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

USE | N THE | DENTI FI CATI ON OF CHONDROCYTE PHENOTYPI C

STABI LI TY AND I N THE SCREENI NG OF FACTORS | NFLUENCI NG
WaERTPd180@E PRODUCTI ON 5 FI ELD OF THE | NVENTI &Ni/EP2007/¢10285

The present invention relates to nethods and tools

for determ ning chondrocyte4phenotypic stability and

screeni ng systens for identifying conpounds of use in

WARKEICREIOES oin G8% 208 (RFEIGAPDAP LigocrTe

def RHENOTYPIGISTABIAITY ANDI 1N THEI SGREENING ORIEACTORS

Lo R SNBSS R N (e

(chondrocytes, (chondro-) progenitors and precursors

thereof or stemcells which develop into cartil age).
;:|EQDv®pw|.q§ INVERTIBRE identification of factors

capabl e of positively affecting in vivo cartil age

f or Nl eresent gnventicsr eglates| fo inethpde eandidedis afsir edetermining

ur, a h
cHRBiVLY SHEINERL  BIAREY 0 ARS, Pl Y "SRehE, T "RReiving
campaundage Gse imthe treatuemntt eldcdrildgecadéfectsl hsd paetiags related

|n or. in the vicinity of the defect. In addition, it
?esasgfs interest for cell-based therapies to identify
factors or treatnments which can positively affect the
ability of isolated cell populations that have been
expanded or passaged in vitro to produce stable
B%%&&R%MDI n vivo. 25D fferent assays have been
085 HApAbAELHIIBLE defbets P y%ehfé@e&%ﬁénb@g%\é%dsnsmh
cartilage formation Is used as a para
ass bpé%rmﬁgo‘efoﬁty'oumgn bsmg.@emcmhy dbeciniastationetthoartiiage
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is ireicegisésdiiadle f® ﬁdaﬁmqn dﬂf@ﬁddl rebddpe£nds Berapb1ddmethods or
cartil a%eﬂf or er nethods are based on

t he
cognoLBEsS 18 aible |P§>sgwew aFiing SATiRARorRRtien madiated by local
ceﬁ@}zﬁﬁés\éﬁﬂlrﬂ & iRahé VRIS Jrhabeldce 'Th%ﬂitfb?zt ﬁ%Bngréjs’z for cell-

ects [e.g. osteoporosis related genes in
Hrgapigs|to identify Tapiersceri treptmentrowbidhasan an‘stbvei‘.eeffect the

abgi ?i‘; r?@%ﬁ%igﬁoﬁg{@ﬂ?ﬁ%ﬁgt R et kg’g?'i Qf%ééﬁec{e%%rv%afg?geq invitro
to prﬁt!ilcetSftahEle v:aﬁdma)lh g h m)del s has been found to be

cor PR Seea S iy BT Ao wh ey 3T B YS9 of genes

mvptv@dl dﬁ(SjCﬁﬂllagE \fﬂomafmﬂeist \Mltéﬁelaf% tdmt&{afr%%ér Obr screening
n e an carti | age ormati on I n

00‘?88 a?% sﬂSEEG&éﬁ}ét gﬁsqf{P% %gnetbﬁé whereKe anteperter gene is
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ormstable cartilage is the intranmuscul ar

(H M@ﬁl%ﬁﬂ%ﬁﬂltfﬁﬂ%ﬂpw acterthat ﬁmrﬂs;?@éi nothangisacyiss, Amondro-
t 0

Pl oS, RIS Rl B8, IS8 b4, cspentpl for

Ch¢;£ew’telcélff$nenﬂamaum cegtilagel fonpatmrt | @thler frosthods are based

cr.eeni n was _avai.ded wi
on ol Ao Pelord LDl iah S35 S 3o e Jaialypd in cartiage
mmmi;smmndnomchom; tdefedts e qf @@té@p@ﬂoars FEA#eRr Genes in
identified based on the nude nouse nodel for
cartilage formation, to evaluate 15 the chondrogenic
potenti al of expanded or passaged cells for
transpl antati on purposes. Simlarly, a set of
sui tabl e markers for chondrocyte phenotypic stability
are described in US2003235813. However, while the
identification of these markers provided a basis for
the identification of cell popul ations capabl e of
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Mor phogenetic Protein 2) and RASF- PLA (Phosphol i pase
A2, Goup IlA. 2a In a second aspect, there
is provided the use of a set of markers for
identifying a conpound that is capable of affecting
the ability of cells to produce cartilage formation
in vitro, characterised in #hat the set of markers
conprises a set of at |east three nmarker genes

WG 194hy FRZB, ALK1 and one or nore narkers

25t S A AP0 PR o e i

vithidifferesfaticn oft dallsdnioscaptilagé dddwavddi, thes pradidtivenglue of such
robes for detecti the expression of a set of genes

UL R ReSEoHBA i R A S {BRer Aot eatirefargs AEwunts of

célRMENd FredinfRébhsuhig, PEDF, COL11, COL2 and FGFRS.
In a fourth aspect, there is provided a device for

det S42H94PRE2e x pravidaso @nofin aviyer mpdeyewiisrein the effect of
cEpdidR%h bERdThRY cﬁﬁilét% fpﬁﬁé@orpﬁﬂe%faﬁ‘s%ge re\iﬁfuﬁﬂeeotﬂ%ivo.
Tow™ng: - a unit for de g the

or nore of the fo tectin
Oag of s most ofliablemadelsdior gesassing thenabilty aieells tr fam stable
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of genes .conpri sin |l east three marker genes )
mBUSLTDRRP'S VONFE HE Rl COREPRTTGGT ansasibraice! for high-
thiRRpuCbcrbentigl 2waRd dvGiH ot ARAET dhnBlogy N dibidded in

vitro nethod the ability of a cell populationh to
WE0Jdd8d3 <1 his| rategtaapriication deserthesi thevitss of mumecular markers,
; r t ol Le i conce
g MR DY s BRSPSl RS Blaluate
the rinopddgesico poiential phgepdrdlednti passagedngelisi foeriransplantation

i X i e, ether native tqQ the cells or .
PSS TRy = 3kt 0 °S0RbI dhankin Yot SReifipate” Phenotypic
stai?il%ﬁyidre desctibediid&ﬂﬁ%(ﬂ(im&i@m EHbwieet, omsecmgahblﬁtm&aﬁon of

affecting cartilage formation. . ccordi ngly,
thess MaFKeS provited Ao 1ah R gaLTication;of el RgPUEEions capable
of Whbdiicisg Bidie Ml crtieRdirt Give! 81dr€ trefBfhsCAdeb &88 further
. formng potential of a population of cells. The
IMEIYessiiton | evel of these markers can be used to

predi ct whether a cell population, e.g. in vitro or

in vivo, is able to produce cartilage in vivo upon
SUIMMIARHY 8F DHEJNMENHON i mul ation. This is of interest

for determnin he .3 therapeytic potentjal of a .

col M Bfieh ashest. tnefie iSOV Al Keiroameiask By deissmining the
bilig! bt ifelS HRddiRet S8 pi ilgHe’ 51 vi i
A B B R e Rl R Pines bafticla B iy, which
comppisgsideteroniniog thel exprpssion byosaidppepulatioronf a set of at least

et SRE GPOGE nEr PSS Eb bt AP aiRes Frolein 1), ALK
(AGWIH RIRECEIOATT e RILAKE Rflse D arkP bRE T AGFAMaFRIrS Selected

in a joint and the adm nistration of a medicame
fromf filaet givypt leensistingr ofy dMERF ptRigmeink| Epitheliuen-Derived Factor),

i M red-cel | | at A on. ccordi tq,t
CORIE, RGBS, 555, 15 R KR optanon, GRS 3 Porems
(Filreblaspo@rdvithi ¢iaictdr Relceptor S3HSOPN TOSEERIMIAY BARLS (Bone

for the identification of factors 10 capabl e of
Mogghagenetig Brdaty ddyeed pRABERIA c(%mbhoﬁnqsa‘ w2/ Graup 1IA).
and/or in vivo. The disclosure provides a set of
mar kers indicative of chondrocyte phenotypic
stability, the expression of which is used to predict
the effect in vitro or in vivo of conpounds and/ or
conditions on the ability of a cell population to
produce cartilage in vivo. The use of these markers
in screening assay allows the 15 screening of a |arge
nunber of conpounds and/or conditions on
chondrocytes, w thout performng tinme consum ng and




In further particular enbodi nents of nethods

descri bed herein, the set of markers are a set of at

| east 4, 5 or 6 marker genes conprising FRZB, ALKl
and conprising respectively 2, 3 and 4 marker genes
selected fromthe group 25 consisting of PEDF, COL11,
COL2, and FGFR3. Mbre particul ar enbodi nents of

net hods described herein, réfate to methods wherein
the of marker genes is a set of at |east six marker
genes conprising FRZB, ALK1l, PEDF, CO.L11, COL2 and
FGFR3. In particular enbodi nents of nethods descri bed
her ei im, atdesoali 4spact,ofhese 39 proviged ribe arsecohdi séoof haarkers for

Bihlibing S Goiwpdte Brl Brrebebls ol ArcunoBa AR toAT SIS Reproduce
CXRIR8SoARain IMeirdeEhSackirisk8as thdthhe &t 'ﬁ%rk@:%g@ﬁnprises a

More particularly, the cumulative effect of the
ingfoatnigast threadnarksn gemesheorentisieg FRFBoALKAeand one or more

AR elected.fro g
RO KBRS onl 6 e S5LE'd BRPRISF et Raa0L2. ForRs,
QPY, BAAP-2PAY RAGBR-PeAcunul ative effect of the
conpound or condition on the expression of negative
mar keh geiRFa& pfdiddd askit BshpAki i
ability of tﬁéﬁgghggﬁéggor Ca%%??ﬁ%ﬁﬁ?gﬁgppgggﬁeémﬁ"éekxmng
theexpressior ofleemet ppigenes dbidartilgge fformiogl ¢ells wherein the set of

BattsR G s s, AkReMREDR CaLLLIERre e aERes i s
obtained . froma joint. The p ggla i Qn g% cells is ]
obt ailMGoHFB sk SReANeis SEEABRCR A 99 far datestinaths expression
04 b QAR el e A B o
athe &llowing envi saged. I n particul ar enmbodi nents of

net hods descri bed herein the expression | evel of one
-cx unibfer deftedting thierds@ressicn dethermarked gehbs, a

%ggtl ative nethgd A further,eﬁ%%ginent of the

- ATELRIbEYTAcR 564 LIPS CRBPHSNGHRE8 ALK a PERF 60k 1, COL2,
A EGER3f or identifying a conpound that is capable of
affecting the ability of cells, nore particularly

chon o 0 r Qle .C Q.
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sehef yereb cothaising eitilsast thred hadrkéhgened sefectas kens the group
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~ cartflagk frevivs, the use involves a set of at |east six

mar ker genes - conpri sing FRZB, ALKl1l, PEDF, COL11, COL2

and FGFR3. A further enbodi nent of the present

di scl osure provides kits conprising probes 25 for

detecting the expression of a set of genes in

cartilage formng cells wherein the set of genes

conprises a set of at |east three marker genes

conprising FRZB, ALKl and one or nore narkers

sel ected fromthe group consisting of PEDF, COL11,

COL2, FGFR3, OPN, BMP-2 and RASF- PLA. In

specific enbodi nents, kits are provided wherein the

set of marker 30 genes is a set of at |east six

mar ker genes conpri sing FRZB, ALKl1l, PEDF, COL11,

COL2, and FGFR3. Particul ar enbodi nents of the kits

provi ded herein are kits wherein the 6 probes are

ol i gonucl eoti des which hybridise with nRNA, wherein

t he probes are antibodies and/or wherein the probes

are sets of PCR prinmers specific for the markers to

be tested. Kits are envisaged which conprise

di fferent types of probes. In further particul ar

enbodi nents of the kits, |abelled probes are 5

provi ded. Yet a further enbodi nent of the present



ti ssue, such as cartilage, indicates that the cel
popul ati on has been placed under conditions whereby

t he nunber of cells has increased by proliferation.
In its sinplest version, expansion is perforned by
providing the cell population in a cultivation
recipient with appropriate cubﬁlvatlon medi um
optionally until 20 confluency: The popul ation which
is obtained as a result of expanding freshly isol ated
cells is referred to as PO The term "passaged"”

refers.to cells which have been exganded, and whi ch
follo W?g%?&&h&l%ﬁ'ﬂ%@ésmdhgw strayvel oncepieof providing a

Gpbbifikahb ARy THR6HIRI \ﬁﬁfcgué' indicailgd ;ﬁ?tc'@gtgagg %grrp%\}%} ibany given

and/ or physi ca S an are

g¢é#pginsianon, dreot w{aeﬂranl nawﬁ itonthee cells &t indtRed2g@kich can be
gh&@ referred ¥ t hei r passage nunber (P1,
£t (quh G qrg ﬁ’rﬁ ileumn (he igentificatipnaef fattgrs ippable of

bﬁ@cnﬂybgwﬂgy@fbnﬁéﬁoﬂopulat|on doubl i ngs (PD1, PD2
etc) he term"cartil age defect" as used

herel t resulting fr

L At AR T T ot v
efin Milablyaged to prediciitte tatimgemering sehal d'#sa ﬁé‘;ﬁﬂatlon of
[ er to. a _nuneric val ue ich can

s, used to ref

‘!Sr's’gl?t SXPrESSIPR dovsl o dhase maskers Gar he bisad ctorpmmgt whether a
b@le 3] | 54589456 .
O el At Wit PEF BbeaHCs GRtifaog fo vivo upon
imlagisition eation stifmulatiomditiers cfdotceesiffort dstetthfriny ey
mar kers of the sets of markers of the present
invention. This can be the result of a sumof the
i ndi vi dual markerss. Alternatively, the cumulative
mar ker score takes into account differences in the
contribution of 5 each marker in the ability to
predi ct chondrocyte phenotypic stability and
accordingly is based on a nore conpl ex mat hemati ca
fornmul a. The term "hi stology score" refers to
a qualitative or sem-qualitative value attributed to
cartil age based on a histol ogical analysis (e.g. no
cartilage, fibrocartilage, hyaline cartilage). 10 The
abbrevi ati ons used for genes in the context of the
present application are: FRZB: Frizzl ed- Rel at ed
Protein 1 [OM M 605083, Genbank W91903] ALK1: Activin
A Receptor, Type Il-Like Kinase 1 [OM M 601284,
CGenbank Z22533] 15 PEDF: Pi gnent Epithel i um Derived
Factor [OM M 172860, Genbank M/6979] COL11: Col | agen
Type XI Al [OM M 120280, Genbank J04177]
COL2: Col | agen, Type Il, Alpha 1 [OM M 120140, GCenbank
L10347] FGFR3: Fi brobl ast G owmh Factor Receptor 3
[OM M 134934, Genbank 20Mb8051] BMP-2: Bone
Mor phogenetic Protein 2 [OM M 112261, Genbank M22489]
RASF- PLA2: Phosphol i pase A2, Goup 1A [OMM 172411,
Genbank M22430] 25 OPN:. Gsteopontin [OM M 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. Mre specifically, it has been 30
determined that by attributing a value to each of
t hese markers, the cunul ative val ue, which can be
expressed as a cunul ative marker score, reflects the
ability of a cell population to produce
phenotypically stable cartilage in vivo. WO
2008/ 061804PCTREP2007/ 010285 9 The marker
genes identified in the present invention as useful
in the assessnent of the ability of a cell population
to ensure cartilage formation are selected fromthe
group including the p03|t|ve narker ~genes FRZB,
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Alternatively or additionally, the expression of the
markers is neasured WO 2008/061804PCT/ EP2007/ 010285

10 at the protein level. Protein | evels can be

determ ned by i mmunol ogi cal met hods such as Western

bl ots or ELI SA. In sBecific enbodi ments of the

i nvention, the expression of markers is eval uated by
tiesrapautiongotehital ef pr eels ipopulatiomeTheesat ofnmarkaratalsd provides a

g e

pﬁél%t?ble SLSIRY 'SP PoBalation ldEcelid pribh FmbikRtatiBhOFaitAérmore
magrate in a gel in accordance with their M (1D) and

thetwiesentdsepawrerireviges fher qangipined fieptmentireginee eamprising the
gﬁ'@{e ﬁfﬁioﬂn oflstehf MRt ?)'r NodtBY&or@R? B&IsTBAS ‘ér z&tnpyand the

I Ng the anount o prot elrn present at
ad’mmmrainncufr reseditgiment wafideting §hmch9ndvqgenlc5rpotentlal of the

Pro ns, 10 can quantified after staining wth
gged e@rpoppfagﬁp Bl ue or an equival ent staining or

can Recastdimgt fof irRdphisdnhclisdiesab) te phémitypacﬁebﬂity of a cell
nmet abol i ¢ I'abel (eg 35S net hi oni ne

peilalien freeiiadb dispduBettreaning tﬂ?@ﬁé%%orothﬁdeﬁﬁ@ffé&n ¥ Hctors
cq?%a%zf ﬁg gﬁe@fngfﬁiﬁﬂgﬁéﬁﬁ? Eﬁégﬁfgpic@a@ﬁy éfp L6~ Bo. The

I C Or rragnetl c or
diselgsoacprovigeb absit of nsarkers indicativeof cdenelcocyde pbénotyplc

< ERBHE I Brgscian ot yhnip Bhed | nBIRERER M irbdyn vivoor

cﬁrapdnmdq;uaadloF@bndmanslm tize abifibeof of cﬁhrploautatraneto produce

HBRSEL A, Thb Sl et PR B SSPEGRE et Bl the

: s&éérﬁnﬂ&'cﬁ af lafget MamBéit 6Céompouridstane/oraokeitionsfont tondrocytes,

i nvention. In particular ea?odlnents sych devi ces
Wémivﬂrﬂegfeﬁﬂmumq ceRsuUing @Rd | Igbasious ARIMA &PGTIMENE:t i ng

the markers of the present invention (at DNA, RNA, or

protein level). The unit can be based on RNA, DNA

hy br incineadn bainognt baﬂﬁcbr@sfént disuiosire gietiRidsdet dsérniming the ability

oS5 PetiBlidy €380 e Hiatle hiMAR R BbE 47 oo REE hattRuiany,

mdthoide earé rovidec for dntagnqmng i wa'o tre gbilityRYIG cetlpulation 10

|
Pifee HaBE Maif soMind e o7 RRERRRbl b fgthods are
provigBd Wiiéh tompiike Herpirnisg tecexpressiqrpieg thi toll Dbp@ﬂﬁon of a
or antibodies for detecting the
Seérfétaél|%Stdhfqeh@qrw&ﬁ03§nc°'@?§'%wg% AL agd e or more
mﬁ&k& SefedfadlHrhhRe dr gprdoﬁgls@ng 8t PEDH! tocy@ﬁ 0pouR! FGFRS3,

erein two or nore ¢ popul ations can be ‘grown
ORNdBMR-2andiRABF-dLAunder different conditions (e.qg.

Fur the FROFGR R ERyRufiHEhs, ] pERERTIGUEES Therein, the  cel

po%ﬂ%ubﬁﬁémaﬁéﬂ%ﬂﬂﬁ%ﬁmaﬁa ot tonditicent i on can

Co%llmgcse ‘%g%”'g{;@% gll'ue?rﬁgu\r/qeqrt 8%eafﬂr\r{dme(dnnfhgﬁ1 comprise the
stél b¥ %6Mta@fwﬁ% *éeEbﬁ@hanwl 16 deis waith Qdempcﬂmw at o@hdinan and
ile

ti me- prof i nal | the device can conp
de@@rmmmgrth@ @m@,ﬁslfq;gle&él l"sth&naoﬁ'ﬁ%ﬂoﬁt‘i’fn@e'l‘?e‘l’ﬁ B1Set Of at least

dﬁ% S ERAEISALK PhAd 3l &F Rfbre marke genes
spos Ie cariridges are envi saged conprisin
setactecbé'@m ithe lge@gemogsstmg tafePRBFk 68 1de LOLBe Gﬁﬁ%l @PN
whi ch can be used to determ ne the expression of
these markers for a rapid and efficient determ nation
of the status of a cell population. Accordingly, the
present invention envisages automated devices, which
are optionally conbined wth 10 di sposabl e
cartridges, which allow efficient quality control of
cells for use inin vivo or in vitro applications.
According to specific enbodi nents of the present
i nvention, subsets of the marker genes identified are
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30 representative the assay becones of the conplete

envi ronnent ensuring stable cartilage formation. On

the other hand, the nore marker genes are to be
wdalgbdikgaed, the nore technically conpli cat edciieonzio1028s

assay becones, WD 20081061804PCT/ EP2007/010285 12

conprom sing its ease of usg i n hi gh-throughput

screening. Also, in order t0 maintain the rel evance

BPR:2 GogBREF I Binte Matend e XBResRiERe o fbe set of at
Ieﬁ&otﬂré’e BRaikeRs isbmdﬁdéitﬂig ofl ﬁ\@eﬁﬂmtyt Bﬁtﬁ@%@ﬂ@ 1&fprbéigce stable

expression of a single marker gene within a | arge set
hyalige Cﬁﬁﬂmlng‘é\'%@gulFHOFU@Rhntﬂ @R indo pFatigBhce on the
OV er@dhe XhESHRRRALsS BPFr'?‘ehﬁ’éd%BSs% ?&%?%%mpﬁ@é%e steps
on these argunents and served relati ve
ofc qortari tmutcpotactmgtﬂne delf fpopetationa ity & icompounidedr dondition,

d%g R%%nigqﬁég) %?gg uo?{%gg?g)(e ﬂ%n};et%go%f zﬁg&[{fghé set of at least
thedeomarias \gemep hamm tafier ¢thes taditiatiiny seb, detzemining pilettisrahe the
PrESRAR PhriheCRMBAURbS BT st BrpresPion ia the cel

pcf;ﬁlléndﬁoaﬂ loaél SMNmofS CATHENELtt & an e RRA/dTBHkerAg8Rs. More
6 or markers is an optimal conprom se between

5,
P%"H%Ufﬁfé)b ur‘ﬁtiﬂ;?défa reqEoysedi wash SosRIiser drtesuiring based@n the
efr&& bﬁh% agbidomhaehipalnd %@%bﬁﬂﬂnbﬁ%n%e'éi?h&%ﬁb’of'tﬂe set

t hroughput screeni ng One aspect of
ofmt threavearkeogenefis tbe@aiimu@é@noﬁl@ﬁaoéaétha mrepound

| orggtlge i drospom %ﬁl@ o\fethgf ccglFl L%Snfﬁr ﬁg&du%g ea\gle hya ine

roup conS|s I'ng of t
camglagie in gare dn I—';:ﬁ?ﬁbulﬂ(]ambpd(ﬁ&rﬁs &%%e%smescnbed herein,
RASFP and.OPN an d he negative,marker genes ALKl
COMPHBERST CHIEE R Prb oo A SN Mo AR B IR O Ghe(Hamore

pRitReemarigtVgsidsoBeictied ﬁ@’h e ghupt cbfasting Bf ¥RZB, COL11,
up. the chondrogeni c potential markers,

k k
cOl2, TGRRE Sithe [BMP 2 anst (RASE® P iRe fdisintiing | gloaositvely

affeRERy éﬂﬂlﬁi’ag%n%ﬂnﬁﬁfrk%mgeé%ncf&rﬁfst ec%gfaﬁ%m 6fh¢n<%8éiﬁg the

consi sting "of PEDF
exprasysiqn) b eiler PERF amd/er M1 cﬁjeadwﬂf“ eldh@S @egamelxataﬁecimg

o858 OB TS SREN T b L oo vl

hyabhe cartithger iormitche gr oup consi sting of PEDF COL11,

and FGER3. Furt her e odi nt f nvent
COL3, e b O e S B lorlhen hBST b8 et of
mmef(y b ﬁg;lelFBf;aé I?ﬁs}til‘i {ﬂhdr B&ﬁ@ﬂ@i‘ Igeﬂéyto%mﬁts&rggg%#ze ALK1
mar Kkers .sel ecte rom e roup, consisting o
angdgompPrigRy sespastively Jgpand %meﬁermws aSrReeen frags the group

coRdktihg oF PHDE, ¢De15eto1of agl HEPRS. fhore Qﬁlc@lémarrﬁt%dfments

genes 30 conprise FRZB, ALK1 and respectlvqu
of mhqd%ﬂewmds@reﬂ eelater ormethodgrwhgreirothei ma@reogenes is
t
@ partl cuI ar en)‘gqagrkgp eﬁ%:?étmﬁgfs‘?@ %F{n% kgfr'ﬂéeﬁeESDF coLt,
CQis2dnd ¢GRS t he abi I i ty to produce WO

2 G ERIES §F b BB bl Belabiy o o
cofsploind arconaitics. tonecf:uanﬁlays Memsn@m elaétephmeagb&eaedn the
refterre to

of marke es described in Exanp
cupuiiivg Sftect b tesn GAIPEERS é’étc@nﬂﬁepm the exprentip of §ye set of
at l18ad! fhived Qﬁ@r‘kéﬁ?eﬁ@s apdrB Epdrisinangr et camluldvacafset - of the
Al ternatively, the set of nmarker's conprises a
variation of this set of chondrogenic potentia
mar kers wherein one of the markers PEDF, COL11, COL2
and FGFR3 is replaced by one nmarker selected fromthe
group of RASF-PLA2, OPN and BMP-2. Mre particularly,
the set of markers conprises a variation of the
above-descri bed chondrogeni c potential markers,
mhereln one of the p03|t|ve narkers 10 CCLll COL2 is
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cunul ati ve marker score, nore particularly the
Chondrogeni ¢ potential score, is used as an

i ndication of the quality of a cell population for

i mpl ant ati on purposes. Typically, the quality

assessnent of a cell populatbon is perfornmed in a

| aborat ory using standard techni ques such as those
cdrnwum deRERion cﬂﬂmet&@ré'éémbfsm Jwa}ﬁaﬁé?géﬁé@éﬁlected

ggnerated in a report or sunmari ze

RO ERNSIStNg e‘FFRZ%o%RLém DLz GRRBAIBN, BP-2, and
F@QQIS@-Q_?\ %Bdath%ekcco aéf{e%'i‘ d?bfhﬁvﬁﬁﬂpéuﬁc{no? BERBA %N the

ani mal tissue
%QWMGU&W@P@WIW?EDFMW AEKL1 i ingioatiVé of the

BRI EARIB 4ER B ouBSRE WHESoic stabity of
a/ttailqnupuatmel y, the nunber of popul ati on doubl i ngs can

nsi dered. For, nost cell ul atj ons cansi der ed
n ¢ REBRGEL BR i oiiants cheuinod st ber hecalor e population of

coRSEBastaingd Hore S j3ind 'H%Pbbéﬁlhﬁﬁn of Qéliébl's'db@élned from a healthy
Accor dingly in the context resent 1nventio
deper eefrPmpapdndividgal wih @@s@%tgélh@rfctre!r dafect In wertfcular assays

t ell .
3o conithn. eordor Bh i s b BalESs pawisaged. n
pgripuias rehibgdimeatsu of mptials dbscalaibéds herehm thea Eelxpresfsro@[meve! of
t er t ous t antation
offs b P8y Bl Rplfte s i B PaBRR b e, o
nmore biopsies froma specific 10 patient are

optlonally conmbi ned and checked for chondrocyte
phenbtiypier enobaslimenyof the froesenadistiosurafrelatescontbe naeiabra set of

mek%Fﬁéf )denff?ﬂg %aédn?(poutna thelt Hﬁaédptaple%? 5&@&%@ r?Ilte élﬁl jty of cells, more

per or ned ecific tine
parioiiarly shpwoemtgsmmgn@nocm precgBor celfs)ds prarduae cartilage in

vivs. afrf Pl ﬂld&fargglgbb@merﬂg WAL 50 S5 UHARE %'%fg’d,'" eagfztk'n et of

and/o retri rom St orage, prlor
msmer%mnpglsehea cset | of patpiekat |tlmmelﬁxaﬂcbrsg)aﬁasf b@m nsmg FRZB,

ALK 3B of B el Selaed, o thenOretn; naistios of REOF,

ccnhm ADOLR; FGFR3 RN | BIAPRR laati RASFPLA 9 lsgs@ﬁé amb%dlments

hyallne cartilage,in vivo prior to either direct

the' {3, Wales, SBF ok abladst Suhmarker GRS aTPHSING FRZB, ALK!,

PRDPCOMRAY I 8D 2MBha PGSl subsequent inplantation. The
marker- score 15 indicative of the ability 20 of the

cell popul ation or ceI s to ensure a cartil age

i nplan . ' C r.invasion or
endoc Hg(ﬂ%pr rﬁ&g%rﬁ‘ %re%gr?t oot SRIBY'es ity compasing probes
foredeteating thenexpression ofmrdeds pbgdnes inledréiage formihgt dés WREMRT the

oA O BiA eh LS e Wbt g Lo iz

ALKdpand onbadr Mers @Wﬂ?kérs' §eléé!€ﬁnfrérﬁ H8I D R8n mﬁ%? of PEDF
dﬁihmsuch as 25 those described herein,
CQiok! HrerRER 3, QPéI BMir-2sandiRABR-RBACel | popul at i on
und t r .. cell
can paPERRE iR, Wi, B pYSideq WSk B! oci o harer
gengs kyacsat| Ofs@ielﬁaﬁt §lxmaﬂtm‘sgmompnslhg FRZB, ALK1, PEDF,
0 er aspect, the invention prOV|des
COﬁqq E}S’Lr?g ?erm ning the effect of a conpound
or Ealrllcular @mhmdlmbatsabﬁ thiet yito providsihogdnafe kR Whetdin the
produce stable hyaline cartilage in vivo, which
nmet hods are of use as screening tools. These net hods
conprise the step of contacting a chondrogenic WO
2008/ 061804PCT/ EP2007/ 010285 15 cel |l popul ation with
a conpound or condition and, determ ning the
expression of a set of marker genes according to the
present invention, by that cell popul ation.
Accordingly, the invention provides nethods and
assays for identifying 5 conpounds or conditions that
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occurring in pathol ogi cal situations. For instance,
cells can be stinulated e.g. with IL-1 (to stinulate
i nflammat ory conditions, to enhance catabolic

pat hways and to downregul at e anabol i c processes)
before addition of conpounds that potentially
counteract this effect. 5Al so envisaged within the

5e8BE aff oligdfubleSERIwhiBlY Bbridise Wwith MENAS®@hefeid tr% probes are
mar ker genes for assessing the po otential side effects

¥tiboissaansiari whessinpibgrrisbes are satsy R%s@'ﬂﬂ%réospemf ic for the
' the t LGP

IR o SE°ISRRR it Afe, SRR S Bbimorct diffrent types of

probes. Thdurther hpatticudar tenebgalireseist of ruwﬁemasonabelled probes are

ﬁptgntlally allow the direct identification of

s of conpounds on 10 bone formation, which,
when tested directly in vivo, would only be noticed

on a longer term The netho s of the i vent_P
pvaps evices for detecting

rel at (§i@ Pﬁh‘%rﬁé‘b@éinlf‘éﬁf’%eﬂes@é?

thy Bksrakdidn 618t bf§erlcdtn séIRPmBFe ﬁé}ﬁélﬁé}tyl de@ls Bpically capable of
chondrogeni c cel |l popul ation with one or nore

caditpae farmation.ilntparécitargmbodimants ol susht deviessyoaesoronore of
0k it b RS 55 EDEB5 RS WORAE 5 e Blepion o
queiegenemmdtplrohesafdrca/\sétl afratt lbastthizpumagser genies gronfprising

ound i raries tide libraries
B KORDanH oppern Bone mamer deieed 5yt iffc, gk pgsisting of
FEDRAiCON 1, TR 2TEFBRRS, obnme BiMPsENdnd nRABFLDm Specific
conpri se t he step of conparing the expression of

eshodimentar Wefevi@se despibsdclapigih ra deuics ashigularly Suited for
|

bR Ao & seliRtodbt Gancobya S Ao RhGrein the

sat phmarker ganesondh sebef Wt terstwiX @gikersgerss odmprising dtRZB,

d]i §Q§qg e of the conmpound or
A@%ﬁd |ondajri'nI saﬁ%ﬁdr a ?fferent cel |l popul ati on.
In a typical enbodinent, (a) different fraction(s)

originating fromthe sane cell popul ations are

R EE RS CRIF PN, OB AVVBRTON)S, Wit o povitive
Defiehsnegat i ve control . The negative control can be
a bl ank or a conpound known not to affect chondrocyte

phen6h9 fere ‘shandrogepic” whenarRlied Je acsil 9T Peawatien @fers to
RO THROR, Ssp iyt Wiyl SICER Bpen 1o Mo Huct cartingg or to

st}mpbateat:amlage f6owiht badsmm:eopm@e roclrogances.t he present

nveptJion,. di fferen et eval ted

ool A el Ebo R T bied nF R iR 4 &yfiPouna which
indutés aetdbldtisdreitogtte ﬁhéﬁ@t&ﬁetandmmrdme@s cadlilage formakien.

incu?ated dyring different tinge @ﬁrlodg V\O ) o

2008/ {0 1oy sher P ?LWSB'Cﬁa 0108 “sbrerdigoenic potential

whRETPeteRtHd RS eEIl prﬁﬁﬁbﬂ{ | lierd t6Qhe 'abillﬂf‘opﬁlebégllrbopuéatlon to

D'fferent regi mes and conbi nations of “‘conpounds
produee vartilage ol THRSBIEN BB Lo iFsiarcly (ectopically) injecting a
0 / S adgesht at 6 . .
g o RRRNST BiPed R T 20X B: RO aarppma Gn

vivay; sdch ée rmmtm@def icieat mice, iamd.detérmining¥inagp pinedsanm® of about
inve

50u|t v n conditiops ent
Ss) e e SPRPTIRAL PO 3 partiacaimian REPS 5ioBF & vaSbuiar

|nﬁ'§4|d>n RAMelaAEARIh be raplasimentthabbne of ibidus aBeué NANGMBtively,

after i npl antation can be predicted based on the

expression of specific genes (the marker genes) by

that cell population in vitro, prior to inplantation.

Thus, the expression of the marker 10 genes is used

to nonitor the chondrogenic "quality" of the cells

prior to inplantation and the effects of conpounds

and conditions thereon. As detailed below, the

expression of the genes can be expressed as a marker
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19 within the 0.001 to 10 range). Accordingly, the
cunul ati ve marker score can be the sumof the ratios
for each marker gene. According to a

wpshtbdasdsar enbodi nent of the invention, howpgekebhEorss

cumul ati ve marker score is not based on the absolute

or relative values of 5 expression for each of the

mar ker genes, but on the qugl itative assessnent of

%{hi S eﬁgr essi on. ) Accor di ngi to a specific ”
3 SRGURIN AERE 6! PopeiaiiradehieastRRAW i1on20 gl icelie pgecm”) can be
SERRAS DHRNT opfeﬁéﬁbsmg@ring%%ob&nq&%lyﬁfétlli%’ and implanted

assigned a nunerical value, e.g. "1". Mire
suhsutanagugly| yndeicther gkingfar abms HBeweaks ihefenst tetgrmining the

f S o er .

ApRRERSRTH Rt SRR AR Bt b Vel dbion or
engdochondghbone foamaden. iAccardiog s dhe) pezbanh dnvestior d hbpulation

1. | | i t th J t .. ) A )

o Bl A€ bl " BRPERG, e SufiPRs Phriagesan oo,
cmmq:tte_ﬂaécbray Ehe peidened gﬂra bsndtif&xm?&sh?tmd Ft\fehfaﬂ@érs of
oS|I tlLve Ker enes . an Xpr.essi on evels or . - .
PIFDIHRIG oSt ‘Weﬁ%e%sgb%%oﬁ%fﬁgtgpé‘oﬁﬂ'@?&eymh?% | §tapility is

gra8udiRabstin rﬁé@?@éﬁéﬁ?obﬁ&@h?oﬁ poksayingd thin the
predeterm ned ranges are attributed a val ue.
Accortl im oreshly) isdiated colisdi(nB s uss@rheseinorefersl gethe cell
j g i t i f 1 L
PARHROBIELS S BGGLEE . BESGR" T fym Tl
isgjatedscerilage oplighay esgd hemir tuserdeérsrio dhe aep pepuiation directly

rker el bserved. or. very high expression of_ a .
o paf il ReorehiPoaRE Ffetind Jodue oAt at e b cigistin.
witioesm peledayimg ni ng the rel ative inpact of each of the
rmrklg{es enes in the cunul ati ve marker score, the.
expr tlgffﬂ gKP g¥hen 6%%"%‘8% Rell papieaiies ghtained from a
tisBlié CEOEH ia¥etattilagBe ifiB4i8S Than tHee el p@?u%@i@noﬁa%fegn placed
genes can be considered as h stronger 1 npact

avli Nng a
urgKr RBMtIPDT Mheremetist W'@ef_s@fd\ﬁgﬂﬁﬁtﬂﬁ inergAsed by prgfeeation. in
e iblat 90 001 el By Bl fod QBRSSion n
cutiiyaiibat recipigal kwith s appropriate osuliivagiono raedipeci bptonally  until

oY Aol DN oPRteb 6, SE L TbLE o EBlBH resny
isalatedwalisi s teférreditonad 80l i ng wWithin the predet erm ned
ranges of expression (or of expression ratios
et g, B sSe8ean SiRfs ueBliCralien AgvB et ExeAndads and
wiieH Bslowing lepassioR IHRY bédRhah2Rtdd A8t BaTclRJalic %&Spient

for 30 the posi.tive and negative markers,

usgspRAIMANG, Fhemigal iasien Rhysiges mstheds and are dlatad at a lower
dewsiP i aﬁotgigf %ﬁ!tiﬁ}afitﬁrﬁ‘ 9§¢i%i§Ht. qfas%%ﬂé& QRN %L gefetrred to by their
ue , whic S$10 an

correspond to a va correspon
pagsage swither| el P3f etdhethsistiievh culiuregat ialtermadiviiyr by the

ol Bl RSt dlgs 2P0 Pr2e S nondr ooyt

pheﬁ'hleytlirm S‘taﬂnildgé;t ﬁe'chgt Idae Oeéd_i.hereinf refeﬁél tbhany condition
e es sectjon described herein, a further _
regiiid A e 5T e RETEES: Al CPHRYR (5raTY YeaasedbBertion of

cafiiggecunul ati ve nmarker score 5 representative of a
stabl e cartilage phenotype is determ ned by a set of
up Erbestﬁ%ﬂwéwg% scargc RO PUGhiT ised gt fefebia adnwgens vaiue
whidHP84 BB RiribliRs B} HCSHreLsioh ofathRa er%@o%&‘ﬁf fhe present
quantified, and a scoring approac ased on
expression relative to a marker gene is applied. In
this specific enbodinment, the score cal culated from
these markers is referred to as the "Chondrogenic
potential 10 score" i.e. a cunul ative marker score
which reflects the overall expression of a defined
set of six markers of cartilage phenotypic stability
According to this enbodi nent of the invention, the
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According to the present invention, the use of a
cunmul ative marker score 30 is a reliable and
efficient tool to eval uate chondrocyte phenotypic
win®idisdsy of a cell popul ation and/ or to assegspieiBoioss
- effect of conditions or conpounds on the chondrocyte.
phenotypic stability of chondrogenic cells. The
reliability of the WD 2008£061804PCT/ EP2007/ 010285
22 score is determ ned on the one hand by the
Ingemtias. 'a’haérwrnelam m%ls@' sooje: retess tasthergprilvinati of thg marker
séo(?e & e @ff?er@ﬁte Qﬁlthé( sg{sam a?t-?érrs'éfqgg dr dé’rttvlﬂventlon
nd the corre atlon et ween negative scores an
Tlfuaccsart batthe Itesult|df s2 sum wdithe arpdlblﬂealomaylearer Altermgptively, the

TR e Rer Y s Pl o PRt b, i gy pentiouton of

eachmmasrkén ¢ nthe Kabilityc s eredict tcﬁloeﬂfdoytee mhenotyps stdlflity and

iciently distin ulatlonsthat
adouingly i BaStd,pf GrrBote camBlEy Ao Rah TS
generi fefdl "RRENBGY BESral refeld @t& §usitétivd &%&erhilqualitative value
For instance, whéere the nunber of markers is six, and

atirihertact e | FRytilapst BAedr e Hb%tﬁ)é@wa#@%ls de-gasno cartilage,
5 d is typically a "grey zone"

t?p%&pfﬁagtsl %ﬁ%ﬂ%%arﬁ%act erized by a cunul ative marKker
score of a range |ocated between +6 and -6), for

oo A1 T SRR o BB B e

FIhZ!Bh popul Et‘izﬂBS RdlateddProteind [MM 6050835 Gembank AR 1903 ]

ARl copabl Rl l & g eLabl e hxalng cart i} A8 sorse,

nunber of gﬁmubgkggggggp that grey zone, but will 15
allow a maximal ly efficient classification of

PEQBul ati onf ’Q!F?'Pfeﬁpﬁgel'%gqf ivgd " Faptorn OMIMG 372880, Genbank
More parti gidgaf/oy, in the context of determning
chondr ocyt e phenot pic stability of a cell population
Caba for t Callagemantypei ¥t HlethﬂR@ZB@IGabbanh\wdéﬁa

cbbe; 111 exwigs] e, AL o B fedf e

F@BRBect demeiniaat Gomwihf FécabneRef:eptbe 3qaMIM dpats4 | @Bnbank
I ndeed, E"%\?&% f a cunul ati ve marker score of a
relatlvely B edictive value for characterizing a

BmMpPRzil at i OnBﬁfaeCMdrﬁhbgérﬁﬂi@edDrbwn t p apoMiiANt1abRen | Senbank
of limted v%gge as it does not allow to decide upon
|nplantat|UR Shot. For such applications, the use

R@éFIF*LQ\ﬁ‘OP%@;Q%H Gs@Ohent I@}bu CQe @Mw 1P58$£" Gérbank
invention as a scoring t ool |s consi
particul arMZ24g8k opriate, in view of its high

liabilit Vi saged

O “For BsHbolth (OMICIoadeh. LRABNEKTa0ER", 12

predi ctive val ue may be Iess critical. As indicated

he e AReRP i MVEarbls PEs,n i YN Ear - seieeind set o
mAREPoLIELS thé @b(paésfs&m of WhicE HRY bédiifoundytol ﬁwrrﬁwc%tivé hgr the

chondroc henotyplc stability of a ce
abﬁ g ?% jon; of <gli% i8crviveni M@reﬁépﬁelaga"w hié has been
defhitdd/ that EP%QH@EEEH@ ao\falﬁé‘%‘géeﬁﬁ? ﬁ'né%@erﬂﬁﬂéé?% Ghe cumulative

stability can be envi saged be the crit
valugguhichream be gxpressed as a qwnuatrw markgr sdeee, gefigeis this ability

o NSRRIV U LA S Bl B

For exanple, it is envisaged that upon performng a
screeni ng assay, the conpounds capabl e of converting
low quality cells (no cartilage after inplantation)
into internediate quality cartilage (cells having a
score which can not be used to predict 5unequivocally
the result of after inplantation), will also be

consi dered of interest. The cell popul ations
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chondr ocyt e phenotype or that have | ost the

chondrocyt e stabl e phenotype, as a result of their

origin and/or cultivation conditions. Exanples hereof
woobs/seagadr ocyt es that have under gone ext enspaBEP2007/010285

passagi ng and stemcells. Also suitable are

chondrocytes derived fromindividuals with an

ost eochondral defect 5 such%s (resulting from

osteoarthritis or rheumatoid arthritis or from _

i ndi Whedmarkerngenss ddentijeddnstpesrrgsedt mvgotior ag useful in the
aSRLERERPAIR' alls WP boP BGGIaAB) 1 chBSld KRB Brmation are

SO su Ie ar unmour c I's or

seddm:leuﬂrfmrtbermouel:hsludﬁglﬂhs msts\tmmm@ercgenek cEcF;E& COL11,

CRIERBRERs BHE 2, RS P Ay anf ot e tianls ek genes

, AN EDH. Additiohalo iearkdrat maypbeviaciidedeit thiee sithee.g. as

St ali‘)l e cartilage phenotype of cells, or that can
X*ert certain cell populations such as stemcells

i nt ol lagcoidiny &f BRI Bres@hi idveagoR e Ret YP® mbAEIE has been
present invention envisages the use of the nethods

idgpfifiegs §@9"§”%‘f"9th€$h posika ndmegative markes. Pasitiveymartkers are
AV/

s ke 0nt) e8pdfins S8, o bR Rapine cortace

inpogs wbille rlegatn& mmackersi aratexpressed dit {dve levelst ocrdt expressed by

oA RIS o BT B B NS AIBRA e
preberstanventions thmabsénﬁb:—subetp:&kslsn afi)a/gegatwe marker can serve
o SR, B i e 2o, 5 o el s

MEAKERO If L WiRiBh Othet BBsamed @ma@r@mﬂr@qu&@aw@wtﬁa@l &bility of
stability. Factors therein which potentially have an

Ch%ﬁW%W‘QW&EYR!ﬁ stahilg\are rsf%w@ttymeée@taémqgaﬁlye markers.
| ncI t
E%llg)‘? s’?ng'; Pfgﬁeé %é ot etngtgl %fgtgeopfes@ip%\@?ﬂoﬁ%@featt;re
cr@@mﬁmsttceef 25 c&ﬁdlb@puiamn atypwaligtgprsisthor ebmeeynd 0.2x10
actors, vitamns, proteins and organic
1'@%%%#%‘5 with a alleged effect chondrocyte
phe iiffg@nt nedtiadadd fdr)determmmg@ﬂ@rmd ohgenss afe kiewn in the

argatli% ﬁ@ﬁ%n@\f B Ugggtt&e ;ﬁ%ﬁ%} T IOHS\H% IS rsotkged from a

fraijt:f)ﬁﬁifetﬁélo’é‘li%dﬁ@ﬁiﬂrﬁﬁ?pl@éli;ﬁb@ﬁ@ﬂ b xmsa-tmxmﬁ celis and
ost eochondral _and goartl cularly in th

PrefesRRIY dgdueen praa8Se: Tt michamplfied sk mverss PRR. Such
arfEIRSHOMI ch %@mpaﬁéﬁné& fong| téé?ﬁrsqp Ve way via the

restore or maintaln the chondrocyte not ypi c
elegtegpihioragjs off Repliifiag &egmgnﬁhmdhmsumem Ohrtheir relafive

L Ty et

Hmmé\férpiowelr amoures obceliebhd ev¥etindindubiecelepgan batanatysed for

i s the s ni of ¢ unds ndi ti ons h.ca
XPTaRsiE OFSalR SO nyRBn s e Gieafiot tetntes AddGREly o
altefitNel! thedBRrRIURESf TDNOMid ATEaCuFBER IS a RALENAERE way using e.g.
thgredls posed to an_qgsteochondral defect. 5In another

paMEs eghnolegy Rdmgls Whichsag syiableaion dbe m3rkersppgatoned
in Qﬁzsf@d;ﬁub&?én oY %fafsiﬂz te ld@ﬁflﬁed’bytthé'éklll%enﬁér%h'%%Tséd on the
are often used in ce transp ant at1 on
knpwmueeges of the markgegapehods and assays of the

pr ei%"naltiggglnér' Q@?Iﬁéﬁalﬁj e %54@;9%9’0?1 6fnth%| rﬂgﬁlegélis measured
screeni ngs of brar , antisense |libraries

or conpound 10 Ilbrarles The conpounds naki ng up

these libraries include, but are not limted to

bi ol.ogi cal s and organic or inorganic conpounds, which
are produced synthetically or obtained fromnatura
sources. Exanples hereof are libraries of compounds

may be used such as antibody fragnent |ibraries,
peptide phage display libraries, peptide libraries
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expanded in vitro using standard conditions as
described by Dell' Accio et al. WO
2008/ 061804PCT/ EP2007/ 010285 27 (2001), Arthritis

wdhigsitisA4, 1608-1619). In vivo assay The mapifiproefo102ss
the present invention were validated using a set of

48 5 chondrocyte sanples which were obtained from
di fferent persons and vvere 19 eshl y isolated or
passaged for 1 up to passages. A part of the

atc,th@ vy eee). Rm’c@md@é%ls ran heeﬂe&@maambysmmm;cal methods
ms@rnmtéﬁr ppgher part was used in an in vivo
rl

assay to ve e cartilage form ng capacity of
eac hnsspegific. ememmm thallmnemmnethmempneaf.leut@‘dnarkers is

AR e harthel PR T RRF R E! o ConfEil uiagion and
amek;bmmaaﬁdp&ﬂat%n\(\eﬂkls asvia priebd (agay&éci?(r(ol&?%r analysis after
rowski e

1@@&?)“9%?%8“&8??*&51%\”%‘” é@ M3Ye| pmﬁﬁ'é‘sdﬁ‘gfii‘*ﬁé‘@@ gel in
ado@ﬁia’ﬂ%b&mﬂﬁﬂﬁnrd%ﬁﬁmtaﬂﬁ e b RIS Sbift @EPF) (3e) ! @n@é&énces

performed using hematoxilin-eosin, toluidin
'"@r\‘@’@é‘f%ﬂﬁ WSG’@E%” Fﬁ‘ﬁ% cap bg Wﬁ%@ﬁ @C@?@Cﬁ%ﬁl éf'éh gmount of

prBf rﬁ)ileéé?lt 3yt 'tﬁe ?)(%)%ftﬂogu&ﬁ'%sgﬁ gj'r'_hgt lgﬁblf‘”a'hdﬂ;r IBP. Proteins

st ai l'ogy scor ers
canybg |C|Heﬂllﬁddeaﬁ%fr stairaee witht Gobinghsie ijluinit%de or an equivalent

s BRI B8 AT BB B LT PP o
SlrrﬁéteroaIIta)at ed hyaline-like cartil age, strong
st a|

Sar 1DRARARNS S f BeagFor iseY. Sitbpdis aiasrlsléotde probes or

profild pasiist (sLisig @s, aritibdtifdss cant healdildd, b Quﬁllthld?ﬁé}ﬂopmtc or
20 or weak staining with toluidine blu A hi st ol ogy
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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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the chondrocyte phenotypic stability of a cell population or of the ability of a
compound or condition to influence cartilage formation by a cell population in
vivo. Most particularly, suitable sets of marker genes comprise at least 3, more
particularly at least 4, even more particularly at least 5, and most particularly at
least 6 of the identified marker genes. According to one embodiment, a suitable
set of marker genes comprises at least one positive marker gene and one
negative marker gene.

In general, the-lower the number of marker genes taken into account, the
higher the impact of both measuring -errors and the potential aberrant
expression of one particular marker. The different markers also reflect the
different processes (e.g. anabolic processes, catabolic processes, 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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compromising its ease of use in high-throughput screening. Also, in order to
maintain the relevance of the contribution of each of the marker genes to the
overall evaluation, the number of marker genes should be kept below 10.
Indeed, the change of the expression of a siﬁgie marker gene within a large set
of marker genes will be of little influence on the overali éxpression score of the
marker genes. Based on these arguments and the observed relative
contribution of the different markers identified, it has been determined that any
number of markers between 3 and 9 is suitable to determine the chondrocyte
phenotypic stability of a cell population or to assess the influence of a
compound or condition on chondrocyte phenotypic stability of a cell population.
According to one embodiment, a set of 5, 6 or 7 markers is an optimal
compromise between the accuracy of the obtained score from such a set of

markers and the practical feasibility of the assay in high throughput screening.

O-ne aspect of the present invention thus provides set of at least three
markers representative of cartilage formation selected from the group consisting
of the positive marker genes FRZB, COL11, COL2, FGFR3, BMP-2, RASF-
PLA2, and OPN and the negative marker genes ALK1 and PEDF.

According to a particular embodiment of the present invention, the set of
at least three markers making up the chondrogenic potential markers, i.e.
representative of cartilage formation includes FRZB, ALK1 and a marker gene
selected from the group consisting of PEDF, COL11, COL2, FGFR3, BMP-2,
RASF-PLA2 and OPN. More patrticularly, the set of at least three markers
representative of cartilage formation includes FRZB, ALK1 and a marker gene
selected from the group consisting of PEDF, COL11, COL2, and FGFR3.
Further embodiments of the invention relate to sets of at least 4, 5 or 8 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-
PLAZ 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 abiiity to produce
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stable cartilage in vivo, the set consisting of FRZB, ALK1, PEDF, COL11,
COL2, and FGFR3. The cumulative score of the this set of marker genes
described in Example 1 referred to herein as the "ChondroCelect™ markers”
(CC markers) is also referred to as the "ChondroCelect™ score”. Alternatively,
the set of markers comprises a variation of this set of chondrogenic potential
markers wherein one of the markers PEDF, COL11, COLZ2 and FGFRS3 is
replaced by one marker selected from the group of RASF-PLA2, OPN and
BMP-2. More particularly, the set of markers comprises a variation of the above-
described chondrogenic potential markers, wherein one of the positive markers
COL11,COLZ is repléced by either RASF-PLA, OPN or BMP-2. The examples
section herein demonsirates that marker scores based on the expression of the
sets of markers disclosed herein by a chondrogenic cell population reliably
predict thé nature of the cartilage produced by the cell population (as

determined by histologica! anaiysis).

According to another aspect, the present invention provides methods of
determining chondrocyte phenotypic stability of a cell population. More
particularly, the present invention provides for the use of the sets of marker
genes disclosed herein as a tool in the assessment of chondrocyte phenotypic
stabilify of a cell population. This is of importance e.g. in the quality control of
cell populations used in the transplantation of cells in the context of the
treatment of carlilage defects. These methods are characterized in that they
comprise the step of determining the expression by the cell population of a set
of marker genes as described herein. More particularly, the expression of a set
of marker genes according to the present invention, optionally 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 technigues 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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embodiment, the cell population is between P2 and P6 of a population obtained
from a human cartilage biopsy. Alternatively, the number of population
doubiings can be considered. For most cell populations considered in the
context of the present invention, every passage involves 2-3 population
doublings. Accordingly in the context of the present invention, the cell
population is assessed after 1 or two population doublings (P0). Optionally, the
cell population is a combination of different passages (optionally including PO)
of cells from one or from different biopsies. Where autologous transplantation of
cells is intended, the celis obtained from one or more biopsies from a specific
patient are opfionally combined and checked for chondrocyte phenotypic
stability (before and/or after combination thereof). Typically, the quaiity
assessment is performed at specific time points, i.e. prior to implantation (as
cells or 2D or 3D tissues in a scaffold or matrix), prior to storage (e.g. freezing)
and/or retrieval from storage, prior to and/or after subjecting the cell population
to specific treatments and/or conditions.

indeed, the object of one aspect of the invention is to determine the
ability of a cell population to produce stabie hyaline cartilage in vivo prior o
either direct imptantation, or seeding onto, or encapsulation in a biocompatible
matrix and subsequent implantation. The marker score is indicative of the ability
of the cell population or cells to ensure a cartilage implant without signs of

vascular invasion or endochondral bone formation.

Typically, the expression of the markers for determining the marker score
according to the present invention is performed on a cell population as a whole,
whereby a representative sample is taken to determine, by methods such as
those described herein, whether or not the markers are expressed by the cell
population under investigation. Alternatively, individual cells 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

screéning tools. These methods comprise the step of contacting a chondrogenic
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cell population with 2 compound or condition and, determining the expression of
a set of marker genes according to the present invention, by that cell
poputation.

Accordingly, the invention provides methods and assays for identifying
compounds or conditions that affect the chondrogenic capacity of a population
of cells. According to one embodiment, the method is used to identify adequate
conditions for cultivating, storing “and/or administering cell populations for
fransplantation in the context of the treatment of cartiiage defects. in such
methods, a chondrogenic cell population is subjected to specific conditions and
the expression of the marker genes is determined. Typical conditions are
specific cultivation media, cultivation temperatures, cultivation times, cultivation
density etc.., as well as combinations with other cell types. Additionally or
alternatively, the methods and assays are used for the identification of
molecuiar factors capabie of affecting chondrocyte phenotypic stability of
chondrogenié cells. Such factors can include growth factors, mitogens,
additives, smalf chemical molecules etc... The object of the screening can be o
identify factors useful in the cultivation, storing or administration of cell
popuilations for transplantation in the context of the treatment of cartilage
defects. Typically, factors of interest are factors which are capabie of positively
affecting the chondrocyte phenotypic stability of a cell population and/or factors
which positively affect other features of the celis (e.g., cell number, stability,
etc..) and/or parameters of the cultivation conditions {(e.g., storage time, number
of passages that can be used, etc.) without negatively affecting the
chondrocyte phenotypic stability of the cell population.

Additionally or alternatively, the assays and methods of the present
invention are of use in the screening and identification of compounds with a
potential effect in vivo on cartilagé 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 cariilage formation by cells used in the
context of cell transplantation. The screening methods can be used to identify

and/or evaiuate compounds which can counieract factors or conditions
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occurring in pathological situations. For instance, cells can be stimulated e.g.
with IL-1 {to stimulate inflammatory conditions, to enhance catabolic pathways
and to downregulate anabolic processes) before addition of compounds that
potentially counteract this effect. |

Also envisaged within the scope of the present invention is the use of the
marker genes for assessing the potential side effects of therapeutic compounds,
including those used outside the context of cartilage repair, on the ability of
chondrogenic cells to produce cartilage in vivo. The methods of the present
invention potentially allow the direct identification of effects of compounds on
bone formation, which, when tested directly in vivo, would only be noticed on a
longer term.

The methods of the invention relating to the screening of compounds, will
typically comprise the siep of contacting a chondrogenic cell population with
one or more compounds of interest and determining the expression of a set of
marker genes as described herein by the chondrogenic cell population. The
methods of the preseni invention aliow high-throughput screening‘ of e.g.
chemical compound libraries, peptide libraries, expression libraries efc...

According to one embodiment, the methods of the present invention
comprise the step of comparing the expression of a set of marker genes
according to a present invention in a cell population to which one or maore
compounds has been addedAvhich has been subjected to a particular condition
with the expression of the set of marker genes in the absence of the compound
or condition in the same or a different cell population. in a typical embodiment,
(a) different fraction(s) originating from the same cell populations are subjected
to different conditions and/or compounds for comparison with 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 multiwel
plates at different densities. Cells can be incubated during different time periods



10

15

20

25

30

k- 1 H stol ogy score Cc) Cc) COMO1 CO
Ce) MCOCO Cc) 01 01 cOCOCOCO C\ I CAcv
[ Sanpl e code Qd6Zso %98 Qd6vso cdtv[sa cs22p0

WO 2008/061804 PCT/EP2007/010285

17

before adding a compound/factor or appiying a condition or both. Different
regimes and combinations of compounds and cultivation conditions can be
combined. Compounds/factors can be added at different concentrations and
remain in contact with the cells for different periods of time. The same applies o
cultivation conditions.

The present invention is based on the observation that the abiiity of a cell
population to produce hyaiine cartilage in vivo after implantation can be
predicted based on the expression of specific genes (the marker genes) by that
celi population in vitro, prior to impiantation. Thus, the expression of the marker
genes is used to monitor the chondrogenic “quality” of the celis prior to
implantaticn and the effects of compounds and conditicns thereon. As detailed
below, the expression of the genes c¢an be expressed as a marker score,
whereby the (relative) expression level of the different marker genes is added
up to obtain a value, which can be compared to the optimal value (i.e. high

expression of all positive markers, low expression of all negative markers under

| consideration). Additionally or alternatively, the screening can take into account

the ability of the compounds or conditions to influence any one marker within
this set of genes.

Expression of the marker genes of the present invention can be
assessed based on absolute or relative value. Typically, the expression of the
marker gene compared {0 a house-keeping gene is used. This is exemplified
with actin herein. As the expression levels of different housekeeping genes may
be different, the skilled person wiil understand that the relative expression of the
marker genes compared to the selected housekeeping gene will need o be
estabiish;ed beforehand in a population with chondrocyte phenotypic stability for
each house-keeping gene used. According to the 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 vive. Where the set of
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markers is used to determine the effect of a compound, cell or condition on the
ability of a cell population to produce hyaline cartilage in vivo, the effect can be
based on determining ‘increased’ or ‘decreased’ expression of the marker
genes of the invention relative to a control or relative to the expression level
prior to contacting the cell population with the compound or condition. In this
regard, compounds, cells or conditions which increase expression of one or
more paositive marker genes and/or decrease the expression of one or more
negative marker genes according to the invention can be considered capable of
positively affecting cartilage formation. Compounds, cells or conditions which

decrease expression of one or more positive marker genes and/or increase the

expression of one or more negafive marker genes according to the invention

can be considered capable of negatively affecting cal_'tiiage formation.

According to one aspect of the invention, expression of the different
marker genes of the set of markers by a cell population is represented by a
‘cumulative marker score’, which correlates with and is indicative of the
chondrocyte phenotypic stability of the cell population. The cumulative marker
score is used for the qualitative and/or quantitative interpretation of the results
in the methods and assays of the present invention.

Different types of marker scores are envisaged within the context of the
present invention. The expression level of a set of markers can be represented
by a numerical vaiue which is/corresponds to the sum of the absolute
expression level of each of the gene products in the marker set. Such
calculation method can be used when a quantitative detection of the expression
of the marker 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 regardiess 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 stabie hyaline cartilage. This will result in the values of

expression levels for the different markers being more comparable (and mostly
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within the 0.001 to 10 range)}. Accordingly, the cumulative marker score can be
the sum of the ratios for each marker gene.

'According to a particular embodiment of the invention, however, the
cumulative marker score is not based on the absoiute or relative values of
expression for each of the marker genes, but on the gualitative assessment of
this expression.

According to a specific embodiment of the present invention, gualitative -
assessment of the marker genes is arbitrarily assigned a numerical value, e.g.
’. More particularly, according to the present invention, increased/high
expression of the positive markers is assigned the value ‘1" and absence of
expression of a negative marker is also assigned the value ‘1'. Most particularly,
according to the present invention, ranges of expression levels (or ratios of
expression) are defined for both expression levels of positive marker genes and
expression levels of negative markers of chondrocyte phenotypic stability,
whereby expression ievels falling within the predetermined ranges are attributed
a value. According to a further embodiment, expression values falling outside
the predetermined ranges of expression of the positive and/or negative marker
genes (e.g. when very low expression of a positive marker gene is cbserved or
very high expression of a negative marker gene) is also attributed a value.

When determining the relative impact of each of the marker genes in the
cumulative marker score, the expression of each gene can have the same
weight. Alternatively, the expression level of one or more genes can be
considered as having a stronger impact on chondrocyte phenotypic stability
than other genes, which can be incorporated in the relative impact of the marker
genes on the calculation of the cumulative marker score. According to a specific
embodiment of the invention, the relative impact of the different markers is the
same and is atiributed 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 censidered {o correspond to a value ‘0,
which corresponds fo an expression level of the positive or negative marker
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gene which does not positively or nhegatively affect chondrocyte phenotypic
stability in the cell.

in the examples section described herein, a further particular
embodiment of the invention is described. The cumulative marker score
representative of a stable cartilage phenotype is determined by a set of up to six
markers, each of which is attributed equal importance. The expression of each
of the markers is guantified, and a scoring approach based on expression
relative to a marker gene is applied. In this specific embodiment, the score
calculated from these markers is referred to as the "Chondrogenic potential
score” i.e. a cumulative marker score which refiects the overall expression of &
defined set of six markers of cartitage phenotypic stability According to this
embodiment of the invention, the expression level of each gene is determined
via a semi-quantitative method and the obtained vaiues are normailised by
comparison with a reference gene (e.g. beta actin). Thus, an expression level of
1 refers to an expression that is the same as that of actin, an expression level
below 1 refers to an expression that is lower than that of actin (0.1
correspending to an expression level which is 10x lower than that of beta-actin)
and an expression level above 1 refers te an expression ievel that is higher than
that of actin.

In this specific embodiment of the present invention, the expression level
of each of the marker gene corresponds to one of three possible scores. in the
case of a positive marker (FRZ, COL11, COL2, FGFR3) a very low expression
level (0-0.1) is represented by a score of -1, a low expression ievel (0.1-1) is
represented by a score of 0 and a high expression (>1) is represented by a
score of +1. inversely, for a negative marker (ALK1, PEDF) a 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 O and a high expression level (>1) is
represented by a score of -1. The sum of ali 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
ievel which is lower than the reference and all negative markers expressed at a

level which is higher that the reference gene) to +8 (all positive markers
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expressed at a levei which is higher than the reference gene and all negative
markers expressed at a level which is lower than the reference gene). Where
this score is based on the expression of the markers FRZB, COL11, COLZ,
FGFR3, ALK1 and PEDF by a cell popuiation, this score is referred o herein as
the Chondrocelect™ score.

As shown in the examples of the present invention, is it possible to
correlate the expression levels of a set of markers, as weli as the cumulative
marker score obtained therefrom, with the chondrocyte phenotypic stability of a
chondrocyte cell popuiation. Accordingly, evaluation of the expression levels of
a defined set of markers, or of the (cumulative) marker score of a chondrogenic
cell population upon administration of certain compounds thereto, can be used
to evaluate the ability of the compound to affect chondrocyte phenotypic stability
of cells and/or the ability of celis fo form cartilage in vivo. More particularly it is
demonstrated that addition of parﬁcuiar compounds to an expanded
chondrocyte cell population improves the Chondrogenic potential score and the
ph-enotype of this cell population. Negative controls, e.g. addition of compounds
which promote bone formation decrease the Chondrogenic potential score.

- Accordingly, the present invention provides cumulative marker scores

- which can be used in a cell-based screening assay to assess the influence of

any factor or condition on the capaéity of a chondrogenic population to produce
stable cartilage. in view of the fact that the cartilage phenotypic stability of a cell
population as identified in vifro, is representative of the activity of the celis in
vivo, the assay can be reliably used to identify compounds capable of
influencing cartilage formation by local chondrogenic cells upon administration
to the cartilage defect. importantly, the assay and marker analysis as disclosed
in the present invention do not require a subsequent or parallel in vitro or in vivo
cartilage formation assay to validate the results, which dramatically shortens
and simplifies large scaie 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 stabiiity of a
cell population and/or to assess the effect of conditions or compounds on the

chondrocyte phenotypic stability of chondrogenic celis. The reliability of the
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score is determined on the one hand by the correlation between positive scores
and the ability to generate phenotypically stable carilage in vivo and the
correlation between negative scores and the fact that the cells are not capable
of generating phenotypically stable cartilage in vivo. An additional desirable
requirement of a reliable cumulative marker score is its efficiency, i.e. its ability
to efficiently distinguish populations that are and populations that are not
capable of genérating phenotypically stable cartifage in vivo. For instance,
where the number of markers is six, and the scoring system varies between +8
and —6, as described above, there is typically a “grey zone” (populétions
characterized by a cumulative marker score of a range located between +6 and
-8), for which the cumuiative marker score is not unequivobal and which, when
tested would be found to comprise both populations that are and populations
that are not capable of forming stable hyaline cartilage. Ideally, the marker
score will result in a minimal number of populations in that grey zone, but will
allow a maximally efficient classification of populations either as “positive” or as
“negative”.

More particularly, in the context of determining choﬁdrocyte phenotypic
stability of a cell population used for transplantation, both the reliability and the
efficiency of the cumulative marker score can be critical, so as to aliow a
straightforward and correct determination of fate of the cali population. Indeed,
the use of a cumulative marker score of a relatively low predictive vaiue for
characterizing a population of cells intended for transplantation is of limited
value as it does not aliow to decide upon implantation or not. For such
applications, the use of the Chondrogenic potential score of the present
invention as a scoring tool is considered particularly appropriate, in view of its
high reliability and efficiency. It is however envisaged that for use in screening,
the efficiency of the predictive value may be less crifical. As indicated above, a
potential purpose of the screéning 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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to induce or maintain a perfect chondrocyte phenotypic stability. For example, it
is envisaged that uponr pérfé:rining a screening assay, the compounds capable
of conifertif\g-tow quality cells (no cartilage after imp.lantaf[ion) into intermediate
guality cartilage ({cells having a score which can not be used to predict
unequivocally the result of after implantation), will also be considered of interest.

The cell populations that are used in the methods and assays of the
present invention inciude any cells that are believed to be capable of producing
cartilage or that can develop intc cartilage producing cells. Typically, the cells
are osteochondral cells, such as chondrocytes and their precursor or progenitor
cells obtained from articular cartilage, meniscus or synovia! fluid. According to

~ one embodiment, the cells used in the context of the present invention are the

precursor cells described in WO001/25402. In some embodiments the cell
population are precursor celis or stem ceills that are derived from other tissues
such as blood bone marrow or fai and that can be induced intoc the
osteochondrai cell !ineagé. The assays of the present invention can be used to
determine whether these cells have been committed to the osteochondral cell
Ii-nea_ge. , | _

The celis used in the screening methods and assays of the invention can
be freshly isolated, expanded or passaged for one or more passages. The celis
can be present as cell cultures either in culture flasks or present on a matrix or
scaffold. The expression of the set of markers by celis on a matrix can be
determined by dissoiving the matrix and- determining the expression by the
cells. Cells can be of human or animal origin. Examples of animals that have
been used for the study of cartitage 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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chondrocyte phenotype or that have lost the chondrocyte stable phenotype, as
a result of their origin and/or cultivation conditions. Examples hereof are
chondrocytes that have undergone extensive passaging and stem cells. Also |
suitable are chondrocytes deriVed from individuals with an osteochondral defect
such as (resulting from) osteoarthritis or rheumatoid arthritis or from individuals
which are predisposed to acquire a osteochondral disorder based on to t'heir
genetic makeup. Also suitable are cartitage tumour cells or chondrosarcoma
cels. _
Cells not having chondrocyte phenotypic stability are of particular use in
the methods of the present invention to screen for compounds or conditions that
improve or restore the stable cartilage phenotype of celis, or that can convert
certain cell populations such as stem cells into celis with stable cartilage

phenotype.

The present invention envisages the use of the methods and assays of
the present invention in a variety of different applications. As detailed above, the
methods and assays of the present invention make it possible to test cultivation
conditions of cells intended for use in ACT such as cell density, passage
number, medium composition, growth in or on two- or three-dimensional
substrates, oxygen concentration, pressure, shear siress. In particular the
assay aliows the testing of the influence of the composition of the medium on.
chondrocyte phenotypic stability. Factors therein which potentially have an
impact on the chondrocyte phenotypic stability inciude, but are not limited to,
the type and baich of serum, different formulations of synthetic serum-free
media, and a variely of homones, growth factors, vitamins, proteins and
organi'c 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 particutarly 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, respectiveily, so as to obtain a
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ciQéQEﬁd%r%e gg b %egfﬂgg[)?:%ﬁ%b c é?fﬁ%@rﬁgli Horrrey %r' Eo@apound

nor e. unmary, al1 ne- e carti|
Iihraneso nhg d:mnmxnra;immkmgt p Mseshmawm tnciudeh buiel acag ent mited

tog %ﬁf%lbﬁ gﬁc? rﬁ?rg%hg; d ogr rﬁ?)é%‘l'ﬁé ecc%ﬁ%buin&sg L M Oproduced
s;aﬁi:ét;calhs ﬁobbiagmbld/frduahatg?mur@s Elgta:rimﬁs h@iepf e libraries of
t el. a el a Sni et we o .
oioitis gy Ba gbes Buh s B EPoHY Proe! Bhkeries o peptie, phage
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|stoo¥score|s depi cted in q{gure and in Tab

(BioMah3vE @tfcﬁoé'ﬂft%f@yi‘tt@w?e (-6 OFAC@. c%QW@GNﬁECh)VWt natural
ondro- Cel ect score histo
cc(ﬁ)ﬁg %ﬁliﬁéﬂﬁiggbl of score of 22 01 2 3 Total

lvbanTl'@ogeﬂeeem-gFme{t s BnQ asseye desgriged herdigoareoidparticular
use |n2th3.r ic%anﬁg’at%n of%g’é %?@npounds for medicaments for the treatment of
osteochondral disorders. Osteochondral defect envisioned to be of interest in
the context of the screening methods of the present invention inciude, but are
not limited to defects occurring in the joints, such as, but not limited toc knee,
eloow, ankie, commonly referred to as articular cartilage defects. Cartilage
defects are also named after the proximal bone such 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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 These examples are illustrated by the following Figures in which,

Figure 1 shows a scatter plot of histology score against Chondrogenic potentiai

score (each point has been moved by a smalf random amount and

direction in order to avoid points being superimposed).

Figure 2 shows the effect of compound A on the cumulative marker score (the .

Figure 3

CC score as determined in Example 1) as determined by Real-Time
quantitative PCR on human chondrocytes culiured from PO until P3
in monolayer. Resulis represent mean cumulative marker score
relative to a control (DMSQ}. *p<0.05 when compared to DMSO
control (n=4).

shows the effect of compound A on the expression of molecular
markers COL2 (A), COL11(B), FRZB (C) and FGFR3 (D) positively
correlated with the chondrogenic potential of human P3 chondrocytes
cultured in monolayer as determined by Real-Time quantitative PCR.
Resuits represent target gene expression relative to the DMSO
control as determined, by the 29e"adeteCT «re0 05 when compared to
DMSO control (n=4).

Figure 4 shows the effect of a compound A on the expression of molecuiar

markers PEDF (A) and ALK1 (B) negatively correlated with the
chondrogenic potential of human P3 chondrocytes culturéd in
monolayer as determined by Real-Time quantitative PCR. Resulis
represent target gene expression relative to DMSO control as
determined by the 279°"%d4CT «pe0 05 when compared to DMSO

control (n=4).

EXAMPLES

Methodoiogy
Chondrocyte culfivation

Chondrocytes derived from adult human articular cartilage were isolated and

expanded in vifro using standard conditions as described by Dell'Accic et al.
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(2001), Arthritis Rheumn. 44, 1608-1619).

In vivo assay
The markers of the present invention were validated using a set of 48
chondrocyte sampies which were obtained from different persons and were
freshly isolated or passaged for 1 up to 5 passages. A part of the chondrocytes
were used for marker analysis (see example 3) while another part was used in
an in vivo assay to verify the cartilage forming capacity of each sample. Female
NMRI nu/nu mice were injected intramuscularly (posterior compartment of the
thigh) with about 5 million human cells. Implanis are collected after 2 weeks.
[Lipman et al. (1983) Calcif. Tissue Int. 35, 767-772; Ostrowski et al. (1975)
Somatic Cell Genel. 1, 391-395]. The cartilage implants were diSsected from
the muscle and histology was performed using hematoxilin-eosin, toluidin blue
and Safranin O staining. A histology score ranging from 1 to 3 is atiributed to
the impiant after staining. A histology score of 3 refers to hyaline-like cartilage
with highly sulfated proteoglycans, strong staining with toluidine blue and
Safranin O. A histology score of 2 refers to well differentiated hyaline-like
cartitage, strong staining with toluidine blue, weak staining with Safranin O. A
histology score of 1 refers to “fibrocartilage”, undifferentiated fibrous tissue, no
or weak staining with toluidine blue. A histology score of 0 refers 1o experiments
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 W00124832. PCR primers for these markers are shown in Table1.
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Example 2: Data analysis

The correlation between the Chondrogenic potential 'score as determined in Example
1 and the histology score is dep‘i'cted in Table 3 and in Figure 1. The correlation
coefficient between the Chondrogenic potential score and histology 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 cartifage at all. Sampies with a Chondrogenic potential score of 2
or more will always result in hyaline cartitage. Samples with a Chondrogenic potential
score of 1 results in 1 out of 6 cases into hyaline cartitage.

As a yardstick, a sample with a Chondrogenic potential score of 0 or more is
considered to be suitable for impiantation. 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 cuiture is approved
for use in an ACI precedure when the Chondrogenic potential score is O or more.

in summary, stable hyaline-like cartilage can only be obtained with celis having a
Chondrogenic potential score of 0 or higher. Celis 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 tabie for histology score, with statistical summaries.

Cgc;?ed::)- histology score probabalit?yj gf score of
score 0 1 2 3 Total | Mean Observed ritted
-5 0 1 ] 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 i 2 .3 2.7 313 (100%) 72.4%
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1 0 1 1 4 5 25 5/6 (83%) 90.6%
2 0 0 8 ] 12 25 12/12 (100%) | 97.3%
3 0 0 1 B 7 29 717 (100%:) 99.2%
4 0 g} 1 2 3 2.7 3/3 (100%) 89.8%
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in addition to tﬁe frequency table, Table 3 also shows the mean histology score for
each value of the Chondrogenic potential score. This mean value increases
significantly- (from 1.0 to 2.7) between Chondrogenic potential scores of -1 and 0.
This suggests to consi*cief samples with a Chiondrogenic potential score of O or higher
as suitable for ACI.

' b) Data analysis using a categorical scale

An "ordered categorical scale" is a scale in which the categories are numbered purely
to show their sequence: the actual numbers assigned provide no other information.
For example, the histology scale here takes values of 0, 1, 2, 3. interpreting this as
an ordered categorical scaie implies that 1 is better than 0, but says nothing about
how much better. For an interval scale, however, the actual numbers are regarded as
meaningful, wherein 1 is better than 0 by the same amount that 2 is better than 1,
efc. In calculating mean values as in Table 3, the implicit assumption is made that the
histology score can be validly treated as an interval scale.

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 scaie. 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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potential score is considered as and ordered categorical scale.

c¢) Data analysis using an interval scale
When the Chondrogenic potential score is treated as an interval scale, the observed
responses can be smoothed out using logistic analysis. This method predicts the
probability of being in the desired category (2 or 3). The fitted values do not go
- outside the plausible range '(0 to 100%). These fitted values are shown in the final
column of Table 3, and shows the effect of smoothing.. These fitted estimates are
assumed fo provide a more reliable prediction of the chance of getting a 2 or 3
histology score at any given Chondrogenic potential score than by cther methods.
Note that in particuiar for a Chondrogenic potential score of -1, the fitted model is
predicting a chance of 41.5% of getting a 2 or 3, and consequently, this raises the

question of whether a score of -1 shouid be accepted.

Exampie 3. Impact of individual markers

The impact of individual markers is assessed by recalcuiating the expression profile
of 5 markers insiead of 6 markers of the set of markers determining the
Chondrogenic potentiai score in Example 1. The same scoring system was applied,
wherein scores now can range from -5 to +5.

Data are presented in Tables 4 o 8.

Table 4: Frequency table for histology score without COL11 marker

Marker Histology score

score 0 1 2 3 Total
-5 0
-4 1 2 3
-3 3 1 4
-2 1 4 1 3]
-1 L 1 1 3
0 1 1 3 5
1 5 5 10
2 3 8 11
3 1 3 4
4 1 1
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Table 5: Frequency table for histology score without COL 2 marker

Marker Histology score
score 0 1 2 3 Total

-5
-4 1 1 2
-3 2 1 3
-2 1 3 1 5
-1 2 1 1 4
0 1 2 5 8
1 6 5 11
2 3 7 10
3 1 2 3
4 2 2
)

5 g 12 22 48

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 i 4
0. 3 2 5
1 2 4 6
2 1 3 5 g
3 2 5 7
4 pi 8 10
5

5 g 12 22 48

Tabie 7: Frequency tabie 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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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 3]
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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Part A of Table 10 betow indicates for each of the data sets presented in Table 4 t0 8
above, for a threshold of a marker score, how many of the samples can be
unequivocally classified as giving low guality (histoiogy'score of 0 or 1 corresponding
to *-" in Tabie 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 ciassified as ‘7’ 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. When for one marker score
within the indicated rangre, at least 5 out of 6 samples show a correlation between
marker score and cartitage quality, the range of the marker score is assumed to be
predicﬁve. Using this approach omission of COL11 results in improved results white
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 § 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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present data set.

Example 4. Use of the marker score in screening assays

The evaluation of chondrocyte phenotypic stability using a cumulative marker score
was tested in screening assays to identify compounds capable of affecting the ability
of cells to produce stable cartilage in vivo and to determine the nature of the effect of
such compounds on the celis.

Screening assays were performed in 96 well plates wherein between 10 000 and 100
000 chondrocytes obtained from a cartilage biopsy were seeded (freshiy isolated
from passage 0 to P5). Test compounds were added in varying concentrations and
for vériying'time periods. After incubation, chondrocytes were harvested, RNA was
isolated and treated with reverse transcriptase. Quantitative PCR was performing
‘according to the instructions of the TagMan procedure, and the Chondrogenic
potential score of the celis was determined as described in Example 1 (CC score).

1. Testing for molecules that counteract the dedifferentiation of chondrocytes in

monolaver 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 fo determine the effect of this
compound on the chondrocyte phenotypic stability of a chondrocyte monolayer

culture.

a) Chondrocyte monolayer cultures

Chondrocytes were grown in monolayer culture at 4x10? cells/mi in T25 flasks.
Compound A was added to the cells directly after plating. A total final volume of 5 m|
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 celis
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were put in lysis media for RNA extraction. The same procedure was performed for
P1, P2 and P3 chondrocyte cultures. TagMan RT-PCR was used to determine the

expression of é:hondrogenic markers.

b) RNA isolation, cDNA generation .

Chondrocytes obtained from monolayer culture were washed with PBS and iyzed
using RLT buffer containing 1% mercaptoethanol (Qiagen). Lysed cells were stored
at -80°C until used. mRNA was purified using the RNeasy microkit (Qiagen)
according to the manufacturer instructions. c¢DNA was synthesised using random

hexamers following the manufacturer instructions (Invitrogen).

¢) TagMan real iime polymerase chain reaction (RT-PCR)

Real-Time quantitative PCR (RT-PCR) was performed using the ABI prism 7700
sequence detector system. The Mastermix gPCR kit (Eurogentec) was used for RT-
PCR according to the manufacturer's instructions. The primers and probes used for
the TagMan analysis were ordered from Applied Biosystems or Eurogentec. Real-
Time PCR data were calculated using the 2°%%%%CT (5BRCT) method which is
defined as the amount of target gene nommalised to an endogenous reference (B-
actin) and relative to a calibrator, which in this case are the expression levels of

selected genes under control conditions (DMSO).

d) Results

Compound A had an effect on the expression of several molecular markers indicative
for the chondrogenic capacity, phenotypic stability and homeostasis of chondrocytes
and was able fo counteract the decrease in the chondrogenic potential score during
expansion of chondrocytes in monotayer 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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Compound A had a positive effect on the gene expression of several of the
extracellular matrix components of chondrocytes. At lower (1uM} but not higher
{10uM) concentrations, compound A induced the expression of both Col2 and Col11
gene transcripts (Figure 3). The compound also increases the expression of the
FGFR-3 marker although the increase was not statistically significant. Moreover,
compound A strohgly inhibited the expression of PDEF at both concentrations tested
(Figure 4). At 10uM, the addition of the compound also resulted in a reduced
expression of ALK1 (Figure 4). Both markers, when upregulated, correlate negatively
with the chondrogenic capacity of the cells indicating that compound A has a positive
and stimulatory effect on the chondrogenic potential of the chondrocytes celis and

thus on chondrogenesis.

2. Screening molecuies for their ability to mediate the re-differentiation of de-

differentiated chondrocytes in 3D culture.

Fourteen compounds were screened for their abiiity to enhance the re-differentiation
of dedifferentiated chondrocytes in alginate cultures. The effect of the moiecules on
_the expression of the different molecular markers and on the cumulative marker
score (chondrogenic potential score as determined in Example 1) were determined,
in order to assess the ability of the compounds to affect the recovery of the
chondrogenic phenotype of the cells in the 3D cultures.

a) Redifferentiation of chondrocytes in alginate culture

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 reicased by
trypsin treatment, counted and tesied 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 needie 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



3811 2 45 3 1454 225 9 12 22
48 WD 2008/ 061804PCT/ EP2007/ 010285 36 Part A of
Tabl e 10 bel ow i ndi cates for each of the data sets

wobRse&ked in Table 4 to 9 above, for a threshelgdRb0Rass
mar ker score, how many of the sanples can be
unequi vocal ly classified as giving low quality
(histology score of 0 or #Ocorresponding to '-" in
Table 10) or giving high quality cartilage (histol ogy
removed and rew @edia \Bas added alithchbompouhts Eablceg&@r)tratlon of 10uM.
i gn bet ween

for,. whi th orre
Four ‘ﬁg%fe?sa@%if@" ‘Iﬁfcg‘ﬁu %‘39’558@’;/’53 dog éua?@ai?r&s@@# oM T the
cells wee relangadciomTthen ©eddb dof )EisCAHRNA RAH BIGA wrs Yendfatsd and
'ﬁ-e['.% is used ere| n COL11, COL2 or COL11 or
TaqMapRITEGR Befk fged s ‘B%%?Pfﬁeff‘?eﬁ’xﬁ%%&m of SQLBHERLASIFORS,
FRZB, (ALlet, Ffmbs%éﬁahtf&j Hestanaked as . In part B of
Tabl e 10 the cut off values are Iess restricted. When

for one marker score within the indicated range, at
st 5 out of 6 sanples show a correl ati on between
b) Reshg?ker score and cartilage quality, the range of the
The relajivg &ffestsopfethe coasmumeld dro thzeup roe diosn negulalﬂsnrtg‘ rhlifker gene

exores R BB AEs Wolh s e St e T2 4. he efecs
are relmmadao rohsud;intofs:yteesgxwrﬁiri YhovabBekesl 3f AfiolEEHES (BﬁtGpresence of
the markers set of Exanple 1. Table 10:

veniciep Bt el Fow dhadran SBreSon SPRPAQPTSD OA patients)
relative R &tfols Pchondrocytes plus DMSO). NS = not significant; - = inhibits; + =
enhances; # = p<0.05 significant when compared to control DMSO. Compounds
were used at 10 pM. '

Several molecules were able to affect the expression of various marker genes in a
positive or negative way. Only two compounds (Cpd 8 and Cpd 14) had a posiiive
effect on the cumulative marker score (CC score) indicating that these compounds
-could enhance/mediate re-differentiation of the chondrocytes. However, only Cpd 14
had the desired effect on each of the individual markers, with no effect dn BMP2 or
ALK1 gene expression. This compound could be useful in stimutating chondrocyte
de-differentiation ex vivo before re-implantation and could thus fip the balance

towards formation of articular hyaline cartilage in vivo.
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Table 11. Effect of test compounds on the expression of phenotypic
modulation of dedifferentiated chondrocytes grown in alginate cultures.

compounds | COL2 | FGR3 | BMP2 | COL11 | ALKT | PEDF| CC
score

Cpd 1 NS -F NS NS | N§ | -7 NS

Cpd 2 -F NS -* T NS | NS | -, NS

Cpd 3 ¥ -7 NS -* | Ns | -F NS

Cpd 4 -F NS NS NS | NS | NS NS

Cpd 5 -F _F ¥ NS [ NS | -7 ¥

Cpd 6 ¥ -F - NS | N8 | -F ¥

Cpd7 NS _* NS NS | NS | NS NS
Cpd 8 NS | NS | N | -7 ¥ I'Ns +7

Cpd 9 NS | NS NS NS | NS | NS NS

Cpd 10 - NS NS NS NS | NS NS

Cpd 11 ¥ -F + 7 NS | NS | -% -F

Cpd 12 _F NS + ¥ NS - NS

Cpd 13 ¥ NS NS NS | NS | -F -#

Cpd 14 +* +7 NS +* T NS | -7 + ¥

Exampie 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
celis 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 stabie 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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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 of the markers of the set of markers is determined with a quantitative

method.

14.Use of a set of markers for ideniifying a compound that is capable of
affecting the ability of cells to produce cartilage formation in vitro,
characterised in that the set of markers 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.

15.The use according to claim 14, wherein the set of markers comprises at
least six markers comprising FRZB, ALK1, PEDF, COL11, COL2 and
FGFR3.

16.A kit comprising probes for detecting the expression of a set of genes in
cartilage forming cells wherein the set of genes comprises FRZB, ALK1,
PEDF, COL11, COL2 and FGFRS3.

17.The kit according to claim 16, wherein the probes for detection of at least
one of the marker genes are selected from the group consisting of
oligonucleotides which hybridise with mRNA, sets of PCR primers and

antibodies.

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

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

one of the marker genes are sets of PCR primers.
20.The kit according to any of claims 16 to 19, wherein the probes are labelled.

21.A device for detecting the expression of a set of genes in cartilage forming
cells, said device comprising one or more of the following:
- a unit for detecting the expression of the marker genes,
- and probes for a set of genes comprising FRZB, ALK1, PEDF, COL11,
COL2, and FGFR3.

22.The device according to claim 21 further comprising probes for the marker
genes OPN, BMP-2 and RASF-PLA.

23.Use of a kit comprising probes for.a set of genes comprising at least three
marker genes selected from the group consisiing of FRZB, ALK1, PEDF,
COL11, COL2 and FGFR3 for determining in an in vifro method the ability of

a cell population to produce stable hyaline cartitage in vivo.

24.The use according to claim 23, wherein the set of at least three marker
genes comprises FRZB, ALK1, PEDF, COL11, COL2 and FGFR3.

25.The use according to claim 23, wherein the probes for detection of at least
one of the marker genes are selected from the group consisting of
oligonucleotides which hybridise with mRNA, sets of PCR primers and

antibodies.

28.The use according to claim 23, wherein the probes for detection of at least



NS IMVE -# Illna Ccl 12 Cd 13 Mo NS MM NS NS
NS 1111 Cpd 14 Exanple 5. Testing of the
ef fect of chondroprotective conpounds in vivo For
t hose conpounds of Exanple 4 significantly affecting
t he Chondrogeni c potential 4ore, the effect of the
conpounds on the chondrocyte phenotypic stability of
the cells is also tested in viva To this end, cel
pope bhtheomarker garestaretandbadies. ei t her the test
conmpound or buffer and, after incubation, are
injected into the nude nmice nodel (see above). The
27aPhé isk Kcofdifl tfcliife 28eWheRsinthelprehss f6 duteditit of at least
stable hyaline cartilage is evaluated. It is
ega bf thehvarkaigienesaresets of BER prémesrpound on t he
chondrogeni c potential score correlates with the
ef fect on the chondrogenic potential of the cel
28pThell @dd @cordidg Gbaang df. claims reYith r27, mahkesinf e probes are
determning the ability of a cell population to
peB8lR® stable hyaline cartilage in vivo, which
conpri ses determ ning the expression by said
popul ati on of a set of at |east three nmarker genes
conprising FRZB (Frizzled-Related Protein 1), ALKl
(Activin A Receptor, Type |l-Like Kinase 1) and one
or nore markers selected fromthe group consisting of
PEDF (Pi gnment EpitheliumDerived Factor), COL1l1
(Col | agen, Type XI Al), COL2 (Collagen, Type II
Al pha 1), FGFR3 (Fi broblast G owh Factor Receptor
3), OPN (Gsteopontin), BMP-2 (Bone Morphogenetic
Protein 2) and RASF- PLA (Phospholipase A2, Goup |A).
2. The nmethod of claim11, whereby the cell popul ation
is contacted with a conpound or condition. 3 The
nmet hod of claiml1 or 2, conprising the steps of:
contacting the population of cells with a conpound or
condition, and determ ning the expression |evel by
said population of cells of a set of at |east three
mar ker genes conprising FRZB, ALKl and one or nore
mar ker genes sel ected fromthe group consisting of
PEDF, COL11, COL2, FGFR3, OPN, BMP-2 and RASF-PLA. 4.
The nmethod of claim 3, further conprising the steps
of: prior to said contacting step, determning the
expression | evel by said population of cells of said
set of at |east three marker genes, and after said
contacting step, determ ning whether the conpound or
condition is capable of affecting the expression of
one or nore of said set of at |east three marker
genes. 5. The nethod of any one of clains 1 to 4,
wherein the set of at |least three markers are a set
of at least 4, 5 or 6 marker genes conprising FRZB
ALK1 43 and conprising respectively 2, 3 and 4
mar ker genes sel ected fromthe group consisting of
PEDF, COL11, COL2, and FGFR3. 6. The nethod of any
one of clains 1 to 5, wherein the set of at [ east
three marker genes is a set of at |east six marker
genes conprising FRZB, ALK1l, PEDF, COL11, COL2 and
FGFR3. 7. The nmethod according to claim3 or 4, which
further conprises determ ning, based on the effect of
the presence of the conpound on the expression of the
set of at |east three marker genes, the ability of
the conpound to affect the ability of the cel
popul ation to produce stable hyaline cartilage in
viva
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8 The method according to claim?7, wherein a conpound
capabl e of increasing the expression of one or nore
positive marker genes selected fromthe group

consi sting of FRZB, COL1l1l, COL2, FGFR3, OPN, BMP-2
and RASF-PLA are identified as positively affecting
cartilage formati on and conpounds capabl e of

i ncreasi ng the expression of either PEDF and/or ALK-1
are identified astaf8gert- 9825 taFfecting cartil age
formation. 9. SHQUENGE R&EIIAEcording to claim 8§,
wherein the ability of a conpound or condition to

TigengetN-Yartil age formation is determnm ned based on the

LRt SR ef fect of the conmpound or condition on the
gﬁﬁﬁg&;&fﬁﬁigLe;pe positive marker genes selected from
e g oup con3|§1ing of FRZB, COL11, COL2, FGFR3,
Mg:)kglr %’s 2E ongg:'iB L&A RGerdties sagah iose ci_mfdke&yﬂée nes
plPeﬁDErﬁ!&d LotniAb K] and OinliRe NRESQA ngCED FHbRG st ThEAnyncng
critlqd PRodudt@o®, Wherein the population of cells is
obtained froma joint. 44 12. The nethod according to
resop-ce Oof clainms 1 to 10, wherein the popul ati on of
cells is obtained froman individual with an
UHR0EBEhaARdral defect. 13. The nethod according to any
2feldf24claine 1 to 12, wherein the expression |eve

of the markers of the set of markers is determ ned
ith a quantitative method. 14. Use of a set of

mar kers for identifying a conmpound that is capable of
P%??%g?fﬁﬁs%ﬂ%qagility of cells to produce cartil age
sformation in vitro, characterised in that the set of
sparkers conprises a set of at |east three marker
p@enes conprising FRZB, ALK1 and one or nore markers
aseilreeied sbgaincthe group consisting of PEDF, COL11,
COL2, FGFR3, OPN, BMP-2 and RASF- PLA. 15. The use
according to claim 14, wherein the set of markers
PERFFEreEs at | east six markers conprising FRZB, ALK1,
PEDF, COL11, COL2 and FGFR3. 16.A kit conpri sing
lprobes for detecting the expression of a set of gen

‘ﬁ% cells wherein the set of genes

conprises FRZB, ALK1, PEDF, COL11, COL2 and FGFR3.
,17.The kit according to claim16, wherein the probes
spor detection of at |east one of the marker genes are
pagl ected fromthe group consisting of
20Li fgeRuC |Rakémrs whi ch hybridise with nRNA sets of
PCR prinmers and anti bodies. 18.The kit according to
claim 16, wherein the probes for detection of at :
Fcragstined5 one of the marker genes are anti bodies. 19.
The kit according to claim 16, wherein the probes for
2detection of at |east one of the marker genes are

ctagaagcgbt EagPIEIgR HFAHIETEY 20. The kit according to any of 3¢
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clainms 16 to 19, wherein the probes are | abell ed.

1. A device for detecting the expression of a set of
;genes in cartilage formng cells, said device
gx@Mprising one or nore of the following: a unit for
el eclibNOsdienxpressi on of the marker genes, and
probes for a set of genes conprising FRZB, ALK1,
PEDF, COL11, COL2, and FGFR3. 22. The device
mBceritheng to claim 21 further conprising probes for
the marker genes OPN, BMP-2 and RASF- PLA. 23. Use of
3 kit conprising probes for .a set of genes

gaactccat§niRiCSPHf at | east three nmarker genes sel ected from?®

the group consisting of29FR¥B, ALK1, PEDF, COL11, COL2
and FGFR3 for determining in an in vitro nethod the
ability of a cell population to produce stable
hyaline cartilage in viva 24. The use according to
claim 23, wherein the set of at |east three nmarker
genes conprises FRZB, ALKl, PEDF, COL11, COL2 and
FGFR3. 25. The use according to claim 23, wherein the
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<210> 1 <211> 30 <212> DNA <213> artificial sequence
<220> <223> PCR prinmer <400> 1 tgacggggte acccacactg
tgcccatcta30 <210> 2 <211> 30 <212> DNA <213>
artificial sequence <220> <223> PCR priner <400> 2

‘ctagaagcat ttgcggtgga cgat ggaggg30 <210> 3 <211> 19

<212> DNA <213> artificial sequence <220> <223> PCR
primer <400> 3 gaactccatc tctocctgcl9 Page 1

T4503- PCT. ST25. t lase250r . dr22dde> 21 <212> DNA <213>
artificial sequence <220> <223> PCR priner <400> 4
gagactggat ttcaaggcaa g21 <210> 5 <211> 20 <212> DNA
«213> artificial sequence <220> <223> PCR pri mer
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coct gagt gg aagagt ggag20 <210> 6 <211> 20 <212> DNA
<213> artificial sequence <220> <223> PCR pri mer
<400> 6 gaggcgtgag gtcttctgtg20 <210> 7 <211> 20
<212> DNA <213> artificial sequence <220> <223> PCR
primer <400> 7 ttcaaggggc agtgggtaac20 <210> 8 <211>
20 <212> DNA <213> artificial sequence T4503

- PCT. ST25. t xt <220> <223> PCR primer <400> 8

t aaggt gat a gt ccageguRr20T <FP6>tk <211> 20 <212> DNA
<213> artificial sequence <220> <223> PCR p or <400>

<220> O tgtaagtctg tgtgcgageg20 <210> 10 <211> 20 <212> DNA
<223> PeRIimertificial sequence <220> <223> PCR pri ner
_ <400> 10 gatttagttg cgtgottgcc20 <210> 11 <211> 21
<400> B.212> DNA <213> artificial sequence <228>
taaggtgata gtcecageggg 20
<210> .8
<211> 20
<212> DNA
<213> artificial sequence
<220>
<223> PCR primer
<400> 9 —
tgtaagtctg tgtgegageg 20
<210> 10
<211> 20
<212> DNA
<213> artificial seguence
<220> .
<223> PCR primer
<400> 10
gatttagttg cgtgcttgece 20
<210> 11
<211> 21
<212> DNA
© <213> artificial sequence
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<223> PCR primer
<400> 11
cgacggagge aggagaagca g 21
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<£213> artificial sequence
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g21 Page 3 T4503-PCT. ST25.txt <210> 13 <211> 20
<212> DNA <213> artificial sequence <220> <223> PC R
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