10

20

25

Met hods to maintain, inprove and restore the cartil age
phenot ype of chondrocytes FI ELD OF THE | NVENTI ON The
w@e@sant33o nvention relates to the field of chopdr/ae3n®002452
expansi on and cartilage repair. The invention also
relates to regulatory cell popul ati ons obtai nable from
cartilage, which can be used to maintain, inprove or
restore the cartil age phenotype of chondrogenic cells
such as chondrocytes or chondrocyte precursor cells.
BACKGROUND OF THE | NVENTI ON Bot h arti cul ar and
nmeni scal cartil age. play an inaort nt ra{e i n

f.he
Methodsi to; mainiaiRaimproye and festore the gartilage phenotype
cartilage covers the ends, of fhese bones at the knee
joint. I't is conmposed C{}?cgﬁélé'é?‘flytﬁ%t ributed cells
(chondrocytes) enbedded in an extracellular matrix
conposed of a three-di nensi onal nesh of coll agens,

FIMaD ICRITHE INVENTIQNycoprotei ns and | arge

wat er - r et ai ni ng proteogl ycans which carry negati vel .

chall BedPigSRYS dRardiondetates toeéheg|f?@b§grﬁ%@1f§%ﬁsexgans'°“ and
caltiIe a1k b ARk AR el beplitng otananl
frohucdttit@gef whichl egrerbel ubed doi maifainpamprove parragtore dhe cartilage

either articul d/ [ ti i
PheasiaPe i o chandasgerht cels BRI copraaeeing: GRofubSIRE Brecursor
i s damage is conplicated by the poor regenerative

c_aipaci ty of adult articular cartilage and the
disability and pain that acconpanies this damage.

BAGRaRANOTGF i MRERAGN T’ - Arol agous o o

Cho pttp aiticeilal stbm@his cat 6arilatecplap@n) impetdrt raledn the mechanics
retrieved fromhealthy articular cartilage, allowed

of peanakjeinineovement Ariculancaiitage eayest i §nda ol ihese bores at the
nff ol USSR B S48 Bl ogpeced
anEegiracelludd mads codpBs8d5¢f aCdhieeedipransianali sesh of collagens,
various proteins/glycoproteins and large water-retaining proteoglycans which carry
negatively charged polysaccharides called glycosaminoglycans. Meniscal cartilage
is fibrocartilage characterized by the presence of cells in lacunae aligned in rows
and bundles of collagen fibers in the matrix. = Damage to either articular and/or
meniscal cartilage is a common condition affecting the joints of millions of people.
This damage is complicated by the poor regenerative capacity of adult articular
cartilage and the disability and pain that accompanies this damage. Recently,
several models of cartilage repair have been proposed. In one such model, the
"Autologous Chondrocyte Transfer" technique (ACT), cells are retrieved from
healthy articular cartilage, allowed to proliferate in culture in order to supply
adequate cell numbers and are re-implanted into articular or meniscal cartilage
defects [Brittberg et al. (1994) N Engl. J Med. 331, 889-895]. Cell expansion is
necessary to obtain from a small cartilage biopsy sufficient cells to repair the
cartilage defect. The ACT technique has limitations as chondrocytes expanded in
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necessary to obtain froma small cartil age bi opsy

sufficient cells to repair the cartilage defect. The
wo\dh7nesbni que has |imtati ons as chondrocyt esPERpPIWIEE)2452

i nnmonol ayer culture have a propensity to

dedifferentiate with increasing passage nunber. Such

dedifferentiate will lead to the synthesis of a matrix

wi t h bi ochem cal and bionechqgical properties

different to those found in the tissue of origin.

Optimsed cell culture conditions and |imted passage

e ceffle R HoPhr Ry O CUBIRPRABIS mitfidefping passage

nuiberi rBudkardddifigrentiation vaill N€&d Stearthet Synthesld af a matrix with
_invasion and. endochondral bone formation. I . .

biachemical| andapigmechanical prepeties differeat o thogeaufaund in the tissue of
.1 he i i f .

orbRECHRRHSLE e SHFBRDRS 5l UENTRRISTe npoers arnecces

to keepthe pyenatypicdraits ofathiamdrosttés ikcluding aheit gapcityt foefoem stable

| at.ions conprise. varjable nunbers of cells that
hvﬁ'ﬁ@% CRE{A9S 4y Y fesmeﬂ{)?waécgb@aunm'9nam4_ @ndochondral bone
forfAiRflioh! AiledinéitRdagSids ARl SeddRré€ %Ef§%§ﬂﬁlbf§ﬁera?eutic that is
towards stabl e articular cartilage-formng cells. This

compogedi of andexpanded dyordnecytar pepuativmbobtained fram an original

biol%lgkg%'yﬁ%elllf5%%?%{;)2]”?{%??%3}%@?@{/3 h(gsre at‘JIIar\tic}rlssgour%prise variable

nuinberoenEélld thaehhve Astafiicanthelr pmh@wfi& Beibfity @hdedf Rdifferentiated
CHn Othop Relat Res. 374, 212-234]. This

2000
celSSanef)altee@ feqiffereptiateciowaids statle astieylac certage-farmjeg cells. This
. t i s_nat.Suffi ci .
U0 Sl EHAT NN D U 4 Rk, A0 By of e
repEIp tissueh eandiny efrdrachyalihedikeo cartigey @vehdibapedrtikgeofo no sign of

A I, ok e s celh et s mates
¥ f -
a1 L A e i O by gt e

suchatckperforad benccessfdktransplastatioe. nunber of passages
n.under

t hat,. hond t L ati I t hout

s onifrgarePrrgathes REls pRendBeRap NG  he 9 M pbshondrocytes
or {0 @& Blté@madleé @Burddsf dfedRINdréétesMLHtER e aPgPVOIRIE83H describe

i ncrease the outcone of ACT by adding different matri'x

thec Bap rf emoleauiart markersnas ot auelity sertrolafor pexnanded and passaged
chcgr{:cfrsgﬁgs.etTh%l 'usglgig%ege r%SMe'rs Bél%lWS th'Sdet%?'r%?ﬁe the number of

passages that a chondrocyte population can undergo without significant loss of
cartilage forming capacity upon transplantation. Different attempts have been
made to increase the outcome of ACT by adding different matrix components to
the chondrocytes, such as perlecan [French et al. (1999) J. Cell. Biol. 145, 1103-
1115].

The surrounding matrix has also been reported to have an effect on the
regenerative capacity of chondrocytes. Graff et al. [2003, Biotechnol. Bioeng. 82,

457-464] describe a cell population characterized by the presence of a native



10

15

20

25

1115] . The surrounding matri x has al so been reported

to have an effect on the regenerative capacity of
webendesayt es. Graff et al. [2003, Biotechnol . P@GI/BPIVG7/002452

82, 457-464] describe a cell population characterized

by the presence of a nativepericellular matrix

("chondrons") obtained fromcartilage and docunent

i nproved cartil age-form ng prgperties of these cells

conpared to chondrocytes that™ have rebuilt their

pericellular menbrane in vitro. Cartil age biopsies

have been . desgcribed tq,cC ri apart fromthe .
pefigeRid MR csgEEets"y SBHPed frard Hatiighe g dopumgnt jmproved
il&de- [ ogy
ca SR TTI0g [TOpETIes OV W ooy Conifarele® KnSidBeytes, that have
rebyild theinpenicelydarsnemdirare ¢t viropopul ati on of cel |'s whi ch

are . I [ I ol LN ells"). and descri .
o R PSS AE e HEBLIR BB Bihafre 3R Re pica
chbodky s asnalHidractionl of dells Mithed giffating MoRsHYISgy ARd Dehaviour.
report suggest that_other fractions than the cl assical )
Kaaaﬁ%? gh2 ‘ﬁ%nﬁ%@t@g‘- 113901441 degaribedle neceperiyelsom cartilage
; QLT f i = G »
PR pREYUAEHAY MR R 4R TR cote) ana
destribalhowthese aeliis tan aevethéless begedgdrided intorder &sobw®in a higher

. not. ible t bt ai fficient anpunt of .
vielih dR JOXRANSIAN PreiPSBlse EHBGPOHy BUaoeat: 1l aihes fractigns than the

claRYRFBPAJRE PR ERBAGDCYILThBRSP¥ECAMBIgY GiBF%?e%erﬁagfalso be useful as

| ow-quality chondroCytes or to restore e properties
a spuresepf eartitagerformmnaeelts. handl i ng (e.g. excessive

i ncubation or expansion). In view of the requirenent

to produce a consistent amount of high quality cells

f or AMiedugh MestBols are RRAMabR toBITAPAISCHEHIFBcytBY @andt to assay their
possi bl e to ensure this consistency, independent of

qualfy, Huisl as wedrmptrpessiblecto phiair vosbffisisnteareunt of phenotypically
i ni-ops\y... .
s B3k b Ay SNBSS RS AT ER i roperes
of ddw-ajuadity ehdbndnicgtest ot dgerestirehtheu propertiedi afateélizn avet improper
a PO | ati on of cellsbwith chondr ggeni c . ]
handl ngpfe.g. excessive incubation or expansion). In view of the requirement to
produce a consistent amount of high quality cells for ACT, there is a need for
methods which make it possible to ensure this consistency, independent of the

quality and number of the chondrocyte cells present in the biopsy.

SUMMARY OF THE INVENTION _

The present invention relates to a population of cells obtainable from
cartilage which, upon combination with a population of cells with chondrogenic
capacity, has a regulatory effect thereon, whereby chondrocyte phenotypic stability
is increased, induced or restored. This regulatory cell population is naturally
present as a fraction of a freshly isolated cartilage biopsy but can be enriched

and/or separated based on its physical and/or physiological properties. It has been
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capacity, has a regulatory effect thereon, whereby
chondrocyte phenotypic stability is increased, induced
W@e0or@8138r ed. This regulatory cell popul ati on PGI/EP2007/002452

naturally present as a fraction of a freshly isol ated
cartil age biopsy but can be enriched and/or separated
based on its physical and/or physiol ogical properties.

It has beenestablished that this cell population

retains its regulatory capacity when frozen, making it
possible to store the regulatory cell popul ation

co B A T R 2 B gl b oz
makisg ftf ggsisté to atfdie the W@Qulafcﬁg el %pfuﬁitlon (elther in enriched or non-

trans | antation. Once a sufficient nunb
engpbediFareyt eg- |ds1rlo§ttaermnodtmeﬁa@wmmdwature chondrocytes to

o e e TR P Bl § SO damoor o

chbndrogptesn isitobtained/D tie® Hondrodas &@E@ob@laﬁldnt Ratokbited with a
Il atory cell popul ation can be separated out from

popHBtiERoir RGBT Callts a Al d6e BPEMechyPRRMIAtaR | ffy, ready for
pcertain tine, e.g. after about 2 to 5 days
traﬁﬁ’%}n&s@edl ng and/ or when the adhering cells have
r eabhmreower litehas 3650 dound ubat thist regulatonydiedir population can be

f [ls fromt | t t t. | o
seBted Bt font e Srobdiicnish, Sheiaipas hioesy Ruimsiesting, within a
ceRAin §Rene.d. hfﬁéreéb&ﬁt?[d’ 5C84ys Q‘Qéwsé‘édlﬁg éﬁd/épﬁ/hen the adhering

resent invention. Mre partlcu e | nvention
Ceﬁ)ﬁ bevei é%aqmdmidgasbfﬂo%mortflmengy athpomn-adm@nng)fractlon of cells from

s froman isolated cartil age sanpl e,
thégﬁ%gvﬁiﬁhﬁe&? HIE)H sing the steps of (a) mechanically
and/ or enzymatically treating an isolated cartil age

sanple to obtain individual cells; (b) transferring
t he 18c0RRESPREY thRdPiaseDhIinvastios providese metaods ifomensahing the

re %8%3%, pto? fit'ﬁﬁﬁﬁ‘ﬁ? rﬁrﬁgéﬁﬁin%nﬁ({) uﬁf?@%fl?’cg.ﬁac’rlyj hé& invention

prcr\ﬂadlésp'nm‘thodsl fadegriehiagca|gopeidtianv of regulawnyiideiu@rfsom an isolated
pul ati on of adherent cells an

Caéjﬂﬂiﬁebémﬁ% " n%egh&g COMRIIRINGhe StEPs rfa‘n(aaomspaafﬂ'ca"y and/or
en%bﬁcal@dﬁe%d &l Is‘&%tfe& %Hﬁl%?g‘@é%g%gt& ngér%h?ﬂgmdual cells; (b)

recipient, after at |east s an
transferring the so-obtained individual cells to a cell cultivation recipient to allow the

« JS

expansion of chondrocytes in a monolayer; (c) maintaining the cell cultivation
recipient in adequate cell cultivation conditions, thereby obtaining a population of
adherent cells and a supernatant comprising a population of non-adherent cells; (d)
collecting from the cell cultivation recipient, after at least 2 days and/or when the
adherent cells have reached at least about 30% confluency, the supernatant
comprising a population of non-adherent cells; (e) collecting from the supernatant,
the population of non-adherent cells, corresponding to the regulatory cell
population of the present invention.

According to one embodiment, the cartilage sample used in the enrichment

method of the present invention is a sample of articular cartilage or of meniscal
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adherent cells have reached at |east about 30%
confl uency, the supernatant conprising a popul ation of
wmorvwradizer ent cells; (e) collecting fromthe PCI/EP2007/002452
supernat ant, the popul ati on of non-adherent cells,
corresponding to the regul-atory cell population of the
present invention. According to one enbodi nent, the
cartilage sanple used in the gnrichnment nethod of the
present invention is a sanple of articular cartilage
or of neniscalcartilage. Typically, the enrichnment
t hods of the present invention wll start froma
?Q?Iage sanple which is enzymatically treated using
col TypRANG Ethe. edrichimént inBEHodiSHRHe, pﬁe'%énpfrﬁ/%ﬁﬂbn will start from a
I nvention provides an enriched regul atory ce
capiran aamahe WHIC@HS|e£12wr@<§|§allsatreat¢dmsm ﬁoa@smaw
non- passaged regul atory cells obtainable by the
nmet hods of enrichnment described herein. In yet a
f ur tirher fuathee cdspechether pegeht iinvesitibhopropidesi desenriched regulatory
CeElfferent uses of the enriched regul atory cel

d’pﬂﬂ%ﬁﬂ%‘nw@fcﬂ ie 3pPaRuIRtion rﬁ/fem)n@ﬁheﬂeeonenrrgaqsagad regulatory
cefid 68 'fﬁé‘tmetbp s of Ehﬁ@%ehﬁ%ﬁ%ﬂb&@’hé}%w

popu atlon bta| e met enrichment of
the invention is prOV|ded for use as a nedi canent.

ok T HEER o oo RSt RS Rl et uses of e
enﬁ@mu fe@dﬁ&oﬂdﬁélﬂ?%@lbhﬁﬂo‘l‘%é‘g%%bh?mve\%éﬁ‘ a cartl | age
defect, a popul ation of enriched regulatory cells of

t heAseerting tpna ditst embotimentii thel gnriched Fegelatery cell population

oo 5B LS ANBEABGE s AN P o use o

meédicarestsent i nventi on. l\/bre particul arly, the
i nvention provides an inproved nethod of treatnent
i nvilare fpecicalint thedresephinyentior poeyides @n@tgonmf@r the treatment

|
of 5RIAH 8ot RERSEIATp N0 B AT v corigee coret o
popellatlencn‘f enTehedyregyldtone celfg of dné lptrai;@mt in@ebtidraglccordingly, the

cts. ,Hereaft de hn Vi VO cartlla e.reconstitution
prqsgngm\éﬁrﬁlga BPVI es’ pharmaceutical compositions comprising the enriched
regulatory cell population of the present invention.

More particularly, the invention provides an improved method of treatment
involving the introduction of microfractures into articular cartilage defects. Provision
of microfractures in a defect allows the entry of stem cells of underlying bone into
articular cartilage defects. Hereafter, in vivo cartilage reconstitution is obtained by
applying a cellular therapeutics, which, according to the present invention
comprises a cell population with regulatory function. In this reconstitution process
the mesenchymal stem cells are directed into the chondrogenic lineage by the

regulatory cell population of the invention.

According to a further embodiment, the enriched regulatory cell population is

used for improving, maintaining or restoring the chondrocyte phenotypic stability of
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applying a cellular therapeutics, which, according to

the present invention conprises a cell population with
wo egahersdsry function. In this reconstitution pPOEBX07/002452

the nesenchymal stemcells are directed into the

chondrogenic |ineage by the regulatory cell popul ation

of the invention. According to a further enbodi nent,

the enriched regul atory ceII Qopulation is used for

i mproving, maintaining or restoring the chondrocyte

phenot ypi c stability of an expanded or passaged

chondr,0 yte tpon,in vitro. ccordtng to yet a
anG ARG RS B hARE AT COPRAREYIEReIAET A B30 ched

r ech@bﬂTb{? cl lyepopUupthePrermbodinfsht! 8f tHef frieRbh atthé Yenriched

mesenchynmal stemcells into the chondrogenic | i neage

reguiatery ,cgll Rapujatiorpist upedhder gg@éemtlatngen]ﬂsggghymal stem cells into
thé EN&FH pgantefu ?é%a@@%n%{t%’”pos't! on conprising the

population (either in enriched formor
as present in freshly isolated cartil age cells) one or

rmr di fferent cell opulations. More particul arly,
the P REngi g’d’”‘tﬁ’o@?ﬂ%@‘ dh@oRiRsENt | iIpNept rﬁ’@‘ﬂﬁ’@saa composition

coff Irtbafﬁeol‘eg%flatbwjf:gt Bgﬁrétl%f(feﬁﬁgmn Ehli ehé?PFBJrth %@?)resent in

npri~si ng: - tion conprising reg
fresblyl isolatadctartimgei aelis) ope or angrepdiffateind netbbobummh;

o oMy 8opatiauay o BleHrhPENIdeEnl SgRptar ycomprising a

cofrlingtioptdfaivaad rﬁo@’dﬂ‘l’éﬁerﬁ@éll‘?ﬁduﬁtldﬁfs dRprisihgr ent

cells fromthe supernatant of cuture of "freshly
|sol-ataadceibrndﬂuéﬁit9rb61dr@prtﬁ@mga| mdllatoomcelISaMmmmge either (|) a

ot DA SR SIE RAGEHECH 0 o cooos

cel | psiop C?abt Q). a @opgmtioﬁtéfoéhrﬁﬁheﬂlewuﬁwﬂﬁbelg 8Plainable by the
cells, a popul ation of chondrocyte precursor

cel I s. CQUSPE!D% péconradhiargnt cells fipektia supeiaatansrof a PO culture of

PR OO i SOTRLE ol A LA ARl an

popul airieoor Gﬁomtcetttmxbutamﬂsaselesztedefrbm thdregreby ddmsisting of a

relati Va%s%SE&”chondrocyte cell population, a population of mesenchymal
stem cells, and a population of chondrocyte precursor cells.

More specifically, the present invention provides compositions which
comprise combinations of two or more different cell populations comprising a
population of enriched regulatory cells, whereby the relative amount of the
enriched regulatory cells is generally within the range of 1 to 75 % of the total
number of cells in the combined composition.

According to a particular embodiment, the population comprising regulatory
cells which is present in the combined compositions of the present invention is

obtained from articular cartilage or meniscal cartilage.

The invention further provides different applications of the combination of

the regulatory cell population (either in enriched form or as present in freshly
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enriched regulatory cells is generally within the
range of 1 to 75 % of the total nunber of cells in the
W@ 2091167880 conposi tion. According to a parti cul BET/EP2007/002452

enbodi nent, the popul ation conprising regulatory cells
which is present in the conbined conpositions of the
present invention is obtained fromarticular cartil age

or neniscal cartilage. The inwention further provides
different applications of the conbination of the

regul atory cell population (either in enriched formor

cartilage cells) with
lsoﬁgﬁgggﬁgé%égpép@gﬁpﬁte?%ﬁtaéﬁld qpé”é Oé%g fically the
conMdre tspeeificalyp Rhé donfbinéd &efl lpiﬂplm!htibnc@éhpﬂglﬁ@ &iceRbopulation
of regulatory cells according to_ the inventionis

of gegvialy s8lls aﬁser@aaetq th%c'@&f—‘ﬂi'%l'? prvigecsamta medicament.
Acgg?#grﬁlgioﬁg@ ;‘ér'egg it PR gﬂ%ﬁ br%@t e%o ﬂé}né%cgécl{cﬂcge 4 Compositions

cotmprising. thﬁﬁeommmméllcpbpulpb@m aielsonlse@a'ferelrSOTHie combined cell

ded ffald for therapeutic use. The
BB ok 5 SRR s A i et o
of tI'HS dr@@éhﬂﬂ@éﬁﬂor?ﬁfd\ﬁdéaéjﬁher GBI bRIHY M%rﬁEHatlon CIthe (Pptlonally
popul ation of e present invention with a secon

enpolprd)ategutatory chﬂs poreation iobrthefpresert inveation with a second cell

f t t { f
obJEHBRTHNS rieblarshin oF & tdE i Reraean e PF FrelfeSffut otcartiage
defiices. PAGKOIEY ¢ OMREH Gt s &f agleatheitefdrnBaitifage RASEER are provided
having a cartil age defect, a conposition conprising

compasingg adminipterios fo sopaliart bavieg aheapylagecdefect, a composition

T
col A 8 ARSI A0 PSR RN biosAP AR e or mor
othﬂfrtcbllobberatloabl popul atl ons allows the use of e.g.

cho f hi pas age nunbers for
i npﬁlg Pufq ? Ig%o%t'%d@. ‘éQmPH'@t'BPe‘é’éhtOthef cell

pobtﬁl!éﬁ@ﬁé %ﬂo%kﬁe' %sé’%?sé % Hdr%% sabe hl@fegjglenggénﬁtﬁnbers for

of chondrocytes by repe te pass |ng
implaotatianeF urthesmorel, ngan‘pmmrdn ghtheypenentineasiioremake it possible to

oo BT R Bl RO ek o PSal PiSenging o eventua
decrease in cartilage phenotype upon extensive passaging can be restored by
addition of the regulatory cell population of the present invention.

The use of the cell population of the present invention thus enables the
cellular treatment of larger defects, since higher amounts of chondrocytes with a
stable phenotype can be obtained. Alternatively, independent of the number of
chondrocytes available, the quality théreof can be improved by using the regulatory

cell population of the present invention.

The use of the regulatory cell population of the present invention ensures an
improvement of commonly used ACT procedures.
More particularly, the present invention provides methods for preparing a

population of cells for ACT transplantation, comprising the steps of:



The use of the cell population of the present
i nvention thus enables the cellular treatnent of
WO 200Ga9738kef ect s, since higher anounts of chondP@EEP2987/002452
with a stable phenotype can be obtai ned.
Al ternatively, independent of the nunber of
chondrocytes avail able, the quality thereof can be
i mproved by using the regulatgry cell popul ation of
the present invention. The use of the regulatory cel
popul ati on of the present invention ensures an

A TR 2 RECT ERemAERLCIe RS S Foled et figgg samele o

f or optsipatdividual m@ul ation of cells for ACT
transpl antati on, I@fl sing the steps s a)
nc iranstesring the dm@wl RF RS ﬁ@acm@meﬂe@t a ﬁgllaqvlﬁl\@iqoat @gipient to

car Ly @%e hSuohoo %Bﬂhgt?dsﬁ%wg%" % i hed to a

trans err| ein |V|du ISR
oal Ima:mtalmmgtthemmmmtmnemClmentairi atedinatecogihogltieatiart conditions,

cho dro |narmnol intaining the
ol 4785y o BBIIANG: dntPamIalicy ot BOBBIeMC GRS ab oA Supematant
CO”%H;RI%%\ é'b%gﬁl%\(uoﬂttif%dﬂ-é‘&hé’reﬁpl?éﬂsﬂ' on of adherent

cell's and a s rnatant conprising a popul ation of
rd:)ncatlkﬁrr@ftromdhbsqulmatml reeipientgaftenat lehet 2 uays \aatupom at least

reci ie fte at 2 . days, or upon, east -

L boaboibapdt fpfldticy o tha, SafdkRr Shys BEME cult¥afin recipient, the
cul TsUMéidaQéhtchﬁhﬂnsﬁﬁ%a populatiBEeNRérRatheRfARIceRs Ny a

popul ati on of non-adherent cells, e) collecting said

r@ncaw@malé@pnsadhemnts@@l@ feapsaidsapernatantconbi ni ng

tde n adher ent .
af?pg% r%gn ? Qﬁ p% gﬂﬁ%g (;vthlnc @% fn%&l’ﬂ; with a
poppbpliationobf ehbhdh@nlicﬁ@ﬂellgt ahiche éd rivt Aqsapulativth o enriched
one errbodl nment of the nethods for preparing a

popt@HIatoRy 6ellcel 1 s for ACT transpl antation, the

popul ati on of chondrogenic cells is a population of

mat ure chondrocytes obtained fromthe sane or a

di f Aecemting $wbatembadimdrdagd the methods for preparing a population of

cells for ACT transplantation, the population of chondrogenic cells is a population
of mature chondrocytes obtained from the same or a different isolated cartilage
sample. More particularly, the method further comprises the steps of
g) expanding and passaging the population of adherent cells obtained in step
(c),
h) collecting the expanded and passaged population of adherent cells,
i) in step (f), combining the population of non-adherent cells obtained in step (e)
with the population of expanded and passaged population of adherent cells
obtained in step (h).

Typically, in the methods of the present invention, the enzymatic treatment

in step (a) is performed with collagenase A.
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sanple. Mre particularly, the nmethod further

conprises the steps of g) expanding and passagi ng the
weapaliemsson of adherent cells obtained in stepPCIZEP20R)/002452

col l ecting the expanded and passaged popul ati on of

adherent cells, i) in step (f), conbining the

popul ati on of non-adherent cells obtained in step (e)

with the popul ati on of expandgd and passaged

popul ati on of adherent cells Obtained in step (h).

Typically, in the nmethods of the present invention,

ol IR GEHERE emd BB bt beahs el bS sheisrt imniadhe isolated
caftflagdrasammeent al ﬁié?fﬂéda‘l’rbérhlﬁpigs%(%?&ﬂ QPlfi?héI{MﬁSth%aﬁBbﬁlation of

is a meniscal cartilage sanple. I ona _ .
chpagiggeniconelts ogainatesfrom @ meniscad cagilage duopsyorAlternatively, the

oo BRREY OB PhAER K oA AT HRkpehfsiem oots
nes Enethgmemtssdimea b the-hietheds qusrébaﬁn?% pdpdilagon of cells for
net hods for preparing a {J_opul ation of cells for ACT

AGT Yaapplantation?f the rrissept iByention, JuEher 6amprisettherstep of seeding
. . _. e o
thé BIDIrRR! polSIBics SoraRfetinleb If of RTBROFEARHY! 811 OnS

invention thus relates to nmethods of inproving in vivo

cartil age reconstitutjgon by a ing a cellular. .

t he&gﬁeﬂ?‘feé‘g'o%i%si SR %ﬁ ig%!h\édﬁr ogdmﬂ'ﬂ‘é‘f‘goﬂ’ ofivgncartilage
recHsBHABAU DO agBIyiRgE el CellLRiulRé uﬁ&onéérﬂﬁ)’l&i‘ﬁge A mixture or

popul ation according to the invention and expan _
combinatiogoof anr awelngaus oeje alibgensio negotatorys chontiragyte population

' | ast.i rohol ogy. . The inventian, further relate .
acbh ¥l 218, TR B TBGrh R A" "W Sogeneic
chordroagtestwith aribeyblastid mdaﬁh@iog?.l l'ul ar therapeutics

conprising a mxture of the regulatory cell popul ation

accdP8i Kyepton Harthey oigfates tenaiatbads Ify iraProvingmie evive . cartilage

: og|,t ] ole) L L-pat i - 1h
ecHSUABRORY 4 AORoEOTP R e PRRICE Mot 2 fiklre of e
redulatoapeéll popllatioh asterdingitd thHeaigeemtivrmand emesemchymal stem cells.

The compositions comprising a combination of the cell population of the
present invention and chondrocytes is capable of a faster cartilage formation in
vitro. Accordingly, it is envisaged that implantation of a combination of both
chondrocytes and the regulatory cell population of the present invention results in
improved cartilage reconstitution when injected in vivo, which initiates a faster
regenerative process and high quality cartilage formation.

Moreover, it was observed that cartilage, generated by the cell population of
the present invention in pellet culture, demonstrated a fast formation of
mechanically stable pellets, even when combined with dedifferentiated
chondrocytes of higher passages. This not only provides more flexibility with regard
to the chondrocyte population amenable for implantation, but also has implications

for the impact on local chondrogenic cells. The ability to induce the stable
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vitro. Accordingly, it is envisaged that inplantation
of a conbi nation of both chondrocytes and the

wo egahersdsry cell popul ation of the present i nvRCI/ER2007/002452
results in inproved cartil age reconstitution when
injected in vivo, which initiates a faster
regenerative process and high quality cartil age
formati on. Moreover, it was q%served that cartil age,
generated by the cell population of the present
invention in pellet culture, dennnstrated a fast

ch QR HEP 0PV RE A PrOPLHET BB Bl aPle FIUSHER rChhe; requlatory
ceP86 882 presEt SnveritionNdne émﬂi%taﬂ%somldﬁcfdgeéérﬂldget ﬁbrmahbn e.g. in
regard to the chondrocyte popul ati on anenabl e

osteparihrtiar FoRditions, wvherendecalnghperdiocytes fase @H@adm)aﬁ‘ected by
Ca%{&a"'%?% é‘sgggql” ﬁmec o?r?tl |'s. The ability to induce the

rocy phe otype in partly dedifferentiated
cells indicates that the regulatory cells of the
present invention are applicable of inducing cartilage
formation e.qg. in osteoarthritic conditions, where

DETNRED DEYERE @Fﬁﬁbﬁ% c{,&ct ed by catabolic

processes wthin e j ol nt D DESCRI PTI ON (]:
DeTHEEithl\/El\rrl ON Defl nitions: The term "chondrogenic"

e LB o R ORI AT 41 4Bkl s
th@frfh‘éhﬂ'@rﬂ Eaddity aganaf célPo?PbBUia%bﬁ té%rbdhéé%a&ﬂé’d\é t&r to stimulate

under appropriate circunstances. Chondrogenic cel
caftirgey @sowtb ndndery apprepiiate ctifasimatances. h@hpedmmc cells include

ondh B AR St BRSBTS SRR, such o

preauﬂsmdrmﬁmttédft@qherost@cschaﬁqebmméagé refers to a
conpound whi ch pronotes cartila ifferentiation,

sucﬁ\ h%’éﬁ’!%ﬁﬂlerfﬂ)&tﬁrfé@t m.d et seferero B, cameound which

o 58 BB R D A ol B L 89

cel Tfhéotéﬂinat'tﬁﬁnﬂfbdytedpﬁ@néwﬁlb|§ﬂ\€b|hﬁ/“VWM@n reféing to a cell
ability can be tested b cting a fraction of the

poe@lpporboﬁﬂa@toome( abilitye gthagglupopulatlon to produce cartilage in vivo.
This ability can be tested by injecting a fraction of the cell population (at least about

1 - 20 x 10° cells) in a mammal (in vivo), such as immune-deficient mice, and
determining (in a time frame of about 3 weeks), the development of a cartilage
implant without signs of vascular invasion or endochondral bone formation. A
chondrocyte population that is phenotypically stable, is moreover characterized by
the presence of markers of phenotypic stability as described in WO0124833.
Chondrocyte phenotypic stability is gradually lost in mature chondrocytes upon
passaging.

The term “freshly isolated cells” (FI) as used herein refers to the cell
population obtained from a biopsy after tissue digestion. The term “freshly
isolated cartilage cells” as used herein thus refers to the cell population directly
obtained from a chondrocyte-containing tissue, such as cartilage, by digestion,
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1- 20 x 106 cells) in a manmal (in vivo), such as
i mune-deficient mce, and determning (in a tine

WO e@me0380 about 3 weeks), the devel opnent of aPCT/EP2007/002452
cartilage inplant wthout signs of vascul ar invasion
or endochondral bone formation. A chondrocyte
popul ation that is phenotypically stable, is noreover
characterized by the presecég of markers of phenotypic
stability as described in 124833. Chondr ocyt e
phenotypic stability is gradually lost in mature

..chond t sagi The term "freshl
withighf Gessaainy, e freRRiv iSoiatest collbapiaian it B8 sniget efuthe present
inviePRoh 3 LSEd elthai arédctly 0B, ¥ithirPA8YI 20 hlirstaffetUSolation) or is frozen
di gestion., The term"freshly isolated cartilage cells"

fordatersisg. Aliewiativelyuthe tepdyresias thefregblylisplatad egll papulation can be

i i .chon C -, [HAY .

iR oI DAL B R onaitions e, by

culbeatiargforga Iohyer fpesivhl of timelatthigh dehsityimpultratlownattackment plates
context of the present invention is used either

in @n jneubptorwithout RassAGings- 120 hours after isol ation) or
. for | " i .
of frﬁgztg fhn g/ul%i&‘y ”C‘g'%ﬁﬁpdggd PVC%IIIyor (t,éi'l‘spcépéﬂéwr??efers to the

of res I sol"at e ulation ca
capadityt of thedcdlloor eell papelatipewheh obntactesl witdeanatleert eelhpopulation,

to fiflyshie aengEsGehAaT satbeibboriaiod Mdfr ¢ inflate chondrocyte
ex%ﬁeﬁ?@%/op{@ﬁwﬂﬁeh& e bﬁ@h’d}%?lé Pherittitdic %@&ﬁﬁ{?id?%? other cell

term"regulatory” when relating to a cell of cel
popéiptiPat i on refers to the capacity of the cell or cell

ooph 8580 UHERA YR el BB e b e pcpyiaion of e

prefyeptiiraiention reélaiédto tite faut thattfeorhthe dredtyyt Roriteaell®as obtained
and/or to influence the chondrocyte phenotypic
frogy asartilage driorsye tae iralls davelapinaiirdeirpaturekiondrepytes have been

- y ched"” f r C : :
oS SH 0l & iR il EPUTUAI b s obtaned o
cornpated Hatther perceméade efhiegulatotyatells qrebentain ¢hé aotatdof freshly

oISk S8 B TR e o S Bk ot gnrching
theie@lifitoREEIBE AAStSH is' SARE PSR INEICRbA-BdhariRl brbpsitleds

The term “non-adhering”, "floating", or "non-attaching" when used to refer
to a cartilage-derived cell or cell population refers to the fact that the cells or cell
population, when introduced into a cultivating recipient (such as a culture flask),
remains in suspension and does not adhere to the surface of the recipient. More
specifically, a non-adhering chondrocyte cell population (NAC) of the present
invention is the cell population present in the supernatant of a chondrocyte
monolayer of freshly isolated cartilage cells (i.e. during a first expansion under
standard cultivating conditions), after at least two days or when the adherent cells
have obtained at least 30% confluency.

When referring to "mature chondrocytes" in the present invention, it is

intended to refer to the mature cells of cartilage tissue, which originate from
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conpared to the percentage of regulatory cells present
in the total of freshly isolated cells. According to

W@ h@7p9B3€Nt i nventi on one particul ar way of ePCT/EPIONT002452
the regulatory cell population is based on their
non- adhering properties. The term "non-adhering",
"floating"”, or "non-attaching" when used to refer to a
cartil age-derived cell or ceHF popul ation refers to
the fact that the cells or | popul ati on, when
introduced into a cultivating recipient (such as a

e T T p——

obtireed Lpoeal ¢lm|vai|d’moaf adpepilation lfrfcesity tisols®dd cells from cartilage.
pul ati on I\IACE of the present invention is the cel

W"B%'plﬁ ligwiegh tr t‘i’rmatfﬁétr%ﬁérm%ﬁﬁ schy %d!rm@y{twatlon in

md?%ﬁé’)e‘?y% of‘regﬁlgsrﬂdfaﬂeﬁ"lcal@dﬂ&?éﬁ 4 ggngel faift| a Eolygonal or

I'ng a |rs xpansi on under stan cultivati
flbmbiaetlcl aner)photdgyer laste Ithes't pericetialas oratwkeantdhdecome mature
erent cells have obt e east 30% gonfl uenc

ChGROTEPe A | PIATES - HORAEONG b yRuiaton” e, Yreck ierein thus

reféf‘th%'E P@Pulahbn io¥ ceé éBﬁﬁﬁ’ed By IcftRatibR otf RertRge! F;Sllé?ﬁl' r'n%nolayer
car age tissue, which |g nat e froncthondrobl asts

e. Qarllfd caft@ra:ﬁ@%lbwh@febyrtbeunat\ge dregytes mehareeto the surface and

V. ned upon cul tivation of a
are E%%d‘{ %l?jo%r%o?'aﬁ]%éé?@ I'solated cells fromcartil age.

Whelheltemnedxpandedacivhen rafereihg its @iceb wapaldtionsdbtairsd from a
upon cul tivation in nonol ayer, the freshly isol ated

tisgug, |ssich | as eaitilagies '%ea'@ﬁttﬁﬁh”‘& £l pgpulatiogrhas been placed under
coﬁdlf?&‘}’?l\ﬁ%&’egg"@{eplﬁﬁlrrﬂ% of ¥fis LR m&%%%\gﬁlrr%)?' ﬂéllferatlon. In its

matri x an come nmature chondrocytes
simgpiestdversydre exqldnsparpus aierfmfhedsbwsmdwldmgaithetd:ells population in a
Culbeestoa oulatlon S O

bt
{atar g bR aPbrontisle cuftivalion magiigrageionalyguntil confluency.
cul THe eflf'ét%adgi@ﬁ’e@ﬁ’a cbe pGBEIé"n%n QMQ%OGW& tigslhe flﬁgrs to the

to the surface and are passage one or nore tines. ) ]
cultieatian’ e»fptzhlﬁdeaﬂ , Pahdatiorefpriori tog the first glasspoingl ddurmg this first
gates

ox il acfioh Bt SN it B ok vl Ehermdp thE STace of the
ﬂaél@éwkﬂ beesmenwhaileB)cHoherab e (PO Atald shoafrobesEassift a fraction
of the Przaghllyflgglgttédorc]:ellé r:Mlllteraln as non-adhering cells in the supernatant
(non-adhering cell population), Typically, the first expansion will be about 15 days,
depending on the density of the cells seeded. Upon passaging, the supernatant of
the cultivated cells is removed and the adherent cells are detached from the culture
recipient, divided and again transferred to a culture recipient with fresh medium
(this stage corresponding to P1). The P1 cells again adhering to the cultivation
flask can be further passaged. P1 cells or cells with a higher passage number are
generally referred to herein as "passaged cells".

The term “cartilage defect” as used herein refers to any condition resulting
from the loss or damage of cartilage. Most often, these occur in the joints, such as,

but not limited to knee, elbow, ankle and are then commonly referred to as articular
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si mpl est version, expansion is performed by providing

the cell population in a cultivation recipient with
wWa@ppropBsat e cul tivation nmedium optionally unCT/EP2007/002452

confluency. The "first expansion” of a cell popul ation

isolated froma tissue refers to the cultivation of

the cell population prior to the first passaging.

During this first expansion, fraction of the freshly

isolated cells will adhere to the surface of the flask

and becone mature chondrocytes (PO wature

| f t f th
AT R e N R ——
deféus BEIRY EHdyds ONtie- fedhar bﬂﬂweCﬁuﬂneWéicaLbQQI}ear of fibrocartilage
ypically, the first expansion will| be about 15 days,

of H@d@ﬁafa%sa?]atsﬁe'etﬁrrm tg/app meeiseal defegleeded. Upon
passagi ng, the supernatant of the cultivated cells is
renoved and the adherent cells are detached fromthe
cul Theepresentpineattiordisvbaketi endhe.gbsentatianthat freshiy dsslated cells

ul t t th f h d th t
obfapec B aicg gge%psm&%&'iﬁ%ﬁéﬂ%eﬁ%@@% phgelkiwhich wil

del&18pCiHtd 'tﬁé@ﬁio‘?n%l fn‘mﬁﬁke ABpa 4 BRY \Dﬁﬁ ag\ﬁ%n fhtroduced into a
ceIP a hi R

s or cells wt assage nu ar e
culpreeflask,y adbéras ¢d the iselrfece af thpaﬁa;sig@dceﬂalns 'be Expanded, a
reinrefers to

pop b o tdrsadiatRl SEbeFhict ol & duiegbisary SBble, but can
accas & ﬂe@ﬂ%toﬂ\}b@éll Qéét@latloﬁ hege r@?.gkifory @achbl@y oPtms %ellsétfdﬂjlatlon is

as, but not limted knee, ow, ankl e and are

appaient iram rtbeeflarcta@watoltag %anabmoérmamam@gecrmdmcgte phenotyp|c
s 4ot Hebe BogPla R B of LS8 FeRF Bl phenotyc

staibim'y btidediffereritiated-osls popalations fTHus ¢tk toell p@p ukitionsresent within
iscus is also referred to as a neni scal defect. The

freaws'éﬂ'?t#qq%vﬁ iobtaingd fera castilagreisopfs BarfisH|asrintargst for cartilage
prd‘du%ﬁahyaﬁé%ﬁﬁﬁ.d/g&l }@ggg %Qeg dseRin & &?l@éﬁt})rll mldeﬁ for novel

bl opsy conpr , a pop 1%t on
app\hddtlode\aflf(xpshlmsolaheddcarhtagal cetisl whiclke moaklk asgtafsthenfdatures of
intog a culture flask, adhe

d
the S0t AU & GEOIEG Y qelstngrein Mo vess i pBR sckerent feature
of @Iﬂ@uiégmétary)fce'ﬂq{bpﬁﬂ’élﬁirﬁrﬂiroﬁﬂéé Sfor VA BtHYY o‘?néﬁ{rlérﬁnent of the

henotypl cally stable, but can act as a regul atory
regzyéatprypcqgajl pepulatiorrhef rtbgulndeohqn adhusj twhitsf ttaﬂmorcadlw the non-
adrﬁ’é’r@m éll BBphl%tlon obtained in the first expansion of a chondrocyte culture is
discarded, the present invention provides for the use of this non-adherent cell
population, not only as a chondrogenic cell population but as a regulatory
population which is capable of significantly influencing the chondrocyte phenotypic
stability of other cell populations.

It has been observed that the regulatory cell population of the present
invention comprises cells with a pericellular matrix. Chondrocytes have a rounded
or semi-rounded appearance when present in cartilage tissue. Digestion of the
cartilage tissue destroys the native pericellular matrix present around the cells.

During the first 48 hours of cultivation, the cells regain an, albeit different,
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apparent fromthe fact that it is capable of
mai nt ai ni ng chondrocyte phenotypic stability of a

W@ hwndeB3yt e popul ati on and of rescui ng chondrPCH/ER2007/002452
phenotypic stability of dedifferentiated cell
popul ations. Thus, this cell population present within
freshly isolated cells obtained fromcartilage is of
particul ar interest for cartiJd,age producti on and
repair. Accordingly, the present application provides
for novel appl ications of freshly isolated cartil age

cel | keueof th ures of th
pefildar At AR AlGuF 0 AtacBoss fhafl; o Swppertusych as upon
cuttibﬁtldilr@rh MRy ey, fn@@ttﬁffihéffrés‘NIyS lsbq?e@téb &deMs latten out and obtain a
opul ati on provi or a nethod of enrichnent of

po{m@nagguflam@st@ermprmgmatagmn drsing enoshafrthesrperiteliglar matrix.

Th\Q,‘h té 8Wj cte ?ﬁ@édl&mﬁrﬁ‘ of Wﬂ%sﬁk%%gft.n&e‘ﬂqtlo#g ?sg ;&bs}éc@nzed by the

expa

presdrtcer ofi eelﬁ; St d@droaddedprnesr@hblogweartdmﬂ vHigh dgds regained
for the use of this non-adherent cell popul ation, not

pegrelulasmatronisfaabiRiRee. cel | popul ation but as a
r.eQWC?BFHM p(Bpré“ﬂré’éthin‘%E tién QHQa@g‘:ﬁlé}Bry cell c)),pulatlon of the

si gni |can I nf "'uenci ng t e chondrocyt e ‘pheno
presenthi inweytumi |st prgseotl ih erpImIVatsodnted d:ellshaxs bbtained from every

d th | at [ | at ft
ca}iadt hiorsh Lhvs e Bismsnt usiehter ofidBR Rclsofisdaveiiing e use of
thlgﬁégu%to@wﬂdﬁw&@@n heotR & prRIgedEth Wesﬁ@”?sbfé?é‘@%ﬂs and as an

appear ance when present in cartilage tissue. Digestion
engehed el populaiige. in settdagr srodiyationhs witieiand in vivo. The invention

R PTG B B OG0 Be8h i BHLff runction.
an, albeit different,pericellular matrix. Wen all owed

to attach to a rratrlx or s% ort, such as upon
cul tThedegyiateny eailppryyation pfesent invieatian ys.i eithestasdpart of a

fre%ﬁlg ofét@BtSé‘lng)% HrPPbRIdY AnPehYigRad! regﬁlaftoryh cell population,

l"asti ¢ ogy agai n | 0sl ng
typicalliyc eblairnext fmnﬂrarx isdlated e:gttilaxj;@rgam@lbl Aczoudiiagi tmthé present
sent ention i s char acterl ze b%raith presence

. th
invgitiof; & Reiaied SPtinde S ABRHeIBEy 3 rariiRge obtained
froFrﬁQ I9keNRthE AluMERS! HﬁlHdI’boHZ ﬂpsf‘bﬁhi&% rly%egﬁ&r@ﬁn the body

the present invention the r atory ce

whmtparenea@ﬂy @fccepgible for obtaining a cartilage biopsy are selected. If the
isolation of the population of regulatory cells is performed in the context of
providing cells for an ACT, the biopsy of cartilage ideally comes from a non-
weightbearing area that has little contact with other bones, such as the
intercondylar notch of the femur. Alternatively, the cartilage sample used in the
method of the present invention is herniated spinal discs cartilage or meniscal
cartilage (fibrocartilage).

The cartilage biopsy used for the generation of cells in the present invention
can be obtained from young or old individuals, from healthy or diseased cartilage

(e.g. osteoarthritic cartilage).
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present invention is present in freshly isolated cells

as obtained fromevery cartilage biopsy. Thus the
WwW@e@3aom330 nventi on provi des met hods i nvol vi ng PCEER27/002452

of this regulatory cell population, both as present in

freshly isolated cells and as an enriched cel

popul ation, in cartilage production in vitro and in

vivo. The invention further Q%ovides for methods for

enriching a cell population with regulatory function.

The regul atory cell population of the present

PENONEEITAE WA e T —
re@ﬂﬁtdr?td;ﬂ”poﬁl){ﬂﬂi&@'dfythé jraberdinveAtibRNIN /8! Ab&Ageneral form, the

cartil age san‘gl e. According to the present invention,
methed icoppiises tbafeliavine stepsti br ocarti | age and/ or

) _ . .. , h

- AR Bar A DM ey B i et phittags, sampe to
t dtstalrod pophiatibnasfendiaidubyceélcessi bl e for obtaining a
cartilage biopsy are selected. If the isolation of the

- plepnsfairinenthss Ppayiatiah Rfyindiidualicelisess @blained ot acell cultivation
f cg! ‘ . p
cIli 8 2 RO Sl of cHnae T In B AR, <.

- tinatnthiatg thet telticatidracecipienh uatdbeadbquoate, cellicbltiaatidriheonditions,

int(frcondyl ar notch of the fenmur. Alternatively, the
c#4il age sanple used in the method of the present

- 1 gBIRRIAG Fron® tRELEDiFAESh Petipight tHeS§Gp&Rkidnlt %ﬁjrlﬁgsérég a population

nmeni scal cartilage (fibrocartilage). The carti
befopen-adbeterit ogelish cogr@spondingntoothe: eegulatary t¢edl popslation of the

:ﬂ%g%{‘%‘ﬁg?ﬁt% be obtai ned fromyoung or old

Trom heal t hy or diseased cartilage (e.g.

ost @Rabkdig td ¢thé présemanyertivh, fdulthatioh RsicfresHly idfated cells from
resent invention relates to a method for enriching

ca?tilagq bssHeapervidesp medind faritbe ritysiasd sepagation of the cells into an

YRR EBBut o, YR oGS sttty AR Mgy, and -
norvaihesing gaipuatione htavimg regulatorlyadeatirearti | age sanple to

obtain a popul ation of individual cells, -
transferring the popul ation of individual cells so

obt §f NedirkP desebf the! EhNGHh&Rt procedure according to the present
invention, the isolated cartilage is treated so as to obtain a population of individual
cells (‘freshly isolated cartilage cells’). According to a particular embodiment, such
treatment comprises an enzymatic treatment. Enzymes that are suitable for the
digestion of cartilage biopsies include, but are not limited to, Collagenase NB4,
Collagenase A or a mixture of dispase/collagenase Il. In a particular embodiment
of the present invention the cartilage biopsy is treated with Collagenase A. Other
proteinases which are suitable for the disruption of cartilage include enzymes
(either alone or in combination with trypsin) selected from the group consisting of
aspartate proteinases like Cathepsin D, cysteine proteinases like Cathepsin B, L,
S, K and calpains | and |l, serine proteases like neutrophil elastase, Cathepsin G
and Proteinase 3 and metalloproteinases like MMPs 1-20. The ‘treatment’
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recipient to allow the expansion of chondrocytes in a

nonol ayer, - maintaining the cultivation recipient
wapaenoasequat e cell cultivation conditions, aPdI/EP2007/002452

collecting fromthe cultivation recipient the

supernat ant conprising a popul ati on of non-adherent

cells, corresponding to the regul atory cell popul ation

of the present invention. ggrding to the present

invention, cultivation of fresShly isolated cells from

cartilage ti ssue provides a nmethod for the physica

t fth | to an 'adheri.ng'. popul ation, . .
2GR Lo g PesentLBEmig dmmrts: Bepromaring obind isited tissue
witR 08 3RGUAtNSr Eﬁ%étﬂoﬁ?rh tlhﬁé’ﬁﬁﬁoﬂ eSUHHAER! Yo faﬂ@@v“ﬂ@%sﬂon of the

In a first step of the enrichment procedure accor
tissue inte lrpiledgat cellsy &xemplaryt Wmmlcane@lntcamns argré time perlods for

aigk§figh e HesEipe 001 plateliy FodlipnBeftin P8 afstiRliys, yeatments
caih befelsilt Id“elrlitlﬂéd P EE BRied Fate€dn! [reat particul@rambedifment of the
an enzymatic treatnent. Enzynes that are suitable for

inveRtonriCpllageaase A @d-ﬁqq iaganpe desween itht landel, 3piat foaadime period
befifler 8%%?4\8593 @?ﬁl‘&@ﬁﬁl %?&g' | agenase A or a

m xt I'spase 'agend In a particul ar
enbAdtemativelyf th@e:amnlagermopswean|t1mtr'elated:aytml=3dgm|cal means to

Lopsy is treated.w.t| | | agenase A. he )
Ob\tﬁlﬁ"blto%?/lh%%lé@t'%l%fh "é‘?‘t—’:‘gé'gft??@ge%“& 8e i§[‘1¥bt$Rﬁ?dofme°ha"'°a'
ho%ﬁ%hls@%n IR BbeAZY Popld 81 ah Ff gﬁ,)%@:ﬂf]oéj. Res 6, 408-419.

co ecte

Inatton wth trypsin) se rom-t group
consi sting of aspartate proteinases |ike Cathepsin D,

TS0 BT SarhOCaL S0 B b Brdeferon. o
mdﬁhd@élaééfls éabhﬁ@sfrarrﬁaaé&tlﬁ'g@t ﬁb8§§$ﬁ%sﬂﬂﬂlsolated cartilage cells’)

met al | opr ot ei nases |ike
are intwgueedtinteca oeultivitiaro recmdept eivearder 1o allomothe separatlon of the

oG h:A0058% . PoTarhle ABRLRH SHpn bl cutivain
rewdlénw fdr gestin adcoidahbe witrstheepresént inkdhtidriiaed tieestandard culture
| ary enzynme concentrations and tine periods for

ﬂa%hsgggeq' & BeeCyiivation, el matrixideprendapl el subiviesn(sueheas but not
imR84 t8] ESILBA™ HisKe £GHBELBN Dickinson, TPP flasks from Techno Plastic

Products, Greiner tissue culture treated flasks etc..). Most typically, these culture
flasks will comprise an inner surface or flask base to which a surface treatment has
been applied. Culture flasks of different shapes and sizes can be used, and these
aspects are not critical, in the context of the present invention. The only limitation is
that the flask be closed, i.e. that it is possible to maintain the cultivation medium
above the adherent cell population for a time-period needed for the mature

chondrocyte population to adhere to the bottom surface, so as to allow the physical

" separation of the adherent and non-adherent cells and the recovery of the non-

adherent cells from the medium. According to a particular embodiment, the
cultivation medium and conditions used for this step of the enrichment method of

the invention is a standard cultivation medium for chondrocytes. Media used in the
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can be easily identified by the skilled person. In a
particul ar enbodi nent of the invention Coll agenase A
WO 20008€1330 n range between 0,1 and 0,3 % for a PCTEP2007/002452
peri od between 8 to 16 hours, nore particularly 12
hours. Alternatively, the cartil age biopsy can be
treated by nechanical neans to obtain a popul ati on of
i ndi vi dual cells, such as by12IOM/speed nmechani ca
honogeni sati on as described i'n Poole et al. (1988) J.
Othop. Res 6 , 408-419. In the enrichnment procedure

o S b BB B S5 s DI v 12 o

otHe‘iOl:é‘ﬂ QS&IMt’bh' AEELi& bpfonalyr §ub;5!bh’i2§ilﬂé@dwltﬁt9 & 15 % serum.
‘cultivation recipient', inorder to allow the

Altsenatively, sereon-frer mqﬂjaesult@@'le forachanstiogyteeeultivation can be used.

ThBER it AR IR collGR. Prtuhg bpvitsbhibEd. ifimones, sugars
etd. NXkecdridiny aoeat partRurd antboditént, eDMaﬂkmetﬁeﬂh fvﬂfh tde®um and
cultivation of matri x-dependent cell cultures

antipiotig, s Herd.| The cel QUHUFGFéﬁ slandardly mesoryedra 7Bé‘ct~dih 5% COx,
bugtcﬁ' Q)?&?tl:tea_ RRaf lnzﬁ BF vl |9ﬂbrT§3ﬁ”tﬁ ég&%r{dgtl@s %g'th%t significantly

el ner ssue cuI ure reate
affegtrmheadadberehhesaé tbeldetllrm;p‘dlamkfs ol ihe surfase of theen cultuver recipient
urfacgb?h%fl ask base to ich a surface treatne

h
BTSSR prEsit et checaining: 1 r GATticuRABbagiEENt of the
mvéhﬁ@ﬁ %@ﬁe%téﬁtedn iy dunese @éﬂ@%?nﬁiﬁnél‘_olthecrdotn'-%erent cell

the context of the present invention he onl
populﬁtloms tnbe gnaintainedhin theagiktuse flasbsf,@fda limited pemd ofitime, e.g. it

s digREFAPAA 2 B, AR R SRR RS o ADCHBrin o east
abd@tr 2096, mAbRY q)aﬁh@ndﬂy)cab@tpm% aémmuetn@yadhﬂéemmp HdWever be

bot t om sur f ace, as to allow the physical separatio

determingd Byrbe &ize é\ﬁdhﬂdwsgoﬂm e nuebes ofeelisheriginally introduced.
ther’&&?\p\fﬁ.réfdg fcsmﬁwenB{]lt@r%hgf a8h %%lc%”% t8 eyls {Eﬁﬁlu‘éﬁb}s within the
ccording to a par e cu

cul ar

culterdi flaskawithio catsb ut i tasoswe e ksl |ri tiie lflI‘BtSe)qJ‘aaplde tt/ﬂﬂEally 5,000-20,000
met hod of the jnvention is a standard

ek
fre%@}r/{'gv'gfé]%ﬁaﬁm%rﬁeﬂlarar@h@ﬁr&ﬂae dato peiask @k adoem’. Cultivation
techhRfifels cff%rt‘il%?e %éﬁé‘??é %u%om%%@%m%a gergbgal Iy

conpri se or other cell cultivation
nmedi a optionally supplenented with 5 to 15 % serum

The regulatory cell population of the present invention is characterized in
that it is non-adhering, i.e. it does not adhere to the surface of a culture flask about
2 to 5 days after seeding of a culture flask with cells obtained from a cartilage
biopsy or when adherent cells from a cartilage biopsy have reached about 30%
confluency. According to the present invention, the regulatory population can be
obtained by separating adhering and non-adhering cells in the first expansion of a
freshly isolated cartilage cell population. Typical mature chondrocytes without a
native pericellular membrane, present in a cell population obtained from a cartilage
biopsy, adhere to the surface of a (pre-treated) cultivation recipient within a period

of 1 week. This process of cell attachment is the basis of the method of enrichment
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Alternatively, serumfree nedia suitable for
chondrocyte cultivation can be used. These nedia can
W@ opnizse0 cocktail s of vitam ns, growth factorBCT/EP2007/002452
hor nones, sugars etc. According to a particul ar
enbodi nent, DVEM nmediumw th serum and antibiotics is
used. The cell culture is standardly perforned at 37C
with 5% CO*, but it is expectgd that m nor variations
of these conditions will not 'Significantly affect the
adherence of the cell populations to the surface of
e culture r ie acc | to t D
for g aRBH O b PRP Yo Bl BRI PRl HEioBu, Siacisrizefldn that it
wﬂh@t‘éﬂﬂb it dedifReé MpdtRImt and attAéhrBEht proReb d6ka foHyr iperidd of time.
t he non-adherent cell population is to be maintained

It wilh bengnderstogdethat thecmasnent of; cmllteét!prp@f theiregulatony cell population

ey LS S lphert ey 10k BEFES By o mre

thamo 6edays tafteulsarddyngabbutt trﬁﬁ%/moaﬂfécueﬂrrey effidierscywof Ithe enrichment
however %e determ ned by the size of the f and th

Prac&sdes ofec SHPEMARRY r‘%l Iflﬂ?hf APr 680@EY 3 g ﬁhkfrqqqion of mature
ch&id?@&ytfe@rwﬁ@ﬁ Hé‘\’/'et é'lfr%roﬁ ey %lrla°r trR) g{)ng;%'rréd\pgrmg to the

confluency wthin the cu ture f

surfacskef the atﬂte/atlpngecwansasoeptnte;lw cal | y 5, 000- 20, 000
freshly isolated cartilage cells are introduced into a
flask of 175cnR2. Cultivation techniques of cartil age

cel |[rsther énrigirheritsreetiQre BEthHEKpidseAt RERBBn, tHeenon-adherent cell
regul atory cell popul ation of the present i nvention is

popyatien issphysicallyremaved ffoméhﬁ@dhgmmmeﬁgaonulailon Acgoeding to an

PR S e AR oot o b bp s coete

togetheni thti theosupecatant! frge kheoratups rabipieradiMsrenparticularly, the
cells frogma cartil age bi o&sy have reached about 30%

retgioa| REndhe  RARMSING o celhe POPEIRLIRN | TRo@nt then, cwltwse recipient

enSRRAGI R ShTAD 9, FRLARA RSSTEELLRR apoing o
theoﬂaa;k) ftoeddthgh ivesdkdy-adheamng idellg andetdllgutipg| thei mnture supernatant.
Tt B S A etres s o
butoBbe lingitbd rtch%nﬁﬁhbéilé}ge()etb ORSYO AFREIR 40 ﬁﬂ‘?utes) Alternative

surface of (pre-treated) cultivation recipient
metiqds iRclidpatheygseparation methods such as filtration.

Typically, the enrichment procedures of the present invention result in the
percentage of regulatory cells present in the population increasing with at least
10%, more particularly at least 20%, most particularly at least 30% compared to
the percentage of regulatory cells present in the freshly isolated biopsy. Typically
chondrocyte biopsies were found to contain between 5-20% or regulatory cells.
While the nature of the cells immediately after recovery of the cells from the biopsy
may be difficult to establish, this can also be determined after the mature
chondrocytes have started to adhere to the surface of the cultivation flask.

According to particular embodiments, the enriched regulatory cell population of the
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of 1 week. This process of cell attachnment is the

basis of the nethod of enrichnmentfor the regulatory
w@200r7/1spul at i on, which cell population is PCT/EP2007/002452

characterized in that it wthstands the

dedifferentiati on and attachment process for a | onger

period of tinme. It will be understood that the nonent

of collection of the regulatggy cell population in the

enri chment process of the preSent invention can be

| ess than 2 days or nore than 5 days after seeding,

e efficien

invBtion Somaliser af (eaSE PRYE NPT BATRIATY oledshelyh oSt particularly
peRiePS0% s 99% RiguIERbH, BRI PG, whi ch have

ei ther not yet adhered or are no [onger adhering to
the surface of the cultivation recipient,

respeebidired Yo & YuHRer mbedRM, ﬂ*\’é’%‘é’i’lﬁgoéné heon-adhering cell
present invention, the non- adherent cell population iIs

powiﬁgoeareysemwd bagednarh sargheloginal @nd/opppysiatoginal features.

Th{ et Rl BRP B o dhe e @M CRFPAIL I PhtBRiesized by a
roukid telt horghiglegpanana gerieslitiBe nedthix WvRiche €ontraft to MH Pericellular
particularly, the retrieval of the non-adhering cell

m%@pdeﬁpnw ff%rﬁfméir@m thw @raﬁcetpalerﬁzo%ceh@ee)se% nokdhe native
I

ek EREhaT AP0t SR RRitel 930k s i iflaion. The

re@anQObélewpugatblmeottﬂa present mwembanns further oblakactedred by the

SXRESHRN <o LA Woe 1hand a0 P ALETBIvE duehpds dof ispiating the

reg(u‘PatGry beBQiatiBA 5ﬂhe1€ré§'eﬂyﬁrﬁ/@ntloﬁ| t‘h%&”iﬁ&!u\ﬂ% lﬁﬁ%ﬁmwherem the

I ncl ude ot her separation nethods such as filtration.
treatppentz0fi the qartiagarbiepsieta pm\/cmzamdmduar cellseaendesembed above, is
invention resul he per ent a ul ato
folgRESE i SeeBtaian, ehRuRS] T sabrle PERCIEAI | Elaridroctes and
reglﬂ%rmfeﬂ pulatidrar byy. aby! €ATS ZQ%IyQEStorpétﬁérClébﬂf k¥paration
| east 30% conpared to the percentage of regulatory

t‘3<7E'@|CIU§$present in the freshly isol ated biopsy.
Typi cal |y chondrocyte biopsies were found to contain
bet ween 5-20% or regulatory cells. Wile the nature of
t heWtilel thei presdntinektiah pesvides foremgtitdds for d.tftbilnmg‘ aarenriched
[ be dlfbeLgt to estahlish, this ca

reg&?aig&gglg\ép@pél,tlﬁ@droomtt igRsigs [gssribed above, it is “lso noted that

the freshly isolated cells obtained from these biopsies contain the regulatory cell
population of the invention and can be used as such. Accordingly, the present
invention envisages the use of freshly isolated cells both as a source of regulatory
cells for enrichment or directly in the different applications of the regulatory cells of
the present invention described below.

Thus, according to one embodiment of the present invention, the regulatory
cell population is used in the different applications described herein, as present in a
freshly isolated cell population. The freshly isolated cell population can be used
directly, i.e. within 24 hours of its isolation from cartilage tissue, under standard
cultivation conditions. It has further been established that the regulatory features of

the regulatory cell population present within a freshly isolated cell population can
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chondrocytes have started to adhere to the surface of
the cultivation flask. According to particular
wepdodorsent s, the enriched regul atory cell popedHEPINT/002452
of theinvention conprise at |east 30% nore
particularly at |east 40% nost particularly between
50% and 95% reqgul at ory, non-adhering cells. According
to a further enbodi nent, the edheri ng and non-adheri ng
cell popul ation are separat ea based on nor phol ogi cal
and/ or physi ol ogi cal features. Thus, the regul atory
cell. popul ation of the present .inveptjon i
becmrggtr%d i’édv’gﬁ r@ung“Qeél PerBd pR |t5'@§ l&mq]er certain cultivation
corﬁ’cﬁflbﬁ@' éd&rﬁés'@édlﬁb tH\é"c‘éiﬂs |ﬁ°JH ifdubatér biRigh denS|ty gr} ultralow
pericellular matri X described for 'chondrons by
attachment plaees (avdilable) frons erg;tComnmg)aﬂltemqimlycdheLfr%hly isolated

ol BbpUblR i "otRe Wil 2 BPYef ¥ TRsIERo foh M five”Methods for
fre@ziAg&iNd thaweiy oPeell populbtites arRiGwh @f theegrtby the
expression of Collagen type Il and Aggrecan.

A tépﬁgnciims tee ORgd emikndimest. afriesblyt firolateguicgllsr gbtained from a

' ' I
coR BB , 9, EAEE bp SPUPE T e g o
mct@asmme' dembedlowﬂlIaI(usmgldamcaiemdndnmyte@openslm technlques)

an i B H0SRRs0) PRRAGFIEN 06417 Bisb FipcHBr IS poppleted after which

theetrgawéﬁ’ fiattion %?a\dré@ﬂy°' iS8latdd8éII<L B Eoﬁt%ﬂ?éannﬂnthe expanded and

t echni ques. he present 1 nvention provid
pamgwﬂﬁsacttmn ofod:lmndrngytaa teroréatheal conpinext oely popUIatlon which can
lation . fromthe biopsies desc
< RRBY % ectp A e RSN TnEBRSRY PHeodRP IS stafifycaocording to
théﬁhoghﬁd]@se bi opsi es contain the regulatory cell
popul ati on of the invention and can be used as such.
Accordingly, the present invention envisages the use

o AFE0RS RRBHTE SEhPPLRAR e T Ry iy dne requitor
celtpbp@aton ipsed iratheodife aint Epplicnsodesaribedl Herelf ad bﬂ enriched
present invention described bel ow. Thus, according t

regyiatoBnsRliPRRWEtian. ohi@ sk bitthe eiorsescrbed hersin. Again, the
enﬁ%l& é(to EEIIW%HhOEaﬁ 2itHeF de! Uséé‘%lrg#hé%rr%zen for later

I ons ereln, as present
use.

Further aspects of the present invention thus provide different applications
of the regulatory cell population of the present invention.

One aspect of the invention provides combinations of a) the regulatory cell
population of the present invention — either in ‘enriched’ or in non-enriched, i.e. as
present within a freshly isolated cartilage cell population, form — and b) mature,
progenitor, precursor and/or dedifferentiated chondrogenic populations for use in
cellular therapy strategies.

According to a particular embodiment of the invention, the regulatory cell

population and the chondrogenic population for use in the combined population of
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freshly isolated cell population. The freshly isol ated

cell population can be used directly, i.e. within 24
whorgomsso its isolation fromcartil age ti ssue, PCFER007/002452

standard cultivation conditions. It has further been

established that the regulatory features of the

regul atory cell population present wiwthin a freshly

i sol ated cell popul ation cang@ mai ntained in vitro for

a longer period of tinme under certain cultivation

condi tions, such as keeping the cells in an incubator

t hi .density in ultral pw attachnent. pl ates .
the redelb aTeTEph ars gbtatst i e s e BE KipPy  semrlg cAccording to a
first eAfHYdIMERR lodleefa&RIN oftAB lethihpiRolted c@RS BbYMihéd froRfthis biopsy
hours of its isolation, for |ater use. Mthods for

sampleels figzemaeitheidirestiyforcwithinpdsp iiogrs oh she fiestkexnansion, while a
_ ; . . ]
seldfy Yot s SRR IR P lhng 57 Dlorpe) fhrooytes

(matwe fohaatiraoyse popalation\hARErnativély thee regulptorg exlit gopulation and
i ncrease the nupber of cells (using classical

the; KBARSIRCYtee PORMIRTONO RO CRGINAR SToMaflte SRR exgansion of a
sa@E%ﬁPfr@QﬁlV' i?@léﬁﬂﬁ mﬁ?@ﬁéﬁ céle gflv\lfé%%h/ftﬁé‘_‘?ég@%%dr?rcellﬁl cyorrespond

eted, "after et actio es
to theotelt pdpukatibe dttamedbiroradthel ndn-adberent aeliefdactics during the first

o BRSBTS eSS Suiaton

cotrESIGHRRUID ©nél bh méter 8RHRS PBRARI(RE paskages idfVthe adherent cell
according to the invention. According to another

popuiptian nentheffirshexpassiont of nthesei samet igartilageil egllsr yAlternatively

nofigier Plade nehditabie " Tidt.. Robibfed: acuillpr 5P e thdiiocyte or
ch@frehehicpoputdtionsierel confbinéd @rigridting Sraia HfféreAticartilage biopsies

herein. Again, the enriched regulatory cell population ]
or fram aicardrge samde) which:bas pegp diviged in fofirst apdra gaeond fraction,

Whgf%t%x’;-?[g%@ﬁ%‘?f %eﬁ{po&:‘&?ati%?ﬁ?ﬁ%‘tirﬂé?l‘{/‘?’é‘ lafy trgﬁfth%rﬁ’r\éi fiiction and

applications o regul atory
a chopdiazyteopomilatibe ippoptiraally isolated from tHensecskactidn.t he
i nvention provides conbinations of a) the regulatory
cell population of the present invention - either in

' eNALEGIthg % thE PRIXEREThGKbN, | the: ndS-adherent cell population as
present within the freshly isolated cell population or obtained during the first period
of expansion of a freshly isolated cartilage cell population has regulatory properties
which are of particular interest for the generation of cartilage both in vitro and in
vivo. Thus, further aspects of the  present invention relate to the use of the
identified regulatory cell population in various aspects of cartilage generation and

cartilage repair.

The different uses of the regulatory cell population of the present invention
are based on its ability to modulate, when mixed with a second cell population, the
chondrocyte phenotypic stability of that second cell population. Chondrocyte

phenotypic stability of a cell population can be assayed by implanting the
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present wwthin a freshly isolated cartil age cel
popul ation, form- and b) mature, progenitor,

w@e@cnosar and/ or dedifferentiated chondr ogeni BCT/EP2007/002452
popul ations for use in cellular therapy strategies.
According to a particul ar enbodi nrent of the invention,
the regulatory cell popul ation and the chondrogenic
popul ation for use in the cogki ned popul ati on ofthe
present invention are obtained fromthe sane bi opsy
sanpl e. According to a first enbodi ment, one fraction

f the hiy, | ated cell bt i .
poRighds ialers addd FpdSE e i POGRIERS i \§Bd2aRaa. Jypicaly.
poﬁﬂuﬁén Qff dbrutfax19P ehananegenic oMk ¢ @nseémyngaésfagét isOBapable of

i s expanded to obtain a popul ation of expanded

progiusing apyimpjantnat matuthcadiaes vethip P aveeks. As demonstrated in
|
cé‘g’g)%{ 353 quf.SIe‘éulatrhf‘ﬁfaFlF&Q @ahjw &s"éd tcf’gyw?‘é.é{ ‘n?éﬁ o%'i‘é’orhé‘eof such a

ul ati on
trahsplanhtatiopanandn tivds atrmeplmolﬁcufareahby(ersobaé eohdlcatuve of the

cartila cells, er.eb e Iator cells
chernsirpes e Jihercyri stabinty 05 ILRARIAR 2 ymicall s piesence of one
or Hfb‘?e %ﬁiﬂ/@% Kerd égdcfhcéé BW/IFderéﬁlﬂoF r&HR- %Zgne)iﬁé%%sgﬂce of one

ecartl age and the mature chohdroc
or pmmelrmgabne aoankesp suth as Adke 1pcanthesuséd ttdnedentlfy a chondrocyte

assa of the adherent cell popul ation
ph?’?\qyﬂ'é"awﬁébﬁ)eeg?ﬁﬁﬂ@%ﬂ of those same cartilage cells.
Al t pebardinke! tv BABEYSpect! tthieS prsBdnt apRentiORt pfovilEsAthéthods for
popul ations and chondrocyte or chondrogenic

mayypining.i ipgovine ardfer mesfoong ¢hathangreeyden meméymﬂtstablllty of a

chﬁ‘gdsrbgé@%e d;?d %ﬁdfslnotrhe; hg@ g‘fgﬁésg r%ﬁp}r?\é t ‘ine regulatory

celhpepelation is egmbitied vr eeikéd rwmuh aopuhatioh opt:hcbmirbgenlc cells. The
i sol ate? fromthe first fraction and a chondrocyte

pOMBU‘P%\P GHOPQF%GPF%@!%@P%?%%W theppontext §58@nﬂresent invention
can rb%CB rbr 5‘%9& | DOBBPEBﬁoﬂé fdtted HGRAL ‘fr‘é’%hla/t l&%lated cartilage

non-a erent ce ation as present W th
celfsr ee*pa;nd&dolpa’sealgerbld:hqm#nud:)des omexremdhiymahesteduroahlg (MSC), or

PreclrSarp SRRt (o G PR Grilal e g b roBeas &L the present

invehtieh we @é||soa5ft tise!| RIguIdtbRy &l fp%rpuld"t%ng%?ér%bhﬂfhéﬁ with a
cartil age both in vitro and’in vivo. Thus, further

chengsegenic gtelltpap ulatinewherebycthei retativel ameunbot the regalatery cells is
geﬁé}glly within the range of 1 to 75 %, more particularly within the range of 10 to
50% of the total amount of cells in the mixture. According to the present invention,
the regulatory cell population can be combined with a chondrogenic population
either in a mixture (cell suspensions are gently mixed to ensure complete mixing of
the two cell populations) or in form of so-called chondrospheres, which represent
clusters of cartilage-forming cells.

Thus, the present invention provides methods for improving, restoring and
maintaining the chondrocyte phenotypic stability of freshly isolated cartilage cells,
expanded passaged chondrocytes, mesenchymal stem cells, or precursors

committed to the osteochondral lineage. More particularly, the present invention
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identified regulatory cell population in various

aspects of cartilage generation and cartilage repair.
wab@7dioBser ent uses of the regulatory cell popRCHEP29A7/002452

of the present invention are based on its ability to

nodul ate, when m xed with a second cell popul ation,

t he chondrocyte phenotypic stability of that second

cel I popul ation. Chondrocyte, ghenotypic stability of a

cell popul ation can be assayed by inplanting

t hepopul ati on into a nude nouse nodel as described in

prolffiatatioss” R ety dteha dofl, ST BiAR, 118 ghonarocyte

phé@vistipiei ReatNityi &Pl aultivaedn@hoharabytds, | agrraby hine Zukivation can
weeks. As denponstrated in W0124833, nol ecul ar nmarkers

copRFs® & tasibsubsesuent passagesRIte of such a
t I u k .
1970, ARUREBE A8 RUR: W R b KGE Rl winin 2
compomtlbnpappmmllatwn of yregulatdry, cdlise(githes avithin af freshlyoisolated cell

PORiHaloR &7 s G 51oH RORHSURS) WL go R el ot choralagenic cells

T ﬁéaW—KVMenC%Heb‘?eé{ﬂﬁﬁgteommﬁ@d' fdélla ﬁgﬁgﬁfo‘ﬁ‘:%eto be used for

pheriot ypi cal |'y stabl e populati on. ng to one
transglactationhbotir eskt moputationsi wit tpn awmjegomsamwsnatmly, the use of

nmai_n i N V|n and/ o ng
e bR bRaREs i dneaieS 8 el S BolE SNSE: pmploed with an
autefijduatdrasvenl dlldge@elédIDssp Ratidref RigesRbly tlsaBtdlstenvisaged.
the regulatory cell population is conbined or m xed

with a population of chondrogenic cells. The

popﬂl g%kﬂ%ﬁ@h a%EQEtd QQFH@ ?ér#ts n‘ﬁ)@ﬁltléﬂg?gla{é% ttgea method for

conte Fesent I nVen e one
obtmn(mgl,:rfeomfa plaqlalld@ bmysalwpmwilofng@fmhell&gwm |lryipr<ﬁ:@d8¢mﬂ1drocyte
cartila e expand assaged chondrocytes
ph%@%ﬂ'&h‘“‘aﬁﬁﬁ'tyst dapray ) envizagade by rthgr wethads of the present

invERtidA SafShé S RER vJ/é)féePP?re lﬁts B%H%ffi@igﬁt o v‘iftfand in vivo

present invention, the ce he regulatory ce
prqduptjd)ratmfonaarlme:cartd/oedewm%tmarhmidcmgléagec dedddts. It has been
unt of th

h
T T e ———
monhela¥er NBUIRIrd akith AHbardgulatohnidet BSpulﬁﬂQﬁ & tH Pr8sent invention

results in a significant improvement of the chondrocyte phenotypic stability of the
resulting cell population, which is more than an additive effect of both cell
populations. This positive effect on chondrocyte phenotypic stability has been
observed not only for chondrocyte populations of first or second passages, but also
for cells which have undergone a high number of passages, which are known to
show signs of dedifferentiation. Thus, according to this aspect of the invention
methods are provided for obtaining an improved chondrogenic population, such as,
for instance for ACT. These methods are based on the combination of two cell
populations, the first population being a population of mature chondrocytes,
obtained by standard cultivation methods from a cartilage biopsy and the second

population being a population of regulatory cells, which can be obtained as
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50% of the total anobunt of cells in the m xture.
According to the present invention, the regulatory

W@ 007/1p8pwul ati on can be conbined with a chondrBgEEP907/002452
popul ation either in a mxture (cell suspensions are
gently m xed to ensure conplete mxing of the two cell
popul ations) or in formof so-called chondrospheres,
whi ch represent clusters of Qrtilage-forning cells.
Thus, the present invention provides methods for
inproving, restoring and mai ntaining the chondrocyte

aeflied Bl Hef npnbdeBios GRORRnsepRL8cR e BEdednsfliand combined

at HriyMsé)d. STh@fréljlﬁP@t@hSCéfFec‘t?OGﬂWﬁé a@gumatdbie cell population on the
osteochondral |ineage. Mre Bartl cularly, the present
8l

chendreryieonppuiptiarsMAkes dtPossiple fpragnifigantive prepagaie dhe mature

o T80 A B0 P A Bk 4 Aoy or e

finalarghiulas ehérapeufic. subsequent passages or nore. The

t hod f the present ventl thus c
opt | gniﬁﬁxf B CSRHB S UG of S BREE Oghondrocytes that

is %grlgélﬂa o C%%dlﬁln$Qhélw| ndr | c 5&&?{3 i m'e\?\r}rt%%egt invention,

atlon of as an e popu
it ipopubjaciednt@fa chalityr @getrbb Tlais| san Tyepiec aliregt a/slseasmleet of their

ul tin |ne ul ation is tq be used
chodRere R gNe ot Rt in iy le onobile iolSE 3558 or in vitro
or a@drolbeyBHSed Abh €4 NAlidkedd/ marker YsefiRf (e Jidentification of markers
het er ol ogous chondrocytes or heterol ogous MSC conbi ned

demonktraiedautoo ey Arsogiated ewithl ichgedisicyte: ephenappicatstability, (see

WARTERET b 1, eF8 3ec?, B, ithlion of e

reg‘LnnitoqbtceIInpdjm,llafldmrwlm ceardwbhagxgém@mulamq@ommht kéNa classical
of cells with i rrproved chondroc:ék?g phenoty

madyrghandocyts PapwRtiondeyrp thess é@vs;bqemeeﬁsﬂﬁwebf RAssaged),
wilt 18sif &ReEh i er??%é&’”cﬁc%ﬁrg éﬁfp?é“st%ﬁf iR U the resulting

results in an Icient in v in vi
combohdc t papulatiors artherlehyge rmmd"hrzmg edmpsd)tutt ubten bdsed on quality

cartil age defects s been established that
asqERAMRIT RBUS: Sty SSHRGA O Gos e nggPap gt provided
foraolStaineh PP prédthdtUic? ACTD Wiieh ' SGUbAKCHYoH&Ed a higher
popul ation of the present invention
number (for example >10 million cells for P4 chondrocytes) of chondrogenic celis
for implantation but also ensures chondrocyte phenotypic stability of the cell

population to be used for transplantation.

A further particular embodiment of the present invention relates to the use of
the regulatory cell population (either as present in a freshly isolated cartilage
population or as an enriched regulatory cell population) to restore the chondrocyte
phenotypic stability of a cell population which has a lower or reduced chondrocyte
phenotypic stability. While primary cells derived directly from explant tissue (e.g.
cartilage biopsy) remain capable. of producing and secreting extracellular

components characteristic of natural cartilage, specifically type Il collagen and
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results in a significant inprovenent of the

chondrocyte phenotypic stability of the resulting cel
w@opahersson, which is nore than an additive ef PEDEP29D7/002452

both cell popul ations. This positive effect on

chondrocyte phenotypic stability has been observed not

only for chondrocyte popul ations of first or second

passages, but also for cells ﬁhlch have undergone a

hi gh nunber of passages, 8 are known to show signs

of dedifferentiation. Thus according to this aspect

suPhatest aiotEnaisabgont ¢s pBsli i hatcdidia Popird Skplsion as
mdn%fﬁéy%"r@enféiﬁre“@ﬁonﬂ&?ﬁés‘%ﬁﬁ%?eﬁ‘ﬂ'ﬁebéﬁ@%@@ tth@z?r ability to form

conmbi nation of two cell populations, the first
hyglysutartiiage ibeving. Ahedpgulatoryroefpopitation oﬁmﬁdpoegarésnventlon is

ca@%}? &Zggg%: i a&gaflr?%tcfr%@t g%%g#ﬁ%ngg??%g? |ﬁgstgblllty of cells

asdescri bed above. Both popul ati ons can be

or @ép@tﬂmtthy p%t!é@ﬁﬁlh@%ﬂﬁii%@f atheayventigne is gapable of
lmﬁr%ghqgﬁts téHriHe Hlod c{? e‘ﬂoﬁé‘c %%Bllltg%?%a?ﬁlbﬁé' cBils which,

ocyte pop u 0SSl
as @i rgsuftiof allHeIaﬁeqecgJaMcmrthlcrmirunageh; bo othievaydnditions, do not have

or Eaﬁiﬁa 21 éptogﬁe%xtgf[{g%%tpky@% tﬁ%iﬁgg géﬁ oy mbination of such a cell

pobﬁl@ﬁ@rﬁ’ewifﬁ Ca r %lﬂhﬁﬁi/'déll bOpQEHSH dcRoRAAY® RS piésHtt vention,
every ' chondrocytes that IS generated by

ch@radfbcyie@entéymelstalplbtyuofatheomtétmpqm@tmo is ltestored. This is of
ect ed tQ. a

5B, Ryl LS 1 e YBb retons on e

tissUeenHapesh ebepurww&m §0t§rbébif|delly f& élht@roqb us\iepair(raliegies such
nude nouse assay) or in vitro or can be based on a

as (&1 T, die @llageneie repajf pirategiese. i dentifi cation of
mar kers denonstrated to be associated with chondrocyte
phenotypic stability, (see W00124833)). According to
t heYpt asfanther paetidulanembbdinemntbomtie presefhtturimantion relates to the

requl atory cell pul ati on with a chondrogeni ¢
“S‘Todguﬁh&t regtlatony HPeiJs PaPEIRLeR; toafirgelk RrRCW R R afechondrocytes

tomgggggcgaédllﬁﬁe(fsrfﬁﬂ LEH ﬁdr{ogﬁ‘t‘grs]hﬁcgrregg SRtice r%ﬁb‘é@%gentext of the
preseah dnvgntions tpaieclisby oefls tsuehr as uinesegchymal stem cells (MSCs) or
chondrocyte precursor cells, such as the CDMP-1 positive precursors described in
WO0125402 are envisaged. Indeed, it is demonstrated herein that in combination
with the regulatory cell population of the present invention, stem cells, more
particularly MSCs or precursor cells of the osteochondral lineage are directed
towards a cartilage-producing phenotype. Mesenchymal stem cells (MSCs) are
capable of differentiating into different mesenchymai lineages, including adipose
and connective tissue, bone, and cartilage. MSCs have been identified in human
postnatal bone marrow (BM), in peripheral blood, periosteum, muscle, adipose
tissue, and connective tissue of human adults. A number of fetal tissues have also

been demonstrated to comprise MSCs, such as human first-trimester fetal BM
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conmbi ned popul ation, thereby m nim zing drop-out rates

based on quality assessnent. Thus, according to this
wWQgwese73af the invention, a nmethod is provi dedPEDEP2007/002452

obtai ning an i nproved product for ACT, which not only

provi des a hi gher nunber (for example > 10 mllion

cells for P4 chondrocytes) of chondrogenic cells for

i mpl antation but al so ensure? chondr ocyt e phenotypic

stability of the cell popula §on to be used for

transplantation. A further particular enbodi ment of

the present invent,i relates to
(o aarian), i 3p6pBlosd: and ssadhehfiaesife M, e alung, sleen,
pahér@al) nbsribakgd F%?rélinhca&l%ééolor%rﬁéh%lﬂf B\ i8Nthe most common
enri ched regul ator popul ation) to restore the

sownemirl\dsgitsdopiaéaoigpuabllsy @bthe tqguiatoay cell |poputah|batofdhe present

v 1 Bs R Rl AU B 1 G I MBLE PlP Pigponarocyte

celEXiﬁéé@é hhéSMQré Qneﬁltlcuﬂéw ith ig@ube Ctpiia)'tllégéﬂuké &nabsien pattern
roduci n& and secreting extracellular conponents

a"%%\ﬁbﬁ:ﬂ%@ P§ ML foman @ffmleraznrpdw%tw areE |f$9<?,*3ﬁf?90m pheartilage.
Mc{(%%\f‘m%?l, kvﬂéa%t%'ﬁgﬁ?ﬁ%%l A o ﬂs Wa%elﬂgl nt aﬁvbﬁta hat they are a

ro exp anS| n as nono

selfmenevangrmpirlamyn e;@dlednbd@atmt the émamuhel syﬁehhelnd reduces the
abi | |f;¥ to formhyaline cartilage in vivo.

degieguPbRIRgENaIS reisBHon 48 iimans. ¢ pribg fvenapariast pgential i
the TRAP! & FeobiTBaYE NEeRlicih€S ! ity LABKENANBBREKIE to use HLA-

enotyplc stability of cells which have eir
m|smatn:|hedp¢adiogewe) fcalls Herrepairext repdaces dpasagegl tigsue. The present

VBB ATDRrides, B ROER ForRraPaiBE AGEL RS oWiGh semPrises
cor'hﬁfrﬁi tHeOrddifate RPEENT Eéﬂﬂlﬁtl&h%ﬂﬂ@ﬂééeﬁi mvehtiby vsﬁ!‘h autologous or

cart cells whic as a result of disease
a"QﬁﬁﬂgﬁaN%H3$t|c cartilage) or other conditions, do not

have or have reduced chondrocyte phenotypic stability.

Upon conbi nation of such a cell population with a

regil wilobe cedersiopd! tiat aheaabovelidegctited hﬂeﬂfo@%eﬂh improving,
i nvention, chondrocyte phenotypic. stability of
indugigg) tqrnbesé‘éfﬂﬁg a@h%ﬁ’r%yt?eﬁ’f‘@f‘@wp'cr itability @ff ?nPE@@%’PCWe cell

pofiioh 3 & EAIRI HATS0N RIS o bofbd B b Bonievea i
diffecantoeays. o el partitolar ambddigens thees pall poptilativagpfasgalatdry cells of
the invention is contacted with the other cell population prior to administration to
the patient. In one embodiment, the cell populations are contacted within 1-30
minutes before administration, but contacting times of up to 1hr or more are also
envisaged. Optionally, the cell populations are contacted as a cell suspension.
Alternatively, they are provided together on a matrix for implantation.

A further aspect of the present invention relates to the in vitro production of
cartilage, using the regulatory cells of the present invention, optionally in
combination with one or more populations of chondrogenic cells.

Indeed, in the context of cartilage repair it may be of interest to form

cartilage material ex vivo, which can be implanted subsequently into the cartilage
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as ACT, or in allogeneic repair strategies. Yet a
further particul ar enbodi nent of the present invention

WO 200at1es3@ 0 t he use of the regulatory cell popRCHEP29A7/002452
to direct precursor cells of chondrocytes towards
cartilage-form ng chondrocytes. Mre particularly, in
the context of the present invention, precursor cells
such as nesenchynmal stem cell,s (MSCs) or chondrocyte
precursor cells, such as the ZDNP-l positive
precursors described in W00125402 are envi saged.

defgtt U SYRBEIS EaR) aue MatpURL TSR I adyartfas ghabproduction can

bei YK nthré& h8logit] SoiBahérmfdd), ald/ mMYRE&uIAY characterisation,
precursor cells of the osteochondral’ 1ineage are

prig teicmriantatinar dbe degulatary £gd-parsdatiomef thearresepkinvention can be

uogff REENEFis, B0 ST Sadd iRk, HBRBATNE 31 neayation (selected

fromncirashipg isdiapsts € canitage noend, | fddn%l%de ,aftpneptiemdlly passaged
cartil age. MSCs have been identified in human

chppdordiesl M&tS)nieTr 8¢ (expansion pefr igheederganiooeells in either an
anfREIRELEUEAHE O S HORTSREhSHE 0 LACRISTHEHT I e tater.

celid sof liben reguhatsyr aekd pbpulrattmpr ioptiovV&ys , ins WoimBinatiomawith e.g.
first-trinmester fetal marro liver . .
BV i b b it eolo ops \Mtkve |a@ﬁ@osesgf=‘€eﬂtemat've'v, in
anBﬂ‘fé‘?%ﬁ@ﬁora@’édlnhégéﬁc‘!ent':rﬁétrﬁd' TH(—PF’&%LH'&S F'? p@gﬂbﬁ o?%nally in

i's the nost common source of date. The ab
combingtionr withl aigorghandrocyies ast benCldfured(—:GSpmkmnes |n suspension

cuhghér T SRE AbCREEDY st hEhBPo i betlustor P pgputation of the

prevedht IMiedtipalis corbiied el withld GRpaldtnt ofl @Hisrdroédénic cells isolated
expressign pattern allows the use of MsSCs for an

frogy Pn@.aahtlsw%au@tgr@wnaasdvr&noiae@émaa&N%mrdtheaavn¢w@nal matrix
to B/,g;d%gg%ran"?ﬁégg od%'ié‘én cell s have the inportant
ntage are a sel f-renew ng popul ati on
whi ch nodul at es the i mmune system and reduces the
degree ,of all ogeneic rejection in humans. Thus

hav i f fpdheratresh bRRrepentinyertiqn grqyidss ?@Q@Hai@n, "&f egulatory
cel!EeFBrCuéheasaé rﬁ%kg?é?ﬁ‘@ﬁ? Ad vﬂé?ls?f Bh&thols UStetreatment co cor gnsmg the

HLAm snat ched ogenel c) s to repair or repla
adanisigatibrt of thee regiiatopy eell mopulation to a patient in need thereof. More

particularly, the population of regulatory cells is envisaged to be of therapeutic

value for the treatment of osteochondral defects, whereby the regulatory cells are
administered directly to the defect where cartilage production is needed. Typically
the regulatory cells of the present invention will be administered to a zone
comprising chondrocytes, most typically chondrocytes which as a result of disease
or mechanical defect are no longer capable of producing sufficient amounts of
stable hyaline cartilage. According to this aspect of the invention, improvement or
restoration of the chondrocyte phenotypic stability of a cell population by the
regulatory population of the invention occurs in situ, after local implantation into a

chondral defect. Again, the cells of the present invention can be administered as
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i nvention thus provides nethods for preparing a cel
popul ation, which conprises conbining the regul atory
wa@eior/1gspul ati on of the present invention w t hPCT/EP2007/002452
aut ol ogous or allogeneic M5Cs. It will be understood
t hat the above-descri bed nethods for inproving,
i nduci ng or restoring chondrocyte phenotypic stability
of a chondrocyte cell popula?hon or a popul ation
precursor cells of chondrocyfés can be achieved in
different ways. In a particular enbodi nent the cel
opul ation of regul atory l1s of the inventjon is
cel SRRENRNS 9% oY E LR arsolid suBBRIL P 87 PRl o
adm nistration to the patient. In one enbodi nent, the
cel |l populations are contacted within 1-30 m nutes .
bef Heeorging e anptiaraspastit theopesent inyentipasprevides ¢ampositions,

i.e.é%‘ﬁpx&ﬁlreswgorﬁﬁfﬁa%ﬁg g? %Kgscgrgﬂgrec gﬁ{)bl%ﬂehé %f r oﬂﬂafo‘?{/ IceIIs (either

ations are contacte suspensi
withint & rfresshiy &lojated foall poulaticry od értl ahdgatidiesd dorndl) Batrone or more
for ér[‘g)l ntation. A further aspect of the present

Popyiak Ghandregenie qalls selegted: opy tir Grewm consisting of freshly

isoftbd | daiiiSge %lggﬁégfa)géhgmﬁ@ Eh&ﬁdrbéz&gg Hb‘ée‘?(cﬁ?ﬁf.%'i stem cells

I nventi on; I n conbi nation W th one or r
or popgertarooallsofvhitto rede ogemivttted | tbsthel wdtsmdhondralheell lineage. As

incfiHleet el 55 chaRdfadsie cels 588 in; compingtpg Wi the regulatory
cells'sf el SréserPAReNEshH|can B¢ @ithBE charfdctdrerdsy acstableUshbndrocyte

synthetic cartilage material has the advantage that
phenelype of @bt Unsiaklapheaotyns. tThese, mixtires @i combinations can be used

r ' , Bl.oc i cal I r . .
o= . PRBURS R SO BRIHE, i Aol 138b pyives phanmaceutcal
compgsitishs cynfprisingdibieunditures a#fd ¢drebipaEsR Bf thd prIYen® hvention.

can be used either alone, or in conbination with a

chofarergingly thelinvertian atqvites Rethedseterithe dieataent ¢f a cartilage
defgggggta%qniﬁﬁﬁér‘g{rd"ﬂ% ggﬁlt)ﬁg@g?dgﬁﬁ%@%g &%b%}@g%%(t invention and

ged chondriocyt e expansion
thectames poyeling use ldf the rcoetihatioresnoanixtareg of ttepprabemt imvention in

e P BESRRRAS of 5S iy Bl Bt

Opt TREFhéthols of BeBtRaht PRoiAd tHR: SdmHRIRRICHL tBe regliatory cells

be cultured as colonies wthi'"n an agarose gel.
of et prasent irveptionreither alone or in a combination or mixture with another
cell population include, but are not limited to, methods of treatment of articular
cartilage and meniscal cartilage of joints such as the knee, other treatments of
elastic cartilage, fibrocartilage or articular cartilage at other location in the body
(e.g. repair of invertebral disks, treatment of osteoarthritis or rheumatoid arthritis).
Typically, when used in the treatment of a cartilage defect, the cell populations or
combinations of the present invention are injected under a periosteal flap sutured
to cover the cartilage defect. Alternatively, the cell populations or combinations of
the present invention are used to impregnate a synthetic carrier matrix, or are
seeded on native biopolymers and then implanted into the cartilage defect. A

variety of biomaterials have been used to date and include three-dimensional
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anot her anchor age-i ndependent nethod, the regul atory
cell population optionally in conbination with e.g.

W@ pWideB389t es can be cultured as col oni es i n SREGPEPRDTIN2452
culture. In the anchorage-dependent nethod, the
regul atory cell population of the present invention is
conbined e.g. with a popul ati on of chondrogenic cells
i solated fromprimry tissuezgnd grown as nonol ayer in
a two- or three-dinensional matrix to produce
cartilage-form ng nodules. In a further aspect, the

resent i nventio rQVi pul ati.qn, of.reguyl at or. '
colfigarCon!s S5t S Pal e €838 He5 HecRhrld GRFRRBHEIN oets (e
U.$! Pat. oS, 48aR!120; 'Ej06895808md1i45904269)) KinthétR polymer matrices
regul atory cell population to a patient i'n need
contaglirg Polyaphydiide i pRlueahogster, polyalysalistacith agd copolymers thereof

USEPRE SR 1), AnERY-RPAE pbB-Risc] ebVRIAECI . °

whereby the regulatory cells are adm nistered directly
to the defect where cartilage production is needed. .
TypltAddjtiometor dB@1 ab8r §r coore egll (pRPYlatianss the  pharmaceutical
. ) - b ste ; i s _
colfBUER St AEONEICEF BASIRSER {5100 nouces a
least aupharofactiutiealbe aoceptableacariel, well dobwar © thoskeosidied in the art

o B, S 5 B TRk GAAINE carvonycraes

su¢H¥EREAreR, poIPRACLHAITRIBE, Aligdr8IHEXIPEdeL Yl oseldnd sucrose), cellulose
chondrocyte phenotypic stability of a cell population

detivatives likegadiorer gaipumacaboxpmethdceliwese, inydraxypoepy! cellulose

[ i cal. ntation_ . a gh r.al .
or o pEIXegR et "bel B Er Blclatilah * SORRESSn negin  ager.
carb@?@ehémidé%,eﬁlymﬁﬁllib GuraB efzheas gam, Wt gesh, GitaBic gum and
solid support, such as . a matrix. According to another
xantbgegumt. (I asict 3lainatas, diyahrevicdaside srpagen.i Rel¥glycolic and
. o At ¢ o _
polfitic Al A, e AyMAEfe BopBiEiscsudfy bf watgr-soluble acrylic
polymes lolr polyair ydpyareolideinle, pogtabglycams, araldiomaphospiate bad the like.
forg‘l 2’ and one or g?re popul ati ons of chondragenic .
cel fdtitignaly ehakemmively. HERiprmsRertcal KPR IRRs gmprising the
regu‘Féibgi &8l ﬁ%ﬁlhii&%o?@bﬂnﬁine@é&&ﬂ&ﬁﬁ?&ﬂh@ present invention further
chondr ocyt es, nesenchynmal stem cells or progenitor
compplise fagidrshsunheas: oinernptastictfactoreongiffecaritatingfactoes ktc.

| i neage. As

BRIEF DESCRIPTION OF THE FIGURES:
The following Examples, not intended to limit the invention to specific embodiments
described, may be understood in conjunction with the accompanying

Figures,incorporated herein by reference, in which:

Figure 1 shows the marker profile (QS score) of freshly isolated cartilage
cells (FI), expanded chondrocytes in monolayer (PO) and the regulatory cell
population of the present invention (NAC) of biopsies of different individuals. QS
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i ndi cat ed above, the chondrogenic cells used in
conbination with the regulatory cells of the present
WO pEne13dn can be either characterised by a stBil/8P2007/002452
chondr ocyt e phenotype or an unstabl e phenotype. These
m xtures or conbinations can be used as a nedi canment.
The present invention further provides pharnmaceutica
compositions conprising the ghyxtures and conbi nation
of the present invention. Accordingly, the invention
provi des nethods for the treatnent of a cartil age
def ect .adm ni steri the conbinations or m xtur
soqips (41 LB PY 9 AT BV E Rr BT EDt L SIIERTIG JSUSof distinet
gehé szRf’DlF'@RI #ligh @corask tolrerated twithhid cRERERINERGMYBBYteOphenotypic
in the manufacture of a nmedicanent for the treatnent
stabflitcar ti | age def ects. The met hods of treatnent
7V Elatira% A R RBRGL AT BheddiEn ' SUBAL AU i expanded
of resent 1 nven el ther one or In
chcnrcdrbbytesum imanolayeat (LPrO&) amd in theotdmeadicaient pe:gluhmy a8ll population

o i By T oSS G TG e
fres @&at%ﬁ“&ﬁﬂ% E@ellg:‘rﬁe n4rk&fs dérﬁ@ﬁ%ﬂ"é?bsc& g%'n"’l?bé fl (panel A),

cart flb ocartilage or articular cartl
Agglteimen (panakaand BMPe @m\y&l C()z g. repalr of |nvertebral
di sks osteoarthritis r heu

o Wit Shin oA B3 ko, BY the FatiBaifpelppoguiation.

car Figurge4dshews . int DRro- @bHilAgP Ubrhafibs & nfigedPi prafet Wifitures of
of the present invention are injected under a

chondrpeyes admixagd with wifierenb apmuats ohdhe degulatery erlt pepulation of
theAlhlgr%EQﬁf Nl%%tioﬁ h? &r%l r,é\gppwaggt gﬂs O\A?Son‘ﬁ Iﬂaqt 'f8ﬂ‘ﬁat%n of a

esent ‘1'nven IOﬂ a use regna

de@ﬁetdm’bted cetigrideocytetgdmpleotorapising el R or B@% 'o¢ the (enriched)
bi ogol ynmers and then inplanted into the cartil age

nopradbgfent aregylatary el bpeﬁﬁla@pnm(%lAﬁ?aved%@@ﬁsug%gt g significant

mc?d%% @réfiizé Egﬁ Lfﬂé%ﬁﬂ{ % 53% i coﬂgﬁct?%ée g@%&%tsof(rgggratory cells

of fthde)rpneseht damemtiarel E’a@el B derBonstaates Nefficight6éftra@liular matrix
matri ces

forgahion i E% ;ﬁﬁ 3 gkl p&?ﬁgﬁt/gﬁ%g 1 of Pagianslrogdes cdmixed
wntﬁ‘cﬂcﬁ% ?d"fdregﬂ@gm%%%gg@gf%ggg?regﬁb%ﬂygml?n Qg > Jocumented by
posmwet hafrmme @wstaiming. cel | popul ations, the

pha'glrrebcrgu s%%lws the expression profile for Collagen type Il (panel A) and
Aggrecan (panel B) of TGFp-stimulated pellet cultures of P6 chondrocytes admixed
with 30% of the regulatory cell population (NAC)(left) and of P6 chondrocytes
admixed with 30% of PO chondrocytes (right) compared to unstimulated pellet
cultures of the same composition.

Figure 6 shows the Collagen type Il/l ratio of TGFp-stimulated pellet
cultures of P4 chondrocytes (left) , P4 chondrocytes with 30% (middle) or 50% of a
regulatory cell population (NAC)(right).

Figure 7 shows ectopic bartilage formation of dedifferentiated P6

chondrocytes of a 60 year old donor in admixture with 10% of the regulatory cell
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conposition described in the context of the present

i nvention usually includes at | east a pharnmaceutically
waeweposbl e carrier, well known to those skil | ROI/EP20DTEN2452

art and for instance selected from proteins such as

col I agen or gel ati ne, carbohydrates such as starch,

pol ysacchari des, sugars (dextrose, glucose and

sucrose), cellul ose derivatigas i ke sodi um or cal ci um

car boxymet hyl cel | ul ose, hydrdxypropyl cellul ose or

hydr oxypr opyl met hyl cel |l ul ose, pregelatinized

sta ches pectin agar, carrageenan, clays, hydrophilic
pogw acacia gum guar gum arabic gum and xant han

"T-'l tﬁ'b% @hSw@CihQ coﬂbgéﬁ‘@ltllel%’tlomfadéﬂe?'&hﬁu%' é’on3|st|ng of human

col | agen, polyglycolic”and polylactic acid, dex

symmiali nnenﬂyaméuet(HSI\ﬁ))edqmm maslenahymtesteml utﬂlle (MSC) and

el thio Aol SRR YR AL Sarcaryatons of requstory

chcﬁ#&ib&&tt@gE\HdérOTGFbté%fnﬁkﬂétédebMd ﬁd?ﬁsﬁ?ﬁ@(a‘f@&%hbﬁi%hs (the number
composi tions conprising the regul atory

at peplulQamplnsmlncatesrttheepierpeptag@t pb S Of lnt laerrpxteseeruf MSC and a
@f fu {a[ter %?Ingrlse factors such as chenotactic
PORYA %'?g’ rregp ting factors etc. BRI EF
DESEfguré! 8hetws Talleomgadiison: of Tt &abregvioRdplofiRiresollagen type |

not intended to limt the invention to specific
ane fyReiilinehasirerhly isajated aell, pepulatigsr atReRyIation of adherent mature

RaURER O B8, P R RRE R st P INARD! P, BbBéined from

memwdeiacamlag‘e laecOfdng tmbﬂé epibddimeht yf iheohaéetibn.
cart| | age cells (Fl) anded chondroc%t es in

nonbigurer1Q p@W&nmetfiﬁeerr sfuptien withie | TG hBtigated eellet cultures of
oMo G20 AL BiBed N Flort 0t FoEREIGL o symovia

meastsranedsivedl stermnr eshls o(HEMeR! acadrdihgsttonah @enesdiment of the
RT- PCR, Hi gh scores correlate with i ncreased

inveRtitrir Be pelieh femprsing: 190%wisyneyial mcgnbeanze @wemd gtam cells; B:
pefiiaBgRApliSingX ADB% | 8 %fcaﬁqggg)gs%ﬁ%éu' AC); C: pellet

ondr cyt s i’ monol ayer non a er ent
compgsingt 80% ownisqabpepalatay cdlist (IRAG) emmnBOP/n\sgnbwah membrane-

deév’é%cgte% cgilso; ! eslleqfcodniw[grfis%ge ”olo% r}rqleﬁlllsga arle%ufaqggl éelg %l\?AC) and
50% mesenchymal stem cells (HSMs).

EXAMPLES

Example 1: Isolation and characterisation of requlating cells.

Cartilage/meniscal biopsies were minced in serum-free DMEM medium and
antibiotics. Subsequently a solution of 0.1% Collagenase A in serum-free DMEM
medium and antibiotics was added to the tissue. The enzymatic reaction was
performed in a tube in the rotor of an incubator at 37 °C for a period of
approximately 12 hours to allow the release of single cells or cell clusters from the

biopsy. Cells were collected by centrifugation and subsequently transferred into



freshly isolated cartilage cells. The markers depicted

are Col | agen type |l (panel A), Aggrecan (panel B) and
w@rmr203panel C). Figure 3 shows in vitro cartPCEHER2007/002452

formation by the regulatory cell population. Figure 4

shows in vitro cartilage formati on of m xed pell et

cultures of chondrocytes adm xed with different

anounts of the regulatory celd, popul ati on of the

present invention (panel A). Panel A shows pell et

formation of a dedifferentiated chondrocyte sanpl e

OERPElsRlsHE it iR o i Bioteno e el Giiphguusps performed at 37°C

witles®nsOtc.ati ng a significant increase in size and
mechani cal stability with increasing anmount of

r egulfedrof Ya R bﬁ s®irtih eth@rée‘lle% ur'éVEiHE' MRdidPA\Fhs Bxchanged as

denonstrates efficient extracel u ar matrix fornmation
foligws tesepitune snpexnatant was harvested amasfresh mediimPdas added to the

s adbaffiapHReoRe Maken 1hepossiy e R il fenashesentygels were
cohectet i frémsthkr @dli BuptSiatarti chﬁtrﬂ@@@tl& éhq\%ohﬁlﬁ for 10 minutes.
expression profile for Coll St{gen type Il (panel A and

Th,q@g@@gptwm stgylecgellq;@sgfe engitheetiogen pékepulntthgge flasks or
seELPRNENAEY Ry oo D SRR 1B g, Lberimenta

prectduresiclinital afjfticafio(asdestribeytissdowy.i ght) conpar ed
to unstinulated pellet cultures of the sane
10 conposition. Figure 6 shows the Col |l agen type I1/1

t . |.1.:
LS i AU R ROLEIIEH Foyf ffpnoioy vas founa
to bei utﬁseht am digestedl cartilagel bibpsigs cafl diffecgnt] ?ds'wnsources including
7 t tila . .
caftlade drsh PoYISEUR | EeERTREN L 8T RIS HUn BRSEPPodn oPrtiguly cartiage
digests tﬁédclﬁ’@ﬁtﬁbcy@ Qdﬂbéfélkléﬁoﬂ\" With L@éuigtlntgh‘éewgﬁéé‘tf%wd to be

cel | popul ation. Figure 8 shows the Collagen
15 pregenat| eencamtiatipes Q@M@E@tfin@d)ﬁ%mfnﬂwammmt of cells seeded.

(Tgﬁgbf)aﬂ? n‘éﬁé@al%%bé’ngg thE %%'ﬂcggﬁenP c&M %%lula%og wag found to be

present as about 5-20% of the total cell number.

Table 1: Percentage of non-adherent cells in total cell population obtained from
20 cartilage digests.

Articular chondrocyte biopsy | age | gender | Cell viability | % non-adhering
CS228 81 Male 85% 14%
CC0039 25 n.d 91% 20%
CCO0009 23 Male 86% 8.5%
CC0044 89% 14%

Upon immunohistological analysis of the non-adhering cell population it was

established that at least a fraction of the non-adhering cells have a pericellular

25 matrix consisting of Collagen VI. A flow-cytometric analysis revealed the
expression of CD29, CD49e, CD51, CD54 and CD56.
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mesenchymal stemcells adm xed with different
concentrations of regulatory chondrocytes under

W @epAaeBBimul at ed and non-stinmul at ed condi ti onSPCT/RR2007/002452
nunber at each sanple indicates the percentage of MSC
in a mxture of MSC and a popul ation with regul atory
cells). Figure 9 shows a conparison of the expression
profile for collagen type | a‘%d type Il of a freshly
i sol ated cell popul ation, a popul ati on of adherent
mat ure chondrocytes of PO and a regulatory cell

o drth REPuiaiEr (BauAR TS deriihftef e, A%Sia iRl Sxpression
prdfile Df ovarkefewhichedrefdorrarited with ééﬂilhgﬁféﬁdtgéﬁb%@ability.
s (NAC) oDt

pell et cultures of regulatory cell bt ai ned
f r ofFenaials when arliquigiechandiaedas ase Luitotedin monolayer they lose

: [ I [ . .
AR R YA ISR g Vbl 1 03 gt
marpholdgylis mecbmpaeietby aedrantatio redLttion Bi theedkpression of cartilage-
oobRAB LIy LET CTEL 3oL 52 ook 5ol el s ppulstion

; > 0
onEkt s (85 ORIt (OTASISTANRD Ayt tese cols
alsse lhaye (amdmpaaved Gxpression hynofile ©f emadedrs sof( pB&AYtypically stable

LES Ex | - ti nd charact erisati on of
ol A B tSadnay i PRymAaR GuhiPafdnS (23aed o the end of
therfirg &kpansdangdrees. Wil fRAbrexenbE AAbhbiatdry CRlls in the freshly
Subsequently a solution of 0.1% Col | agenase A'in

isolated rsartilggemats (bdeosurescamimpsved expreasiondurefile: of markers of

[ € e tic. reackihon. r in a
oyl e AR e RCAE B B honbrdbves, e
expessioth of thegs onarkersliy 1dWehabans that af | the enkchier] e8g@atory cell

of ?.i n%.e cel bs or cell clusters fromthe biopsy.
popuiationigigure d) ect ed by centrifugation and

subsequently transferred i nt oDVEM nedi um wi th serum

and antibiotics. The cell culture was perforned at 37C

wi t AlIs2nal@es demonstrated that, independent of the age of the patient from

which the cartilage is retrieved, the regulatory cell population described in the
present invention presents higher QC scores compared to chondrocytes from PO or

even to freshly isolated (FI) chondrocytes.

In all but one sample (donor aged 81 with severe OA), the collagen type I
expression rates were higher than that of freshly isolated cells (data not shown)
and clearly above those of PO adhering mature chondrocytes (Figure 2A).
Expression rates for aggrecan were significantly above those for PO adhering
mature chondrocytes (Figure 2B) and freshly isolated cartilage cells (data not
shown). BMP-2 expression rates were found to be higher compared to PO adhering
mature chondrocytes (Figure 2C) but lower than those of freshly isolated cells
(data not shown).
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After 4 days of starting the cell culture, the nmedi um

was exchanged as follows: the culture supernatant was
whaoovaeed and fresh nedi um was added to the aPEIEERIINT/002452

chondrocyte fraction. The | oosely attached and

non- adherent cells were collected fromthe cel

super nat ant by cent hfugation at 1500rpm for 10

m nut es. These phenotypicall k,stable cells were then

either frozen or kept in culture flasks or

specifically treated plates or used directly in

popuirﬁIeInQBnWIth round m)rphol ogy was found to be
present I n di gest ed cartil age biopsies of different

tis icells Rfi agaupdherggt regdlateni eellpopulation (biopsy
CSdi%zRﬁé‘r‘ee ént‘i’lff ogqtsg)lozﬁﬁﬁopu‘% al@élt1§%la{ub%§r%g¢ iabgjgtured in a

sts ech fon W th regu
petteﬂ mmmmmnali}mwmmcﬁnomnCrhetcrcﬂﬁpwﬁon of this medium

b 8 20%.0f . t h t of cell d
s 55 dhfiavs) DM Rantering & BRCABLbiDHES nbrIDRcResE Pygyyate, 1:100
ITQPQBbaBId%&é’r\ﬁ:ésLWUM ® rrthﬁé?d;{e aRdP8bo 3728 % gfm! Ascorbic

the total cell umber cent age of
AcithnT belluhveelids aee then $1|ghdydtbosae1eld ambuelht:uktmeobtpwrﬁwuhed at 37°C

. ila di t i cal
withy 88 ERZ. el G Rerioh s 2PPeRO e ehapged every 2-3
dapst ROFLIEadvAS AlsAhdHEATS sdnid pellern Affer i Reeks, the pellets were
non-adhering cells have a pericellular matrix

eitaemndses fafdi ologwqrafy% wns extragtedfenneahtime quantiatid BCR.

;ﬁ\ée@ﬁg 5&‘ Cﬁ‘bﬁégﬁlﬂgq{i o mgaﬁﬁéryg%)g, sg%t?(feDgcar‘tllagmous tissue of
exé@ptRmal GahRg éﬁﬂd@é@rﬂeﬁté&ﬂw NFtBERDPhAAE Haftfing oPihe extracellular

mar kers whi Ch are correlated wth cartilage phenotypic
maitigbf seetions@fmaraffinembpdded cartiageawitb Holuittioe pluss and safranin O
(Flﬁ ed in nonol ayer they | ose their characteristic
g enotype. The change towards a pol ygonal or even
f| bThbsaststa demn@ﬁutraiemhwtmeegmawrfd:ehypcqmammblf Ghe present
uct.ion in.the e§§5e55|on of cartil agespecific

mV@Q ?%d%l'PuIFSo?r' AuPRenotyeically stahle hansid@te ngopulation, capable of
prddRBHARIBRYG UL cAfRigeAt i on not

Example 3: Ability of the regulatory cell population to improve chondrocyte

phenotypic stability of mature chondrocytes

Mixed pellet culture was performed similar to the procedure described
above in Example 2, but using a combination of regulatory cells and mature
chondrocytes.

TGFB-stimulated mixed pellet cultures of repeatedly passaged chondrocytes
and differing amounts (10%, 20%, 30%) of the regulatory cell population of the
present invention (NAC) observed after two weeks, displayed a stronger cartilage

formation capacity compared to dedifferentiated chondrocytes alone, as can be
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only keeps its round norphol ogy during the first
expansi on period, but these cells also have an
WO praess expressi on profile of markers of PCT/EP2007/002452
phenotypically stable cartil age, conpared to adheri ng
PO mat ure chondrocytes (analysed at the end of the
first expansion)(Figure 1) . Wiile the presence of
regul atory cells in the fresg%y i solated cartil age
cells (FI) ensures an inprov expression profile of
mar kers of phenotypically stable cartilage over the

ring PO mature chondrog) t he pressi,on
seffldgLeharkaase; B el s hBLRE Al Snd & EiRse B atic staining for
safrafinl @YPiguré@B). popul ation (Figure 1). Al anal yses
denmonstrated that, independent of the age of the

pat il&8t combinatian cof theeragaatona gell |p§nuattqne0%the pment invention

d t
anf 8, TN B 88 Sa06 kB AR m sininicant
increase imihiet e réssion BPcolagare typiedl| fahdsiy ecapvasasbsead in mixed
hondrocytes. In all but one sanp onor aged 8 1

pe wugev?ér &oatsmmehéeg;laatoageﬁh@@qf@cvﬂesaeeme@ntq dnixed pellet
t t
co8 (U BRARIP SRS B IR e )

mat dihe |mmnded)c;artéageé-ﬂ='¢rmjng dé,ﬁ)amtﬁmsealsbo'efleaﬂeelsby arsignificant

inciRRes TRt dle0eBnie Bogvie T (RG.EGBEs & Netteinep increased
expERsRineéite #ért d:dll%@énQ?bé 9l 4 %Eﬁbd&‘étmsthe"é}bfeﬁ\@n %f coIIagen type |

expreSS|on rates were found |g er conpare

wasobsaieed (fygria r mlw@meUglnfelsaro Firgmrﬁram) peliat qtdiwees of solely

deﬁﬁépeétﬂgg Fg’tf chéﬁa%%s ?"Ségf (gﬁ?rﬂ\ ﬁé él'g%g% B/OgtgPI% rqgrmage and

demtstratedqulqed limpited cbbac? &S fijainh BXprESsh ra‘t@@lﬂér collagen type Il
é 0.000 cells of a non-adherent regulatory cell

rﬁH'ter? drioyis ®ds).cs225) were centhfuged at 1500 rpm
in conical 15 m tubes and cultured in a pellet under
chondr ogenesi s-i nduci ng condltlons The conposition of
Example de Generatomof foail : i stiabilityl inl Bduscular tissue of
Ant i b| gtl cs 1 100 Sodi um Pyruvate, 1:100

The redifferentiation capacity of the regulatory cell population of the present
invention was demonstrated by ectopic cartilage formation after intramuscular
injection in nude mice. In this method about 3 to 4 million cells are mixed with
HBSS medium and injected in a volume of 50 microliter in the thigh of a nude
mouse. Animals were sacrificed after 2-3 weeks and the thigh muscle was

formalin-fixed, embedded in wax and cut in section for histology.

When injecting 4 million cells consisting of a combination of 90% P6
chondrocytes and 10% of PO mature adhering chondrocytes, no cartilage implant
was detectable. However, when injecting the same number of P6 chondrocytes in
combination with 10% regulating non-adherent cells (CS225-regulating

cells/CS214P6) a huge cartilage implant was formed.
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| TS+ [ BD Bi osci ences], 10 7 M Dexanet hasone and 1: 1000
37,5 ng/mM Ascorbic Acid. The tube lids are then

W@ Riogho13go | oosened and cell culture is perfor nmedI/EpP2007/002452
370C with 5% CO2. The cell culture period is 2 weeks,
wi th nmedi a changed every 2-3 days. TGF-beta was al so
added to sone pellets. After 2 weeks, the pellets were
ei ther used for histol ogy or was extracted for
real -tinme quantitative PCR b stimulation resulted
in mechanically stable cartil agi nous tissue of

t dogcu tachro tic
ot 2 etagh sl estaltinge avith) PIHOR, bl - S8 Walnrsafranin O
demr%fttatéu ﬁt@@%@:@npgu&tn&@%.w@?nﬁ@bghﬂ% 2 il Hﬁﬂeﬂfi@gure 7).

safranin O (Figure hese a denon ate t
regul at ory ceI I popul ation of the present invention is

cartu.h Exan'ple 3: Ability of the regulatory cel |
popul at1 on to | nprove chondrocyte phenotypic stability

Megenehymead stam re@lls syerescankiagdpuith gifferant ameuntssof regulating cells

anﬁiﬁgrpg ﬁe'%ﬁﬁ%ﬁ %t5§ %E(%g ;ﬁ@feﬁdcﬁltghedse?grdggg g%gﬁ})%ve or used in

vivee lih sthen ghugrat %ﬁ(ﬁj@@%@é?cﬁﬁ egescrgeer dboWe! abiedrentiedidn into the
pell et cultures of repeatedly passaged chondrocytes

chaRdragenic lingageamdsamatioglly2 improyedy by fcultyeng a mixture of 70%

SRR P80 O, ST Fpc UFRS! 58 vty o

cattilage |patjets wagaévaloateapbyirmgaswimatiesl Casllagen Il versus Collagen |
dedlffergntlated chondrocytes al one, as can beseen by

expressiRl 46i9eTe BBel Tha resylts shpyufhataiegulating, cells are superior in
pr%k@ﬁ@rd‘i’ff@r[ehﬁ?t%rﬂmtb% IIQQ sty @(ﬁtf?tgog&r %c?lérg gt?)? Il 8&pression

ation e regu
to pregeificanttybigheodegret i thé mbshdormomdrdg used lmf@ei'eatlatlon agent
c%{g gual ity extracellular matrix. A significant
T AloR€e in the expression of collagen type Il and

aggrecan was observed in m xed

Example 6: Treatment of OA joints by a combined cellular product consisting of

autologous or allogeneic non-hematopoietic stem cells and autologous or

allogeneic phenotypically stable chondrocytes.

Autologous or allogeneic non-adherent cells harvested according to Example 1 are
combined with expanded mature chondrocytes, human synovial membrane-
derived stem cells, or another source of autologous non-hematopoietic stem cells.
The combination of the non-adherent regulatory cells with the chondrocyte
progenitor cells results in a cellular product with combined therapeutic activity,
whereby the regulatory cells direct the stem cells towards chondrogenic lineage,
while the stem cells can modulate an inflammatory reaction. This combined cellular
product, capable of regenerating cartilage and modulating inflammation is of

particular interest e.g. in the treatment of cartilage defects in rheumatoid arthritis.
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pell et cultures containing regulatory chondrocytes
conpared to m xed pellet cultures using a conbination
W@R00P@BBbNdr ocyt es and P6 chondrocytes (Fi gurBCBEP200T@02452
i nproved cartilage-formng capacity was also refl ected
by a significant increase in the collagen type II
type | ratio. (Figure 6). Next to an increased
expression rate for collagenjgype Il a decrease in the
expression of collagen type I"'was observed (Figure 6,
m ddl e and right bar). In contrast, pellet cultures of
el y_dedi fferentiated Pﬂ.chondrpc tes did not for
ampl ' ._Isqlation _and_ chatacterisation _af & regulatary cell. |

i m heshise*@ilMgé o regain expression rates for
collagen type IT 1n 3D culture (Figure 6 , left).
Exanple 4 : Generation of cartilage with phenotypic

i1 ' A f Lce. Th :
- et 1epdaldhyr PO Rl e o PEILNERL 3 Baple of meniscal
caftiiage dlyi colleeting ltRe picsadheriny eRction asgestaBudsin Ekample 1. The
ectopic cartilage formation after intranuscul ar

b
eXP%/ﬁséiﬁﬂ Brofile, ohtheeraguiatonyl selt ppRuUlation wasageterminads The regulatory
oo o A RaE i el SRR AT RS antanty
higheus exprassionl sateerfer dype i Iti celthgeit ecor@paresk el than cedriesponding

popiletBn "t GePaiiRR of B BRadrogyeS haRIa dim nihes M faincartiage
safflé SFi@QFbS oFtTHE eQBEE%gf?&ng e W'&oﬁ%%@@%zg@eshly isolated meniscal

chondrocytes and 1 O mat ure adheri

tion from

| cagirgricellytwas faunddot be dgw. i Inptentrasiathedexpresaionerate for type |

ver, i nj ing.the s unber,, of P6 .. .
coffR8Ht oo BHEER L1 Aticrdh TASTaReY; Sl doptTation obtained from
meriscAdaail .cells (CS225-regul ating cell s/ CS214P6) a

huge cartilage inplant was formed. Metachronmatic
stainings with Tol uidine blue as well as safranin O
Exél ¥: 'Ebed fdhfin defplofalabglmtdty ddl BopiatibR ®btained from
cartilTage-Tike inplant igure . anpl e 5:
Di f f Bles¥sGahcaniags. Mesenchymal Stem Cells into the

chondr ogeni c | i neage.

A pellet culture was obtained as described in Example 2, using an enriched
regulatory cell population obtained from meniscal cartilage. TGFB-stimulated pellet
cultures of the meniscal regulatory population were found to form collagen fibers,
indicating that this cell population is-capable of integrating into surrounding tissue
(Figure 10, upper right panel). Mixed pellet cultures of the meniscal-derived
regulatory cell population and synovial membrane-derived stem cells were
prepared and stimulated with TGFp. The presence of collagen fibers was observed
with different relative amounts of meniscal regulatory cells (Figure 10, lower
panels), while a pellet culture of synovial membrane-derived stem cells alone did
not form collagen fibers (Figure 10, upper left panel). This property of meniscal
regulatory cells is especially of interest in the repair of inner meniscal tears, for

which at current state no treatment option is available (see below).
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Mesenchymal stemcells were conmbined with different
anounts of regulating cells and kept in
WaampAsBirul at ed m xed pell et cultures as descPCHEB2007/002452
above or used in vivo in the nude nouse assay as
descri bed above. Differentiation into the chondrogenic
| i neage was dranmatically inproved by culturing a
m xture of 70% nmesenchymal st cell s and 30% of
regul atory chondrocytes. The quality of cartil age
pel l ets was eval uated by neasuring the Collagen I
versus Col l agen | expression (Figure 8B). The results
show that regulating cells are superior in pronoting
Exanidler @nflireatmanti of aneriscall defectsy usirapta mequlatory cell population
col | to a significantly higher
degr Q8fi0od ¥y Merfis a4 used differentiation
agent TGFb al one. Exanple 6 : Treatnment of QA joints
by & popbidien eelrkgliatorr 66lisCls eprighsd | filémOh sample of meniscal
aut ol ogous or all ogenei ¢ non-hemat opoi etic stemcells
cagitege usipudhe wsoerd el asydersribegtie example 41 pod sgheypumber of cells is

t S 0 e er,
cof IRRE" A FEpisR4L 800G RO S8 hep DR R AR, minea i
eprhdi\e@hp&ratiedymmtlallr metitradeaprived, stomeallss Yoptiohally provided in a
nﬁwg derlved stemcells, or another source of
scatield; 8 dJsseHdﬁ H@ﬁﬁﬁ%ﬁ@”&ﬂf meaniscql dafects, eyen wnthln the avascular
re?gﬁhﬁfﬁﬁ}ﬁgﬁé&_the non-adherent regul atory cells wth
he chondrocyte progenitor cells results in a cellular
product wi th conbi ned therapeutic activity, whereby
the regulatory cells direct the stemcells towards
chondrogenic |ineage, while the stemcells can
nodul ate an inflamatory reaction. This conbi ned
cel lul ar product, capable of regenerating cartil age
and nodul ating inflammation is of particul ar interest
e.g. in the treatnment of cartilage defects in
rheumatoid arthritis. Exanple 7: Isol ation and
characterisation of a regulatory cell population from
nmeni scal cartilage. A regulatory cell popul ation was
enriched froma sanple of neniscal cartilage by
col l ecting the non-adhering fraction as described in
Exanple 1. The
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expression profile of the regulatory cell popul ation
was determ ned. The regul atory cell popul ation

W@pwanemsad f r om meni scal cartilage i s charact er PCEEP19Y7/602452

significantly higher expression rate for type W
col | agen, conpared to the correspondi ng popul ati on of
adhering PO chondrocytes obtained fromthe nenisca
cartilage sanple (Figure 9). gghe expression of type |
col l agen by freshly isol ated nmeniscal cartilage cells
was found to be low In contrast the expression rate
for type | collagen is reduced in the enriched

regul atory cell popul ati on obtai ned from nmeni sca

CLams | age. Exanple 8: Fiber form ng capacity of a

regul atory cell popul ati on obtai ned from neni scal
carti | age. A pell et culture was obtai ned as descri bed

i ed.r Y, I .
3, A 502 9 B ANARIE S SRR Yo' from an solted

T@?blagbus"anhmtegsblpehémodoadmpmasg tiie stepsnafni scal
regul at or opul ati on were found to form cal | agen
f%bé‘ﬂ%c hg 'cya@n%rmémaﬁpg ¥ HERLRG A !ﬁﬂ'%ﬁdugamlage sample to

capq}gltﬁnq,ﬁd,{,ﬂhggea‘g ng into surrounding tissue (Figure
10, upper right panél). Mxed pellet cultures of the
nb)mt@mferdegmaad MQMnilaalocgdlscebtmmxﬂJMraiero(a Jatad a cell cultivation

synagyi.al derived st cells ed and

o7 S RiealTAIGN Fod £pftioR cE Shftaroiy &R hERolniser <

vE)s ediRRiiving Suid redip érﬂrlﬂnédécﬁla‘ié'c\,@,ﬂl agmvatien onditions so as to

meni scal regulatory cells (Figure 10, |ower panels),

whi [odtainpal pepulation uefe adhemoeelw amérrbr stpedatantegomprising a

ste rmcol |l agen fibers (Figure
raogglagrt'%ac#f%g‘a%a#ﬁrgmrﬁ%% pr operts of meni scgl ’

rdé)gld:bﬂéctmg freht saids resipreit,abftyr at Iéadter eddys AnRR upon at least
repair of {nner neniscal tears, for which at current

st ataQOHb39V%§?Mn%p§?'9rﬁm§fﬁ%@m geMprisyigesaid population of non-
bel gwhefetfRIIE . Treatnment of nmeniscal defects using

a reguFat ory ceI | popul ati on derived from neni scal

oyr tchergmgAfrpopwaidi auperhatae@%aidopgp@ahbls ofs nenradHerdnt cells,

f t | th
p:gggaﬁgagg@"ﬂggéﬂdgrl@%% é’iéﬁ#d?a lil‘iflhggt heenunber of

cells is

2. The method according to claim 1, wherein said cartilage sample is a sample of

articular cartilage.

. The method according to claim 1, wherein said cartilage sample is a sample of

meniscal cartilage.

. The method of any one of claims 1 to 3, wherein step (a) comprises treating the

isolated cartilage sample with collagenase A.

. A composition comprising a combination of two or more different cell

populations comprising:
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counted. The neniscal -derived regul atory cell

popul ation is then m xed with expanded human synovi al
woreennersge deri ved stemcells, optionally proviPEHEPI90Z002452

scaffold, and used in the treatnent of neniscal

defects, even within the avascul ar region of the

nmeni sci . CLAIMS 1. A nethod for enriching a popul ati on

of regulatory cells from an i4§)ol ated cartil age sanpl e,

said method conprising the steps of: a) mechanically

and/or enzymatically treating an isolated cartil age

sanmple_to pbtain_j.ndi vidual. cells. b) tragpnsferrin . .
o 1PF AuPef kB ekt <CormbArinta eaneBhy S8R VIR R either () a
cul ti vpbpanatibR Of FrexHly isdlatetavurtiRgecedIRNshtahable from a cartilage
chondrocytes in a nonol ayer mai nt ai ni ng said

c
reci pi Biepsyordikgwearslation ot antighed regulatendrelis pbtainable by the
as to Iy a1 f
25 por SR AR Yo B350 3 SRkl B PO cuture o
cel | s, fraghlgasdlated cartifagenceiisigbtained fictnty, catitage Hbpsy
| east, 2 days and/or, upon at | east abaout 30%

confPleRE\Or Bore calprepidations sslgsted ifiagn dheqgroup consisting of a

popul ai ;bg;g,ﬁ;p e cgl g f Lo
said s %gérhr?&%{da%ﬁ ngl po%&ﬁaéé’%‘r!ag%n’ngné%ﬂé%tdf fesenchymal
cel | s, steon cebsanpomglation sackiomdrguytat pregursalricells.

popul ation. 2 . The nethod according to claiml1,
wherein said cartilage sanple is a sanple of articular

6. CPtid idoAgsositon HRECIART B0 barasifg 8 dopufatRinToll .eneRES! fegulatory
said cartilage sanple is a sanple of neniscal S
ceqllsi whgeein Ahe Telativie @meurdfof sayd endched cegulatory cels & within the

QAPBEI 120 i er (R Bl £ 88 Soiibfipfe: o,

conprising a conbination of two or nore different cell

7. The composition of claim 5 or 6, wherein said population comprising regulatory

cells is obtained from articular cartilage.

8. The composition of claim 5 or 6, wherein said population comprising regulatory

cells is obtained from meniscal cartilage.

9. A pharmaceutical composition comprising the combination of any one of claims
5 to 8.

10. A scaffold comprising the combination of cells of any one of claims 5 to 8.

11.The use of the combination of any one of claims 5 to 8, in the preparation of a
cellular therapeutic for the treatment of cartilage defects.

12.A method of treatment for cartilage defects comprising, administering to a
patient with said cartilage defect, the combination of any one of claims 5 to 8.
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popul ati ons conprising:(a) a cell population
conprising regulatory cells which is either (i) a
weopahetsson of freshly isolated cartil age cel | BCT/EP2007/002452
obtai nable froma cartilage biopsy or (ii) a
popul ati on of enriched regul atory cells obtainable by
the collection of non-adherent cells fromthe
supernatant of a PO culture %5 freshly isol ated
cartilage cells obtained from'a cartil age bi opsy (b)
one or nore cell popul ations selected fromthe group
consi sting of a passaged chondrocyte cell popul ation,
a popul ati on of nesenchymal stemcells, a popul ation
13015\ popRRfonRcoft r?or%@ﬁéﬁﬁé’%&r?—blﬁsagféd reBlﬁ‘ét%W‘E@FFé bbfiin&le by the
claimb, conprising a popul ation of enrich
rrogthask ergnyc@me of claites dita 4, fer use as a\medwamﬁntof sai d
enriched regulatory cells is within the range of 1 to
75 % of the total nunber of cells in the conbination.

147A - mélo - ofPwsatheart 6f cartdage Xdéfece cofpRisRig) 5@#’nﬁ1lsterlng to a
popul ation conprising regulatory cells i s obtained

fnaimnamwhc%ﬁuarca@@agmo@é@ct 8. ponséanqnwpbsegulaiﬁ%fseuq abtainable by
mérh \‘}‘Igta?{yrb Pcle?lPéJH%hO” conprising regul atory

I's™rs rom meni scal cartilage. 9. A
phar maceut i cal conposition corrprl sing the conbi nation
0 one of clains 10. A scaffaold conprisjn
15t‘&&?L%W&CﬁH§'?%rPQ5‘F‘P%%P% cem%qua@epepu'et@n@é ’g)ﬂ -8d éef%‘g» non-
Ehgeli $8g@htdh el |
tl%as& gien %e prrgpgr g?ragé]nﬁét? ngy?ée‘?ﬂ tz!{]‘raat Xcr%eut [ Ccl?ms Ttod.
the treatnment of cartilage defects. 12. A rret hod of
t,reat nt for artlla e defects co
16,1058 7o P ORI SSaiPRAERG DR JTRPRSTAddch Jeatgiy, cells, for
tikpre ARy Hﬂilht@mlﬁé @%stﬁ?ﬁ]gofhecbﬁd)rﬁ@roéyt‘eo ﬁend@ptﬁ stablllty of an
popul at1on of non-adhering, non-passaged regul at or
®fpasdediadinassaged ghopdragrtenpepwatiemin vie. of cl ai ms 1
to 4 , for use as a nedi canent. 14. A nmethod of
treatnent of cartil age defects conprising,
176@559 nofSter pasulator pRtn@nPadMerliny S@igdlatent Ide’rﬂge faef @itferentiating

gul ation of regulatory cells obtainable %/
mes nchymal stem cell$ into the chondrogenic lineage in vitro.

18.A method for preparing a population of cells for ACT transplantation, said

method comprising the steps of:

a) mechanically and/or enzymat'ically treating an isolated cartilage sample to
obtain individual cells,

b) transferring said individual ceils obtained under (a) to a cell cultivation
recipient to allow the expansion of chondrocytes in a monolayer,

c) maintaining said recipient in adequate cell cultivation conditions, thereby
obtaining a population of adherent cells and a supernatant comprising a

population of non-adherent cells,
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the nethod of any one of clains 1 to 4 . 15. A

phar maceuti cal conposition conprising a popul ation of
Wmiv7aeli3er i ng, nonpassaged regul atory cel |l s obeGI/RARINE002452

by the nethod of any one of clains 1 to 4. 16. Use of

a popul ati on of non-adhering, non-passaged regul atory

cells, for inproving, maintaining or restoring the

chondrocyte phenot ypi c stabllgty of an expanded or

passaged chondrocyte populatidon in vitro. 17. Use of a

populatlon of non-adhering regulatory cells, for

hoRaidion oM s R At 2 usaet 2 das plopbon at least about

pregers NeorFluedrey! @ | §@|d0freé|9iérﬁ f4id AGlipernatant comprising said
transpl antation, said nethod conprising the steps of:

a) pepulatipe &f npn-adhesenteelisnat i cal |y treating an

[ cells,
5 PAEG A0 pBAGARIBM G R Rith 3alt ehiorhaiRy Umcer
(fR) combininglsaid pbpumabnaﬁ rrcmsameereht tellsibbtinédién step (e) with a
expansi on of chondroc tes ipn a npnol ayer,

c)
mai RPRYIREIAY %aPBOF@fﬁgﬁﬂ@nPe“% WL it é‘oéé |Population of enriched

cuI ditions, thereby obtaining a popul ation
Féﬁﬂ%eﬁﬁ 8m¥ls and a supernatant conprising a

popul ation of non-adherent cells,d) collecti ng from

19 st ol ?'?\5@“erwﬁe@!rre?éfdeﬁpﬁﬁéﬁpﬁrg#ﬁ ndtogeRic:Cells is a

PHRRIAtRInA Y ﬁ?&’t’@fé SEHEhdPEEHe® OBtafld L Fréth BaRkt 6@JS‘I@E&QWcartnlage
ceI I's, e) collecting said non-adherent cells from said

sapwleaarthwhergin meithed furthermomprisesdhesteps of

BT RER B S sBEHOE el af e ovtaned i st

popgd)ation of enriched regulatory cells. 19. The
net hod of claim 18, wherein said population
dMorelesdieaisai¢ expanded ang pgeraged ﬁoewaﬁaﬂ @f adherent cells,

PRNERCY, ContithRg"SHd IF st of ROh-HdREr&R ddilsaHtained in step

(e) with said population of expanded and passaged population of adherent
cells obtained in step (h).

20.The method of claim 18 or 19, wherein said enzymatic treatment in step (a) is

performed with collagenase A.

21.The method according to any one of claims 18 to 20, wherein said isolated

cartilage sample is a meniscal cartilage sample.

22.The method according to any one of claims 18 to 21, wherein said population of
chondrogenic cells originates from a meniscal cartilage biopsy.

23.The method of any one of claims 18 to 21, wherein said population of

chondrogenic cells is a population of mesenchymal stem cells.



sanpl e, and wherein said nethod further conprises the
steps of g) expandi ng and passagi ng sai d popul ati on of

WQawenemsso cel | s obtained in step (C, h) col |l eR€T/EBR007/002452
sai d expanded and passaged popul ati on of adherent
cells, i) in step (f), conbining said popul ati on of
non- adherent cells obtained in step (e) with said
popul ation of expanded and pggsaged popul ation of
adherent cells obtained in step (h). 20. The nethod of
claim18 or 19, wherein said enzymatic treatment in
step (a) is performed with collagenase A. 2 1. The
nmet hod according to any one of clains 18 to 20,

24\ RiethSdbficlaFoNMBtard! & dathérgampRSTRY ehé Step dENI scal
cartil age sanple. 22. The method according to any one
di Sesdmg said combined pReviatians gbtAIRRMIN stepdf @ (i) on a scaffold.
chondrogenic cells originates froma neni sca
cartilage biopsy. 23. The nmethod of any one of clains
18 to 2 1, wherein said popul ation of chondrogenic
cells is a popul ation of nesenchymal stem cells. 24.
The nethod of claim 18 or 19, further conprising the
step of j) Seeding said conbined popul ati ons obt ai ned
in step (f) or (i) on a scaffold.



