WO 03/ 066840 PCT/ EPO3/ 01131 PLURI POTENT EMBRYONI C- LI KE STEM CELLS DERI VED
FROM TEETH AND USES THERECF This invention relates generally to

pl uri pot emto ®toees4eel | s, i ncluding enbryonic- |ike pluripotrEmVEmBem3cel | s
derived fromteeth. The invention also relates to uses of the stemcells
for tissue engineering in cell or tissue transplantation, in gene therapy,
and in identifying, assaying or screening with respect to cell-cell

i nteractions, |lineage conm tnent, devel opnment genes and growth or
differentiation factors. BACKGROUND OF THE I NVENTION Stem Cell Location

Any ti pEURIPOPENTEMBREY GNTE-LIKESEM TS DERIVEDFROW wEfnpﬁmfct ive
tissue conpartnent, has resident popul atl ons of Mesenchymal stem cells.

Organs, tissues and their assolSESSHHEREQEti ve ti ssue conponents assayed
to date include whole enbryo, whole foetus, skeletal nuscle, derms, fat,
tendonThisIiingan’éom,reﬂatescgm'rm‘allwtp pkeuriposermjstrem heealist ineludtm_; eartgoricei um
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t r achee tresaphagis, for&ts@aacéhglﬁé@.hg iimtceftdrm@ssuat@@sprirkstiomein bener
spl een pancreas parietal peritoneum visceral peritoneum parietal

pl eur atheipRYerdid (N eldentifying: n%ﬁaymsad&erscre%mg Withddesped daeselhsslbci at ed
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have been | sol ated by~ G ont os et él Shi et al 79. Shar pe
(VWO O1difeodttjatidrafanterst he production of tooth progenitor cells from
enbryonic stemcells or adult stemcells or tissue culture. Moreover,

Yel i ck and col | eagues (United States patent application: ~20020119180)
claimed the nethod and the production of a biological tooth from third

nol ar BACKGROAMND OFOTHE IIVENTION02) . They renoved and di scarded inmmature
tooth cusps and used cells of renmaining enanel and pul p organ tissues for
t oot h Siegh dirliorgtiomhe i nventi on enabl es the skilled person to identify,
separate and to build teeth

Any tissue or organ in stasis or undergoing repair and having a connective tissue
compartment, has resident populations of mesenchymal 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, small intestine, large intestine, liver, spleen, pancreas, parietal
peritoneum, visceral peritoneum, parietal pleura, visceral pleura, urinary bladder,

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 broduction of
tooth progenitor cells from embryonic stem cells or adult stem cells or tissue
culture. Moreover, Yelick and colleagues (United States patent application:
20020119180) claimed the method and the production of a Ibiological 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 build teeth

like and teeth related organs and tissues by tissue engineering. The surprisingly

CONFIRMATION COPY



| i ke and teeth related organs and tissues by tissue engi neering. The
surprisingly CONFI RVATI ON COPY WO 03/066840 PCT/ EP03/01131 2 advantage of
t he i nvenwioos/vees4vhe preferred use of follicle cells of wKHuRIBSELD,

which are routinely extracted in adults and children. Thus, a source of
stemcells was devel oped which freely avail able even for any adult
patients. In contrast to the describéd stemcells above, these said stem
cells are differentiable into a periodontal |iganent rel ated bi ol ogi cal
menbrane. Definition of StemCells A StemCell can replicate itself and
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stem ceIIs ( vin et al., 1984) and nesenchymal stemcells (Plttenger et
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vi vo, dliffierentiated 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 practice,

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, selec’cioh, expression, and sorting technologies, in vitro
differentiation of stem cells will certainly contribute to future transplantation

therapies.

Multipotent stem cells can be cultured from a number of foetal and adult sources.
Perhaps the best known source is bone marrow, which contains both
haematopoietic 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 gastrointestinal tract and gives rise to the

pharynx, oesophagus, stomach, intestine and to many associated glands,



will be anenable to in vitro growh and anal ysis. The organi zation of the
enbryo into three |layers roughly corresponds to the organization of the
adul t, w Wo @ubesan t he i nside, epiderm s on the outside, aw/ERemnsetive
tissue in between. The endodermis the source of the epithelial linings of
the respiratory passages and gastrointestinal tract and gives rise to the
pharynx, oesophagus, stomach, intestine and to many associ ated gl ands, WO
03/ 066840 PCT/ EP03/01131 3 including salivary glands, liver, pancreas and
lungs. The nesoderm gives rise to smooth nuscul ar coats, connective
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chondro-osteogenic, adipo-fibroblastic lineages, etc.). Tripotent stem cells will

and

form tissues belonging to three lineages (such as chondro-osteo-adipogenic
lineage, etc.). Multipotent stem cells will form multiple celltypes within a lineage
(such as the hematopoietic lineage). 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 various growth factors to proliferate. 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,
pluripotent 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 chondrogenic cells and
osteogenic cells of the perichondrium and periosteum, respectively; the bipotent
adipofibroblasts of adipose tissue (Vierck et al.,, 1996); the bipotent



stimulated by various growh factors to proliferate. If activated to
differentiate, these cells require progression factors (i.e., insulin,
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stinmul ate phenotypic expression. In contrast, pluripotent cells are

| i neage-uncommitted, i.e., they are n%t commtted to any particular tissue
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tlssueprervqc'js al%?lrp%%é:r'{lc is%em cells, as cellular compositions. or incorporated, for
instance, into matrices, transplant 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
exemplified in U.S. Patent No. 5,903,934 which is incorporated herein in its
entirety, which describes the implanting 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 dishease 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.



exenplified in U S. Patent No. 5,903,934 which is incorporated herein in
its entirety, which describes the inplanting of pluripotent nesenchynal
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nor mal human devel opnent, however, the ability to regenerate nost hunman
ti ssues damaged or lost due to trauma or disease is substantiall y

di minished in adults. One object of the invention is to solve the problem
of tecte HINENE: hirharatelaies: s methedbaf IRTTYoN, PAONeR: ep)eyenicslike

provi dey Ct‘érllgeaﬁ @ggﬁbﬂgk%ﬁfceédéﬁjr\%l ghdagwnté ther%tbrepr'fhse} rkgjg%ﬁent

stem cel in wWs teeth were foun have the nti

ext endedV@dMn ﬁ@@eﬂ@at&sf ta eeml&thqrblofchom‘rmlantlmﬂhe almlpmtenﬂltﬁeesccsllscbf as
bones. h en i nvent.i on relates,.to ot.ent stem cel

parti C&Pgr l%rg%egn pl u\ﬁrﬁ&nerff‘ rﬂ]FmrBBIt'%tﬁo# g‘fﬁh atd UHM55Y eﬁ?h@f'émgcel |'s.
WD 03/ On@@SéOan@chlEtPOéﬂeﬂiléélls SinthethaViggHti oThd Uht/Bafiok efiaties: trelgtes heds of
puri fyi n pl urbgotent enbryonic-like stemcells and to conpositions,

cul tur é8 tmsﬂsc Hé§”‘t’q’1édé6*ln'St'ﬁf@fbroés@rﬂro“?'ﬁv‘érnlgﬁaﬁ af dterestacemprising
met hod tpdndre@isp! 2 HSoEeﬂwgsgﬂéhﬁ'E FGWEh sie@ighl® Phm r?tr@ﬁlgﬁ ,§n5vhlch

invention in a nanna i an suc human, conpr i Si uci ng the
st em canicedes rix Profiein mﬁsnterehe annivﬁmn mtrodllm:lhgrthleesmrescetllomtrretﬂ’i@obestof in

Uy anst ohlioe B ERrEar S bR el B BilestBiicr Foce SRR/ PP bR uni ch

encodeselates 06 enethotlsiafitprodatingndesbdermall endogémgat beestodiereel lineages t he

host where n or ne of interest xpressed. The present
i nvent i BFPrHItE%f CB&? ;ﬁyeglﬂ{ld)” tQ’foHénéP'aﬁF%ttﬂJbPEQFEEEB'&H@PH%N sk dEdE Rl or

ect odeisgBleddttPREResE BN t8Jeflthfolh PrbhrESsRG Wne%b@éb%‘?h%ﬁto%t%f the

pluripotent” stemcells or segregation theSe germ | ayéer
pr ogr eﬁ@g@ﬂmrn@ag@m@wmttﬁ@ﬁtentmtbmpotﬁnb@@du evantyally tLinfeatent), lineagest et

bi pot eqto %’r"gs&%‘%ﬂ%‘f’i‘ﬂ 4y unipotent) Ii neages of

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 strategies 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 deliver these substances
to their targets.

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



t he present invention. The present invention also relates to engineering of
teeth and teeth surrounding tissue such as paradentin or bone, vessels or
nerves reWwat®wetsaot eeth. The invention relates al so to t hedesmBopisent of a
stemcell bank for teeth or teeth derived tissues teeth derived tissues,
as well as the devel opment of menbrane-Iike neso/endodermal matrices which
can be used for a wde range of regenerative nedicine. Two general

strategi es have been adopted for the creation of new teeth-related tissue:
(1)Isol ated stemcells or cell substitutes applied to the area of tissue
defi ci &tpiled degariptéon oF the investion pl aced on or within matrices are

i npl anted and becone incorporated into the body conmbined with
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invention is a human cel|.

Subject of the present invention is also a pluripotent mesenchymal stem cell

o gl Ob

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 said 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
vessels.

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 pluripotent embryonic-
like 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



Subj ect of the present invention is also a pluripotent nesenchynmal stem
cell obtainable fromthe stemcell of the invention. The stemcell of the
I nvent i onwoans/lees4bept in a culture conprising: a) pluri potREIVEP03/01131
enbryonic-like.stemcells, derived fromfollicle cells capable of

sel f-renewal and capabl e of different i7ation to cells of nesodernal

| i neages; and b) a nedi um capabl e of supporting the proliferation of said
stemcells. c¢) a nmedium capabl e of supporting the proliferation of said
stemcells into cells building a biological nmenbrane with bl ood vessel or
ot her vaseghliuring dbeekells ilrdiffeneabinyediahis culture is further conprising a
proliferation factor or lineage commtnent factor. In particular the stem
cel | s ar ee diluting seld sult'Bj ealls wf cloma dansifiyti on is al so a net hod of

i solating an pluripotent enbryonic- like stemcell; conprising the steps of
obt ai ni nge ceklkng said dilgteat edlissac (dental follicle) culturing the cells.
According to the invention a clonal pluripotent enbryonic-like stemcell
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obtai ning clonogenic cells froma dental follicle WO 03/066840
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cultured cells to_ clonal density; culturing said diluted cells;
pr opagdne@d insyeieat afhed"Hentieiy a single cell. Thus al so a cl onal
pl uri potent enbryonic-like stemcell |ine obtainable by this nethod is
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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 particular, the stem cell obtainable 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

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

-containing an agent which is a.lineage—commitment factor; and

e 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



pl uri potent enbryonic-like stemcell conprising the steps of (a)
transfecting pluripotent enbryonic-like stemcells with a DNA construct
conpri si nyoai3/deesast one of a marker gene or a gene of i nt @@ILR030bi31

sel ecting for expression of the marker gene or gene of interest in the
pluripotent enbryonic-like stemcells;g (c) culturing the stemcells
selected in (b). In particular, the stemcell obtainable by this nethod is
genetically engineered pluripotent enbryonic-like stemcell, such as a
dental follicle cell. The stemcells of the invention may al so be used in a

met hod f or * FWENDBNEhe retemrellsnet t&e HNgREQTy iBf aaﬁr%@htm%'ﬂi@h which
i neage- com&Reihs ke B L% IfWééngéduﬁéorﬁHﬁtth\é%ﬂé‘ on conpri ses the

steps of contacting the stem cel the invention Wth a sanple

et or m ni ng e 1 A48, PRSI0 M0kl nfle #‘Eaﬁﬁdﬁéﬂg EQEPLSE?SW; e
col 197 nai sarag TR, ot dRles ST e U ed%ﬁféégﬁ olG5T Bl Bafei Rl or i o

sai d sanpl e.antigensxpressdh @r@‘théhmaarm\senti on may al so be used in a nethod
of testing the ability of an.agent, conpound or factor to nodul ate the

| i neag@heogtarnmealls of #he lihveagsh unapnaisbt 8d aedd . inThhs as&fyhegstdmt fig
i nvention con%)rl ses WO 03/066840 PCT/EP03/01131 8 . culturing the stem

cel | s SF &aENY RUERES: PPN SIMACtPES At @BHItY kg mosiulate: the readecel | s
as lin RTLE td h g f nder
test; gggﬁngetermfnﬁgm?éhaedﬁiunne%gﬂhggea ge@oqb@s)sntrggt 8 (I;%I IQée ﬁR;r?&l\\XH
expres§DUTPrlse§ht| gen expression or other means. The stemcells of the

invention may al so be used in an assay system for screening agents,
conpounds ercuftadngr thef cateltrhe:eﬂbl bf tthet invendionate ahgrdwhhleargedluuonmhm:hent of

a lineage uncammil &k SRl -celllad MRLDALombiEed REFDL T ON

» 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

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

containing an agent which is a proliferation factor; and

. de’cefmining 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 indicates the presence 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:

e culturing 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



conprises: «culturing the stemcells of the invention in a growh nedi um
which maintains the stemcells as |ineage uncommtted cells, adding the
agent, cowoowsrwdesan factor under test; and determ ning thediEmagesof the
so contacted cells by nRNA expression, antigen expression or other neans.
The stemcells of the invention may so be used in a nethod for detecting
the presence or activity of an agent”which is a proliferation factor. This
met hod of the invention conprises the steps of contacting the stemcells
of the invention with a sanple suspected of containing an agent which is a
prol i f er atdeterrhadhgrhe grdlifedetier andi linpadecofpihs 56 epatacsad salis DyNEEYA of t he
so contacted cells b%.rrRNA exgressi on, argéérgsen expression or other neans;
wherei n t KXPEESTIPR e A9 EYPrese Nl YoRt e 8l ls without |ineage

conmi t o@kiect Rektget 66 thdPrese@BeAvENIRSN iR alsbva nyetblodafopronliutiegasteom célct or in
said sanple. The stemcells of the ipvention rpa%/ al so b%\. used in ? et hod
of tesefi Hip imeentig intoymemangseMpich WHhHERM T8F rPARRYAUNG PRYRICREESt he
prol i f@labhl IRfarferdiceag8a HAG OBTHer! Rifdselk - coHffiertifgt fseif spoktmegnt i on
conprises:. "tulfturing’'the stemcells of the invention in a growth nmedi um
whi ch differentiation themsseimetelensotselic erllsgitaidongivessels cl edodermalai ng t he
agent,. conpound qt factor under test; and WO 03/066840 PCT/ EP03/01131 9
deterrﬁnﬁ?'ﬁ‘ﬁuf%alg}%yﬁferation and |lineage of the so contacted cells by nRNA

expr esgtEdirdNto 88 ISVERtRSES tn seymotdels ofethmsiny&nipre canntet caltuodd bliea
present invention is alsqg a nmethod for culturi nggstem cells .t

.of. th
i nvent MENPGt BPrneniuaings IMnERY Wedia uSeEAYPIr Yen& att nao"BBP'%&@ﬁ& &{Df s,
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differentiation to nmesothelic/endothelic cells into blood vessels or

ect odetransfoomingrgrowtietfacisatbaths{@ay), 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.

The invention is also related to a method of ex vivo administration of a protein or
gene of interest comprising the step of transfecting the pluripotent embryonic-
like stem cell of the invention with a vector comprising DNA or RNA .which

expresses a protein 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 typically cells were

administered in a number about 108 cells.

The stem cell of the invention can be used for tissue repair or transplantation in
mammals by administering the stem cell to a mammal in a therapeutically
effective amount of pluripotent embryonic-like stem cells, or cells or tissues

. derived therefrom.



According to the invention the stens cells of the invention can be cultured
by a method for culturing in any nedia containing one or in conbination
for diffwoeostoeestsdon: insulin, retinoic acid, indonethaci rPCT/EP03/01131

i sobtyl xant hi ne, theophylline, transforming-growh-factor-beta (any), bone
nor phogenetic protein (any), Fibrobl 8St grow h factor (any), Epidermnal
Gowh factor (any), Platelet deri ved grom h factor (any), Vascul ar

endot hel ial growth factor (any), hepatocyte growth factor, Interferon
(any), Insulin like growth factor (any), Interleukine (any) nerve growth
f act or Acddreingneetiid inveintioal Ste sednatcets tcanebm'esend)dn o mexhodl \of preventing r at i on
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Subj ect matter of the present invention is a

so, a et hod venting
and/ or effective amguatiof @ mresedsrmat aﬂeaﬂﬁscomg\?ﬁﬁﬁﬁ%@ﬂé{ﬁal 9%‘3‘@ $HEE i ons

and/ or states ,in mamuals, conprising admnistering to a
manma CQ Qie%ergg%ﬁﬂ?@al ly effectl ve anount of pluripotent enbr yon| c-like

e bkl 50 9, PRHH Pk JBEUNE! o RThod 18 Febye FReBFr ot

knows deve ment age o e stem cel | I nvention
in Ordﬁ’entsplahtatlcﬁnt irt hme&hmals ced:dmpnssnwgl | adrainisterings alpe. a Fonaeyaalpl @, t he
cell nunber to I ied can

ndent .on_the di seas red.
. ani HAreRsRA et et FoP GRS SEA MESRarnahlired e Ry o R aRBee Sbout
106 Cefrbﬁ'\ tH&teh %B]I%'the%véﬁt%d nvention can be used for tissue repair or
transplantation in mammals by admi nistering the stemcell to a mammal in a

t her apeyti gakd Yeell§f bECIHeY SnPHEH @h BleUlebBaiealt parbIafoRi phhiriacalteml cel | s,
or cells or tissues derived therefrom WO 03/066840 PCT/ EP03/01131 10

Accor diorgpositiohe fomvidet itoertments tofnceliylps dehilizdian ederangemeth aNyer
prevené{/%ﬂcﬁm Fnatrﬁﬁfat] &Jﬁghw ar debilitations, derangenents 2 and/or

dysfun CAsd states in rramml s by adm nistering to a

mamal - a d hertﬁgr%%te'u |caW 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 scaffold, 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 building 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 having cell binding

domain sequences accordmg to table 2 consisting of table 1.

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

" seeded on matrices in a bioreactor in table 3.



effective anount of a mesodermal |ineage-conmtted cell derived fromthe
stem cell of the invention. The stemcells of the invention nake possible
a met hod wo @3ioses4e repair or transplantation in manmal s, RCOWEROBS113Q
administering to a manmal a therapeutically effective amount of a
mesodermal |ineage-comitted cell derived fromthe stemcell of the
i nvention. The stemcells of the invention can be essential part of a
pharmaceutical conposition for the treatnment of cellular debilitation
derangenent and/or dysfunction in mammal s, conpri sing: therapeutlcally
ef f ect The siemunellobf gharingentien carbbgoemplavadeakspein @emeéahodct@ Feplest or
tissueg deriyed therefro a a | | or
carri oot P ABOa HENeoRS tise BHap FRCE R e AEBERS e BT feth
|nventema@uorpant||9‘km Risiggis. fact or or |ineage- com*ntrrent factor is added.
The stemcells of the invention can be present in a scaffold, consisting of
Tabl e gyrther,edh@i tefi celle6t thddihvemkionr dreginsplantezein penbdcbﬂmﬁaummoelnmuldmron
matrices or for creating teeth-connection periodontal cell lines for
treatlﬁﬁﬁweﬁﬁﬁédﬁﬁaﬂfdpgahses The scaffold consisting of table 1 can al so
be used for building teeth- surroundi ngs bones/bone matrix al veol ar bone or
j aw bohlee meiqrerfgrt@Ierdeisgmbedﬁu megdirfallessel s in nouth. In a further
enbodlnent of the invention a stemcell derived fromteeth is seeded on an

dilgdadesan Ierinventieni t s behavi our by providi ng adhesi on
S|gnals and gromﬁh factor bi nding sites seeded on a scaffold having cel
bi ndi nGultdorand issgtienof stemnaelldideyivied firapl wisploghieet®t i ng of table 1. The
i nvention al so concerns a nethod of culturlng of cells wherein the cells
are shedddribler mapect ése ipneserii ioveaidonreiates i b eldur0oOdPidS40.
PCT/ EPO3/ 01131 11 The stemcells of the invention can be enployed also in
a met hod t o(d)nplieipbtergteanb@inicslike spemi adisptapable®frsefifuidggnpeatiasdont i um to
i nprove healing teeth

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 containing 7.5%
(v/v) dimethyl sulfoxide until a final temperature of -80° C is reached; and

(c¢) 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 said cells in medium containing 7.5%

(v/v) dimethy! sulfoxide until a final temperature of -80° C is reached; and



extraction and skin lesions. Further, the stemcells of the invention are

i nplanted in periodontiumto build or repair cenentum of tooth. The

i nvent i onwiososfodéstsbher described in nore detail. Detail ed degeerophion of the
invention Culture and isolation of stemcells derived fromw sdomteeth In
a further aspect, the present inventign relates to a culture conprising:
(a) Pluripotent enbryonic-like stem déil | s, capable of self regeneration and
capabl e of differentiation to cells of endodermal, ectodernal and

mesoder mal | i neages;: and (b) a nedi um capabl e of supporting the
proliferati@) cftusimigdthst eatiscel I s.  Such stemcell containing cultures may
further conprise a proliferation factor or |ineage commtnent factor. The

st Ielm cehé snedntiare fueHbt welksesray rhetHosisl af ebldtingnannphuripotiestneodriygnicr hunman

cells. The invention further relgtes to nethods of Jisolating an.pluripotent

enbr yolie stamielisdBrraréickiar; g st C?CEBF ésrofrgténgr@PhBl rwg?%o?@gmﬁ“g'nwe

pluri p%ﬁvk?ﬁ??;twéﬁrésedt'iheen beredihphis&d thdistdpsesent i nvention, conprises
a) o

the steps o alning cells froma non-enbryoni c ani mal or human

sour ce- (b@aa%ﬁtgkrﬁ{\g\ghfl%]?nl&na%ln%Jlf 8RFHACoSALfhaRedFce) Medi um cont ai ni ng

7.5% (v/v) dinet oxide until a final tenperature of -800 Cis

reached; an 0 I | | t NS i 8t o
ot hods. of 0ol B WO ol fiarky soltf celY S fftRiqd LaHRpirify 2.8%
parti cul ar, (\virelirnethydfsulfesidet umty afinpl temperasure ofib3§dRiisrepehad; anem cel |
of the present invention, conprises the steps of (a) obtaining cells froma
post nat al afu)ralitueingthamcelsource; (b) with or w thout slow freezing said
cells in mediumcontaining 7.5% (v/v) dinethyl sulfoxide until a final

t enper ahanigv@itioBFQrtGel elras e dnetutis\\r Q1 86:6B 40 PEIFHEROSY ehilByonik2 (c)
culturing the cells. . . . : . T
liké 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) filtering said cells through a strainer;

(c) with or without slow freezing said cells in medium containing 7.5%

(v/v) dimethyl sulfoxide until 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 generate 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 particular aspect, the present
invention relates to plurfpotent embryonic-like stem cells or populations of such
cells which have been transformed or transfected and thereby contain and can
express a gene or protein of interest. Thus, this invention includes pluripotent
embryonic-like stem cells genetically engineered to express a gene or protein of

interest. In as much as such genetically engineered stem cells can then undergo



The invention further relates to nethods of isolating an pluripotent
enbryonic- like stemcell. In particular, a nethod of isolating an

pl uri pot ewo @re6sgoni c- |i ke stemcell of the present inve@tl/ERV3/0CBOPri Ses
the steps of (a) obtaining cells froman adult animal or human source; (b)
with or without slow freezing said cell3l s in mediumcontaining 7.5% (v/v)
di ret hyl sulfoxide until a final tenpérature of -800 Cis reached; and (c)
culturing the cells. The invention further relates to nethods of isolating
an pluripotent enbryonic- like stemcell, I'n particular, a nmethod of

i sol at imepgecomumitpengnt thenbpyasent - invamdionst Bl | ergormpessgseskgage-

-invention,..c rises,the_steps.of obt al ni eLls: f noN- ryonic
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Wi th ogmibiry bioiatlii@l stend eelezamy weadtd egpidss @ gemedir proledmtodliimiengst?. 5% -(v/ v)
di nret hyl sulfoxide until a final tenperature of -800 Cis reached; and (d)

cul turvRg fifadeetdmmitiedacély trhey o6 patdoderinal, mettwlismefl 61 ohedddegnaah
pl uripotent enbryonic- |like stem cell relate to nethods wher bly ckonal
popul alneagest comMitiedntells | and smayol R eBlUriPRERRei AUEN sPRgIRe ng dP&ﬁB ent

enbr yopieuhbemal 8B ell, b }6%@1@@6&1@, edcrrd dh8AipdigenidsF aGHYbgdrme and
c? g A single I

expanded to generate a clon opul afi oh. ( pluri potent’
enbr yocélt-Th&k inventiondiieh matebdoi methkndsdobyrodegintg afganeaticellngnginagredn. or

such ot her nethods as .are known t h il l.ed_artisan. Geneti cal

engi neBlr"’&ﬂ’og?%tr‘r‘F'@z’rY%m?ﬂ%?,SQFHEC?JF(S(%@%{&M#/@& TC’%H al'so relates to a clonal
| uripotent, enbryonic-like. stemcell ling devel oped b method. In a
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enbryonic-li ke stemcell s or popul ati OPS of ,such cells whi ave .been

t ransf or de%StEW%W%HQ%Ee%)ﬂeQ%9 & SREASh ITNE Vanh 98B 55 Yene or

protein of interest. Thus, this invention includes gl uri.pot ent, .

enbr yoni c- | {eSe AT N &XRy8RTPD Itﬁﬁ @ﬁﬂﬁ%ﬁ&&'@d""tg & 9F JUETESBne or

protein of interest. In as nuch as such genetically engineered stemcells

can then unth® Blerinoterd; epbsvenipdikersion) 6aliEs1

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

In a particular aspect, the present invention encompasses genetically engir_leered
pluripotent embryonic-like stem cell(s), including human and non-human 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 said sample.

Assays for cell modulating agents

The present 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



13 lineage-conmtnment, the present invention further enconpasses |ineage-
commtted cells, which are derived froma genetically engi neered

pl uri pot ewo o3gaksgyoni c-1 i ke stemcel |, and whi ch express @CEEm30I13pr ot ei n
of interest. The lineage-conmtted cells may be endodermal, ectodernmal or

mesodermal  |ineage- committed cellsgnd may be pluripotent, such as a
pl uri potent nesenchymal stemcell, or progenitor cells, such as an
adi pogenic or a myogenic cell. The invention then relates to nethods of

produci ng a genetically engi neered pluripotent enbr yoEgioc-I i ke stem cell

conpri si ng AheubitiEps &he (RripokRIT EERPHEN-liKe pBtesht CaiforafoRN@ - PIS2ENSt em
cells with a %ntfo?ﬂ)%ré'cgr . ng%\%!élﬂ% a@vhl&?%aiﬂ?ﬁpﬁf tHe MREKLIcUENgs OF a

gene of interest; sel ecti expressi on o e marker gene or gene
of interest i finebge pingoipoitest callsprayohi c-1i ke stemcells; (c¢) culturing
the stemcells selected in (b). In a particul ar aspect, the present

i nventi on eBceuipasstse genet icoalpourehgr femtoredndet tastpot ent enbryoni c-1i ke
stemcell (s), including human and non-human cells, produced by such

met hod. TheCprdesethiniity e linBadeibf bies so doatactet aeltetbiyodsrplosloggetrRNANng t he
presence or activity of an agent which is a |lineage-commtnent factor
conpri si ng t h&XBFRFHOHfaNKI g LRRIESFIRG qrh%thﬁrlﬁ‘f‘ﬁfbstqent enbryonic-1i ke stem
cells of the present invention with a sanple susPect ed of cor?t ai ni ng an
agent Ve cinvestign [nghedrie-arc GivsRY neYsteruciosr scregaing. of getefa! nfag the
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expr essi o ot neans; rein the |1 neage of the contacted cells
i ndi catemmitraept estnthe opludpotaritt yerobryenit-likeageeoreeils meht theicpesenh sai d
sanpl e. As§.a s for cell nodulating agents The present invention also
rel at e$VEL 'ﬁét hods of testing the ability of an agent, conpound or factor
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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-
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 lineage of the so contacted cells 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 plroliferétion factor

in said sample.



WO 03/ 066840 PCT/EP03/01131 14 A culturing the pluripotent enbryonic-I|ike
stemcells of the present invention in a growh nedi um which maintains the
stem cel | woaB/o6bs4meage unconmitted cells; and B. addi ng tIrTag@an]13conpound
or factor under test C. determning the |ineage of the so contacted cells
by norphol ogy, nRNA expression, antigen expression or other means. The

I nvention includes an assay systen1f&r screeni ng of potential agents,
conpounds or drugs effective to nodulate the proliferation or |ineage-

commi tment of the pluripotent éenbryonic-like stemcells of the present -

i nvent Iroa. furthexr &spedie the tovertiqre includes netbodatof| nssingi die AbilkY & A an

assay systemfor screeni agent s u or . f: rs for th ity to
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conpr i ghdmitte€ Wellughias dogprdadr i pot ent enbryonic-1i ke stemcells of the
present- invention in a growth nmedi um which maintains the stemcells as

li neage uncgmgiftifAgCehé SplBripaesitn@ntihigongsike stmoueits af tieet presenter
test; and C. determning the |ineage of the so c_ont,actﬁ%c | 1s bﬁ
mor phol ogy, mRNERNtOpiRsai BFOWEN e MeXERESs AN NGt B SEIEHRS

I nvention al Smégéé‘b%oﬁﬂnﬁ?ﬁéél%d for detecting the presence or activity
reh i's a proli

of an agent erafion factor conprising the steps of. A

cont act i ng e gl bAPLERl. SARGXANCES: Hoksr Sheek 6kl sng! the present

i nvention e’ suspe contarning an agent which is a

proliferatiqgn factor: nS B, SNyl . reldferati Ija e of
the so cont'gttdggeréﬁ'm%gals ¢ %ﬂﬁ%gﬁl%%n@n&kgg%gpﬁe@& %ﬁ,dogﬁ?@ggnééélxg?gssi on
or other neansnRNAhe(peEssibheamigdn érpassiom of othHer rmeansct ed cel |'s wi t hout
| i neage conmitnent indicates the presence or-activity of a proliferation

factorThe 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-identify 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 be 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 partitular lineage could be identified by known methods
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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 present invention, including cells or tissues derived
therefrom, or upon, agents 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
pluripotent 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 therabeutic
méthods, including transplantation of the pluripotent embryonic-like stem cells of
the present invention, including lineage-uncommitted populations of cells,
'lineage—commi’cted populations of cells, tissues and organs derived there from, in
treatment or alleviation of conditions, diseases, disorders, cellular 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 pluripotent

embryonic-like stem cells of the present invention or by transplantation of
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devel opnent. For instance, genes encodi ng proteins involved in or expressed
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cells of the present |nvent|on could ge cul tured under conditions giving
rise to a particular |ineage and the genes therein expressed then
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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 dysfunctions and/or other disease states in
mammals, comprising administering to a mammal a therapeutically effective

amount of pluripotent embryonic-like stem cells.

In a further aspect, the present invention provides 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 a endodermal, ectodermal or mesodermal
lineage-committed cell derived from the pluripotent embryonic-like stem cells of

the present invention.

The therapeutic method generally referred to herein could include the method for
the treatment of various pathologies or other cellular dysfunctions and
derangements by the administration of pharmateutical 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 tissues derived therefrom, or other similarly effective
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and/Orcomm|tment factors may be further comprise the pluripotent embryonic-like
stem cells of the present invention, or cells, tissues or organs derived therefrom.
The pharmace'utical 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 compositions of the present invention also include compositions

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

derived

from the pluripotent embryonic-like stem cells of the present invention, and a

pharmaceutically acceptable medium or carrier. Any such pharmac‘euti;al

compositions may further comprise a proliferation factor or lineage- commitment
- factor.

Development of teeth
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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 will form, and it has been shown
experimentally that they upregulate the expression 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



This invention al so provides pharmaceuti cal conpositions for the treatnent
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called the stratum intermedium. 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 periodontal ligament, alveolar bone and
- cementum. The Periodontal ligament (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% trypsin in D-MEM without Calcium supplemented with
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PO B ncubnel 2076, R TR, B BeBi T Bk, e ' pscen
BulletKit (Poietics).To assess colony-forming efficiency, day 14 cultures were
fixed with 4% formalin, and then stained with 0.1% toldidine 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-ascorbic acid 2-phosphate, 1,8 mM KH,PO4
(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 staining 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. Slices 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 serum, monoclonal supernatants, and
purified antibodies were used. Antibodies used: Notch Ab-1 (A6) Mouse Mab
(anti-Notch1) (NeoMarkers), AC 133/2 (anti-CD133) (Miltenyi), Flk-1 (anti-
VEGFR-2), Mouse IgG1l (clone 53) anti mouse FNK (fibroblast growth factor),
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were seeded into 60 mmplates with djfferent ”Egc':afS: Iénock%yt D- VEM
ser unr Wereeeadnt hawtgngdard program for all PCRs was 9 or 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 primers table A). For standard
PCR a PCRexpress thermocycler (thermohybaid) was used and for gPCR
(qdantitative 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 all applications.

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




(A BCO BRL) suppl enented wi th2 nM L-gl utam ne/ 100 units/m penicillin/100
pg/ M streptonycin (Biofluids, Rockville, MD) or DVEM (Bi ochrom

suppl emrenweh3/osbt4th 20% FCS ( Equi t ech- Bi o, Kerrville, TX)/ @Q/gBhitadscor bic
acid 2-phosphate (Wako Pure Chemicals, Osaka)/2 nM L-gl utamn ne/ 100
units/m penicillin/100 fag/n strepjomycin (Biofluids, Rockville, M) or
MSCBM Bul | etKit (Poietics) and theni ncubat ed at 37Cin 5% CQ2. Bone
marrow cells were cultured in MSCBM BulletKit (Poietics).To assess

col ony.- form ng ef fici ency. dav 14 cultures. were . fixed.wi.th 4% fornal i n,
and then stained with 0.1% tol uiACHEGHl ue. For theTCTRduction of calcified
bone matri x deposition in vitro cells were cultured in DDMEM (Bi ochron
suppl e@ehtled(aullabe b GYPECS) 2 WGTGZAE&'%TI@R@@GH%ACB@@T@IG%Wt hason
(sigma), 100 pM L-ascorbic acid- ‘g_g(tehosphate gﬁd 2PO4  (Sigma), 20 nM
HEPES (Sigma). The proliferati on' e of subconflu ultures of Dental

follicle Steimcells(DFSCs) and k 6153‘32\ 2:
assessB@URS Bmdeoxyurl di ne (B&@@ﬁwﬁ%&%ﬁ@{m ﬁi‘% % Sfang a
Zymed BrdUrd staining kit (Vectorchgboratories). | gmarohi stochem stry.
Dental follicle were fixed in 4% formalin and enbedded in paraffin. Slices
wer e SN@sﬁgt ed for irnmunohist OC@eﬁtwAmA?ﬁcf@m BRAGTANHGGRIBsCwer e
subcul tured. The cells were fixed in 4% formalin. Slices and cells were
reacted with saturating levels ofTBki mary antibodi €§C&nd the correspondi ng
control antibodies by using a Zyned broad-spectrum i munoper oxi dase kit
(Vgct oCD!lf@Bo(rjat o[! gszj: Wor ki ng &AGE&EE@S&E}Q@G’M@] GlﬁiﬁﬁﬂctT(EﬁMAh Ab ?@E}%\E;\amnt s,
an purified anti bodi es were us nt i bodi es usedg; c - use
Mab (anti-Notchi) (NeoMarkers), Rpa'55) 5 (anti-CD gg?P(Nlltenyi) Fl k-1

(anti - R-2), Mouse 1gGl (cl %s row h
fact orﬁ:Eé 03/ 066840 PCT/ EPO3/ ﬁ@@?é%ﬁﬁ@&@é&%@é‘% ﬁ?ﬁﬁ-[g r at
Nestin, Mouwuse 1gGl (clone 52) anicchuman GFAP (gl cafrafribrillary acidic
protein) (BD Bioscience) H stochem stry. Secondary DFSC.and BMSC cul tures

were wggkgd-bn PBS and then fixgdmarrtoaAdPraBhl ACASITGOUBCIFIBEAL S wer e
detected by treatnent with

GGAA TAAC
Vimentin GGGACCTCTACGAGG CGCATTGTCAACATCC
AGGAG TGTC

FGFR1-IIIC - (FGFR=Fibroblast- GGCAAGGAATTCAAAC CATCACGGCTGGTCTC

Growth-Factor-Receptor) CTGAC ‘ TCTTC |
FGFR2-IIIB 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 (Insulin-like-binding TGATATGCATGCTTTT TGGTTGATGCCCTTAC
protein 7) . - CTTCTG ATGA




2% Ali zarin Red S (pH 4.2). Staining of tissues were done with trichrom and
Haemat oxyl i n/ Eosi n staining procedures. Reverse Transcription-PCR Tot al
RNA was pweparoee4d sol ated cells by using Rneasy(r) Kit (@cagemin)isl

Hi | den). First-strand cDNA synthesis was perfornmed by wusing 0.1 fag - |pg
Total RNA and the Omiscript Kit (Q aﬁen(r), Hi | den) by using an oligo-dT
primer (invitrogen). The qi agen Hot St'ar Taqg Master M x (Q agen(r), Hilden)
were used for PCR For gPCR the Quantitect(r) Sybr Geen Kit (Q agen(r))
were uysed. The standard programfor all PCRs was.98C for 15 mn (faor enzyne

activatieqg) and 35 cycles with 9 5 2C for 1
mn anhthTi nal extension by 72§'§%é8§&m%1éﬁﬁggg &é%FgQ\GZﬁE@A@For
standard PCR a PCRexpress thernpCyid@C (ther nohyb&rdLfChas used and for
gPCR (quantitative PCR) an Opticon (M} Research) with Opticon Mbonitor

sof t wvaBg (Buhesia$@stotdial) quanti f i CBATEGAGAGEACECOJATAGITATIET/AGOE! t a

cal cul ati on was used described 62( Wner et al. 19%§ 31y| Eg Excel software
package. The GAPDH gene was use oG &%r ence ge GilgCd | appl i cations.
Table A: Prinmers for PCR Gene Forward 5' =>3' Reverse 5' =>3' GAPDH

(G ycePANIEPsteecaIcindGTCTTCACCACCEA B> AEASEHTAASAAERAGCGACACCCTAGA
phosphat - dehydr ogenase) GAGA GITT Col _ 1 (col | agenctypel) AGGCCCTCAAGGITTC
CCAGACCATTGIGICC CAAGG CCTAA Col _3 (coll agen type3) TGGTGTTGGAGCCGCT

ACTacTEREATCATCR (B D5 0ges b AT ARE R GATE TS B R AT
(col | agactorypel 8) GTGCAGTATCATGCOBRCBACAGGTCTGEGTITTTCTGABTG GTGC
Neur of i | ament ACCCGACTCAGITTCA TCAGCCTTAGACGCCT

IGF-2 (Insulin-like-Growth- CTCTCCGTGCTGTTCT CGGGCCAGATGTTGTA

Factor 2) CTCC CT1T
AP (Alkaline-Phosphatase) TGGAGCTTCAGAAGCT ATCTCGTTGTCTGAGT
CAACACCA ACCAGTCC
DSPP : CCTAAAGAAAATGAAG TAGAAAAACTCTTCCC
ATAATT TCCTAC

Isolation 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 neural 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 presence of a clonogenic and plastic
adherent cell population in dental follicle tissue (Fig. 2 a). is demonstrated. The

cells within each colony were characterized by a typical fibroblast-like



CCAG CAAT Nestin GCCCTGACCACTCCAG GGAGTCCTGGATTTCC TTTA TTCC CD133
CAGTCTGACCAGCGTG GGECCATCCAAATCTGT  AAAA CCTA CD34 TGAAGCCTAGCCTGIC
CGCACACCTEOABEH684ACCT CTTAT VEGFR-2 GGTATTGGCAGITGGA ACAPLCTATOGOTIBGGA GGAA
TAAC Vinentin GGGACCTCTACGAGG CGCATTGTCAACATCC -AGGAG TGTIC FGFRL-111C

( FGFR=Fi br obl ast - GGCAAGGAATTCAAAC Gz'gCACGGCTGGTCTC G owt h-

Fact or- Receptor) CTGAC TCITC FGFR2-1 11"'B AACGGGAAGGAGTITTA GGAGCTATTTATCCCC
AGCAG GAGIG FGFR2-111C TGECAGAACTGICAAC AACGGGAAGGAGITTA CATGC AGCAG
FGFR3-111 B AACGGCAGGGAGITC CTTGGEGECCCGTGAA  CECGEC CACGCAGCC FGFR3-111C

AACC-DO@@GQGB‘Q@ @@A@gmmmq&og@@@e@thmsbonmnmmmmwc

¥£E¥&§Tﬂ% V¢ @%%&EI” gf%%fﬁ @ﬁ%’réﬁ I&E\?@go@f 066840

PCT/ EPO3/ _01131 24_ PHEX AAAAGGCGAGAGCTG TAAACCAGCGICCCAG TTTTGEC CTACCA
BS (Bopgsi 2 pifvitf &) "ReSrEad ARGy SABAGLARYSTACaNd v) 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 using antibodies specific to known antigens associated with different
- phenotypes. Representative immunoreactivity patterns for DPSC are shown
(Table B).

Table B: Summary of immunophenotypes of dental follicle 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 + + + +
Notch-1 o+ ++ +
AC133 - ND ND ND
VEGFR-2 - ND ND ND
GFAP - ND ND ND
+ = positive
++ = strong positive

negative



CACGCCTGG TTGICCT  OCN (Gst eocal ci n) CATGAGAGCCCTCACA AGAGCGACACCCTAGA C
FGF-7 (Fi brobl ast-G owt h- ATACTGACATGGATCC TCCAACTGCCACGGTC Factor 7)
TGCCA CTOAD d3@6630 (| nsul in-1ike-Gow h- CTCTCCGTGCTGITCT GEHAGCAGANBGTTGTA
Factor 2) CTCC CTTT AP (Al kal i ne- Phosphat ase) TGGAGCTTCAGAAGCT ‘
ATCTCGTTGTCTGAGT  CAACACCA ACCAGTCC ,pSPP CCTAAAGAAAATGAAG TAGAAAAACTCTTCCC
ATAATT TCCTAC Isolation of DFSC. Notch-1 and Nestin positive cells were
identified by i mune- histochemstry in dental follicle slices (Fig. 1. a
and f3), which were described as markers of putative ﬁ,tem_cel | s in. _dental
epi t heThe fiegnenaigsrefl clorynferning qalsrdrrivedfrog dentrjgollighhHsriconeEs iy .
1999b)

shows M%‘?rﬁﬁr}/lep g%%‘?gggblé¥@4déﬁgsaﬁ%% %&Ia}n}fﬁ g%?%%ﬂgesntgg@égﬁm&i@hs/%g
i Munogetisoxpldesk rleacddntidsy wexr ecqleniesr meerewi Yikldsdi des Kioakent aD-MAM i cl e.

Anti bodies: a) Notch-,1 13 st rie stejn et al .do t ed t hat
ost eoﬁ@f&@?ﬁepiﬁ@”é%(ﬁ %e%gé?gg%dl{rcg%s' ﬁl’b FSP%SW%?G t%ﬁé?%r@r'ﬁo\%\#@%ﬁ eir
abi | t%é&@%pﬁot@fopéﬁ%t iohgeHsdrica. UTh@raveeag® murhissmbh grolifietating
fibroblast (CFU-F). "The presence of a clonogenic an? ‘%#gstldig adherent cell
popul atéllsnini RPEENEWtures| 9fi e differgnk dopPEs WasH)IgheE (Be/MenEidled P STHYR

cel s wiihin Iy BYit@rdsy P985 BidUrabpaitive | ke WO
03/ 066%%{% ﬁdﬁﬁ?ﬁﬁ%ﬁeﬁéﬁﬁ?gﬁgﬁ%gy%ﬁ% ogous tgsthe progeﬁ%/ of human
bone neallsow ORRYFSEMAbY hising therBrdpod iuptake Moethet ch- 1 and Nestin: by

i munochem stry (Fig. 2 Rand y). Fig. 2 shows a) Representative col ony

i rBREeka sl S8, b R R co OF Sy LIPS B IERER and Hi-4pER, B
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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 found no gene expression
determined for mRNAs of BMSC and DFSC of neurofilament, VEGFR-2, FGFR2-
IIIB and FGFR3-IIIB (Table C).

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

Gene | BMSC DFSC
GAPDH (Glyceraldehyde-3-phosphat- + +
dehydrogenase)

Col_1 + +
Col_3 . + +
Col_12 + o+

Col_18 + +
Neun;ofilament ‘ - -
Nestin + +
CD133 | | - -

CD34 - -




Nestin and y) Notch-1. | nmunohi stochem cal studies were perfornmed to
characterize DFSC fromdental follicle, by using antibodies specific to
known ant wgemsdeessoci ated with different phenotypes. ReprrEIerroanise

i mmunor eactivity patterns for DPSC are shown (Table B). Table B: Summary
of i munophenotypes of dental folliclg and cultured DFSCs. A: DFSC in
MSCBM Bul | etKit; B: DFSC in: Knockout D-MEM serumrepl acenent nedia, ND:
not determ ned Tissue/Cells Dental- DFSC BMSC Follicle Antibody A B
Nestin+.+.+.+ Notch=1 4+ 4+ ++ + AC133 - NDO ND.ND . VEGFR-2 - ND ND ND
GFAP -ﬁ%ﬂﬁt}éND + = positive ++ = strong positiyve - negati ve WO 03/ 066840
PCT/ EP 131 26 The frequencies of colony-formng cells derived from
dent al Vf“p]%],]{-ﬁl e tissue were in MSCBM Bul | gtKit: ,30/104 cells plated and in
suppl ement 8d' DVEM nedi a: 15/ 104 cel | s plated. In contrast no col onies were

yi el ded 4 D r p rent nedi,a after 14 days. But cells
wer e c%ﬁFE\lg@?‘rc%ﬁaﬁ”%ﬁﬁ@d@o%ﬁgﬁ&y over+ a |l onger period. The

aver agReagpteey of proliferating cells in DPSC cultures of two different
donors was higher (9.7%BrdUd positive cells +- 1.5 SEM when conpared

w th BWBERroulrtmires (6.4% BrdUrd-positive cells # 0.8% SEM by using the
BrdUrd upt ake net hod. : \

FGFR2-IIIC | + +
FGFR3-11IB - -
FGFR3-ITIC ' : + (+)
FGFR4 + +
PHEX : + +
BS (Bonesialoprotein) + +
OCNA (Osteocalcin) + +
FGF-7 (Fibroblast-Growth-Factor 7) + +
IGF-2 (Insulin-like-Growth-Factor 2) (+) +
AP (Alkaline-Phosphatase) + +
DSPP ' - -

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 haematopoietic 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 forvBMSC. Because of the missing differences DFSC and BMSC were
investigated with gPCR (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 cells have different expression patterns for collagens cultured
in knock-out D-MEM or in MSCBM BulletKit. Gene expressions for Col_1 and



Characterization of the phenotype of DFSCs in vitro by RT-PCR and RT-qPCR.
Many of the markers in Table C were expressed, in the DFSC popul ation and
in the BwWeO3mwegadbati on. The DFSC cells were found to be rmegatroseif3or the
odont obl ast - speci fic marker, DSPP. W have al so found no gene expression
determ ned for nRNAs of BMSC and DFS(, of neurofilanent, VEGFR-2, FGFR2-
I11B and FGFR3-111B (Table Q Table T RT-PCR with BMSC and DFSC gfown I n
MSCBM Bul l etKit. + = positive; - = negative; (+) = faint positive; ND = not
determ ned Gene BMSC DFSC GAPDH (d ycer al dehyde- 3- phosphat - + +
dehydr@geBasele 26 tines-and &Htimes respectiyelylipcreasedder-QgSGs sultured in

N L e docn SRR i e 10 SRLESARY TR EBRYOLI01
Egg;gtcgrerrzye'aGﬁB?n | theBMSCBMF@RRtKIt! Gig. Bb) FEFREkbUt B-MEM FeFRgatied Celis (+)
with high collagen expression and a spheroid-like structure are comparable in
shape and gene-expression with recently published cultivated dental follicle cells
derived from bovine. Handa et al. 2002 described follicle cells as cementoblast
progenitor 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 Expression

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 cells, but does not alter
phenotypic expression in progenitor cells. 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 of 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 inorganic phosphate demonstrated the
capacity to form Alizarin Red-positive fields with high levels of calcium (Fig. 4).

The deposits were scattered throughout as single minera|i2ed'zones or over the



PHEX + + BS (Bonesialoprotein) + + OCN (Gsteocalcin) + + FG--7

(Fi brobl ast-G owm h-Factor 7) + + |[G--2 (Insulin-like-Gowh-Factor 2) (+)
+ AP (A wa aswesRhosphat ase) + + DSPP - DPSC and BVMSC expuTesm3polsh agenl ,
bonesi al oprotein, osteocal cin and phex. These genes are typically for -
osteoprogenitor cells. Both cell typg? express FGFR1-111C, which were
detected al so by fibroblast isolated fromthe periodontal |iganment, but
not CD34 and CD133, common marker for haematopoietic stem cells. W
detected faint differences. for |G-2 and FGFR3-111C for gene ., expression.
| nt er esntiragaghdanestilayermsin goptrasteBMEE. sUKkHEm Arodieech ext '\1@0?“9?‘%00 t han
for B . +Of 1 5SSk [ : i
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DFSC 4glls 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 ex sj on. pat ns faor coll agens
cul t urida. 4 shawsdke Aitfersnialiay of PH%CBNﬁBg&Ez‘T g Vit %?@F’EE&S\@E&%QE%

Col -1 4@\ P | \wi iR2 i irends82 ti
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and gegexgngitesshen with recently published cultivated dental follicle
cells derived frombovine. Handa et al. 2002 described follicle cells as

cenentobl ast progenitor cells_which were unable to dt; f.fefr entjate into
mi ner akfteed weels of stimylaon Witk dexameidaspaRda 1Y esDUK, "?ré‘ok’é‘)‘?"%ﬁ“e
31(5) :cﬁ&ﬁ‘ég%lfszFgE§C§ rﬂ@}éﬂ@‘i|ﬁfﬂﬁ<—tﬂ§§9@4‘hém5r9né TSN Otrhe DnEMraaE UNs
repl acénent nmedia to spheroid-Iike ‘ o S
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 differentiation 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 calcium accumulation following 5 weeks of induction
with DMEM with 10% FCS, L-acorbate-2-phosphate, inorganic phosphate and

dexamethasone.

The differentiated cells for Notch-1 and Nestin were tested. Interestingly only
differentiated cells yielded from 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: Immunohistochemical analysis of long term cultures of DFSC and BMSC
(6 weeks) incubated with dexamethason (diff) and without (undiff) -

Cells Notch- Nestin
1

DFSC diff

1
+

DFSC undiff  + +




structures. Fig. 3a shows QPCR with cul tured BMSC and DFSC grown in MSCBM
Bul letKit. Values for relative concentration were calculated with

del t a/ del W osebsad (W ner et al. 1999), total RNA from BWeGzEReMOEI3used as
cal i brator. House-keepi ng gene was GAPDH. Fig 3b shows QPCR with cul tured
DFSC grown in MSCBM Bul | et Kit, D-MEM,, suppl enmented with 20% FCS and
knockout D- MEM (serum repl acerrent) lues were calibrated with total RNA
derived from DFSC cultured in MSCBM Bul | etkit. Dexanethasone Anal ysis for
Phenot ypi ¢ Expression Cl ones were exam ned using insulin and dexanet hasone
to determ ne_their 1dentity, i.e., either |ineage-commtted progenitor

cel | s BINSE; @cage uritommi tted pluripotent cells. Lineage-induction agents,
such as dexanet hasone, induce |ineage-comitnment and expression in

pl uri gAMeRtuRdiffl s, but doB8 not alter phenotypic expression in progenitor
cells: exanmet hasone w ll exhibit nultiple expressed
phenotypes. Thus conparing the effects of treatnment w th dexanet hasone and
insulin can identify specific types of progenitor and pluripotent cells

Wi t hi 'Mareavek tbewgegeceyprossior|df domy tern euttuaes of BMsteand HFS inopseteding
BMSCs i n, vi

presenva@hcﬁniwgehﬁf‘ﬁa%ihf %%L&gﬁhﬁﬁeéé?@& e G s R ¥ aret hasane,

and inagrg c pha te, de trate i 4z

Red- padt tvah e i iH I IEger 7o cfPaf, s, PR Bl @lthfur
ver e sgatdRe@fisbh! pUEBBBFe\AStiGh Bekabsvaer al i zed. zones or over the WO
03/ 066840 PCT/EP03/01131 29 entire adherent layer. In contrast, BMSC

cul turgieRi-adtsRd %éﬁ§®ép¥€s§é@%§r@fcoll§§él¢ltfylp%deectml%lg'e& w/;ﬁ 3,hRHEX} i r e
adherent layer after 6 weeks of induction shows t he
{oramrcn<od G o BhES rortadh v A methegsl ST R Jf ed

DFSCs (8¢ f&gl)l §§9 @(%ﬂé sB[dhn oWbtoheeilag té]nR@Q“é;ééH By P 188

nmeasur € of ccunu ron folTowng 5 weeks (a, y) of
i nductalaalme phosphatase which are typically increase by cells responSIbIe for bone

formation. One can conclude, that the progeny of DFSC incubated in

dexamethason build 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 Ieast- 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 enaineering 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



with DMEMwith 10% FCS, L-acorbate-2-phosphate, inorganic. phosphate and
dexanet hasone. After 5 weeks of stinulation with dexanethasone, a |ayer
bui It frowd@ngestser m cul tures of DFSCs, a novel Follicle-R(TEERIGHOMBIDr ane
(FTM . The nmenbrane was transparent, substantial and flexible and - as
shown in Fig.- 5 - lost partial tight zjcontacts to t he base of the culture
bottle. This phenonena was not found for BMSCs. Fig. 5 shows
differentiation of DFSC to a novel follicle-tissue-nmenbrane (FTM in
vitro: Culture bottle with layer of cultured DFSCs are shown with Alizarin
Red ssyithietig canadursgmlyroers, asavell @mpedymenisatutinns: ineofiriyobmasdkds of
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stability is required. Biodegradable polymers must also possess

(1) manufacturing feasibility, including sufficient commercial quantities of the
bulk polymer; (2) the capability to form the 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 polylactic 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.

Glycosaminoglycans

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-gl»ucosamine).
The predominant types of GAGs attached to naturally occurring core proteins of

proeoglycans include chondroitin sulfate, dermatan sulfate, keratan sulfate, and
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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 particles of various shapes and sizes.

Polvhydroxyalkanoates

Polyhydroxyalkanoate (PHA) polyesters are degradabAle, biocompatible,
thermoplastic materials made by several microorganisms. They are intracellular
storage polymers whose function is to provide a reserve of carbon an}d 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 engineering.

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 polymers for a
variety of medical product applicétions. 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
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W th hydrogel is a substance formed 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 polyacrylates, which are
crosslinked ionically, 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
meth‘acrylic acid and vinyl ether monomers or polymers can also be used.
Examples of acidic groups are carboxylic acid groups, sulfonic acid groups,
ha'logenated (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(vinyl
imidazole), and some imino substituted polyphosphazenes. The ammonium or

quaternary salt of the polymers can also be formed from the backbone nitrogens



repeati ng disaccharide units of n-acetyl glucosam ne and gl ucoronic acid,
with unbrached units ranging from500 to several thousand. Hyaluronic acid
can be i v @toeeB4dr om natural sources (e.g., rooster combPCTAEPIFOE3L

m crobial fermentation. Because of its.water-binding capacity, dilute
solutions of hyaluronic acid are vi%gous. Li ke col | agen, hyaluronic acid
can easily chemcally, nodified, as by etherification of the carboxyl

noi eties, which reduces its water' solubility and increases its viscosity
(Hyal uronic acid can be cross-linked to form nol ecul ar wei ght conplexes in
the ramgeeddant @dine goBips: Bx@mpem efnbagifi Side rREPe ARa? M wiYk MGel s) .
In one _nethod, hyaluronic acid is cross-linked using al dehydes and snal |

pr ot eiN8YP¥ f or m bonds between the C OH groups of the pol ysaccharide and

the apino to imn r s of the protein thus yielding
high-ﬁ%@ﬂ—%ﬁu—mﬁ—m CPReRaraliol tant infinite-network gel's can
be forned i nto sheaths mepbr anes, tubes | eeves, a ri _

vari oUbasRdgRE BAET St SoRpar Ry TERR e er e msrRaR e (P
pol yesigfsifa-€ degradabl e, bioconpatible, thernoplastic materials nmade by
several m croorganisns. They are intracellular storage polyners whose

function,i st @ REONIVER A CIBEE Vecdh SR dddeATEEA YibersHB eaigordtion
up

copolymers wt to 30 %of 3-hydroxyvaleric acid are now comrercially
avai | abl e wrdevacthent dayegnambeBtivgopveDayPaddBfie t (HBEFRBIpAAPEAPboNat es

are an other i rt. I rd || adhesion and tissue engi neering.
Pol y(a- hydrS§>I< @%l%‘g?&xg%u%a 9y(;ﬁ(’:Hc,2§$2_r'i ng hydroxy acids, such as glycolic,
uaet ur bf odRPHIbPE ERpRETEA rofesh BV Ay of medical product o
applications. As an exanpl Loresarbable suyrgical sutures nmade from

pol ?/(ai hgflr ye'&:??ﬁt)ngr(;gs%?%gﬁhq ﬂ?@?‘? R?Eofﬂel se Isi nce 1970; ot her IA o
Iog}) 022820 5 1? %r@%gtﬁcleé%%persegde in’ BLCA MicFodtRictiRdsy éﬁC@'—s‘oﬂ}c%ma

casting, drying  water leach out the salt

e Melting salt - PLLA - mixtures
« PLGA blending with PEG  soft Tissue application
e PLLA soaking in PVA
e Extrusion composite wafers with NaCl  leached out
e Printing: 3-D Printing — Incorporation salt into the Powder

e Emulsion - freeze drying process water to PLGA in CHxCl; Emulsed

freeze dryed  20-30pm pores
e - PLLA in glacial acid frozen -10°C  drying (1 week)

e Polymer-ceramic: NaCl + Hydroxyapatite in PLGA- solution in CHCL;

water- PVA- solution to emulsion dried leached
e 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-
300pm.

Other polymers used for biodegradable foam forming:

e Polyhydroxybutyrat and copolymers



fixation devices for orthopedic repair) are becom ng part of standard
surgical protocol. The final degradation and resorption of the
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Poly(ortho ester)

Chitosan- _ Hyaluronic acid

Periodontitis

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 is bacterial infection, but occlusal and systemic disorders are
considered aggravating factors. Although periodontitis is not life 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 pocketing.. The periodontal status deteriorates

as the subjects grow older: In France the percentage of people with périodontal
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population 19 years and older presents periodontitis; this increases to 52,2% of
persons 45-64 years old). Health costs for this disease have been estimated at $
5-6 billion involving 120-133 million hours of treatment, even though most

patients do not seek treatment.

Initial concern was in arresting the evolution of the disease after restoring last
periodontal material. For several decades, periodontists 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
blood 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 marginal 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,
gfowth 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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pocket I 'mari eca rogeni tor ce y speci al1 zed tissues
are nohew 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 avoid downward growth of the gingival epithelium along
the root surface. Little bone was produced, perhaps because the filter collapsed
against the tooth. Soon after, another material was adopted: expanded
poly(tetrafluoroethylene) (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 gingival is provided solely by terminal
capillaries. The placement of a cell-tight barrier disturbs the blood supply and
avoids endothelial anastomosis with blood vessels 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 tnsing 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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an ef faghviing thay atter exeiryadhagprglifegatiah 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 millimetres along the
implant, producing cementum and a periqdontal-like ligament. The cells were
able to colo‘nize a fairly large surface much faster than the osseous cells crossed
the minute space left by the drill. It seems then that these two types of cells do
not compete, but primarily restore their intended funétions. Whether resorbable
or made of e-PTFE, membranes should be positioned under the flap 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 follicle 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, intraoral autologous bone is not always
available in sufficient quantities, particularly when patients present a deficiency

of alveolar bone resulting from severe periodontitis.



epithelial and connective tissue cells fromreconstruction sites. Their
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produci, g3 RIS $@6hds. acidsbmebinied pystubated that new attachment 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 implanted 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 ridgek preservation (Greenstein et al., 1985), but
this presents some limitations. If resorbable, the substances can be resorbed by
the gingival. 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 barriers alone do not include the formation of much
alveolar bone, or at leasf nof above the existing crestal level. Only bone grafting
techniques with bone or substitute materials promote the formation of a new

bone, cementum, and periodontal ligament coronal to the ridge (Yukna, 1994b).
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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 barriers 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 effects 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-1) seems promising
as well, promoting the same collagen deposition as TGF-p and a greater
proliferation of ligament fibroblasts than PDGF alone). The PDGF-IGF-1
combination is chemotactic and mitogenic 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 collagen proteins.



40 Bone substitutes include synthetic materials such as hydroxyapatite and
met hyl nmethacrylate, and nodified m neralised biol ogic substances such as
coral | i newaro3/oees4d ne trabecul ar bone and | yophilised humarrdicere3/oTisese
products provide surgical ease and patient confort, and their various
resorption rates are ,|nterest|ng CpEQnents of bone grafting techni ques
affirmthat regeneration of the periodontal attachnment apparatus is not
achi evabl e by, or at |east has not been evidenced for, procedures other
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can be resor he gi ngi va € material can al so cause necrosis of
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al one %?ot%jl%glg ll'rlue%gng:ltx];?m];i)rs,lr:rgr;[qlcoerllls% crnilsters, 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 amelogenin, 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 ligament 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 regeneration of dentin

could have commercial applications as an enhanced pulp capping agent, as an
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fromthe roots, but the usefulness of fibrinogen and/or fibronectin in

per i odonpaiftagtrgery is still inconclusive - It is possible to put stem
cells into biological glue. FG- and PDGF both have powerful effects on
per i odbettd! Uangaeent fi brobl asts. Periodontists have al so shown interest
intransformng growth factor R (TG--R, which appears to pronote nore

si gni f Mitdnih thepdential damdda,f cdntiiless endolocaligad preliferative 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 time 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 the “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 properly describe the significant
functional changes that occur during development, 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
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Syntecon, Rotary Cell Culture System RCCS-D, with 50 ml vessel (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):
biocompatibility, growth of periodontal cells, degradation kinetics and available

capacities of modifying steps which porosity has been induced by salt leaching.

Using in vitro‘ 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 sections 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.



as stemcells. The growmh factor anelogenin, found in the epithelial cells
formng the enanel organ, has been extracted frompigs and results in
neof or mat Wano3gkbesao acel | ul ar. cenmentum Anel ogeni n i ncr easexCTpEmBOiBI at i on
of ligament fibraoblasts but not of epithelial cells. Anelegenin is a
potent pronotor for stemcell deriveg tissue engineering. Regeneration of
Dentin It may be possible to induce tthe differentiation of odontobl asts
frompulp tissue wusing certain bone norphogenetic proteins and thereby

i nduce the synthesis of new dentin or stemcells derived {rqn1the,gental
pul p 1@ chiishosvse fixed Z@OUPN oft scaffply WihatWiredssian «alls (SkpingHtWithet h
derived st gﬁ%és into dentin. Successful developnent of a process to
enginEQFCE§£% blly t he regeneration of dentin could have conmerci al
appl i cations, as an anced pul p capping agent, as an WD 03/ 066840
PCT/Eﬁ@@ﬁd%@@ﬂseﬁ§e§E¥%?h§?@5e to root canal therapy under certain

cir CU’F?.@Q‘?@WS Mode asrutiet 6MeliLA-polyeaars(8T xmadguificgtionpt h sensi tivity
often dassociated with the placenment of tooth fillings. Dentin Powder may
be used as dentinogenial transmitter substance for seeding stemcells.
Crude dentin fractions prepared by ethyl enedi am netetraacetic acid (EDTA)
extraction and col | agenase digestion stinulate reparative dentinogenesis
in small pulp exposures in ferrets or reactive dentinogenesis when applied
to freshly cut dentin surfaces. Sone extracellular matrix conponent is a
prerequi site to odontoblast differentiation and tubular dentin fornmation.
To reqgul ate odontoblast differentiation and hence the architecture of the
tissue may possible by stemcells inplantation. Regulation of dentin
architecture may be inportant. Dental Lam na 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
t he



mtotic index, the labelling index, and the growth of the epithelial cells
are significantly | ower than corresponding indices in the underlying
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three stages: the bud, cap, and bel 6 These terns are descriptive of the
nor phol'ogy of the developing tooth germ they do not properly describe the
significant functional changes that occur during devel opnent, such as

nor phogenensis and histodifferentiation. It should also be noted that,
because devel opnent is a continuous process, clear distinction between the
transition stages is not possible. A further problemfor the beginning

st udenftghie1t hat in exam ning sections of human enbryos it is possible to
section a tooth germat a particular stage of devel opnent in such a way

that 1§ m npgsy aneh&esvdihen woveh Maadibeas Supply Custers of bl ood vessels
are found ram fying around the tooth germin the dental follicle and

enteripg thFGﬂe-nh?éshp@PiPUﬁ (or pulp) during the cap stage. Their nunber
in the papilla increases during histodifferentiation, reaching a maxi rum WO

03/ 066840 Pg_I'L/rAEﬁggllog%m rdy4 at the onset of the crown stage of tooth
devel opnent. Tnteresti ng?y, the vessels entering the papilla are clustered
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outer Jental™m Bgt efi'ufl 'r|§<arrpl es Tissue Engi neered on Bi odegradabl e

Pol ymer Scaffolds We_fabricated biodegradable scaffolds in the shape of
human ol ar SMUERAEdTeRRe ATANEHP'OCE cel |'s derived from stem cells cul tured
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. ‘Hydroxyapatite PLGA

. Polyhydrbxybutyrat and copolymers

. Biopol

. Polydioxanone

. Poly (g)- caprolactone

. Polyorthoesters -polythyrosine-carbonates

. Polyanhydrides (F-K-Gliédel)

. Polyphosphazene

e Polyamihoacids
. Polyaminocarbonat- polyaminoocarbonat-tyrosine
. Photopolymers
. Mixtures thereof.
Table 2

A r'n'atrix having cadherins enhancing the binding of homophilics



units/m penicillin/100 fag/mM streptomycin (Biofluids, Rockville, M) ,
and inplanted the cell/polyner constructs in a cell rotation reactor type
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pol ymeric scaffol ds colonized with stemcells for the periodontiumor bone
ti ssue. We investigated bi ochem cal and physi cocheni cal paraneters of two
di f f erpenhatrpolhdvived |¢bd}b\@kiy1§eenham¢mge§1€( PiindngROS dostesemdtili¢sn gdrich n%;f@l hei m

) e TRE . pnbiateast o AL SRRNARlas Bhivhay IB0IGHRL KopEret o

i nduceghyysalt leaching. Using in vitro cytotoxicity assays, both of the
prototypes have been proven as non toxic, regarding primary cultivated

fibrol 35L&y ﬂ%tkzgr}&n%ﬁe Qﬁhﬁ glgbanﬁe Braly | groatinantias el denstebesi dalti ty

have been ascer ed o sections of the cultured scaffolds by

m cr osxihyason thhemd@aéC/{\Msbforfﬂ)\om@@hd'@rﬁﬂd’nbe‘&r%h@ﬁtm&‘p'ngcI i ni cal
application, the polyner sponge has due to its structural properties to
addi t momﬁétro@hawrmgomtegmin&gdm&mamolsytsl?@nﬁoww sl EF@ﬁ?Lﬁ‘iBl 45

Fig. 8 sho fi n of ,sc t ai ned
w ih rpencetaandi SERTN's SAnodrourbh Atdeers. %ﬁ%ﬁb oo
st r uctdHe1aPhinfLLA- pol yrrer (80 x magni fication) WO 03/066840 PCT/ EP03/ 01131

46 Tabl el PLLA cast over non woven PGA fibers PGA - nmesh by PLLA PLLA
m crostructures



PLGA bl ending with PEG PLLA soaking in PVA Printing: 3-D Printing

Emul sion - freeze drying process Polyner-ceramc: Hydroxyapatite in PLGA-
PVA  Hydwaxosawetsdt e PLGA Pol yhydr oxybut yrat and copol y mecI/EPoBiooisol

Pol ydi oxanone Poly (c)- caprol actone Polyorthoesters ,

- pol ythyrosi ne-carbonates  Pol yanh$#8ri des (F-K-diadel) Pol yphosphazene
Pol yam noaci ds Pol yani nocar bonat - pol yam noocar bonat - t yr osi ne

Phot opol yners M xtures thereof. Table 2 A matrix having cadherins
enhanci ng the binding of honophilics WD 03/066840 PCT/ EP0O3/01131 47 A
natrimpb@ﬁang cadherins enhancing the binding of heterophilics which are
lectins -like e.g. branched O igosaccharide structures nanely the sialyl X
and A structures A matrix havin? t he i mungl obuline fam |y, proteins that
are denoted as cell adhesion no|ecules (CAMs) for honophilic and
heterophilic binding A matrix having intggrins, dineric nolecul es,".
consisting of the a and 13 subunit foyNcRkl-cell and for cell-matri'x -

bi ndi ng (coll agen, fibronectin and lamn). WO 03/066840
PCT/ EP03/ 01131 V
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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 bqth instances
“and involves (1) polymorphs, (2) macrophage, (3) fibroblasts (by 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 colonized 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 periodontium it is prudent to implant stem cells

derived from teeth with or without a polymeric matrix into the wound bed. |



48 Appendi x A Q8 ~a~~~33ql,iH~ D Left Conparison of the
repair responses in skin and teeth. There is no epithelial response in
teeth, buwdads@eesamnecti ve tissue response is simliar in [rERBSIIBNCES
and |nvolves (1) pol ynorphs, (2) macrophage, (3) fibroblasts (by division
of undamaged pul pal and perlvasculéﬁ cells), and (4) the production of
scar tissue (collagen), which nmineralizes in the tooth to formdentin. For
t her apeuti c approaches it seens to be prudent to inplant stemcells from
teeth into dentin for inproved healing of caries. Right Repair response
af t er In@slbhtegidinr asft | siem Acaﬂmwerlhedt(ﬁmrh iteet t are ABbler Esxtr%gﬁneéhte t he

socket, B, is filled with clot he cIo soI th nDrph
r es porREEIOGOIUTh e MhedM pPEGS r‘gs;l):t%‘ I‘?hgng g\%ﬂé st @"spfo?@s/

addItH$£ Enﬁéwmméﬂ@'fect becones colonlzed by new ost eobl asts (4) t hat

r enod e col I agen scar and formbone, D. In a follow up of the present
i nventi on, is possible to introduce a crude tooth -engineered fromstem
cells into the socket during formng of the clot. In any stage of healing
of periodontiumit is prudent to inplant stemcells derived fromteeth
with or without a polymeric matrix into the wound bed. WO 03/ 066840

PCT/ EPO3/ 01131 49 Inplantation of stemcells derived fromteeth are able
to regenerate periodontiumin any stage of healing (a-d) with and w t hout
a guiding scaffold(Menbrane) WO 03/066840 PCT/ EP0O3/01131 '



50 CV,r, fry . i"r', o 4 ~ Ylr 'r :plr m7C _j cc W 03/066840
PCT/EP03/01131 51 -~~J r~ 4 r O- Summary of gingival tissue repair. The
epi t hel i awWo®gpesase i s achieved by proliferation and m greti/ecre3piizcel s to
cover the defect. The connective tissue response involves successively (1)
a pol ynorph response (12 to 24 hour§§,‘(2) a macrophage response (2 to 5
days), and (3) a fibroblast response (2 days and on) fromundifferentiated
perivascul ar cells and undamaged fibroblasts. The new fibroblasts (4) form
the col |l agen of scar tissue . For inprovenent of wound healing, it is
possible to introduce stemcells from teeth into the wound bed . Repair in
gi ngi val eplthellunllllustratlng mhy scars are rare in the nouth. The
repair process t s—as dgpicted in Fig. 18-7 involving (1) the
pol ynmor ph respg dge response, (3) fibrobl ast

differentiati dgi ynthesis. The scar renodels (5) by
col | agen pha 1'0ST s PCT/ EPO3/ 01131 52 References: G vin,
C 1., . SS .1 J Lmmunol 133(1): 157-65.
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G eenstei s R A Japti .1 (1985). J Periodontol 56(4): 200-3.
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PCT/ EPO3/ 0113 3 Cainms 1. A stemcel g)obi—eh\iz\obt ai nable fromthe
non-enbryomm i sol ated from the@ ental foNlJcle of tooth or wi sdom
tooth which are eEw g f ntiate> O into a periodontal |iganent
li ke nenbreﬁéﬂeﬁ'?ggture. 2. 2 o1 of ol a which is able to
differentiate into a ﬁmr@ﬁg& i ke structure. 3. A stemcell,
derived from non- enbPryeaitT %t al %m&l cells or tissue, capable of
sel f-renewal and .capabl.e t.ﬁ\at “}q cells of endodermal,
ect odermal and m%oge % Them cell of claiml which is a
human cell. 5. A-pIuri ;50{ ymAyste m cel | obtainable fromthe stem
cell of claim1l. 6. A culturecomgr |si' a) pl uri potent enbryonic-Iike
stemcells, derived fromfefliclescCell sveﬂbl e of self-renewal and

1 &u mal |ineages; and b) a
medi um capabl e of supportl ng the proliferation of said stemcells.

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 cells and undamaged fibroblasts. The new

fibroblasts (4) form the collagen of scar tissue .

For improvement of wound healing, it is possible to introduce stem cells from

teeth into the wound bed .

Repair in gingival epithelium illustrating why scars are rare in the mouth. The
repair 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.



c) a nmedi um capabl e of supporting the proliferation of said stemcells into
cells building a biological nmenbrane with bl ood vessel or other vascul ar
vessel s. WO 0Bwessanl t ure of claim6, further conprising a mclEHeoallon
factor or lineage commtment factor. 8. The culture of claim®6 wherein
said stemcells are human cells. %, A nethod of isolating an pluripotent

enbryonic-like stemcell, conprising the steps of obtaining cells froma
dental sac (dental follicle) culturing the cells. 10. A nethod of
isolating a clonal pluripotent enbryonic-like stemcell line, conprising

the steps of CONFI RVATI ON COPY WO 03/ 066840 PCT/EP03/01131 54 obtaining
clo BHt el 1s froma dental follicle culturing the cells in different

media diluting said cultured cells to clonal density; culturing said
di | utgsh cel 1.51L. coRRAGR! ebal.t(1988) cullimesolneBd(ng: asgieRl e cel |, 11. A
clonal pluripotent enbryonic-like stemcell |ine obtainable by the nethod

of EhdddAstOin AR-GdR&kasd BMKeRIdind NI 2076 LEYSNAERAbI. i :e78Ni-ngar ed to
express a gene or protein of Tnterest. 13. A nethod of producing a

gene@?é‘%sﬁ:ééi)n?@i REQ &d | Wi 1OF £85I R oritbi K6(4)stom-gel | conprising the

steps o transtfecting pluripotent enbryonic-liKe stemcells with a DNA

oy e S WAL PP S hh RSk aRong e R o8 U AR
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(c) culturing the stemcells selected in (b). 14. A genetically engineered
pl uri potent enbryonic-like stemcell obtainable by the nmethod of claim 13.
15. The swemsmebd400f Cl aim 14 which is a dental follicle ael/EPI361181 et hod
for detecting the presence or activity of an agent which is a }

| i neage-conmmitnent factor conprising3the steps of contacting the stem
cells of claiml1l with a sanple suspected of containing an agent which is a
| i neage-commtment factor; and determning the |ineage of the so contacted
cells by nmRNA expression, Antigen expression or other neans; wherein the

| i neage of the contacted cells inEiaqm s the presence.or activity of a

| i neage-comm tnent factor in said e. 17. A method of testing the

ability of an agent,. caonpqund act to [m ot ' - it ment
of a 1 ndesemielmiichas Lhrnann Bnbong TR Ee B at o PEAPEES L 51
55 cul t whd R@ntderoRic@Mofebbeh of vakédm tbath whighcavehaitedioudiffenéntiaberinnt ai ns
the stemcells as |ineage uncommitted cells; ddi ng the agent, conpound -or
factor unitee intesa pedadontrbligpmantdke:’ReMLrARS ”%ﬁtu'?ene so contacted cells
by nRNA expression, antigen expression or other neans. 18. Andﬁisa system
for sereArstag agkmflaicoipviids isorbliede gifterepate intge IMingralise “ate the

| i neage- commi t t of a lineage uncommtted cell, conprising: cul turing
t he stenﬁlégg}rgrgﬁ‘ﬁec:l aiml in a growh nmedi umwhich nmaintains the' stem

cells _as lineage uncanmmtted 18- | disetie f act or
Cnder 3 o8 SeERASNBEAVR A 65 brgBR B AorlrudP BRimar PEROUP Kol Tt
expr essi gApablansfi Gefrexgugissndrapablet dfediffarantatian ta cedishefdendadargiadet i ng

the presence or activity of ar] a%ent which is a proliferation factor
conpri si AgtadeEmal apd npesodermal lineages.

4. The stem cell of claim 1 which is a human cell.

5. A pluripotent mesenchymal stem cell obtainable from the stem cell of claim 1.

6. 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 said stem cells.

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

vessels.

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

commitment factor.
8. The culture of claim 6 wherein said stem cells are human cells.

9. A method of isolating an pluripotent embryonic-like stem cell, comprising the

steps of
« obtaining cells from a dental sac (dental follicle)
e culturing the cells.

10. A method of isolating a clonal pluripotent embryonic-like stem cell line,

comprising the steps of

CONFIRMATION COPY



contacting the stemcells of claim1l with a sanple suspected of containing
an agent which is a proliferation factor; and determning the

prol i f er anicons/oaesdo | i neage of the so cont acted cells by nRNET/EROPOESSI ON,
antigen expression or other nmeans; wherein the proliferation of the
contacted cells without |ineage comﬁ‘l ment indicates the presence or
activity of a proliferation factor in said sanple. 20. A nethod of testing
the ability of an agent, conmpound or factor to nodulate the proliferation
of a lineage uncomritted cell which conprises culturing the stemcells of
cl ai m 1 ienoktagviogtdonminimcalts Thrmaidendéifollidee stem cell's as |i neage
uncomm tted cells; adding the agent, conpound or factor under test; and
det erm nisnguituringotied céltr iat differemdmledieeage of the so contacted cells by nRNA
expression, antigen expression or other nmeans. 21. A method for culturing

stem cel I.sdlqjtlrcg galascumtr@d rendrartshaMaieebityy | | used for regenerating
parodontitis, tendons, liganents, fascia and ot her kinds of WO 03/066840

PCT/ EPO3/0d#i8indBailciNREd icAst | ssues supporting differentiation to
mesot hel i c/endothelic cells into blood vessels or ectodermal or into

neuronal .t aRariad tnsUBLGR RhviRYId tighacgt.em cel s of claim L in any
medi a conta e or conbi nafi on differentiation: insulin,

retinop¢ ,Q(chg'\algﬁﬁﬂ?&h@@rﬁ%@ohﬁpmé’E@Etéﬁlmﬁ':e bh&esRak! dyehe method of

t ransf or m ng- gr cto ta (any) one norphogeneti'c protein (any),
Fi br obl astlagnd®.h factor' (any), Epidermal Gowh factor (any), Platelet
derived growh factor (any), Vascular endothelial growmh factor (any),
hepat ot2t Ehesbavnhcdliaof olajm| higenktdicelly gagineered foudXpress laegepear Proain or
(any), Interleukine (any), nerve growth factor. 23. A nethod of ex vivo
adm ni st r&in ?feék a protein or gene of interest corrpri sing the'step of
transfectin the pluri pot ent enbr onlc i ke s of .cla

vect or 18 ekhod WOGIPC'IQQAE'V\H?'E L=l 8@%‘@§e'éeCB]Pi‘frél?91te8F echEVO(S‘ﬁC e "
I nterest.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).

14. A genetically engineered pluripotent embryonic-like stem cell obtainable by
the method of claim 13.

15.The stem cell of Claim 14 which is a dental follicle cell.

16.A method for detecting the presence or activity of an agent which is a

lineage-commitment factor comprising the steps of

e contacting the stem cells of claim 1 with a sample suspected of containing

an agent which is a lineage-commitment factor; and

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

said sample.

17. A method of testing the ability of an agent, compound or factor to modulate

the lineage-commitment of a lineage uncommitted cell which comprises



24. A met hod of preventing and/or treating cellular debilitations,
derangenents and/or dysfunctions and/or other disease states in mamal s,
conpri si ngo @iwesanstering to a manmmal a therapeutical |y effcautros@iisnount of
pl uripotent " enbryonic-like stemcells, or cells or tissues derived
therefrom. 25. Use of tissue repair38r transplantation in nmammals,
conprising adnministering to a manmal a therapeutically effective anount of
pl uri potent enbryonic-like stemcells, or cells or tissues derived
therefrom 26. A nethod of preventing and/ or treating cellular

debi | i t at o @ufturichgr tivgstent celi2 ofanidiror 1dyusa growitb nmedhun ovhishhenairnfiedisas e
states in namal s 0 adm ni to a mammal a therapeutically
effective éﬁﬁtﬁ’i@n'b?e@n?%%?ﬂ% %‘FOFPFH@&@ @cginm tted cell derived fromthe
stemcell of claim1. 27. A net q(: f tiss ce air or transplantation in
marmmal s, ecfsing the agahik GAMRYHT Qr? tgr HQH\% e taﬁ'gr apeuti cally effective
anmount of a mesodermal |ineage-commtted cel

| de the stem cell
of clai m ®.detgrminingdheateeage &f tﬂf@nﬁ%s‘ic’cf\téﬁeﬁofzeﬁ%é %ﬁpreﬁ ORel | ul ar
debilitat t t I
ebilita !gen,] l%leggeé)?@%?ggﬂ ora&ﬂéprmfé’r%fl unction in mammal s, corrprl sing: a

t her apeut| I've anount uri potent enbryonic-like stemcells,
I P 1431 57
o phartaclletel Hei St g {?ﬁ]@dr@m U e CR  e

conposi t lr@@d@lété:‘craa tm @8gd-¢o rimeit meoirf iasli mea ge uwpccamnﬂ@edtqedjncomtsmg)r ’

l'i neage-commi tment factor. 29. A scaffold, consisting of Table 1 to

engi neer teRfiturlyy ene tstemngelkt efnctaeﬂn! g iof a gricavtin thediumawhicbe adatains
scaffold consisting of ti';\bl e 1 for &at IQT@ t eet h- connecti on peri odont al
cell i nesthﬁo?temé%ﬂﬁ?@ B%?QGOHBE‘P%{'Im' edeiidiss, 31. A scaffol d consisting of
table 1 for building teeth- surro(;]:ndl ncgt% bones/ bone matrix al veol ar bone or

j aw bone. *3dding £Be ERAtCEHBPRUNH QT HRCORMNGC] teey aG | ding arterial and

venous vessels in
« determining the lineage of the so contacted cells by mRNA expression,

antigen expression or other means.

19.A method for detecting the presence or‘ activity of an agent which is a

proliferation factor comprising the steps of

« contacting the stem cells of claim 1 with a sample suspected of containing

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 indicates the presence or

activity of a proliferation factor in said sample.

20. A method of testing the ability of an agent, compound or factor to modulate

the proliferation of a lineage uncommitted cell which comprises

e 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 proliferation and lineage of the so contacted cells by mRNA

expression, antigen expressioh or other means.
21. A method for culturing stem cells of claiml into membranes which will used

for regenerating parodontitis, tendons, ligaments, fascia and other kinds of



mouth. 33.A stemcell derived fromteeth seeded on a extracellular matrix
controlling its behaviour by providing adhesi on signals, and growth factor

bi ndi ng swoes/neeaeded on a scaffold having cell

bi ndi ng daairreseguences

according to table ' 2 consisti ng of table 1: 34. A method of culturing of

cells-wherein the cells are seeded o matrices in a bioreactor in table 3.

35. A nethod to inplant stemcells in périodontiumto rebuild periodontium
36. A nethod to inprove healing teeth extraction and skin | esions.

met hod to inplant stemcells in periodontiumto build or repair cenentum
of tooth.

22.

23.
‘the step of transfecting the pluripotent embryonic-like stem cell of claim 1

24.

25.

26.

27.

28.

connecting tissues supporting differentiation to mesothelic/endothelic cells
into blood vessels or ectodermal or into neuronal tissue. k

A method for culturing stem cells of claim 1 in any media containing one or in
combination for differentiation: 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), Vaécular

endothelial growth factor (any), hepatocyte growth factor, Interferon (any),

Insulin like growth factor (any), Interleukine (any),‘nerve growth factor.

A method of ex vivo administration of a protein or gene of interest comprising

with a vector comprising DNA or RNA which expresses a protein or gene of

interest.

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.

37. A

Use of tissue repair or transplantation in mammals, comprising administering *

to a mammal a therapeutically effective amount of pluripotent embryonic-like

stem cells, or cells or tissues derived therefrom. -

A method of preventing and/or treating cellular debilitations, derangements 2
and/or dysfunctions and/or other disease states in mammals, comprising
administering to a mammal a therapeutically effective amount of a

mesodermal lineage-committed cell derived from the stem cell of claim 1.

A method of tissue repair or transplantation in mammals, comprising
administering to a mammal a therapeutically effective amount of a

mesodermal lineage-committed cell derived from the stem cell of claim 1.

A pharmaceutical composition for the treatment of cellular debilitation,

derangement and/or dysfunction in mammals, comprising:

 a therapeutically effective amount of pluripotent embryénic-like stem cells,

or cells or tissues derived therefrom; and



29.
30.
31.
32.

33.

34.

35.
36.

37.

WO 03/066840 PCT/EP03/01131
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« a pharmaceutically acceptable medium or carrier.

o The pharmaceutical composition of Claim 28 further comprising a

proliferation factor or lineage-commitment factor. o

A scaffold, consisting of Table 1 to engineer teeth by culturing stem cells of

claim 1 on matrices

A scaffold consisting of table 1 for creating teeth-connection periodontal cell

lines for treating periodontal diseases.

A scaffold consisting of table 1for building teeth-surroundings bones/bone

matrix alveolar bone or jaw bone.

A scaffold consisting of table 1 for building arterial and venous vessels in

mouth.

A stem cell derived from teeth seeded on a extracellular matrix controlling its
behaviour by providing adhesion signals, and growth factor binding sites
seeded on a scaffold having cell binding domain sequences according to table

2 consisting of table 1:

A method of culturing of cells wherein the cells are seeded on matrices in a

bioreactor in table 3.
A method to implant stem cells in periodontium to rebuild periodontium .
A method to improve healing teeth extraction and skin lesions.

A method to implant stem cells in periodontium to build or repair cementum
of tooth.



