelium meets the external
dental epithelium at the rim of the dental organ; this junctional zone is known as
the cervical loop. | '
Clusters of blood vessels are found ramifying around the tooth germ in the dental
follicle and entering the dental papilla (or pulp).during the cap stage. During
tooth eruption the dental follicle build periedontal ligament, alveolar bone and
- cementum. The Periodontal ﬁgafnent (PDL) is a connective tissue with
fibroblasts, collagen and vascular channels and blood vessels which defined a

membrane like structure,

Examples

Subjects_and Cell Culture, Normal human impacted third molars ‘were collected

from adults (various age). Dental follicle surfaces were cleaned and minced by -
using sterilized scalpel. The tissue was digested In a solution of 0.1 U/ml

" collagenase type I and 1 U/ml dispase (Roche Mannheim) for 1 h at 37°C.
Moreover also cells were Isolated from dental follicle tissue after mincing and
washing with a balanced salt solution with trypsin. For this burpose, tissue pieces
were incubated in a 0.25% frypsin in D-MEM without Calcium supplemented with



with the capability to differentiate to cells of the dental organ, de

nt al

papilla and dental follicle. This is shown in Fig. 10. Gtation from AR

Ten Cate, Oral Hi stology, Fifth Ed., Mosby Inc. 1998 Initiation of t
Tooth Fig. 11 explains the devel opnent of a tooth (From http//:
bite-it.heisinki.fl). First arch epitheliumloses this odontogenic
potential, which is then assuned by the ectonesenchyne so g;hg?g biipg ca
elicit tooth formation from a variety 2f epithelia, For exanple

he

n

reconmbi nation of late first arch ectonmesenchyne with enbryonic pI ant ar

(foot) epitheliumchanges the devel opnent direction of the epitheliu
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that first_arc epitheliumis essentlal for the initiation of tooth

- devel opmsff{BL Jiforsrented wihZi mM iLagletanaipent (b waritspme mentalénbdd,
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Thus, if earlé/toot gerns are culturéd for an extended period, the

dedi f f er & 49% F‘éﬁdEﬂﬁéeﬁWdﬁ@@Y/‘“%’f TXHA 0§ e¥rb-assoris rAsic 2epipsphae:
i f these é%ﬂbf Wee&hb%@éis,e@sa!e@j/t%wﬁ@dgssﬁatn%smv %ym: cpfelnlic‘%n.ﬁh%o

har vest e reconbined i'n vivo, ey forma tooth Cgram or

f or mat i ondi®! AGEPIAEBYJIN (@lofbads,ul’mkwﬂed MiCBr @s MSCRM ﬁuuﬁe%tgérf elics) tandl

then incubated at 37°C in 5% COQ,. Bone marrow cells were cultured in MSCBM
BulletKit (Poietics).To assess colony-forming efficiency, day 14 cultures were
fixed with 4% formalin, and then stained with 0.1% toiﬁidine blue. For the
induction of calcified bone matrix deposition in vitro cells were cultured in D-MEM
(Biochrom) supplemented with 10% FCS, 2 mM L-Glutamine (sigma), 10% M
Dexamethason (sigma), 100 uM L-ascorblc acid 2-phosphate, 1,8 mM KHzPO4
(Sigma), 20 mM HEPES (Sigma). The proliferation rate of subconfluent cultures
of Dental follicle Stefn cells {DFSCs) and Bone marrow stromal cells (BMSCs) was
assessed by bromodeoxyuridine (BrdUrd) incorporation for 24 h by using a
Zymed BrdUrd stalhing kit (Vector Laboratories).

Immunohistochemistry. Dental follicle were fixed in 4% formalin and embedded
In paraffin. Slices were subjected for Immunohistochemistry. Primary DPSCs and
BMSCs were subcultured. The cells were fixed in 4% formalin. Sliceé and cells
were reacted with saturating levels of primary antibodies and the corresponding
control antibodies by using a Zymed broad-spectrum immunoperoxidase kit
(Vector Laboratories). Working dilutions of seruim, monoclonal supernatants, and
purified antibodies were used. Antibodies used: Notch Ab-1 (A8) Mouse Mab
(anti-Notch1) (NeoMarkers), AC 133/2 (anti-CD133) (Miltenyl), Fik-1 (anti-
VEGFR-2), Mouse IgGl (clone 53) anti mouse FNK (fibroblast growth factor),
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20 0 2 AUG 2006 that, if nouse tooth ectonesenchyne is conbined with chick
epithelium, teeth develop. Bell Stage (Histodifferentlation and

Mor phodi fferentl ation) At the periphery of the dental organ, the cells
assunme a cuboi dal shape and form the external,. or outer, dental
epithelium The cells bordering on the dental papilla differentiate into
two histologically distinct conponents. Those i medi ately adjacegnt..t.0 the
dental papilla assume a short col umar2%hape and are charact@ﬁlﬁgéﬁ hi gh
gl ycogen content; together they formthe internal (or inner) dental

epi thelium Betmeen the Internal dental epitheliumand the newy

di ff erent MaUe@I@GEI(tlah@ zeetamuiaurmmmrrmmetlbeul ﬁftlorefes%)ﬁaﬂt;}‘ﬁwrﬁmempe into
(6] IS ayer are soon

a |layer he s atu nt dl ym The cel
char act er@@hggﬂ}' aré{r?c %BER égh/ng’ﬂﬁﬂﬁn%étl vity of the enzyme al kaline
phosphat ase. Although the <cells of this layer are histologically distinct

fromthe Hl%tdc%eﬁﬂst‘i‘@eSééBrﬁfa'ﬂ@'DFE@%%H ROBL! E\ﬁtdﬁém éa%t Wahﬁ%’oﬁﬁ Ffd@'éhe be

consi dered as_ a S|ng function unit responS| rmati on
enanel . THen ek WA Hénfosmadpi Ehlélunmrﬁeﬁ@et%meﬁe d@m@ednéqy treaiment wrtht hel i um

at the ri /oohniégfwu%etel(ggr dan, détafm% e;amsee@?we?r NGore fho‘é‘f“crﬂ%m ghghe

cervical Toop. ISters vessel's are tfound ram fying aroun
t oot h gernaemato!iiiEosia statndhd podaedares. entering the dental papilla (or
pul p). during the cap stage. During tooth eruption the dental follicle

build |_ont Wk b T i adont al

" ganent Re- RansriRRRRbcR ™ TS AN OIS PPehasBRnElets ofe/B Y Lilhe™ ©
vascul ar Rrhmm@li@t dethtdnﬁpd-lﬂtle%eFEswlswgijﬂ ;ﬂ:@‘l\lmeslnﬂnesrmmeamﬁbnnk@i b\cfi hi
structure. . u ur act.e ir
nol ar s welr'sén%gnféjgt e&“gﬁrogﬁll ‘g%lgﬁ%doef\? er'ggégtN?@éﬂ?ﬁ%lwqm? u?UQfaces
vere cl eanedligodmiphaes ?thmgleng $h@r¢11ég@€¢1&5ﬁ4ﬂpﬁh Méréter tmlﬁs a

digested In a_solution o | agenase 5*5 dlspase
(Roche VelHes) ﬁyeqeopse}_j fpralf(:lgm@' gPCR the Quantitect™ Sybr Green Klt (Qlagen®)

were used. The standard program for all PCRs was 95°C for 15 min (for enzyme
activation) and 35 cycles with 95°C for 45 sec, 55°C for 30 sec and 72°C for 1
min and a final extension by 72°C for 5 min. (for pnmers table A). For standard

PCR a PCRexpress thermocycler (thermohybaid) was used and for gPCR
(qtjantitative PCR) an Opticon (MJ Research) with Opticon Monitor software was
used. For quantification of PCR products the delta/delta calculation was used
described by Winer et al. 1999 with Excel software package. The GAPDH gene
was used for reference gene in aft appl-lcatlons. -

Table A: Primers for PCR

Gene Forward 5 '=>3° Reverse 5 '=>3°

GAPDH (Glyceraldehyde-3- CGTCTTCACCACCATG CGGCCATCACGCCACA

phosphat-dehydrogenase) GAGA GTTT

Col_ 1 {collagen typel) AGGCCCTCAAGGTTTC CCAGACCATTGTGTCC
CAAGG CCTAA -

Col_3 (collagen type3) TGGTGTTGGAGCCGCT CTCAGCACTAGAATCT
GCCA GTCC

Col_12 (collagen typel2) GGAGACAGAGGCTTC ACTGCTCGCATCATGT




Moreover also cells were isolated fromdental follicle tissue after m ncing
and washing with a bal anced salt solution with trypsin. For this purpose,
ti ssue pieces were incubated in a 0,25%trypsin in D-MEM w t hout Cal cium
suppl emented with 21 0 2 AUG 2006 EDTA for up to 18 h for a maxi nal
penetration with little trypsin activity. Trypsin were decant and discard
and tissue were treated with residual trypsin at 370C for 20pmpgg29@0 m n
i n phosphate buffer. Single-cell suspeisi ons were obtai ned by passing the
cells through a 70-m strainer (Falcon). Bone marrow cells, processed from
mar r ow aspl rat es of nor rral hurran adul t voI unt eers wer e purchased from

Poi etic ' gres™an ' . 0

suspensi ons or m nced and d| gested t| ssue of dental o?l icle were seeded

modia QB BT ARSI ea WA ﬁ%‘%@%ﬁ*@é}%ﬁﬂacm”t

peni ci | I in/100 pg/m streptonyci AGTE of | ui ds RockeT&Le, MD) or

(Bl ocfirom ~upplenented wth 20% FCS ( Equi t ech- Bi o, Kerrville, TX)/lOO pM
L- ascor biltewofidndnthosphat e  (WAKACPOGACTUARTIACS, THEBEITRAGMGCCT .

L-gl utam ne/ 100 units/m penicill F%/(‘#OO pg/ M st rec%gﬂyci n-(Bioflulds,
Rockville, M D) or MSCBM Bul | et Kl oi etics) and i ncubated at 370C in
5% C02. marrow cells were cu i Pgaﬁe cs):To
assess co oﬁy form ng efficiency, EW%A*%ﬁmG %#Jé&trﬁ:igé; i {364%
formalin, and then stained with OTTI¥Atol ul di ne bl uert@®»r the- induction of
cal cifi ed bone matri x deposition in vitro cells were cultured in D MEM

(Bi ochr odDEiHpl emrent ed wi th 10% EEGSTCTGAICAGEGTGNEGECABLCHARTCTAD M
Dexanet hason (signma), 100 pM L- asg rgi c acid, 2-ph é@@ﬁt 1,8 mV KH2P0O4
(Sigma), 20 nmM HEPES (Sigma). The %r“ iferation rat subconfl uent

ool 15 Caitly Poas™ avcessed by or SHOMEHEI B R CEABBASI Ton o

24 h by using a Zyrred Brcl Urcl shaicmi ng kit (Vect arTisgbor atori es).
| mmunohi stochem stry. Dental follicle were fixed in 4% formalln and enbedded

i n paraf fygGFRSRI ces were subj ect edo‘wsdmm@@&mmc%cﬁmmry DPSCs

and GGAA | TAAC
Vimentin GGGACCTCTACGAGG CGCATTGTCAACATCC
AGGAG TGTC

FGFR1-IIIC - (FGFR=Fibroblast- GGCAAGGAATTCAAAC CATCACGGCTGGTCTC

Growth-Factor—Receptor) CTGAC . TCTTC .
FGFR2-11IB AACGGGAAGGAGTTTA GGAGCTATTTATCCCC
| AGCAG - GAGTG

FGFR2-IIIC  TGGCAGAACTGTCAAC AACGGGAAGGAGTTTA
CATGC AGCAG

FGFR3-IIIB | AACGGCAGGGAGTTC CTTGGGGCCCGTGAA
CGCGGC CACGCAGCC

FGFR3-IIIC ~ AACGGCAGGGAGTTC GCAGCACCAGCCACG
CGCGGC CAGAGT

FGFR4 GATGGACAGGCCTTTC TGCTGCGGTCCATGTG
ATGGG GGGTCCTC

IGFB-7 {Insufin-like-binding TGATATGCATGCTITT TGGTTGATGCCCTTAC

protein 7) _ ~ CTTCTG ATGA




BMSCs were subcultured. The cells were fixed in 4% formalin. Slices and
cells were reacted with saturating levels of prinmary antibodies and the
corresponding control antibodies by using a Zyned broad-spectrum

i mmunoper oxi cl ase kit (Vector Laboratories). Wrking dilutions of serum
nonocl onal supernatants, and purified antibodies were used,@&@ﬁgg es
used: Notch Ab-1 (A6) Mwuse Mab anti-Notchl) (NeoMarkers), :
(anti-CD133) (Mltenyi), Flk-1 (anti- 2#EG-R-2), Muse 1gd (clone 53) anti
mouse FNK (fibroblast growth factor), 22 0 2 AUG 2996 Muse |gGl (clone 25)
anti rat Nestin, Muse Ig@ (clone 52) anti human GFAP (glial fibrillary
acidic protein) (BD Brosclrence) HsSTothem sty Secondary DFESCand—BMSC

cul tures M&% washed in PBS and ﬂHéﬁGﬁCM&%GTG4%Af%G%G@GT®¢/&Gum
deposits were detected by treatrreqﬁ-l—% E 2%A||zar c;@&i S (pH 4.2).

Stai ning of tissues were done with trichromand Haematoxylin/Eosin staining

procedur cription ted cells
by using %ﬁj"x‘sééfa rzl;ﬁé(?'asagen C?%%?K@é?ﬂr sﬁﬁ#\rl\g%ﬂ %&@*ﬁgm S was
performed by wusing 0.1 pg - ng TACHEICORNG and t he TGN i pt Kit (Q agen”,
Hi |1 den) by using an oligo-clT prinmer (invitrogen). The qi agen Hot St ar Taq
Mast er MGCN QPsigenacin)Hi | den) wer EATISAGAGHCHCRCAFAGARCRACAECQUAGAI t ect ",
Sybr Green Kit (Q agen™) were used. The standard Q.Trogramfor all PCRs was
950C for 15 mn (for enzyne activation) and 35 cyctes with 951C for 45 sec,

550C for ec and. : m } i N/ or 5 mn.
(for pri- rr%‘gr?: s§t abl ggﬁz 851'%8‘%‘%?‘&%&@%%%@@%?M%%ﬁéé

(t her nohyfzatat)7)was used and for qPGRCA(quantitativecTEIR) an Opticon (M
Research) with Opticon Mnitor software was used. For quantification of PCR

product s IGfe2 del t(&tsidint dkeGrowttat COOTOEGTEGETATTAUESs QGGBEACAGAWNEGTAL al .

1999 wit aE&(@g?B sof tware package. CIIIE GAPDH gene sed for re]c (Erelnce :
gene in lications. Table A imers for PCR e Forward 5' =>3
Rever se 5 & (Afkaline-Phosphatase) TGGAGCTTCAGAAGCT ATCTCGTTGTCTGAGT
CAACACCA ACCAGTCC
DSPP : CCTAAAGAAAATGAAG TAGAAAAACTCTTCCC
ATAATT TCCTAC |

Isofation of DFSC. Notch-1 and Nestin positive cells were identified by immune-
histochemistry in dental follicle slices (Fig. 1. a and B), which were described as
markers of putative stem cells in dental epithelium and neurai stem cells (Harada
et al. 1999, Johansson et al. 1999b), but were negative for CD133, VEGFR-2 and
GFAP (table B).

Fig. 1 shows immunephenotype of dental follicle. Studies based on
immunoperoxidase reactivity were performed with slices of dental follicle.
Antibodies: a) Notch-,1 B) Nestin

Friedenstein et al. 1976 documented that osteoprogenitors can be isolated from
aspirates of bone marrow by their ability to adhere to a plastic substratum or
colony forming unit fibroblast (CFU-F). The bresence of a clonogenic and plastic
adherent qell poputation in dental follicle tissue (Fig, 2 d). is demonstrated. The
cells within each colony were characterized by a typical fibroblast-like



GAPDH (d ycer al dehyde- 3- CGICTTCACCACCATG CGGCCATCACGCCACA
phosphat - dehydr ogenase) GAGA GI7T Col- | (collagen typel) AGECCCTCAAGGITTC
CCAGACCATTGIGICC CAAGG CCTAA Col -3 (col l agen type3) TGGTGTTGGAGCCGCT
CTCAGCACTAGAATCT GCCA GICC Col _12 (coll agen typel?2) GGAGACAGAGGCTTC
ACTGCTCCCATCATGT 9 2 AUG 2006 23 ACTGG TCTG Col -18 (coll agﬁ pel 8)
GTGCAGTATCATGCCC AACAGGTCTGGGITT-r  TGTG GIGC Neur of i | anment cAGTTTCA
TCAGCCTFAGACGCCT CCAG CAAT 1. . Nesti r%sGCCCI'GACCACTCCAG GGAGTCCTGGATTTCC
TTTA TTCC CD133 CAGICTGACCAGCGTG GGCCATCCAAATCTGIT AAAA CCTA CD34
TGAAGCCTAGCCTGTC CGCACAGCTGGAGGT ACCT CTTAT VEGFR—2 GGTAT- FGGCAGT TGGA

ACATr TGCCGECT- ti ' ACGAGCG CAACATCC
A S ST hblaa. AT et e e, PR TR &aTeTe
G row h- vaetmsiivideree Notdh)- 1 GHAATe sk H@rﬁ@ﬁlﬂ&cﬁéﬁn@t GRAGHITA

GGAGCTA77FATCCCC  AGCAG GAGIG FGFR2-111C TGECAGAACTGICAAC - AA GGAGITTA

Fig. 2 shows a) Representative colony after 14 days. B) and ) characterize
immunophenotypes of cultured DFSC with representative staining pattern for )
Nestin and y) Notch-1.

Immunohistochemical studies were performed to characterize DFSC from dental
follicle, by ﬁsing antibodies specific to known antigens associated with different
: p'henotypes. Representative immunoreactivity patterns for DPSC are shown
(Table B),

Table B: Summary of Immunophenotypes of dental foiiicle and cultured DFSCs.
A: DFSC in MSCBM BulletKit; B: DFSC in: Knockout D-MEM serumreplacement
media, ND: not determined

Tissue/Cells
Dental- | DFSC BMSC
Follicle |
Antibody A B A
Nestin + o+ + +
Notch-1 ++ + o+
AC133 - ND  ND ND
VEGFR-2 - ND ND ND
GFAP - ND ND ND |
+ = positive
++ = strong positive

- = negative



CATGC AGCAG FGFR3-111B AACGGCAGGGAGTTC CTTGGGGCCOGTGAA CGCGGC CACGCAGCC
FGFR3- | | | C AACGGCAGGGAGTTC GCAGCACCAGCCACG CGOGGC CAGAGT  FGFR4
GATGGACAGGCCTTFC TGCTGOGGTCCATGTG At GGG GGGTCCTC | GFB-7 (Insu Hn- |i ke-

bi ndi ng TGATATGCATGCTM TGGTTGATGCCCTTAC protein 7) CTTCTG ATGA 0 2 AUG 2006
24 PHEX AAAAGGCGAGAGCTG TAAACCAGCGTCCCAG TTTTGGC CTACCA BS
(Bonesi al opr.ot ei n) CTATGGAGAGGACGC CATAGCCATCGTAGCC CACGCCT %T
(Ost eocal ci n) CATGAGAGCCCTCACA AGAGCGAZIACCCTAGA C FGF-7 (Fi.br
ATACTGACATGGATCC TCCAACTGCCACGGTC  Factor 7) ﬂrumeM'u;2
(I'nsulin-1ike-G owh- CTCTCOGTGCTGTTCT CGGGCCAGATG7TGTA Factor 2) CTCC

ACeaGTon R e R e AT RR R L AL T TEERAE T on ot
DFSC. Not MACBMaRdllatkit |3®/p6"sceiisvplat@:l bedVierseppitenentii IMBY nediane5/10°
descr bed s PliPder B oporifish: e HUREEMEL? wtish AR aBieckeR A neur a

st em cel | ser@Hae@ideement erhedn&Q%er J@LhdayssoBuEtceéw wér%@bb:urehluﬂn vwhermegat ive
for CD133
g

G owt h-

hapegzmorpholggy over a longer period. The average number of proliferating
cells in DPSC cultures of two different donors was higher (9.7% BrdUrd positive
cells +- 1.5 SEM) when compared with BMSC cultures (6.4% BrdUrd-positive
cells +- 0.8% SEM by using the BrdUrd uptake method.

. Characterization of the phenotype_of DFSCs in vitro by RT-PCR and RT-gPCR.
Many of the markers in Table C were expressed, in the DFSC population and in

the BMSC population. The DFSC cells were found to be negative for the
odontoblast-specific marker, DSPP. We have also foungi no gene expression

~ determined for mRNAs of BMSC and DFSC of neurofilament, VEGFR-2, FGFR2-
II1B and FGFR3-I1IB (Table C).

Table C: RT-PCR with BMSC and DFSC grown In MSCBM BulletKit, + = positive; -
= negative; (+) = faint positive; ND = not determined

- Gene - BMSC DFESC
GAPDH (Glyceraldehyde-3-phosphat- + +

. dehydrogenase) ' |
Col_1 + +
Col_3 . + +
Col_12 +
Col_18 _ + +

Neurofilament - - -
Nestin : + +
CD133 | | ' - -

CD34 , _ - -




G-FAP (table B). Fig. | shows inmmunephenotype of dental follicle. Studies
based on i mrunoperoxiclase reactivity were performed with slices of dental
follicle. Antibodies: a) Notch-j P) Nestin Friedenstein et al, 1976
docunent ed that osteoprogenitors can be isolated from aspirates of bone
marrow by their ability to adhere to a plastic substratumor colony formng
unit fibroblast (CFU-F). The presence of a cIonogenic and plastic adherent
cell population in dental follicle tissue (Fig. .. is de Hﬁ@g@ d. The
cells withi'n each col ony were characte?i zed by a typlcal f|b li ke 0 2
AUG 20016 25 nor phol ogy anal ogous to the progeny of huma n bone marrow
CFU-F and t hey mere positive for Notch-1 and Nestin by i mmunochem stry
(Fig. 2 P and FI'g. 2 SAows a) Representative corony after 14 days. P)
and y) ch¥éf@idt rlze i mmunophenot ypes of cuftured DFSC with representative
staining pattern for P) Nestin and y) Notch-1. |nmunohi stochem cal studies
wer e perfWFﬁ%@mto characterize DFSC from dertal follicle, by using

anti bodies_s eC| ic to known antigens associated with different phenotypes.
Repr esent @ iMe ik Redit polast GsawtieFa@ofort DPSCrare shown (Tabl e B).
Tabl e B: -y of inmmunophenotypes of dental follicle and cultured DFSCs.
A DFSC in I'VISCBM Bul l etKit; B: DFSC-i n. Knockout D-MEM serurnrepl acenent
medi a, NQgprot.yiget er mined Tissue/CelI's Dental - DFSC BMSC Fol licle Antibody
ABA Nestin+ + + + Notch-l ++ + ++ +

FGFR2-ITIC | . + +
FGFR3-I1IB | ) ]
FGFR3-IIIC o : + (+)
FGFR4 - +
PHEX : + o+
BS (Bonesialoprotein) | + o+
OCN.(Osteocalcin) s +
FGF-7 (Fibroblast-Growth-Factor 7) + +
IGF-2 {Insulin-like-Growth-Factor 2) (+) +
AP (AIkaIihé-Phosphatase) + +
DSPP - | i )

DPSC and BMSC express collagenl, bonesialoprotein, osteocalcin and phex.
These genes are typically for osteoprogenitor cells. Both cell types express
FGFR1-IIIC, which were detected also by fibroblast isolated from the periodontal
ligament, but not CD34 and CD133, common marker_'for haermatopoietic stem
cells, We detected faint differences. for IGF-2 and FGFR3-IIIC for gene
expression. Interestingly The intensity of the IGF-2 signal was better for DFSC
than for BMSC. Because of the missing differences DFSC and BMSC were
investigated with qPCR (Fig. C). It was detected that IGF-2 expression in DFSC
cells was more than 100 time increased compared to the BMSC cells, in contrast
the expression of BS and OCN was decreased (15 times). '

Interestingly stem celis have different expression patterns for collagéns cultured
in knock-out D-MEM or in MSCBM BulletKit. Gene expressions for Col_1 and



AC133 ND ND ND -VEGFR-2 ND IND ND GFAP ND ND IND + positive ++ strong
positive negative 26 0 2 AUG 2006 The frequencies of colony-formng cells
derived fromdental follicle tissue were in MSCBM BulletKit: 30/ 104 cells
pl ated and in suppl enented DVEM nedi a: 15/1 04 cells plated. In contrast no
colonies were yielded in Knockout D-MEM serurnreplacenent nedia after 14
days. But cells were cultured in spheroid shaped norphol ogy oyer Ionger
period. The average nunber of prolifergting. cells in DPSC cul erﬂé@ B two
di fferent donors was hi gher (9.7%BrdUrd positive cells 1.5 SEM when
conpared with BMSC cultures (6.4% BrdUrd-positive cells 0.8% SEM by usi ng

Vitro by RFPeBE 1At rt ¥R s RN e) kBB RSt Nt e essed,
in the Dﬂiﬁficlpmmuﬂ)aﬂﬁfmrseamhreMacéMentBMSGor}mcppuk@t ltorDFSCruachES@dcml fredveer e

i 5ot ourd NS JEib  Foep PischE puMGEE Bidh efP)r P erleusl DORE skt el of .
neur of i | anenhjghveeiRen, e)ﬁﬁE&onldchaaﬁ%e'FéﬁRﬁcel birBcturetdre @mﬂ'@bb% @ RT PCR
wi th BMSC and DFSCr%rownlnl\/S M Bul | et KI sitive; fai nt

oSt VeSS 2N et R W B pspsneaBiated dertal faicie CENs
(Gl ycer aigdahydgroin iyvaR) alandd &t af! 2000 HeseIRESH0IICN Thils as@méhtobiast Col - 12

progen:tor cells which were unable to differentiate into mineralised cells in vitro,
but in vivo (Handa K. et al. (2002) bone 31(5) 606-611). DFSCs maturated
probably in knock-out D-MEM serumreplacement media to spheroid-like
structures.

Fig. 3a shows QPCR with cultured BMSC and DFSC grown in MSCBM BulletKit.
Values for relative concentration were calculated with delta/delta method (Winer
et al. 1999), total RNA from BMSCs were used as calibrator. House-keeping gene
was GAPDH,

Fig 3b shows. QPCR with cultured DFSC grown in MSCBM BulletKit, D-MEM
supplemented with 20% FCS and knockout D-MEM (serumreplacement). Values
were calibrated with total RNA derived from DFSC cultured in MSCBM Bulletkit.

Dexamethasone Analysis for Phenotypic Expressipn

Clones were examined using insulin and dexamethasone to determine their
identity, i.e., either lineage-committed progenitor cells or lineage-uncommitted
pluripotent cells. Lineage-induction agents, such as dexamethasone, induce

 lineage-commitment and expression in pluripotent célls, but does not alter
phenotypic expression in progenitor celis. Cultures treated with dexamethasone
will exhibit multiple expressed phenotypes. Thus comparing the effects of
treatment with dexamethasone and insulin can Identify specific types of
progenitor and pluripotent cells within an unknown group Qf_cells ( |

Differentiation Potential of DFSCs_and BMSCs in vitro, Long-term cultures (5-6
weeks) of DFSCs grown in the presence of L-ascorbate-2-phosphate, the

glucocorticoid, dexamethasone, and incrganic phosphate demonstrated the
capacity to form Alizarin Red-positive flelds with high levels of calcium (Fig. 43,
The dennsits were ccattered throughout as sinale mineralized zones or over the



Col -18 + + Neurofilament Nestin + + CD133 CD34 27 0 2 AUG 2006 VEGFR-2
Vimentin + + FGRI-111C (FG FR= Fi brobl ast-G ow h- Factor- + + Receptor)
FGFR2-111B FGFR2-111C + + FGFR3-111B FGFR3-111C + H FGFR4 + + PHEX + +
BS (Bonesi al oprotein) + + OCN (Gsteocalcin) + + FG--7 (Fibroblast-Gowh
-Factor 7) + + 1G~-2 (Insulin-like-Gowh-Factor 2) + AP

(Al kal i ne- Phosphatase) + + DSPP DPSC and BMSC express coll ag ,

bonesi al oprot ei n, osteocal cin and phex29 These genes are typi ﬁglﬂluﬁ il
osteoprogenitor cells. Both cell types express FGRI-I111C, which were
detected al so by fibroblast isolated fromthe perlodontal |iganent, but. not

CD34 and Qt%%he@@ﬁ@%?eﬁﬂfr{‘%n{rﬁt w@@t&mwﬁﬂr&m&%ﬂ%ﬁgkfa shHedefrect ed

faint differences, G--2 and ene expression.
| nt er est i ¢Rifli @edrﬁémsﬁ%@vsartVveoenmm@dlhmrzt lgvgrnafteméswb@lﬁ @f Infdyctior $849. t han
for BNBC.4)Because of the mssing differences DF~C and BMSC were

Fig. 4 shows the differentiation of DFSC and BMSC in vitro: Adherent layers of
cultured DFSCs (g, B) and BMSC (y), are shown with Alizarin Red staining as a
measure of calcium accumulation following 5 (B) and 6 weeks (g, y) of induction
with DMEM with 10% FCS, L-acorbate-2-phosphate, inorganic, phosphate and

dexamethasone.

Aftér 5weeks of stimulation with dexamethasone, a layer built from long-term
cuitures of DFSCs, a novel Follicle-tissue-membrane (FTM). The membrane was
transparent, substantial and flexible and - as shown in Fig. 5 - lost partial tight
contacts to the base of the culture bottle, This phenomena was not found for
BMSCs.

Fig. 5 shows differéntiation of DFSC to a novel follicle-tissue-membrane (FTM) in
~vitro: Culture bottle with layer of cultured DFSCs are shown with Alizarin Red
staining as a measure of calclum accumulation following 5 weeks of induction
with DMEM with 10% FCS, L-acorbate-2- phosphate, inorganic phosphate and
dexarmethasone,

The differentiated cells for Notch-1 and Nestin were tested. Interestingly only
differentiated cells yielded‘fro‘m BMSCs expressed Notch-1 and Nestin, whereas
only Nestin was detected for the progenies of DFSC grown in media with
dexamthesone (table D).

Table D: Immunochistochemical analysis of long term cultures of DFSC and BMSC
(6 weeks) incubated with dexamethason (diff) and without (undiff) -

Cells Notch- Nestin
1

DFSC diff - +

DFSC undiff <+ +



‘investigated with qPCR (Fig. C, It was detected that | GF-2 expression in
DFSC cells was nore than 100 tinme Increased conpared to the BMSC cells, in
contrast the expression of BS and OCN was decreased (15 tines),
Interestingly stemcells have different expression patterns for coll agens
cultured in knock-out D-MEM or in MSCBM Bul l etKit. Gene expressions for

Col -1 and 28 AUP 2006 Col-3 were, - 126 tinmes and 82 tines respectively
increased for DFSCs cultured in knockg gt D- MEM ser unrt epl acep;lquﬁU il
conparison to DFSCs cultured in nedia “derived fromthe NMSCB IBI Ki t
(Fig. 3b). Knockout D-MEM cultivated cells with high collagen expression
and a spheroid-like.structure. are conparabl e in - shape and gene- expression
wi th recepfdae @bl i shad cul tj vated .dental follicle cells derived from

bovi ne. Handa et a]. 2002 described follicle cells as cenentobl ast

progeni t ogmee! | ifehi ch. were ynable to differentiate into ninerallsed cells
invitro,__but 1in-vivo (HancT K. et a]. (2002) bone 3 1(5): 606-611). DFSCs
mat urated probably in knock-out D MEM serumepl acenent nedia to

spheroi d-1i ke structures Fig. 3a shows QPCR with cul tured BI\/SC and DFSC

i Val | at ed
groun 1 WSEENEBUAL B L gl 6 Ot AR SHRAREL S A psglcul =t o
as cali brwttbrandkwmlswtkmqamﬂhgmmt\bmmﬂmﬁgi 6 Fivgr&invsistiuste@PCR wi t h

cul tured DFSC grown in MSCBM Bul | etKit, D-MEM supplenented with 20% FCS and
knockout BigMEVsifieves QﬁﬁﬂpW&he@M)froMaDHﬁ@s cukbueedchl medid edthwaht withalt RNA

derived f I CBM Bul | et ki t De th Anal f
Phenot ypi B BBr Beaf b tiibee AP e SERAPHEG usi ng | noul | n and. dexamet hasone
to det , t I

cgl I g g; nbr}%«gé'gtzatﬁﬂc%eﬂﬁi % @%:Ss%q JF‘PE?g't%E ge@e:t{']'ge ‘i ﬁ‘ggﬂg ﬁ’c‘l’&ct&'i gﬁmﬁéent S,
such as dex@aetbasomne PHEXdUGM DIFsaeamemmthath exgpesingly it

pl uri po'aeJYr&%a&el 'fpg&tt d esﬂp%é al t ﬁag%hﬁg%ga%pm X, r%g algoerxl\ {y?aepf aﬂgnl t or

cells

alkaline phosphatase, which are typically increased by cells responsible for bone
formation. One can conclude, that the progeny of DFSC Encubaﬁed in
dexamethason bulld a special kind of connective tissue (FTM). FTM was isolated
and thin slices were made for histochemical analysis. In HE- and trichrom-“
staining connective tissue like structure was found with parallel collagen
filaments and fibroblastic/fibrocystic like cells. The collagenic structure was
supported by green filaments after trichrom-staining. Thin cell layers with
compacted mesothelic or endothelic cells were approximately to the connective
tissue (Fig. 7). At least thin vascular véssels has built inside the connective
tissue matrix of FTM. In conclusion, all these facts confirm the biological
membrane structure of FTM.

Fig. 7 shows HE- and trichrom-stainings with FTM-slices.

Tissue_engineering for periodontal applications with Stem Cells from Teeth

Tissue Engineering of teeth and surrounding tissue

Use of Biodegradable Polymers as scaffolds for engineering of teeth, and teeth
related tissues such as nerves, bones and connecting tissue (periodontium)

The pharmaceutical compositions .of the present invention. may comprise the
pluripotent‘embryonic—like stem cells of the present invention, or cells, tissues or
organs derived there from, alone or in a polymeric carrier or extracellular matrix.
Suitable polymeric carriers include porous meshes or sponges ‘formed of



will exhibit nultiple expressed phenotypes. Thus conparing the effects of
treatnent with dexamethasone and insulin can ldentify specific types of
progenitor and pluripotent cells within an unknown group of cells
Differentiation Potential o f DFSCs and BMSCs In vitro. Long-term cul tures
(5-6 weeks) of DFSCs grown in the presence of L-ascorbate-2-phosphate, the
gl ucocorticol d; dexamethasone, and inorganic phosphate denmpnstrated the
capacity to form Ali zarin Red- positivesfields with high | evel q PRUBENET um
(Fig. 4), The deposits were scattered throughtout as single mneralized
zones or over the 29 9 2 AUG 2006 entire adherent |ayer, In contrast, BMSC

culture p t i1l Si r tire
caner ent "PASHEREREEARS ABB0EE S b of BRFIe SO A b AR eff B

di f f er ent & @blyome i rrﬁES(brapdn@NS&ﬁe mtherlga)pomrhmicemdrbgybﬂ\ﬁtmfat p@uﬁnherlsed
DFSCs (o, and, B Al i.zarin

measur((a o'i‘h%aci 2 B sceéfjmﬁ%fféi BE&F@ISI ﬁ)%hnaSSCOéié?e%ma B'mv!Be@% 69”'91') aB'F'

i nduct i onpolysddah&ilidd wuth dD%dikSte anacpsibaices 2ofphpsinhatie, adldlosgﬁﬂﬁe@lc
phosphat e and dexanget hasqn After Sweeks of stlrrusg tion wit

dexaret hald \ﬁ@er%lr]cﬁy;@, ‘?)tgoh'? degrBARPIE GNG-TX¥YRiodegradg @'SPQW”W%CS a novel
Follicle- t| ssue ng(wb a}ne (FTM The nmenbrane was transparent, substanti al
and fl exi rlteria | ost partial tight contacts to the

base of the cultu e bottle. ThIS onena was, not found for BMSCs, Fig. 5
Shows di 1P EREHCEP RO BMepEats (o PICaadp TORF HSPGE COURer GeRSORRS DFTM. | 1

vitro: Culhiheidage tregaimol he:ln@kﬁenmgfus @Hé goae hubhStsvirie I@r{”gl‘fél"an‘idleﬁé[bzar in

Red stai ni ng{l as a measure of cal ci um accumul ation fol | ow ng 5 weeks of
i nduct i onSta@iibhispiganirge t Riodegraneble polypwsrHaust 2lsoRpssast e, i nor gani c
phosphat e and dexanethasone. The differentiated cells for Notch-1 and
Nestin wefld Tesuiastuning deasipilihgl Pckding seifideiesrm AT ek SHPBLYRRI0HLAe T r om

BMBCs ekaBLﬂFiSStSlyNé‘i'C}‘(Z} @Rd ARl toEFR athe polymer into the final product
design;

.(3) mechanical properties that adequately address short-term function and do
not interfere with long-term function;

(4) low or negligible toxicity of degradation products, in terms of both local tissue
response and systemic response; and

(5} drug delivery compatibility in applications that call for release or attachment
of active compou'nds.

Examples of biodegradable polymers include polymers of hydroxy acids such as
polylactic acid (PLA), polglycolic acid (PGA), and polyiaetic acid-glycolic acid
(PLGA), poly-orthoesters, polyanhydrides, polyphosphazenes, and combinations

thereof .

Biologically derived Bioresorbables

Collagen is one of the most important scoffold for tissue engineering.

Glycosaminoglvycans

Glycosaminoglycans (GAGs), which consist of repeating disaccharide units in
linear arrangement, usually include an uronic acid component' (such as
glucuronic acid) and a hexosamine component (such as n-acetyl-d-gllucosamine).
The predominant types of GAGs attached to naturally occurring core proteins of
proeoglycans include chondroitin sulfate, dermatan sulfate, keratan suifate, and



only Nestin was detected for the progenies of DFSC grown in nedia with
dexant hesone (table D). , Table D: | mmunohi stochem cal analysis of long term
cultures of DFSC and BMSC (6 weeks) incubated with dexanethason (diff) and
wi thout (undiff) Cells Notch- Nestin DFSC diff + DFSCundiff + 30 0 2 AUG
2006 BMSC diff + + BMSC undiff + +? Moreover the gene expression of |ong
termcul tures of BMSC and DFSC i ncubated with and without cl exxangishigion
with QPCR (Fig. 6) were investigated. Bpg. 6 shows QPCR with cDNA from DFSCs
cultured in media with and wi thout clexanethason: For abbreviation see
above. Differentiated cells expressed nore collagen typel8, collaggn type 3,

PHEX, Ost cinand ) n DES ted i th dexa .

Sur pri si n %%‘ Swgg&f nggtrﬁl’c% eaﬁﬁa%tgg?ﬁt at g {’]rs H‘rB{TE ﬁ’és?%chbcr ot ei n,
col | agen tcprimhlydeatd sequiatdsnrphiobpitataser foummdsn@efaectﬁamasal |y increased by
cells responsible for bone formation. One can conclude, that the progeny of

DFSC i ncub‘&healrgleat Gd@;awaturasraradw(mgdalarmaw ialarkan@nm‘ p@lswsut@ham&@mhssue
(FTM. FTM was | at r} ? wer e cf hi st ochem cal
Snalysi o TPHERES” SRR TATRT GRS Pl Ry eI G AT RSP G Bfur e was

found w t linpadchakd elni@otdra@ed frdn | SuTeR Sevadrel fHdusahd aslyaRirbhibraey 84h Ge i ke
cells. The ollﬁl%)enlc structure was supported by green filanents after

tri chr om $30ARf AGM PREYEE EPYICER | B1ds wPElRT COBRsACT &P FiGTobiRl ferEnsttation.

encl ot hel igecg@de 8 @r @Ja@é}pb%ﬁﬁ?kﬁbé&:lﬂy‘) difBe CRINNESTS V€ hydliFeHR &&H%are’) - Al
| east thin vascul ar vessels has buil |n5|de t he connective tissue matrix

of FTM | ¥isB¥el usi on, all these fact s confirmthe biological nenbrane

structure of FTM Fig, 7 shows HE- and trichromstainings with FTMsli ces.
Like collagen, Ryaluronic acid can easily chemically modified, as by etherification

of the carboxyl moleties, which reduces its water solubility and increases its
viscosity (Hyaluronic acid can be cross-linked to form molecular weight
complexes in the range 8 to 24 x 10° or to ferm an infinite molecular network
- (gels). In one method, hyaluronic acid is cross-linked using aldehydes and small
proteins to form bonds between the C-OH groups of the polysaccharide and the
amino to imino groups of the protein, thus yielding high-molecular-weight
complexes. The resultant Infinite-network gels ‘can be formed into sheaths,
membranes, tubes, sleeves, and particfes of various shapes and sizes.

Polvhydroxvalkanoates

Polyhydroxyalkanoate (PHA) polyesters are degradable, biocompatibie,
thermoplastic materials made by several microorganisms. They are intracellular
storage polymers whose function is to provide a reserve of carbon and energy.
PHB and it copolymers with up to 30 % of 3-hydroxyvaleric acid. are now
commercially available under the trade name Biopol.

Degradable tyrosine~polycarbonates are an other important polymer for cell

adhesion and tissue enginearing.

Poly(a-hydroxy acids)

Naturally occurring hydroxy acids, such as glycolic, lactic, and ¢ -caproic acids,
. have been utilized to synthesize an array of useful biodegradable polymérs for a
variety of medical product applications. As an example, bioresorbable surgical
sutures made from poly(a-hydroxy acids) have been in clinical use since 1970;

other implantable devices made from these versatile polymers (e.g. internal



Ti ssue enoi ngering for periodontal applications with Stem Cells from Teeth
Ti ssue Enciineering of teeth and surroundi ng tissue Use of Bi odegradable

Pol ymers as scaffolds for engineering of teeth, and teeth related tissues
such as nerves, bones and connecting tissue (perloclontlum The
pharmaceutical conpositions of the present invention may conprise the
pJuripotent enbryonic-like stemcells of the present inventiom agy ggl!s,

ti ssues or organs derived there from sal one or in a.polynmeric carrier or
extracellular matrix. Suitable polyneric carriers include porous nmeshes or
sponges fornmed of 31 0 2 AUG 2006 synthetic or natural polyners, as well as

polyrrer S ons. . arm of .matrix.is al. sponge; the
behor 15 bttt Reriee HpuBbliepeciatanel Jo SrbfuNEiiat Tanmplert SIRY ude

pr ot ei ns stotbcas col | agen, al bunmin, and fibrin; and polysaccharides such as
al ginaite and polyners of hyaluronic acid. Synthetic polyners include both
bi odegr adziind @nahdemtiammdmgrmﬁmtmrpof yiee poly (1BidvdRg raaftybineplfets iresive
Selection Criteria Blode radab $O|y rs are%%)&llcableto}hosetlssue
engi neeri Wg QLY Leghgn em‘/?ﬂr‘c ay sLes, eidrct RopEre iNsgling QvRBSyoal

but not wheke Ip@n,gnér@r MavRt esded Ssucchadfully t ¥m Pweeiquageﬂwatﬁt@dema%able
pol ymers nust al so possess (1) nanufacturing feasibility, including

suffi ci en‘iraﬁﬁﬂﬁ%ﬁagpﬁla”émbﬁ%’?t"ﬁ%%”‘?fﬁt'%e bul k pol ymer; (2) the capability to
formthe polymer into the final product . design; (3) nmechanical properties
t hat adeqtd afabie Pelya) "Stermfunctlon and do not interfere with

| ong-term f unct | on@@' | ow or negligible toxicity of degradation products,
in terms WNRIRIIERERIE PobdRS 'r'"é nBYYaassss t Rely Dethapyiates, sthders) drug

delivery @ﬁ?]pé’éétlé’ﬂej iy f;‘)cﬂy\ﬁﬁpll él%@ﬁél@”ﬁolﬁzh@rs @ﬁ’ét’ czfrp?orrn?hﬁﬂé%rctrové‘ﬂeﬁﬂ*?hnem
of active conpounds. ExanpleS of bi odegradable etjf/m::rs i n¢l'ude pol ymers of

hydr oxy a@’P&%ﬁné(QthBéﬁg‘Og%JEIWhlﬁbt pre a@f@aplﬂm)arep@ﬁ je gnc@padete cellsa)A and
pol yl act fi¢, Aeh&-iglYiRstdhc@FhAned when an organic polymer (natural or synthetic) is

cross~linked via covalent, ionic, or hydrogen bonds to create a three-dimensional

open-lattice structure which entraps water molecules to form a get.

Examples of materials which can be used to form a hydrogel include
polysaccharides such as alginate, polyphosphazines, and polyacrytates, which are
crosslinked lonically, or block copolymers such as Pluronics' or Tetronics',
polyethylene oxide-polypropylene glycol block copolymers which are crosslinked
by temperature or pH, respectively, In general, these polymers are at least
partially soluble in aqueous solutions, such as water, buffered salt solutions, or
aqueous alcohol solutions, that have charge' a side groups, or a monovalent ionic
salt thereof Examples of polymers with acidic side groups that can be reacted
with cations are poly(phosphazenes), poly(acrylic acids), poly(methacrylic acids),
copolymers of acrylic acid and methacrylic acid, poly(vinyl' acetate), and
sulfonated 'polymers, such as sulfonated polystyrene.

Copolymers having acidic side groups formed by reaction of acrylic or
méth‘acrylic acid and vihyl ether monomers or polymers can also be used.
Examples of acidic groups are carboxylic acid groups, sulfonic acid groups,
ha'!ogenatec! (preferably fluorinated) alcohol groups, phenolic OH groups, and
acidic OH groups. Examples of polymers with basic side‘groups'that can be
reacted with anions are poly(vinyl amines), poly(vinyl pyridine), poly(viny!
imidazole), and some imino substituted polyphosphazenes. The ammonium or
quaternary salt of the polymers can also be formed from the backbone nitrogens



(PLGA), poly-orthoesters, polyanhydrides, polyphosphazenes, and conbi nations
thereof. Biologically derived Bl oresorbables Collagen is one of the npst

i nportant scoffold for tissue engineering, @ ycosanm noglycans

G ycosam nogl ycans (GAGs), which consist of repeating disaccharide units in
| i near arrangenent, usually include an uronic acid conpo nent (such as

gl ucuroni.c acid) and a hexosam ne conponent (such as . 07 AUG 7006
n-acetyl -d-glucosam ne). The predom ngant types of GAGs attacheJ]to
naturally occurring core proteins of proeoglycans include chondroltin

sul fate, dermatan sulfate, keratan sulfate, and 0 2 AUG 2906 32 heparan

Sequence AR h Rl @ Arel bt aah SeE: AU Golos hed alnpedeo diied < ' ©

- hyal ur oniggo@gd.d (Hyal uronan), is an anionic polysaccharlde with repeating

di saccharide units of n-acetyl glucosa mne and glucoronic acid, with

unbr achedexrhplesr angi SeaffoldyarDthalrop@@ueitRin t housand. Hyal uronic acid can be
i solated fromnatural sources (e.g., rooster conbs) or via mcrobial

f er ment atthere haiBedrRigsepdiforricy ¥@heredpefighdnts Fapaes byeptativh efsohmi-iilgns of

hyal uronic acid are viscous. Like collagen, hyaluronic acid can easily

cheni cal Is§a‘%‘ﬂ€§‘fi ed, as by etherification of the carboxyl noieties, which

reduces its water' solubility and increases its viscosity (Hyaluronic acid
olyeddninrhe

can be cross- PHikgls laec GRSl OV PR WO¥BHHIGA HReSn t HEPORRIR 8 to 24
x 106 or to fagrmarRuuR 'd'ﬂi{ihg mh@&%garov@?trﬁﬁi. kegA g€l §lendi@nNEodiBighod,
hyaluronic acid is cross-1inked using al dehydes and snmall TPproteins to form
bonds bet weens¢Reive disselyvg-Loibw Bd2GInl ysaccharl de and the amino to imino
groups of the protein, thus yielding high-nolecul ar-weight conplexes. The
resul tant inf SAFYGef iRAKNg &GS < a1ESHEY Brlfed i nto sheaths, menbr anes,

tubes, sleeves, and particles of various shapes and sizes.
» Solvent casting and leaching of the porogen:

Salt (sugar) particles dispersed in PLLA microstructures/ CHCl; ~solution
casting, drying  water leach out the sait

e Melting salt - PLLA ~ mixtures
« PLGA ble;ndin'g with PEG  soft Tissue application
» PLLA soaking In PVA
» Extrusion composite wafers with NaCl  leached out
« Printing: 3-D Printing - Incorporation salt into the Powder

¢ Emulsion - freeze drying process water to PLGA in CH,Cl; Emulsed
freeze dryed  20-30um pores .

s - PLLA in glacial acld  frozen -10°C  drying {1 week)

e Polymer-ceramic: NaCl + Hydroxyapatite in PLGA- solution in CHCL;
water- PVA- solution to emulsion  dried  leached

« Hydroxyapatite -powder to PLGA dioxene solution  freeze freeze dried

Preferably the solvent casting of PLLA is used with dispersed NaCl particles,
which can be leached out by water forming Interconnecting pores of 50-
300um.

Other polymers used for biodegradable foam forming:

« Polyhydroxybutyrat and copolymers



Pol yhydr oxyal kanoat es Pol yhydr oxyal kanoate (PHA) pol yesters are degradabl e,
bi oconpati ble, thernoplastic materials nade by several m croorganisnms. They
are intracellular storage polyners whose function is to provide a reserve
of carbon and energy, PHB and it copolymers with up to 30 % of

3- hydroxyval eric acid are now comercially avail abl e under the trade nane
Bi opol . ‘Degr adabl e tyrosi ne-pol ycarbonates are an ot her Inportanmzqgmy

for cell adhesion and tissue engineergsng. Pol y(a-hydroxy acids Naturally
occurring hydroxy acids, such as glycolic, lactic; and & -caproic acids,
have been utilized to synthesize an array of useful biodegradabl e polyners
for a varigt | %Inedical product applications. As an exanple, bioresorbable
surgical suturés made from pol y(cc-hydroxy aci ds)have been 1n clinical use
since 1970;, ?nggxiﬂgﬁgntable devi ces made fromthese versatile polyners
(e.g. interna i 006 33 fixation devices for orthopedic repair) are
becom ng payt a [ rgical protocol. The final degradation and
resorption ofpﬁ&éEZoa§%RG5ﬁ%§$ acid) inplants involve inflamuatory response
can have a de § fect on sone healing events, these polyners have
been succes%fh?@?ﬁéﬁgﬁggéd as matrices for cell transplantation and tissue

regeneration Nn: bi odegradahl e, Rol ynmers Non- bi odegr adabl e pol yners incl ude
pol yacryl at'es!bdggﬁg}%cﬂe c@?g@é@el)et hyl ene vinyl acetate, and pol yvinyl

al cohol s. Pol [ at _can formionic or covalently crosslinked hydrogel s
whi ch are nanggBﬁgééhﬁﬁﬁaeused to encapsulate cells. A hydrogel is a
substance for _when organi ¢ polyner (natural or synthetic) is
cross-1linked gﬁgaﬁpgpqcé%, ionic, or hydrogen bonds to create a

Lhr oo di 1en51 QgL ARSI LR aHihHSLHb Sty RlLiGg!  2ps vater mol ecules to

¢ Mixtures thereof.



Exanpl es of materials which can be used to forma hydrogel include

pol ysacchari des such as al gi nate, pol yphosphazi nes, and polyacrylates whi ch
-are crosslinked lonically, or block copolyners such as Pl uronics'
Tetronics', polyethylene oxide-pol ypropyl ene glycol bl ock copol;ners whi ch
are crosslinked by tenperature or pH respectively. In gener alll Z AbG: 2585
polyners are at. | east partially soluble in agueous sol utions, such as
water, buffered salt solutions, or agggous al cohol solutions, that have
charge a side groups, or a monoval ent jonic salt thereof Exanples of
polynmers with acidic side groups that can be reacted wth cations are

pol y(phogphazenes); poly(acrylic acids), poly(nmethacrylic acids),

copolynel f acr§hic acid ang nethagrylic acid, poly(@A\nyl acetate), and
sul f onat fg@r?heﬁ such. as .i@mé d pol yst$Heens,) ol ymers havi ng
aci di ¢ si‘de' groups forned by of acrwlic or, /methacrylic acid and
vi nyl ether nononers or polyners c n also be used, Exanples of acidic
groups ar efoly@hyodix ydid)c aci d gr PafiRcticaeid)f oni C. acu:dly&r AReene ha | ogenat ed.
(preferably fluorinated) al cohol groups, phenolic CH groups, and acidic OH
groups. Exanples of polyners with basic side groups that can be reacted

wi th anions are poly(vinyl amnes), poly(vinyl  pyridine), poly(viny]

i m-dazol e), and sone i mno substituted polyphosphazenes The ammoni um or
guat er nary alﬁ the p yners can also b r d fro t he backbone

ni t r ogens 006 @anéyg;EF% | es of basic side
groups are @ And i ni o a f%ﬁ&s nd their Preparation
There have been per f or med* sone experinents for®mtdhe preparati on of foamlike
scaf f ol ds; rolyRlunbadidyssol ved in CH2. 02 st gker non woven PGA fibers
evaporation and vacuum drying heating over mp. PGA quenching, coollng

sel ective dissolving PLLA by CH2Cl 2.

QZXZQ

Poly(ortho ester)

Chitosan - . Hyaluronic acid

Perjodontitis

Periodontitis is a disease that results in the destruction of supporting tissues of
the teeth, subsequent gingival pocket formation, and ultimately tooth loss. The
main etiology s bacterial infection, but occlusal and systemic disorders are
considered aggravating factors. Although perlodontitis is not [ife threatening, it is
one of the most widespread disorders found among human populations. Most
surveys in Europe state that more than 40% of persons in the .age group of 35-
45 years old present periodontal pocketmg .The periodontal status deteriorates

ae the stihiscte araw oldar: Tn Franece the nercentage of neanle with neriodontal



Spraying of rotating PGA - nesh by PLLA Solvent casting and | eaching of the
porogen: Salt (sugar) particles dispersed in PLLA mcrostructures/ CHCL3
-solution casting, drying water |each out the salt Melting salt - PLLA -

m xtures PLGA blending with PEG soft Ti ssue application PLLAﬁ%@EZﬁ\ﬁ in
PVA Extrusion conposite wafers with NaCl | eached out Printing

Printing - Incorporation salt into the Powder Enulsion - freeze drying
process water to PLGA in CH2A 2 Enul sgd freeze dryed 20-30pm pores PLLA in
glacial acid frozen -100C drying (I week) Polyner-ceram c: NaC +

Hydr oxyapatite in PLGA- sol ution I n CHCL3 vvater- PVA- solution to emul sion

dri ed | eaghadi il UABAL GonRalBE RO PHEN BN B UI OBy gege (1 ooze

dried Pre e So astln "S- Uded
particl epppulaldbnH%m&rbeaﬁdeathedremhtﬂapemmicmtltfscprtmsngcne:atses toBaeZYol ofy por es
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Pol yphosphaz Mi.noaci Pol yani nocar bonat -
pol yani ng cﬂ‘?a'? %t%%ﬁ&tl ‘?Fg .

Initial concern was in arresting the evolution of the disease after restoring last
periodontal material. For several decades, periodantists have been striving to
regenerate destroyed periodontium. Among earlier attempts, curettage, open-
flap debridment, and diverse bone grafting procedures can be cited. These
therapeutic modalities most often result only in partial repair and in residual
pockets, primarily because progenitor cells of highly specialized tissues are not
easily secured but also because of the particularly difficult wound closing
" conditions pertaining to periodontal surgery. As in type of wound, a blood clot is
formed very rapidly. In dermal wdunds, fibrin bridging is sufficient to close the
wound, and epifhelial proliferation, which starts within 24 hr, is limited to the
epidermal. lesion. In periodontal lesions, the gingival can bind only to the
vascular surface of the teeth, and very often the adherence is too frail, or the
biood clot is resorbed too rapidly. In this case, a long junctional epithelium- may
" develop, between the tooth and the flap, resulting in the formation of a pocket,
An additional complication is the accumulation of plaque. Oral microorganism
adhere to the portion of the tooth surface that is next to the marginai gingival.
Because of these wound closure hindrances, complete submersion of the teeth
under gingival flaps has been advocated but in seldom feasible in human clinical

situations.

New advances in periodontal therapy include the use of membrane barriers to
guide the regenerative tissue, and Implantation of bone' substitutes. These
techniques apply to vertical bone lesions and are becoming quite efficacious and
predictable. Promoting regeneration at a distance from a potential source of
osseous cell remains difficult, but better knowledge of cheramoattractants,
gr'owth.factors, and osteoinduction proteins is likely to help to develop clinical |
applications that enhance healing and facilitate the selection of proper cell
populations for bone or gingival reconstruction. The introduction of teeth derived
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stem cells for vascularization, regeneration periodontal tissue, gingival tissue and

bone is an important step for improvement of guided tissue regeneration.
Guided Tissue Regeneration

Tissue Regeneration is an important field for regeneration processes improved by

stem cells and s.c. derived or stimulated cell lines, the presence of gingival is

detrimental to the regeneration of the attachment apparatus. However, Nyman'
and co-workers were the first to find an effective way of excluding gingival
epithelial and connectlve tissue cells from reconstruction sites. Their initial
attempt to regenerate perfodontium In the human succeeded in forming 5 mm of
new attachment with collagen fibers embedded in cementum, They used a

Millipore filter, which served as a barrier to keep connective tissue cells out of '

the resorbed site and avold downward growth of the gingival‘ epithelium along

the root surface. Little bone was prolduced, perhaps because the filter collapsed

against the tooth. Soon after, another material was adopted: expanded
poly(tetrafiuoroethylene) (e-PTFE), or Teflon. The advantages of e-PTFE are its
stiffness, that it allows more room for bone formation, Is biocompatible, and the
ease with which it can be removed. Numerous studies have proved the ability of
e-PTFE membranes to promote repair of intrabony and furcation defects.
Histologic confirmation of the repair, evidencing neoformation of cementum,
periodontal ligament, and alveolar bone, was obtained in both humans and
animals). The material has, however, two major drawbacks: it causes severe
gingival recession and, once exposed, accumulates large amounts of bacterial
plaque. Vascularization of the marginal Eg'ingival is provided solely by terminal
capillaries. The placement of a cell-tight barrier disturbs the blood supply and
avoids endothelial anastomosis with blood vesse}s_ originating from the

underlying tissues. Bacteria actively proliferating in the crevicular part of the.

tooth will then colonize the e-PTFE membrane. Because of the subsequent
inflammation, the Teflon membrane must be removed between 4 and 6 weeks
after replacement). To .avoid the requirement for second-stage
membraneretrieval and to minimize bacterial infection, resorbable membranes
have been developed Qsing collagen or polysaccharide polymers. Collagen
membranes used experimentally can be made from rat-tail, bovine dermis, or
other sources. Industrially produced collagen membranes include collagen from
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Periodontitis Periodontitis is a disease that results in. the destruction of
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@'s)a‘ue'a qné’l%whalrhéer%%&arrpt%rﬁdraltg ¢ Iisésg'r”bable barriers can modulated and
thus thelr effect prolonged if needed. How long a membrane should stay in place
has not been determined.

Although membranes exclude gingival tissue they do not enable the selection of
periodontal ligament cells or bone cells. It was first postulated that pericdontal
ligament cells were the slowest to migrate. This was supported by experiments

showing that after injury the proliferation of periodontal ligament cells peaked at .

2 or 3 days. It was suspected that this apparently limited proliferation was
caused by a weak angiogenesis and that premature differentiation delayed
migration). Periodontal ligament cells migrated. several miliimetres along the
implant, producing cementum and a peric_;donta!—like ligament. The cells were
able to colonize a fairly large surface much faster than the osseous cells crossed
the minute space left by the drill. It seems thén that these two types of cells do

not compete, but primarily restore their intended functions. Whether resorbable

or made of e-PTFE, membranes should be positioned under the ﬁép margin, The

appropriate use of barrier membranes promotes predictable osseous repair and ‘

histologically verifiable new attachment with neoformation of cementum and

periodontal ligament fibers. In this point of view the transplantation of Stem

Cells derived from follicie cells can enforce remodelling of periodontium.

Bone Substitutes

Intraoral autologods bone grafts are, of course, choice material when osseous
defects need to be repaired. However, intracral autologous bone is not always
available in sufficient quantities, particularly when patients present a deficiency
of a!veofar bone resulting from severe periodontitis.



pockets, primarily because progenitor cells of highly specialized tissues
are not easily secured but al so because of the particularly difficult wound
closing conditions pertaining to periodontal surgery. As in type of wound,
a blood clot is formed very rapidly. In dermal wounds, fibrin bridging is
sufficient to close the wound, and epithelial proliferation, which starts

within 24 hr, is limted to the epidermal lesion. In perlodom;gUGl i ons,
the gingival can bind only to the vaggular surface of the teeth, very
often the adherence Is too frail, or the blood clot is resorbed too

rapidly, In this case, a long j unct i onal epithelium nmay devel op, bet ween

t he toot a sul t in_ the formati ocket
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stinmul ate
on synthetic material. Production of this newly formed connective attachment

with inserted collagen fibers is slightly delayed compared to regeneration on
natural dentine surfaces. It is sometimes postulafed that new vattachmen’c occurs
preferentially where new bone is present. All techniques that enhance bone
formation would then be beneficial to connective attachment regeneration,
Research by Lowenguth et al. (1993) exposed a factor that may be important for
engineering teeth. They implantad surface-demineralized dentine cylinders in rat
skin and observed that appropriate approximation of dentine surfaces enhanced
the orientation of fibroblasts and collagen fibers perpendicular to the walls of the
cylinders. The customary use of bone substitutes has been in infrabony pockets
(Yukna, 1994a) and alveolar ridgey preservation (Greenstein et al., 1985), but
this presents some limitations. If rescrbable, the substances can be resorbed by
the gingivél. The material can also cause necrosis of the papillar and gingival
‘tissue covering the defects, In such cases the bone substitute is lost.and the
defect is even harder to treat, Therefore, in spite of the fact that bone substitute
may induce great amounts of bone repair. Proponents of the membrane
techniques often admit that lbarriers alone do not include the formation of much
alveolar boneg, or at Seaét not above the existing crestal level. Only bone grafting
techniques with bone or substitute materials promote the formation of a new
bone, cementum, and periodbntal ligament coronal to the ridge (Yukna, 1994b).



detrinmental to the regeneration of the attachnent apparatus. However, Nyman
and co-workers were the first to find an effective way of excl udi ng gi ngi val
epithelial and connective tissue cells fromreconstruction sites. Their
initial attenpt to regenerate periodontiumin the human succeeded in
formng 5 nmof new attachnment with collagen fibers enbedded in cementum
They used a MIllipore filter, which served as a barrier to geepsgegnective
tissue cells out of the r esor bed sitgiand avoid downward growth of the

gi ngival epitheliumalong the root surface. Little bone was produced,

per haps because the filter collapsed against the tooth. Soon after, another

mat eri al ted.  expanded. pol etr flu yl ene) .(e- PTEE),  or
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pronot e ihr Faftoiisnor depibdomat Tisblie Ehbpredafects.  Hi stol ogi ¢ confirmation
of the repair, evidencing neoformation of ctementum periodontal [|iganment,
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has, however, drawpacks: it causes severe gi'ngival recession and,
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capillaries. | acenen a cell-tight barrier disturbs the blood supply
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of the oot h then col oni ze the e-P nmbr ane. Because o
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f r om AUG 280 6eratinocytes (Where epithelial cells colonlze the root before connective

tissue is formed, there will be no attachment apparatus. Therefore, although
fibronectin attracts and orients fibroblasts properly, some of its effects might not
be desirable. Plasmatic protein sealants containing large quantities of fibrinogen,
but also fibronectin and coagulation factors, have been used with success to
avoid suturing, but very moderate gains in attachment levels when fibronectin
was applied on demineralised root surfaces. Biologic glues have also been
proposed as spacers to keep membrane barrlers at a distance from the roots, but
the usefulness of fibrinogen and/or fibronectin In periodontal surgery is still

inconclusive - It is possible to put stem cells into biological glue,

FGF and PDGF both have powerful effecté on periodontal ligament fibroblasts.
Periodontists have also shown interest in transforming growth factor B (TGF-B;
which appears to promote more significant deposition of fibroblast collagen than
any of the other growth factors, although it is not a fibroblast chemoattractant.
The combination of FGF and insulin-like growth factor (IGF—l) seerﬁs promising
.as well, promoting the same collagen deposition as TGF-B and a greater .
proliferation of ligament fibroblasts than PDGF alone). The PDGF-IGF-1
combination is chemotactic and ritogenic for periodontal fibroblasts; PDGF is
chemotactic for osteoblasts, and promotes the synthesis of noncollageneous
proteins in bone cultures, and IGF-1 promotes the synthesis of coile_gen proteins.



39 calf endocardiumand are in use in human clinics. Different types of
poly(lactic acid), poly(galactic acid) or a novel product dissolves lactic
acid in Nnethyl-2- pyrolidone have been used to form pol yner menbranes.
When exposed, resorbabl e nenbranes accunul ate small anounts of bacteri al

pl aque because bacterial and salivary enzymes accelerate the mé resorptlon
Thus perneabilized, the nenbrane is partially protected by t

exudat es. Many polynmer = barriers f eat % pores that -allow fluid C|rculat|on
or even alimted anount of tissue ingromh. The resorption rate of
resorbabl e barriers can nodul ated and thus their effect prolaonged if
needed. Hiw PDBY-IGFAEbrraneatidrondblistinygreatepl boe maagx fotmateentiiet enyi ned.
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for osseous formation. RhBMP in a carrier enhances periodontal regeneration.
The membrane favors migration and proliferation of already RhBMP promotes the
grouping of mesenchymal stem cells in clusters, later developing in appropriate
tissues. RhBMP may promote vertical bone formation in horizontal osseous
defects. The abundant bone produced not only covered the denuded half-root but
some cases even grew over portions of the crowns of the teeth. A small 12.5-
kDa peptide), PDL-CTX, also seems to be a potent ‘chemoattractant for
. periodontal ligament cells, with mitogenic properties or cells in early stages such
as stem cells. The growth factor am_elogenih, found in the epithelial cells forming
the enamel organ, has been extracted from pigs and results in neoformation of a
- acellular cementum. Amelogenin increases proliferation of Eigamént fibroblasts
but not of epithelial cells. Amelegenin is a potent promotor for stem cell derived

tissue engineering,
Regeneration of Dentin

It may be possible to induce the differentiation of odontoblasts from pulp tissue
using certain bone morphogenetic proteins and thereby induce the synthesis of
new dentin or stem cells derived from the dental pulp (Gronthos et al. 2000). It
may be also possible to implant teeth derived stem cells into dentin. Successful
development of a process to engineer successfully the regeneratmn of dentin
could have commercial applications as an enhanced pulp capping agent, as an



defects need to be repaired, However, intraoral autol ogous bone |Is not
al ways available in sufficient quantities, particularly when patients
present a deficiency of alveolar bone resulting from severe periodontitis.
0 2 AUG 2906 40 Bone substitutes include synthetic materials such as
hydr oxyapatite and nethyl nethacrylate, and nodified m neralised biologic
substances such as coralline or bovine trabecul ar bone and Im@gﬁilhﬁfd
human bone. These products provide  suggical ease and patient § and
their various resorption rates are. interesting. Qpponents of bone grafting
techni ques affirmthat regeneration of the perlodontal attachnment apparatus
is not ac east ha been evidenced for rocequres
ot her t haﬁteﬁr‘é%bgﬁgﬁﬁgngﬁ]{cg?ragxsgndser.I;ﬁgtag]e%]{currr]sgeuﬁ% ® Bbtfcﬁ? when
t eet h wermesndwé reduting tethfdeapgivity oft@naddoeiagéd @sth ey slape@EAE beehdthom
epithelial downward growth by gingival grafts). Bone substitutes have been
suspect ed {Bgﬁnpalr t he regeneration of connective tissue attachnent.
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dentine cylinters in raft that appropriate approxi mation
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fib I f
bone. substeeiteanaiem dele TrbfanePudl kGuehts 1Bl SPErBUi R B Vol ar
ri dge préasgovaniton (G eenstein et al., 1985), but this presents sone

limtations. If resorbable, the substances can be resorbed by
Dental Lamina - :

Within the dental.lamina, continued and localized proliferative activity leads to
the formation of a series of epithelial ingrowths into the ectomesenchyme at sites
corresponding to the positions of the future deciduous teeth. At this timé the
mitotic index, the labelling index, and the growth of the epithelial cells are
significantly lower than corresponding Indices In the underlying
ectomesenchyme, which suggests that part of fhe “ongrowth” is achieved by
ectomesenchymal upgroth. From this point tooth development proceeds I three
stages: the bud, cap, and bell. These terms are descriptive of the morphology of
the developing tooth germ; they do not p‘roperly describe the significant
functional changes that occur during dévelopment, such as morphogenensis and
histodifferentiation. It should also be noted that, because development is a
continuous process, clear distinction between the transition stages is not
possible. A further problem for the beginning student is that in examining
" sections of human embryos it is possible to section a tooth germ at a particular
stage of development in such a way that it mimics another (Fig. 6-4)

Vascular Supply

Clusters of blood vessels are found ramifying around the tooth germ in the dental
follicle and entering the dental papilla (or pulp) during the cap stage. Their .
number in the papilla increases during histodifferentiation, reaching a maximum



the gingival. The material can al so cause necrosis of the papillar and
~gingival tissue covering the defects. In such cases the bone substitute Is
| ost and*the defect is even harder to treat. Therefore, in spite of the
fact that bone substitute may induce great anounts of bone repair.
Proponents of the nenbrane techniques often admt that barri erﬁza@gcr;@ do
not include the formati on of nuch - al veol ar bone, or at |east not @the
exi sting crestal level. Only bone graf%i ng techniques with bone or .
substitute materials pronote the f or méti on of . .a new bone,. cenmenturn, -and
perlociontal |iganent coronal to the ridge (Yukna, 1994b). 41 9 2 AUG 2006
It may be possible to generate nandi bul ar/ maxilar bone b y seedi ng stem
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PI DGF Th Jéé'tu 'ness of fibronectin can also be questioned, because It has
been sho%ﬂ r}gh@% it enhances the mgration of basal keratinocytes (Were

epi t hel i s colonize the root before connective tissue is forned,
t here vviJr.I I1 < S, Th%re or e, although fibronectin
I £ 2100 ymer Scalfolds

attract s—a fit b OGRS ety 8dne 2of its effects might not be
desi r abl tic. protein,seal ants .containing lL.arge quantities of
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at a di stsitgyenlf pemiciiihg 10004/ mbudtreptomycin  (Biofluids, Rockville, MD) , and
implanted the cetl/pblymer constructs In a cell rotation reactor type from
Syntecon, Rotary Cell Culture System RCCS-D, with 50 ml Vess‘el (D-405). A
microporous PLLA cell/polymer construct isolated 6 weeks post-implantation had

a cell layer adjacent to the polymer.

Our approach for future therapeutic application is the transplantation of
resorbable polymeric scaffolds colonized with stem cells for the periodontium or
bone tissue. ‘

We investigated' biochemical and physicochemical parameters of two different’
polylactid polymer matrices (PLLA, RG 207 Boehringer Ingelheim FRG):
biccompatibility, growth of periodontal cellé, degradation kinetics and available
capacities of modifying steps which porosity has been induced by salt leaching.

Using in vitr‘o‘ cytotoxicity assays, both of the prototypes have been proven as
non toxic, regarding primary cultivated fibroblasts. Cellular adhesion and
proliferation as well as specificity have been ascertained on fixed sectlions of the
cultured scaffolds by microscopic techniques (Fig. 8). Concerning a potential
clinical application, the polymer sbonge has due to its structural properties to
additional option of a drug release system. |



t he useful ness of fibrinogen and/or fibronectin in perloclontal surgery is
still inconclusive - It is possible to put stemcells into biological glue.
FGF and PDGF both have powerful effects on perlodontal |iganment fibroblasts.
Periodontfsts have al so shown interest in transformng growh factor P
(TGF-P; which appears to pronote nore significant deposition of fibroblast
col l agen than any of the other growth factors, although it isﬁqqmpqu%
fibrobl ast chenmpattractant. The conbijstion of FGF and insulin-ITKe g
factor (1 GF-1) seens promising as well, pronoting the sanme coll agen
deposition as TG--p and a greater proliferation of liganment fibroblasts

t han PDGE. al The. - - [ Natd on .l o] t, o sl.C

i Cogeni St TR BaPERt o brbSFATe: Pebds thled dEEP AR (srahfy it

ost eobl adieechsindB32HF&)not es t he synthesis of noncol | ageneous proteins in bone
cultures, and I G~ 1 pronotes the synthesis of collagen proteins. 0 2 AUG
2006 42 Sthe GO E@EAFoondieadt i on results in greater bone matrix formation

than any _ indiyvidual growth fa ro and i racts nergistically to yield
ioni 11 odin EHITES BRrReies 8 PCrarp ARG IS B NGBl wounds) | The
delivery of gromh factors through a gel allows the presence of a great
anount of PDG- and | GF-1 during a short period of time, and even better
results could perhaps be obtained with a slowrelease system Repair
requires several weeks and it will be interesting to develop acceleration
with Stem Cells slowrel ease devices. Bone norphogenic proteins (BWS), a
m xture of peptides initially identified as a bone growh factor and |ater
shown to conprise at |east 13 individual proteins can pronote new bone
formation at. the site of inplantation, instead of changing the bone growth
rate of existing bone. BMPs induce nmesenchymal precursor cells to
differentiate in cartilage and in bone-formng cells. Thus, with

reconmbi nant hunman bone norphogenic protein 2 (rhBMP2), the proximty of
residual bone is less inportant for osseous formation. RhBMP in a carrier
enhances periodontal regeneration. The nenbrane favors mgration and
proliferation of already RhnBMP pronptes the ,

rowt h



groupi ng of nesenchymal stemcells in clusters,'later developing in
appropriate tissues. RhBMP nmay pronote vertical bone formation in

hori zontal osseous defects. The abundant bone produced not only covered the
denuded hal f-root but sone cases even grew over portions of the crowns of
the teeth. A small 12.5- kDa peptide), PDL-CTX, also seenms to bel hApoZiat
chenoattractant for periodontal |igasgnt, cells, with mtogenic properties
or cells in early stages such as stemcells. The growt h factor anel ogenin,
found in the epithelial cells forrmng tHe enamel organ, has been extracted
frompigs and results in neoformation of a acellular cenmentum Anel ogenin
increases proliferation of |iganent fibroblasts but rot of epithelial

cells. Anelegenin is a potent pronotor for stemcell derived tissue

engi neer iagiejRegeneration of Dentin It may be possible to induce the
differentiation of odontoblasts frompulp tissue wusing certain bone

mor phogenet i c pprot epis ARG Hopek s padyserd he synthesis of new dentin or
stemcells derived fromthe dental pulp (Gonthos et al. 2000). It. nay be
al so possi bl epa i mYspYy pagi h derived stemcells into dentin. Successful
devel opnment of a process to engi neer successfully the regeneration of dentin
coul d haye coppElf flidlosBPRbiedt i ons as an enhanced pul p cappi ng agent, as an
43 9 2 AUS 2996 alternative to root canal therapy under certain
CIrCUﬂBtanCESpLQNQﬂéﬁm@gpﬁﬂﬁp@@&| means of reducing tooth sensitivity often
associated wth the placenent of tooth fillings. Dentin Powder may be used
as dentinogenpgla ksA084R PoR substance for seeding stenlcells, Crude dentin
fractions prepared by ethyl enedi am netetraacetic acid *“ (EDTA) extraction and
col | agengse dpggsghd 994§phﬂgh?te reparative dentinogenesis in small pulp
exposures in ferrets or reactive dentinogenesis when applied to freshly cut

dentin syrfaces spone PediagEh Ag?@{ceg@trl X conponent is a prerequisite to
odont obl ast differentiation an ubul ar dentin formation. To regulate

odont obl st diphfA{eNddraiOTHAIx PSR Re INPLEACPUAECt Ure Of the tissue may
¢« - Hydroxyapatite PLGA

. Poiyhydrbxybutyrat and copolymers

. Biopol

. Polydioxanone

. Poly (g)- capro(actone |

. Polyorthoesters —polythyrosine-carbonates

+  Polyanhydrides (F-K-Gliadel)

. Polyphosphazene

. PoWanﬂhoadds

. Polyaminocarbonat- polyaminoocarbonat-tyrosine
. Photopolymers

+ Mixtures thereof,

Table 2

A matrix having cadherins enhancing the binding of homophilics



~possible by stemcells inplantation, Regulation of dentin architecture may
be inportant. Dental Lamna Wthin the dental |am na, continued and

| ocalized proliferative activity leads to the formation of a series of
epithelial ingrowhs into the ectonesenchyne at sites corresponding to the
positions of the future deciduous teeth, At this tine the mtotic index,
the labelling index, and the growth of the epithellal cells are
significantly | ower than corresponding, indices in the underlﬁfgg

ect omesenchyne, which suggests that part of the "ongrowth" Wi B0&q by
ect omesenchymal upgrowth. Fromthis p0|nt toot h devel opnent proceeds | three
stages: the bud, cap, and bell. These terns are descriptive of t he

nmor phol oqy e .devel ot h. ger, descri be the
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because devel opnment is a continuous process, clear distinction between the
transiti SHUSHAGRs is not possible A further problemfor the beginning
student is that ,in ex sectlon? oi human, eggrgos ié IS OSS|§}e to
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are found ram fying around the tooth germin the dental ollicle and
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in the papllla i ncreases during histodifferentiation, reaching a maxi num AUG

2006 44t call ‘é“—‘]bﬁ%foro‘fe“t'ﬁ@t%G\Ah'ngt'”@g(,foc‘iﬁg%'bof t?foﬁéﬂ}ré?ro‘ﬁm?ﬁ?c in, VWF,
Interestbﬁgh%nh;he vessels entering the papilla are clustered into. groups
t hat coi nci de mnth the position where the roots will form Wth age, the
vol une of pul pal tissue dimnishes and the bl ood supply becones '
progressively reduced, affecting the tissue's viability. The dental organ,
derived solely fromepithelium is avascul ar, although a heavy



concentration of vessels in the follicle exists adjacent to the outer dental
epi thelium Exanples Tissue Engi neered on Bi odegradabl e Pol yner Scaffol ds
We fabricated bi odegradable scaffolds in the shape of human nol ars, seeded
themwith stemcells derived fromstemcells cultured In ~ D MEM

serurnrepl acenent media (G BCO BRL) suppl enmented with2 nmM L-gl utam ne/ 100
units/m penicillin/100 pg/m streptonmycin (BloflUds, Rockvilhe,Algvid) .
and inplanted t'he cell/pol.yner const4ducts in a cell rotation react ; or
type from Syntecon, Rotary Cell Culture System RCCS-D, with 50 ml vesse
(D-405). A mcroporous PLLA cell/polymer construct isolated 6 weeks
post-inpfantation had a cell layer adjacent to the polyner. our approach
for futurepbhdikapeutic application is the transplantation of resorbable

pol ymeric scaffolds colonized with stemcells for the periodontlumor bone
ti ssue. W investigated biochem cal and physi cocheni cal paraneters of two
different' poiylactid polyner natrlces (PLLA, RG 207 Boehringer "I ngel hel m
FRG ; bioconpatibility, growh of perlodgntal cells, degradation Kkinetics
and avail able capacities of nodifying whi ch porosity has been i nduced

by salt |eaching. .Using ix& V|tr cyt ot o&{i ci 1S58 both of the
prototypes have been proy i SR\ J : ng primary cul tivated
fibroblasts. Cellular adhf N i s specificity
have been ascertained o Lol ‘R agiiktures scaffol ds by

appl i cat ol ymer :;propeH—l—es to
addi ti onal of a d 45 :?:8 shows a
fixed sectl f pscaffol g Wi g4\ Hoechst
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Left

Comparison of the repair responses in skin and teeth. There is. no epithelial
- response in teeth, but the connective tissue response is similiar in both instances
~and involves (1) polymorphs, (2) macrophage, (3) fibroblasts (bly division of
undamaged pulpal and perivascular cells), and (4) the production of scar tissue
(collagen), which mineralizes in the tooth to form dentin. '

For therapeutic approaches It seems to be prudent to implant stem cells from
teeth into dentin for improved healing of caries. '

Right

Repair response after tooth extraction. A shows the tooth in situ. After extraction
the socket, B, is filled with clot, The clot resolves, C, by (1) the polymorph
response, (2) the macrophage response, and (3) the fibroblast response: In

addition, the bony defect becomes colonizéd by new osteoblasts (4) that remodel -

the collagen scar and form bone, D.

In a follow up of the present invention, it Is possible to introduce a crude tooth -
engineered from stem cells into the socket during forming of the clot.

In any stage of healing of periodontiur_n it is prudent to implant stem cells
derived from teeth with or without a polymeric matrix into the wound bed.




Stem Cells Derived From Teeth Fig. 9 shows pore structure of PLLA-polyner
(80 x magnification) 0 2 AUG 2996 40 Tablel 0 PLLA cast over non woven PGA
fibers 0 PGA - mesh by PILLA O PLLA mcrostructures 0 PLGA blending with
PEG O PLLA soaking in PVA O Printing: 3-,D Printing O Enul sion - freeze
drying process 0 Pol yner-ceram c: Hydroxyapatite in PLGA- PVA

Hydr oxyapatite PLGA Pol yhydroxybutyrat and copol ymers Bi opol{ ZPolgysippxanone
Poly (E)- caprol actone -Pol yort hoest eré - pol'yt hyr osi ne- car bonat es

Pol yanhydri des (F-K-Qdiadel) Polyphosphazene 0 Pol yam noacids 0O

Pol yam nocar bonat - pol yam noocar bonat-tyrosi ne & Photopol yners 0 M xtures

thereof. @ Table 2 A matrix having cadherin s enhancing the binding of
honophi | id¥lantagon Aficstin &elln Aafivedk Ham ntgethdRER | ABleent9ariEpREERER

bl ndi ng gferRebREGRNIHT GRy WataR YF€healing (a-d) with and without a guiding
scaffold(Membrane)



| ectins -like e,g. branched Ollgosaccharlde structures nanmely the slalyl X
and A structures A matrix having the i mungl obullne fam |y, proteins that
are denoted as cell adhesion nolecules (CAMs) for homophilic and
heterophilic binding A matrix having integrins, dinmeric nolecul es,
consisting of the a and P subunit for cell-cell and for cell-ﬂgtrbé =

bi ndi ng (collagen, flbronectin, vitrogectin, vW, and |lamn), AN_>m§006
48 Appendix A ZIP" D Left Conparison of the repair responses in skin and
teeth. There is no epithelial response’in teeth, but the connective tissue
response Is simllar in both instances and involves-(1) polynorphs, (2)
macr ophage,. (3) fi broblasts (by division of undamaged pul pal and
periva.scular cells), and (4) the production of scar tissue (collagen),
which mneralizes in the tooth to formdentin. For therapeutic approaches it

seens to be prudegf ¢ o inpla stemcgglls from teeth into dentin for

i nproved heal i nggé¢ Byripes.. R ght Repair response after tooth extraction. A
shows the toot WHAEI G WA Ter_extraction the socket, B, is filled with
clot, The ¢ ' (1) the polynmorph response, (2) the

macr ophagé ¢ p fibroblast response~ In addition, the bony
def ect becongs Y, ¥ ost eopl asts (4) that renodel the collagen

scar and for L8
possi bl e to | ntrSgyeg &
socket during for C he clot. c

0l | ow upi{ of the present invention, it Is




In any stage of healing of periodontlumit is prudent to inplant stemcells
derived fromteeth with or without a polyneric matrix into the wound bed. 49
0 2 AUG 2095 Inplantation of stemcells derived fromteeth are able to
regenerate periodontiumin any stage of healing (a-d) with and without a
guiding scaffold (Membran e) 0 2 AUG 2096 50 cc 0 2 AUG 2006 si ~ o0 00
nlvv ~ " ~v~ f Summary of gingival tissue repair. The epéffgm%gw
response |s achi eved by prollferatlog and mgration of . cell %r t he
defect. The connective tissue respon; b invol ves successively (1) a

pol ynor ph response (12 to 24 hours), (2) a nacrophage response (2 to 5
days), and (3) a fibroblast response (2. days and on) fromundifferentiated
perivascul ar cells and undamaged fi brobl asts. The new fibroblasts (4) form
the collagen of scar tissue . For inprovenent of wound healing, it is
possible to introduce stemcells from teeth into the wound bed Repair in
gingival epitheliumillustrating why scars are rare in the nmouth. The
repair process up_to step 4 is as depicted in Fig. 18-7 involving (1) the

. pol ynor ph res (2) the macrophage rem) fi brobl ast
(4) collagen synt The. scar renodels (5) by
. é%ALRMQ |

differentiati
col | agen pha

Summary of gingival tissue repair. The epithelial response is achieved by
proliferation and migration of cells to cover the defect. The connective tissue
response involves successively (1) a polymorph response (12 to 24 hours), (2) a
macrophage response (2 to 5 days), and (3) a fibroblast response (2 days and
on) from undifferentiated perivascular celis and undamaged fibroblasts. The new
fibroblasts (4) form the collagen of scar tissue ,

For improvement of wound healing, it is possible to introduc‘:e stem cells from
teeth into the wound bed .

Repair in gingival epithelium illustrating why scars are rare in the mou‘éh. The
tepair process up to step 4 is as depicted in Fig. 18-7 involving (1) the
polymorph response, (2) the macrophage response, (3) fibroblast differentiation,
and (4) collagen synthesis. The scar remodels {5) by collagen phagocytosis.
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claims 1 to 4. 6. Aculture conprising: a) stemcells according to anyone of
claims 1 to 5, b) a nmedium capable of supporting the proliferation of said
stemcells, «c¢) a medium capable of supporting the differentiation of said
stem cells into cells building a biological nenbrane with bl ood vessel or
ot her vascul ar vessels. 7, The culture of claim®6, further conprising a
proliferation factor or l'ineage commtnent factor. 8. A nethod]bﬂUE%%Eatlng
a pluripotent stemcell according to clains | to So conprising the steps of
a obtaining cells froma dental sac (depgal follicle) 6 culturing the
cells. 9. The nethod according to clainB9 for isolating a clonal pluripotent
stem cell line, conprising the steps of 0 2 AUG 2006 5 4 0 obtai ning
clonogenic cells froma dental follicleCladmsul turing the cells in different

Giluted cel 14" oARRTRGEbt HsR cEEnic) B fteaiBbis BRI nos-efbryefit §scd) ©
clonal pluripot elsblasédemnmtthe Hent| fdilicie nEberhoyr witdonetdul witicle hsacai]sa%le 11.
The stem cel |l of epet i cal lﬁy engineered to express a gene

protein of inter® tse\flrgne o@blsy t3r BUleEeTHALE (orvér® cdntioy aerﬂer'ﬁé@?téh

pl uri potent Ste”h%é‘-}hhnt R et edné Qtrticfidg) 11 conprising the steps of (a)
transfecting the pluripotent cells according to anyone of clains 1 to 4

wWith a DNA coNSt{HEt oGAPEMP! 819 FHinl ©RSkaitfe Obf aifBFdiRfatiBR"nEY cells of

endodermal, ectodermal and mesodermal lineages.

3. The stem cell according to anyone of claims 1 to 2, which is able to
differentiate into a mineralised tissue like structure.

4. The stem cell according to anyone of claims 1 to 3 which is a human cell.

5. A pluripotent mesenchymal stem cell obtainable from the stem cell of
claims 1 to 4,

6. A culture comprising:
a) stem cells according to anyone of claims 1 to 5,
b) a medium capable of supporting the proliferation of said stem cells,

c) a medium capable of supporting the differentiation of said stem
cells into cells building a biological membrane with biood vessel or
other vascular vessels.

7. The culture of claim 6, further comprising a proliferation factor or lineage

commitment factor.

8. A method of isolating a pluripotent stem cell according to claims 1 to 5,
comprising the steps of ‘

« obtaining cells from a dental sac (dental follicle)
¢ culturing the cells.

9. The method according to claim89 for isolating a clonal pluripotent stem
cell line, comprising the steps of



—a-gene-of--interest;-(b) selecting for expression of the marker gene or gene
of interest In the pluripotent stemcells; (c) culturing the stemcells
selected in (b). 13. A genetically engineered pluripotent stem cel
obt ai nabl e by the nethod of claim12. 14. A nethod for detecting the
presence or activity of an agent which is a Iineage-connitnenﬁ %ﬁﬁﬁ@ﬁ
conprising the steps of & contacting the stemcells of claiml &A sanpl e
suspected of containing an agent which i5s a |ineage-conmmtnent factor; and
9 determining the |ineage of the so contacted cells by nRNA expression,

Anti gen expression or other neans; wherein the |ineage of the contacted
cells indicates the presence or activi }%oof a lineage-conm tnent factor in
said sanple. |IS. *A ebtaigmdosioneaanineeltsfeormm dental fullicle agent, conpound or

factor to nodulate the |ineage-commitnent of a |lineage unconmitted cell
whi ch conpri ses «culculiuring theycells bndifferant roédial aim 1 in a growt h nedi um
which maintains the stemcells as |ineage uncommtted cells; adding the

agent, conpound or fdiloting saideuitured celistulcldasleddansityng t he |ineage of the so
contacted cells by nRNA expression, antigen expression or other neans. 16.

An assay system for cgRufAe§isBE @dfed celigonpounds or factors for the ability
to nodul ate the |ineage-commtnent of a |lineage uncommitted cell,

conprising: cul tyur iﬂf‘&:édh@in@"t?uﬁt@%hitﬁrééfhaﬁiﬂiﬁﬂ[ H‘Sﬁﬁcdlf‘cé‘ll,gr owt h nmedi um whi ch
mai ntains the stemcells as”lineage unconmttied cells-, adding the agent,

conpound ory ad ggnmﬁpmﬁt stéti Lell HRk VbTRiRLOR By 'fhe MRBRAFoPlAINS. SO

contacted ce
11. The stem cell of claim 1 genetically engineered to express a gene or

protein of interest.

12. A method of producing a genetically engineered piuripotent stem ceil
according to claim 11 comprising the steps of

(a) transfecting the pluripotent cells according to anyone of claims 1 to
4 with a DNA construct comprising at least one of a marker gene or
a gene of interest; ‘

(b) selecting for expression of the marker gene or gene of interest in
the pluripotent stem cells;

(c) culturing the stem cells selected in (b).

13. A genetically engineered pluripotent stem cell obtainable by the method
of claim 12.

"14. A method for detecting the presence or activity of an agent which is a
lineage-commitment factor comprising the steps of

« contacting the stem cells of claim 1 with a sample suspected of
containing an agent which is a lineage-commitment factor; and

« determining the lineage of the so contacted cells. by mRNA
expression, Antigen expression or other means; wherein the
lineage of the contacted cells indicates the presence or activity of a
lineage-commitment factor in said sample.



expression, antigen expression or other means. 17. A nmethod for detecting
the presence or activity of an agent which is a proliferation factor
conprising the steps of <contacting the stemcells of claiml1l with a sanple
suspected of containing an agent which is a proliferation factor; and
determning the proliferation and |ineageijgf the so contacted cells by nRNA
expression, antigen expression or other neans; wherein the proliferation of
the contacted cells without |ineage commtnment indicates the presence or
activity of a proliferation factor in said sanple, 18 A nethod of testing

the ability r o) ulate the proliferation
of a li neageqéhgﬁon@ngmdd oigggﬂdﬁ?@% g&ﬂ]&\?iéfeéﬁ%agnqozcomkg%@r #af{ﬂrt I ng
the stem cel | s ahodulatenthie ilmeagescomritmzat Wh ahinelige iicBh@hitead Bl SitgeR cel | s
as |ineage uncommtted cells; adding the agent, conpound or factor under

test; and det erf®™MRMRFSt he proliferation and |ineage of the so contacted
cells by nRNA expression, antigen expression or other nmeans. 19, A nethod

for culturing ster céutyripg eastam callsoohsiaimaden wnigeowth Imedivem wehich f or

ti donta bilfai ' f L a. t.her W nds of
regenerating parodon rhém&"?%%“%%@?é‘#?%@%”@&%ﬁ“?‘%ﬂgﬁ' er nds o

connecting tissues support 0 neso Iendot hel i c
cells into bl ood vessgl e e I.0EO euronal, tissue. 20. A

met hod for cul turi.ngsegltdg}ﬂoé(’:heq ﬁ?ieq‘gfé‘%hﬁ‘ﬁ‘i"f??%‘ﬁ'g”%%ﬁ Styoth i ni-ng one
substance for differepntiat.ion |ected fr he group of insylin, retinoic

! acid, indonethacin, £ W\'W“%iﬁgoﬁﬂ?%ﬁa‘?ﬁnﬁf‘ﬁes‘?hﬁﬂﬁﬁ(}q@i rF@,HS RY a ni ng
i -growth -factor- bet axppéngion, RptigefRkpRagncsr Gthef fieding, (any), Fibrobl ast
growth factor (any), Epidermal Gowth factor (any), Platelet derived growh

factor' (any) 16Vast Ws3sy sydedmefdrascraéming Nadets Ocompounds or factors for the
' ability to modulate the lineage-commitment of a lineage uncommitted
cell, comprising:

» culturing the stem cells of claim 1 in a growth medium which
maintains the stem cells as lineage uncommitted cells-,

» adding the agent, compound or factor under test; and

+ determining the lineage of the so contacted cells by mRNA
expression, antigen expression or other means.

17. A method for detecting the presence or activity of an agent which is a
proliferation factor comprising the steps of

s contacting the stemn cells of claim 1 with a sample suspected of
contalining an agent which is a proliferation factor; and

+ determining the proliferation and lineage of the so contacted cells
by mRNA expression, antigen expression or other means; wherein
the proliferation of the contacted cells without lineage commitment
indicatgsthe presence or activity of a proliferation factor in said
sample.

18. A method of testing the ability of an agent, compound or factor to
modulate the proliferation of a lineage uncommitted cell which comprises



(any), hepatocyte growth factor, Interferon (any), Insulin |like growth
factor (any), Interleukine (any), nerve growmh factor, or a conbination
thereof. 21. A nethod of ex vivo adm nistration of a protein or gene of
interest conprising the step of transfecting the pluripotent stemcell of
claiml wth a vector conprising DNA or %PA whi ch expresses Ezg@gt |.n or
gene of interest. 22. Use of the of the url potent stem cel g ing to
claiml1, or cells or tissues derived there from for the manufacturing of a
medi cament for preventing and/or treating cellular debilitations,

derangenent s and/ pr CLﬂHl?'fn'g“EHé @Em2BEHSO bf QAR ﬁ'lﬁeé‘%oﬁlﬁtlﬁédidh ’Wﬂ?ﬁ' S

23, Use of the of the uri potent stemcells according to claim1, or cells
or tissues derived ma&tﬂnﬁbﬁﬁtemfceﬂms hnasge cncemmitted callsiedi cament f or

tissue repair or transplantation in mamuals. 0 2 AUG 2906 5 7 24. Use of a
mesoder mal |ineage cadding theelagent, compouad drifactor luader testpehtl of claim 1 for
t he manufacturing of a nedicanent for the prevention of and/or treatnent of

cel lular debilitaii ofeterrfin) deaphdiFetidnoand flﬁh&ég@%fltﬁélssoafﬁﬂtﬁéteﬂoéeﬂs
transpl antati ons and/ or ot her disease states in _ mamuals, 25. Use of a

mesoder mal | i neage dOhfARNABXRIESFORCANGRN exXpressinR %‘t"éh@'ﬁ:@lelanéf claim1 for
the manufacyyr i R9mBthdl FEYe stef cEII§ rgla{uﬁﬁi":b ent\ﬁl%'ﬂﬁ f: hlilﬁn In

manmal s. 26. A pharnaceuti ca nposi tion nment o
debi litation, Uerm@eﬁmnregarﬂrwn@ly:a?ud@nﬁtnm tamdmammgamenm'rpfassmngnd a

ner apeut cal | Y oRECBAE A" SrBlufl LAROhE s A e RRAShTH 19! o
accept abl e nmedi tesethaliafdridethelic cells into blood vessels or ectodermal or into
neuronal tissue.

20. A method for culturing stem cells of claim 1 in any media containing one
substance for differentiation selected from the group of Insulin, retinoic
acid, indomethacin, 1-methyl-3-isobutyixanthine theophyiline,
transforming-growth-factor-beta (any), bone morphogenetic protein
(any), Fibroblast growth factor (any), Epidermal Growth factor (any),
Platelet derived growth factor (any), Vascular endothelial growth factor
(any), hepatocyte growth factor, Interferon (any), Insulin like growth
factor (any), Interleukine (any), nerve growth factor, or a combination
thereof,

21. A method of ex vivo administration of a protein or gene of interest
comprising the step of transfecting the pluripotent stem cell of claim 1
with a vector comprising DNA or RNA which expresses a protein or gene
of interest,

22, Use of the of the pluripotent stem cell according to claim 1, or cells or
tissues derived there from, for the manufacturing of a medicament for
preventing andfor treating cellular debilitations, derangements and/or
dysfunctions and/or other disease states in mammails.

23, Use of the of the pluripotent stem cells according to claim 1, or cells or
tissues derived there from, for the manufacturing of a medicament for

tissue repair or transplantation in mammals.



27, The pharmaceutical conposition of Claim26 further conprising a
proliferation factor or |ineage-conmtnent factor.

24,

25‘

- 26.

27.

07 AUG 2006
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Use of a mesodermal lineage committed cell derived from the stem cell of
claim 1 for the manufacturing of a medicament for the prevention of
and/or treatment of cellular debilitations, derangements and/or
dysfunctions and/or for transplantations and/or other disease states In
mammals,

Use of a mesodermal lineage committed cell derived from the stem cell of
claim 1 for the manufacturing of a medicament for tissue repair or
transplantation in mammals.

A pharmaceutical composition for the treatment of cellular debilitation,
derangement and/or dysfunction in mammals, comprising:

s a therapeutically effective amount of pluripotent stem celis
according to claim 1, or cells or tissues derived there from; and
e a pharmaceutically acceptable medium or carrier.

The pharmaceutical composition of Claim 26 further comprising a
proliferation factor or lineage-commitment factor.



