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Met hods for differentiating stemcells and use thereof

in the treatnent of dental conditions Field of the
wonveEnBesn The present invention relates to a ROV®IK2006/000533

concept and net hods for producing differentiated

mamal i an cells, which can be inplanted for the repair
Medihogsefor differentiating steth o¢llscandiase thereafrinithe trestmenitafelental
°°é$i?i?’§ cell's have characteristics and behaviour as

Fenti at ed peri odontal |iganent stemcells (e.qg.,
PDLCs) or Periodontal |iganent cells (PDLs). PDLs

. ct enmentum wi t h al veol ar bone, and are
F'eﬁ%g eaqu?&?%or'{:peri odontal wound heal i ng. Background of

The peesentvievenition rétatee toranpesl coscepti god sedwds dorproducing

AR e, e bTHE oGRS Y5 repipl B
anqé nthet Hertaladonditidnsyedens thesa bellsthawe cb&ﬂaste_(im,a_nmhavibmr as
g St A o R BRI, b osmens
celtsi (PDésk PDLatcodneah tant bemkntam wifipalegnlardiomeaandaredgmpsrtant for

el l . appropriate all ogeneic cell that has
pe@%égﬂtei?g'gé@# B‘%ﬂ'@g to a cell type capable of being

transplanted into a recipient wthout being rejected

Balk r%?l%id?gh@irﬂfeﬁ{ié versus host reaction. It is for
S i h

tance conhceivable that anong other cell types that
Bonamaueyvtis ames_tadé_d beya predorminantgokoftsy‘stem cell reserve”,

No)s O Gil i . r
L e e LT e
melségd‘tymal_ steimses _!le (EﬁC,fMS_CQ)rIsis doe of/the tdngeharebe encompassed in this
ianﬁtEdnqg %B{%"iﬂ sdifag%r@%'ﬂtmétéﬁeﬁ Whe aiﬁgreﬁﬁ%'éa ﬁhg B'B'fh an asppr?priate

osteoblastic, Or even precursors and progenitors o
autoligeud telkaridéoran dniphopsiateasiiogendic oelbthatshasi kgten tizasiogped taa
colp BRSNS el tspr D o BRIE ol B o o7
caufingcd geafiderddadwat repotiart i ¢ cel s are cells, which can

differentiate into mature bl ood cells when co-cul tured

W th osteoblasts. Specifically, a process for
It ipion jretpace nonceivablesthat amengetherzellitypesttoatenayobgtiansiermedtby

forfnsPEETEY b Enfisoh, 0. B cBuhitiiel s 6P rsffice Tnd IR eing
co-@_gltu;@@)wﬁb perigrantial dj@a_mgmtdksuﬁe@ faetdrsateriged from the periodontal
Iigéﬂ\éﬁt%@@é’, 59@%@&&9@%%&59&3&@} Sreveh %recursors and progenitors of

osteoblastic or fibroblastic lineages might be used to producer PDL cells.

Processes, compositions and uses of haematopoietic cells have previously been
disclosed. Haematopoietic cells are cells, which can differentiate into mature blood
cells when co-cultured with osteoblasts. Specifically, a process for propagating and
maintaining the immature morphology of a haematopoietic cell by co-culturing the cells
with osteoblasts as disclosed in US patent # 5733541.

The osteoblasts provide cytokines and/or a microenvironment which propagates and
maintains the immature morphology of a haematopoietic cell. Haematopoietic cells are
useful in the freatment of certain blood related disorders and are useful for treatment of
patients in need of hematopoietic cells.

CONFIRMATION COPY



10

15

20

25

30

35

mai nt ai ns the i mmature norphol ogy of a haematopoietic
cell. Haematopoietic cells are useful in the treatnent
wo@Roocmsd2at n bl ood rel ated di sorders and are usPE€TIDKR@6/000533
treatnment of patients in need of hematopoietic
cells.One of the ains of this present invention is
actually not to nmaintain the inmmuature norphol ogy of
opoi t t Lif, LAt e
Ongeli’g'nt ﬁ% ?’th? %r'ztln?\}%Hthtt %hﬁ Sall3§ g?ttﬁﬁﬁrﬁ'ﬁ@ etﬁé“mbﬁe
momﬂmrgyrgf l’mamainpewtlc etllss béitrrathet teetransiifferandibtecoesenohymal stem
cel r@béﬂ gsa*or&%t;aqlc?hfégg%c Rl &%B‘! c?e%?romﬂe‘ﬁﬁlblili%aloéord or umbilical
i‘nea |ns ance exposure , or
concldmdct) uostéebhilastsand calle of dlheagegaalrbmforunswwe byrexpesitreta or co-

cul Jrgﬂngpﬁerri'oggﬁ I{@mmgé F]Fa'((::ﬁoiérjﬁgrtn'ep;%n%cﬁ'@ésl h[s; %Rtgt%is[fe,a}n
ordeh tn/wbtglmarmemhwmebqbemssil with oharasteastjze sticassiibwihg
cheSatsgg %%r%%glo 81.2%5}] Eﬂ? aﬁc?gposttéc{z%‘ggb?%\”amre%gﬁ'lreetfﬁ’?ee%howmg

i On 0 Sral 3t ot
decrea$eqwmuésstqncnﬁ bors siatopratgin dBSA) iekealtiDin acelll population

| (AYART
el B BAR TR BBy PR S U s8hdnymal
cell thgamweriodanta igaraéntselld of prriodomtaldigameht stpotaefis. adul t
progenitor cells After injection of single nultipotent

adult progenitor cells into early blastocysts, the
Injeggioh ©f mettipotestiadliit pyoganifor ¢dlist e t o nost somatic cel |

Aft%ily :H{%%tuéd{ ﬁ’@ n@lé m%ltl ?tlregf %‘fﬁeftjﬁ(?%eonlr\{g{: %ﬂ% Hto eQ@PSIa%%E)F v tl'(\je cells
werenforoah macmttmigmtoonostssmesq cellypesafsorh @l 3i gesméawes rhlweb\eer
vofd RSy AB AL RSB M B RETRY ghnon
herhagapic Sissuss4sych asforinstanes muste tisssiel as desoribesdanVicKinney-
I

Fred ot ok, BtcfER ot J48lsPn"RE, S AR (L 2002)
99(18¢hayahu D et aI , Calcif Tissue Int. (1992),

51: 195-201; Benayahu D et al., Calcif Tissue Int.

(1991), 49:202-207; Mathieu E et al., Calcif Tissue
Ostegblast-ligosEjls hawe Bsp @aelved Rithinestromsl Eyetsiandraharengevierale

ph%@{t)ﬁ%lﬁréﬁgﬁétlcg @t s rbrﬂgﬁceﬁwﬁﬁs g%ﬁ\%??(@ Iﬂ%FQIe 'cdidif Tissue Int.

mar kers i ncl udi n

(1998b S HDO20d; Bendviahy &ret(@l,) Calmﬂ Tisste Uﬁ)dﬁﬂiaﬁ &202:207 ddathieu
E éi”él | BSEFRREUd fit. 3?952) sg@é@zog-p@ep:& e #Le ¥ hGlhe arrow

characteristic eri odon At stem ce or
streyaali sl §nesPMS2 shatern nlé,fBIP@PFst opigoblasfi markers ingrging blgh alkaline

ph%zaﬁ«s&%el &g eW@%t.ﬁQ@%ﬁ LS aRiHM&lsB ﬁ‘oéﬁél Y& protein

tected in a murine stroma
(B&)s whish Mﬁg:hamtegg@;@f aRgsiodgrtabligament stem cellor perlodontal

ligament cells. In addition, mMRNA for osteocalcin, a osteoblast specific protein also was
detected in BMS2 cells, a murine stromal cell line, also showing increased expression
of bone sialoprotein, also called bone sialoprotein Il pr (BSP) (Dorheim MA et al., J Cell
Physiol. (1993)154:317-328); according to Dorheim et al., even pre-adipocytes and
adipocytes may exhibit these osteoblastic characteristics.

In a series of experiments using several stromal cell lines, Benayhu et al found that all
cell types examined (MBA-1: fibroblasts, MBA-2 endothelial-like, MBA-13
fibroendothelial, 13F1.1 cloned preadipocyte, MBA-15 osteoblastic) possess some
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of bone sialoprotein, also called bone sialoprotein Ii
pr (BSP) (Dorheim MA et al., J Cell Physiol.
W@ 1®9836232: 317-328); according to Dorhei met aPCT/DE@G/000533
pre- adi pocytes and adi pocyt @& may exhibit these
osteobl astic characteristics. In a series of
ostepblestiofeatusesu bitrdiffered ér the degregrof exwession (BarayatBel &y al

sy T HPES 1% 9 PR ol A . e,

49208:26@h didtasdieen fount3at recambingn hpm@adiope ayarehogeBis-protsin-2

. | _ :
npbfsiLasHclyaresete, pBTeLes) gakurybad ey oo
magtiow, trabsplantation §smlments cleqmmorfsﬂ_ra@%atz&wly foemay bone D
maffowdtr Bnug%l\ cfneTér(%%H éorﬁ;om ﬁﬁu r, wﬁe%%d?r%ﬁg arel&f hB&s

een reco i nant human 'bone nor pho
origin ¢iRedidi-Ab1, |G¢djdj{eéai R§3§t @@5“)&1@09022& Ketapkati Htl$td\dR1 (ﬁllrt Qehop

r cell line; and ectopic marrow
Relé{g‘%ggﬁg a??%n exp |rrents clearly denonstrate that

newy forned bone nmarrow stroma and bone are derived
P Oy ARt o0y P
ostephlgsts progded bmobsmpatms that Releoprogeyy celg@ightie ﬂmo)the
borllzéjﬁ"nta%\yv §¥vé}]§lqﬁ\?esﬂéat§rsfﬁéqg'é|1@gﬁ hat b8tk ﬁiﬂ‘?@gﬁ‘d transformed

mat opol eti c tor ce and ost ast
borpﬁ marramﬁrgmab@@ibroaatauc@wse the asteoblagiaphenglyne @ doowfdrmatnon is

ob%,‘:31 Vegzl lﬂfﬁv% Jffeﬁmmﬁlgﬁa @I‘ tﬁ@sreré%‘l’fé mﬁ?&ﬁﬁé#)n blﬁ‘é{rgﬁ%rk g@ﬁ&frﬁdls et

and transtorne
al. mwls&ma&m 060%1|?49§1ddn var@qmtrb@twm@f nrestadhierent fow-density
boM‘ﬁQﬁBM%ll@ﬁ R flfe@ daﬁ SR %%g ihtB o‘éﬁé?{jg@f i@ cells,
[ antati on t hese ce S|nto dif ion C ers

Wh(CtBCiag arineralize féﬁlf gtracelldar maigix gl-ong et 36 819900 ppisdl)et at.,
19%2_ vitro incubation of non-adherent |ow density bone
rrow cells in serumfree conditions can al so devel op
into osteoblast-like cells, which can mineralize their

Th@éBé@ﬁéﬂa’tﬂr?Heé'@beé ¥sddrfl g: thé O%Obla%}escr%gﬁ &G RiRhdting

bove |tera ure
cellsdyaneduging cutolinessandqstineracters thatsoay aid insthe partieulan stimygjation

of IihatdpdidtidPInedy&d g cytokines and other factors that
may aid in the particular stinulation of hematopoietic

| i neages. The scope of this invention, however, is to

Thé E&HeCor#ni§ Hivenfion? BoWe @bk ¢ Brehidd a:émy.éé)ﬁséa% |5rﬁm9§'i'll3!|_fo9fhe

dental djseases (such as periodontitis) such
repgis|of deripl dizgasss (RUch apperiedrititiviseieh 38 iPEX- qeftaer eglis Méth PDL

chafBdtefiftic that leltREIaNS) Be Of dIIBhEheidTBridhi, Sn&lrd PRk Fe, Bt
preferably not further down in the lineage than the level of umbilical cord or umbilical
cord blood. Actually any mesenchymal cell that may be transdifferentiated, for instance
by co-culturing a combination of a human periodontal ligament stem cell and either a
stem cell originated from the umbilical cord or from bone marrow. Alternatively, any
mesenchymal cell or stem cell for the purpose of being used as a PDL or PDLC may
be isolated and cultured from the periodontal ligaments from the molar teeth or from
wisdom teeth.

Summary of the invention
In one aspect, the present invention provides a process for propagating either PDL
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preferably not further down in the [ineage than the
| evel of umbilical cord or unbilical cord bl ood.

wa\etoaabd2g2 any nesenchynmal cell that may be PCT/DK2006/000533
transdifferentiated, for ingtance by co-culturing a
conbi nation of a human peri odontal |iganment stem cell

celiendirestly hawested from tbeIteetlmrasgomasteapeffpbﬁutpheoummd ioc,adeally, a

e ERPRBFRT ke RS o 8o oy e

SPe@fmlIﬁmtcathlem_eno@oml_remnayar@eevee oncie specifivally inta thee:@ntal area
forlth@RdtBR aRE o RAANR|ect) %ﬁm BerobBiRal 182 BPU A 1ed i CLdbeblaly

omw s nven ionn
us'ag pels of mmnphmai rtypasmngrmre ispecifinallylebthe FrDLoc'zfd%BLCﬁ tire or a

celpﬁme'dqg aqi[éthrr PIEQ?C?HE gdegg g%ehﬁflé(tgatbz%ofcﬁ%ﬂng stem

celiSd@aJrﬁ_aqurscms de@@%g‘r&?rzieapgme)dor&;ldggm\em wnﬂbmeb@qhgmtstem cells

fromﬁg uﬁyﬂﬂcai%?&j {:Pfrérh ‘Phé’&rﬂbili&ﬁ‘\ébﬁd%lo&? G $RGRH Hofifthk Yoint
Into e peri O egl on, ana even for e

of theexpreassian |of/c¢rtaumpmokmnsj egaudtingan e andsenchyneal celishaving thed

co b1 §0iderdio LT o bl S0 a0e A L PRichlE

DRior @D-SgenegativealOD 34 1), Lihevosa'me gin P)I:)'Lfby-ﬂinoeitim (Bhye®t)) Stro-1

poélﬁ\?é” tr%rmdd:ﬂ3ebo€ u” ) %Itlvzhb bBSifve CH %ltlve and

ated CO-CuU en1ce S or fecur

PrQiJ@ny\ﬂé@ $|'r)b4ﬁ/Mhlé3 b%bﬁ)&b’fdl@r(ﬂ&mﬁll\@%é&ﬁ) \/Wl”lehe ﬁtegemjhymal
orSe RS Byl B8 REHOTR 63 o 8o PREt iy g ae
mudtipetentali sfis of m@@fmcaymabﬁt@meﬂsor nremnmorsf@erlvnd &rom umbilical
co%?ﬂ&ﬁh&rﬂﬁhc%}%r‘d%ﬁ@” ng the capabilities regarding

expression of protelns such as at |east HLA-DR
positive (HLADR+), CD-34 negative (CD-34 -), Lin

D &% the-i Thy-1 positive (Thy-1+), Stro-1
lgplgéﬁr}ave é_Hr%(()eilﬁlo'}r), CD13 positive, CD44 positive,

ThepxEsepidayantipe relaps o p oovelicoaceph ang mebmgs orabsaining mammalian
meSBAGRAM CeIliBieB @t have cl‘aﬁ%@ﬁ’%ﬂ% PBL tdus. THE %@IIssétﬁgfhed are

cells or progenitors esser | mmunoge

ang will gontine tgke *t"e“ﬂﬁ?epcfséity? (Hhé‘tDR"ﬁe(}Daﬁwgafl‘ée (CD 34 ) Lin-1
podliild (LROA $W‘I‘h?-'1 Fﬁﬁ‘tll\lé fﬁy TCQS@?RB @snﬁﬁe 8 R@ } 5-%@D13

rogenltors deri ved ron1u COT

POWN?I GD441pogibvey Q@%@psﬂmﬁs@%% ap@tl\@r anoH@robahhe ﬁlsp GPHRAIUC
18 BB@ﬁ\?é"(‘CDﬁ%ﬁ\WUCOI@ J)%I?és%%eﬁ@ar% d?@f‘é%blﬁgé'ﬂb‘a@ﬁtaﬁlﬁ%n?ent cells,

for obtalnlng mammal | an neserc I nes
or PH’&QtUWanéVW'QéP@N ligemest siempgells @@Pfﬁ?fam}ﬁ gf iype hgman

pel?moat%ybn@érﬁ sfem c¥is! (hPBLOE) &tﬁﬁnramr§ @trahé‘rc&?%égéﬁbwrﬂa cells

negati ve (CD
from cord blood or preferably from human cord blood, for mstance obtained by co-

culturing for instance co-cultured together with periodontal ligament tissue or factors
from periodontal ligament tissue. The cells may also be of osteogenic origin that when
exposed to or cultured in periodontal ligament tissue or factors from this tissue, would
show characteristics of PDL cells. Periodontal ligament cells and/or periodontal
ligament stem cells could in theory be characterized by the expression of osteocalcin
and osteopontin and most probably by a decreased expression or even lack of
expression of bone sialoprotein, otherwise normally observed in osteogenic and in
chondrogenic cell cultures.
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positive (Lin-1 +), Thy-1 positive (Thy-1 +), STRO 1

positive (STRO-1 +), CD13 positive, CD44 positive,
weDBo/opast ti ve, CD73 positive and probably al sSBCT/DK2006/000533

CD146/ MJC 18 positive (CDl4g/ MJC 18 +). These cells

are preferably periodontal |iganment cells, or inmmture
The teltsyhayinge? Dlo duaracieristicy aressititabledon usel forsthe regairedrdreatrhgnt of

: Der i gament stemcells (hPDLCs)

de@tﬁl é'%&g?%lr@eggg?@@rﬁgﬁggﬁﬁéesenchymal cells fromcord

bl ood or preferably from human cord bl ood, for
In 6rﬁ_§rét%| Sarlrggtp?éd?&??lg’}%ﬁ&#ﬂ\ 4 Vég’e‘ﬂgrafh? éﬁrb:ch@é‘néﬁntes onsasnﬁl
prodiferatmtqﬁnP@Lfaedjsrameessedhahtwese rt)g:@mﬁcellsmwepaﬂrhethompamed

perfStont BGarREne? e o pRABHIS Hd ddadrd i) 2 oFHRASHE tfe for
insfanoenptduiuse cemsoiem linsingdhes ﬁ@wshauacwlmrths boresang mawlbe
oot Trreath BERRcHla) lb@ARERLe B BAflg Yol BEBBAAY danger
of Hzgmg lost dugogssipdantief ost eocal cin and ost eopontin and

nost probably by a decreased expression or even |ack

of expression of bone sialoprotein, otherwi se normally
Acciyding e this invertionotfyess EDbeells, whighdingtrob gearthe spedizlized cells,

I
A G el RE b 14 BRCURINAGLER bEURES e repay
de:thrlbed above, eggieeas far Inptapee pemﬂuntums etd. K waulteof coorseldteai n
di L

pregec{ﬁﬁlg i %@Q Sllﬁﬁ§rhggm¢onrr§€%ﬁ%%€§led ﬁgrlnqﬁé 'te\é?h sth as

esl on an pro are essent’
theTwiedem tggtie st the semkeltisnenasy itiepdiactddosh thatfie eediel can be harvested

mrﬁ&ﬁléﬁgﬂﬂtcﬁh' hit%?'\mt'ﬂtc}ﬁe Qﬁr%tion BP{hiecég(‘&Q&%& kootiRB5h be sent to the
Tsorders dlike) and at the same time for I nstance
labpratery i Twearatt mediumikithin far finstarice 2éhouts asiibe WLeells gan be
nalYEREA 30 otk S RARiaRy & RplrBEerR i AR fank for fater
usglanger of being | ost due to periodontis. According to
this invention, these PDL cells, which first of are
the specialized cells, which will be the startin
It eyt ke pogisibleothat etbercesills ceuld baused fﬂdﬁhQ:%ﬁmQ)DUFOQ%QjSli agt he

autﬁﬁ)?@bé ordﬁﬁgéhé?@ gst@m?@s I%Vf%t&sfrérﬁ ithdrihé& ne or from other

I odont i course e pre era e
bone strucére opahe Batiest These BlesepyMahRigAiTRer dRiP VEBIoSENIAr GRS,

m:éH? %IsB%%tJ%ed $1%he ?ﬁrgb%hg Eéa*iﬁﬁ% Eé’ﬁgd&nﬁﬁs E{EeYéta%tﬁér'ﬁ?oup of

It I's extrac e cells can
celﬁawb@Btn@ay bengesiyed fremya mHltleewmmeser@hym/aHﬁem W@" originated from

the%ts.f?&ai £SO PEnd iRbified Eé\etm‘&d fAich e@tﬁ& &b‘alosﬁé‘&ermdtae%n

boratory in Transport nediumw thin I nst ance
autﬁ[ggpgs 69l(takea from stered|umbilipal epsd blood and used to — later in Ilfe -

repair periodontitis in a patient that donated his/her umbilical cord blood at the time of
birth. Or these multipotent mesenchymal stem cells from umbilical cord from other
individuals may show lesser tendency to be immunogenic, and therefore useable as
“donor” cells to repair periodontitis etc. When such cells are used they have been
subjected to a co-culturing process, wherein the cells have been exposed to or cultured
together with one or more of periodontal ligament tissue, periodontal ligament proteins
or factors derived from periodontal ligament tissue in order to obtain PDL
characteristics.
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harvested and either cultured i medi ately or
deepfrozen in liquid nitrogen tank for later use. It
worean7/0862pnssi bl e that other cells coul d be useRCT/DK2600600533
same purpose such as autol ogous or all ogeneic
ost eobl asts, harvested fromeither the jaw bone or
It waulshbeotvitiain theosaps tof this invention thatene aould wb-cultreseells suitable to

actargggﬁﬂggéﬁggé g L(;?fr\su{}vﬁlg[)’gﬁfb%@g?%i]an:nge%gﬁir:ﬁy%al B‘Fécll.lis‘sor %I%%.g.,
anpmaimatiam tieseschyatat steivetells sachhas adpltongsenthyradll grecurkorcdells,
b 4 f |1 .
Bt e i’ BT BREF TGS b wir
multipbtent oakemabythabstemdzells\for dfstaxicelsech steal ckllb erigieaied édnas

i o SO0 e R 880 A Y oI 6 i co
culpeed callonitabledor usedn et repait oft esiodoiditiat etd. hi s/ her
unmbi lical cord blood at the tinme of birth. O these

mul ti potent nesenchymal stemcells fromunbilical cord
In drdemtoaidkein aipedodantal dipameniystarhoell pemdationt erelmay go-colture the

H H . : . | n n . tO
b EAIPRAFALf BB DEHGIONA I3RON 6502 oefS0Ea gl
proteims; ohfactordFem prribpentaldigamenttissue aith ton mithoutpine cagent of

i | . ,
oo o i 8 15 B0 AP e B e
cellsiiis theeperiodointetigateint tissyemarvested 4o be addext tofthe colige medium in
R STRBFEARY501 o LNREEL S T e e
PDEcelis ltd$ antigipatédh thahtheaulturingt man eange diloch & shartitiyratien exposure

of thé lcleffs' tﬁ%é ﬁ%’io%lohﬁal ﬁ%{méﬁ tigﬂe &‘%Irétéilng,rto (Fa)%?ﬁbl% terams'iB%rof a
manmal 1 an senchy precursor cell's (e.qg., any
celhauittirel ineultwre enediymdiat ot leastoohtainsspericdantabigament tissue,

; , . i | .
re TERRNAMy B ASHS SPlaohl oo STl Bl gl B %A
amountalicelis ayeieeh obtaingdpBhie cell oultseing metieddotigy eouldibesused on

: _ | > Lical
ek b8l P AU BB BT e sk R Byl or
blogde Taummesrnshimal stemsetisiirend theumbigcal catsl @r franr thegembilical cord
iobd o4 Q6 i P REEAAFIR k! By B! el iRl o
factops defivediteerepl maydrdushymasendivaral siem eelizite nblgiy pasiodentalt

Iigépﬁ&ﬁ-ﬂﬁ@&?éré&éﬁ&ms RRE HRRY Rablb SRR M mBAME Witﬂ%r without a

actors from perjiodontal |1gament tissue with or

scaffoldin the elinicat apnlisafiondpr iseairing end seoeperatisg pededontal tiggue.
may be rather by first elimnating the presence of
viable cells in the periodontal |iganent tissue

Staigvestesd + Hapealian gtpseachyndl eelist ure medi umin
The PDL cells as well as the mesenchymal stem — or precursor cells of any of the

above combinations may be differentiated to PDLs or PDLCs by being exposing these
cells and/or co-culture them with periodontal ligament tissue or factors derived from
periodontal ligament, which may induce the precursor cells, or keep cell such as PDLs
from de-differentiating.

It should therefore be understood and be within the scope of this invention that the cell
types described above, may, when exposed to, co-cultured with and/or induced by
periodontal ligament tissue or factors derived from periodontal ligament be
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whi ch the nmesenchymal cells are to be cultured to
differentiate or transdifferentiate into PDL cells. It
WO 20081086282 pat ed that the culturing may range fPONDE2006/000533
short duration exposure of tthe cells to the
peri odontal |iganent tissue or proteins, to a conplete
differgndiated @n trefisdifferehtiatediot RDles orPRUGS, upeif thegiftom thieatarkin fact

ar POPS e WPy BTk B MsPantiole 3 Bl 1BRBjeg aggpaonta
ligdraarttitinguesenfactarls deeivéd fromtthis tissieuhay, ovhentusadinitie nogdium,
R Ao E SRS RS LIS 1 gt
cordigrasult th PDImort deds baving theadanueoaldlitien @s GIDLisr tomertabie the use of
thefp B B b B BB st he- a1 cai cord bl ood.

together with periodontal Iiganent tissue, periodontal
Us!n:qgﬁégg'l% hogé %%%/r@%g %ggg%rn&%{a%:ia%[ez‘th% ﬁ‘[\/’g?‘%ps ttohc%litﬁr%f ostdBdYasts or
prqgenitard oﬁosiécbgegiwrgaﬂs,-asl fokias‘gahee aloiaia!ad by iexplantation btis'oﬂ)giaes
ol AR i L g PEL BB I G, St e Bl i
fromabe petient tnige gevalapedrio HDLsios selts. witht RPE belgaviawtr dorithé treatment
of RUBRCABN S S5 BEIheF g B0 GEbng
autohgoad celemptamiatioatmethsdaiegy, veenbhé basne aatesd te prirP@iycultures
of IgbL?DLCS by bei ng exposing these cells and/or

co-culture themw th periodontal |iganent tissue or

factors derived from periodontal |iganent, which may

L ; r S I S
PeliBA oo RIBINS Koo Weranduut B IR o §it0 T PO

Sourcdef perasthntah gdmentitissiien t he scope of this invention

I i bed. .
Tob 38k B R 5 7 B AR it ph 3 g
detivegifrasm periddopiatligaménis may Yedé aitologobis, altoganeicoeroenageneic

orig P BT Bhacglfed b RAEBU Bl Seinh 1RHYER 115 BRediZh B sPine
proReResing ofreitber esdls fronvpgriodoniat ligaenedt, f themerioderta ligamentsarfactors
naliEia B ecRE] affitBheisel MRIERE taiesy Gufliad Shahag ot
unggrgene disintggration eé enyif the necessanyl ingredingtsmesded foy wihtaining and
, . ; Ll | , toi .

poSSHfFtdr PidiahingThe ERISFbok R IS eLiRSbricaldo sl
themselves as iréiisfon PLiL&s. Buegaskient fophansting dwoprriodpstal tissee is
ded&hBE uhdé “PERRSS IFESEARE R R8N GIonHR Yis&aab! € the

inventors to culture osteoblasts or progenitors of
osteogenic cells, as for instance obtained by

ThEYBGHYNE ligdn&it tPbORSEEH the culture medium to induce “PDL effect” in the

cultured cells in question, can be harvested for instance from molar teeth or from

wisdom teeth. So, the periodontal ligament may be either be harvested together with
the PDL cells already incorporated in the periodontal ligament, or the periodontal
ligament tissue may be depleted from these cells, and consist of periodontal ligament
tissue, or even be factors derived from periodontal ligament tissue for future use in PDL
cell culturing or in the attempts to transdifferentiate the other mesenchymal cells
described above to be PDLs.
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froma mammal i an, for instance fromthe bone,
especi ally bone structures obtained fromthe patient
W eoobe3ctax el oped to PDLs or cells with PDL behB@i/DKER006/000533
for the treatnment of period@ntitis later on in the
patient's life, neaning in this manner utilizing an
ThisUpercigatas ligashdnt tisgiea mhath momgwtmdbilsdrgfpntiammay baalefiged as

on Ry 5 A B IS0 BP0 A8

(infendext ter beotfiseidlis. P[Hocelisk Tiis rpey be)dmr&dadedp fopxee fe.gt Fardnsdance

i RfoBEi AR Sf ubalt ARG PE Pept PRI Hixdd 24, AR btRIE

grawédh nediium &dultliiegaedivmsinvehictbihe aklisaredd dg @uku,lredafdrdm:mpose of

e glnd PRIt G0 e B B rfleynaTE ST HEF PR BN B0 e

differentietin orgravisdiéetenting atbkt seléatedroeietto bel«:mmabr toirgeameieg PDLs

or PRGBS PR o BT o 2 DR Pt prse o

factoralibm Eaniddbiatd! I@ameutscuahgmnerddigsli bH t@daﬁsi gnowthfmedwmo\fvhich

wil RGP 857 3t AEHES il S DEREG P Bareg. 200
PDLCs or ceIIs expr essi ng therrsel ves as PDLs or PDLGCs.

As ég%fol%é gg&ﬁo%gthﬂﬁﬁbé&?altlﬁgmeﬁtg t‘ssggt\%g{‘faj métérf?@éu@edles(ed from

cellsgrmayiaint &k collestase tharatterizast artdjmd@i eltmegam’eenused)tobether with

culﬁﬁ% %Cégﬂ{n]i {be%ﬁtgtﬁt E?en%ﬁgrhglr%eﬁlg in J}Qéﬁs UTI;]:)EP?;L]C &h?rla%tenstlcs

ure arves

res'uh'mg amsad Celb popuidten tlnaiemay ke ctfaran’uemed@@ra pesiotibntalSigament cell
or b e SRk L3R e PRl B 0508 Koo oy

difflemup’mn fmfnmalendzhygmireeits bydhe indactiverusedd theaperiodguatabigament
S | C . '

R bt o e

inceeased edpresgion pé@atfmp@ntuaand! pgtaneaitin and deeredsad éxprassion of

boﬁg‘giﬁfgg c?%?h r(éé%nllzagt%g léﬁ?é){jbg%s%{on rbléo[}%{@& B?ﬁ@glﬁllo fotein 1.

descri bed above to be PDLs. This "periodontal |iganent

Hab}eg?é'r?d;pre\é‘@livgfb QFifidHartRs i S i nvention may be
ef 1 ne

~as an Inducing mxture to add to a PDL cell
In erdex igrudilize peripdantakiiasue liryhelamasints thal may be peedastigeidet o

ind @tldﬁs ?rgn?oﬁﬁéo Qlltla‘ﬁSllw bﬁt)rans}_é}h'%tlgmﬂf H@sé{cﬁgr‘ﬁgl daen %585&“

, Tor instance iIn trogen t or use
pemol,onteé ligrraentgelison gejls thak mytb@bevewléqe peripdorfaldigamant eells, it

gﬂ%‘g‘gﬁg% d'é?%’r%taﬂﬁgs g S’gﬂ,@e tdo%eWeﬁQoﬁtHS 1t btratted alive

(e.g., extracted wisdom teeth collected from various dental clinics) as well as keeping
the periodontal tissue from the extracted teeth from disintegrating, most probably
meaning that the extracted teeth be kept alive and in aseptic conditions to prevent
microbial contamination (microbial contamination could be kept at a minimum by using
as aseptic methods as possible and add sufficient amounts of antibiotics and
antifungals present in the transport or culture medium used for storage). Sigalas et al.
have recently tested methods to keep the cells of avulsed teeth alive. Many solutions
have been examined as possible storage media for avulsed teeth. Sigalas et al has
recently reported that when human periodontal ligament (PDL) cells were exposed for
1 h to culture medium, milk, Hanks Balanced Salt Solution (HBSS), Soft Wear, Opti
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keeping the PDL cells fromde-differentiating to other
non PDL cells, as well as differentiating or
wo e@n®shi2tf er enti ng ot her sel ected cells to becPOEDERINGO00533
resenbl eo PDLs or PDLCs. Sabd nedi um conposition
contai ning the periodontal |iganment tissue or factors
Frdfer amdl Beloi Catecbatiact lepmsautions catoreriepant taglwatére atmenh as

orf A AR B L iy DR Df Py rind i P
exchesan iebkoiqps, dnimediltaly aftérexpestire (bink aid atuzgaamelms i, ites ue,
o RahAC 0 S8s AL P oBAB8 FO Rggen o o
Dehb Jeduneaton{2004c20:21+28). ffhmstudytSd)owad that élanks Balahgate$alt

o e, AR BB AR5 b . 1
coriedvablettbat many ctherdypes ofedlbure sediung svithror witbolit the addition of

per@c{1 ?\%&ﬁ%mg ltlgsd)e r?@érg fré}ﬁﬁﬁe szFte E%oggéljobably containing serum

r'Stics ai ne or |n$
proteing. dheréetht the rpefwdmnta‘nhgameﬂtydatedcoelM er thg pefiedontal ligament

tls%gwd%}n% §?ébs eegzf g nRFOQER tal ligament tissue can

y showrn at said PDL or PDL like
cells will show i ncreased expressi on of osteopontin

o ik 3% RSP i S95ERR RS, SISO E D BBt L cels

si'al oprotern expression 'S
haveo de-difffemtipecboradriftet! | the iHger baret sialoptoipire@isovsmesibane

oAUl e B8R b ol BATRL s cuures
in factchre pstenblastssand defthiolyaot PBL icelis. oActballynwhen thetsialeprofein Il or

Bsggﬁ%ﬁ%%né@m#lﬁf EA s}im\%vﬂ t& r&%%%% (ﬁ’férlé E\q’gfg tﬂgt hé %[le&'il culture has

S Oor ce erio
chariggd indn osteebenic celts (emy, dsEObbetsﬂmirqont@lproe pan &D4.C-

dlffgfé%'tlétreﬁi%e:@éﬁ&@;ﬁlnél %e@% hgleL\}\lsM%én{h%@)V\tl eﬁ%h Je%lto %%ﬁ‘i’stry

w sdom'tee ect
(1908), i26623dé28al). cherBS3 protain arddded dy ithje pemglsmmajor structural
oo PSR 1 A ek ) T AEHL i Boencus
protsing induehn kanerandds Rypihesided oy skelgtal-assasigted cell types, including
L e n . .
R Al Ry B U Bl Al AR Ty o s
to ealdivig and hadepyaratiteetia de acidic apursatid @Iuams aod mediates cell

attacéﬁfrﬂcén@’clﬂﬁaﬁ haiﬂJR@ste‘&Leﬁd%ttth' r@E+ e@'?ﬁe @ﬂf)hééﬁﬂg@éeﬁtor The

E e transport or culture nedi um used
BS tgﬁnag@lso BlegtifiessasegensiD: 3380 and express$es integtivtlinginohods

snafgg &uiﬁﬁgbéﬁeﬂ&lsbjofeﬁ 2l VEHISEHorieEShIBortdi éth f; at¥idVfated to | SP)

ns have beerl exam ned as possi bl e storage nmedi a
for avul sed teeth. Sigalas et al has recently reported

ex e pie ?uJWZ%Hd B PRk Benk! EHFBRIydiEHal tHe®XpresWBh &f
wtronectm receptor also is presented in chondrocytes from both Osteoarthritis patients
and non-0O.A. patients (own observations). However, this expression has as of yet not
been tested in PDLs or PDLCs.

It is also within the scope of this invention that the cells implanted for the periodontal
repair and/or dental repair may be autologous mesenchymal stem cells, precursor cells
or progenitors as for instance harvested as stem cells or precursors from periodontal

areas or periodontal ligament(s), or even mesenchymal cells originated from jaw bone
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1 hto culture nedium mlk, Hanks Bal anced Salt
Solution (HBSS), Soft War, OptiFree, and Solo Care
w@onwras23l ens sol uti ons, Gatorade, and tap watBCT/DKR006/000533
roomtenperature and on ice10 The nunber of viable
cells was counted using the trypan bl ue excl usion
biapeiek st be differantidiesittewvgrda s vhepexpesed 10 peyiodordaldigardént

.and I
tlsflfélzs Fﬁ%egb{? é/?‘??eﬁlé @ tthéoer{/ Qb%\c’:@tu‘ﬁ gﬂﬁ@&ﬁ é’[lsé qa% e&ﬁlahfcdf@?e
tedbenlogy r eapand oleseictyon) cals: a2 1athg) osteldhla§t$ ougdrecytsorsettiereof
o bl O SoREAREE05RLHS S AL 804 Hiehatitn i Bitn
to mpai petiedonttis, leéd. many ot her types of cul tur e nmedi um
with or without the addition of periodontal |iganent
tissue present fromthe start, and nost probably
Thesmeelis mayghes@peniedito furihes difftentiate dnto mmalwrmmhmal
celié g@ﬂi@% my @Ab@ﬁ%%eo%g%édén?ﬁ#ﬁfﬁer%@ﬁlp&qgﬂ sts,laélrgau%a cell
idemtityribat resenewesamlarrmhahag mesanchysidl selhlme, \mlmch can be identified by

cofl U B 6 DL 1B 0 BT oBEU i s L
pogitives@d.inhik d hipdneositivel(diny-tt) eand §tro-bposdBre) (Siiot +)bé:D13 positive,
Clj4'3f osMvE Cbl?ﬁﬂfp WéabeS? oatpgs dd&\g eec}sﬁﬁe ‘Fc?rlén%EheEBTtein,

cuI G ed afe 0S tainl
CDfléBIMsUCN:thuahézgqtlvmrcl)?rﬂe(adwah‘@mp@tem markerpr BSP can
be identified (or shown to increase) one is aware that
the PDL cell culture has changed into osteogenic cells
It ig within thepsgopeloff this wventidnie arrivelat ong onggyeral mammalian cell types

th%@?@rﬁéé@fgﬁé}&@g@mﬁ%ﬁgﬁé’ %gﬁ‘glﬂuﬁaq'lg 1‘8‘35 t &aY}élng rejection
of theSrapspianted B )impiahiedBsts pr podice @igr aftes Togt 1(<EVlsl) tpisregion,
neféi'geﬁ%e%@é B%tldﬁé ot iﬂh@ﬁ@%ﬁéé}(}o&} { %&Q%sﬁ?hfehxwutr{&ut

roxi mat e 'he noncol [ agehous
turping irdp immprializgeeall liase and i s synt hesi zed by
skel et al -associ ated cell types, including hypertrophic
chondr ocyt es, osteobl asts, osteocytes, and
Whest using %rslvryonarm%epmmﬂl sten) erlls erdmﬁbhtﬁtlmeme@Et@ﬂR@rl@WntS

in &E@'ﬁﬁtg fo éfév@’dptrﬁetﬂeaﬂfo? cé‘r‘ﬁ]a e o?‘@' A r@ﬁ%@&ﬁ im encgtlonhwﬂh

tes ce attachnent rou

mb@mghmzwchw@aw@m SRl Shob ﬁlﬂairtheserr@llgaaygetﬁ@ the
fuﬁ%'tl&?of tijé?'ﬁi) rﬁirﬁ%@lﬁ & ?ér@atl go AREd %ﬁ@ c?e?ﬁle%esodern" <o

I nt egrin i nd I'ng Sla proteln bone si a OpfOtEIﬂ
ectogemagelisonis Imrrmr'@bmt kehaviopr apassriey pa fasatomgs ipsmignifigant

an’(b@HﬁofFS"Cﬁb' i bMdér‘ékBan%nt@\f\WéFE %élﬁ@n@%a@ﬂeﬁ Sdnela¥Riafly

he expression O vitronectin receptor also is

Inqslp@% 3\%‘@ impartlized asra@maés( W%ﬁaﬂb%tTrak@Blfaedeﬁ@tmﬂ T.iMiyazawa N,
|wé}¢atgbe|ﬂfr§ké%ds NRBaFakle TR %h@ah@%l;ﬁ&ﬁﬁétﬁféby QIOB), 42:162-

However, this expression has as
165) lndlcatlng that when using more immature cells, for instance for the purpose of

producing periodontal ligament cells, it may be more advisable to use mesenchymal
stem cells from the umbilical cord or from the umbilical cord or from umbilical cord
blood instead of using embryonal stem cells for this purpose, because such
transdifferentiation may actually produce tumors, for instance such as teratomas.

One of the main limiting factors for increased use of human umbilical cord blood (UCB)
in adult allogeneic transplantation is the small number of progenitor cells that can be
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been tested in PDLs or PDLCs. It is also within the
scope of this invention that the cells inplanted for
wao b@7parsndont al repair and/ or dental repair nBGI/DE2006/000533
aut ol ogous nesenchymal stemqells, precursor cells or
progenitors as for instance harvested as stemcells or
coliectedangdnfasdd. Gnveraxpdinsioradf WCR atgldhefpeioioyeksamegl this limitation.

el B ltBlor U ISR ATEETE R i Pl of of i Bfd o™
mammi celtp @nd thusaalipang the@nafhbhdragearistios leadggute anTirseasedr e
mc%ﬁ?ﬁf éeﬂ %j?gtﬁ)@y has t%‘FEHﬂJo%(Xd a{]scgirﬁxgcbtrtr%gfgodﬂ:ﬁﬁe %v(gn into
cormdarattdmemhemm@hmhmalmt@n &BM(BTI thaewrelmﬁcai condrhdengc e
PDL cells. These PDL cells can then be used for
inplantation in the patient to repair periodontitis,
Thietcould Torepstaned be;inmgtigbbdé»ypmabimjtfﬁanéthod hisolating
meg%rqghgh%%teﬁ %{IJ{% thé e el at ﬁﬁ%ﬁ%ﬂﬁuregﬁ l!JéB H%Ho‘l“ltﬂclear
cellsr(MNmnnng s&am:letd mediemltqongalrtlmgasteme@d! ﬁmt@s(SﬁEEWLahCB IL-6,

cP TR 5o AL o M 5860 gy

per@ibrGat soreglbedi interph@ss BISH analysisefithe &sandi X ehrpmioperbe +) |,

s Bl vy E ki L 8 e BRSlER dhaic 0o
celisad iday Ocanelrauswdltlmwpomeslunmg/wlmm anot her protein,
CD146/ MUC18, but negative for CD31 (a haematopoietic
marker). It is within the scope of this invention to
Mettradi foreoldainmgdPiy cedlever al mammal i an cel |l types that can
ol RSB0 o 0B AT P e
mesemdhanmaieelis dndluling UG oo diGdkcalls, gtelbgoussmamaretian nesefchymal
celfsebt‘ftgifog&rlb mgﬁH Sﬁ 09888%’[ ?éége;s%f'lénﬁaggﬁltdr %ﬂgﬁé&gast? are

turnin
cultunedatogaihlezwdh (o] br Mirees. pem@ontaléiga@ee&tbsw nv@rlodontal ligament

s . . j
oSN o ol ial B ARl e chRSAENokeo
and analyzegigan ftaw ¢ytametreysing corjugsited mphegienal Rofibogiestagainst;
CDng?MQE%D%E%@ﬁ%?ﬂ Wl.grﬁ&g Is gy @Dﬁg%ﬁﬂ Q‘aﬁQd RS are

S may rétain t unction of transfornm ng

all eprfsidereshtol ke meserichymalraters gebmaowes whilebad @r&r’e@Qfﬁ@I@PWﬁtIC
maﬁ@rl Pl i H%Ho"ﬁgfr%t@g tdpd gé‘élﬂ}ér fofa?lpféﬁf LB &F markers, while
teratomas In a significant anount Cl D m ce under
neggtiveforfedils, where said embryonal stemcells actually
i nduced these imortalized teratonmas ( Wakitani S,

Takaoka K, Hattori T, Myazawa N,
If periodontal ligament tissue is employed, this tissue is first subjected to culturing using

a suitable medium e.g. as described in Examples 1 or 6 herein. The growth medium is
changed regularly, e.g. every 1-5 days such as every 3-4 days during the whole culture
period. After a period of time (normally 8-11 days) cells (hPDLCs) migrate from the
ligament and when sufficient confluent, the cells are harvested, e.g. using enzymatic
treatment like trypsin/EDTA treatment.

Mammalian cells and hPDLCs cells were cultured in suitable culture dishes and fed
with growth medium (e.g. DMEM/F12, containing 16% FCS, ascorbic acid, gentamicin
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I wanaga T, Takeda S, Watanabe TK and Tani gam A,
Rheumat ol ogy (2003), 42:162- 165) indicating that when
wa@igiong3arer e i mmature cells, for instance for tPEI/DK2006/000533
pur pose of producing periodgntal [iganment cells, it
may be nore advisable to use nesenchymal stemcells
and fupgizbhe) atrai7PC iand 5%c00g Growiir mavitimevamitianged bverp et days

bl ood i nstead of using enbryonal
du%’lgce)tmeg&o' l‘ﬁtgFe[%% " pur pose, because such
transdifferentiation may actually produce tunors, for

Aftes aaeps salielcalRd hPDRCe)Start ifenepdl tb Reigra® dut friom the saall
factors, for, jncrea

pieBs ke ioReltal e, TP JueHICES s Aok S Grpren o

webKe) lckllgweieadetadhelueBigNiybsin/ECTIA teedtaht ararusedder thect ed
and i nfused dEf)( vi vo expansi on of UCB mght help to

SXRRTIEY eSCAPRY PRIAVt ati on. Whet her cul turing of UCB
cells may al so |l ead to co-expansion of contam nating

AltEREBFNR Imdrihhfan éé'ﬂg cél’ﬂ B8 catur&d insQithhIe cOkRE Wishes in the above
characteristics |eadi ng to an i ncreased incidence of

descalbpd PMENAF13rcontaiaing 5T SpardothsbRgrediantsdescribed ghave, with

medRAVErhrig evakeito NSy sCRINbd B dttitedBelVdiROreliseridd, after a period of
mesenchymal stemcells fromthe, unbili cal cord bl ood,

11 Ry ordpRNed sYdy factasy %\ﬁﬁf@é'“é@"%%@qoﬁﬁ igpnasnt proseins gan b

addRf 20l d@derd Fodens,| HbrEBAE BEEHPED trahedi&iehiidie &eeb taPDLEB
cells, by initiating cultures of UCB nononuclear cells

(MNC) in a standard nedium containing stemcell factor
Schfidsy, flt-3L, 11-3, IL-6, EPO and G CSF. To address

the questjon of contam nating naternal I'ls
Bopg. ¢4l r%oategse@acrelﬁsocq'twgroaw e&b@%m%@ scaffpjde iy seeate
intstBstiok HEESHPSAANBIdndLthd aéneowrséryauowgseth(e%\ib aaﬁéueé cmnﬂgd
tralascgnépl es can be investigated for ter | s at

HORPT APPlaBtaieTy Thg may B%?ﬁ‘i‘%“ i§he @mE&FP P@ y using

varideis histedtbalfd balyiefds RRlas FeldSsddialel | an cel I s such as
manmal i an mesenchynel cells, allogenic mammalian

mesenchymal cells including UC or UCB cells,

It muwbmmﬁemm\ﬁem types onsdfforRk n¢éij &@test%utahbwpable of

asts, or recurs eni.t
o8 LR PUSe STk ARG Rk B SREOGgaament stem
celI@erim?éé@ﬁbra)méllsWEéﬂs whigh h@s b@@f inadewtt t3loel usga @e Periodontal
4) | ns or factors derived from periodontal |iganment
lig m@fgdésueThese celI's are checked and anal yzed on flow
cytonmetry using conjugated nonocl onal anti bodi es

agaj nst; .CD13, CD44, CD9O, U nd. CD31. rkers such
g et e iamaatecaRitbe EpfateT BORINET ViR asaaI v 0T
insmse QCHWFGXL/I éﬁaﬁm eetlidr, Whitk 812y enhahee I8 4 pesiodontal ligament and
aemat (;gpo et q
even cemen um as well as producing a fibrous structure such as resembling Sharpey’s

fibers, which insert into both the cementum and bone while holding the teeth in place.

Use of transplanted or implanted cells for the treatment of periodontitis

One of the purposes of using differentiated or transdifferentiated cells are to develop a
cell or tissue material that can be used to for instance to treat destroyed periodontal
tissue, which among others are caused “periodontitis”. The oral disorder, called
periodontitis, normally starts up as an infection induced by a microbial (e.g., bacterial or
fungal) infection for instance in the gumline, diagnosed as a gingivitis or an acute
gingivitis. This type of infection may initially seem harmless, but during time this
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mar ker. hPDLCs were denonstrated to be positive for
all four stemcell markers, while negative for CD31.
wo oopesd2ariont al | i gament tissue is enployed, tPCEDK2006/000533
tissue is first subjected tgculturing using a
sui table mediume.g. as described in Exanples 1 or 6
inféutior imay |ddtktogreomisis oftidsuenessentidh fondleelonabcpilityy and espegially of

the%?{pﬁp%taﬁng?%ﬁt %@i}]@qﬁ%?eegﬁ ?6 tg évggig &kﬁ {)%ﬁ%}%v @’”0' €

cerdantsin) C'Elrhd sedrosrDisCalsed gman@omwe!srbytlhereasgbsmﬂ'(estsmi tissue-

B

tis&uee:wca}enauseN'tbmmteoalastseTrh&seamdcdsmm@ Qaebbls ofwdestroying those

. cul i

o ks bRl oo itpr e Bt i ie bbb upper -

andimmriamc(saeﬁgur@eht am ci nand fungi zone) at 37C and 5%
CX2. Gowh nmedium was changed every 3-4 days during

the whole culture period. After 8-1 1 days cells
Thés=mankthdd$ BidliCsharggeadhe treatngemb ef @driotiontitis goasiderably t6 naedl

mieedRepak $3ESRy Soadtfion HNT S Rltok O 3 weeksy col s

wer e detached using trypsin/ EDTA treatnent and used

Th%g%%tgf]ﬁe%&ﬁ li:l n&?elg fg eb’ %I%?’: ilﬁ mseutlﬂ%{ntggﬁlirja%i" V&ﬂ‘né/ alveolar

an ceI can e cu e culture
bonk)simbsalihy peliedaiial ties tesee dee DivEeRacth is beltian sifunly the

r ingredi ents described above, wth
peF (@hbaﬂqgann%rﬁg

ange every 3 to 4 days during the entire cell
culture period, after a period of 11 days or nore,

Duﬁﬁ%?elﬁoaa%kﬁ’tfs it %Sac u%d%ﬁye?lﬁsgwtgﬁir br(?\gﬂfgt \?/Iﬂlcl‘n 'agﬂﬁﬁé&ed and

€i ns can
everttualiyptill tesult irctositi IOcﬁwnmgrtase&hewnmeElguteoZ PDLs. Scaff ol ds
Bone cells or osteogenic cells cultured on various
bi odegradabl e scaffolds nmay create interaction between
The celf freatohenh ib adserdingly basedhwan aixvivai eejl qultaring of faihstaace cells
sudsd |B|9||. %E@B?Pbﬁ&t bt &%}é% obgsme%rm PLARR: mJﬁHe?s fhsBihce as
acconpli'shed anmong others, by using vari
degsiribed abovsahy expostrgmsithe earcuitusng Wumeswrmi Ihg@memts oni | |

deﬁ\gaé?sg@bl%'op&t &gatui' %gbﬁﬁﬁﬁr@nméé’e%%ﬁ%ﬂ% s?&'ﬁ é?ﬁf {fm‘u? Q@ for

and ern succes
instance prgenitors Ior gmsrspr&:tel tose &aldﬁl and pay bedther bipes p@ ame nt

me%[:l‘? gﬁ%ll !t:eﬁls%ﬁcﬂg§ (ﬁ@fgﬂije e 09@] FI’I§ILC YH?:\'t fd? lmcgea?% may

be use as perlo on
be comblned with mesenchymal stem cells, e.g., from mesenchymal multipotent stem

cells for instance originated from cells from umbilical cord or from umbilical cord blood
as allogeneic cells with lesser tendency to give rise to reactions such as for instance
rejection of the cells, or be of autologous origin and therefore show no evidence of
rejection. The autologous mesenchymal cells could be of osteogenic origin or even of
fibroblastic origin, or even of any of the cell types that can be obtained from
differentiating mesenchymal cells.

It is also within the scope of this invention to combine the cells to be implanted with
appropriate scaffolds, so that one can shape and fit the product intended for the
particular area of application, and even to cover the transplanted cells, to maintain their
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ligament tissue. The cells to be inplanted may be
i npl anted together with a scaffold such as for
w0 p®vMass2 a hydroxy! apatite carrier, which naRCEDRK206800533
both a periodontal |iganmentigand even cenmentum as wel |
as producing a fibrous structure such as resenbling
funBtia, pegtest thierb againstinfection ansleavenitmtiroit bt ¢ells fremcgrawimgimto
] tng the teeth in place. Use of
”“‘?@ﬁ%@%&%ﬁﬁ@ﬁ‘%@fgﬁg# anted cells for the treatnent of
peri odontitis One of the purposes of using
[ jated or transdifferentiated cells are to
Le@%&éﬁ%§8%%§e|| or tissue material that can be used to
Fighioe 1.i Drawvingosd taadh inrpdage iddtstsocetd peri odont al ti ssue,
whi ch anong others are caused "periodontitis”. The
oral disorder, called periodontitis, nornmally starts
Figupe 2Periodomtitie cehiramic infiebtion df ting gums whichbisaha(astagized by a loss of
att?c?ﬁe% b@w&gﬁ tﬁe%%' e?nd' tﬂé g‘a\}b'oﬂg s[a?trs with] gt fél‘ﬂ’l H]I@d
gumine; "diragnosed as a gl ngivitisS or an acute
gingivitigi(seet 115). This type of infection may initially seem
harm ess, but during tinme thisinfection my |lead to
necrosis of tissue essential for the oral cavity, and
Figesp@cAaubgonfitientivaltyrerdf bBBhCalard shpwre Mhenidhedéltscare [16%
: ar bone (together with cenentum.
Cm#ﬁ?ébﬁgﬁf%€ﬁ¥&+ﬁfcaused anong ot hers by increased
synthesis of tissuedestructive enzynes such as for
Fig%JFési.aﬂ]% a@lésa\ggrg%cﬁg%/z@& o%léﬁcﬁﬁ?ﬁ%ﬁ&@éﬁ& >ELf ﬂ&/?cgl‘leometer.
I'ssue decay caused by osteoclasts. €seé processes
Dead ecltsegralodedprie fveteetatusigd itpnt theswalysis by dorsardreang sidescatter
gat ich normally keep the teeth anchored in the bone in
e upper - and lower jaw (see Figure 1). These
nmet hods coul d change the treatnent of periodontitis
PR, HEP U b St ARONEBAE AL R Ay, SARRSH Rt o
spesifiscitajeing pratees! ahethemsteagenicidifferérdiatiomis showodn thisfiguréie
al veol ar bone) in healthy periodontal tissue (see
Figure 1). The tooth is held in situ by the
The veotinons diustratgea inghe follomingi neg-lipeitindexamples s it is
actual ly the periodontal |iganents, which are affected
and eventually will result in tooth | oosening as shown
Example hure 2. The cell treatnent is accordingly based
hPBRec§iturg! vo cell culturing of for instance cells such
as PDL and/or PDLC that may be obtained in various

HumanHEREMPleFs werstRiared mBetiiclighesbant b geovwly medos (PMEMF12
cortBRInGOrEos FE ! GBtatticin AREEILRIRK 8hd FLRGHERR) FreR applied to the

molars.

The periodontal ligament was gently separated from the surface of the root with a
sterile scalpel and the tissue was transferred to a new petri dish.

2 ml growth medium were applied to the periodontal ligament tissue and small explants
were generated with a sterile scalpel.

The explants from the periodontal ligament tissue were transferred to a 75 cm? culture
flask containing growth medium and cultured at 37°C in a CO, incubator. The explants
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derivates thereof or created by conbi ning nesenchynal

stem cell popul ations as for instance progenitors or
w@e@cosesr s to bone cells and may be ot her typrGI/DK2006/000533

mesenchymal cells such as f1§ instance PDL and/or PDLC

that for instance also may be conmbined with
prodiesaxhcdilycuitlirestie nolory fogming upits fromdhe perserycteli calture were
isoE\’%q‘i potent stemcells for instance originated from

celTs fromunbilical cord or fromunbilical cord bl ood

as allogeneic cells with | esser tendency to give rise
Exhf Feefwti ons such as for instance rejection of the

oepP s, or be of autol ogous origin and therefore show
Surface WMadkerdeExpréssiopect i on. The aut ol ogous nmesenchynal

. . | | . . .

PBEGs B PotEnP @ GRRE gl =g iih BliefE0 oL bore mimary
beind gtovaaoutiinothieaixpadt, funhmm dive het leeeni Erssagediest)emnera analyzed

I i s.al so. withi C i.S . td
on i sBtopley i BBl hrdBnaraBods poaifey SRTE R
CD90CD3B dagd CAB1t hat one can shape and fit the product

intended for the particular area of application, and
even to cover the transplanted cells, to maintain
CDYBeCPA4ED9Q DR are el condidered tbesiesemdhemial stamanet neriears
Mg : rowm ng into unwanted areas in
Wh@ gbgﬁ”é ah%%?‘%@%%té%@%ﬂgggto figures Figure 1. Draw ng
of tooth in place in its socket Figure 2.

. L o i ; . . _
nPBECS AR BBl o B B R e e
forGdx1h and the jawbone starts with a nilder formcalled

gingivitis (see 'T) Figure 3. A subconfluent culture

of hPDLCs are shown. Wen the cells are 70% confl uent,
This Iseggeststhat thediRiLLepbRiagian és compkised ohmebenchymakprogenitor
cel@n@l yzed on a Beckman Coulter Epics XL flowcytoneter.

ead cells and debris were excluded fromthe anal ysis

by forward -and sidescatter gating Figure 5. The cells
Ex%hﬁa stained for alkaline phosphatase activity,

st udi ed using a specific staining protocol and the
OstengenipcRifferentationd@engtexpressiohown in this figure The

hPEQ%@ G{egéggbg(o%%rlk é-‘dl%lfp?atté‘éjaﬁd‘in&h‘&dftS |hefePe it ABrd Tl dstedGenic
pathwa)rlrgy changing the medium from normal growth medium to osteogenic medium
(DMEM/F12 containing 10% FCS, Ascorbic Acid, 107 M dexamethasone, 8 mM O-
Glycerophosphate).

As control, hPDLCs were cultured in normal growth medium containing 10% FCS.

After 14 days in culture, hPDLCs were washed in PBS and RNA was isolated from the
induced cultures and from the control cultures.

By using RT-PCR the expression of alkaline phosphatase (ALP), collagen type 1 (Col1)
and osteocalcin (OC) were evaluated.

Example 4
Osteogenic Differentiation (Histochemical analysis)
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hPDLC Cul ture Human third nolars were placed in Petri
di shes, and 2 mM growth nedi um (DMEM F12 cont ai ni ng
wQa By BE332 Gent ami ci n, Ascorbic Acid and Fungi zBOEDKM®6600533
applied to the nolars. The qgriodontal |iganent was
gently separated fromthe surface of the root with a
hPBLEs meee samled dh 6-avell ddies andsindecadas diffepertiatr aleny the asteogenic

ooty B sl B  LHB4 y BehR br
(Drtgﬁgm?ga ﬁtaﬁ?}ingn Bo%sH @S, A?;othi' : @el 10" M eerarpethnsend, Bonv O-
SR UNE ot P e B B fy nORRE B EfhgbRn®
cortainingri®@® BES370C in a CX2 i ncubator. The

expl ant sproduced cell cultures in colony formng units

fromthe primary cell culture were isolated. Exanple 2
Afteut4 days iVeulkee, HBOLIGsswererwdasREY Gecd iNnd1BS. [Bubpedquently, induced

T T T T T .

depaxits féenKpssasstajeidgyet ) were anal yzed on fl ow cytonetry
usi ng conj ugat ed nonocl onal anti bodi es agai nst; CD13,
CD44, CD90, CD73 and CD31. CD13, CD44, CDOO, CD73 are
Bothl 4n increasatbAER attivith andesemrégsed|castuamdemdsitiomawecer s

colfdhasfurs ot T SETTRLRE LB B b5he shERISh ML
mar ker s, whi | eI negative for CD31. This suggests that
A G Beriels RERY vt dRTAR R BRFPH Rios thet o
hPDER wewpble%diﬁa?enhmgvtbe estse@jmjpathwéy,\wbgespingﬁrm this
oo A A SRR B s =00
medi um t o ost eogeni ¢ nedi um (DVMEM F12 contai ni ng 10%
‘e@scorbi c Acid, 10 7 M dexanet hasone, 8 mM

Ex
ycer ophosphate) .
Freezing of hPDLCs

hPDLCs were trypsinized and filtrated through a 70 um sterile filter and then
centrifuged.The pellet was resuspended in freezing medium (FCS + 10% DMSO) and
the cells were transferred to a cryo-vial.

A graduated freezing process were initiated, starting at 4 °C for 1 hour, -20 °C for 4
hours, -80 °C overnight and finally to liquid N,.

Example 6

Normal human third molars were collected immediately following extraction from 3
individuals. Periodontal ligaments were gently separated from the surface of the root,
and they were then minced into small pieces. They were then transferred to T-75
culture flasks and fed with growth medium (DMEM/F12, containing 16% FCS, ascorbic
acid, gentamicin and fungizone) at 37°C and 5% COQ,. Growth medium was changed

every 3-4 days during the whole culture period.

After 8-11 days cells (called hPDLCs) started to migrate out from the small pieces of
periodontal ligaments. When the culiure was 70-80% confluent (approx. 3 weeks) cells
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As control, hPDLCs were cultured in normal growth
medi um cont ai ning 10% FCS. After 14 days in culture,
whRDz3629r e washed in PBS and RNA was i sol at ePICT/DER006/000533
the induced cultures and frgmthe control cultures. By
usi ng RT-PCR the expression of al kaline phosphat ase
wefeAtiétachezdlidieg arypdin/BBTA t{dathént sanidusestfenthal exparit€is described
beller € eval uated. Exanple 4 Osteogenic Differentiation
f’ﬁi stochem cal anal ysi s)hPDLCs were seeded in 6-well
pl ates and induced to differentiate along the
A suBtETRIeA! dulthet JTWRDLOYE aed sh@men Figare®di um f rom nor mal
growt h nmediumto osteogenic nmedi um (DVEM F12
cont ai ni ng 10%_FCS, Ascorbic Acid, 10 7 M
Floye gwtometnsdlysi®8 nv DA ycer ophosphate). As control,
FI ’ 5 tybisesbrioPmBa e \WhitynRE iststh cell properties of
o%%{gﬁﬁ?ﬁﬁgﬁ:aﬂgg% FCS%After iﬂ%gdz?;; in gul ture, hPlgL&
£& washed once in PBS. Subsequent |y, induced and
control cultures were stained for either ALP activity

Singtfe ééﬂ%u@%&&%@@t‘éﬁﬁ APDFES We%ﬁnﬁ@%ﬁ%& BﬁoQMQBmEQI%gﬁg with FITC-

al ni ng an | ncr ease acti vi ty an
conjugatechBwnodanal ipnthagigsagainsb e Ddr €D iopwh ag meseneymal stem
; e ot \ _
cll AGHERS At 13808 BRI Dt PRAGRASH SXRERASH ity Eics XL
flowewieroetgr. digad pelissandidehiis varae exelgdadfzam %rmr@é;vsw(ebxefoafmré —and

sidéé’ca@'tbf%&cr ntiate along the osteogenic pathway,
suggesting that this cell popul ation consists of

i mmat ur e nesenchymal stemcells. Exanple 5 Freezing of
Thé RBUES areRshlo@n andrigurerdy psi ni zed and filtrated through a
70 mm sterile filter and then centrifuged. The pell et

osgg;ozgebﬁczaﬁlgf%g%&ghn freezing medi um (FCS + 10% DMSO)

re transferred to a cryo-vial. A
Celig weliecseeded ab@ 5% 10§ cpiistae’andveiteredraveimight th gretvilr medigmat

ostednis Aiefoatd vadRaties Bia hedREbEsnBRILTE seltaiem oy
meginatosaniesteoindlclier mediumm{@ibl)  atoaippséd bi DMENF 12 tithat% 6BS,
85 fDrg?mn?_ %—ascorbic acid 2-phosphate, 107 M dexamethasone, and 8 mM p-
glycerophosphate. Control cultures without the differentiation stimuli were cultured in
SCM containing 10% FBS. Media changes were done twice weekly.

Calcification of the extracellular matrix (ECM) can be detected by the Von Kossa
method in which calcium phosphate deposits are stained brown to black. Cells were
seeded in 6-well plates at a density of 0.5x10* cells/cm? and cultured for 21 days in
OIM. In addition the alkaline phosphatase activity was studied using a specific staining
protocol.

Results from the osteogenic differentiation are shown on Figure 5.



i ndi vi dual s. Periodontal |iganents were gently
separated fromthe surface of the root, and they were
wao bemn/osd2szed into small pieces. They were t henPCT/DK2006/000533
transferred to T-75 culture1glasks and fed with growh
medi um (DVEM F12, containing 16% FCS, ascorbic acid,
Bagechom thiedinairgs cabbuanye zonelydestha3RDICricBiuredOn therkaveldlescribed

[ C e : [ ol e
orF PAEAH B 30 B Rt i B Secollen bl P o0 cx,
started to mgrate out fromthe small pieces of
Fuglesrmoto thistell papatation doesMispiay tae surate rrearkas, charaddistic for
conf uemas%]ag f OX. 3 weeks) cell swere detached using
mefs??/ﬁymﬁl A’treatment and used for the experinents
descri bed bel ow. A subconfluent culture of hPDLCs are
shown on Figure 3. Flow cytonetry anal ysis Fl ow
cytonmetry anal ysis was perforned in order to study the
stemcell properties of hPDLCs. Single cell
suspensi ons of hPDLCs were incubated at room
tenperature with FlI TCconj ugated nonocl onal anti bodi es
agai nst CD73, CDO0O, known as nesenchymal stem cell
mar kers. After incubation, sanples were anal ysed on a
Beckman Coul ter Epics XL fl owcytoneter. Dead cells and
debris were excluded fromthe analysis by forward -and
sidescatter gating. The results are shown on Figure 4.
Osteogenic differentiation Cells were seeded at 0.5x1
04 cells/cm 2 and cultured overnight in growth nmedi um
Osteogenic differentiation was induced for 3 weeks by
shifting the cells fromgrowh mediumto an
ost eoi nductive nmedium (O M, conposed of DMEMF12 with
10% FBS, 85 Dg/ nmL L-ascorbic acid 2-phosphate, 10 7 M
dexanet hasone, and 8 mM b- gl ycerophosphate. Contr ol
cultures without the differentiation stimuli were
cultured in SCM containing 10% FBS. Medi a changes were
done twi ce weekly. Calcification of the extracellular
matri x (ECM) can be detected by the Von Kossa net hod
i n which cal ci um phosphat e deposits are stai ned brown
to black. Cells were seeded in 6-well plates at a
density of 0.5x1 04 cells/cm2 and cultured for 2 1
days in
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OM In addition the al kaline phosphatase activity was
studi ed using a specific staining protocol. Results

w0 e@mosd282 ost eogeni c differentiati on are shownP@NDK2006/000533

Fi gure 5. Based on the findi1tgs above we concl ude that
hPDLCs cultured in the above described growh nedium

Specific ambedimenigiof the ipventiene al ong t he ost eogenic

1

pat hway. Furthernore this cell popul ati on does displ ay

- KBt B Bl el ma R AL B Pl s TR KBh gcpose

pio and&os o‘oeauItpmdpa@aberlmgomtamgameatﬂlssee,ep&rbylcmm ligaihent

Pl Fastrs g AT pe iy Roarih e R by these

pfadbestns or factors deri ved from peri odont aI | i gament
ti ssue and induced by these factors to a. Cbtain

peri odontal characteristics b. Show increased

ost aopObiainrpeindordalt ahacadtaristicand a decrease in. bone

il aIbOpé%ogglégregg‘é$8%[§$¢§d% ﬁgﬁgg&eﬁgﬁ lggbgta:#e:&réasgﬁ“ b&he

regenemalbprotmm iatschanatied bOmessallepmbtenCHpaBSE of repairing

O3 P L) AT g s

si gdi fCapmabte ofrrepaivng diagrdecrsuch as phfadesiitscisocall2d paradentosis

Cer Pe TRpplpethe Bia e R ¥ AR 8 Peecton

cord bl ood, and which has been exposed to or

. g,g ﬁl%lcgég 1%9 Pyéqggpnaﬁélfotgggg%ﬁ%mglliagﬂ'ﬂ?&%cﬁwﬁglg:%ﬂs deri d/ele from

ont terns or
pﬂnbihmbd)mrellant:llog arr@ﬂlt:altaosd; bleod,rechdiwthicicleas ieentdxpssged to or co-
f
S@Ytgv%dﬁng{rhgaaeglg f\lg%n%ﬂ flns%ﬁgﬂﬁde?fod rﬁ‘:éf | Fn%‘h é.lo de‘?r?s & factors
dasrived §remi perlbdmialsllgampt tissgé and lnduaad bsatmee éactdrs bei ng
impl anted to repair and/or regenerate periodontal
ti ssue d. Capable of repairing disorders such as
par ade@btaini perigiealchiarasteristiendent osi s e. Be accept ed
Fhesﬁb%iiﬁcr‘@'aggﬁjlfieéﬁ&ﬁhfahﬁ QfeobTBHHRd a‘%?e%?éa%? rfBone
ceI rejection rocess or propagating au ogous
mesencdigloptbtedel | s that have been exposed to or
co- qul ' Il ' I . :
per ::3.0 d%@ﬂ%%%b}’% %}ﬁeﬂﬁt'@%@g@f*h Sré%érﬂaaﬂﬁl%r rééeﬁ%@te periodontal tissue
d. Capable of repairing disorders such as paradentitis also called paradentosis

e. Be accepted by the host without significant immune reaction or cell rejection

3. A process for propagating autologous mesenchymal cells that have been exposed

to or co-cultured with periodontal ligament tissue, periodontal ligament proteins or
factors derived from periodontal ligament tissue and induced by these factors to

a. Obtain periodontal characteristics

b. Show increased osteopontin and osteocalcin and a decrease in bone
sialoprotein

c. Be capable of being implanted to repair and/or regenerate periodontal tissue

d. Capable of repairing disorders such as paradentitis also called paradentosis

e. Be accepted by the host without significant immune reaction or cell rejection
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factors derived from periodontal |iganent tissue and
i nduced by these factors to a. Obtain periodontal

W@ b@ras2sr i stics b. Show i ncreased ost eoponti NPENTK2006/000533

osteocal cin and a decrease pm bone sialoprotein c . Be
capabl e of being inplanted to repair and/or regenerate
peri odont al tissue d. Capable of repairing disorders

%g;)ﬂ#)%gétkng {Utc%@ch uci% Jo%%s%ac;r%ﬁj%?&?‘/ ?oﬁnltgfecells that
riwetheen egposed|dr co-cpibured with. peﬁoqinrmi dgamentispuen pegadanta
qwaﬁleﬁggrl& r?ssérq@&!)l%sbte?’vgé frgﬁw%%ﬂpgéﬁté @5%@?&' tsQlie ngéo Inau?ed

Peen exp 5sed peri odonta
| bygtheenfactors®ue, peri odont al |igament prot e| ns or
factors derived from periodontal |iganent tissue and

i nduced by these factors to a. Obtain periodontal
chamacOetaingteriodonial cBatastéristicseased ost eopontin and

oSt Socéﬁlldw fﬂglae%ge@ogg{}ﬁo%ﬂﬁ %n{i %s@%‘ﬁciﬁ 'aﬂh %Qfe‘eFe%'sQ |r?bor%e
capable o | nte o repalr ‘and/ or regenerate
per i odsi@loprotein ssue d Capabl e of repairing disorders

SUCR 28 BRAER ekl R B S R ATERUARRIE pEriodtal esue

readt i @apabie ofaepairing @bscnrdelrs sbich As peacclestiisfaigo called paradentosis
proga I L 0 - .
D885 bERpE A oL S ki epebrta e
peri odont al ligaments 6. A process of propagating
V. . ect e

APRLBI0HS TRREATBIN of Slapbd ek <t et
dh'[@aw éO\m ta thameydaifing periodontal ligamentsu 7. A process for
propagati ng and mai ntai ning the inmature norphol ogy of
mammal i an cells, said i mmature norphol ogy being

. dfeplagess efsprepayalifg puislogpyemesknthpRa) cellsrtmb@dsectﬂwmected into

gtg% ?gﬁ%do_ma’f Y%%p%% %ﬁg’ %%%W%%é‘%ﬂ?b@ df cl’ral]!scﬂ\‘?esrjggagg in situ

positive, CD 73 positive and, possibly CD146/ MJC 18

DR Rl SRR S bt

bnammadian eellst said inmyatsice mgrnmlogm bﬂlngrdeﬁmdmshm -DR positive
NRERNSRYRIn sshiv ash I ThiOMositive (Thy-1+), Stro-1 positive (Stro-1 +),

CD-13 positive, CD-44 positive, CD-90 positive, CD-73 positive and, possibly
CD146/MUC 18 positive shall be

a. capable of being co-cultured with mammalian mesenchymal stem cells from
umbilical cord
b. capable of being co-cultured with mammalian mesenchymal stem cells from
umbilical cord blood
Be capable of being implanted to repair and/or regenerate periodontal tissue
d. Capable of repairing disorders such as paradentitis also called paradentosis
e. Be accepted by the host without significant immune reaction or cell rejection

8. A process for propagating and maintaining the immature morphology of mammalian

cells, said immature morphology being defined as HLA-DR positive (HLA-DR+),
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unbilical cord blood ¢ . Be capable of being inplanted
to repair and/or regenerate periodontal tissue d.

w@2apase3nf repairing disorders such as par adePtT/DK2006/000533

al so call ed paradentosis e.2Be accepted by the host

wi t hout significant imune reaction or cell rejection

L D-A4pegathes(COp84 gr bip pgaitiven(l-irah)l Thgi1 mpoaitine (Thyt i, Stro-1

| At ur I QaY,-Qf: gl i an.cellds LA 1 nap -
PN St g el i 52 op pRae, EBRY S pSsitve
(dridAp&¥Rily CD-138/MidQ a8 ipositieCBha@lbe ), Lin positive (Lin

+), Thy-1 positive (Thy-1+), Stro-1 positive (Stro-1

+), CD 13 positive, CD 44 positive, CD-90 positive,

CD- @3 qapableiof beiag dp-quihgred biith nEDameliaviidedshchyaaltstara cells from
shal | A abl e of being co-cultured with
nammllf%i?{ﬁlﬁ%ggﬁchynal stemcells fromunbilical cord

b. bap=iphbleaf bbiagrg-autiured Mith meammalidn meserehyaal stem cells from
mesench I cel]ls fromunbilical cord blood c. Be
capabluerxgﬁc%g‘it’rﬁg%?o?pl anted to repair and/or regenerate
per cod@emtapable afdemgdmplaatesiib eepHir angfmiregergrate perictontal tissue

Suc g'p ?@%‘@i&ﬁg%@jﬁ di%&r?%rscs%lcll\ gg H?%H@%Eta?%éal%lgd pgr%dentosis

acc out "si I"can

r eaet i Bmacoeptsel by the hesttwithoutsignifigeabimenarie teattion or cell rejection
co-cultured with manmualian cells derived from bone

marrow cells or colonies thereof fromeither

. anapable @b bsing cofautiuned Witb gearameliatosedls derieeddfose tome marrow cells

o . . : % .
S Bl hohn Bt BEERRLs of RBTENbacreRhors, expossd o
prerguitd et with pertpaloetat ligamestidssiadpériodontatligamnenhpoéeins or

¢ . : . o

SRELRY e @4 o BB GH AR WoRlie BHAIABLA! bl etors to
decrease in bone sialoprotein ¢ . Be capable of being

i mplLa o L .fegenerate periodontal
tiséugt)%.gmé%négggéllngo@‘egfgf'%sg implanted to repair
andborShaygienesased ogteopantio and lostepsalcie apd aCigseaase irlone

r epai rgi%]gprg{eﬁfrders such as paradentitis also called

par adent 0sI's . Be accepted by the host w thout

si gni fBeeanabienefibeingrivptantedito sepairedrid/arepganerate pedodoatal tissue
or age i A . _
or GharocapeglY G irBanatp FRid i Pehrcfatt BERbddal tiscue
mor phdtanpplenefirapaidrg dinerderssuph As PRradesiitisiajso ¢aliedpaRdpntosis

f. Be accepted by the host without significant immune reaction or cell rejection

10. A process for propagating and maintaining the immature morphology of mammalian

cells, said immature morphology being defined as HLA-DR positive (HLA-DR+),
Lin positive (Lin +), Thy-1 positive (Thy-1+), Stro-1 positive (Stro-1 +), CD-13
positive, CD-44 positive, CD-90 positive, CD-73 positive and, possibly CD146/MUC
18 positive the process comprising part of the identity of mammalian periodontal

ligament cells can be

a. capable of being co-cultured with mammalian mesenchymal stem cells from
umbilical cord
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Lin positive (Lin +), Thy-1 positive (Thy-1 +), Stro-1

positive (Stro-1 +), CD 13 positive, CD-44 positive,
wE903qesi tive, CD 73 positive and, possibly BEDUDELMGG0533

18 positive the process comyising part of the

identity of mammalian periodontal |iganent cells can

be hb. oepam@bfebeihg be-caltured withi irtanmaaliani nodsemalmymadlistam cells from

nesenc cells fromunbilical cordb. capable

of bel"'ﬁ%bni@a' %%&%rogd wi th manmal i an nesenchymal stem

cel t.s Be cupabletuf bbmghmplantédb)b oepmrand/oBeegmpEdbé periddontal tissue
bei ng ed to alr .

por odtiraae § renaibe FERigra Eh B pp BEERAS A feley garpgentosis
suck. B geptadblyithe Bostmdthoutadignifitaplimatlewt reactoner cBérejection
accepted by the host w thout significant inmune

11 B desing-Poph e Bilresse s HRa - 31 By iFhoed sy AR
Positl(HIA- ?ftﬁ%tuw ﬁoaﬁﬁd‘eﬁ(’r_lﬁﬁb) Thy1 pogiha (trhly-a +§ bhdIStr-1 positive
4§Vr°%d&1 bigasoliye, Comh sbausi G598 Pogve s Eat pobfis an.

asdiBly m%VMBC&I&boanQ sdhall e Gahdianihide Iito pesnrhalee
shall be transplantable into mammals a. into their

oral cavity w thout bein %STEJ ected b. into the
per RodiAthar erakeavily WHBRH: DSOgieFteflect ed c. into dental

def gCtisto e PeHédoR®I é\@zar\AﬁﬂhSGttt%ihg]f%Jecf@ale resul ting

popul ati on processed as descrlbed in 1l and 2, defined
as HLANtPRepELferets Withput hsimg relected positive (Lin +),
Thy-1 positive (Thy-1 +) and Stro-1 positive (Stro-1

12. Phe rggﬁl R atibN grocgg%ﬁado&é%bﬁbébqn 1%@9 RGPkl AHLA-DR

oSl t I've an ossi b CD14 positive

smamve HéLA DBr'r%,|d4Iram%wee(unnt)oTwahﬁa%l%veo(Thvﬁt*balﬂfh@trp -1 positive
QB&b- 1Ci5}VbeI Adsiiou! C@ﬁM%sftl% esih-ed p%SItN/é‘tCSD 17BQositive and,

peri oddntal area wi thout being rejected f. into dental
(Repb SHIAENIE 15erasive eshel begansHlanthle it mAM el

implanting cells as described initenms 1 - 11 using a

congi i f s) 14. A process for
pr gg'ag@%)iﬂﬁégr %I &%Miv ?&ﬁ bé@ srgjglétrglgodont al Li ganent
Posét iinte tl@emr@dpmaéaneeewﬂhgylt heindogjecteshspl ant abl e

f. into dental defects without being rejected

13. The method of implanting cells as described in items 1 — 11 using a combination of
cells and scaffold(s)

14. A process for propagating mammal Autologous Periodontal Ligament Positive Cells
(stem cells) to be transplantable
a. Into an oral cavity without being rejected
b. Into the periodontal area without being rejected
¢. Into dental defects without being rejected.
15. The method of implanting cells as described in the claims above using a
combination of cells and scaffold(s).
16. The use of periodontal ligament or extracts thereof from either autologous,
allogeneic and/or xenogeneic source to enable cells to differentiate.



a. Into an oral cavity without being rejected b. Into

the periodontal area without being rejected ¢ . Into
walenwrabe2sef ect s wi t hout being rejected. 15. TheCTBKh@E/000533

of inplanting cells as descy3 bed in the clains above

using a conbination of cells and scaffold(s). 16. The
17.0Re wsk qf periotbote igarménjamextraas theseof fromssitherautolbgbusom

e : [ .
bR o e Genelt oG o LolK o AREGRRRL S BicHRnta
ells, pebtindaitall stepa pellstandforeetls expressirgayasiofiontaidrahaiicher

aut ol ogous, all ogeneic and/ or xenogeneic source to
enable cells to differentiate into periodontal cells,

peri odontal stemcells and/or cells expressing

peri odontal behavior.C ains 1. A nethod for

propagati ng and/or differentiating mammal i an cells,

t he net hod conprising exposing or co-culturing

manmmal i an cells with one or nore of periodontal

| i gament tissue, periodontal |iganment proteins or
factors derived from periodontal |iganment tissue, to
obtain cells having PDL characteristics and fulfilling

at least one of the following: i) show periodont al
characteristics as evidenced with Von Kossa nethod in
whi ch cal ci um phosphate deposits are stained brown to
bl ack, ii) show increased osteopontin and osteocal cin
and at the sane tine decreased bone sial oprotein (bone
sialoprotein Il or BSP), iii) are capable of being
inplanted to repair and/or regenerate periodontal
tissue, iv) are capable of repairing disorders such as
paradentitis al so call ed paradentosis, or

peri odontitis by healing of the gumline towards the
teeth, and v) are accepted by the host w thout
significant immune reaction or cell rejection. 2. A
nmet hod according to claim 1, wherein the mamual i an
cells are propagated in a growh nmedium then induced
to differentiation by shifting the growh nediumto a
di fferentiati on nedium such as an osteoi nductive

medi um whereupon the cells with PDL characteristics
obt ai ned are harvested. 3. A nethod according to claim
1 or 2, wherein the manmalian cells are manmal i an
nmesenchymal cells, allogenic manmalian nmesenchynmal
cells derived fromunbilical
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cord and/or unbilical cord bl ood, autologous manmal i an
mesenchymal cells, autol ogous mammal i an ost eobl asts or
wEe@cas®esr / progeni tor of osteobl asts, wherei n PEEDE2006/000533
cells by exposure to periodental |iganment protein wll
differentiate into PDL cells 4. A nethod according to
Claiingi m 3, wherein the manmal i an nesenchyl mal cells that

1. R R BB o8I, R B PSR Lo I nétdy
comprising exposinglir coelltwingrmarometir eslis withiong dPbiore of periodontal

nga‘ﬁ'ﬁ‘e"ﬂtﬂgéluﬁe behiddohtal ﬁ%rﬁemmgﬂs %Ff‘afé{o% 8Vl f.%ﬁaYemé’r[oﬁB@t%L

rece clal s, e
Ilgammrt asswr ite tobtain calle heing PRLberackaristi¢s-amt DG at least one of
ive (Lin +), Thy-1 positive (Thy-1 +), Stro-1
thqulidlvilﬂi@e (Stro-1 +), CD 13 positive, CD-44 positive,
i) smmv%rimmitalicherac@rjsfm gseidenced withl Vop Kos$bmpthodin ghivhiC
, 6. A nethod
Cal&ﬁmﬁﬁgm hhé’tg deg&'tsﬁg%@%grbg%nd%&c ai ms, wherein the
ii) shelM lscrebsenl osdeopointii amstemmaed atthe sameartimeCizcazpsed bone
; pation having PDL
siaRRbh YGonelgiaiouo i BBEPR. L 0 Do he et hod descri bed
iii) are capablefof beagimplaned 1@ renairrasdtmdeg‘eoeratmeeriqdeatahﬁ&weof

iv) g} 8er‘38fe of rébeﬁngcﬂgc;rﬁcel Eﬁag {Jééaéﬂgmgta déﬁ%r@?%ggentosis, or

permro_nhimjby Imeain_g obfne@um line tharddltlneeueﬂy ad@bvvn to the

o BEL S0l o RESTA S COAEA O (B RIS S0 oy
according to claim8, wherein inplantation of cells

2. K Mtf‘?cyds ﬁﬂrgﬁjfor@élhop mfﬂ%r&ﬁlﬁeﬁn&ﬂﬁmaﬁ&’?&éll@ él)opa%% ﬁ“ a

con‘posn ssué mal nly consisting o w%
growithy meslmm fhen @dn@ddapiﬁbr@tleﬁon biiefifting thrrarows medium to a

dlﬁ‘éﬁlﬁﬁlgt?&n%béihfncﬁrchtag%n%gf&ﬁﬁhﬁﬁ\%r}n@&blﬂgwﬂ@e gmle%eﬁ’é’wﬁh

turing an periodonta I'ganent expl ant a culture
PDirmbat&ﬁqr@tl@oQtaalne@rﬁ@rh&rvaﬁﬁcbf cells and harvesting
these cells. 11. Cells described in claim 10 capable

of being co-cultured with mamralian cells derived from
3. Aorethaghageoading:io claior 1 ocl, wietain thegnammaliaeglisiaremammalian

megélﬁﬂyﬁ'%‘glrz‘éﬁoélld‘g%ﬂ@n%$@glﬁa{ﬁgr@?%gﬂgﬁl cefX BESRE ¥ umbilical

CO-CUu h@erl 0 nt tissue
corgeanidis smbiical Gage hieae, atelegqusenammplian wesensbymakeelis.r om

autgg)?bﬁéj %Bﬁﬁaliah QR Blasls! F rcuRIptJyRHRS bf B¥tebPI8SE, wherein

tors
these cells by exposure to periodontal ligament protein will differentiate into PDL cells

4. A method according to claim 3, wherein the mammalian mesenchylmal cells that are
propagated are autologous mesenchymal cells and the cells obtained are capable of
transdifferentiate in situ to PDL cells or to cells showing PDL characteristics.

5. A method according to any of the preceding claims, wherein the cells obtained with
PDL characteristics are HLA-DR positive (HLA-DR+), Lin positive (Lin +), Thy-1
positive (Thy-1+), Stro-1 positive (Stro-1 +), CD-13 positive, CD-44 positive, CD-90
positive, CD-73 positive and, possibly CD146/MUC 18 positive, but negative for CD31.
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a. obtain periodontal characteristics show ng
i ncreased osteopontin and osteocal cin and a decrease

WO poobose3si al oprotein b. be capabl e of bei ng | P@I/RR2@E/000533
to repair and/or regenerateferiodontal tissue c . be
capabl e of being inplanted to repair and/or regenerate

6. Aerethmdicarcatding tosng ofl thetseessingitiaimsf wheygini the eeglls obtained with

PDgi_cﬁglrggFerrigtic%Ua?g %‘%3?%5%@3] tis also called paradentosis

accepte oSt wi thout significant inmmune
reaction or cell rejection.

7. A cell population having PDL characteristics and obtainable by the method described
in any of claims 1-6.

8. A method for the treatment of disorders in the periodontal tissue, the method
comprising injecting cells obtained by the method defined in any of claims 1-3 directly
down to the periodontal ligaments and resulting in adherence of the cells to the
surrounding root canal.

9. A method according to claim 8, wherein implantation of cells employs a combination
of cells and scaffold(s).

10. A composition of tissue mainly consisting of periodontal ligament proteins capable
of inducing PDL cell characteristics, the composition being obtainable by culturing an
periodontal ligament explant in a culture medium to obtain migration of cells and
harvesting these cells.

11. Cells described in claim 10 capable of being co-cultured with mammalian cells
derived from bone marrow cells or colonies thereof from either autologous or from
allogeneic donors, exposed or co-cultured with periodontal ligament tissue, periodontal
ligament proteins or factors derived from periodontal ligament tissue and induced by
these factors to
a. obtain periodontal characteristics showing increased osteopontin and
osteocalcin and a decrease in bone sialoprotein
b. be capable of being implanted to repair and/or regenerate periodontal tissue
c. be capable of being implanted to repair and/or regenerate periodontal tissue
d. be capable of repairing disorders such as paradentitis also called
paradentosis
e. be accepted by the host without significant immune reaction or cell rejection.



