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WD 2008/ 061804 PCT/ EP2007/ 010285 1 MARKER GENES FOR

USE | N THE | DENTI FI CATI ON OF CHONDROCYTE PHENOTYPI C
WGETABO6ISTY AND | N THE SCREENI NG OF FACTORS | NFUIJERIGD MB 0285

CARTI LAGE PRODUCTI ON 5 FI ELD OF THE | NVENTI ON The

present invention relates to,rethods and tools for

determ ning chondrocyte phenotypic stability and

PARKRIERBES EBR URF M3t AT CATON BF hoNBrdLvTe

r el peNo TP/ sm&m%@@ﬁﬂﬂt SEREENING OF FACTORS

defects 1s mainly achieved by surgical nmethods such

15 as bone niNFIMENGING ﬁﬂR)TiLﬁ&ErBRQWQ)ﬂQN t he

i npl antation of cartilage form ng cells (chondrocytes,
(chondro-) progenitors and precursors thereof or stem
cells which devel i)é)lgl nto cartilage). In view of this,

Fied D Qfeﬂ"ﬁf'i'\eéﬁ_l ) factors capabl e of positively
affe‘fﬁé”&rg’s@ V! H&érﬁﬁﬁ rbagss f Qr%?ﬁ&ps i shdPlob8! fIre§btermining
Isin eea desirabl e to i ent| y surglca?
ctpnmtedyaeesqhemotymer stehilityc aret hecreeam@0sysiemsurfds identifying

GHRR G0 TR Gy RS LN befueff ol Bhrfiahe dlefffis: fd FeifiApe yelated

d@gagéga defect. In addition, it is of interest for
cell- based therapies to i dentlfy factors or
treatments which can positively affect the ability of
i sol ated cell popul ations that have been expanded or

iQ vitro to produce stable cartilage in
B@Wé&'ﬁsfferent assays have been descri bed wherein
the RYpERTH AMtilahe WRAESs it WAhKLEChiBvE@RbY 4 #§Ral methods such
formation is used as a paraneter for screeniig

ag dreu miRIrowsSsiT0aEE 06 1 teaheimiasbes Ly rte hisplantationnof cartilage

fogriw@rfifzs&)@g%%yﬂegsggﬂqn&ﬁg r}vrgroﬂéﬁgéﬂf gﬁérd %E_W%?rs thereof or

stean®els tWisBR cdéveliop intoacailagd) alin iviewXsr &S ethd Mentification of
chondrocgt es, chondro 30 progenitors and other tissues

fagters wapablecaf positively @ﬁ@&tlegg@mwom:arﬁltﬁge fonmadippds ©of interest. It
is 'ln%gase ds'n%g)iéjgl%e exﬁ‘f‘ AT ¢|@9Ie %?é @é\g?ﬂa‘a rﬁfct hRods or

€SS P&vel
cgapesndd cahalaiemﬂpos«ﬂvedgdaffectug taﬂtlaam fomfaabnlmedna&rwby local

c& t%%gg&g;%&ggé%%&%@%@#%%gg gra%;%t%nrletlsat ?lntgrest?or cell-
based therapies to identify factors or treatments which can positively affect the
ability of isolated cell populations that have been expanded or passaged in vitro
to produce stable cartilage in vivo.

Different assays have been described wherein the expression of genes
involved in cartilage formation is used as a parameter for screening
compounds. US2002061514 describes a method wherein a reporter gene is
responsive to the transcription factor SOX9. SOX9 is a high-mobility-group
(HMG) domain transcription factor that is expressed in chondrocytes, chondro-
progenitors and other tissues and has been found to be essential for
chondrocyte differentiation and cartilage formation. Other methods are based
on the expression levels of individual genes which are involved in cartilage

metabolism and osteochondral defects [e.g. osteoporosis related genes in
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W02081745]. Screeni ng nmet hods have al so been

descri bed which are based on the in vitro
walpdoBessm i ati on of cells into cartil age. HoweREr/EP100E010285

predi ctive value of such nodels has been found to be

limted and these assays req% re large amounts of 5

cells and are tine consum ng.” W200466723 provi des an

i 0 vivo model wherein the effect of conpounds on bone
Vﬂﬂ@?Qﬁﬂ%ﬁﬁ]age formation in zebrafish is evaluated in

Vi vo

Uhe_ ST T biotRGH T Rake s BLR SSRERbEY WlipTaRepaLER on the in
vitrot ditienendiatian of mpllamtatcarhlagé tioweyerr nthe medle:tweoealue of such

fal | oned b 0t tolog| eval uation of the
"E’QRL? %%seae%gﬂ%?lmd” b befiseSbnifthaseasids Tongte kg amounts of
Cé{ﬂym bfe t,,t,@qidfnsupmﬁgne consum ng and inpractical for

hi gh- throu ut screeni ng, was avoided with the
tec hWﬂ)%@QAgﬁ 23 cqyedides anom24838. mpdes wheein the effect of

offBrlds bf beRER AT o tBnh TR Blla FRLRY iyuvo

Oherdfathenostt rkligR! matelslfor idzeessing dhe adilitg dP e td dbrm stable
of expanded. or passaged cells for transplantation

cyytilagssissthesintiamigoplardmpdantgtion (9ft egiiseintanudesmics followed by

ECHRBGRE SPARRRNELF 1 lerpet BATRHR (TP Gfsel Bt this nude
rriohleeemmlkemmm'r ani itself ds birmescdnsuntihg éd@nmﬁracmalomr high-
cel | popul ati ons capabl roduci ng, st abl e

thﬁ?‘éﬁﬂ?% CEEFMEGe Wﬁsw%\@"?‘f‘ﬁ(}f eths nEeCQ”HIQQd f@pclosed in
W 34u833. 2this r&‘i&%ﬁéﬁﬂkatlw%@/bgg tﬁ@%é%ﬁpﬂ_&l&#ﬁp%arkers,

present invention ased on the novel concept
identifiediibaged onsthacnﬂde meusee mquiedffot eantitagen formation, to evaluate

the; Pacrpifal poeplial AEBkRRndR i asald GRS Brgfensplantation
purpddesd SimaAy @aRebeofcouBABIEr AthrRSrst lf’@r tcﬂbﬁ&?oo?[é’f;m&otyplc
in the identification of factors capable ectin

stability pagysleseribed iiol)S20@2IH&P. yHowarepveiienthe ldentlflcatlon of

i BE RN B3, 0ot B gt YR fons capabe
ofopiceilicirgj stibled hipalne aartiagefin agld, sthered Perhath £ 4P Forfurther
| evel of these markers can be used to predi ct whet her

impre¥emepbpul ation, e.g. in vitro or in vivo, is able
to produce cartilage in vivo upon inplantation or
upon stimulation. This is of interest for determning

SUMMMRY206 8T IdE1BMWENPITONEP2007/ 010285 3 t her apeut ic

t | of I t T t of ke '
PO e?éc:agqugggta g?veentloﬁog zé\lsle non t g r?gveloconrgaerpt of providing a

al so
specific marker profile which is indicative of cartilage formation in any given
circumstance, i.e. whether native to the cells or induced, which can be
considered as the target profile in the identification of factors capable of
affecting cartilage formation.

Accordingly, the present invention provides a set of markers, which can
be reliably used to predict the cartilage forming potential of a population of cells.
The expression level of these markers can be used to predict whether a cell
population, e.g. in vitro or in vivo, is able to produce cartilage in vivo upon

implantation or upon stimulation. This is of interest for determining the
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reliable tool to determne the inpact of a given

treatnent on the chondrocyte phenotypic stability of
w@2epelsed i on of cells prior to inplantation. PCI/EP2007/010285

Furthernore the present invention provides for

conbi ned treatnment regines ccgrpri sing the 5

adm ni stration of stemcells or osteochondral cells in

a joint and the _adm nistration_of a nedi capent :
t*ﬁ%@%wtqueowat96@dp%'bmpef%@neﬁeaﬁewdm?éﬂgrs also provides a

b ek . . . o

) RO et E R e roa ot f R et @nf R tRE EHRiHaroyte
phenetypici stability of ta- popslatiosdfi cellscpremta impkesdatior. drurthermore
tthe idegtifi ati on of ffactor%. 1 tcart)ablg of. affecti ng h
nenBrRreBLyenRB Iy ides fof sBmhinge traUnerbregimes, Somprising the
adiiifistrdtieh | 6 &iéinoeals0\dr destedchBhdfll BBAKEIS a joint and the

i ndi cati ve of chondrocyte phenotypic stability, the

admyristsation obfa viiedicamentsadecting theli chondhegetic epetential of the
ai‘@l"igtg?‘%? F@%#}ggla%m conpounds and/or conditions on

a ce popul ation to produce cartil age

i n vAgocordiite tostheobreédeat einv@ntien, sthen phenetpid BtasitdY of a cell
all ows the 15 screening of a |arge nunmber of conpounds
PARIIARPN B e iIDhSednncHERaRiIBEyTSAYS Tef the ideptfiaadien; efgfactors

o4 oA LS AL RN AURCSRILBEORPR LFETA ol i The

inveatiami providesf aa se¢l of npanketsatindicative pofodhoadsicyte ephenotypic

bl d8e EXaresi aba IS dsea nipHt TiF Giestd il or 7 vivo of

céRbblihds AUndio BbhdRiBRY! &4 itAB {.@im@r gﬂléc%eﬁta@tﬁamrﬁ'tb NSroduce
ar ‘e , met hods

cartilage in vivo. In particu odi ment
caititagepirowidedThei use cbntheseemackersninnsarpenig assay allows the

S FRRLRE oS e MBSt EOBRRfbe S ng e astiigrik of ehoprpevtes.

witholiseHorfhg Gihfe S6hAThIRG érfoolébbhéugbﬂ#ﬁalcébgﬁrﬁﬁérﬁtg. of
PEDF, COL11, COL2, FGFR3, 25 OPN, BMP-2 and RASF- PLA.

In particular enbodi nents of nethods provided herein,

the ge | gt Qn | .S, ' C )

condl 25 2SPE A thEMnehioihEfionE 1 bStcRriBHR MY Bofty of a ce
pppwatiore do Whodiice atable Syyalihe cattiage ot p@vided. i Mere particularly,

Claﬂiati on of ,cells wth a conpound or condition, and .

g ArePravided fr dstsrainingin (vt the Abilifeohaper!bperwation to
I fAars ; t
PRIdEE st By BIRE caRiadt i, R0, It PAELEF ehiodifRATs, methods are
prwidsst whichrcomptise geterminiog the texpgessiorPBPRhe @all jdapulation of a

G- OPN, WO 2008/ 061804. PCL/ 007/,010285 4
e PIEE S, e I I R M 2 N,
maekers fledtéd fRsth tAk group! Gtslstingr SEPEBKEEOLHY, COL2, FGFR3,
i ndi cative of the ability of theé cells to produce
OENaiBMP-2 and RASF-PLA.

In particular embodiments of methods provided herein, the cell
population is contacted with a compound or condition.

In particular embodiments, methods are provided which comprise the
steps of contacting a population of cells with a compound or condition, and
determining the expression level in the population of cells of a set of at least
three marker genes comprising FRZB, ALK1 and one or more marker genes

selected from the group consisting of PEDF, COL11, COL2, FGFR3, OPN,
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hyaline cartilage in vivo, e.g. upon inplantation into

a patient. Further enbodi nents of nethods descri bed
wheorogisiseonpri se the steps 5 of, prior to conPEDEPINQG7/010285

the cell population with a conpound or condition,

determining in the popul ati on, of cells the expression

| evel of the set of at |east " three nmarker genes, and

Bfir-Zand RaSHREA: dndosia Pistheandhe: orbIsYBRIEvaliR) the Set of at

Ie%é?"tﬁr%%‘ rlké\'st Eem?i?éilvep&’ﬂofﬂ ta'bﬁigl o tﬂ@ecéﬂs rp‘?'o&’uce stable

he set o | east ree mar enes.
hyﬂm ccamagleyn VI, lecgiwmumnmlamwed inioi acpatxemdpr | se

det b ffect t

the FOBSLAMESAVBERG ol BFBACt KESeApradirR GomPRESse steps
ofof paér |t@a§énthbfrﬁj? tRBr k8Nl SEsAStiGM wme aekbmpenHY abt Wbndition,
the effect of the conpound = or condition on the

detsrminigg &1 thehpopulatiopmiweds itbe expressien deved todihe set of at least

o8 RS 8 e ¢ B PO A A RBR BB e e

preseficé i ohshe agurhpsurd drnedr@ibN Jaffééts ety @5Predsicn iANthe cell
or nore _positive marker genes selected fromthe group

pery{atian jaforg orpmgre (Qflti‘f setcef at lﬁ@ﬂqﬁhre@marmpgenes More
pr@l@U%ﬁiFnﬁf{ﬁoa‘é %ré?fﬁﬂ% H%ﬁ%%ﬁnﬁgﬁggéé( ﬂéfernﬁlﬁ fef tidi%d on the

carti ormati o
eﬁfenircﬂalse peesemee ahHtbe esmmumndforeddddﬁrorP&Dmaedpmssmd@ﬂihe set

of §Trat T Bree hiarkSrartasin el IRRS dpi ot e sifectpf 4 gompound

orpb@ﬂélﬁlénsbﬁbih% aBH@ 'dﬂeth%abé"' Iét‘ibﬁ”t&oprddrlhcéuﬁt‘aﬁfé hyaline
particul ar enbodi nents of hods descri bed herel

cartitageetn wivo. hmmiashicular embOdaneofs ef theemethads Bieacnaed herein,

QBB SERSnGT3BE et B Fioreina AL BERRIbT o8 ey more
pEEitEP ndarkepfeineki dlebedPRFEIM tK&lgtdup @Indistimgdof BREEB, COL11,

Nor e artlc ar enbodi nrents of nethods descri bed

Cdeei RGFRA, apé:N,o BMP b @ndRASFPLAc ase  idenkitied gas e@osmvely

affigh 36i8beRiphiAE i TEOKBEABRSEAREBRT IS Wereasing tne
expression| afr eithdrolE DENAsd/of AttK-Hodie idiestifiet) et hegaﬁl\naly affecting
of a 30 caonpound or condition to aff

h bi_|
carhlpgR: SRS reiiorn R GUAEY mindedbIRece! SRl e Produce stable

hféli'ﬁ\é'c?érhl‘éﬁe‘?ﬁfvﬁfbt of the conpound or condition on the
expression of the set of at |east three marker genes.

Mor elndarthec padiduar erhieodimantsof metbbde desofibed beldh, the set of
AT Nl S SR ST T
aﬁ?@'c@ﬁip@‘i@l I%f%bhﬁ‘elg/g)@aﬁ@%h%rk@ﬂ gehe§RéRectéP#bhn the group
conS|st|ng of PEDF, COL11, COL2, and FGFR3. More particular embodiments
of methods described herein, relate to methods wherein the of marker genes is
a set of at least six marker genes comprising FRZB, ALK1, PEDF, COL11,
COL2 and FGFR3.

In particular embodiments of methods described herein, the ability of a

compound or condition to affect cartilage formation is determined based on the
cumulative effect of the compound or condition on the expression of the set of

at least three marker genes. More particularly, the cumulative effect of the
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RASF- PLA and the cumul ative effect of the conpound or

condition on the expression of negative marker genes
WORiDB/06a304 or ALK-1 is indicative of the 5 abi|PCHEPRS007/010285

t he compound or condition to affect chondrocyte

phenotypic stability of a cell population. In

parti cul ar enbodi nents of nethods descri bed herein,

t he Bulatlo of ?eIIS|s obtaj ned froma joint

CBBWUQ i Fapaition er the expressiaago t.hsrﬁ%s'w@avmvrmse'ected
fof OGP bGﬁéMurﬁ&l‘éf FNZé‘ qutgm neEeR39ERE BMP-2, and

particll ar assays conmpound or
Ri’cﬁﬁﬂhﬁorandnthmtchmtyw eﬁecteldfsthescmnnposagedr cbndition on the
di msn s of her ei

ticul
Bffseset) B, BHURTe B BepPS Rl o aRe ALK ioRuRHEatVE of the
abityeonineesbridp biindofl d@ﬁl@lhbﬁttbWe&?bﬁ@ﬁﬁroﬁyféiﬁﬁé}%typlc stability of
aspect of the invention relates to the use a Sset of

apgllieapsiation. 15 i dentifying a conpound that |s capabl e

of aicﬁ Eﬁh cﬂﬂarté}ﬁb%H ty ofﬁnecﬂ%ésc’ gggcgrf eq ﬁ%relr# qu%r IpYJIatlon of

chon es or cnon rocy € precu

cpllsod;lmhiamd fromg® joint. THevpoplilatipriof icells ¥ obtaied W@h’i @ healthy
t he usg is characterised in that the set of markers

deBRpPI dee ansivdividual;with. 28; ostepeRondak defetn by particular assays
PR Ca ., cTeRund o PRI B oY BRERE 5 ingnvigaed. i

padicejarFSRRBdINGENs &fiVethaatsl deasHbE Aereim sr&eexbressmn level of
enbodi e | nvol ves a, set of | east s
o ShOTBdiidbe comelSE AR RIS AT & ausndfativecinod
COL2, and FGFR3. A further aspect of the invention

provi des kits conprising probes for 25 detecting the
expr &sfsirtbar aspectsfithefinyention relateate theayee fobansetpf markers for

<RSI Gl B8 r3T i LegBE  ARSER ly Bh e, mor

anieulrlyngohdrecytes or shbAGiRFtd pRIBUrE6r SRV BRstRicH tdttilage in
pof F>E[>Fyn(mcoul‘\'lt CcOL2, FGF %‘ %PN BVP- 2 anngASF- ge!

VIVR. dpcRarticulag AyplpdiEans thet ysarie phanactrsiseshiy émai ﬂh?e set of
riikers) ootpESs SAPTH Ik, Pl adbr,diHRb Shiprisng Frze,

ACRI12and mtheF&GFRbre I?aatldewlsﬂecw@ddjnrhésgroﬁ tc;msks'ttr@ of PEDF,
Vi e ar erein the WO 2008/ 061804
C@@-ﬂ/k&fgbg/%@b%s Oe%ﬁ é M2 ancRAYS FsBhdc IR sPeEiES apppediments,
tHey Qsé& g Yéb@sft
anti bog\?cg\sl,é\%tr?g V\ﬁterel n%lﬂéﬁ%?ggeg@h%rge@é@wsmp II::%%B ALK1,
PEIDHT&@Léhe@OLQcaﬁdrFGIFRS markers to be tested. Kits

are envi saged which conprise different types of
probes. In further particular enbodi mrents of the kits,

| abepl REtHYrORGFeATSF the invention provides kits comprising probes for
detecting the expression of a set of genes in cartilage forming cells wherein the
set of genes comprises a set of at least three marker genes comprising FRZB,
ALK1 and one or more markers selected from the group consisting of PEDF,
COL11, COL2, FGFR3, OPN, BMP-2 and RASF-PLA.
In specific embodiments, kits are provided wherein the set of marker
genes is a set of at least six marker genes comprising FRZB, ALK1, PEDF,
COL11, COL2, and FGFR3.

Particular embodiments of the kits provided herein are kits wherein the
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5 provided. Yet a further aspect of the invention
provi des devices for detecting the expression of a
W@ ea080618genes in cells, nore particul arly cel | BCT/EP2007/010285
typically capable of cartilage formation. In
particul ar enbodi nents of su%h devi ces, one or nore of
10 the foll ow ng corrponents are provi ded a unit for

tecti n t he expressi o rke nes, and.probes
SreSHiogRUg/EoNides why with SR wheieirkiegprobes are

oot s A i i o o
maKkers tonbeResked Kits Srecenvisagedrivdichecanpose different types of

descri e rein ar devi.c ticular ited for
ofpBeSe B it oA eLlroRspaimBRls of e ks, Jrhedlea prapes are
pidedoopul ati on wherein the set of rmrker genes is a

set of at |east six marker genes conprising FRZB,
ALK1, PEDF, COL11, COL2, and FGFR3. 20 DETAI LED

T M C A ——

exprées:sntcﬁ a séteof garesrseint calRp atdreypartictlbay ceds itysitally capable of
ion to produce cartilage or to stinmulate
chafAGe TR awmbaicdlar %B'B?féimﬁfli% of @uph iaaass ene oBmore of

e I
tH(%ofo‘FIBg/}gj V\,Eﬁ?ﬁ%eﬁnduce %VI d ﬂ;ﬂ@nrddri%}g% rﬁ&r’g %né;ip?essmn of
mnldaérogermsa restdegrobasst for agmtf ofratalteashthreé" heatker enes comprising

"Gl t h t tability" " nd
SRR TR R AL I A5 bt o
PEOR he@Piq, toopd, tPeFRE,| armmul BMmD tdhd DRRQ‘FCﬁLA Specific

cartilage i'n vivo. This abili ty can be tested
embedpertsl ofy feviepe cdesagibed Berein @yei deviegs tptaetn@dany suited for

ARG CBlbss i prae b 2ok 9 BSady! 3 kel Poptlich, fgerein the
s@tebferrmrmmgen(\e@ is o saﬁof aenSadtf sirbAdiker Jaraksomptibihg FRZB,
| opnent _of a carti %&T’F@njgl ant w thout signs of

Abgécﬁﬁg)ﬂ: Qbe},l%QLzrrﬁﬁ@ tion or replacenent by

bone or fibrous tissue. Alternatively, WO 2008/ 061804

PCT/ EP2007/ 010285 7 a fraction of the cell popul ation

(at least about 1 - 20 x 106 cells per cnR) can be
DEF&lieEDAIDESCRIPTEDNADE Ut HE @JVENTI®NI oconpati bl e

matrix and inplanted subcutaneously under the skin
De@pitigBsut 6- 8 weeks before deternini ng t he

devergg r'r"rtl o r?drﬁ@éﬁllcev\ﬁ%”é %%f mplagt rvl% bggﬂfation refers to

si gns o Vaseul nvasi on or dociisndr a

thieointetrentn .capacity dfnthat océlhe)rppeplelatlom nioe produrcen cartilage or to
n of ce IS ca&abl e of producing

0 at i
SPGB A e, FndgERRTopiials Sfmstahces.

A "chondrogenic compound" as used herein refers to a compound which

induces a stable chondrocyte phenotype and/or promotes cartilage formation.
The term "chondrocyte phenotypic stability" or “chondrogenic potential”
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 (ectopically) 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, mineralisation or replacement by bone or fibrous tissue. Alternatively,
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characterized by the presence of a specific

conbi nation of markers of phenotypic stability
waele®sootsed herei n. Chondrocyte phenotypi c st abPCT/ER2005010285

gradually lost in mature chondrocytes upon passagi ng.

10 The term"freshly |solate@.cells (FI') as used

herein refers to the cell popul ation obtained froma

ft di ti Th
a fiahial of tiapel paguaen 18t loasl aag el 106 ek Bepred) can be

sécdddreors! | o eebpsiRtedi ihech | BiocBRipaiBRI hafiR aandb implanted

chondrocyt e-contai ning tissue, such as cartilage, by
subgdaneeusly uddenocthe pkinstagi algoutlé -8 iveeeksr befcnfgpmwmmg the

SRR S S, BHL R B e rsion o
eP@FEHoNdraNb oY fhraedtiol. FeRdrdilg dertheqsresehPivetieh E%pbopulatlon

t he nunber of cells has increased by proliferation. .
of tcellsi thateist cppableoref @;qdamgarstab,lepéwabweqawge m wvo is

cﬁé&%f&iz@? 'bg}e tﬁg | ére%%%laab\‘ 05‘ IIC CUbiblt d?atti'o?ln of markers of

ropriate cuI ion nme

qu@t;oplal Isj?atmltyl lde@@nb@d#hen@iwy Ch'Bndrocmal pheaodtypid cétability is
IS, 0 rlned as a result of expanding freshly isolated

graduady %stﬂ@p@ip@dch@ddgcyﬁgs Uﬂ?@ R%ﬁsﬁg‘%ssaged refers
t° CEhb Sehi! GrashRY cﬁ q{rgje(? f(@?éﬁh refers to the cell
ave rves

ol | om ng expansi‘on romthe
pcpullatlaratobiamedcfrprrera b|cmsyngftenzt§ssad3| digestiemi dhe term “freshly

. / t hod d t |
sflBies Fafige, iBlsc Bed nélkindhds EeRis nhe Bal BaGuaton directly
oEt%He% fR6M éth%hﬁ%i:ﬁé’-c@ﬁtélﬁiﬁgrtlssﬂé%é&? a@%ﬁ?ﬁfagépiag digestion,

2, etc.) their tirre in cultlre or alternativel
thh@u'f PARASBEMDT t hei r popul atl on doublings (PD1, PD2

etc) e fect’ sed herein

ot oTd 18 “MBarkid | WASS BTN to BrolianIS L Bbtgined from a
tishusR gichl as aydriilagee itficAtey thas ene %éllpﬁbbul@ﬂoﬁfhasﬁgeen placed
cartilage. The term "nmarker score" as such is used to

updgresonditianshyhereky thel rawnbahpf:ﬁelteaha@mcaeassedawemohf@ratlon In

. ian . I i t.Q. .
R 5P B4 BhRaRea Sy Ml B i a5 Sbudfen n o
clltivatidrat iecgiemtr keith sapp&jpéra%eé ebaltlvatlédnﬁnmumrnaﬁbﬂ@nﬂfy until
t mar k score. of ifferent markers of the sets
coiusibker Be SORURIGH whiAh 1§ AERIHAS 2 THFLt Ok eHBENGIRG freshly
isbReet el istefatiePio 4§pg ndi vi dual markers.
Al'ternativel Y, the cumul ative marker score takes into
accolbhe teimf'passaged'| nefehsa toomatllm whichohavé HBeeraelpanded, and

RE il BRadfiibh FaskooBas Sl SEar oS sutaten recipint
usTRg nz9matieX cRameIIBdreH pﬁ&glé‘&#'rﬁethods and are placed at a lower
density in another cultivation recipient. Passaged cells are referred to by their
passage number (P1, P2, etc.) their time in culture or alternatively, by the
number of their population doublings (PD1, PD2 etc).

The term “cartilage defect” as used herein refers to any condition
resulting from the loss or damage of cartilage or any diseased portion of
cartilage.

The term "marker score" as such is used to refer to a numeric value

which can be attributed to the expression of a marker according to the present
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The term "hi stol ogy score" refers to a qualitative or
sem -qualitative value attributed to cartilage based
W@R008/06u884 ol ogi cal analysis (e.g. no cartil agePCT/EP2007/010285

fibrocartilage, hyaline cartilage). 10 The

abbrevi ati ons used for genesRZ%n the context of the

present application are: Frizzl ed- Rel at ed

Protein_1 [ OM M 605083, Genbank U91903 ] ALKL;
inxeptiQn.nThe FQ@G@-H?BYG mefker qare; lefersi tadbe comiingtian of the marker

SB35 SRS AREE s 0 L SHRSIL s rosot invention

TMEGQi@]beCthﬂ tes@blof eyesm BjrtbethNidlidl]\mwkbzwaﬂlernatlvely, the

CYERAIVE e 1915 AAkes 108 Spcountreherances ol g contribution of

e%@é@ﬁi@cwrtﬁgg%ﬁg&%? p%}%%&%? g?ﬁﬁ@ﬁm@%tablhty and

agagrdaply isdrasgekon ma@?om?x rratkematicad fdTotulpase A2,
Qo obpB e MG S RIS Bl e gualitve value

attriy@tetli &0 dattilbgecBased toe 4 deistdibgieat 'aﬂﬁly%fs 6(esQel ﬁ@t eQrtnage
set of marker genes, the expression of has

fibracatilage. fwalingicasilage). f or the ability cartl | age
formation of cells in vivo. Mire specifically, it has
been 30 determ ned that by attributing a value to each
Thé abbesdaticriskgsed fory@nesiintin custexy of the, pﬂéﬁéﬂhap@i’ta‘ﬂ@n are:
‘essed a a cunul at i ve mar ker _score, reflect

t he
ity %\ZZJ%WR%!%F%’I Rrotein 1tEpM||M(ﬁ9§QB3 Genbank U91903]

not ypi ca t abl i v
28%‘8/ 036/2804A¥|§’6C{ZYIL'/§E%2C% PRI By Flke Rind2 1 foMiM 601284,

i dentified Ganbaakﬂﬂéééal i nvention as usef uI in the

PERE T o car «Plody Bpiae i el Ere el iingar4fbo. Genbank

group i ncl um|7397g e p05|t|ve mar ker genes FRZB, COL11,
COL2, FGFR3, BMP-2, RASF-PLA2, and OPN and the
ﬁugut i ve neERBageLiapesXI KIOMIM F20280, /@I@mbardhémM??]

C "5, Rl 5 AR, oble g Br ol Lo

FGRR®rs hasFibestiiast Growth Factor Receptor 3 [OMIM 134934, Genbank

M58051]

BMP-2: Bone Morphogenetic Protein 2 [OMIM 112261, Genbank
M22489]

RASF-PLA2: Phospholipase A2, Group IIA [OMIM 172411, Genbank
M22430]

OPN.: Osteopontin [OMIM 166490, Genbank X13694]

The present invention is based on the identification of a selected set of
marker genes, the expression of which has been found to be indicative for the
ability cartilage formation of cells in vivo. More specifically, it has been
determined that by attributing a value to each of these markers, the cumulative
value, which can be expressed as a cumulative marker score, reflects the ability

of a cell population to produce phenotypically stable cartilage in vivo.
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identified, conprising both positive and negative

mar kers. Positive nmarkers are strongly expressed by
w@opalersions capabl e of produci ng stabl e hyal i PEI/EP2007/010285

cartilage 10 in vivo, while negative markers are

expressed at low levels or n expressed by

popul ati ons capabl e of produci ng stable hyaline

cartilage. According to the resent invention, the

absehbe markerpgenes deniffied Weﬁm ipvesentriRuentieramssesefal in the

f

2SS SRR o8 Y S o, BBYBLIatll tEnEfe, cHtizfle foRfation are
seuléctedpfrees itheen greup ndclodlngvtheobotshwea:bnakkérygerﬁeslEF RZB, COL11,

R ALK TRRI 2 BART £1/2. and SPalafaife egabvannasser genes

AgRAeandf PEDE . PAGSiEBhal W&Réfé’rﬂnéyﬁ 3 flﬁé‘hHé& in the set, e.g. as
characteristic of a cell population, typically

cetrdssti ng of around 0.2x105 - 1.0x106 cells.

Di ff t ds, f det

arc RGareTRrERe tooBie Presadbv st & Fot OhecopHreg e been
idehefigd essnprising Doth PositiBlAane negalivd ﬁ%rf(ér@”%smve markers are

fraction of the cell opul ation (typically between 0.2
strangy exmr@sfddoweomlglagﬂ@s capeblércsfmrydu@ﬂmle tsalioe cartilage
/nl%wqglh e %R%éaﬁaggefésér? ;#g%g%egp lsgglrr%e§§%h% ?)fR/rgssed by

pmptylatloms tdapabﬂi @ttproﬂbolhgss&bﬂlé Waﬁhefcadldgeagﬂafdr&mg to the
and neasurenent of their relative 25 intensity
p@éﬁﬁafry@r\&waht%apswceaoﬁ@ae%m ) ag@e&aty@cwaélser can serve

ad¥ pol Ngnmarlﬁqs e OWﬁhé‘%)ﬁ Of 1! lrésearﬁqn%ﬁﬁbn such

|nd|V| u e anal exp eSS|on 0

mackérs oﬁlwrgcrmubbeabsetmearqﬁleipreasuoomst Mmtq/teesaf the ablluty of
Addi ti onal ternative he, ampunt of

chiishaa BeheSinis iy ve Ry ek fpS@Ty 35 negatvg mvalkers.

t echpebR@¥ionPbf ks ket heHey of 'tﬁé‘tﬂréséﬁ’ﬁ' mtv@:ﬁtlﬂﬁrlgeé Yeature
mentioned 30 in this application can easi

charegtaristiedobhya cab papulaken, pafmzﬂllybasesisbmgtcbfe arckund/vro 2x10° -
1§)§q5eg§|§s of the marker genes. Al ternatively or
drtronal ly, the expression of the markers is

neasDiffete MOnSHEH DD Hde MGThINgPER0r 65 8ibP2St5gerids afe kR6wn in the

protein level. Protein | evels can be determ ned by
aitnMasbtyrjcally. aeserding t0§b@rpr§§ews§tvenhon,| BNA ig isglated, from a

BTPSENS ET TR Fyfcgl LGRS TP 1 ol anc

prefenablys betwerin 0ExXM6P s- i1r106)cand ramplifiseli Usingoreverse PER. Such
ul ati on, such as via mcro arr

o G bebe B Ged -7 Siryeipniiee” va) via the
cBLOSHASBAR O AmpHES, DaghRhTEAE RER RGNS AR, rlve
intensityl ecmpacedovittt thaERf & 2Bpusdlidepinggeese such as beta-actin.
However, lower amounts of cells and even individual cells can be analysed for
expression of cells using nucleotide amplification techniques. Additionally or
alternatively, the amount of DNA is measured in a quantitative way using e.g.
the Tagman technology. Primers which are suitable for the markers mentioned
in this application can easily be identified by the skilled person based on the
known sequences of the marker genes.

Alternatively or additionally, the expression of the markers is measured
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in expression at the protein | evel can be neasured by
detecting the anount of protein present at the

WEo®BN6BM corresponding with its M and/ or | EPPCT/EP2007/010285
Proteins 10 can be quantified after staining with
Coomassie Brilliant Blue or ?Q equi val ent staining or
can be quantified by incorporating a radioactive

abol i.c la 35S et hi oni ne). Dependi ng on the
rmered@f‘éf e'Jz’ij aievRlsicas b be,detgaminad-y imeuspingical srethods

s@éfPé@WeﬁéﬂJﬁS%téé EUI@/@ anti bodi es) can be | abell ed,

) ronnp oric or 15 magnetic or radloactlve

I abeIrB spedfiaenbodiirents dfttbe tineentadn, ehpr@gaessionl of markers is

S fic embodinents it is .envisa tQ detect

exmfintac iy RAMATG e SApreRubhar ratiaes qucormitq! population and

aﬁé&P’@hﬁren?al'MﬂS‘@Mtloﬂf sUBH kenga ﬁ'ilérdjﬁrtr§§i@<91r4%‘fo@—b|5&\a|¥8|s after
e others are detected via PCR 20" A further aspect

1Bfortd{2 prefeimelestioph@esise Heieie the marken pioteins anigrate in a gel in

oS5 BB Y AL YIS o U5 BLGRIATE 048, 2D, irences

lnf @Xprésmentétytherprbm#h e lcandsd esdddiged by deteksnd tid amount of
present invention (at DNA, RNA,_ or protein

ploé%'él BreseRbatii PORIOPCHERSRNSING R oMy and/or IEP. Proteins

n
o B QU licaatiér AT il CRUNPARR BtiaREEIts i fn, sauivalent
stalrdleglon:e:ahobe peshtfied by incorpoctoy aabdicastioy snetabokic label (eg
355% {1’? for determ ning proteins (e.g. HPLC, nass
el ectrophoresi s apparatus), but can

al SOD@Eeﬁdh@'&PfPﬁﬁ%ﬁ%oﬁbW&e@r 5ﬁ¥b§&¥508h nucféﬂbﬂe probes or

Such unit 1S, when applicCable, equip W
proteinteiebes (saeh ageaardibodias) tdan harlattmllegiereeg; wrth mhmmophonc or

I 0. d
mParbfiE et BfiERRR 1258l BB Fi/BH dalsfive O RrERSEAM vo
or npY epééifie erﬁ@@dlhﬁstdt@nlslscéﬁwbﬁgéﬁ QW"‘dé’c@@?'dlffé}SHi hedtkers by
or under different conditions (e.g. density, passage

differad techriavesn Rerpssnpleo a)numbet pemaskerstare driected tyf ELISA
whpgOmrgggghgwgétvpcgﬁﬁozoow 010285 11 invention can

conprise Ivering one or nore test
conpounds to the cell-cultivation unit (which
deI e can be indjvidyally varied in anpunt or

& cgspast gl fie InvRAtRR iRceVidan @ olRice cSuitablq for the
dét‘ébtl&t‘i"Féfeﬂ{é NHarkeld Sofa \ééj‘lél%h' N8 b Hcﬁ'léfr Bﬁﬁ)to%%%ts such

NA, proteins). tion, |sposa
d@\aces cdogsisas e emt|feaglﬂdctty>rqorlndlretglypdeﬂeeangxrthe markers of the

fic e markers described herei
o BB bRl EB B IV CRNAL o BrAfErS eD: TS Unlapt Be based or
RNRe TINARbPitfzatiBh c* Heﬁéé'ddoﬁnrﬁrrﬂfrfdlégléﬁlt de %ﬂ&'i ”SG@“ laOfhit can
of the status of a cell population.” Accordingly, the
beradgrantitative) PCR apparatus, a device for performing |mmunolog|cal
assays, or a device for determining proteins (e.g. HPLC, mass spectrometer,
electrophoresis apparatus), but can also be a (disposable) micro array device or
chip. Such unit is, when applicable, equipped with probes or antibodies for
detecting the marker genes or proteins of the invention. Optionally, such a
device can further comprise a cell-cultivation unit, wherein two or more cell
populations can be grown under identical or under different conditions (e.g.

density, passage number, medium composition). Furthermore the device of the
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i nvention envi sages aut omat ed devi ces, which are

optionally conbined with 10 di sposable cartridges,
waReostesh4 ow ef ficient quality control of cel | BCT/BP200%5€10285

inin vivo or in vitro applications. According to

speci fic enbodi nments of the Ryesent i nvention, subsets

of the marker genes identified are provided which

cal ﬂw a reliable assestrsomeé{leﬁ:i of 15 the cho dr%e
IYREHER FRNCATRYSS RrYnbior SEliypTing GBI At MOFE BrSt&OmRRuNds to the
ceicliiti4tioh @i@@ﬂiﬂ@H%l@érﬁ%ﬁﬁ' beé GRIiVRIUaNY |V&RRECIN amount or in

cartilage fornmation by a‘cell population’in vivo.
timesprofita)t iFinally; Ithe denicalslan sempriseé asunitforgealacting cells and

. C ris t | east parti.cularly at | east 4,

el ST paRta PN ERAGetei88). e st

par t irf Wddition, dispddié daridgebearedentishyed domp@ing probes or

genes. According to one enbodi nent, a suitable 20 set

specifiarieageptnder dmpnpeess desaibed breeipowhichy €apabreksed to
-and e 1V I eneral .t -

AP U e Beagpn B Ihes Bifers, ofndo dpid, dfid effcient

deteemiratigimeroft the istqtast obfa walih popaktionngAcsordinglygnthe present
otential aberrant = expression of one particul ar

_the. : : .
"WEF‘REP . SRMIRAGRS AUIURteRnfREFES aMdCh @re coRtiqnally 2gombined with
pbE8bRMartidRfas i in i
d%g?ggm [ ca pr oceég\gﬁ?ﬁ gglg\.w)é?fgg%?ilt gg]taﬁ%?/@ﬁ?(ﬂ\sfgl c\;/eellg fiorr1 useinin
vivhatdn odya appliddtionst abol i sm (si gnal | i ng pat hways,
receptors and |igands, matrix conmponents, processing
enzynes, ...) and each of these processes can have an

i ndi }Aic_dtjﬁliingﬁrﬁ@%bbcﬂi% EMBBEMNEME SofPIRRNSIEXBhE invention, subsets of
stability. Thus, the nore marker genes are taken into

thecauiker, gemes iaandified aremrevidedavhich allaw asksdigblecassessment of

ofl chASo AT REREO I SPRRRD 7 Hel bbb or bt a0 of -
campouindh® ceraiigsnrimenflugnice catitagecforfiatiohl by a cell population in
conp|icated the assaéI becones, WD 2008/ 061804

viseTMas peTi s Suitablecerts il markey geneseeseriise atleash 3, more
DB SUSHEPA SREFRLOParfl il o LS o fH Pty o
lemst Beof the dentifiedtrnarken\genak| Aecaldird toone tdmebadimaat, @tuitable

rmrEer enes shoul d be kept bel ow 10. | ndeegi,éﬂt he
Sth&hJeardF! (Rnes, EPERESET 41 le4sk g ROREIYRdPagigtedene and one
négatemarker gsheset 5 of marker genes will be of little

i hfl uence on the overall expression score of the

mar k Bt ggeeres . thedewer the nureber af onankern gengsdtakee into account, the
ntribution of the differ

d.relati .
BRI, Rt PE BT TiRaBoBh Siarby Arfled'€ niplentp! aberrant

e SlonObf Btk PaftidiBdMRRitker. aTHe Adiffereiiti iRipkétst Blso reflect the
eterm ne the chondrocyte phenotypic stability of a

differentppiaeeasev et anakaliceproaassesnratabelie procgsses, etc.) and
pathways involved in chondrocyte cell metabolism (signalling pathways,

receptors and ligands, matrix components, processing enzymes, ...) and each
of these processes can have an individual impact on chondrocyte phenotypic
stability. Thus, the more marker genes are taken into account, the more
representative the assay becomes of the complete environment ensuring stable
cartilage formation. On the other hand, the more marker genes are to be

determined, the more technically complicated the assay becomes,
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10 conpound or condition on chondrocyte phenotypic

stability of a cell population. According to one
wepsdersent, a set of 5 6 or 7 markers is an BEI/EPMD7/010285

conprom se between the accuracy of the obtained score

fromsuch a set of markers qu the practica

feaS|b|I|ty of the assay in Argh throughput screenlng

One, agpetct of t res b nvent i nthusggy
cg@prq{plsg} tS g3sq R é:@ Fqg SEeenip SO, |n order to
nfaiithin 8@ rdIeyared eﬂtﬁ?ee'csmr%tuBEZ it éahﬁ\ Bf ﬂ#’é’nﬁ‘&kér étéhee to the

of the positive nmarker genes
owRll 2evatugion, pthe2 nuarkierOpN rearker rgema@gahould bar kept below 10.

BB T BAREI 05 o AU g s s

of eRaskert JerRRs WAtk b8 |iftRkinAdetée bRa&hE RAAIPBRPIeSSion score of the
pot ential markers, i.e. representative of cartil age

megkeratgenesi nBaseds aRZAbesaL lkrguments nandethgenbserved relative

QGG S s ARSI IRE e f S ines trt any

npaber ofiinsarkgrs bbtveat 30andi9 isesiditabld te @letermkinethe chondrocyte
cartilage formation includes FRZB

pé&%t?éﬁgtsgdﬁﬁkg{ iRl popslation: o4 tor aissere Hieoupfluence of a
c&ﬁngégﬁa 'o'FQ:oﬂH t%ﬁ%n c%&ﬁbcgfnéoplé? a@g&c@%ﬁg{ﬁ ty of H?téqleﬂopulatlon.

i mrents o the inventl to s
Atecrdingd to5ome @mbedikeent, gerses afobpré sirng RFRERersAlidlan optimal
and respect,jvely,. 2, 3 and rkers.se|lected, from

QPRI BB Sr uiEeRy 1 apriRCY (AL e, Se@ined pepRsfrogBugh & set of
mafETs Me%dcﬁ&’dﬁfe%bmtm thb%'sﬁ?'nﬂ hndﬁ‘ﬁrél‘?%d}fsc?éemng

| east 4, 5 or 6 marker genes 30 conprise FRZ
and respectlvely 2, 3 and 4 markers selected fromthe

grou 0 | L CO11, COL2 and FGERS.

oL PR 308 B B ik BrO006E EEbr gt east e
mlavkéferregmeﬁtatﬁ/euﬁffbérﬁl@géﬁéﬂﬁaﬁdﬁséﬂbbﬁédfior‘nCthérg?S%%onS|st|ng
WD 2008/ 061804 PCT/ EP2007/ 010285 13 stable cartil age

of the, pesitive yuagkar genes ﬁRZ\% thr-‘lnzeCOAszGIﬁE@F BMP-2, RASF-
1 t th
P%s ]a’sngt Eﬂa Il]:%nes escr e% AQ’P@E%?\%)&%BE °

r ef eAcmfdir[g hnea anticadat embbGimant ofGakqresdhininvkation, the set of
s the

K I ferr to a _ _ )
at: Gash i heikers 29K, U 16 BPIEgEnie Rofental markers, ie.
réﬁéé@ftétnfé’ﬁpbhﬁ fd/r?ﬁét%trf @BIdafest PRZBS A Kof and a marker gene

hondr ogeni ¢ pote tla ers whereih one 0O
seieqtﬂedrfsomahé g(C@plQonSISMg a)ﬁdDEEKH:RQCDlsﬂ r@@lLﬁceFdBIFJRS BMP-2,

RESE-FERA B OB Pt ST o T B 4%, o2 markers

repPEBHTitadfe of vaftildded f&}nﬁtldnhiﬁc%@éq:REBSWUKblegnd a marker gene
chondrogeni c potential markers, wherein one of the

seleetedi femihe egroupo coEisting QL PEDF r @@latbdcwz’eu ah@érFGFR3.
Flﬁﬁ?é':r gﬂnéodﬁ#é\htgrof % gvenﬂ&?\ r%¥angloessets of at least 4, 5 or 6 marker

genes comprising FRZB, ALK1 and respectively 2, 3 and 4 markers selected
from the group consisting of PEDF, COL11, COL2, FGFR3, BMP-2, RASF-
PLA2 and OPN. More particularly, the sets of at least 4, 5 or 6 marker genes
comprise FRZB, ALK1 and respectively 2, 3 and 4 markers selected from the
group consisting of PEDF, COL11, COL2 and FGFR3. According to a particular
embodiment, a set of six marker genes is used to asses the ability to produce
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section herein denpnstrates that narker scores based
on the expression of the sets of markers discl osed

weegeishy a chondrogenic cell popul ation rel i ediI/5#P2007/010285

predict the nature of the cartilage produced by the
cell population (as determ %d by hi st ol ogi cal
anal ysis). 15 According to anot her aspect, the present

SR oL L P i 1 B AT OB o1,

COL2| aHiaFGFR3. h'ﬁh@rcﬁﬁﬁﬁlatNQVﬁi‘Hré%‘f H{é3¥h|§e§etf ®f rhlfker genes
use of t he sets of marker %Qnes di scl osed herein as a

desefibed in fxamplest feferrest ta herein s the pebaodsgfielect)” markers"
(éham I'(ér%%feg a%gfr%lférr%gﬁ# Iagtthgn’C AN o%glgﬁpw %{éx f}glgqnatlvely

tlneﬂ sbhe)f tmarkers @otrrises @fvatiatibs dffthts@eﬁ@ﬁéﬁdﬁdr@@ehl@potentual
treatment of cartilage defects. These net hods

o3k e M1areBd ong 9?15'?9trﬁés}(e"%d?rﬁpfsec@hé1stc‘e@|-3fand FGFR3 s
t
rggg%Eég‘fﬂvng:gﬁteH%rﬁé‘rP&S%%tegi; i tgg Gl g %re-'%é? OPN and

enes as scrib

BhdP12. clwd)rarpqmcmlbdy ether sest if mar&érsic@ﬁbné’és afvamatiselof the above-
esent invention, optionally

h
d §5'§%%§85°'& ogenic pRIAtiAL BaRkE R WS Oneqgl e positive markers
(I@L’H CbfDliy réhactd Hdsi rRASPOIf’BQt b@g\l 3F‘E§VI\FP _2.SThe examples

used as an indication o qual 1t
spetien hereim demOnSrtf;at@mtlmtlmarkep Lscpmebaseﬁqum tke expresseon of the

ST afSPSHiotad sefChu £ PasBrogsnic SdCpRP@Ton reliably

préiste tHesAaiUpedohethel apthd éhﬁro'iﬁlc@blt GYEn ST célhepopulatlon (as
assessment is generated in a report or summarized in

dgtermingd by higtelegichasalysimle cel | popul ati on may be PO
or any passage of a cell population obtained froma
human or animal tissue. According to one WO

2008 /A26dR1Mg REBNOBAA0T4EEHD 26k prleéeaﬂhﬂ,@hneﬁtproma@sCrﬁle{hods of
dg{oﬁpr ulation is between P2 and P6 of a popul a

HiNeE  cheagtosytainaherelypic &é@b'bﬁ}’oﬁya cell populatlon More
pﬁlﬂc@ﬁaﬂ@t (5 e%'eséﬁ‘fs irfU&mRsh ﬁov%gu*o?tthgnuséj%\‘%é% Ccﬁ”nmarker

be con nmost C popul ations consi dere

gehes dmin&ed herein s q)tcaxﬂentthe rassassraent ef/ehqnqlmsmphenotyplc
blings. Accordingly i

oURR . 3 gBBRARY, e LSS coirl of

c@@%;ﬂﬂétﬁﬁhs‘ %séasﬁﬁ&ﬁé '@éﬁﬁlaﬂtaﬂbntﬁpdéﬂ@u'na%é’rbontext of the
doubl'i ngs ( tionally, the <cell populationis

tregtentaf §ﬂl’1t!ﬂgej| estent hpassngth@dso@ne ohaldcierized in that they

f f di ff
opfHBrS o€ 5L oL St Bla Db RS am B e, P Poridptian of a set
of markéregetast a$ descrbed hekdinl NRYe foaPtit LAy, Ahe BXpPession of a set
bi opsies froma specific 10 patient are ‘optionally

ot BiAskeregengfi assrrdng ta e resant davargionh eptiopally expressed as a
cumulative marker score, more particularly the Chondrogenic potential score, is

used as an indication of the quality of a cell population for implantation
purposes. Typically, the quality assessment of a cell population is performed in
a laboratory using standard techniques such as those described herein and the
outcome of the assessment is generated in a report or summarized in a quality
control sheet. The cell population may be PO or any passage of a cell

population obtained from a human or animal tissue. According to one
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stability (before and/or after conbination thereof).
Typically, the quality assessment is perforned at

W@ Rp®80618e4 t i me points, i.e. prior to inplantatPONEPNE7/010285
cells or 2D or 3D tissues in a scaffold or matrix),
prior to storage (e.g. freemg and/or retrieval

fromstorage, prior to and/or af ter subjecting the

cell population 15 to specific treatnments and/
eshpslimeshdhe crll eapulation 'étQQéW?erP?oﬁ@d &peta p@rpuiai@n obtained

floRy e?t hAmhdrS 5a9tllg§Eerbr6 LR ﬁ na*l%l LY Aufibbl o f, Population

popul ation to produce bl e g carti age’in

dpublimgs @wanebeheonsidersxt Forplnamﬁtatelbrpomnat&efsd|cogsueted in the
oconpatible matrix and

LB Hd R SERAL) Pl g 2 poputtor
dbUSIlﬁg’é ' A%c@fduﬁgﬁ]? #P1 thiet YeoRteraf of hﬁ\ecedrles&?tp%@éﬁt% Othe cell

to ensure a cartilage i nplant without signs of
p@aytatnparls iassassashatier &ratdvioopepulatitrodoublimgsa(P@n Optionally, the

h K
cB B4 51 SR RAR 0B Bl SR, SRAEER, GRlngly ingying PO
of oamromrbm@ op&bﬁoamraemrbuapgehl Wi Ia@t¢|@§o@§tr@msplantauon of
ole, whereby a representative sanple is taken t

CEUST i mtwe%yhmléo@btawﬁ fsemoone mmor@eb@pst@@dfrom a specific
or, r r r y
pgﬁe cgr?mﬁgﬁ(gﬁlgt |c8%?1%ﬁeraﬁvé§ cl?kgegt ?%re)%O%%%cdytg phenotypic
stability n ¢heford yand/odl aftduatorabinationathdéreofheTipidaflipr the quality
t he ex reSS|o peci fic genes using cel|-specifi

afee Nt ig ?ﬁm% &t specifisipe peipts: d-earmstaide Iagqiae&atlon (as
[
L of DDCH SONSRUBN i &sCHOMGF midlfix), Hicf %6 SHFaBL 8, d Meezing)
aodndetigyal f:rom:eﬂolrage cprorddiare/st aﬁéesuhlmebilmgathe cell population
whi ch t hods are of use as

tos%’?%%ﬁ?ﬂsa %nt§ adﬂ% AR5 conprise the step of

Cont e’ the CHIIBEN BY UMeC a¥BLA0GBIAS 1 htion is to d
e e R Coger Qoo g%)pul ation Wi Th a compsand e the

ablityc o @ @elbﬁoahlatloaebeprﬁduqsgsuable byplins saiiagé in anmatprlor to

e ALt mbHRRIAT 6 S anb algoy ERERuRIN B Plocomhpativle
natox add Subeefasist |ﬁrp1|ar&§ﬁ@NSTfﬁ@marHéﬂ§¢ér)él iGndiative of the ability

E ounds or conditions that affect the chondrogenic
0 yﬁa ellypepulation ouil eglisole epsuteeial sartikaeoimaplegt twittons signs of

vESERRAH iAGASio W%n’&%&:ngﬁgﬂéf bHﬁS‘?orIr'r?at'i&ent ! fy adequat e

condltlons or cul and/ o
adm mypically,rtbe cee(bresmlmubﬁme(marlfers fort d@t@ﬂpirﬁn‘ﬂg tie Atarkér score
t he conte t of the treatrrEnt f cartllage defects. In

Clowerelly gnté’t §duesen Hlﬁ?ﬂtl'%@rf? g1ed 8o suselt pepulation as a whole,
wﬁékétgﬁéer@pPé’se?\‘?@tWé‘ sSSP kAR t d@'&%tér%lﬁgebgﬁﬁéﬁﬁgiﬁg&ch as

t he marker genes Is determ ne ypi ca
tf‘@ﬁ@ degssibetli herein, twhvetheoor medlitbe noarkers aré @xpressed by the cell

péfﬂg%ﬁuﬁdgr Inveslléét\(at '/ﬂperna{m esiy, mHmciuaﬁl eﬂs can be checked for

the expression of specific genes using cell-specific methods known in the art.

According to another aspect, the invention provides methods for
determining the effect of a compound or condition on the ability of chondrogenic
cells to produce stable hyaline cartilage in vivo, which methods are of use as

screening tools. These methods comprise the step of contacting a chondrogenic
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density etc.., as well as conbinations wth other cell

types. Additionally or alternatively, the nethods and
waswayeised e used for the identification of noPEEPANT/010285

factors capabl e of affecting chondrocyte phenotypic

stability of 15 chondrogenic,gells. Such factors can

i nclude gromh factors, mtogens, additives, small

chem cal nolecules etc... The _object of the screenin

celbpompdation ‘M'tbeﬁwPPWOPﬁét%r@”Qg'@PLﬁ”q feternipng theexrsgssion of
aSL&Y 'o@grr%frké’rdge?\'eét Lakbidih fto°$|'14f= ?Re%%H& ahl@RGor OPy that cell

transpl antati In the co ext he treatnment o
paz;wlaildn'age defects. Typically, factors of interest are

fact re, ca bIe of. 05|t ely 20 affecti
the. Sfartinsl). eciniaBicn ReourBR metpistadd alsnys Tof fentitying
Eébﬁdé 8P cBRditiohs ftAat affsct thai cﬂ*brmégém& Q‘Ja‘ba@ftf/ ®fta population
features of the cells (e.g., cell nunb

ofscteib; Accgrdingtq ong emmdjmqmrtaﬁemeﬂpdols uses to identify adequate

oSNl Rk St TIPS, Bl BaRygtbne o

tr@uﬁépﬂsmtencnhhethep lRentx@ coft thepreaahent of sdéartliaget defeicts. i such
cell population. 25 Additionally or alternatively, the

methadss aaehPNeseaeRis csll RaRiIgicns rgublerisepispecicedanditions and
th%?t%ﬁbgésgi&%[ %‘frtﬂ%” t‘ﬂ;én‘é@”fs‘ fdeF@rHuRé‘g..olf'rgggﬁPoc%}%‘?nons are

ent i aI in"vivo on carti
spewifiatultination aieﬁw,r @.gevatmmtdnhmeraﬂ'dres us@ltiedtiort times, cultivation

screeni ng met hqds of the present enti
Ao Son 3o Mmahes PaRNANoBR MR Gihet cfodiRes. dhidonaly or
aI?érESﬁ@el?artﬁU ARANOAS n%dbgé’stiéé/; apd! u§ ?Aj | ®ori thd rHﬁel'-?lf?fucatlon of

of "the patient to ted and/or cartil
mbdmuMn factbrs csipablels¥fd affacting: chmrdreayteopheebtypuc Stablllty of

AGRBERGE TR oSt RIS C Ao MSGu pERpfatRe, itogens.

additie L sed | ERErhiat nidle6Bslietd. Of'liheV@b %@DS{ @\@1&9éenlng can be to
PCT/ EP2007/ 010285 16 occurring in pat hol ogi cal

identifyafacines ussfuli it thec cultivatios, cstaripg of | administaationy. of cell

ahiisicrs dof ArRPlAMaf SRR Yob e gl difent 81 cartiage

defestsoMypicallpclaessrs)oflinfepest rddatiors vm‘ucn @r@@updslet bfaposmvely
t%:’)tenUally counteract this effect. SO0 envi sa

Htingriherdicndspeyte henetypic stakility m@r1@¢lbﬂon>%latlﬁ@ aungiéor factors
wg]icpéggtt?ssltl\g%{/t edd tRer ffé’étu?e%SSisgﬁé‘Q:e:iIEe(e%t e rﬁ.llmﬁérdestablllty,

erapeuti c conpounds
etes pandior pademeters of thexultivaticm conditiges (e storage ilrlme number

ofRASSYRS AndD e 1 Heehr lerk Wiltgiiniegitvely Hifecting the
c%ﬁéﬁé'dﬁén@ﬂpﬁ&sf&fhﬂltﬁbfﬁ@célﬂﬁ@éulﬁhéﬁ‘t' on of effects

onpounds on bone formation, which, when tested

d| reeddmonallw|cxroaltemntndelynltlye basssaym and methods ofigile present
ink&h{idn are of use in the screening and identification of compounds with a
potential effect in vivo on cartilage formation by chondrogenic cells. The use of
the screening methods of the present invention is envisaged for the
identification of compounds which affect cartilage formation by local cells in the
body of the patient to be treated and/or cartilage formation by cells used in the
context of cell transplantation. The screening methods can be used to identify

and/or evaluate compounds which can counteract factors or conditions
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The met hods of the invention relating to the screening
of conpounds, will typically conprise the step of
W@ wBacts)y1g a chondrogeni c cell popul ati on w tPCT/BP2O0T010285
nore conpounds of interest and determ ning the
expression of a set of 15 nagger genes as descri bed
herein by the chondrogenic c popul ation. The
net hods of e sent .inveption allow high-t hput
OE%Wfé'BEu'HdD% 0'9980 ?SGHé'H?%%I %W@ﬁﬂﬁ? me@%%ge “stitUlated €.g.
RALL Ao $tfhalate flafiiatsy Whditidhsatd @hhahee -catabolic path
W,@\ccor ?tr?géto one enbod ??&2 d?ﬂ\dlte Y ?10 ds ogetcﬁea olc pathways
apd deeoﬁmwnmg@dateoanabxmpprcmessass) be@pe cidditiorp of i cognpduends  that
ép ﬁSIon of ﬁ narker genes 20 according to a
ppfediafly counte 8 ISigfféCtcel | popul ation to which one or
nor eAwr@lwgé?@ed]mhnﬁmé s?‘t%b%déf\/théfd?egéﬁ iR@SMticTHR) tﬁétlﬁ.‘é of the
to a particular condition wth the expression of
maskegenas floe asgesring ithe pﬁ@fﬁl@kélﬁ@@f@rcts nétr@ommﬂmompounds
e e
ml%ﬂ]bqﬁé ;ﬁ?%éa I SEH OLEIQ ?{e %{aﬂgé‘)& ec{fféegrrg o?t 'th§r’é‘ ‘ability of

chmmcgbgehlchelfy tonpréducarartiage ipopud. aTh@rmeﬂfdds of the present
sub{ ected 25 to different conditions and/ or conpounds
invgh '%%rﬁ?&?n%w 3o the direst ridentiication of gffacty Prganppeunds on

bgﬁé“fﬁrrmélﬂmat\n'/ﬁi& CRRER ‘Péstear}:ﬁré%ﬂ?%' ?’ o, W Iﬂ d\fﬁ@ ftlicBd on a

or a jound known not ocyte
lgmigentgmpi ¢ st ab| lity. The positive control can be a

d Kk ) itively. .
ﬁZSS? e anshodSiet tis Mestighdnsipple tae S6raehing o camegunds, wil
VPRl 8¢ drAPrise Ghé st P SorSES R8BIy a”Eﬁ&%’r%g@Fnct Bell Eﬂg‘éﬁ?&ﬁon with

|nvent| on, different paraneters can be~eval uat
o [drsnomncorBpoueds of interestiandddellermiungitiee exprgssion of a set of
i wel | | gt es i ff.erent, densities. .Cells can
Akt denes ot Brecifie Deleif 6 in® SO ZsucpERlalin. The
P 0MHD Hrdsént Invetionr éll@\ﬁdh%ﬂm-ﬁlréﬂgmﬁngﬁe@ﬁr{g of eg.

or applying a condition or both fferent regines
chemiceh rpmpRUNE Abraiess Pepbidadibralias, expressian dhraries etc..

Cond}ﬂ:&?ﬂ%\gf 18 8’? SHBB4RRt %ﬂﬂg %f‘i/sf 8f ttl% Sprgg‘gntb ﬁwenﬂon

added fere concentrations

comphaetthm Btept loé cwhparifigrthdi éimesmbnpef IaDd;‘et Ctﬁf tnamaer genes
The s plies to 5 cultivation conditions,

afﬁ%@m 9 A BIRSESY INVeRIaRdN G C@Hep%&ev%ttpowhtchafme Hy more
cE blbfué{s Abs el édde%ﬁ?WH'ic,‘ﬂ h&as EQn RUBfEEd 'y &l pdlficular [ ggndition

cartilage 1n vivo after 1 nplantation can be FSred
wiihsthel exprassgorespthessetosf rnarkep@einkesdn dea absente ofrﬂré<eompound

SE3E ol W ani eHERLRE) bbbt 4l Spoodimen
(aBQﬂﬂére'n% fraefon(sy oF'BMéti?uF; fréra tﬁB%@@:@ﬂ'p%pu%ﬁ‘Jn‘sté{re §lfbjected

the cells prior to antation and the effects of
tcdiffeeant eonditionscandl/ox mpohedstﬁwf coxgpaidsen wish each other and/or

with a positive and/or negative control. The negative control can be a blank or a
compound known not to affect chondrocyte phenotypic stability. The positive
control can be a compound or condition known to (positively or negatively)
affect the phenotypic stability of a cell population.

In the screening methods of the present invention, different parameters
can be evaluated. Cells can be seeded in individual recipients or multiwell

plates at different densities. Cells can be incubated during different time periods
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bel ow, the expression of the genes can be expressed as
a marker score, whereby the (relative) expression

WO ean8looisd4 t he di fferent marker genes is added PQPEP2907/010285
obtain a val ue, which can be conpared to the opti nal
value (i.e. high 15 expressid of all positive
mar kers, | ow expression of all negative nmarkers under

consi der at i on). Additionally or alternatively, th
betara eaAding cArfaraReUNd{iastelc 0b ARPlYING e Anditign @ 'PW@ Different
r{ﬂ?ﬁﬁ%@“gﬁé Amb6RAaHS é%’fscérﬂp 0hdS S cﬂﬂpaﬂﬁﬁ ENdifidbns can be
I's set of genes. pression of the narker
cgmbmdnbevhneopnds/&rttomv,antbeeraddad ae dlfﬁﬁeassessedtratwns and

based on absolute or relative val ue., Typical
reégﬁﬁnégsqo&?p%ﬁmlﬁﬁe qﬁyﬁﬁg; dlggfi%\t é’rséﬁql”de +t¥e same applies to
civaorkesmdindngene is used. This is exenplified wth
actin herein. As the expression |evels of different
hous@heenesgitgm@mqmy baseddirt ther elsgrvatien thatithe ability of a cell
the rel ati

RS 8iar e, e haher StA0T o Ll el MEBRIRBN Can be

phadictely Qfa@bag:rgﬂfeeemrbhsm&ﬁ spechie gneasitRdImaRedgenes) by that
beforehand in_a popul ation with chondrocyte phenot

cell papylation fig vitr QT e irselapéatinm J husn @@eéarewgfb@%ﬁhﬁgnarker
t t “ nf
9pfles o5 HEEE A mghfER e enbidrpdk it AEAI, ™, of WS, g Brior to

m;blantdtmhi‘md the efféctshaf cmhﬂ>a1rafsean@mbdelon§ thardon. agedetailed
formation in vj VOOEJF@ resent venti on envi sages the

bglow. othe gxPressIosy €?~°oﬁ§" % PIUEPFRRL A& Bratker score,
wlPi@FJb thd p@léfﬁ@t%&?ré%fsn&ﬁ%ﬁ%ﬁ bPehd fFrSHeAt hiarkef Pé?ﬁ% is added

glve cel popul ati1on an the evaluation o
up rtbl oletade aoYalfiec wivch candbe icomypasedt toetheabptimal vafue (i.e. high

* e¥iierSiona AROTRBskus el ssireserEssobrpatug A s under

comsiierations. Addiflohllydet @I[éfhﬁﬁ\/él?eth%ficﬁéén P éﬂhrPEdRBOinBjaccount
cell or condition on the bi | a ce popul ati on

theoapilitiat thengampesndarari ¢cagbtl¢n$ tn mfluemb;e 1y eoe marker within

n determ ning "increased or " decreased'
t'ﬁiﬁ?g@s éjrhe%of the marker genes of the invention
rel aEb(pﬁedstbna ofOlfieé Otnafierr gepaés vVef tthet PeesIr RRBINEBN can be
| evel prior to contactlm the cell population with
a

a%&%%@dn%iﬁ#doara%@haetqrdﬁ ive value. Tyrigaly, thespsassian of the
nfgfkérﬁggﬁe %%Pr%éréa% é{‘*ﬂoﬁge'ﬂe&?ﬁﬁigeg 5%&%@% @%‘%‘(empnf.ed

Ive mar ker “gen ecrease
witk moesshanemoﬁsdhe exprassien levetnol dné‘ermﬂkm’us@keepmg genes may

o§ fifsgal dos Sted meisa wil e éar?tagﬁiet%@gﬁéfe% e SkSesSion of the
nfePkBOHEASs cBfipated toCPeILEIEERS Y\Gh%ké:ﬁ) efries Will e ed to be

expression of one or nore positive nma enes and
establighakbetasehandgires piopulationowith chondroeyteeghenatypic stability for

ea rkﬁéu&efégé’plﬁ‘éc&r‘%“e ngsedo H?:%o'rdwenE %Ple present invention, the
combined information on the expression of the selected markers is indicative of
whether or not the cells are capable of cartilage formation in vivo.

The present invention envisages the use of the marker combinations
described herein both in the context of assessing the quality of a given cell
population and for the evaluation of the influence of factors/conditions on the

ability of cells to produce cartilage after implantation in vivo. Where the set of
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can be consi dered capabl e of negatively affecting
cartilage formation. According to one aspect of the

WO pwensisen, expression of the different 15 nmaP&EEP2007/010285
genes of the set of markers by a cell population is
represented by a 'cunul ativegmarker score', which
correlates with and is indicative of t he chondrocyte

RN o e o BB o7 Sston on e

aBﬂfV &f a %ﬂ'ﬁddm’*étidhetd @rb@ib@é Hyalihekarfla§don VAR the efﬂeet can be

he net hods and assays of thé present Tnvention.
baxsed edrerdetespiwingfingtgased’ o r%ﬂsecbrwxmagsdnv\pt nha marker

ablia BT 3hE huditdy FoiaPlIE ¥ chYE b et Fo FHEi55ES5Ion tevel

phEies iceatacting UbenbeéIc bopalation r\/&lﬂ'i)@iﬁ@%orﬁbddiﬁ BHBoAbitioRe In this
absol ute expression |evel of each of the gene

r%@u@@@’ﬂ‘wnﬁjﬁe ceils 1asr canditionsy which: inerepse i @xprassiaadef one or
8 Dssi ﬂr{)%e?inaglgsg p%p%gaérﬁéi/éraﬁbx%a%%t friet bQB?e%frsH)etngSg oge or more

expr essi on enes

nbyatipeaniarkert gereePaEtardinglLtb3he |merﬁrdm8¢arvbé)c,ontsmred capable of
n | evel enes i n the marker

pggﬁ\r/glis %rqgeﬁe@&e? pqﬂyofogt &g{r%eourpd%_ cgllgeor conditions which
d8X 288 xR d SYR lof %Beao&ﬁare bésrﬁ?&%rﬁ@rg@\rl\\ﬁ% I(ﬁ'i]‘rﬁllcgrfincrease the

anot her gene such ousekeepl ng gen
expressider etlone dranere aregativel masker apsiesnateording to the invention

3 U8, ouror cPeabl & eatelia et Boi crEfipSe aBnaton.
i ndependent of the ability of the «cell to produce

stabl e hyaline cartilage. This will result in the
val uéecordingtpr ereiaspeick | thef twentien dexpeassian efirtker different

BBk ALaERES A BB SrGmefite B3 bl BoRoBolg Bmyegented by 2

‘chengatiien Thirkerhecsremuwaidhy ecorriléiels SHIBr kR is bipdiddti9e of the
sumof the ratios for each narker gene. According to a

chandrosyteaphendtyricngtabilibf of the pﬁwmutatlothW@\/@umutawe marker
s&éi‘e%aﬁée\ﬂeform%‘?Lusa?lg@fv%ér?dlgp ulAGEH é’r?ntte?ﬁr foq{ Ef fhe results

or relative va expr eéssi on Yo Sach
imthielkraethpeiseend dssaysoftthe pressrnittiaventionassessnent  of

this |on ccording to a specific enbodj nent  of
t he B")ﬁ% f m@ﬁefqﬁfgﬂrﬁ Cikd \‘?@V'Sé%gs‘@'%ﬂt l‘@fcoﬂﬁ%ﬂ of the
pfé%'é'ﬁ?'in@%‘ﬁ@ﬁ 'fl'ﬁe >{E9ré§§6r‘r 'IéVe"I‘%? LONA b Gn AHERE 'cSﬁ'be represented

val ue, e particularly, according to
b)br esaumermén\taloe wihiatr es(sedeapghdaaoexm essnnomf othet rabsolute

ositive,markers | signed the v and absenc
RSl SRR ok RLbe SenaprUd'S in 4 Aefrioqer. Such
caleglatioh yhethod\dxst b@@‘sbd %Héﬁ b YyuanfBifetReddt8ctich bhthe expression
resent invention, ranges of expression |evels (or
ot thej marksyr genes is performed e.g. by quantitative PCR or ELISA.
Alternatively, the expression level of each of the genes in the marker set
can be represented by a ratio, i.e. the expression level of a gene is compared to
that of another gene such as a housekeeping gene which is considered to have
an equal expression level regardless of the treatment of a cell or of which the
expression is considered as relatively stable, independent of the ability of the
cell to produce stable hyaline cartilage. This will result in the values of

expression levels for the different markers being more comparable (and mostly
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expression) are defined for both expression | evels of
positive marker genes and expression |evels of
woegansrses mar kers of chondrocyte phenotypi c stebi/EP1097/010285
15 whereby expression levels falling within the
predet erm ned ranges are attqﬁguted a val ue.
Accordlng to a further enbodi expressi on val ues
[1ing aoutside the predeterm ned ran

, of
it BRSPS 10 T b AR kel O e AUEDYS maker score can be
trg&;rgﬁr'ﬁréf‘?hg raﬂ&efbr\é%@ﬁ thr‘Ne%@ﬁSSS' on of a positive

gene 1S observe very hi gh expression of a
negaticcerding Ker ageardiculas enbodmenti bfittbe raveraﬂrazre ha@ever the

V\hen deter ni g the relative inmpact of each of
B0kt REotRe's Dgasen e narkabsuliy o TelRie values of
eﬁfﬁ@s@ﬁﬁr‘ o éHche&Cﬂhe%Bﬂ(éF?HZaH&V%ui e $RGuallEiE hssessment of
Al'ternatively, the expression [evel of one or nore

thjeexprasgiPme consi dered as having a stronger i mpact

i CACBEITEY'S ORI Bk of ne, PO R Waiative

abSesgmentest the marnes gundshie arblteitiabssignet 4 hamencal value, e.g.
cunul ati ve marker score. According to a specifi

“entareerartienlaiine agepEdingoto thee nresemt \}'éVﬁ"'iﬁ%Tct ingreased/high

RSB 9 RBEE, R, e ey 1 B4 hsence o

expregsonodf aenpgame marl(emrs raﬁsoea@srgned me valued$) Most particularly,

attrib t he 1', when II|n Qut
aptchh i dne DaeBaNbvETRR, TaES OREXBTeRRtR RYSls o ratios of
ekprEson) %rre 3efihbs f@roééth'éﬁéi)réi@oﬁ‘ Tél@lé ¥Ep 3?1'&5@ n%irr\lc’(er genes and

respectively). Optionally, the expressi on
expressiona levals a0fn negatiee onarkess c@fnshdedeatytea pmncﬁxsmionsrtability,
press

withg\r/%fy 8¥erﬁ§'°Bd§Y‘¥w f%IFréé: %@3’2 oe/ngre;ie?%r ing ranges 8l attributed
a2H18é OAEESHITYCld BRRPBEr RHESHIme#®, arpressibbhclaldes Famag outsrde

positively or negatively affect chondrocyte phenot ypi c
the pradetenmipadiraeges of expressinn ekheppesitive @ndér negative marker

PR 4 BENPRE % 1 A5 B A R8O Y oLved o

veryotiigh expresiasena &nbgm&v@fna‘tkért gone) isaidd hadisuted a value.
els det.er m ned a set of up to six narkers

h
D RS e RmIinG The Tiat el TBBREH Of s OhINEMaTkRr gencs in the
cBfRIRRE Riarkér S85MR, tgée%&ﬁegﬁ%e&s ebﬁh%&?ﬁg Jaheﬂa¥é‘rlﬂe same

a scoring approach’b on expressi on ative
weighterAltgenativedy,atipe i @qbreﬂ;sron hievek pefc ohecoe rr‘noda r’gmtes can be

t he ;sc cal.cul at fromthese kers i fer
PSS, s R STRNGep oBAc on shodueyte phefolpic stabilty
tHatothat GEResBAKieh c%ﬁ%@ln%rﬁd?afe@f ||netﬁbsrerd¥ﬁeqrf®%€{ bf the marker

expression of a defined set of six markers o
geages phige cplwraitqnwfdhetwurlatnre marberdssq:cget Accdriding to a specific

g@ﬁ%gﬁf;&g Qrf db?gp gtﬁg' r%Fatrvehrrenp%X o the erg\r/rF marI(ers is the
same and is attributed the value ‘1’ when falling within the predetermined
ranges of expression (or of expression ratios) attributed the value ‘-1’, when
falling outside of the ranges (below or higher than the predetermined ranges for
the positive and negative markers, respectively). Optionally, the expression
levels within a certain range can be considered to correspond to a value ‘0’,

which corresponds to an expression level of the positive or negative marker
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via a sem -quantitative nethod and the obtained val ues
are normalised by conparison with a reference gene

W@ 200g/0613et a actin). Thus, an expression | evel PET/EB2007/010285
refers to an expression that is the sane as that of
actin, an expression |evel 28' ow 1l refers to an
expression that is lower thah"that of actin (0.1

corre to an expression | evel ich is

TP BRI BRSO IO ROTME 2t NgatRa aflFebuIastsooqe phenotypic
s{a%YIFW V&l refers to an expression |level that is

hi gher than that of actin. 20 In this specific

enmboth nithe emm&eqoree@mn i deseribiesh, hetein exar deghen particular

aof t emark ne, c res n to on
ehboimet! o rhvedfyias “Fredtiss. c1bE FAPMR e’ mgfer score
ré‘rﬁég@rﬁtaﬁ%f a bl cadithge dﬁ@ﬁBﬁl)peﬂs\b@té’rrﬂnﬁédW §|§§d>10urb to six

'evel (0-0.1) is represented by a score of -1,
matkerss sAeh af whieh (o attribytedsequal pm@@étﬁﬂéa bhe £xpressionof each
ob (0 gs SRIRTEhED) SRS bbopfSorprosson

retéiife ta av emagrkep\yenexipr applieth Inetrdsd s(o@cﬂlclaemb@dlment the score
a low ex e; ion |evel

Igﬁk?qcf r}t edrtgﬁgéﬁgg{ggs 8; rjé%grgqq doAs ndregenic potential
s@d‘r@" ‘?%Sb%nklﬂ%ﬁg? l"r?érhef §cofee\ﬁﬁﬁ§%?légtsbﬂ‘1eao\ﬁe‘?9ﬂ %ngetsssion of a

he sum o ese 1 ndividual scores repres
defnmdaxqet efssiommbekess aff camtamnpheeois'ptc efabih'iy k/éecncordmgato this
whol e. For set

efiREnentnt fie"FeRtinns e erihvesdf sadh 3e iy determined

viae¥eseilyGhntitatil® WAEtHIR AntiNthe' %B?Jlﬁ@@evéiuné's ark normallsed by
negative nmarkers expressed at a |evel _which is higher

comparispr withf refatenagegrye (exg-Heetaadtindobhus, \an expriession level of

R AELSEE SRR M BT EEEEH flrBryon vl

balegat1 veefersartsetd @xpratsiat bt aisl ewer Whiadh that |dWaktin (0.1
than the reference gene). Were this score is based

COeSRRNAIRG f@ 35| aXPressiom deveh whichs issHomlovam than that of beta-actin)
R i TS e e

thad ofotim i n the exanpl es of the present invention, is
expression | evels of a

[ i, bl |
set "B MimpRes i cHBQRMENGel epiasRl RPDEOn ferebression level
oﬁéQér?oPmeaH’éWert #‘@?@Ebﬁgbp&‘l% td BRe ‘b@‘i’r‘?’r%o;‘lidés‘?ole scores. In the

phenot ypi ¢ st abi ondrocyte cel
cassof atpasitivermaskei (rFQB& celanuelsh [BFRBY aewsmyelem @xpression

f. 10 a defined set
et DB i Pt d oA Sonfe o choRdoligiREssiod evel (0.1-1) is
répResitbd a5y BPscbradsf 0 gid athlgn Slpressibal (‘3>1§Q§'%PF1=5§%nted by a

thereto, can be used to evaluate the abilit

seasepelint .t verselyt fehendregajive prasker ;xai.mstlaﬁnﬁ)tg very low

expression level (0-0.1) is represented by a score of +1, a low expression level
(0.1-1) is represented by a score of 0 and a high expression level (>1) is
represented by a score of -1. The sum of all these individual scores represents
the expression level of the entire set of markers as a whole. For a set of 6
markers, the score can thus range from -6 (all positive markers expressed at a
level which is lower than the reference and all negative markers expressed at a

level which is higher that the reference gene) to +6 (all positive markers
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of cells and/or the ability of cells to formcartil age

in vivo. Mre particularly it is denonstrated that
wW@awsoesm of particul ar conpounds to an expandedI/LB2007/010285

chondrocyte cell popul ation inproves the Chondrogenic

potential score and the phegqtype of this cell

popul ati on. Negative control addi tion of

ou ds Xg]i h pronote bone forrratl on decrease the
8 A \ﬁit"@ﬁ?h a3 highardhapdberefargnge aene ang adlppegative
rﬁéﬂ(@&t bRreBEQY 'a@ eas IV WHEH Y W KRanSHEr r%?ere%és&trgegn Where

be used 1n a cell-based screening assay to asses
thisfdooed de basedZOh ahe eéxpressionrofcthedimarkersofRZBe COL11, COL2,

LR AP erfgE0R by g el et ke sehed I iatsrred to herein as
thAChohaaReRite™odygeC stability of a cell population

as identified in vitro, is representative of the
act i st yh@ﬂntlhethﬁeleb(ampbs af vibe ptaseai;sa\yeruwm bie it possible to

reljably used to ify co nds, capabl e

chffplefi e HBEeasot K13 oF ABRLAl BiP KSen S HE N Asotienpumulative

nfeﬁkéussw@rbtﬁgmeal thkfettdrAMwAR th@ chBﬁdRﬂfyié bRgRoYBIEStability of a

Importantly, the assay and marker analysis as

chprdnogytedcell populatipn gmrdingherﬁwawatum abthe expriessioa levels of
] e vitro.or,in vivo cartilage

ST RERIER o haBBle g el BoPRL irker' Sher €T o efiifarogenic

cdll papulatiah| yparhadingmistratidrt of ceRAInf cGBpbande tissrate® can be used

screenleot%eof conpounds. Accordin %to t he present

1q gvalkaiedie atidy ¢ dhe compounditamiicet ARPNAPCYERReNalzpiFStability
oﬁcéﬂ’é LAkt the bﬁf iof 'cgpg td @c(s:)r]g? Fgrptg%ﬁ H‘f“/ﬁ/o g&g% 0&9‘? iElarly it is

phenotypi c sta I on
deswastratete ﬂfa‘tecaddutiomonﬂl padicaslarr compoundss ton bhe expanded

BRI, BHRIBP o achbe W Ssamemamontal score and te
pR@ﬁé@E@Qﬁ?ﬁlgj&,ﬁ% puRicH: Ny diRe trtidN, eF. 88ditiBR F'eBmpounds
the correlati on bet\ween positi've scores an

whigh mmmte;bqr@ fgematian depr&aﬁs@ttypl@mnq:ogeabl potential score.
rel atio

t d t
s eu BBy oS ue6h B0 SFLREDe marver scores
whihabhe beOUSQ:Eﬂeéaéélplﬁlaééh?§@rb)éﬁirﬁ%‘bbé’aﬁt@@s§e§@mé irflRnce of
in vivo. An additional desirabl requi renent of

apyfacier er eamditian |qmethmap@c1tmﬁraech@droge@fsfnqn%at@n to produce
sfab‘?e Féljtlf’a S'Illt1 H ét(/v of theff fﬁaef%é %aﬂhéé% ﬁﬁ?@ﬁg ic stability of a cell

A popul atons

pop\wlabble asf idgetifiedtin ngtre hikneipygserdative of abé exctigity idf abe cells in
in vivo. For instance, where the nunber of markers is

ViYPy then@seae %%r%gre&ygtyemwgr t@ sidgetifye comipungisy capable of
wﬁlﬁeﬁgﬁgréé?ﬁﬁ % rﬁnatlBH‘H locéIE b%ﬁlc]ac?l%r Syoﬁ%mlstratmn

(popul ations aract |zed I've nar
tosther eartllaga defage linpodtaatly, kthmmayﬁhchnﬂarker(ianalf/sxs as disclosed
the .cumul ati,ve marker score i s not unegui.voca

|
e RSN AT £ SoLEeaidtn A SUbSPadRY A PHBIG 3o or in vivo
cAldyeP ftHiationCASsdy & Vali§ae theP ARUIRL WHIEh dramatically shortens

and simplifies large scale screening of compounds.

According to the present invention, the use of a cumulative marker score
is a reliable and efficient tool to evaluate chondrocyte phenotypic stability of a
cell population and/or to assess the effect of conditions or compounds on the

chondrocyte phenotypic stability of chondrogenic cells. The reliability of the
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that are not capable of form ng stable hyaline

cartilage. ldeally, the marker score will result in a
worResMedsoqunber of popul ations in that grey zoP@l/ER29D7/010285
will 15 allow a maximally efficient classification of

popul ati ons either as "positiue" or as "negative".
Mor e particularly in the cofitext of determ ning
[ stability of a cell population

chondr g enot ypi c
sEQsidsteimigg AhHieaene hang SyHheicorrelatiolh betwsempesitive scores
afblf tHe %‘E)Wy % ?Bﬁe%%@“bﬁéhd’tg%l%ﬂ)kesrtalglgoE:Srtﬁgt_?}e % vivo and the

critical so asS to allow a sralg f or war
coueladion lmtweem mmgatm& sforésaddhetfaet thalt the aplis aire oot capable

of &iskefatind, Migofwtca'd SUBe, SathlSadin Ghar A% Grkiong! gesirable
rétﬁlﬂ#érﬁérht%f é’frelfeﬂilé Tuhilighetehalrér éé@@ﬁ@'l@@fﬁélb%y, i%.Afs ability

l[imted value as it does not allow to decide upo
te rﬁﬁ'@!ﬁﬂﬁ!|®ﬁtlmU'ﬁbtP0Natl@lﬁ:Hhafa|@ﬁ$l and | porylatidres ubet are not

c?ée%l%tel gg;%'ﬁg:?é’t ﬁeﬁ%& I@lI slsé ?%Seajglgég Kig:v? |S§B uglstance

wiepe o nahfberldf makerols slt(Sandil itigd seetim@ Biybtehy vanes between +6
i ency. i s however envisaged that for use in

ff
ag@r Ieén .aﬁgdes't?m@defah%fﬁe greofis ttME'CQH)éoﬁ coree Zanele(napulations
cﬁﬁréc?ér?zéif 53{ EC&]mul‘%ﬁvé el kaf ggorggtﬁvafhaer?gp B‘&EF&{H b&ween +6 and

purpose of e Screening assays resen
-6)n\fmmvhmh the dumildéne mﬁquepbemmselcttiwwqtmm*qarblandauhlch when

el AU e EEHELS P bethot RO 15 Aguped iRqipulations

th-laiuére hBt THPADRL bEFHIrig m%btp anﬁé‘ecafrﬁlb Bl Y&eally, the marker
| nprovenent * of chondrocyte enotypl c sta ity 8' E

seore Willgresuitonse nmnénalrmwmbat of pqpulaelmastln rtbahgreyt hame, but will

2l Aol s st SRR S epPU IR thes ape posiive” or as

‘ridgatigedCcyt e phenotypic stability. For exanple, it s
envi saged that upon Ferform ng a screening assay, the

coanmasp%rHﬁw@rlu inthe: aNtext oh gleterminingl chgndrecyte phenotypic
SRt b9 5E0a A 8RR 4 DnkALRBHEEERT A Bty anc e

eﬁmlemgdot the@rahglatibe unarkervesae | yari e iceiivhll s adf temllow a
' rr_p‘_,gnt ati 8?)')‘ wi Il also be consjdered of interest.

Sﬁ‘ﬂ‘& eMwargoad £e17eRs detesmination lctate f the cetl epudationy Indeed,

1S 818% Sof0h éd?ﬁulaﬁ\r/@%ﬁgttke'r ré\é%g%'o‘?rh {Ql‘é |Vglg I%W pF&ittive value for

that are believed to be cap rod
characterizieg @ popatatioanofieels optended ioarttams;gantptlod uisi ofg limited

ville) s TSRt aliol o) dsiogn uReRe P BREIRIS G Bet. For such
appRERIBdNE Orthe CALE Sopbﬁé“ CREndrfRENRY Idtenhtdl Sé6rel lROfe present

meni scus or synovial fluid. ACcording to one
inveptien msna scofiegdedl is eonsideradtparticdaty appodpriate, in V|ew of its

A A R SR O PR
the efficiency of the predictive value may be less critical. As indicated above, a
potential purpose of the screening assays of the present invention is to identify
pharmaceutical compounds that affect, more particularly improve, the
chondrocyte phenotypic stability of a cell population. Thus, in such screening
methods, the relative improvement of chondrocyte phenotypic stability can be
envisaged to be the critical requirement rather than the ability of the compounds
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popul ati on are precursor cells or stemcells that are
derived fromother tissues 15 such as bl ood bone
woregosowses fat and that can be i nduced i nto theRCT/EP2007/010285

ost eochondral cell Iineage The assays of the present
i nventi on can be used to Esrnine whet her these
ceIIs have been commtted to“t’he osteochondral cel

| | nea The cells used in the screeni met hods_and )
lnghip® Gsmaigain A earte e EhoRdronge BbePPbETE 9@@8}/ o @gexample, it
; e
P e
ot abnverting llawkyuality pekss éa carilagarafter xnpiantaitmm) fiotodintermediate
s on

iy kaeizace o iahet TP CGTviTR Rk Bractie dpgpredict
uﬁéamwbéumet resul P éﬂéﬁln‘&ﬁ]aﬁbétbh?? wifl %hicss be @%lnhﬁjee@@ oPfterest.
human "or animal origin es of aninmals that

have 25 been used for the st udy of cartilage are

shoepgreFBoBLI=FHps HeF ST uitg BEths SRbnobRd assays of the
predeptinvemtioanndlade einyadanedhut hre bekdves) tonbe @bﬁbﬁmeofﬁproducmg
st abI e chondrocyte phenotype as a result of t

cartilage,or A/ @n Hrwelon) info seri0e BreR Yaies sells, ypically, dhe cells
a?ﬁ Sgl‘éfocﬂaﬁ&‘a‘? %ffsr R, Lo Cgrégcon dlde%@kccorogcpt@gemtor

I'Ven conp t reat men
celis abtaaﬂ\dedalfnmm lavta:mrboaitllwet meﬂnscmebhmyaowad flatssayxordmg to

ogéﬁtnl‘qﬁ%d E{ﬁ% ﬁ@{% egll\églpsfégo& %egg'@r Lo ch’elsré t?ne\}calntlon are the
pP&Ur&?rz%ﬁé Odékefpbed?h (W@ﬂﬁ:/?ﬁ’ 2 esrb?ﬁé( p@m%dﬁ'ﬁ‘@ﬁts the cell

have | ost the chondrocyte s enot ype, as
popslation gire tirecursor icglls oastérorcetls| that até derieedh cﬂnom otfwer tissues

S oS DIo0Ta 006, RPN O cleas I &N B, (ABHEPAL Bto the

o§teeBHHAG @8Il inehyedTheé Q%ngjbf/tﬁélé}e“se\ﬁﬂtﬁﬂe%ﬂon can be used to
ost eochondral defect 5 such (resulting f

detarenng wiethersthesererlisnavs beam tgemmittedoto themsteochondral cell
“ﬁ&%%V|duals whi ch are predi sposed to acquire a
Sochondral di sorder based on to their genetic

nmakeThe oblls usediih alhd ecaseninpnidthogs ahdizgays ef te Pivention can
R rosafcoma cells. Cells not having chondrocyte
bg @%lwp tated a@fnand@daﬁreoaﬁsasafitfpbenarorua@rq passggeshd he cells

cé‘ﬁ%oﬁr%geﬁt ég%ep SRERs élﬂ'ﬁequﬁ'c%rlu];é)ﬂégﬁsesp gf ent on a matrix or

conpounds or con I't1ons rove or
scaftdit eTbereXpragmophehti‘(Qqset aff rnarkers by cehaton:anmatnx can be
convert,  cert al .cel | ul at i néesuch as Et emcells

defeiings by disAlvite e BT pagcdelgRBIIg she expression by the

cells. Cells can be of human or animal origin. Examples of animals that have
been used for the study of cartilage are Xenopus, zebrafish, chicken, mouse,
rat, rabbit, sheep and goat.

The methods and assays of the present invention can be performed with
cells, which have a stable chondrocyte phenotype as a result of their origin
and/or the cultivation conditions. Such cells are of particular use to assay
detrimental effects of a given compound, treatment or condition.

According to an alternative embodiment, the methods and assays of the

present invention are performed using cells that do not have a stable
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15 The present invention envisages the use of the
nmet hods and assays of the present invention in a
wa 2008060800f di fferent applications. As detai |l eBCHBP20687/010285
the nethods and assays of the present invention nmake
it possible to test cultivat lzgn conditions of cells
i ntended for use in ACT such®as cell density, passage
i um conpa growt h i

nmed
PRPdEHIeEReToNES FanaLBSYS st dhe Ghoperpesimsiaie ahesrtype, as
ap"résﬁﬂﬂro? thehte @right dirfor 'dﬂJItRﬁﬁuBhCHbﬁ& |Bﬁﬁ. @%ﬁ@%es hereof are
n the co

[ows the testing of the | uence o osition
Cbbndnwe:ytasdthah have uh@er@poeyeﬂephiaemgqsiagimg abidl steyn cells. Also

Fact th tiall ac
S[REbBr choegtar i Agiiei FObt e il aneSerrnoaheal defect
sQ6h dsi (f@di8thd Grom)t debardieritRner Hﬂaﬁﬁﬁat@fd aRhH® or from individuals
different formulations of synthetic serumfree 25

whicll are aredigPosed @ \acariraor iestrechondealk dispedardpased on to their
d
SRS R L AL FEBRlRgE TR SR B hopggosarcoma

cefl i cation of the nmethods and assays of the present
i nve t|on is the screening of conpounds

condi8llg et having chendrecyte: P'&Q@tm@tﬁ}?g'@woéﬁe af pagticular use in
tH‘fHe?hédE 6f t'i'\gﬁf)rg%rﬁtﬁggg@%% %}Q?ﬁgéle%&rﬂ%lég{fé ar l:XnHﬁ]ions that

e chondrog I on
imhwvecmremtor@ thie stabfeo cadiage pbendiypeoofsceusl i tbah can convert

store,or ihtain the ch ndroc henqt y
B3PI PoRUTAGATS Rychont ciBhCelharlo Has Bithastable cartiage
phehsgpeassaged many times, respectively, so as to
obtain a WO 2008/ 061804 PCT/ EP2007/ 010285 25

sufficient nunber of cells. Yet another applicationis

. | ca
| naudBeaRssat RyeatSTans AR B ae bl § méthéds 68 assays of
thhpseat ivehtian ired viaFiety ohgiffeiaht Applibatid g A detailed above, the

redi sposed to an osteochondral defect. 5 In another
'&SB‘P‘#% and gssays ef thespresest inveatiop ragke ifnasstie to testcultivation

" r¢C 0 h It .S,
SR oG ek or 9 n HGEIELCy AL BB pase
npmbeed umadiunT feonmedditiats  gralvths smysr @n ttive- poetRrde-dimensional

s{ﬁé’tﬁgtl on are also suitable in classical screenings

Bt QXYIPR ORCRIralinD; JURSIIE; haarestress. cHhrRﬂfH@Nar the
aééb)J 'ah’é\@é t§S tedtitRy SPWW@\% E@‘Sf”tﬁe%rﬁ'ﬁ@flﬁoﬁ 0P tRE IfiSdium on

i ncl ude, but are not |mte to biologica
Cb@@cémpﬂeophengty@musmbjmpcﬁamﬁ thierem avhclprpmianbailly have an

B bl BB P M MR ER3e pot e t,

tHés @fbes 4Pl Batchnbf kefyml ragemRnt fbiRURILAS oﬂoggﬁﬂh@ﬂc serum- free
phage displ ay l'ibraries, peptide libraries

medisi gRe Al vaniety) of |hopm@n55bmewth; factors, vitamins, protelns and
organic compounds with a alleged effect chondrocyte phenotypic stability.

One application of the methods and assays of the present invention is
the screening of compounds or conditions, which differentiate precursor or stem
cells into the osteochondral and more particularly in the chondrogenic lineage.
Another application is the screening of compounds or conditions which can
restore or maintain the chondrocyte phenotypic stability of healthy cells that
have been or are being passaged many times, respectively, so as to obtain a
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15 (Bi oMbl ), synthetic conpound libraries (e.g. LOPAC@

Sigma Aldrich) or natural conpound libraries (Specs,
wWarewseciso4 The screeni ng nmet hods and assays deseCT/BR07/010285

herein are of particular wuse in the identification of

| ead conpounds for nedi carren&g for the treatnment of

ost eochondral di sorders Ost eochondr al def ect

dtob t 20 t cont.ext, of the .
SGisB | REMASE nBhsoals. | et oaealbr - PROBSALEEN S AthEgecieening of
cBMpoBh8s dPQioHd'itlBrfse\ﬂhfcﬁ @éﬂ ﬁﬁu%g%ﬂdrb&ﬁe'ﬂhéd%ﬁyplc stability in

joints, such but not limted to knee
calmlwhlcbomn@nbpta@édarirem tindisisluals | haNiag oar piddigposed to an
defe ai:g | age defects are also nanmed after the

° @8? fES uch as defects of the condyles of the

f emurn é?fotﬁé}eabbn@étlb?\ ethe- aEé@gﬂU@nﬁlééd Q6 CeNdluae: the impact of
cartllage di sorders, for 25 which the screening of

f@éqfabgélswr Aheie qansituandsdmdish @re hefen ysied in cell
trgh?agh{%\é rgcg&y §aged to be of interest are

eoar eurmtmd arthritis, articul ar

carti Thegaetm)dﬂ aﬁd assagsdifotiel prisent invention are also suitable in
spond Ioarthrogathl es. Br| ef description of the
Cﬁﬁ‘g"&? SCregning Pfolﬂetﬂmﬁg 'QB@&W&L eantigensenlibryias 1§ compound

Ill'frlan@§t Tﬁéecoﬁ'rﬁk%twﬂéer?\takﬁpl l\% ttl?%é% Lb@i’eﬁé' |H?Iud@n15ut are not limited

imtation o e i nve
teertijoldigioads santk sengabied drhmwganlcV\@ommwﬂélaﬂmch are produced

07/ 0 285 26 T [ | ustyat .
%ﬂﬁr heficABsT ORIPHIE-rit waral Sarers. TIPS helRplare braries of
bliAgs 8y HRf ubLe saLATs %ﬁﬂb@d@gl%g‘ﬁ%éntqlimﬁﬂgé’gﬁébﬁde phage

ential ‘score (each point has been noved
dtsalayohbraﬂ@anpeame lipratiese(s.g 4ORAP 3#,d8ignma Aa\dmh) Ilpld libraries

MR AR AR e [ B G AL AR naur

compobanasibffiedy (Bpeed, TimFX@npl e 1) as deterni ned by
Real -Ti me quantitative PCR on human chondrocyt es

cul t thesareeningaNeiqds pad assaysndeseiied herin tage of particular

o5 R B LR P B bt o

osteothondrah digardéisy Wstedcisdradral defectfdraidionéd o vnintérest in

th%&cti e ex &?é%cl:r%gp?r&]g? oo Ia% g)enggés,ee{qst\;gc%ptlonﬁ)nclude but are
nétofrhﬁééttSCHé‘Fb&tQ SELirfifig 1R G6infs, RAICANGS Phu Cho!! e 8 knee,
chondrocytes 15 cultu ayer as determ ne

elkow, - ankie, qommmmlat neferr@n:Fto aReaer:terreqmmtjefa:tge(:amlage
d&RYs &% 5I(secsnsn'a%]e Shar {hveeprtoc))arﬁalebone souch as defects of the condyles
of the femur, of the humerus etc. Frequently occurring cartilage disorders, for
which the screening of compounds capable of affecting chondrocyte phenotypic
stability are envisaged to be of interest are osteoarthritis, rheumatoid arthritis,

articular cartilage injuries, chondromalacia, spondyloarthropathies.

Brief description of the Figures

The following examples are intended to illustrate the invention without implying

any limitation of the invention to the specific embodiments described therein.
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control as determi ned by the 2 deitadeitacr *p<0.05
when conpared to DMSO control (n=4). Figure 4 shows

W@ hwsgéisect of a conpound A on the expression BET/EP2007/010285

nol ecul ar 20 markers PEDF (A) and ALKl (B) negatively
correlated with the chondrogﬁgi c potential of human
P3 chondrocytes cultured in nol ayer as determ ned

Real - Time quantjtatjve P Results represent
1?%?5&*85@4%8 aik Mustrpte PeMa tolawing BB TBRVPER a5
determ ned by the 2 deltadeltaCT *p<0.05 when conpared

to DMSO 25 control (n=4). EXAMPLES Methodol ogy 30
Figreredi sbpws a acatterplobaf istologywsgoresaghinsth@bondrogenic potential

adult h rticul cartilage were isol ated gnd
expandegeﬁ% @ﬁq’ogﬁﬁ #@SSQ%{U&} edohyia PR "5‘930"‘ amount and
descr i baitebiol brdd¢ o aveld ints\Weirg QBpEARPB4ed).
PCT/ EP2007/ 010285 27 (2001), Arthritis Rheum 44,

Figire 2 shows therefiec) of sompoundeAran the sumulative pagessracore (the .

i nventi |4 q@#ﬁ ' t . .
chondr o?ﬁ \éﬁégn%?é"? [ @ﬁamgagﬁgiﬂg& éét&%’%a?erdr BY gﬁal-Tlme
per sons qaadtitative PCResiilhymapthdmdroeytasaasinged ffomh RO until P3
up to 5, assages. A ar& of the chondrocytes  were

uSed f olfl FRPREIRYEHARFSHYS (epessingIeans Cumipives parier score
part wa AN | ' Ss i

cartil aé%gﬁg(?lr%bna gé\hp}gg:]i R/Mggéa@ﬁo'tsognp%.n éghﬁﬂ%éed to DMSO
NMVRI nutootrad ©s4)ere injected intranmuscul arly

osteripor comparinent . of the 10 .thi w th about 5
Figa Snshows Tarlies! phsomacunct & 25 Me. Sxbressiel o molecular

ks. i t ik AT N
VEEKS, OO0 ), SORFAR)CRRAR (CTiraEoFRy (F posil

1, 391- sostlatathwitbaheidhagdrageniapotentiet ef imasddhondrocytes

henat oxEFHIeB0RONCBYET b HeRLRea Ry R e SyAfttative PR
st ai ni NResAltYi RpPESENt Eeﬂ’?éte derRgeRprdgsin Feldtivé té the DMSO
attributed to 15 the i nplant af ef?a%flé&a'*n' ng.

) § A
hi st ol o§9Nieloas dgtermined dydhe@ hyal i ne- pFQg)%whem@g@pared to
Wit h hi ?ﬁ}lgoséﬁr[glﬁatl gﬁl: r ot eogl ycans, strong stai ning
i di ne ue a

with tolu d Safranin 0. A histology score

Figur2 4esheaves the \effeict df ff eompiouatiedl dry dhé reeqprédsion of molecular

con o 2R AT I8 el etSieied win e
trie‘;g[]: | Eﬁgﬁ&ﬂo@éﬁ&arﬁdtéﬁﬁ&" of URGiahe et ERd sdtob|REC WRiltured in
monolayer as determined by Real-Time quantitative PCR. Results
represent target gene expression relative to DMSO control as
determined by the 279"ad%taCT +n<0 05 when compared to DMSO

control (n=4).
EXAMPLES

Methodology
Chondrocyte cultivation

Chondrocytes derived from adult human articular cartilage were isolated and
expanded in vitro using standard conditions as described by Dell’Accio et al.
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20 or weak staining with tol uidine blue. A histology
score of O refers to experinents wherein no inplant
wor®soesnd eved. Cartilage with a histol ogy scoP@r/BpP2027/010285
or 3 represents successful inpl antations. Cartil age
with a histology score of 0O a?/la represent failed
i npl antations. 25 Exarrpl e 1. rker analysis A
ion i nj ec ceIIs was used for gene
(@Jﬁ égﬁaﬁS% ‘1;4 QE%I ation, reverse
transcription and PCR wer e perforrred usi ng the nethods
descri bed in WO0124832. PCR priners for these markers
Invivashssay i n Tabl et. WO 2008/ 061804 PCT/ EP2007/ 010285
8 Tabl e mers for . the anplification of mar
TS' &n ls?'ism?rf %@q&éﬁ%%ntsﬁtyqnﬁonmwerebé@lyaé%i? HS'PSrﬁ/alsat of 48
cﬁon&%?@gﬁh%&%ﬁ%tﬂér@c%%ﬁé@T%m]dlfféﬁfﬁréé‘rsons and were
5'-ct agaagcatttgcggt gt%gcgatggaggg- a
frﬁ@hlwasqlagd ganasergadiocticer tgé @S@geseﬂepare of the chondrocytes
lJ\age
re g%g gég dgéggﬁglggggggg qgémﬁg ég Whi Pe ano ef part was used in

aE in vaguassayaeaiarty tiatantifigesforhiy chpadify 6f each sample. Female
-ttcaaggggcagt gggt aac-3' 7 reverse

NM | RHGWE BuEa were dniestas mirasnuscularly (hagtedor compartment of the
tl'ggh)t Qﬁtﬁaz%cﬂt% %lﬂ% é e?la ﬁrﬁﬁ%ﬁ? are collected after 2 weeks.

tttagttgcgtg ct gcc- or War
[Bpmgae@gbqgéagg@ﬂagcﬁgsaé IAfl 38%\VZ8BE72; Ostrowski et al. (1975)

SS' -@&agggggéag}agg%an%gﬁg%héga?&%%ggggn\{\sa V\(/jere dissected from
tHR mRASRCEREIASBIRGCAES etlortibd IRy HEMABRIIANHY Aofuidin blue

of the markers are determ ned by neasuring t
andtsafsaniy Qfstmcmgorﬁobmolggmfacere eareg:ngcfpcbmr‘e:to S isAdttributed to

: | at i 6Q0 and .
Valﬁ&%ﬂ&%ﬁgf nmﬁﬁ rlggkﬁiy gctécl)r\ég?fgg r{gﬁsrg -m%yali)ﬁe-kf&g cartilage
withnBRyMly aulfafedfprotdtryydathisyi stkstg ry@éuhﬁfgs viith toluidine blue and
represented by a nunerical value. In the case of a

Spanin & A hisdelogracore Qfoezrefs(;nzg)wall\/@ff?rerﬁwted hyaline-like

oREE e Befidg i BLEERRS bk sl i sqrani 0.
hisxglogg score b 1rre|fEreSteﬁ‘lﬁbt:‘bday‘tllaée” Q@ndiffereptiatadafibrous tissue, no
t he gase of a ne%atlve 10 marker (ALK1l, PEDF) a very

of WAk, SRIBEG With t@utsiing blue. Adpistoledit sepnsyof.0 refars @xperiments

wherein no implant was retrieved. Cartilage with a histology score of 2 or 3

represents successful implantations. Cartilage with a histology score of 0 or 1

represent failed implantations.

Example 1: Marker analysis

A fraction of the injected cells was used for gene expression analysis. RNA
isolation, reverse transcription and PCR were performed using the methods

described in WO0124832. PCR primers for these markers are shown in Table1.
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expression (0.1-1) is represented by a 0 and a hi gh
expression is represented by -1. The sumof all these

w0 paswodoel mar kers (defi ned as Chondrogeni c POI/EP200Z010285
score) represent the expression |evel of the entire
set of markers. This nunber gan range from-6 to +6.
15 The individual data for % h marker, its

TaBffof 1 BHimore 128 the SropEioek Sl %m&eﬁs‘%&%&? 010285

29 d d 7H Pl(l‘ﬁ’lem L éé NI T Cnivl SEQ ID. NO:

T"TV-LOOME' - ONOJ) VV U. OO T LO MO 00MOLO LO

béda MRBiIe 00 OflorwaadV | - tgébggggté}a@(ﬁchlctg{gccc@teta 3- 100 1
00Ol o (V' OC)>Eai- COO N-NWC

) 000 N dre¥erse %Ctéﬂa%éﬁat@wg@ga‘égatgé@éﬂi ca M

D &l
folladep) 17 I g oratpiecbiaty 7O oW 75

CE O O -|aegetde (o&ega'gmggamm@gga@agmo CNN - NONOLO#

NCO- IO NN NIl o-N_CO _2) COMMO |~ v

RIS 0B N 3- CGCWQQWQ?@@WFEN ON L]l 5

T0r© ca YR o NSRRI AR o co b k/IAI\b)Lf)l °

REDE N N- |JprwatdO [5'arcaaigGhtadligygGace'l - T MIT MN V-7
N-—O

O N f'\f'\J'\('\l\/lu('\l:II N-\_CLl U] > o (l\/llﬁ

bY)V " T |Teverse | 5'-taaggtgatagtccagcggg-3' N

Frzb1 forward | 5'-tgtaagtctgtgtgcgagcg-3' 9
reverse | 5'-gatttagttgcgtgcettgec-3' 10

ALK1 forward | 5'-cgacggaggcaggagaagcag-3' 11
reverse | 5'-tgaagtcgcggtgggcaatgg-3' 12

FGFR3 forward | 5'-gctgaaagacgatgccactg-3' 13
reverse | 5'-aggaccccaaaggaccagac-3' 14

The expression levels of the markers are determined by measuring the intensity
of PCR products after electrophoresis. All values are then compared relative to
a 600 bp band of a DNA-marker and a value is obtained. The concentration of
the individual markers is represented by a numerical value. In the case of a
positive marker (COL11, COL2, FGFR3) a very low expression (0-0.1) is
represented by -1, a low expression (0.1-1) is represented by a 0 and a high
expression is represented by +1. On the contrary In the case of a negative
marker (ALK1, PEDF) a very low expression (0-0.1) is represented by +1, a low
expression (0.1-1) is represented by a 0 and a high expression is represented
by -1. The sum of all these individual markers (defined as Chondrogenic
potential score) represent the expression level of the entire set of markers. This
number can range from -6 to +6.

The individual data for each marker, its Chondrogenic potential score and

histology score are compiled in Table 2.
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1 and Nh&/ Hi&toiggycsgorer js depicted irt fl'abfé G and\VGh ZBiQ8fA18MHe correlation
coeﬁlcféﬂ/bg%ggr? /thoelgh%?\drosglen|cE);(>gtneE\|tlgl gcorl:e)aatn% ﬁlg?cllggy score is 0,78 and
statistically significant (p<0.0001).

Samples with a Chondrogenic potential score of -3 or lower always result in
fibrocartilage or no cartilage at all. Samples with a Chondrogenic potential score of 2
or more will always result in hyaline cartilage. Samples with a Chondrogenic potential
score of 1 results in 1 out of 6 cases into hyaline cartilage.

As a yardstick, a sample with a Chondrogenic potential score of 0 or more is
considered to be suitable for implantation. Based on the present data set it is
possible to predict in 77% (37/48) the outcome of a transplantation with high certainty
and in 64% without errors. Based on this data set, a chondrocyte culture is approved
for use in an ACI procedure when the Chondrogenic potential score is 0 or more.

In summary, stable hyaline-like cartilage can only be obtained with cells having a
Chondrogenic potential score of 0 or higher. Cells that form no cartilage at all had a
negative score. Further analysis of individual genes may further help to refine the

model.

a) relationship between Chondrogenic potential score and histology score

The relationship between Chondrogenic potential score and histology score is
depicted in Figure 1 and in Table 3.

Table 3: Frequency table for histology score, with statistical summaries.

Cgc;?edcr:- histology score probablllt)é <2)f score of
score 0 1 2 3 Total | Mean Observed Fitted
-5 0 1 0 0 1 1.0 0/1 (0%) 0.4%
-4 2 1 0 0 3 0.3 0/3 (0%) 1.4%
-3 2 1 1 0 4 0.75 1/4 25% 5.0%

-2 0 2 0 0 2 1.0 0/2 (0%) 16.2%

-1 1 3 1 0 5 1.0 1/5 (20%) 41.5%

0 0 0 1 2 3 2.7 3/3 (100%) 72.4%
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The more points a scale has, the more it is accepted that such scale is an interval
scale. The Chondrogenic potential score which is represented by 13 data points is
accordingly treated as an interval score.

An additional analysis is presented in the last column of Table 3, which treats the
histology score as an ordered categorical scale. Herein the scores are merged into
two categories, 0 or 1 (no or low fibrocartilage) and 2 or 3 (hyaline cartilage), the data
represent the probability of observing a histology score of 2 or 3. It

In the last two columns of Table 3, the column headed ‘observed’ shows the actual
numbers of samples in this category (and the percentages) for each Chondrogenic
potential score. This value also increases between Chondrogenic potential scores -1
and 0, suggesting a threshold value cut-point. For this analysis the Chondrogenic
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Table 6: Frequency table for histology score without PEDF marker

Marker Histology score

score 0 1 2 3 Total
-5
-4 1 1
-3 3 1 4
-2 1 1 2
-1 1 2 1 4
0 3 2 5
1 2 4 6
2 1 3 5 9
3 2 5 7
4 2 8 10
5

5 9 12 22 48

Table 7: Frequency table for histology score without FRZB marker

Marker Histology score

score 0 1 2 3 Total
-5 1 1
-4 2 1 3
-3 2 1 3
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hi st ol ogy score w t hout PEDF marker Marker Hi stol ogy
score score 01 2 3 Total -.5-411 -3314 -211
2 -11214 0325 13%6 21359 3257 4
2 810 5§ Q9 12 22 48 Tahle 7: Erequency table for
hi stol 0dy slcore wi tlhou3 FRZB mdrked Marker Hi4tol pgy
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0 1 2 3

1 1 5 8 14

2 3 6 9

3 1 2 3

4 2 2

5

5 9 12 22 48

Table 8: Frequency table for histology score without ALK1 marker

Marker Histology score
score 0 1 2 3

-5

-4 1 1

-3 3 1 4

-2 1 1 1 3

-1 2 2

0 1 3 2 6

1 1 3 4

2 1 4 7 12

3 3 7 10

4 1 4 5

5 '- 1 1
5 9 12 22 48

Table 9: Frequency table for histology score without FGFR3 marker

Marker Histology score

score 0 1 2 3 Total
-5
-4 2 2 4
-3 2 1 3
-2 3 1 4
-1 1 1 2 4
0 2 1 3 6
1 3 8 11
2 4 5 9
3 1 4 5
4 2 2
5

5 9 12 22 48
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score wi thout ALKI marker Marker Histology score

score0123-5-411-8314-21113-122
01326 1134 214%12 33710 4145 51
159 12 22 48 Table 9: Frequency table for histology
score wi thout FGFR3 marker Marker Histol ogy score

Part A of dablep1Q belagv insticates fgr eachpofithe datg setd peesentediniTable 4 to 9

above, ilorlaltt‘ﬁ’eéhold of a marker score, how many of the samples can be
unequivocally classified as giving low quality (histology score of 0 or 1 corresponding
to -" in Table 10) or giving high quality cartilage (histology score of 2 or 3, indicated
by ‘+’ in Table 10). Samples for which there is no correlation between the marker
“score and histology score are classified as ‘?° samples. These data indicate that
when a set of 5 markers is used wherein COL11, COL2 or COL11 or omitted, similar

or even better results are obtained (i.e. fewer samples designated as ‘?’).

In part B of Table 10 the cut off values are less restricted. WWhen for one marker score
within the indicated range, at least 5 out of 6 samples show a correlation between
marker score and cartilage quality, the range of the marker score is assumed to be
predictive. Using this approach omission of COL11 results in improved results while
omission of any other marker gives worse results, especially when Col2 or FGFR3

are omitted from the markers set of Example 1.

Table 10: Predictive values of a marker set containing 5 markers.

A 6 markers | -COL11 |-COL2 |-PEDF |-FRZB |-ALK1 |-FGFR3
- 7 7 5 7 7 5 7

? 17 14 17 24 27 27 14

+ 24 27 26 17 14 16 27

B 6 markers | -COL11 | -COL2 | -PEDF | -FRZB | -ALK1 | -FGFR3
- 7 13 10 7 7 5 7

? 8 3 12 9 10 11 14

+ 33 32 26 32 27 32 27

Based on the present set of data and their interpretation, it appears that the
predictive power of the expression profile of a set of markers for the in vivo
generation of cartilage can optionally also be obtained without COL11 regardless of
the interpretation. On the other hand omission of either ALK1 or FRZB results in a

decreased predictive power of the markers, regardless of the interpretation of the

-
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data and their interpretation, it appears that the
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markers for the 1n vivo
monolayer culture

Compound A was a candidate compound which was predicted to have a
chondroprotective effect and to have a putative stabilizing effects on the chondrocyte
phenotype. The determination of a cumulative marker score, more particularly the
chondrogenic potential score of Example 1, was used to determine the effect of this
compound on the chondrocyte phenotypic stability of a chondrocyte monolayer

culture.

a) Chondrocyte monolayer cuitures

Chondrocytes were grown in monolayer culture at 4x10* cells/ml in T25 flasks.
Compound A was added to the cells directly after plating. A total final volume of 5 ml
complete media (DMEM + 10% FBS) was added. Three flasks were used for each
condition (1 or 10uM compound A, DMSO control). Media and compounds were
replaced once a week. At confluency, chondrocytes at passage 0 (P0) were
trypsinized, counted and 2x10° cells were replated for P1 culture. The remaining cells
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lating. Atotal final volume o conpl ete
Se|eCte(dMﬂS+UI1dB!oQM)OIv&aedladdedDMSﬁ))se fl asks were used for
each condition (1 or 10pM conpound A, DMSO control).
Medi a and conpounds were replaced once a week. At
d) Resalef | uency, chondrocytes at passage 0 (PO) were
trypsi ni zed, counted and 2x105 cells were replated for
Compauridchihadran effeet arethel exnrgseieniaf sprerd oalesulanmarkers indicative

for the %415?0?9%91% 8&8&% phenotypic stability and homeostasis of chondrocytes
and was able to counteract the decrease in the chondrogenic potential score during
expansion of chondrocytes in monolayer culture (see Figure 2) Thus both at 1uM and
10uM concentrations, the chondrogenic potential scores for chondrocytes at PO and
P3 were comparable or even increased compared to chondrocytes grown in the
absence of the compound. In the latter case a drop in cumulative marker score was

observed for P3 versus PO chondrocytes.
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igure 3). The conpound al so increases the expression
a) Red&grgrp,t@tlon)of chondrocnyrt)es in alginate culture P

After expansion in monolayer culture in complete media, human chondrocytes at

passage 3 (P3) taken from the knee of 5 OA patients (age 50-65) were released by
trypsin treatment, counted and tested for viability by the trypan exclusion test.
Chondrocytes were suspended in 2% alginate and equal amount of HBSS was
added. The cell suspension was sucked into a 10ml syringe needle and transferred
dropwise by a 24 Gauge into a calcium chloride solution (5 beads per well, total cell
number 250000/well). Beads were washed with NaCl and new complete media
(DMEM + 10% FBS) was added. After 4 days of culture the supernatant was
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Example 5. Testing of the effect of chondroprotective compounds in vivo

For those compounds of Example 4 significantly affecting the Chondrogenic potential
score, the effect of the compounds on the chondrocyte phenotypic stability of the
cells is also tested in vivo. To this end, cell populations are contacted with either the
test compound or buffer and, after incubation, are injected into the nude mice model
(see above). The ability of each of the cell populations to produce stable hyaline
cartilage is evaluated. It is established that the effect of the compound on the
chondrogenic potential score correlates with the effect on the chondrogenic potential
of the cell population.
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5. The method of any one of claims 1 to 4, wherein the set of at least three markers
are a set of at least 4, 5 or 6 marker genes comprising FRZB, ALK1 and
comprising respectively 2, 3 and 4 marker genes selected from the group
consisting of PEDF, COL11, COL2, and FGFR3.

6. The method of any one of claims 1 to 5, wherein the set of at least three marker
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10. The method according to any one of claims 1 to 9, wherein the population of cells

is obtained from a joint.

11.The method according to any one of claims 1 to 10, wherein the population of
cells is obtained from a healthy donor.

12.The method according to any one of claims 1 to 10, wherein the population of

cells is obtained from an individual with an osteochondral defect.

13.The method according to any one of claims 1 to 12, wherein the expression level
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markers selected fromthe group consisting of PEDF,

COL11, COL2, FGFR3, OPN, BMP-2 and 5 RASF-PLA.
17.The kit according to claim 16, wherein set of at least three marker genes

comprises FRZB, ALK1, PEDF, COL11, COL2 and FGFR3.

18.The kit according to claim 16, wherein the probes for detection of at least one of

the marker genes are oligonucleotides which hybridise with mRNA.

19.The kit according to claim 16, wherein the probes for detection of at least one of
the marker genes are antibodies.

20.The kit according to claim 16, wherein the probes for detection of at least one of
the marker genes are sets of PCR primers.

21.The kit according to any of claims 16 to 20, wherein the probes are labelled.

22. A device for detecting the expression of a set of genes in cartilage forming cells,
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said device comprising one or more of the following a unit for detecting the
expression of the marker genes, the marker genes comprising a set of at least
three marker genes comprising FRZB, ALK1 and one or more markers selected
from the group consisting of PEDF, COL11, COL2, FGFR3, OPN, BMP-2 and
RASF-PLA.



