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WO 2007/ 107330PCT1EP20071002452 1 Methods to

mai ntain, inprove and restore the cartil age phenotype

of chondrocytes FI ELD OF THE | NVENTI ON

YW &Y Pnvention relates to the field of chBﬁB’PB@W@“”Z
expansi on and cartilage repair. The invention also :
relates to regulatory cell popul ati ons obtai nabl e
fromcartilage, which can be used to naintain,

i nprove or restore the cartiltage phenotype of
chondrogenic cells such as chondrocytes or

chondrocyte precursor cells. 10 BACKGROUND OF THE
Mt € maintainBiiiprove aridirestorerthescadtilage phenotype
cartilage play an inportant role in the mechanics of
normal joint rmovenent ofchondracytesti| age covers the
ends of these bones at the knee joint. It is conposed

of sparsely di stributed cells (chondrocytes) enbedded

FIIEE' g’?-IF_eNVERﬂdJN' ar matrix conposed of a
ree- nsi onal mesh of collagens, various

pr ot Bienprasept sprantiennislateg tp dhgefisld e chendiogyte gexpanSlon and

oAb DAL LA Ege0 1o BRET Gk A Sputatons obtanable
froardariiage, whichi tarobar usédhe nodintadttierees doyrestose the cartitage

o b B S0 S O 5P it precwsor

cdlst her articular and/or 20 neniscal cartilage is a
conmon condition affecting the joints of mllions of
peopl e. This danage is conplicated by the poor
BA@R BNDVE qu{@mvENcﬁoﬁdul t articular cartilage
e di sa and pain that acconpanies this
danﬁé}éh aRissuafteng, m§9i$éafa$aﬂﬂ@ﬂ@P@YCﬂ" mpartani gele i e mechanics

d I
PR B e PP IS P e 1 of g ones at e

krml jbiSlt drie doe*tprdsedeccf sfpemal;@ﬂnstretaltemyelbsr fchouteucytes) embedded in
owed to proliferate i,n cult [| €kl
arf g, Myl orbBofieh s Bt g b fonagens
variou p@ét’élr@ltdlﬁfom@temm: &lrg@ a.raltaarl-r@@ndgfmot@glycans which carry
[Brlttberg g%s F‘ng ]3 !
egBdvelySparted posaseHal ke FeIEaeRanpgYER s Moipehcartiage
isd b?é’@rﬂ:lag‘j@%hh?a’&%iz@ﬂqﬂﬁthesbllfefséﬁd:@%f cERd P IdcAna& Rfighed in rows
the cartTl ? def ect. ACT techni que has
and bandied ofirollagen ﬁgﬂ@rlaéw ggat@;(panla@@lagﬁ tov\gther articular and/for

mERQZéﬂc%Fc?é&é’ gl’é %3%993{1 ABr4Eén %\ffecrtl‘ng the joints of millions of pepple.

‘This damage is complicated by the poor regenerative capacity of adult articular

cartilage and the disability and pain that acco'mpanies this damage. Recently,
several models of cartilage répair have been proposed. In one such model, the
“Autologous Chondrocyte Transfer" technique (ACT), cells are retrieved from

| healthy articular cartilage, allowed to prbliferate in culture in order to supply

adequate cell numbers and are re-implanted into articular or meniscai 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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nonol ayer culture have a propensity to

dedifferentiate with increasi ng passage nunber. Such -
dedi fferentiation will lead to the synthesis of a
WR2P740TRPE h bi ochemni cal and bi omechani cal pr 85@@??"@%’002“52
different to those found in the tissue of origin.
Optimsed cell culture conditions and |limted passage
nunbers are needed 5 to keep the phenotypic traits of
chondrocytes including their Zapacity to form stable
hyal ine cartilage in vivo, resistant to vascul ar

i nvasi on and endochondral bone formation. Al

mrraiararl gultapplhagd #A@Fopersity dor dedifferentiateelvitill iatreasing passage

Hﬁ)ﬁ%f%i;{h dtﬁg%{%r%ﬂsilaglﬂn B’ﬂgqﬁ%‘g Br expa "g}?éjsé% ofj @ matrix with

blmdmﬁyca\mrﬁetbubn@uhaw@t propefies hmftsentl tortebué 3BUng in the tissue of
t hes ns conpri se variable 10 nunbers of
ofigin: ?Ft“ﬁﬁ%e N 'EC\“"@{% GRaditiona;gnd dH‘é‘FﬁS’t pPIR0et nipgre\are needed

t@REePihedsbddhgie ﬂbit@b?gh&ﬁirb(@yté@ ﬁ‘i@'lﬁlﬁgothe:r capacuty to form stable

r edi fferentl ate towards stabl'e-articul™ar
hyaling cagiageoinivivg. cesistant Toivasruay évasionnaed wrsiogtiongral bone

f&rﬁ%ﬂbﬁr a8 c\ﬁ?rren?r?gggflééd ACP p?t.l’de'ahf:e@.l é% ggér’%llhférttﬂgrapeutic that is

of the r tirssue rang
chmbsecé ofi ke eqandedgshovdrocyite bpmmdattoinl apmited fonsi @ original

ofibs! B cyli5eghs MRetfhod bR Jisd pohiAfng Bofbrise variable
namparsofosells thatveaerivdd/ tHeliphenttyplestalsifity and of dedlfferentlat'ed

chondraocytes i.s not sufficient as such to perform
C@'E]Pc ?613 r?qgﬁgemtlg]:ﬂ gwqgas stable achjqwrfC@,rtgﬁge-formmg cells. This

is3ne r@@ﬁ&é%c@@%@ﬁ@la@@@daﬁébm?m ﬁVc.@inIcBPsﬂH?| ih ttbfe Qliality of the
chondrocytes or to use alternative sources 0

fetﬂi’éintﬁ%@yfaé‘gmg_ﬁ%hy@k"%l'ke caipoe10a3)fi hmg«’mhlag@ tohao sign of
n I r
o SRR Y ol 20 EhT ORRoB MR ey, 1218 234fihis incicates

thaheek emmr$ tcasuﬁmntlxn latge eunibee of hkomirobytes d$ not sufficient as

R R by SR FRBRRBR, | Phoerorming

cap alblﬂ"eyeni pprdachis plags tbeth wsed B figbes the?ltq &ﬁl?bﬁchond rocytes .

ORI BEAL AR b o AR LAViED &t (WOOTH4830) descrive

th@h@ﬁibﬁ&mlﬁéulaﬁlﬂﬁérkél% BSrd qga. [cfo"nﬁapiroreéxﬁéndeelgﬁ@)passaged
Cel L Bl ot 145, 1103- 25111

chindroniien nbheratse of Ha§8%|r§arl<6éfe@'|9\e§otpt SBterminga e pumber of

PS5 59,8 AREIRE SEpHBIRTaR o 0L B s o

caftiegei i@@nwgc ehpagityowpani tsansiiantatiarer Diffederity attérapts have been

el | I ar tr X
mBBENE HifsRte e Bhlctis 3 A BEAHr3LemElst fottimgmmponents to
the nghoodrytes; suttags- ;feﬂfen:angmeh@ntal gq9999) vhee Bl 1185, 1103-
16 gﬁrpared to chondrocytes that have rebuilt their
cellular menbrane in vitro. Cartil age biopsies
have been described to conprise, apart fromthe
typi.cal 5 chondrocytes, a snaller fraction of cells

wi t Hhe Sureunding mﬁifl Hm%gbomnb@mvtﬁddp hayaran effect on the
reéénerh@@é??gélﬁ(sb’fec roélﬂ 4lzlt%l %@B 'BF&?&A}?OL joeng. 82,

recover omcart age bIO si es atiron o

457484 derﬁccuheaa e:eluowmnatyorumamcumeq I:sy um ipnesanekl of 1 native

and describe how these cells can neverthel ess be
expanded in order to obtain a higher yield in
expansi on protocol-s. This report suggest that other
fractions than the to classical adherent chondrocyte
fraction of cartilage biopsies my also be useful as
a source of cartilage-formng cells. Al t hough
nmet hods are avail abl e to expand chondrocytes and to
assay their quality, it is as yet not possible to
obtain a sufficient amount of phenotypically
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15 stabl e chondrocytes within a limted nunber of

passages, to inprove the properties of lowquality
chondrocytes or to restore the properties of cells

after inproper handling-(e.g. excessive incubation or
expansion). In view of the requirenent to produce a

consi stent amount of high quality cells for ACT,

there is a need for nmethods which make it possible to
ensure this consistency, independent of the 20

quality and nunber of the chondrocyte cells. present

in the biopsy. SUMVARY OF THE | NVENTI ON The present
phreelldaumatrixe{ aherdronsa qté@iuﬁdltﬂ%h catilags pad document improved
obtaln ble from

GRS RsTTer Y ahr Bl Bitpatit fo ShBRURRIACR hat have
reBgiRtehdiyperivatiular megubraneriy v&érbf ect thereon, whereby

chondrocyte phenot ypi ¢, st ab i,s Increase
U carike pBeTeer hiet Aestithr B Folanioes gpat diara e ypical
dhdnBRjcyea! 4 ¥m@l§§ﬁ§&t1&§oﬁcéﬂ6 afith Pdiffefin@ nidrpBolbyy and behaviour.
I sol ated cartil age g&/} but can be enriched and

y

Kb i Bis dio FIa. Ty M4l dicardte Bhe Scvag: o cartiage
b[?c%%‘?% {; pdl{m&fi‘%f ?@%“whﬁh%?é %hhﬁlﬂﬁ&ﬁs&&?bdt(*ﬂo‘éhﬁ@ kblls”) and

al ns S regu atory capacit
dasoamhomhaseg:eib qmsm\tar@ete@s deappanded iegeatophtain a hlgher

popul ation [ r
Ve g Bl b s 1<BRT SRS B R A than the
d@%%ﬁa&@@ﬂfcﬂﬁﬁd@@yﬁ@ f@cﬁcbtﬁ of camhgelmmemmab@so be useful as
required for transplantati-on. Once a sufficient
W@OW@aW&'BEWE% i s obtained, the chondrocyte
cel | population is conmbined with a popul ation of
regul atory. cells, and the conbined population is
r eadpNthought maﬂmﬂSaaﬂea@\rajhble to expangshepdeacytes EHH’sto assay their

560, S0 ot Db razgé;@%ﬂ@%@dcr@ﬁf%mtvmca"v

stabdms}yor’miyoctyﬁwwﬁhmr@ limitet] umbeer bOpassagasnta impeovesthg. properbes
ft t d ft d

of Ay cehoPg e’ B cioh isriare” oL EReike. 8 clE At fmproper

hAgtinP (e @%&@:@B@@eflhwﬁam of egpansior)r imvigwe of the reqwrement to

cul tivation recipien
produce a consistent aenount 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_célls présent in the biopsy.

SUMMARY OF THE INVENTION

The present disclosure relates to a population of cells obtainable from
cartilage which, upon combination with a populatibn of celis 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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In one enbodi nent, the present disclosure provides

nmet hods for enriching the regulatory cell popul ation

of the present disclosure. Mire particularly, the 15
present disclosure provides nethods for enriching a
popul ati on of regulatory cells froman isol ated

cartilage sanple, said nethod conprising the steps of

(a) nmechanically and/or enzymatically treating an

isolated cartilage sanple to obtain individual cells;

(b) transferring the so-obtained individual cellsa%P '
eatablishedc that i thist Ceth noédiaﬁp'érf?taﬂ@ iis | reqHiatpsy SapaRly yien frozen,

n%m%?%&&@étt% thid fﬁe%gﬁll en‘f Gell §)5bulgﬁéﬁ‘téﬂh@:¥ ﬂgeﬁﬂ'&ed or non-

tivatron rec I n adequat e cell
eﬁtld:ﬁed/m"nnmre g.odwtiirtg tblﬂsperlokie“re@bysajmtra@ﬁpﬁgi mature chondrocytes to

p on of adherent
%%q.l?%tl Iﬁﬁge merEﬁT Eﬁqubrﬁaef?r ﬁgﬁébga gﬁéérﬁ%lq&f ?rguﬁ" C CBnt number of
cﬁ@hd@@&tb@gsf&ﬂﬁk{ehe thel d:hdhdkddyt/eatuetbrpamnatpunem pomfotr@ld with a
at | east days and/o the adher

t
ppeuEion 8t TOUAOADGaIS 3G9 it | GeHBped; fgpulation “16° ready for

“%HF‘?E'%E@?I conprising a popul ati on of non-adherent
col lecting fromthe 25 supernatant

he . .
populMargoveroft s beehefornt Wal |tais vty orel ﬁgé%’lgﬁon can be
épgraﬁeeogtha%rgﬁ]yth%e%on?i?@l@é b08 (%Etilééke pr%?W harvestzng within a

SCl osure I'n a spect ere | s rOVI
certhinotin & oe. gplaﬁpalabngt 2 tpdipdam pier sg¢eding agd/os éﬁ’hﬂ?n “the adhering

CEE?)BP%E [€ gldsé\lii(gqﬁl gﬂ?&s Egrgﬁ.le?lf ti'lbfnr glrécg%'nﬁg fl%c lon of cells from

6@kl A06 regipRIne, by a method conpri sing the steps

of 1 4 hani cal |y and/ t :
| domatambamin b rrane dsTOaV ek DR thnrching
tﬁ@ J%?ul?@ytééﬂnﬁfaﬁﬁléhé\g ofaihd predievt dikdosted.| Mo@@tpmrnﬁnbrly, the

to a cell cultivation recipient to al

WWFEMU@ pmw@epﬁ)mﬁtlyast‘@g qnﬁclyngtﬁqu@,y@yon 0 rqgulatory cells

%?ﬁnér?' 35&dS 8k lléq:ec 'sQIdaq'?éiHé’dec r|sm the steps of (a)
cuI t | on con on 'as to obtain Fu ati on )
mécrﬂdlmﬂprmdiml dars;zymajlcalhs Upehngaﬁaﬂﬁolgtﬂﬁppa@ agg spmple to obtain

[FC? ﬁﬁy% egln &{:) tgéjrgsﬁ%%nglft gcfblt%ngg% t'”dé"'ggg's&g%] C’ﬁ%t L&Bcultivation
ré@ipienfito élmstheg@mﬁwslﬁ)ﬁ%fmnﬁdimemy Jin agﬂmcﬂamr frarsintaining the
conprising sai opul at i non- a ent. cel

] oAU FapIPP A Snalt 68l SORRIOTCa i i puF R P obtaining 2
ﬁ&éu%%n hedRPENC BEllsS and & EASGHATHNG Gohiprisiigda populatlon of non-
regul atory cell popul ation; and

*. 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
supernataht, the population of non-adherent cells, corresponding to the regulatory

cell population of the present disclosure.

In a first aspect, there is provided a method for preparing a population of
cells, said method comprising the steps of: 1) enriching a population of regulatory

cells from an isolated cartilage sample, by a method comprising the steps of:
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2) conbining the so-obtai ned popul ati on of

non-adherent cells with one or nore popul ati ons of
chondrogenic cells, which are not popul ati ons of

15enriched regul atory cells. According to one

enbodi nent, the cartil age sanple used in the

enri chnment nethod of the present disclosure is a

sanmple of articular cartil agegpr of nenisca

cartil age. Typical ly, the enrichment nethods

of the present disclosure wll start froma cartil age

sanpl a2} wheahianicalhe pug/onenzandticatly treatin) arsisolpted cartilage sample to
collagenﬁge A .5l n anpt her enbodi ment, the present

di scl osd) aQﬁng' “&h°enri ched regul atory cell -

popul B 'transfgﬁinghsehid iﬂdipidpall laélisonbta_fneﬂgllnh@%‘r(ar) ir’]cﬁga cell cultivation
non- passaged regul atory cells optai na y the

ot hods FEAIDERY PtRBHRC FeEaITORaT HEkhpvtes th & Monolayer,

I n yet) anahBRingsRadesBRint iff Bfedi=s eBl cditisshasebiRitions so as to
provides different uses of 10 the enriched regulatory

cel | popbtain i arraulatios of adharenticallsl ardipesupematant comprising a
Accor di ; i j et , the enriched . '
regulatgggh@g |Bﬁgﬁtﬁgﬁ?%ﬂ{o ?éinable by the net hods

of end) chitenting dfor tsaidrasiment, ditechbleask2i daysrarvd/credpon at least

01 S8R RSB o SRR S hlsnd M gopuieton o

15 of cabhiddhgerdetists conprising adninistering to a

~patient wth a cartilage defect, a, popul ati on of
onr | cPedoleaing Jian 4L et saist 8oBuation o ingnradherent celis,

Accor di Rghr¥spdridthgPioessid feglaiStyQad RpRLAYHART

phar maceuti cal conpositions conprising the enriched

regul at &) gombiningiBEACLhtaiRed PopHiation ekeer-adherenbsellsgrith one or
Mor e partd : i PL,QV| 1t

i nprove d&%%@#‘%’%ﬂn%& t lrgf‘(ﬁecg]t%ﬁ:"rre efrﬁ(% %\%Icl) \Sﬁ& ﬁg;ht %1% h@@ﬁoﬁﬂaﬂons of
i nt r odueniighedogniatergfcelst ures into articul ar

cartilage defects. Provision of mcrofractures in a

defect allows the entry of stemcells of underlying

bone Addoediag te onbamisaditniehgiee deftibgiessarhipleaadddein, thi renrichment

el b RS SHSRPAAS Yl D SRS BB ¥ Bmensca

present disclosure conprises a cell population with
regulatory function. In this reconstitution
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25 process the mesenchymal stemcells are directed
into the chondrogenic |ineage by the regulatory cel
popul ation of the present disclosure. ' '
According to a further enbodi nent, the enriched
regul atory cell population is used for inproving,

mei ntai ning or restoring the gchondrocyte phenotypic
stability of 6 an expanded or -passaged chondrocyte

'Cgﬁib ation in vitro According to yet a further

rment of the present disclosure, the enri cheﬁi
r eguiTgpioaly, det Enpdpuenttmetods of fepresent disclosure will start from a

differentiating. - '
oS SO SREIRANGRY R S8 Coldpstn.
Lurthertgnbodinent, the present disclosure provides a
onposi tion conpri sSi t | ' ' ;
oSt R, PG, P RRS' RO P i
reRABHE Gel &dpul=ABR Whichss @nwpatationr e oori-hehening, owin-passaged
popul dti ons. Nore partlculani . 1N a second .as RES
regiiaiory eelisrobiaiable BV bR Peq AT rgeRpRR Serergeg ferein.
gggglnatlon of tm?lor nore different cell popul ations
rising: a ce opul at i i si
cel | 3n whi atother @hbh@%q%;,)tﬁalpggﬁﬁ%fg@%@;h%g prinsigélﬁ %tgfperrgnt uses of
I sol ated cartila l S ! Jet {i
15 BB SR blor L BB B B O T B T o Lt ory
cel | Agebtdmgiabl 2 fiost emeodiniartc theorntichasb regitiereRell population

Ils fromth _ _
'O%eﬁii“é@ﬁ{tg’nﬂh_t%dﬁﬁ'?‘g $ @3?%“1%?%@%‘5%@5 fﬁSQ Fgf%%ér?{:fg%@ sure is provided for
 kRrds 4 A@RicahRpsY; and |

More specifically, the present disclosure provides methods for the treatment
of cartilage defects comprising administering to a patient with a cartilage defect, a
population of enriched regulatory cells of the present disclosure. Accordingly, the -
present dis_clos'ure provides pharmaceutical compositions 'com.prisi_ng the enriéhed
regulatory cell population of the present disclosure. 7

More particularly, the present disclosure‘ 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 celiular therapeutics, which, according to the present
disclosure 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 present disclosure.

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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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, .and a

popul ati on of chondrocyte precursor cells. Mre
specifically, the present disclosure provides

conposi tions which 20 conprlsg conbi nations of two or
nore different cell popul ations conprising a
popul ati on of enriched regulatory cells, whereby the
mf%xﬁdnﬁsdaﬁpafgag@ﬂﬁmbedﬁmmdajm$mkﬂeQUhaﬁmuy cells is
gener within the e of to .75 of the t
nurrbe‘?c%‘¥ digg | os Yeh a nsm@élremeg ﬁeo?mres‘e”t ! Gitlosure, the

e‘h‘?i%ﬁé&“r@@ulb@rya c@ﬂrddpfﬁlﬁtl@h ieniped fR NdifferlehBattep Hadehoymal stem

onpri si ng ulatory 25 cells which is present in
Qelﬂé"&@nfbﬁ‘ﬁéﬂn @ﬁﬁ@'§|"ﬂ?@ﬁ%”b‘l”ff@he present disclosure.
is obtained fromarticular cartilage or neniscal
cartil age. “The present disclosure further
pr ovildemt ai fuftberrembagimdnt atheopresenit disdoswatiiraddesa esmposition
the re at or el | _popul ati on e .
Rfhpieg 8 oty sl R R B picheBotfi s present in
fesshlysisolateldreadilafe celi) oneldr n}uﬂpldif&tremll populationdbr e
speci fi cal | e conbi ned cel 0 atian compri,s .
o celNOBopaNistRaN, df % GEaPat A RChl Tere e draVRgH g cbmposition
rRIrRSE BdmBindBbO SEHWRD d)tSmeeOéf freesht asll Qo;ﬁmélﬂldiﬁl’ﬁﬂm prising:
Accordingly the present disclosure provid

phar macauefl RORAHSHs COMBRSING  EREHIRIPE r@*lﬁhéfh@‘awbﬁ Ritper (i) a
cel | popuybaLtNSf qlee%.ﬁly E%fjat@cf(f%gﬂage RIS PR H@t@j fﬁ)‘ﬁll la cartilage
popul atT'ons can al so be provi scaffol d
t her apebicpsy os ¢i) aipepplaticr of e@ns@tbse;gbéatpwowllse@t@lneble by the
use of t t
Faqul at BRpeBer ot BpiRefény B 1l s Rngn3Rbt BEEHQ outture of
with a ﬁeshﬂjnﬁaodmédi cammgeactellera:bltalnédwﬁonpraapmlmgedmpﬁy and
cel lul ar therageuti for Ehe tr? qugt of carti age
- one or more cell populations selected from the group consisting of a
passaged chondrocyte cell populatlon, a populatlon of mesenchymal
stem cells, and a population of chondrocyte precursor cells.

More specifically, the present disclosure 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.

Accordi‘ng to a particular embodiment, the population comprising regu!atory'
cells which is present in the combined compositions of the present disclosure is
obtained from articular cartilage or meniscal cartilage.

The present disclosure further provides different applications _of the
combination of the regUIatory‘ cell population (either in enriched form or as pygsent

in freshly
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10 defects. Accordingly nethods of treatnent for
cartilage defects are provided conprising

adm nistering to a patient having a cartilage def ect ,
a conposition conprising the regulatory cell '
popul ati on of the present disclosure and one or nore
ot her cell popul ations.. The e of the reqgulatory
cell ‘population in conbination with other cell 15
popul ations al | ows the use of e.g. chondrocyt es of
idbil168¢ capiERgagts with differdrdcell ppbéatientsi on.  Furt her nor e,

t he thods of the present discl . i ' )
possHre weefialbs BectTapes s esRpLtSh TBlifrahg g gl popuiation
o?gerdtu?ﬁﬂS@t tﬁéﬂﬁ %&?@mg@- thd heesne disulpbudds meadded as a medicament.
I | age phenotype upon extensi ' B
Aceandiraby B}F;a aggﬁ%q%bndfﬁclqu)éa rg%i)’?ll g?@?{}ﬁﬁr{]}gutﬁ%ﬁ] t%:(f:‘)m[;)osmons

c?ﬁ@%i@lpi 2 ethmBﬁl%dp&éﬁ%BEUIglti&fé' QAeYhed2Adiaen. USEe afombined cell
cefll t

popul ati on of e present disclosure thus

pepalalierss carealse bewrayided sua feaftoldfor thgrgeputifaisset s,

since high : . ) '
A oSSBT Rt fgiodi g coions
e‘*‘ﬁc'ﬁ@f"@@Wwﬁellcbmldatﬁwwﬂweavs&aeabH@,CIQSH@ Wikl @ tspcond cell

or .C

t her eof . be i d b ' : .
PR 1o P ePRE s ch P AepR e 58 h8 iR of cartiage
dehetd e pebatimigly Gabthopopsfl akhmmernf for hearfilagsedefects are provided

di scl osure ensures an i nprovenment of commonl sed -
cAUPriSINECERTEEETNg 0 a RANPE! FAVIOCEl STiF00: Fefy &b gqpositon

T _ r _
THEBILE gt onBtsoars ckureandone o o
mlmrmdlf?!Opglaltlh@S-st eps of: 8 a) mechanical ly and/or
enzy I.C re j td -

nﬁl& Hg‘%’ nogi {\bie dﬁégu@o@ncélﬁ%oﬁﬁ%ﬁoﬁ% édn%ﬂﬁatﬁgmnﬁ other cell

to obt cell s, transferring t ,
pdopdiadbdsialiows|the sse obea). ndwntimcytesedl highkt ipaasagsnnumbers for

recipient to allowthe. nsd .on ' __

R, LG P SHBCALAY s BRERRE Fa oo o

dJencrfleatajee Htbhints Wt choridrauytesobyli repeaisd pdrsaging. The eventual

obt ai ni ng a popul ati on of adherent cells and a

degrraseatna ARriGRp PRETGIPe UPEPUPLETIYF HESHEHNAJHEY be restored by .

defehtlod of the reguiatbry cell population of the present disclosure. h
The use of the cell population of the present disclosure 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 thereof can be improved by using the regulatory
cell population of the present disclosure. '

The use of the regulatory cell population of the present disclosure ensures
an improvement of commonly used ACT procedures.

More particularly, the presenf disclosure provides methods for preparing a

population of celis for ACT transplantation, comprising the steps of:
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d) collecting fromthe cultivation recipient, after
at |east 2 days or upon at |east about 30% confl uency
of the adherent cells in the cultivation recipient,
the 10supernatant conprising a popul ation of

non- adherent cells, e) collecting said
non-adherent cells fromsaid gupernatant, f)
conbi ni ng the so-obtai ned popul ati on of non-adherent

cells with a pop ' n i i
o< B AT R ER YRR S gl oot o
Accor d¢mginti|®di0iﬂaislb¢dhledi ment of the nethods for

preparin po at i | ls . - oo -

tr all?éplt@%%fgfrﬁti&‘et 'HQR’%L Pé'f% %c?] O%%rlré D043 é:geg r%uglvgté?rr gemplent to
i s a parm fkiapanbichRF ehendrbenes ocy emotdyesi ned from

the same _or a different isolated cartilgge ?'a l e,. "
Mor &) pasintaungrthe, cuthating rreRisnt M ﬁg?qlé%%‘p(ﬁ s‘ggt"’taﬁ'gn conditions,
steps ﬂ%r%?fg)obﬁfgiﬁgd'anﬁboﬁl]%_tigﬁséﬁ%eréme cBIRP WrRl | D nsupematant

of adherent’ ce btained in step (Cz?’f h) collecting
t he expamprsingadopakdagefinpopdhaienbrellss adher ent

e expampt ssagsiinpopt |
non el AFPEE ARBERYAE, ARAPIPRLS2 B OEr upon at loos!

popul asban 0% ecplncey efmitie patieseddcalie puthe cylivation recipient, the

adherent cells. 250btai ned in. $ _ '
Typi ca?LI'RP,m?tﬁmc‘F@“%?'ﬂ%aé)o&naﬁhg%E)&g%"gﬁpeﬁngg?u&ur e,
the & n%%ﬂ&iﬂng daiceAadiaaherent s¢lBfrdm saidssuperrfatamted wi t h
col | agenase A. 9 IndsBeci f&?cne odi nents o

d

{he froeamEeTs; (e SBrablaipd ApeRYIBlY ook HEoT Saldpdy ool with

cartil l.e | i i | : . _ .
. g%ﬁjl%m b8 dnonBrdJeRics eals, oanith |idasotsanmpalation of enriched
Opti on y, the popul ath on of chondrogenic celplas :

ori gi neagedatényarella. meni scal cartilage biopsy.
Al ternatively, the popul ation of chondrogenic cells
is a popul ati on of nesenchyrmal stemcells. "
According to one embodiment of 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 celis

obtained in step (h).

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

step (a) is performed with collagenase A.
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5 Further enbodi nents of the nethods for preparing a
popul ation of cells for ACT transplantation of the
present disclosure, further conprise the step of
seedi ng the conbi ned popul ations obtained in step (f)
or (i) on a scaffold. The present disclosure thus

rel ates to nmethods of i mprovi®ng in vivo cartilage 10
reconstitution by applying a cellular therapeutics

SO SpaReP ShShHF B o TR0, 5 8 At ake0etens
|RRE6d BhAithgeOsdrhisleds s0hasista cartiiags samied Qpiiboalyy dus population

R Ena SSheS ISR S Sheth e dd BBl . e

pgﬁﬁlgﬁ’&?oﬁhdnﬂm%ﬁid&llkﬁb ¥ p¥Buldfore af hiet@gthymal stem cells.
reconstitution a ing a cellular therapeutics

by appl
coonushergerabwmqmtSeot)?het methodg fpapwEparipg a population of cells for
J COF il ' RS §0ithét b i
A A & Pl df S RDISRS T el SR oot ofsoeding.
trenedrmbiaéd populaticrseottainkd roptep4dt)iosti) on atgeefiol. present |
di scl osure and chondrocytes is capable of a faster
cartilage formation in vitro.. Accordingly, it is

- envi Tagefleddm ischizuanthatirelatesf toanetantds nhtnpoviof) ibeive cartilage

chondrocytes and the reguyl ato cel l. | at.i f .

SRSy B3 anSlie . b SRR BLRE, B gucwre or
cBﬁ?ﬁ‘l’éﬁBhtéﬁ LANaNBRIYoLY] C hRshdnid/ irygulately adhontidcltet @epulation
a faster regenerative process and high qualit .
aceordingade thsr mdis¢lesure25REr sh@ded tal{%élgg%% e?‘%;e?}’ef‘hé\"(’ge”e'c

kA8 BT Ob BN otitRIRE! | populati on of the

di'sclosure in pe ulture, denonstrated a
f ast Ther pmision disfclasech dniiteer relates alel gileddsetof imppeving in vivo’

en conbined.w th dediff ' : .
chitins; Rsauaggiel bpEbing & Eef R IARS BRMIRIPS mixure of
thd RguRitbrytael Wobhilatieg acdortingt thehe poasenb digtlespreparidamiesenchymal

amenabl e for inplantation, but also has inplications

SWPE“S-t he i mpact on | ocal chondrogenic cells. The
ability to induce the stable 10

The compositions comprising a combinatioh of the cell population of the

'present disclosure and chondrocytes is capable of a faster cartilage formation in

vitro. Accordingly, it is envisaged that implantation of a combination of both
chondrocytes and 'th.c—:'reguiatory cell population of the present disclosure results in
improved cartilage reconstitution when injected in vivo, which initiates é faster
regenerative process and -high quality cartilage formation. ‘ "
Moreover, it was observed that cartilage, generated by the cell population of

the present disclosure in pellet ' culture, demonstrated a fast formation of
mechanicaliy stable peliets, even when combined with dediﬁerentiatéd '
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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chondrocyte phenotype in partly dedifferentiated
cells indicates that the regulatory cells of the
present disclosure are applicable of inducing

..cartilage formation e.g. in osteoarthritic

condi tions, where | ocal chondrocytes are already

af fected by catabolic process &S wthin the joint. 5In

a third aspect, there is proJlded a pharmaceuti ca
conposition conprising the conbination of cells as

def i ned above. In a fourth aspect, there is
qhoodrad:gtﬁ piserafityrst th panityrdesliffegentiated celis indidates thet the reQU|at0ry

el FEoET BB e eogponhts o ifuld HilegEittaton 0. in
sitddariaitid Coaditres, witeré ecap clepairatyten arﬁ aleeadtyl dffdcted by catabolic
t herapeutjc for the treatnment of cartilage defects.
RARISGSEEMIBIESBRIPFE-ON OF THE | NVENTI ON Defi ni ti ons:

15The term "chondrogeni c" when a gl i ed io a cell

popul B Hid aspests th et'?l@'”qvfﬁ‘?éiraeﬁﬁ aneulie3) GeiRasitin comprising

tﬁ@'cbnf%fna‘ﬂ@ﬁ%'f@é]l&é’s b&nididoshéss, cartilage or to
stimulate cartilage growth, under appropriate

cir Cgﬁsat AR Ssp 9@9%@9@ kiRl AscakBel atifprising the comblnatlon of

chondrocyt es and cel Ich thenselves differentiate
dells asclebinelt abytees, such as precursors commtted to
t he osteochondral |ineage. 20A "chondrogenic factor"

as udad iﬂ&hmapectaftbes% tsoprpvisedpbendsavef dhe petpoesitign as defined

25 L% R0l OB RS T 18 It o ariage

d:dﬁ@cﬁg_typl_c stablllty ‘when referring to a cell

popul ation, refers to the ability of the cell

popul ation to produce cartilage in vivo. This ability

SEPARED PESERIPYIONIEC THEANYENTBON on of the cel |

tge’pul ation (at |east about 25 1 - 20 x 106 cells) in
el (i n vivo), such as inmmune-deficient mice,

~and dler]fee{e%n'“molg?% nﬁé"r(ﬁhérf 2Pl 102D el of atdation refers to

t he devel opnent cartilage 1 nplant w thout 'signs

thé ivzerent GﬂpaCﬁY@iltmt el enprsiasiedr il prioddee carilans omto stimulate
hondr o ul h t

SrhE S5t RB0-HPb el Srr U, EPLBRbe gt e

dﬁ‘ﬁh&&foﬁte@farnheelm whioh mbatselwes)dlﬁs*edtaa;termtmedmrrdrocytes such as

PR BN e DL RBMOES s Lpon pacsagi ng.

A "chondrogenic factor" as used herein refers to a compound which
promotes cartilage differentiation, such as certain growth factors, such as TGF-B.

- The terrﬁ "chondrocyte phenotypic stability" when referring to a cell
population, refers to the ability of the cell population 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.



10a The term "freshly isolated cells" (FlI) as
used herein refers to the cell popul ati on obtai ned
froma biopsy after tissue digestion. The term
"freshly isolated cartilage cells" as used herein
thus refers to the cell population directly 5
obt ai ned from a chondrocyte-q@&;aining ti ssue, such
as cartilage, by digestion,
2007/ 107330PCT/ EP20071002452 11 wi t hout passagi ng.
The freshly ‘isolated cell population in the context
Of thﬁ@ﬁ@fﬁe”frebmyeiﬁdlmm BeﬂSed:Iplthwecdlhemtmlmfers to the cell
in 48-120 hours after j.sol ation

Parsions GPlanRb TR s APBY it Ligie” Higsliehy Thestam "freshly

isReatbd LPlita bsﬁlﬁs"%‘% &Rldl hdrepuihaki refers a6 tRe cell population directly
mai nt ai ned Por a longer period of tinme under certain

ehinined forba chendoeyterentaingng B§sus, SUFh B§ £artkaos; By digestion,
| onger period of tinme at high density in ultra-I|ow
~attachment plates in an incubator w thout passaging.
The term "regul atory” when relating to a cell or cel
popul ation refers to the capacity of the cell or cel
popul ati on when contacted w th another cel

popul ation, to influence chondrogenicity of that cel
popul ati on, and/or to initiate chondrocyte 10
expansi on, and/or to influence the chondrocyte
phenotypic stability of the other cell population.
The term "enriched" when referring to the regul atory
cell population of the present invention relates to
the fact that fromthe freshly isolated cells as
obtained froma cartilage biopsy, the cells

devel oping into mature chondrocytes have been 15
renoved, and thus that a hi gher percentage of
regulatory cells is obtained as conpared to the
percentage of regulatory cells present in the total
of freshly isolated cells. According to the present

i nvention one particular way of enriching the

regul atory cell population is based on their

non- adheri ng properties. The term "non-adhering",
"floating", or. "non-attachi ng" when used to refer 20
to a cartilage-derived cell or cell population refers
to the fact that the cells or cell popul ation, when
introduced into a cultivating recipient (such as a
culture flask), remains in suspension and does not
adhere to the surface of the recipient. Mre

speci fically, a non-adhering chondrocyte cel

popul ati on (NAC) of the present invention is the cel
popul ati on present in the supernatant of a
chondrocyte 25 nonol ayer of freshly isol ated
cartilage cells (i.e. during a first expansi on under
standard cultivating conditions), after at |east two
days or when the adherent cells have obtained at

| east 30% confl uency.
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Wien referring to "mature chondrocytes" in the
present invention, it is intended to refer to the
mature cells of cartllage ti ssue, which origi

YPIM6°20071107330PCT/ EP2007/ 002452 12 PCT’EPNW"O“#

chondrobl asts and are capabl e of producing cartil age.
Mat ure chondrocytes are obtai ned upon cultivation of
a popul ation of freshly isolated cells from
cartilage. When allowed to atttlach to a matrix or
support, such as upon cultivation in nonol ayer, the
freshly isolated cells flatten out and obtain a

-V]titbllojag pa!aﬂagdng Fhei frashiy iaslated oal pdmllatipn, inltbs eobfest of the present

AELDESS Il o0 ST ARl 0L B o e

fomater méemsematr\aalpapel Fextines aithe frbdidy Q‘J@ﬂaﬁéﬂ eell bypulation can be

cultiv f carti.l cells, in nonol

Talnteined 1oF A oot RrEes B HIe-WRdRr EerREh oV EYtioss cahetiigns e.0. by
chmvbhfh o I@ﬁgeraﬁéh(ﬁi &f mﬂé%ﬁi%ﬂ%h QSS9 in 'L‘Etl‘@lchr Hﬁ§chment plates
soThe term "expanded", when referring to a cel
8P iNcabatss vebed! PRIFACINEM a tissue, such as cartl | age,
i_ndi Q'ﬁEQQ c|j'r|§t : g;u'i% e\l\lterppﬁélﬂlﬁjir%:be FE@ proﬂlﬁigﬁcﬁ‘g refers to the

under con ere
capagityxefdte wpll or gkl fp@palartron wHan mrﬁaetedwemnatlaersceihpopulatron

t@%f@ﬁ{:«g r&hoﬁ%rgge [t?%‘? ébélt ell?%c'%qdu'rg g, : he fqg to initiate chondrocyte

popul a t70
eamrranm ismidéorca irifluentce the oRohdroyte @hen@@blcystalﬁh’dw of the other cell
*uency 15 The "first expansion"” of a cell
LB 814 on isolated froma tissue refers to the

cul t TH@ktbrah “SHrid Ry G@hdn REBHINAL toQRe ﬁég&’létdr? ckh ?‘)of)hfa‘%l%)n of the

passagi ng. During this first expansion raction o

. Ptgsent rwsptign r%tﬁatte heact éhawfrqm fhenBseshly isalated sefls asebtained
fr8in & '&Srtfl Brogget es)cc,%@ déﬁ%fé@ﬁ@ﬂ%‘%%&t ﬁﬁg\@i?cﬁyteﬁqhave been

mature c ondr wh action of
rgraeNest, eandc thussthat |4 h@warperasntager-crid‘egulatrgyc@lllssrsr obtarned as

AP I s et 38 AR 0%E! BT 2 g o ooy

-isdipaxh delhg An’cotdmg dernbkeé tpyesénttrh\mmreh | chespadiediar WRRNof enriching

ass he su ant, of the cultivated cells is
“@é%@%@’ﬁﬁaﬁ Pﬂ%ulaﬁ%rs See’érrfr @eﬁr”é?”o?é{h&é'ﬁgd’f?ﬂ%?ﬁ% he |
cul tTHeterec: hbheuuherm%rl a.gfiidh-ét"taélﬁhgr WhdntRed to refer
culture recipient wt fresh medi um (this s

tog ng%gerﬁ@q @,elbqr) celirpapydatiens refgrsa@aﬁhﬁ fagh‘@a.t the cells or cell

pdpfation, Wheat n%daé%é 'uﬁﬁ ﬁﬁvgl‘ﬁy rércyi n%ﬁﬁﬁ aag,’eg culitbre flask),

cells or ceI er passag
regw@ieg &1 syspeasionr ant doeherpmadhase tbp[bega.giad:eaﬁl the recipient. More

ed h r.ein
srRBcaB T AL BUARHE: AT ey i FRelBUBRIATEEE 3 8 pecent
memtanl &y dhe Madit porbmraﬂon t;hesmomc titie :sngptehrataﬂ of a dchondrocyte
ut, na to e,. el bow, ankle an

PGSV Feht BERg /el Etiage: 65 4 t0LE0a4 Msicepansion under
st2Rdbed &ﬁﬁ@%&@ﬂ@%lgﬂ%ﬁaeé& 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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cartil age defects. Cartil age defects are al so naned
after the proxinmal bone such as defects of the

nd&;}aes of the fenmur, of the humerus etc. Loss/te

F8¥%rtil age of the neniscus is al so rengFfEé’a‘mFIBO"‘”z

as a neniscal defect. 5The present invention is based
on the observation that freshly isolated cells
obtained froma cartil age biopsy conprise, besides a
popul ati on of cells which wil# develop into
tradi tional mature chondrocytes and which, when
introduced into a culture flask adheres to the
chondrablastst antare | capablenal eredusing: eaditaged Mature chondrocytes are

Og%@%éf%%? aﬁ?l]{tlvgﬁg qqqrée'b‘égfﬂaggh log f%e‘gtwl EO%Q%%S%P% Ing/ cartilage.

Videin afiowed afoi attaciTrte aeguitmt arysugtorty i guchotist dben Qﬁ:lltivatlon ;n_

REBIRL B isTBE ARl i BRTE Shcriot yiiei a polygonal or

fistobRistit t yna?bhalogPONEsOCiHedr NpiceMitaONmAn nd SS€ddiy mature

cho droc%rtgt phenot ypj c st abi | i ty of dedifferentiated
chiqropds ipAtureTRENdro e cesll Ramylatien'oaspreaskherein thus

refeishb édgﬁ.ﬂéﬂdh bR iopthiRed by cﬁﬁﬁéﬂ&?gf éérﬂgg lé ‘r?lgl%nolayer

articular interest fof cartil

- is_of
edndn p@@aﬁrﬂa%\cwbemhygthﬁ mgtuse mgdmcy@pmdrme |t@rhhe surface and

a@&i@sggédfoﬂé % i cations of freshly isolated

cartil age ceI make use of the features of
t he EMteraanmanﬂech wheguktdring te el ¢all piyaulation obtained from a

iy S ap e RuSs- BERIE Yhat B HICngRuaiorhas Brsnfickd under
cafditidns weerdtat tiey mehberpepWells it dicrédied BYEpidiRfation. In its

while traditionally_ the non- 20 adherent cel |
S'B@E‘%ﬁt MR 0 FXBRRRIN i 1H, Rerﬁ‘@”ﬂefjs?y éb[%‘ﬂﬁ@goweoﬁe’b population in a

cHiRIIOhGsYibRNE W|th Lﬁp%rtbp?ta% SORIEGSh m%ﬁﬁmﬁ’r élhy unfil conﬂuency

i nventi on ErOVI des for the use of this n
cel | Thofishexpansiabi oba |09ll aspulaton isplaie? fﬁom aésasue refers to the

c@%bﬁt 610?\1@ l@e[@?o&[éﬁ(ﬁ* F?fr??l % BRPYA! %%&@@Hﬁd P%%@rtlge this first

capabl e significan uencing t
explaeniony pi feaddivalof] theyfr&sthlyotsblate@ eklis pdpadidredoshe Zutface of the

R Al it 8 LR e S o

20

25

ofptbei fosshliy isafateatdellx . wmremyroemtm haveiny bglwmeﬂ'ueoﬁupematant
sem rounde@ Bﬁ ? aBn tﬁr esent in cartjl
(npp-aghenng,csl oppitiatign wew@ Y.+ thedie %p@ga@nd@wﬁo@@ut 15 days,

- depefdingt oy theP@EnsH§! dithd el bbbded' éas@a%%dtﬁé‘gupematant of

cells.. WD 2007/107330PCTI EP2007/ 0024152

| the shitivaled gells isearmoved andtheadhesent cells are detached from the culture

B g BRSNSy B L o i

nmonol’ayer
(thisstaged colesriondingo b Wdnahe A1 feelis ¢ .Igtamsadlmenng to the cultivation
ricellular

| t f t
R R e Bt £ 1%le 4siile Ao s Restass aypber are
geneiaty éfemedtoensincisepasedgl chlig s presence of cel | s

w th, a rounded. nor l ogy, around which this regai ned
per H’ b teap gq:arﬁléqge ge?gct%ﬁ nsgd hegein refers to any corgdmon 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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According to the present invention the regulatory

cell population of the present invention is present

in freshly isolated cells as obtained fromever
'QQF?V@gﬁgyblopsy Thus the present |nvent|onpﬁr%@%@3@%52
met hods involving the use of to this regulatory cel
popul ati on, both as present in freshly isolated cells
and as an enriched cell population, in cartilage
production in vitro and in vitdo. The invention

further provides for nmethods for enriching a cel

‘popul ation with regulatory function. The regul atory
cadilagepdgfattst Corilage dﬁecbrarsat&o mamemaﬂentﬁesprogimai éone such as

L T e

~ obtiteanenidctis Bralsmraéfemtdteds aanémhm eleftpl e. Accordi ng

to the present invention, the isolated cartilage is
fibrocartil age and/ or articul ar cartil age obt.ai ned

f r omraa yrRINe irventife i HATY O tf@b@@éw&ﬂﬂ%’thamghly isolated cells
articularly locations in the body which are easi

ogtainadsirgmea eaytilags: RippsnecmPass. thaskies dpopulptian ef cele which will
dé@él@ it tré(fltufr#hq rggtdré@ 8hd y@:@; érﬂt}; vuﬁ’l‘?cﬁ#l\@l’iérp]fhtﬂfduced into a

reuator I's 1's orrre I'n the context
C\@ftltfel sk @daharss ftor thi:n sﬁlﬁ?ﬁpetthfeﬂm dlasly afd ceant ibeagepanded, a

pbBiy of ABESAhEAR: RO WRLAMP SRl RIALERLEA 8B, but can

‘attnasea ceguigtony cetbipobulatlom hEhé esgiiatod a@ivitatof tieik yeelltgtpulation is

B T T Fask ha = Gapakle 6 Biinigiing phBaTBpve phenotypi

staBlitys ofl a ZheadiddyRdpoplidiba cand idfagatuing cﬂ_é‘rﬁirocyte phenotyplc
cartila bi opsy used for the a_eneratl on of cell
siaRiityp é%‘éi.'ffeferﬂﬁfgﬁ@ cethpeawatienso dhys bis ¢elmﬁm@ﬁlm nfesent within

fr@érqy it el U Sohthined fﬂﬁﬁ"c}aﬁﬁl ?é il lof PRRRAISAIdrL %R cartilage
.Qg. osteoarthritic carti

P'\MEQ’@H MV!SBEEDFQ@T/&&ZJO@MWOZMZBFQ@M afiplieation sprosgdgecfor novel

@;Ilcﬁaﬁ doéfaﬁg{;eﬂly ?@%ﬂox%}h% H’H p%p\blﬁlgﬁi @%k%ﬁ%ﬁh@‘r the features of

ther sacbeprpulatioenofi mgulatmyl dedls rthereirg dencalrer, Qmaﬁhohraﬂherent feature

of i PR T ot BRI o1 SometBR (i Eifefient of the

regariore tell Qobaidtion BOAKG ahiemtiodl THLY, V\h{ﬂﬂ@'trefcﬁﬂzdrfally the non-

Qs;l'[ﬁfnSfer“ n t he c;mgul ation of individual cells so -
iatiop) qbtaigediiy e tist pRINsiehef achendwgyteneuiture is

difenass| f BFes%HPWe?u%ﬁ &5roliled tBPHY BB of this é)(ﬁ]ua herent cell

nalntalnlng the cultivation reC|p|ent under a

| pqmqlatw@mnqtvgnlyoasc@nd‘aqnctwgenuan@all population but as a regulatory

population which is capable of significantly influencing the chondrocyte phenotyplc
stability of other cell populations. ‘ '

It has been observed that thé 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 r_ﬁatrix present around the cells.
Du'ring the first 48 hours of cuitivatic‘:n, the cells regain an, albeit different,
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tocollecting fromthe cultivation recipient the
supernat ant conprising a popul ati on of non-adherent
cells correspondlng to the regul atory cel

WO AT of the present invention. Eﬁ%ﬁﬁ%ﬁ%%*bz
to the present invention, cultivation of freshly
isolated cells fron1carti|age ti ssue provides a
net hod for the physical separation of the cells into
an 15 'adhering' popul ation, 1%hi ch conpri ses
essentially mature chondrocytes, and a non-adheri ng
popul ation, having regul atory features. In a

. pénaeditias tegdrinf VHen aliawe::htreattaq:h tx advetrixaar suphory sush as upon

oy P BGR TEonaNG bithion Wi a5 Rt B s ergpbtain 2
p&igddraal Or fibesbkdstic mohﬂtowgytz aghinl lagiag arbdstsof)theifpeoitaliutg matrix.
to a particular - eqbodl such treatment c

The, r@ﬂ'i'?WéY icellt PRRHAYGY @%ﬁfﬁ%er{tl‘fai’e%tfoé‘ %ppg%cgaryzgp by the
preBenét asFSEEmN vath Car qu'n@ﬁ@ moﬁéﬂﬁl | fdumde wHid tRise regained

not limted to, Col Igﬂ?enase I'l agenase A or a
peficeiluiae MatrgisdpaisEdined. agenase 11. In a particul ar

O by, R Ao i of e

prpsemtemvasbsn vusn plesant ig Lﬁreﬁw dsdlatedt bellsdiasr optaired dlom every

c4tfihbh bRty e % OSERTveRidL BloyRleRTieRiogs drvqtying the use of

thtsomgiumt&)nyg:emf p@ﬂpmidrattmtrpﬁaetmemﬂeﬁ fldskiby icaldtepsels Bnd as an

oSSR RSN Sk USRS B i imertion

fuﬁhéﬁﬁr%ﬁﬁies@@ft RERTIJR 6 @Rkhifigh ek 9§$J|§tl@f‘i‘ dith regulatory function.
nmet al | opr ot ei nases -1i ke MWPs 1- "treatnment’

WO 2007/ 107330PCT/ EP2007/ 002452 16 according to the
pre i ;
S g GOMRGH . tloneSt th8$r t%?—ﬂﬁ ‘?rﬁfe'n'ﬂ?o?é, aéllf\lgl;ﬁ'gs partofa

i sol ated™tissue wth an anount enzynmne _
fresbiyi asblatedr cell emIpUIaiIOal. |aywasli @Eﬁnnohe@freghlat@ﬂyssaé population,

tyﬂ) géﬁci’en[3 r at“lf'odx%ln&n% ?‘jrjr%tgéegy&%ggf or I?S&ticogﬂn%rtg the present

mtf?ﬁmm trmjnslomtémeaaxagmiseﬁbmeamlam dam:rlen afsaudarfcartga%e obtained
aterntlve atnments 5 can e asi | 1 T1.e '
fr aREReieUG the POBTn 91 AnimaLbedte Mast Paisyl Mdheatigrs i the body

-whum%méIéaszlg@dcésﬁer@sr-brﬂobtému@ed mllég@t A BRERelkcted. If the
(0]

and 0,3 %for a tlmsfﬁerlod bet ween hour s,
isqlation 194 thec apaylation ot grgulatory cells is perfarmest iy dhg  context of

proViGin ga{:élls Cal ABTY thidi t&e@é,@% ﬁ?%ﬂ?@é from a non-

nean tarn a popu atlo cell
weighthearngpyareaowhaipdas rititeh anoingadt iMlhhotl'tﬁJebosasl suchsas the

nFEHRVAT S0kt 67 faf i Bt & Bos Simgre, yred i the

méthed psfethenpreisenie inviention tib chermidied dpiakl dizlch scantilbge nsrdmeniscal
cagagq?e]sﬁbb?géat&ilgagf bi opsy ( freshlly i sol ated cartil age

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).



10

15

20

25

are introduced into a 'cultivation reci pi ent', in

order to allow the separation of the 15 'adhering'

and ' non-adhering' populatlons present therein.
WiUBPEul tivation recipients for use in ad&dfdanEa24s2
with the present invention are the standard culture
flasks used for the cultivation of matrix-dependent

cell cultures (such as, but not limted to, Falcon

fl asks from Becton Di cki nson,15TPP fl asks from Techno

Pl astic Products, Geiner tissue culture treated

. flasks etc..). Mst typically, these culture 20

f | Wk Sirsti alépect)ofpth%ﬁraam imventiaurdiaee tora lf'rie’tﬁdfd B&S&nriching the
i ed

tr eat t-h been ap
refyiEli el £0RuBEn 491 e Wiepouh yestan d ok, BOs: genseal form, the

HERed cORprisBe R RIGRFgStEpe not critical, in the
context of the present invention. The onl y limtation

-I SmFﬁB@m?ﬂy an WY@F%@@H&/ tfreadingt AAtisplateds qusgfk)I@mple to
?F@I E{)ﬁuiéﬁ?ﬁ ?Hlnﬁlv}/oq;ta'l ggygredi um above the adherent
ce

at1 on I'me-period needed for the
~natramﬁemrsgdhemnmwtcm pi)pldll\eduairceﬂfs sadbletaingdotd kecell cultivation

iSRRI A58 1 Sl Bf el SN BRrotuprs anc

-t heaintainingriie alultivation oscipith eneat adeduate fcedroutthation conditions,
medi um According to a particular enbodi nent, the
cu?'?crvati on medi um and conditions used for this step

-of cdlleetifromRAB FuItVaLBR fedipient the supernatant comprising a population
of non-adherent cells, corresponding to the régulatory cell population of the
present invention.

According to the present invention, cultivation of freshly isolated cells from
cartilage tissue provides a method for the physical separation of the cells into an

‘adhering’ population, which comprises essentially mature chondrocytes, and a

non-adherihg}population, having regulatory features.

In a first step of the enrichment procedure according io the present
invention, the isolated cartilage is treated so as fo 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 Colfégenase 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 proteinéses like Cathepsin D, cysieine proteinaSes like Cathepsin B, L,
S, K and calpains 1 and I, 'se'ri_ne’ proteases like neutrophil elastase, Cathepsin G
and Proteinase 3 and metalloproteinases like MMPs 1-20. The ‘treatment
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the invention is a standard cul tivation nmedi um for

chondrocytes. Media used in the WO

20071107330PCT/ EP2007/ 002452 17 art for the expansi on

VP 24 d#beyt es typical |y conprise DVEM - HAVBCEEB2097/002452 -

other cell cultivation nedia optionally suppl enented

with 5to 15 % serum Alternatively, serumfree nmedia

suitable for chondrocyte cultivation can be used.

These nedi a can conprise cocHKeails of vitam ns,

growt h factors, hornones, sugars 5 etc. According to

a particular enbodi nent, DVEM nediumw th serum and

agobrdingotoi e p'resmedveﬁﬂw aehprises! therentactingidpe dolated tissue
rformed at 37C wit IS expected, t

hat
n AL af FHEYBE {HeR é'"l%ﬁ&f'?ﬁs 51'1"? iGNt torRjlow d’QGSt‘O” of the
tisé@Nintd FRIVidoal 2kfle Exdrilagibesens BomdentBos€bhd time periods for

popul ations to the surface of the culture recipient
dw@étb% Brﬁgdewtheé' ipribe éxampirteselion. hetgBoand alernative treatments

cRAHe éé’énl%d@u?ﬁg%q gg'lﬁe %fkuilbﬂepér&{r‘?”lh' Q%ﬁ%ﬁ{rr&ﬂbéﬂihﬁnt of the

In the cultu kK conprising the n rent ce
lrwept!mraaoﬂagerwsed\ iseused tmtrangednemeem@ 1canmd (r3e%f floaskdime period

* obflegh 018 BBLBCRY plichel s e | T Che adner ent

cel IAIteahaaweﬂy,aﬂhel mﬁlagahmu;bsﬂ@@h r?ﬁnﬁr@taarﬂyi gielchﬁﬂuyal rgeans to
out 30% confl u S owever et ernj ne
off ta. RaPEGN PRORdlRl heles sueR S by oWoppasd Mechanical

hémbgemahtion a9Hesshibeadn Fovld éﬁé[e?@sa) D OrASH. A& 6140B-419.
cul ture of adherent cells to attain confluency within

the cul ture flask W|th|n about two weeks in.the first.

- expapsi res
car ?':ﬂl é’SéQ %rEa I's are Eogte?g%uc%%g | ntJo & pl'é/sirégéf\rﬁ %’egtm the
individual zelle wbtadndthfrigoe s cHtilagethibpsye( ireﬁshi;s isntatededdrtilage cells’)

n ki [erson, OThe r egul cel |
Pt M 3R EIBE IR a0l EHET 8 e i fbaaton of the
‘adhetifgit and hen-radheadglﬁepbp@atid)nﬁ préserdotherainl smihbree cultivation -

2 to

regis S3iser S5ronRngs M RESe PG LS it SAliderd cutture
fidgke fl)s%dcﬁf ttmé QUBIVALG OF nﬁtnﬂ\laaﬁeﬁdﬁmr@ntcmmss(sh&ﬁ Ms2 but not

g%%l I a bigpsy have reached about .30% conf| uen
qrb fiaekpiradiehecton figkipean. R%ﬂa@@ﬂ@moﬁphno Plastic

be‘aﬂb'isa@r@fﬁe?%ﬁsﬁ@ calﬁﬁfr‘ébﬁ@é@ﬁ(ﬁa Ks FP3' Riosh8) g?éylfrﬂ%ge culture

and non-a herln sint I rst Xpansi

flaske sl 90m95$@aemrwmurﬂaag or Besk basmpid suhncbra surfasededatment has

h cy. ti r| cel Lul ar
oo et CRLRCHRRS o ddhe Sl A, R Bl et na these
aspects drelrg eritical, in the context of the present invention. The only limitation is 7
that the flask be closed, i.e. that it is possible to maintain the cultivation mehdium

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



15

bi opsy, adhere to the surface of a (pre-treated)

cultivation recipient wwthin a period of 1 week. This
rocess of cell attachnent-is the basis of the

‘gﬁ 2P CHhent WO 20071107330PCT/ EP2007/ 0024%1‘@82%’902452

the regul atory cell popul ation, which cell popul ation

is characterized in that it wthstands the

dedi fferentiation and attachnment process for a | onger
period of time. It will be un@erstood that the nonent

of collection of the regulatory cell population in

the enrichnment process of the present invention can

doefdretie éxpansidndefy shomdrooytes Sypibalty Eonh@yiSe abrem, HAMS/F12 or

o oAb el cpfordsiieioniad S e o 16 o sorum.

pm@maawelyasammléef maalsd Sitdle FEH SHONJFOGAE ICORNERSn can be used.
whi ch have either not yet adhered or are no | onger

Thgre Mmadia F@“ £ARPEsE caektapy ot w@wumgr@%h &ctwéch@rnacmes sugars
eic?SR&?drH\‘l Yo alg:ldﬂtlélﬂ% R u‘?ﬁ W serum and

present vent i e non- a er ent opu ation
ant;blph@esisoaﬂady Thenerleeliture i silasdazmepeﬁom@i at 37°C with 5% CO:,
u r £ resent
bﬁﬁ\ﬁ}eﬁ?&g%%tetcﬁﬂ?ﬁorgﬁr{;)gh\éaﬁaﬁgnsg eﬁ?ﬁH%%E%g@litlsﬁ ﬁ\gf? ot signifi cantly ~

affett taetaetu\er@g;et dm‘ehevwéllfpdmwatmmabrtaeamﬁafzé anthéeulture recipient
the retri .

. J I
agori oL REL BB VBaT T oA AnE U 4 il wnPpdment of the

irfveation, e@upérﬁamomipmemw@ ﬂdsﬁp&o briapgl Yhé‘&hcﬁpé&herenf cell

nmechani cal forces . t tapping of the flask
PPB”'@EQ%@HO\P@JP?W%EW" H@ ngllur%ﬂmf%a liraited periadhef time, e.g. it

 isCadiibEed sHeRED R 5 ys aFe? seBkih d?%ﬂtlptﬂerafiﬁﬁ- t%@llé Eﬂgh at least

t hi s super nat ant by standard tTechni ques suc
aheut . R0k, t swre opadicnlerly f abeuti 38% ecapfluesno H’pm Molt Havever be

ARy, A SEATH N8 R MG 88k iy invoduced

thenein e hr ocderefot tipe cutider of adherehe cpllés@mttaim\zemﬂdetmny within the
sult ercent age, of tory cells present

o sk Sy aPEHC i RE2KS in, Wt sRPnsice. aBRth 5 o0 20,000

fresiy lisurted| sarflagk esdils #0YIntrBBGEedd #itd i £ AhsK loy 1#5ch@asiultivation
% conpared to the percentage of requlatory cells

| VteﬁgBQEﬁ?O tertlirgergeds mre wed dpavade fhe pliled Wﬁpﬁal ly

20

25

The regulatory celi population of the present inventio_n.is, characterized in

- thatit 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 negulatory= 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 é period
of 1 week. This process of cell attachmeﬁt is the basis of the method of enrichment
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25 chondrocyte biopsies were found to contain between
5 20%or regul atory cells. Wiile the nature of the

i medi ately after recovery of the cells
Wé"%ﬂ%% may be difficult to establish, th.PgT@EFPWO“MSl
al so be determ ned after the mature chondrocyt es have -
started to adhere to the surface of the cultivation
flask. According to particular enbodi nents, the
enriched regul atory cell popdBation of the WD
2007/ 107330PCT/ EP2007/ 002452 19 invention conprise at
| east 30% nore particularly at |east 40% nost
fgretheiregllatdry cedtpugeatioowdich ﬁél?quoplgatlat Gs wharacterized in that it

BRI B e eiTnut 559 FhAbRnGuhtbis 5 edpraay period oftime.

It beatridernstasd thsa&rme ahedehesfablieatiorsithel regurry cell population
nd/ or features. Thus, the regul ator

oI o i cal ry
P STHSBHERL POREST of e WeseaivaivRisendre (esS than 2 dhys or more

thamabadd\Rr kAGdsb¥dig! Bundhiselil AMiPAk Oé‘ﬁc@ﬂéy ®f the enrichment
pericellular matriXx, which, contrary t

PIRSERS e dhgrsmrﬂasanaegcvhqﬂedwmntanommr iﬁgct@nafof mature
r
cﬁénd%e):(vté%%?bgne % ther ﬁot{)&?&é r?to‘rﬂg&é;f‘élg é?ebﬂs I{){E&é #'h%?mg to the
swrfamftthaauitiwnonr miplentr eeppeathaly cel | popul ation of
the present invention is further characterized by the
expressi on of Collagen type Il and Aggrecan.

At elhrtaélemchmtahbﬁﬁod‘edme sbthat pragerthiavardmn, M h¥n-adherent cell

opul ation of fhe i nvention thus include
ﬁYE °‘f

W&Hs'sméﬁ'e? 5?%'&% agperentcelbperylalipn. iicspeding to an

‘ emao@;méﬁt @€ thenBieset tvehbh Sthé%o@lea%%hhs%eﬂ%\sﬁiaubﬁ is collected

foll owed by separation techniques to separate
togelieswith the snepoaiaess frafy thes culigrgl eacipignicdvipre particularly, the

relfdVal abf Ofhe t :C(%:—agﬁe nﬁgCSc@pab}g@wg it ﬁéﬁ?r #if! {:u!ture recipient

separ at’i on’ ues pr esen
enqompasses the @tﬂp@e@f amiymgtduﬁﬁmeﬁbamlowtfamasn@ @rslight tapping of

I at ,on from
SR S 468K 90 0Y-spBolind 381 b ek er e P Sy Pgmatant
Tﬁliﬁoélmttm]‘l bekéc&‘ovet&cafm&dthlfsr slmetrh@tfsmt IEJ mldaﬁ'{ féa:ﬁhiqiu@s such as,

t
oot e P ShoBIR dBl nidD BFic @) dBominites). Atemative
methods inohiicetthi 5 8885ratibe mtdRody sddhasditafiee! ated cel I's
both as a source of regulatory cells for enrichnent

or directly in the different. applications of the

regl#yﬁtc@.w th8! drividtimd MHrBEERRBL of TS Prdht HMEbRGsult 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 r‘eéovery bf the cells from the biopsy
may- be difficult to establish, this can also bé determined after the mature
chondrocytes have started to adhere to the surface of thé cultivation flask.

According to pa;‘ticulérr embodiments, the enriched regulatory celi population of the
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25Thus, according to one enbodi nent of the present
| nventl on, the regulatory cell population is used in

e different appl i cations descri bed herein,
Vﬁ?é@éﬂw th a freshly isolated cell popul ati OHCT*FI%“OWOM*”
freshly isolated cell poPul ation can be used
directly, i.e. within 24 hours of its isolation from
cartilage tissue, under standard cultivation
conditions. It has further bden established that the
regul atory features of 30 the regulatory cell
popul ation present within a freshly isolated cell
[rpreptldarat:ompnsalat |&MBt 20047,/ rﬁﬁﬁé’%ﬁ@ﬁ@ﬂéﬂ?%@é’éﬂ%hﬁ@t barhcularly

tro f | d of t d
oEByE B0 e Akl roieBha FEngHE ereB BRISs Keepi ng the

cells in an incubator at high denS|ty in ultral ow

A CRRATE el o T QP ofistous T Gl hor-gpering cell

pbpulatior are sephrate® baedren ﬁforplhdogg]lsall ahd/on phiysioldgidat features.
Met hods for 5 freezin nd t ha
Eswf‘ﬁtrﬁswg% gell PORHIATAN (e, presen imenfl ee%&la?wgt%reed by a

UM @’lménjﬁ%lﬁgy arealpeticel@hPHRANC SIHish, BntlaRe tb tHOPRricellular

a cartilage biopsy are split into two fractions, one

matrix\Aeseribes ﬁonr@fmdr@s@)atw@daﬁ &tiahct2093e abrueh st the native
p@rflcéﬂﬁlalr%é HR 5@ &) ?hsdt | n%PQ%H% fhréagélisoiﬂ cultivation. The

techni ques),” and the ot ozen ntl expansi on
regulatory ¢elr population obthe preﬁ@np irvveetion i ftﬁthammiﬂamterlzed by the

AT EcHRAGH S, b S8R b oy o o
regoaichyopydutatidnoof treapresant inventied tioe incﬂlmwhmlhdds wherein the -
tri\é\%I e Czﬂw bﬁ@rﬁ ed aigpg¥ l':){'qb\lllf rtgt VAR § 5s¥<\4gécr|bed above, is
followeat b?nseéé_réﬁé‘@f tichgliduesafet Marﬁ@b%dm ehordiBeytes .and

present invention, the regulatory cell population is

' rqgg[@&oryn celh cPQRYIRGE N E-pBY i EACSo RS roTh @ihere cell nseparation

te@ﬁn fe€nriched regul atory cell popul ation, obtainable
Itahe nmet hods descri bed herein. Again, the enriched
regul atory cell popul ation can either be used

- di T afhlY 4 pldsBAE nwfeﬂ{iorll B &iaeSBr methods for obtaining an enriched

regulatory cell population from the biopsies described above, it is also 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 d irectly in the different applications of the regulatory cells of

the present invention described below.

Thus, according to one embodiment of the preéent invention, the regulatory
cell population i.s used In the different abplications described herein, as present in a
fréshly isolated cell population. The freshly isolated cellnpob‘uiation can be used
directly, i.e. within 24 hours of its isolation from cartitage fissue, under standard
cultivation conditions. It has fi:rthe‘r been established that the regulatory features of

the regulatory cell population pfesent within a freshly isolated cell population can
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20 Further aspects of the present invention thus

provi de different applications of the regulatory cel

opul ati on of the present invention. One _
‘ggﬁ@%ﬁﬁﬁﬂlthe i nvention provi des comnbi nati onECHEFHHT002452
the regulatory cell popul ation of the present

invention - either in "enriched .or in non-enriched,

i.e. as 25 present within a freshly isol ated

cartilage cell population, f@om- and b) mature,
progenitor, precursor and/or dedifferentiated

chondr ogeni ¢ popul ations for use in cellular therapy

bet rredirétgined. in vitro foA\cL doAgerg pefod Qifaltltnecwlndér cer’taln cultivation
helnv t he. regul at or

CORBPIR | AR <PRRG 1BRCTUB IR I SSDURISY (6, Cegsiy iy utralow

atthshrf 1aRd C@Qﬁi‘lﬂtﬂé ifom efg. ¥Pning % Alternatively, the freshly isolated
20071107330PCT1EP20071002452 21 t present i nventi on

celf eoawaﬁq’rh Edfrezemmithia 24 heurs @fp%%/ IssmpneforA@t% gen fethods for
frIEQZI hg%aﬁ:ﬁg%q'cgﬁ PbgléIQPSng a o@ﬁ} Rint g Treshly

cel obt a rom-t opsy sanple is
frozécx;ordlnghétr ahie exnlhgdimenty frlas!rriy2:$olmd scalls phtained from a

ol GERRLSHS it 8 PERBE S5 R, RO St o

lr(cmrteeohmmbraﬁfydalsqﬂpmbaﬂasm)al cAbheroogtel a)qiarmdm@chmques)

aisihin Ghebl Bokn U grRanton obiha st Garior s cempieted, afer which

thex fadridofadtifondof AEBRIP i9dlafddesdlisyisi sthsihed vt tHe égﬁanded and
cells, whereby the regulatory cells correspond to

p%%aagegcffﬁﬂham shemdraryies te copate recorabingd g6 mpu@élpn whlch can
iQn
oG AEFY A LR el RS a Al pfond S ghbiy Aoraing to
thednvesdiponds to one or nore of the chondrocyte
passages of the adherent cell population in the f| rst
expansi on of those same cartil age cells.
Al t eAcirdivigl ty ;imnﬁeweémbbﬂlm@'ntaﬁv{hsqg‘eéertthabentlon the regulatory .

euI tor ons. an chnrocte or
yf'é’ Eab'b g’ﬁ ??glﬁﬂﬁ)ésswﬂt?% hgfejmas an enriched

reﬁgu%ﬁl Jéilﬁfo%ﬁiati%ﬁr bbdawm@ by RRé SfetRbdd Gé’ﬁr%eﬁaféréina&gam the
| @ which has been divided in a first and a seco

e*ffw&'@fi. regulatary \gedrrapplationegan gitoer be dised Higstvar drpzes for later -

uptimally isolated fromthe first fraction and a
chondrocyte population is optinmally isolated fromthe
second fraction. According to the present-

R 08BN B 0 e gpptcatins
ofdhe o datopdealpomgdatiomecfithe pregeat imvenféh.of . expansi on

Teqdvis Begechal s REStRRIRRviAPS combinalohs of &) the reguiatory cell

pdpUl ARSI the prédidit GRReKiIBH I-O0&ItHYr if %&iché@'%rhﬁtﬂbd-éhnched i.e. as
vitro and in vivo. Thus, further aspects of the

prﬁ%@géﬁ%hln v Eshigriselatast sartipgenesllpepdatiemdormenand Rdmature,
prbgrt | Betufsdr! arﬂ?&%é’dﬁ@%n‘tl?tﬁ\ﬁaﬂ&tﬁ%ﬁeﬁ@Sbﬁul%ilons for use in

age generation and car age
cellutar therapy strategies.

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

population and the chondrogenic population for use in the combined population of
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25 The different uses of the regulatory cell

popul ati on of the present invention are based on its
~ability to nodul ate, when nmixed with a second cell
WRHIA3Yn, the chondrocyte phenotypic stabi PETFEPYPT002452

- that second cell popul ation. Chondrocyte phenotypic

stability of a cell population can be assayed by
i mpl anting the WD 2007/ 107330PCT/ EP2007/ 002452 22
popul ation into a nude nouse2frodel as described in
W)0124833. Typically, a popul ation of about 5x106
‘chondrogenic cells of an early passage is capabl e of
tn@r@Euehmrgv?mdnn@ﬂeamtagfedrmvr\grtagcmgte bageywdnple. Acfording to a
weeks. enontrate n 4 e
G PREPNERL, O GO o P SUHeLY FAth AR 5 Abteined from s biopsy
sampleaB FRI-2R! afthéedirsttl dWishih e Rourel cﬁqubarrsmﬁ(@fsﬁm while a
are indicative of the chondrocyt e Egenot

seqoagi fragtiprofs expandedotp @biain gh popy|atien | ¢ xﬁa{@ed chondrocytes

R

ﬂleegla@ndrecytermmt(oslu bhthaoriginktel froparithé ssame dirsioexpansion of a

B8 diteshy” BERIEE BHlrogt BB WReEBl theeRBifycgfp comespond
td theecsli poputationi olstaingseit frorelsthe atonrad erantncel Dfractiqn dwiing the first
ot o Aoy S 570 o AR heter bt bbpuitor

cOtfePRAlS ItB VY bP Mmorehsf Erﬁ@@h@ﬁd}bﬁy{éeﬂ)ésa%%%'&tih@naﬁﬁerent cell
conbi ned or m xed with a popul ation of ondr ogeni ¢

peruligtion Tmdhpolifst sipansion ehdhesegame castiinge epsilss afégrnatively
e :goqt h r

el €08 ShUpShel it GBI RS §RE BRREore o

chandregenic pepulaticngeare elombinek pagidaithgpiematjierent cartilage biopsies

oY S s AP BB SR A Bt cone ocion.

whérebyat flegdiatary cellpopuksientis optieatly olatéd roaetHesfiref fraction and

| at | ti mbi ned, wi t h
 EROHPade ArBU ST oAb SHelRLran e Recoa Hreihs
amount of the regulatory cells is 20 generally wthin

the range of 1 to 75 % .nore partlcul arly within the:
r andiccefding to dhsongeseNt fvangipR| thsrpwRradserer pall ipepulation as

prEE&'ltrVulﬁ'ﬁﬁ‘ E!?e fr fééﬂ%l@d teil thEul%Sﬁ ePb {M%Hbﬁrﬁb tHe st period
regu atory c ation be CO I ne

ofcﬂxcﬁuwgg@ﬁadrqabb'us@tatemcm!laberceillmoaumtmndnae regelatory properties

Wi REO Y BRI, HRINOP YA Aok 0 ARR Y Sa UL B i vitro and in

w\sm Elauhé efdurtobomﬂ;pestshef dhe precertt rrﬁrpnmen’elai'éctbumeeuse of the
rese

of c reil the
asife AeBH Ry FEh BoRdiRadS YegiPus ASPLiRIAY. car Y Begration and
drapdiai ni ng the chondrocyte phenotypic stability
?reshly isolated cartil age cells, expanded
passaged chondr ocyt es, nesenchynal sten1ce||s or

pr e%S&ﬁéreﬁF UE’%&E bf Qhé %pi ese &r JH of {h'%eﬁr%gent invention

- More particul a |on
arg bazed OnIBoFRATY EPE@@?J]&I@ZWBQn Zﬂxed wuth a second cell population the
chondrocyte phenotypic stablhtyr-of that second cell population. Chondrocyte .

phenotypic stability of a cell population can be assayed by impianting the
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provi des nethods for inproving, restoring and
mai nt ai ni ng the chondrocyte phenotypic stability of

cul tivated chondrocytes, whereby the cultivation can
¥BAYH{18E3% to 10 subsequent passages or nor e PCTE2007/062452

met hods of the present invention thus conbine,

optionally within a 5 conposition, a popul ation of

regul atory cells (either within a freshly isolated

cell population or as an enriehed popul ation) with a

popul ati on of chondrogenic cells. Typically, when the

resul ting conbined cell population is to be used for
popalatiph amtbas irere bouke agebdel pap deatibemds iINWOO 4833, Typically, a

REvBHET St atel railh chyrbosnCrraliSry yBady paesage is capable of
pmingednmmmfaubmr@gﬂdﬂa?é véiithan 228 vagkeeire d@hbnstrated in-
s is al so envisaged.

Bﬁ%tﬁl on of regul a}(ory cel A
via 3amalepdal mAkeleCH} 88eHted 10, BRI N Fifewgeqf such a
trAns@MARRHCA O arRP MuBI Afesd ' ABICR LR hARER DABPSNdic&tive of the

opul ation of cells wth inproved phondr_oceé/);e
CBMQt:ygmegpmiq stabilityoia eatipenciation: Tepiealadesiprgpence of one
i _
o FprEPLie 4R EE o 2 ARMENCER TR g of o
oamdré megatree pravkkrst(soch e Aldd-t} bagbeamadoo identify a chondrocyte

1St Ut of rtilage defects. It has been
pé%@%fgéf e%taﬁlﬁﬁopgg%ogc“ ng a popul ati on of
chondcasrylings tohirad nRpett; Otfea padsaintl andentiono pfvedes methods for
cul.ture with the regulatory cell population of the
TATISBING. [ MVETG ANAEE PHETNg the ShanHfacyiephenotypic stabilty of a
chdRAr8Y&IE 'HopafatibRe Irf BN HeBitodsCoP hRNSre¥ BACinSb AR, ith¥ regulatory

of the 20 resulting cell population, which is nore
celhappdation i earyleined fasdnixed Wit & pepviatipn 9fiichendiggenic cells. The

PARERES] B SLLAE RO RISAPRYIE RUERY NG presont meriin
cayppel ene onsa ofixthire of popubtioos depmteshfron: fmshhalsotatédrcartiiage
off SeuPS] SRBaB B IMEeReL! HLBRERH o LR 5 usc), or
precursors committed to the osteochondral lineage. In the methods of the present
invention, the cells of the regulatory cell population are combined with a
chondrogenic cell population whereby the relative amount of the regulatory cells is
generélly within the range of 1 to 75 %, more particular_ly within the range of 10 to |
50% of the total amount of cells in the mixture. Acéording to the 'pl;esent invention, -
the regulatory cell population can be combined with a chondrogenic population
either in a mixture (cell suspensions are genﬂy mixed to ensure complete mixing of
the two cell populatidns) or in form of so-called chondrospheres, which represent
clusters of cartilage-forming cells. , | _
Thus, the present invention provides ﬁwet’hods for improving, restoring and

maintaining the chondrocyte phenotypic stability df“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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show signs of dedifferentiation. Thus, according to

this aspect of the invention 25 nethods are provided

for obtaining an inproved chondrogeni c popul ati
VEQ2N7AY33% or i nstance for ACT. These mathodsP5F’@"Pﬁ"‘”’0"2“‘:’2
based on the conbination of two cell populations, the
first popul.ation being a population of mature

. chondrocyt es, obtained by standard cultivation-

met hods froma cartil age bi o8y and the second
popul ati on being a popul ation of regulatory cells,
whi ch can be obtained as WO

_ pm@mslmt%mnmmﬁw:agmsgtoﬁng deadcr nhuda:amgv d@he Boltdndrocyte

oBat e Sp B is cul e RGP R Bs: yoar ey, T afision can

cdsmgﬁé@s & YO @abke@mm |pé§$élijQﬂ raév@. chondr ocyt e
pop tion makes it possible tqQ signific

br opUiF fReEthRgS rPétWPePWSHHF'B’@W‘é" wcgeﬂa@ﬂemppwny within a

c@%@gﬁdmga bBFuﬁheﬁdﬂ%@L@td}pm&xeitﬁersmmnl étfbésﬂfy IsBRited cell
5final cellular therapéutic

Pepuation or an & enfighedgpenulationdwidya mpugélparpf éirondrogemc cells.
@ggﬂﬁg?\?ﬁéﬁsth@% blﬁn@eE&i\ﬁﬁﬁg ¥ CPHPUIQ%I&? Eh‘?o C?él used for

ons accor resent 1nven

trandpladatiah, thotla @tua.’mm:}atuatwmlbe athiofogoas. Memaliuelgcthe use of

ass nt of thej ondroc henoty st abj | |t
o B RERRTRSOR, oS AR c Dol BrIEEaf YRIST LSRG it an
agtologans beebars alfoguneic vell pal:atlaibrmfrr&g'nlawr@f:elmus(alsceenwsaged.
identification of markers denonstrated to be
associated with chondrocyte phenotypic stability,

( seen VRSB ApechSTOTHY MBeddntt iﬁ%eﬂftﬁﬁ%laté@“t@ma' @bthod for

t he conbination of the regulatory cell gul ation
ohipininga froRb A vesyeae @Iqmmua #opulation ¢ m&%w dmpseveskehondrocyte

pHEOHiic SHAAY OFNS SmBRRM AL Uhyi<BUBA B BRE iR 1BY e present

extens y pa sage
inverdiogasand behondifferant e'vamehutt pgsiuls so @ efficiendiin tviteo and in vivo

o5, 2P SRR L SR RS 1 res ocon

estalgishdd mlgd}atgdmfnté‘dtmgaes peptilatibn bf'lehd:rmrewte@ @btmefffrbmja standard
I S I ovi 0 al nin an rpprov uct
mﬂ@ﬂ*gy% FE' 'ﬁo\!‘"tB ni?s? 885 cg rﬁfﬁ’r@? ’Oﬁ'uﬁgé'Pe (lﬁrfSPe“t invention

. reSHIER & sigHiicaint ||m9fbv§ﬂ{eln$ of ¥ Bﬂomeﬂéoﬂﬁ@pl@fstabmty of the

chaondrogenic cells 20 for inplantation but
regwsng eaelic Rerdiabent évwren%t'yara: than 0 @qﬂﬂ&e tefﬁféct:élfl both cell

pdRRHoARET §Rist BobfiveSafbdt Un IhBRGRLHE BhiRbtypic 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
s_hOw signs of 'dedifferentiatioh. Thus, according to this aspéct of the invention
methods are provided for obtdining 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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A further particul ar enbodi ment of the present
invention relates to the use of the regulatory cell

' ‘gopul ation (either as present in a freshly isol ated

QPP07{1%G& 25 popul ati on or as an enriched re§G&EH0y/002452
cell population) to restore the chondrocyte '
phenotypic stability of a cell population which has a
| oner or reduced chondrocyte phenotypic stability.

VWhile primary cells derived @4drectly from expl ant
tissue (e.g. cartilage biopsy) remain capabl e of

pnduci ng and secreting extracell ul ar conponents
deberitzct abovet Bottopopalbticred carabé indegendentlycprbcesdddyand combined

| | 2007/ 1.07330PCT/ EP2Q07/ 002452
o 15, ehaer ol BoR BTy CEEE! ot TS regyirtapn sl PRAHALOH on the

_ cHundriagyteNpapdlaRore HiRaesi i@fpo@ﬁibl@&ﬁ's@fﬁic%nﬂ?%rd'&?ate the mature
| .

oghondrocyt es dedifferentiate and lose their abilit

I . ‘
SMIGPHFRPRIANEN INGUL aEecting the FBondREViEQsnai¥siG Stabiliy of the

fingl dellDRPHAbpORicOf the present invention is capable
of inproving or restoring the chondrocyte phenotypic

st abil¥picglein eedardo Snamiecthe faabity| of ivepyh biatché phohendrocytes that

B o e o g _ _
SRR LohBRnd BeCSFEH IR R8BI My 10 the present invention
itpispsdiziected tof at healityemtrobnThis capbkl 8 difedtngsseesmegnt of their
pr_restorin he chondrocyt e phenptypic, stabilit f
BepdrPrug prelehde, B 80t T ddf -4 i hlse @stay) or in vitro
opsdapobet biddd oncar Valldasd markef [Rsfile ofdl tilémTicatién NSt markers
have or have reduced. chondrocyte phenotypic

f y . . _

demaprirated. b essasialad i wihochendiRcHe cOhpnelypic stability, (see
WSRO Mbédidihg Q9L Pr¥sdifr! 'tnv@ﬁf?ﬁ\,a @"combination of the
according to the present invention, chondrocyte

resiitateryy gelt popalstiont yithfa tohendegenici pepyiatian, astianassa classical

i S ] F f O alv na

RSkl o A Fibse Fafyalbren xensively passagea
willesésulictin oas ionrddsedt centrecythapharmtyfie simbifhasofathe resulting

rce of cells for autologous repair strategjes such .
cqEbined Bopllsto | Bgeh mipkiahe’ okoup les Taased an aualiy
a$sastivent. PRius| autendirgootisa@specdbf thesinpsmi)a method is provided
-|nven_t|onre_lateséothe ) . i
for obtaining an improved product for ACT, which not only provides a higher
number (for example >10 million cells for P4 chondrocytes) of chondrogenic cells
for implantation but also ensures chondrocyte phenotypic stability of the cel!

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 bidpsy) remain capable._ of producing and secreting ‘extracellular

" components characteristic of natural cartilage, specifically type Il collagen and
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use of the regulatory cell population to direct

precursor cells of chondrocytes towards
‘cartilage-form ng chondrocytes. More particularly, in
WHFHP®Ext of the present invention, precur@SF’%’@“V’QM‘m
such as nesenchymal stemcells (NBCS) or 20

chondrocyte precursor cells, such as the CDWP-1

positive precursors described in W0125402 are

- envisaged. Indeed, it is denppstrated herein that in

conbination wth the regulatory cell popul ation of

the present invention, stemcells, nore particularly
siNpRatedr potesly s, ciel isswef ltrft@erSthQDQﬂ@lﬁgrﬂi vifrd €8@@nsion as
are directed towards a cartll’fﬁegg rodum ng phenot

mQBRIAERsy TRRIUEE dTHANSFoQYiT sed hsir abilty to form

*h?élianQfa?ﬂEgétiﬁ Wi, The @bﬁfa%@@ell%%lﬂi’&ﬁ@' thla'd?@@t—gﬁﬁnventlon is

I ncl udi ng~ adi pose and connective tissue, bone, and
capable |of geaprocs Wao%sttbr@tgw thel ahongiasyte ﬁhﬁuﬁmlc stability of cells

wRRRIRRERstARAS o e %Wgﬁ%e f%llqh@l%l @H@ﬁ ﬁ Q%é;‘lr\\;;e. Additionally

erlosteun1 nmusc | Ssue
o:t msumtluelyhthearregdlatctrs cau pophEtionf of elneal lnwstmess capable of

nﬁﬁygﬂsfo? ?%%J(Sﬁ?g ﬂ%{?@%ﬂ@%ﬁg pé%lng&gpc Stgglll{vs C}SCarP Iage cBis which,

a2 B0Z$JIDFRAOEATH G 08Ete04 IR cartilage) or other conditions, do not have
or have reduced chbndrocyte phenotypic staﬁility. Upon combination of such a cell
population with a regulatory cell popuiation at:cording to the presenf invention,
chondrocyte phenotypic stability of the resulting population is restored. This is of
interest, e.g. for transplantatioh, purposes, as it places less restrictions on the'

tissues that can be used as a source of cells for autologous repair strategies such

as ACT, orin allogeneic repair strategies.

Yet a further pa'rticu[ar- embodiment of the present invention relates to the
use of the 'r.eguiatory cell population to direct precursb? cells df chondrocytes |
towards cartilage-forming chondrocytes. More particularly, in the context of the
present i'n-v'entiﬁh', precursor cells such as mesenchymal stem cells (MSCs) or
chohdrocyte precursor cells, such as the CDMP-1 positive precursors described in
WO0125402 are enviéaged. Indeed, it is demonstrated herein that in combination
with the regulatory cell population of the présent invehtion, stem cells, more
particL:Iarfy 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 mesenchymal lineages, including adipose
and connective tiss}ue, 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 adulis. A number of Lfetal tissues have also

been demonstrated to comprise MSCs, such as human first-trimester fetal BM
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26 (bone marrow), liver, and bl ood and

second-trinmester BM liver, lung, spleen, pancreas,

and ki dney. For clinical .use, human adult BM.s the
WB3WTEBRHon source of MSCs to date. The abi | PEY/ESF007/002452
the regulatory cell popul ation of the present '
invention to ensure the differentiation of the

mul ti potent MSCs into the chondrocyte 5 cell 1ineage,
and nore particularly to indpge a cartil age-Ilike
expression pattern allows the use of MsSCs for an

ef ficient production and/or regeneration of

(Wé iMBBRy), MOELOMRT bIdRS @RE hywTIndstivste! BM, A Mg, spleen,

nport ant advant ar_ge that they are a sel f-renew ng
paaawa PB% Kignen FRIdeiinigal suseh ymer R8ul \BMeis Hmmost common

shEHH A MEBE 10lagfee Thefatlt) e¢ ﬁiée&égur&bﬁ%éns%ﬁdbtrapwge present

Thus, they have- inportant potertial “in io'the
inyentien tmenaure the diéreritintion ot thetrayltinatest MSGoindo heechendrocyte -

Gkl STPLEHEdoLAL AT TS fAuGEL SOl Lfission pattem

tissue F eSent |nvé%t|on t
atbmw treesseneft MSd:s fboan @ﬁi{nm'rtlpm@dm:tloaldndmmaganemnon of cartilage.

Ve RS o SRR EIE e ohe PGl adBhtnas, trat they are a
s@ﬁ-r@iévﬂg@rﬂﬁpmawswmﬁ modulatekt thel immbee W@t@iﬁmdreduces the

t hat the above-descri bed net hods for i rovin

| degregcPingflageneissielncting e HiweNse yiheisp isobg gnponant potential in

thed Ef*é'ld '6fyrégen§rﬁmn%&¢ﬁﬁ@ &8l theROoRKaal '|Prbd%§lb§’e to use HLA-

popul at1on precursor cells of chondrocytes can
migrhatshed (allpgginticdragls tearppair lan replsaetdarnaged tlssue The present

irRRACH HRRLpbDACE ThinBAL YAlleRlOd of EAbENAbNort St Lomprises

ein Ion 1I's cont

' coop imliref iherregnlamry tell pdpulatici oftheqresanttimertiahivatit autblogous or

e en’o@gl ment, the cell populations are contacted

SEH NS56- i nut es before administration, but
contacting times of up to. 1lhr or nore are also '
envi saged Opt i on the cell popul ations are

cont Bcfllgo %Surgle(g%qopd sﬁhé‘béhgl ppverflessriRgd efpds; firy improving,
m@ﬂ@m@r gy r@%nh&géﬁ&ﬁfm@sﬂeapﬁgfﬁdﬂﬁcf %bhlf@lcﬁnﬁabhtgﬁhrocyte cell

urt her aspect of resent invention relates
populatin on a/pppwabmmﬁ@@uraw e¢llsc of chpadrecylesi ern bigeachieved in

SRtk ﬂ)a%y noa h%ﬁuctﬁLar‘é?r‘?o&ﬁrﬁéﬁPﬁwe' &Ylfﬁggu%mno&t eG0RtrY cells of

I'n co |na one or nore
thehiouemtogesi cronw{tted; with the othendek qbppuiat;bh eprmo o eadmiitration to

EPHadoh REEHTasdmERy; OF 65l PRhTRENs, 8% sinHirted; within 1-30

minlhee gufné bmimibeatidre lalcbhiaa@eg tiMes of up to 1hr or more are also
20071107330PCT/ EP2007/ 002452 27 defect. Such
eRysAges: iQptionally.| thgecehPapiiationmare wentaglacthegge qaliaguspension.:
Altérﬁafi\Fé?F Ydy ?rré @%Old@@ tG@éthéPéﬁQ méth& %’rQFh lantation.
nmor phol ogi ca iochem<tTal, and nol ecul a
charfdurther espeaimf the insesant lrimeptlamraiatasdo then vitro production of
at [ 0 t
cé(;rg%ﬂ%e l%i eqdctﬁ!e %ﬁf?é{bg; c%r]s Bf ntngoﬁte%%ﬂp lgk-g%,(&?ﬁ gBtlonally in
carhiningimywith one e Imcpremmbatatlons bSeihc&mtregbrﬁc teltsn freshly
i sol,at ed, car |Ia & Cel kS anded a d optlon
pas i, cRofte: BgtEE of viari68 JPpeh ol dushis b ipferest to form
cattiagd negienaiCexc eivb sSwhithetdnies :mFiaammgnqueﬁwnd@mﬁe cartilage
or an -anchor age-i ndependent culture system In the
|atter, cells of the regulatory cell population,
optionally in conbination with e.g. chondrocytes can
be cultured as colonies within an agarose gel.
Alternatively, in
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_regu

i 0 anot her anchor age-i ndependent nethod, the

regul atory cell population optionally in conbination
with e. 7% chondrocytes can be cultured as col onies i

VKA 3WELPHh culture. In the anchorage- dependeH’FT”El’z"‘}7/0(’7’“‘:’2
nmet hod, the regul atory cell population of the present

i nventi on is conbined e.g. with a popul ati on of
chondrogenic cells isolated fromprimry tissue and
grown as nonol ayer in a two- 29r three-di nensional

matrix 15 to produce cartilage-formng nodules. In a
further aspect, the present invention provides a

defat] suﬁdmﬁyrmﬁeticegaﬂtiwgermambl Bad Ofe &d&indsgeathat its production can

nmedi canent, as well as nethods of, treatnent L
bGP HaaRTRNclegieA | BIRcRFmicAl NTPeeipy chappterisation,

pRePtY mﬂlﬁrﬁaiiéh aﬂi@iég%!ﬁtoﬁyrbéﬂeﬁgnﬂd‘l%%fthe Messn€fhvention can be
particul arly, ul at'i on regul atory cells is - =

uged |e§39'éa|°ﬂ© Bre'rb‘f;orf' iBptpe withca 95@@09@?1‘3@@ population (selected
f Fr?afrggﬂ# ‘?go! Heoéél?‘ﬁlﬁgé aloefief ?‘%ﬁé& = %By Jgﬁl@ﬂally passaged

ato sareamnlste
CUemtvocym;eméSGa} tfor athe pxpansion opf |ci;oma'eged|c cells in either an

FifireBr kbR 5 ikl Btfioferiodit RUREE Rystam ip the tatter,

celltmrmfr adlogy' t @ulatﬁsjt da?lplpbphlaﬂloﬁhmﬁdﬁmwt és whblﬁlaﬂﬁn awith e.g.
nmechani c defect are

esult of d| ase. 25 or
G REIBS 5B KB SHI G FoE RS WA N SGGaR @e] lternatively, in
ahbiel QnEWcﬁbgélﬂ*sd‘e’HetnUbﬁgrﬂeth%F m&re@mét@ytd@u%o@ﬁ%% optionally in

the i nventi on, rovenent or restoration of .
cembingtion ywigh |§n@n6 wr@csgﬁﬁmaﬂ b9 @iitugedt @s| ccﬂ@ryaﬁ dRj ispension
h t
C%’rté’. F‘ u h%g?“tl er [ nﬁdégﬁ%tﬁﬁgnﬁl%ni U rk A%ﬁfa?non of the

pmseet:mvemym s, cqmlemeélel & with alpepplation of chnn@ngemn celis isolated
frgr% &ﬁ’rﬁw t?s Eéea%aaarown as monclayer in a two- or three-dimensional matnx

to produce cartilage-forming nodules.

In a further aspect, the present invention provides a pdpulation of r{egulatb'ry‘

cells for use as a medicament, as well as methods of treatment comprising the

- administration of the regulatory cell population to a patient in need thereof. More

parti(:uiar!y, 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 wﬁere cafti[-age production is needed. Typically
the regulatory cells of the present invention will be administered to a zb_ne
comprising chondrocyfes, most typically chondrocytes which as a resuilt 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. Agéin, the cells of the present invention can be administered as
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WO 2007/ 107330PCT1EP20071002452 28 cel |l suspensions
or provided on a solid support, such as a natrix.
ccordln%}to anot her aspect, the present inventi

WP onposi tions, i.e. nmixtures or conbi gg{qug,ngGOMaz

of one or nore popul ations of regulatory cells
(either 5 within a freshly isolated cell popul ation
or in an "enriched form) and one or nore popul ations
of chondrogenic cells select28 fromthe group
consisting of freshly isolated cartil age cells,
passaged mature chondrocytes, nesenchymal stemcells
cell spspEpeinins ar pealided ahiactolidrsepporinsiichest 4 endtive
osteochondral cell lineage. As indicated above, the
chondrogenic cells used in conbination with the

r eguRatdrtipngtto edthér @épédaether S2esht INYSIEr Providds B&mpositions,
ei ther characterised a stable chondroc te

LBHERYER O SPMRINANREE |0@emfénefey®%pu ISt faviatay calis (either
wWAIMPA FekhNSolSR 881 HSAdatich 8r TFedh Géwm%d fERA") RINASERL or more

invention further provides pharnmaceuti cal
PeRwabens: pbrBorgRpenisi eriist sricetedt frerasthenarogpnensistingnof freshly

SRR BB GSEE PR DA e coe

od@‘rmnmtby cailsriwhigh eerengomhetterbrhfmthat ostesctamdnalx tell eseage As

sent | ntion and the,corre n
it B ASG LRI PRE: P R BFREBRRN ot e Shoviator
cells tbfrtber]ﬂesérﬂdrhwmmfcaa tﬁ@éitﬁ@tnﬁi*etraétehsémbytar sabledtondrocyte
artil age de met hods .of treatnent

off RA Aig? Hasfa[aﬁ rfiecobe: dy ﬁea? n%'ﬂerese@rm@mve@ fan be used

a8f at hesdicanemt THY eptdseit ejrivBAfiorR! RAMEP' pfd'\‘/l(be pharmaceutical

conbi nation or mxture with another zo cel
co/ppesitenstPRiigingide Hiurgs @ndcnomb!mtmopfttbe presemd ivention.

of t Aﬁ%&%‘iﬁ@l&, e, RULHH ﬁrr vitstih ans%hﬁgtﬁé‘ai&@nt of a cartilage

~carti Joints such as the knee,

defeetbyredamsnistitring dwt combbnativhage mixturds ot tnet ;brleaglet iavention and . -

th%é&dé%%béﬁdnﬁ&” | l‘ﬁ%%%?g&t)%? IO&I:SSCI%:%]# Lprgé? ﬁé pBé)s%t invention in
thestlawfadttbre il = medicahtenTddathe tasatdent dfdartildye defdcty/ .

col | Mopaiae R eaimant IouaPRLDe GAETORC AR ot echguistory cels

ofi tAeestbEdMt iAvéhtion] St hidme 8F iR ap@dmeiﬁbﬁ&h of IndiRture with another

sutured to cover the cartilage defect. Aternatively,

cqllhgopation, B)siHdgy ibuh $re rn@dm?%iq omsthedst ﬁetf@ammof articular
cdmggatarﬂnnehecaﬁe&g@ foih Ve&gaaémé hGELC o ofiftr tth%%tments of

are see i opol ynmers’ a
elastisl cartiagei ﬁbwcanéagfapnarmgﬂardearmtage # other dogatioh in the body

ith PR BB G ierh PaRle R0 B7 rheiSmatsis arvrive)

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 carlilage defect. Altematlvely, the cell populations or comblnations of
the present invention are used to impregnate a synthet:c carrier matrix, or are
seeded on native blopolymers and then |mp!anted into the cartilage defect. A
vanety of b|omatenals have been used to date and mclude three~d|mensmnal
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coll agen gels (e.g. U S. Pat. No. 4,846, 835),
reconstituted fibrin-thronmbin gels (e.g. U S Pat.

NoS. 642, 120; 5,053,050 and 4, 904, 259), synt het
‘ﬁBPVWQP 34kt ri ces contai ning pol yanhydri de, PCT/ER2007/002452
pol yort hoester, polyglycolic acid and copol yners '
thereof (U.S. Pat. No. 5,041,138), and hyaluronic .
aci d- based polyners. 5 In addition to the one
or nore cell popul ations, th&8pharnaceutica
conposition described in the context of the present
invention usually includes at - |least a

- cphegamegadsi (@.gaUl . Ratc Npt 4/846,838) rreeonstitwted fikriostimombin gels (e g.

U3 oRboe Fed ek 5 Rl daoddrdl Fiphetc Bokimer matrces

coﬂﬂabmhg/ ﬁbgtaﬁlsycﬂr@es p@ryoﬂﬁo@tt@f PolyghRlolis aﬁi@hﬂ’fd §&solymers thereof

_ (gg l}(l extrose | ucose and sucrose), cellul ose
<&

& 047,385 g IwAbirorispsidkAsed polymers.
carboxynethylcellulose, hydr oxypr opyl cellul ose or
hydr oxypropyl net hyl cellul ose, pregelatinizecl
st arljh@;lditp@ctttp ntl‘@gaqne @arﬁ@g%etiiﬁiln Jpopulajiens, the pharmaceutical

BRI dko JREEARSRE 0BT BN e ppces

- lemst 4, phanlﬂaag&tmalipdcy:gbt)abm carriandvdlbkpadry It(att[tose sidllet in the art

avéf i artapgeg%llenﬁepf rﬁtpgcgttpi;ﬁ@ bras coﬁagséjncgr geslat:ne carbohydrates

snrlst Ny Bt&)(d:tﬂ)ﬂdl@ab&%?ﬂiespé@@ﬁ@qﬂ&ﬁm, gludbsd HAY sucrose), cellulose
hate and the lik Addi tionally or
dgr' &ﬁ%ﬂ ik gpgium Hécﬂﬁ&‘mﬁém@ﬂw@@ﬂ%?ﬁat hS{S#ﬁ%XVPFOPY' cellulose

of OFR&I gBﬂ)dyhﬁeth?lgmcéﬂl%é’e ceblegeititlali 088 rHes pectm agar,

conbi ned popul ations of the présent 1nvention further
cymrgaanas, fclaysohydepdiicagurmr eigtgumy auaroggrmrarablc gum and

ST A0RE AR ABReRS nyAledlik el SelipbeT adfiafeotc and

p@lplabtlwnat:tdt ldexirav.epedtims, spnthptic pblymeesrisodh msnwater-soluble acrylic

oA S Ry B bk 1 e
ref %Mﬂmallymrﬂtemtlvel the pifr@iateuticas BemBosiiend8éBfising the

score) of reshl i sol ated cartil age
feea%’f 'S’gpék@aan 85 cemb uationg ofiiropresent inpeytion further

congHiddRCtRY gt.éﬁ ag )éhél%btad?el%'&télté &m.@éreﬁm.ngr@%% efc

i nvention (NAC) bi opsi es of different d|V|dua
QS WD 2007/ 107330PCT/ EP2007/ 002452 30 scores are
defined by .a quantitative assessnent of expression
| evel s of distinct genes by RT-PCR High scores
BRiaTr BESCRIRTIONI Ol TeHsEMGWRERr ocyt e phenot ypi ¢

Tt?’et‘%ﬂb\bvfntgyExamples, 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 proﬁlé (QS score) of freshly isolated cartilage
cells (FI), expanded chondrocytes in monolayer (P0) and the regulatory cell
population of the present invention (NAC) of biopsies of different individuals. QS
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Figure 2 shows the change in expression of sone

markers in expanded 5 chondrocytes in nonol ayer (PO)

and in the non-adherent regulatory cell popul ation ‘
WRYHIESUNt i nvention (NAC) of biopsies of leFF@Pé‘Wf”"OMSZ
i ndi vidual s conpared to freshly isolated cartil age

cells. The markers depicted are Col | agen type I

(panel A), Aggrecan (panel B) and BWMP-2 (panel C).
Figure 3 shows in vitro cartB0age formation by the

regul atory cell population. ro Figure 4 shows in

vitro cartilage formati on of m xed pellet cultures of

- sodrendire cefined aljrrrhmchnmathecﬁs‘sﬁassmem afrerptessioh Ibhels of distinct

rb%né ‘F%%C% pﬁgul ati grgggiee{m“sd%%%gg cI(I}BK rocyte phenotypic

sﬁgmtyfferentl ated chondrocyte sanple conprising 10, 20
or 30% of the (enriched) non-adherent regulatory cell
popJf igure? shews theiChgnRse raREssiY) @ﬁ.sprr@amarlr%rs in expanded

- chaHar6RAEs Innméhéﬁgélnfb H'tﬁélnoﬁta‘éﬁiéréﬁtyre Itafbry cell populatlon

I NCreasi ng anoun re uIatory cells of resen

.of H@entasgnt IrvEREPN E(Nf&aoﬂfsbmﬁ@ ef tifterenit mdwl uals compared to

PRSI PertlERe i PRETHRET s Roriod Bl ColdR GRE% (panel ),
Aggrebars (Pared Br)egdlmﬂB@/(pahehﬁl ocytes of the present
ositiv

ti d in O . .
St arPHEF S DR r e Giide e ielaBrROPISY pet pepulation.
Col IRigare ty/RAoWs [Pael cAlti®iyl fdatatRpasf (mirae! pdllet ultures, of
- TGF13-sti mul at ed Eel | et cultures of P6 chondrocytes

BT e S, ARTIESYER difRrebamoRnts: of the regAIanactlbRopulation of

th(aN/b?ééér@f invedtith Of p&ieICRONdpagyt &8 BHENE e Pttt ﬁo?rﬁa(ﬂon of a
PO chondrocytes . (right) conpared to unstinula

" d?ﬁbﬂfer@nt@aﬂt gherdreyterramplaompriss 10020 025$Q°/gmféh6 (enriched)

"TERILIT (EPURAT s shl cBobuplict cLBPT gemensiiping s sonifant
in¢rease jn s;z@zandhnednmgalemamw lwiBOitic(eashgl @noont Gi0¥golatory celis
of2 h&ﬁ%@é atng L Cr%lé%q oEg Iag ochn&%'ﬁs?%x&ésl&%%jﬁntmexﬁaceliular matrix
fodﬁ;ﬁiitfrf 6F & TGFR-eimBfatsd esll géﬁétt&ﬁlsﬁmg sy @ﬁénd}bé)r(es admixed

donor in adm xture with 10% of the requl ator

witho59%oef neortaionceremrooytes of 462 pasent Invention as documented by
positive safranin O staining. _
Figure 5 shows the expression prof' ile 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 ratio of TGFp-stimulated pellet .
cultures of P4 chondfocytes (left) , P4 chondrocytes with 30% (middie) or 50% of a

regufatary cell population (NAC)(nght)
Figure 7 shows ectopic cartﬂage formation of dedlfferentlated P6
chondrocytes of a 60 year old donor in admixture with 10% of the regulatory cell
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popul ati on. Figure 8 shows the collagen 11/1
ratio of pellet cultures consisting of human synovial
menbr ane (HSM -derived nmesenchymal stemcells (MSC)
WAAELEHEhymal stem cel |'s adnmi xed with di ffBFBEP2007/002452
concentrations of regulatory 5 chondrocytes under
TGFp-stinmul ated and non-stimul ated conditions (the
nunber at each sanple indicates the percentage of MSC
in a mxture of MSC and a poptul ation with regulatory
cells). Figure 9 shows a conparison of the expression
profile for collagen type 1 and type Il of a freshly
pbp@kaded cell population, a population of adherent
nature e} chondrocytes of PO and a regul atory

popufigure$ sheves theagollgg@g,lﬁler@tlp,qg,p,eﬂ%hq:tg@gqas conszétllng of human
?ﬁé\ﬁéll qg@mb?é?ﬁ—:‘”ﬂ-‘l@l@l)ﬂ@n@&? RIB2RAENTRRAI QtefDEcells  (MSC) and

venti on. gure 10 shows t'he fiber fornation
nwsehclrfvrfr@l:ptetrm e@@itsd apm{x@t vothl wdiffasentofconeeniratiopsyof regulatory

G5Bty GroBD TRaeei hLRITERY SR Lst R fikeh AR ARAB R number

aBeash daiermgalé dndrﬁaﬁ;@;bmé pertentiget bt MET iinvemiikiure ok MSC and a
pel | et” coppri sin 00% synovi al membrane-derived stem

pEQ‘F[F'E‘P" with pegylae 6 i sing 100% nmeni scal regul atory

~cel | Fwéls':lsh&ns (aNe&hpar@,onpsﬂ ﬂh@teﬁﬁ&%{éﬁ PRl @8{0 collagen type |

‘meni scal ?ul atory cells E%t and 30% synovi a
i

aﬁ@r?ﬂ?%lﬂeﬂfcﬁe jesbly soleind el 9op %w eorele n.@.a@@emmature

56 SRR %, ERdiop B sRBlarl (OROLY FBlained from

nmmi:‘aoahearﬁlager agatrdiog tobne @mbcmilrma@t Qfdhda mventaon

SENFSRE IR DS e BB el SO TER g Sl PRI Efiures of

regRitdtbiyoBeltf (NA @hinéaeﬁaﬁenénw&aseﬁumdé %arrla“é%d to synovial
medi um and anti biotics was added to the tissue.

rr@ﬁﬂrﬁaewdenv%c%teah GRls [deMs} raggording toy .emi?%ment of the
inv8hitn. %A pIdt NBHRGihg a00% 3915\951 ReRffraflalfived stem cells; B:

pellet comprising 100% meniscal regulatory cell- population (NAC), C: pellet
comprising 70% meniscal regulatory cells (NAC) and 30% synovial membrane-
derived stem cells D: pellet comprising 50% menlsca[ regulatory cells (NAC) and

50% mesenchymal stem cells (HSMs).

EXAMPLES

'Example 1: Isolation and characterisation of regulating cells.

Cartilage/meniscal biopsies were minced in serum-free DMEM medium and
antibiotics. Subsequenﬂy 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 périod 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



approximately 12 hours to allow the rel ease of single
cells or cell clusters fromthe biopsy. Cells were

col |l ected by centrifugati on and subsequently

WO aNWAMEPHed into WD 2007/ 107330PCT/ EP2007/ 0FE49F289/002452
DVEM nmedi um wi th serum and anti biotics. The cell

culture was perfornmed at 37C with 5% Ca. After

4 days of starting the cell culture, the nedi um was
"exchanged as follows: the cul3aure supernatant was
harvested and fresh nedi umwas added to the 5

adherent chondrocyte fraction. The | oosely attached
BiMBMwedReh eith sieroml drel avtitiotics| The celll cliha® whepeddimed at 37°C
S a—nt by centrifugation at 1500rpm for 10

"\‘#ﬁ%@ “These phenotypi cal |y stable cells were then
eith frOéen or in culture flasks or

kept
speci E4 fgvs Péasttg ing| theegelh culiwey thg raedipn was exchanged as

TR e QURPE bﬂE@ﬁ%'téHt Wd%q“rﬁr@éétéb 'aﬂHQQSh"’}HEH FRvhE A8ded to the
(as described bel ow). In humans this

5 adbglanhchendigsyle fpﬁ@fﬁimnatTh@HOQﬁth attgghrerd ﬁlﬁﬂmm adyeraniscells were
ML 10nb rd CER YhbelrbthOB? LEMflidih 2 cﬁ—gr%' f* A minutes.

erent tissue sources | cart
Tireae Qbasotyplnd@pmbmcelbfwergethem edhere‘amn cbnkm in cwhm flasks or

SPGB0 cy Lo HABE, SG00 UegeY LGB oBL aBle " Hberimenta
pmnwerﬁsvcammmapbmamaﬁ (& aeeﬁbrib@%beio\ﬁ)he amount  of

cells seeded. (Table 1). In neniscal biopsies the
10 non- adherent cell popul ation was found to be present

as apomiman? @We péglibRry %8@|p0F§iahoﬂ WithSfound mor -ﬁﬁpg? was found -
Percent age of non er en s intota

tcb:95Lﬂ’rﬁﬁﬁ"ﬂnmo@ﬂﬁﬁﬁ’édcqff'l@ﬂﬁz@@ﬁ!ﬁ'ﬁiIfﬁgbﬁ@ﬁgbélﬁsue sources including -
cAfilddgeUhAg ﬁBHi&%QPYﬁo%_p%hBBEtV of %I dfease. In articutar cartilage

digests the chondrocyte subpopulation with regulating cells was found to be
15 present at concentrations between 8 and 20% of the amount of cells seeded.
(Table 1). In meniscal biopsies the non-adherent cell population was 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%
CC0009 I 23 Male 86% 8.5%
CC0o44.-~ E 89% | 14%

Upon immunzoh'i'st'ological analysis of thé 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-cytometnc analysis revealed the

expression of CD29, CD49%e, CDS1 CD54 and CD56.
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Cell viability % non-adhering CS228 81 Mal e 85% 14%
CC0039 25 n.d 91% 20% CCO009 23 Mal e _

WO 2007/107330 ' ) : PCT/EP2007/002452

33

The population of regulatory cells demonstrated an exceptional expressi'on
profile of markers which are correlated with cartilage phenotypic stability.

Generally, when articular chondrocytes are cultured in monolayer they lose
their characteristic phenotype. The change towards a polygonal 6r even fibroblastic
morphology is accompanied by a dramatic reduction in the expression of cartilage-
specific extracellular matrix genes. The non-adhering regulatory cell pob'ulation not
only keeps its round morphology during the first expansion period, but these cells
also have an improved expression profile of markers of phenotypically stable
cartilage, cOmpafed‘ to adhering PO mature chondrocytes (analysed at the end of
the first'expans'ioh)(Figure 1). While the presence of regulatory cells in the freshly'-
isolafed cartilage cellsr {F1) ensures an improved expression profile of markers of
phenotypically stable cartilage over fhe 'adhering PO mature chondrocytes, the
expression of these markers is _I,oWer than that of the enriched reguiatory cell

population (Figure 1).

_ All analyses demonstr_ated 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 isclated (Fl) chondrocytes.

In all'but one samplé {(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).

Ex;iression 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 isclated cells

(data not shown).
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86% 8. 5% CC0044  89% 14% Upon
i mmunohi stol ogi cal analysis of the non-adhering cell

opul ation it was established that at |east a

PR30 t he non- adheri ng cells have a  PCT/EP2007/002452
pericellular 25 matrix consisting of Collagen VI. A

_flowcytonetric analysis reveal ed the expression of

CO29, CD49e, CD51, CD54 and CD56. WO

2007/ 107330PCT/ EP2007/ 002452 333 The popul ati on

of regulatory cells denobnstrated an excepti onal

expression profile of nmarkers which are correl ated
Baatriple a2:t Chaflegetfemoibyptapaditgbod ithey.requlating cells of the present
Generally,. vvhen articul ar -chondrocytes are cultured

in nmo = they | ose their characteristic

phenabyie 203 000CcEaRISF LOoMEH-GahareRP r¥§laaRly QBN YHPiation (biopsy

fibroblastic
C8225) were centrifuged at 1500 rpm in conical 15 mi tubes and cultured in a

. pellet under chondrogenesis-inducing conditions. The composition of this medium

is as follows: DMEM containing 1:100 Antibiotics, 1:100 Sodium Pyruvate, 1:100
ITS+ [BD Biosciences], 107 M Deiamethasone and 1:1000 37,5 mg/ml Ascorbic
Acid. The tube lids are then slightly Ioosened and celi culture is performed at 37°C
w:th 5% CO2. The cell culture period is 2 weeks, with media changed every 2-3
days. TGF-beta was also added to some pellets. After 2 weeks, the pellets were
either used for histology or RNA was extracted for real-time quantitative PCR.

TGFp ‘stimulation resulted ii'i rhec_:hanicallylstable-carti[agihods tissue of
exceptional quality as documented by metachromatic stainings of the extracellular
matrix of sections of paraffin embedded cartilage with toluidine blue and safranin O
(Figure 3). ’

These data demonstrate that the regulatory cell population of the present
invention is in itself a phenotypically stable chondrocyte popuiation capable of

producmg high quality cartiiage

Example 3: Ability of the requiatorv '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 reglilatory' cells and mature
chondrocytes. :

TGF-stimulated i‘hixed pellet cultures of repeatedly passaged chondrocytes
and difiering amounts (10%, 20%, 30%) of the regulatory cell population of the .
present invention (NAC) obéerved after two weeks, displayed a stron'ger cartilage
formation capacity compared to dedifferer_itiated chondrocytes alone, as can be
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5 norphol ogy i s acconpani ed by a dramatic reduction

in the expression of cartilage-specific extracellular
matri x genes. The non-adhering regul atory cel

WOpU At PHh not only keeps its round norphol ogYTEEROFE24S2
the first expansion period, but these cells al so have

an i nproved expression profile of markers of
phenotypically stable cartil age, conpared to adheri ng

PO mat ure chondrocytes (anal ysed at the end of to the
first expansion)(Figure 1). Wiile the presence of
regulatory cells in the freshly isolated cartil age

seehl tsy éﬁhhcr&ﬁ@&lﬁrﬂpem $igP (Plgaee @XPrARISh aneRhfdrh#ticOétaining for

: rker hepotypically stable cartilage over the
Sgg'ﬁ@wﬁﬁ e’ﬂ@p%%éxre chondrocytes, the expression of

t hes Qh%dfﬁtﬁlﬁaﬂ& bPYl’%r rédl@élobﬁééll BBEBIBﬁoﬁ r&ﬁ'tﬁ@%ﬁﬁtﬁfnt invention
gm?atory cel | popul ation ur e

&S ehardreavites bduceds, hlg*m aeg@mwﬁacguulam@aage Aotignificant

| n‘i @a@fn't Qtexpl%%g?eoﬂﬁf%ll&ﬁ :Eyg%tli LAG gpgl%gﬁﬁt\&%ﬁié’%wed in mixed

e regul ato n descr
ppﬂets eptturegy emtammg) rregelatary hchpretioQies caomegarednp@arretked pellet

BB TPt S BBl e
( donG he AGPELVBY c/arﬁlbgéﬁmemﬁg @apacithwas AlldA gsflectatPBy kbl significant
reSS| n ra at of. freshl

her than Eﬁ]
FBRSR &k (o cPUaqRm, penli WM ilPianE 8¥7EaP)- NaKoiR. an increased
escEE@%gloafrat%Qoaaaﬁgermtyﬂatw AebRRREP M eRpreEsioH rcﬁ céfdgen type |

preSS|on rates for a ggrecan were S|gn|f|cant

RRseressEiguse Spaniddirenchagtdbarhtlncentash @et&%tycttétssres of solely

| d%Efﬂ%FErﬁa?e@ Pﬁ%(fnﬁ?&'\/gté’s HRPhat f’d?npﬁfetch!aﬁﬁ %ﬁe cartilage and

(data not sho expression.rates
damqnetrategrmﬂy a dmiledendipaoityPlo et Expression lrmes for collagen type ]

e 2C) but lower than those of .
%ﬁtg%y@éégdgﬁlls (data not shown). WO
20071107330PCT1EP20071002452 34 Exanpl e 2:

a nonmﬁjﬂm;@nt regul at ory cell popul at| on(b| opsy
082252 were centrifuged_at 1500 rpmin conical 15 ni
t ubesNe FRAeIEMIAtN ¢a3pagity ohéthe (ﬁgulm'a%/rceli population of the present

rrﬁEﬁfEH RN GBIndnLHSHAE! ?9 nf&@ﬁbt%%g%g be‘?rn%ﬂanoéﬁiér gigramuscular

his mediumis as contal nin
mMIpnnatnuﬂ@ mice100 teisdinethady eboutt 3,to 14 mnth(&Hs[ga mixed with

SRR e kel v 0SB BE AREodech e’ g 2 nuce

MOuseeMdnaiedweEé |sacrifited afies Par fvpickedamd {BEChigH mbstle was
th nmedi a :

he, cel | | t.ure per S we
fo Al e FEneobids i e O i SpBiol ABiseeY added t o
some pellets. After 2 weeks, the pellets were either

used for histology or RNA was extracted for real-tine
quan{eat lpip@tng;pg million cells consisting of a combination of 90% P6

chondrocytes and 10% of PO mature adhering chondrocytes, no cartilage implant
was detectable. However, wheri_ injecting the same number of P6 chondrocytes in
_combinaﬁon with  10% regulating non-adherent cells (CS225-regulating
cells/CS214P6) a huge cartilage implant was formed.
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 chendiespoissinadet Wi dig

type I'l: type I ratio. (Flgure 6). Next to an
' , f ( I

TGFri stimulation resulted in nechanically stable

cartilagi nous tissue of exceptional quality as

docunent ed by netachromatic Stainings of the

WQENIARIPU| ar matrix of sections of parafflnpgﬁﬁgaﬁaﬂukﬂ
cartilage with toluidine blue and safranin 0

15(Figure 3). These data denonstrate that the

regul atory cell population of the present invention

isin itself a phenotypicallysestabl e chondrocyte
popul ati on, capabl e of producing high quality

cartilage. 20 Exanple 3: Ability of the regul atory

cel | nNrstaohrabizia tsmahlﬁ'ﬁé O\AﬁhCh@nﬂtﬂlﬁQYbﬁjehWQhMpi & safranin O
stability of mature ondrocyt e

gsanensiraggd &her%w@&@ﬂtﬁéaaflqufé@sﬁva%'rrea?art'@gteﬂécepmta@a (Frigure 7).
descri bed above in Exanple 2, but using a conbination

of regulatory cells and nature 25 chondrocytes

[Re b B pitationy IeHEns g efls rintoe 4 .
passa ondrocyt es and dlfferl ng anounts (10%
20% —of the regulatory cell population of the

I\dnmmhymkahytem celis whkeCrombmedweith diffeesnt tanowme o requlating cells

LR 43 T oA PP EL Tt RO RoUFaCaR BesciPeRcavoye or used in
s 19tne V.30 07408 S30BGT U500 B8 463,cIS DRRAEN oA Tinto the

increase in pellet si z'?ﬂ% ure 4A) and
jeal ammmved By( wigmn@ appixture of 70%

I f
TUERERIRET S A, 18 ASRUPISIRE) LB RO TR ety of
cartilgggh pqih@tlsnsz evaluatarl byl measming the BoBagpni II| waamS Eoilagen !
5B o BoE R P ShavCeFTEREIBE s 5 superr i
peambing differereigtbatintoycattiage be?%ﬁc%ﬁng 7% @bwbénotyﬁbxl?@xp ression
(gel | et cuI t ures usi ng a conbi nati on of

RiNAntE higher degree, iaty Beypest qqmrggpigotgf,d differentiation agent

ﬂjp? élapéoved cartilage-fornming capacity was al so
| ected by a significant increase in the collagen

c%n5|st|nq of

obsermdldqﬁuqmrmllﬁgenelddioel laérdatbpqletlc kwm cellll and autologous or
cont ra t, pellet cult f oI el dedl fferenti ated

P4 ch¥ : P ‘ X |y stable
Athﬂégdu%gﬂ ﬂﬁ@eﬂ@iﬁ@féﬁtécﬁfe@&t%éllly h@r\}ést’@d 86brdiRg G tE)a’«:ﬁn‘iblc—:- 1are

aln expression rates for collagen type Il n 3D
glngﬂe\nqtp, @ﬁpgn(@ed | '8piure ghpndrocytes, human synovial membrane-

derived stem cells, or another source of autologous non-hematopoietic stem cells.

Thel combination of the non-adherent regulatory cells with the chondrocyte
progenitor cells resuits in a cellular product with combinéd therapeutic activity, -
whereby the regulatory cells direct the stem cells towards chondrogenic lineage,
while the stem cells can modulate an inflammatory reaction. This combined celluiar
product, capable of regenefating cartilage and modulating inflammation is of

particular interest e.g. in the treatment of cartilage defects in theunatoid arthritis.
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Exanpl e 4: Generation of cartilage with phenotypic
stability in nmuscular tissue of nude m ce. The
redi fferentiation capacity of the regulatory cel

VPO AP¥n of the present invention was denpRETHEREH002452
by ectopic cartilage formation after intranuscul ar 20
injection in nude mce. Inthis nmethod about 3 to 4
million cells are m xed with HBSS nmedi um and i nj ect ed

in a volune of 50 mcroliter 37n the thigh of a nude
nouse. Animals were sacrificed after 2-3 weeks and

the ‘thigh nuscle was formalin-fixed, enbedded in wax

Exathplelt7: | BoBE6h | @Y fopbrdvteistiod yof 85Iéharawm eé6ll ipdputhtion from

mllion cel|]s consisting of a conbination of 90% P6

chondE&%&QQL;—éi-fi'é—q:ﬂ)C % of PO mature adhering

chondrocytes, no cartilage inplant was detectable.

However, when i njecting the sane nunber of P6°

chondr cegitatenyi weloropulatiororwag enriclsd rfeajul at samgple of meniscal
I I

cﬁ%hegaegggﬁs i Ih%el §§P28Re P B s SRR T R8I 1. The

eXﬁ(B%Blbﬁ]ﬁ@tﬂé’@T Ahé’?églﬂétﬁf}&dazpmﬁliatlon was thmufuneﬂrﬁlthecregulatory

BRSPS R Rl B B Dty
higgvet | dxggesdiork eratenibartypé Fit gctﬁll%géh co(n:weplalh?é@nII@'t %et'ﬁhcorrespondlng
t em s into the

Diff t Me
PBRUAI G AGnesng ROA BRI SdEn HYRBPI SR U rachigeal cartiage
sERpR g g)hTHeféx?I@g&Io@ap&abal e(ﬁua@@a Lﬂyafrém ‘?:?dlét%d meniscal

and kep i mul ated "m xed pé€ll et cul tures

caginge; Ié%'lii waévf@uaﬁl feskd Ipw. Jn\eontrast e @m@asmnséate for type |

: 6’1#3)%& S rdfire! P?qhé‘b&’(r?ch B td Iaqg{g) kil g%bémétgor{)%%tamed from
chdndrogeni ¢ |'i neage was dra

mamiscal ¢artjlagem xture of 70%to mesenchymal stemcells ,
and 30% of regul atory chondrocytes. The quality of
cart| I agg pel I ets was eval uat ed by msasurl ng the

{30 : ] ap @ 23318 S CBitipr @Rained from

The reaHkED & éhat regul ati ng cel | s are superi or

in prkuils-rn'g—&ﬂ&-ﬂentl ation into cartilage by

boostlng the col |l agen type Il expression to a

Si gn f . : 0 L

used Aop Rl WRor g 2R dSRbid  ERSMpRES TR an enriched
repuésdonyaell pppulakionaibiaised from awmiscabdartiEdeu I‘I’ﬂFﬂgstﬂddated pellet

nsi s g of . aut ol ogous or IIogene|
cifEnEhiteopanisert e varniai Heiofovgee farm collagen fibers,
indlchB6E ARt thiBRRNQBopIARIN ¥  dHpablceolCiRRiyis ﬁ}ﬁ/ IS surr@Qndmg tissue
ce

Autol %ous or al'l ogenei ¢ non-adher ent s harvested
(Figuwer i9.nyrpey Fghbnhtanel). Mixedopelieicerires ofx fendeeniscal-derived

rgeegfpn;s’s&aﬁaﬁ&% ! oéaénO.;abﬁIbrgﬁéfa&ﬁvneed A8’ &ils were

anot her source of aut ol ous
prﬁpaFeIdearut stipileteidowith @@FEeMhe. pr?ﬁm\oemftnoﬂagemﬁb@rfs Wéteobserved

ent ulatory cells w,th t cho
wily GHERPEG Folaurs Spdutie! of meriscili PabEom: S ke 10, lower
pARiE)| Wl BhesiRpultiRe 8Ctynovial 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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- carti,l age

25 whereby the regulatory cells direct the stemcells
towar ds chondrogenic |ineage, while the stemcells
can nodul ate an inflamuatory reaction. This conbi ned

- QPGB YDr oduct, capabl e of regenerating caPETERYW7/002452

and nodul ating inflammtion is of particular interest
e.g. in the treatnent of cartilage defects in
rheumatoid arthritis. WO .
2007/107330PCT/EP2007/0024523E7 Exanpl e 7: Isolation
and characterisation of a regulatory cell popul ati.on
fromneniscal cartilage. A regulatory cel

popul ation was enriched fron1a sanple of neniscal 5

ALt léaé?’eTPé{at SH ?t#nﬂis I o' B9t B6ACF
reguldﬁﬁﬂﬂlﬁ@ﬁl_QEQEQAEimﬂgﬂﬁs detern1ned The.

regul atory cell popul ation obtained from neniscal
i.s_characterized i.cant |

cxcpr B BPByaRaf &7 GRuRE PeR i B (R Samh ge B eniscal

cafllagspsingl imgprepdlrt avdestribad e ekagpBQ, (‘dﬁﬂﬁﬁé QRIBF of cells is

btalner fromthe neniscal cartilage to sanple
ceuntgdr eq'@ maHecalgsrived | multonyy pall inopstationg & thgn mixed with
eﬁ({)@ﬁ&&d’ hbﬁ@h@yﬁ%ﬁ?ﬂiéﬁ&'anéﬁfetwb@%?erﬁ%e'll§ Hﬁﬁmfaﬂt'g)‘#owded ina

| ow. contrast the exXpr essi on rate

Sé%ﬂffplag@?ﬂ P§e¢ sutheclieatmearnt of apgnisgad defosta lexen mjthise the avascular -
i ned ‘fromnen iscal cartilage. Is
R%QBHbf&bgﬂe@Q%er formng capacity of a regulatory
ceII popul ati on obtai ned from neni scal cartil age.
A pel l'et culture was obtai ned as described in Exanple
2, using an enriched regulatory cell popul ation
obt ai ned from neni scal cartilage. TGO stimul at ed
pell et 20 cultures of the neniscal regulatory

- popul ation were found to formcoll agen fibers,

indicating that this cell -population is capabl e of
integrating into surrounding tissue (Figure 10, upper
right panel). M xed pellet cultures.of the

meni scal -derived regul atory cell popul ati on and
synovi al menbrane-derived stemcells were prepared
and stinmulated with TGF8. The presence of collagen
fi bers was observed 25 with different relative
anmounts of neniscal regulatory cells (Figure 10,

| ower panels), while a pellet culture of synovi al
menbrane-deri ved stemcells alone did not form
col l agen fibers (Figure 10, upper |eft panel). This
property of meniscal regulatory cells is especially
of interest in the repair of inner nmeniscal tears,
for which at current state no treatnent option is
avai |l abl e (see below). WO

2007/ 107330PCT/ EP2007/ 002452 38



Exanpl e 9: Treatnent of neniscal defects using a
regul atory cell popul ati orqgjerl ved from neni scal
cartilage 5A population of regulatory cells is
CLAIMS”“ ched froma sanple of neniscal cartilage using
the procedure as described in exanple 1, and the
1. A nmethte forgrepating ai popiatitnedl, calise saidrnethald ermprisiag the steps of:

1) onngifeanefih ot ARV ot b R elege, samele. by
metho@@ém?ﬂéih#ﬁhé’&fé\s's%d in a scaffold, and used in the

trea neni scal defects, even within the
a) meabanically rangiom enzymaticaiynitreating @v isplajeds cattilage sample to
d fo reparing a popul ation of cells, said
Obt?fﬂt"?fg&'d% Psing the steps of: 1) enriching a

b) tFHH%Férﬁhg QRiPIndividisa] el obaihbs Undem@nol & ebhtcetdivation rec:plent
cartilage sanple, by a nethod conprising the steps

to ajlew the pxpeesian ot Qh@@dfﬁﬁﬂﬁéﬂn élrﬂi‘?ﬁ%lﬁ')’%ral I y treati ng an

o RIS sEF P, T B PO e el ovai

a pépiation af aghéretIceily %inldoal superrpitantt cdroprasihg @ pd:,mulatlon of non-
expanS|on of chondrocytes in a nonol ayer, - c)

adhaeaMicalii ng sai d recipient in adequate cell
d) c%?ﬂa& (ﬂ’i‘f 5 a&g}s atter &t Iéé’s’t@ﬁﬁgé‘ a%d%}%ﬁ bPfeast about

cells a supernat ant rising

'SOWQmﬁﬂaéncy] sé|dns1npezdlamm(3mplri$tsg sai ;mpdlm@:tn mxj’; noreadherent
) sal d recipient, after at |east 2 days and/or upon at
cellf.east about 30% confl uency, said supernatant

e) ggﬁgﬂn : Etg)n?%ﬁdp%gbﬁdtgﬁ faid OPoRHAREIE NS Q'ﬁiri-édher@ht cells,

romsaid supenmatant said popul ation of
cormespenrdihg te sasidaepltonyaellgnpotationgand sai d regul atory

. 2) Gpiner e SRiaitinepuRicB.r Shpdfedht B it one or more
popB%@iBh@b‘f ERSn@bgBHREEIRIGRICh &l A& popllatibna df epdithed regulatory
popul ati ons of “enriched regulatory cells. 2. The

cellsret hod according to claim1, wherein said enzymatic
treatnment in step (a) is performed with col |l agenase
A. 3. The nmethod according to claim1, wherein the

2. TheOmetiid S8dcdibgRel dainens wifereinosuld egepinatic gidatmentin step (a) is
sel ected fromthe group consisting of a passaged

performgsowiih 6eljagenaselA.popul ation, a popul ation of
- mesenchymal stemcells, a popul ation of chondrocyte
precursor cells.
3. The method according to claim 1, wherein the onhe or more populat:ons of

- chondrogenic cells are selected from the group con5|st:n_g of a passaged chondrocyte
cell .'popuiatio'n', a population of mesenchymal stem celis, a population of chondrocyte

precursor cells.

4. The method according to any one of claims 1 to 3, wherein said population of

chondrogenic cells is a population of mesenchymal stem cells.

5. The method according to any one of claims 1 to 4, wheréin said cartilage sample is

a sample of articular cartilage.

6. The method according to any one of claims 1 to 5, wherein said cartilage sample is

~asample



4. The method according to any one of clains 1 to 3,
wherei n said popul ation of4 “hondrogenic cells is a
popul ati on of nesenchymal Stemcells. 5. The nethod
ofmen%‘éﬁpézfﬂilégeto any one of clainms 1 to 4, wherein said
cartilage sanple is a sanple of articular cartil age.
6. The nethod according to any one of clains 1 to 5,

7. T BEod RBid o o 5nS el s 3o G Bhretd)” ?%Ea%ngU'aﬂon of
eririchefegeiatéhaddB id do?htﬁned‘hﬁthethé ol 6 meRsl kall ipepulitions, such that

enriched’regul atory cells is conbined with the one .
the relativeearoeunt qf@md entichey regulatonheglistia avithin the Kﬁélgﬁrﬁfuh’to 75 % of

ol IS G, 20 e

combi nat i on( 8. The nethod according to any one of

claiml to 7, further conprijsin the step of seed I%;
8. Thesme@ce;cba@wrdmwtmanmr@q gl Blgira| ﬁlrﬁwpcomrﬂﬁ"ag the step of

seedin@%gid%dngt?in peﬁ‘ai%?@g%b élﬂgﬁi ‘frPQEéB U%Sbﬁ‘g SofBEpI nat i on

eren ations conprising:
a) a cell population conprising regulatory cells

9. A chiipeBitioh @nihiind ia) cémbRrRtibatdfawocdr nbes Rifferesbtell pdpulations
cartilage cells obtainable froma cartilage biopsy or

compriging) a popul ati on of enriched regul atory cells

a) a c$| 3’%{3@%@'0@ géémhﬁgtnﬁt égﬁ?&tb& c@ﬁ s Wi @@%@g&@%'ﬁopulaﬂon of

freshly lleﬁcﬁét@tjﬁtdarﬁﬂagé iceHig ©mﬁhhbledknmlmeattlfagemlepmot (ll)eagpopulation of
one or _nore cell po %%ns sel ect ed

_ enrlche\dheegﬁaigw @@I%pa’talm@bi%fbyat%ggl JiRiraele f@n&éﬁ‘ﬁs ffom the
' supern&%ﬂi’ lof"%al A o chon @%o@gtemﬁﬂﬁéy 1? éf)%%é‘c%rgﬁ a @artilage

popul a te precurso
biopsy conposi ti on accordlng to claim9, conprising: a) a

o one S SR TSP, SOl X Eo L SHL 8 S secged
chondrggg%ﬁ:g?ﬁ%oﬁiuﬁﬂn‘? fﬁﬁﬁﬂiéﬂ&?b? He%ﬁcﬁyrﬁﬁlsé{teﬁ{ céid, )a éopulatlon of

efriched regul atory cells obtai nabl e by

chondrotde poédwrsoi aallsof non- adherent cells fromthe :
supernatant of a PO culture of freshly isolated:

cartilage cells obtained froma cartilage biopsy and

10. TheBorfp &t aéddRaingftorsang osrprisihgm cel | s. ,

a) a cell population comprirsing regulatory cells which is either (i) a populati‘on of freshly
isolated cartilage cells obtainable from a cartilage biopsy or (i) a population of
enriched regulatory cells obtainable by the cbllection of non-adherent cells from the

supernatant of a PO culture of freshly isolated cartilage cells obtained from a cartilage

biopsy
and
b) a population of mesenchymal stem celis.

11. The composition according to ciaim 9 or 10, ‘comprising & population of enriched
regulatory celis, wherein the relative amount of said enriched regulatory cells i is within

the range of 1 to 75 % of the total number of cells in the combination.

12. The composition according to any one of claims 9 to11, wherein said population

comprising regulatory cells is obtained from articular cartilage.



11. The conposition according to claim9 or 10,

conprising a popul ati on of iﬁriched regul atory cells,

wherein the relative amount “8f said enriched

regul atory cells is within the range of 1 to 75 % of

the total nunber of cells in the conbination. 12. :
13. Thd lkermpERionl édc@?diagqoraﬁwmé of afymer®eiwfl 1¢cvhiersin$aid population
: toil, wherein said popul ation conprising regul atory
comprigiag regylatosp ealisiscoitpinedfram mgnisca garilpdge. ~ 40a  13.

The conposition according to any one of clainms 9 to

11, wherein said popul ation conprising regulatory
14. A predrinacesticd tehimssitaro oompnisigatheceorhbinatien of leklis Adf any one of

) har maceuti cal conposition conprising the conbination

da""sgﬂoéélls of any one of clains 9 to 13. 41 15 A

scaf fol d conprising the conbination of cells of any

one of clainms 9 to 13. 16 The use of the conposition

according to any one of clainms 9 to 13, in the

preparation of a cellular therapeutic for the

treatnent of cartil age defects.
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15 A scaffold comprising the combination of cells of any one of claims_Q to 13.

16 The use of the composition according to any one of claims 9 fo 13, in the

preparation of a cellular therapeutic for the treatment of cartilage defects.



