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in a successful implant, de-differentiated chondrocytes preserve their re-

differentiation potential and will re-differentiate into chondrocytes that produce a
hyaline cartilaginous tissue upon implantation.

[0005] In a modified technique known as matrix-induced autologous
chondrocyte implantation (MACI® implantation procedure), cultured chondrocytes
are loaded onto a collagen matrix before they are implanted into the patient
(Basad et al., supra). In addition, the collagen matrix can be fixed with fibrin glue

rather than suturing, making it a simpler surgical technique.
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[0012]  In some embodiments, the fibroblast marker is other than MFAP5
and is such that its normalized expression levels are lower in chondrocytes than in
fibroblasts. In some embodiments, the fibroblast marker is such that its
normalized expression levels are lower in chondrocytes (e.g., primary and/or
passaged chondrocytes) than in fibroblasts and/or synoviocytes. In some
embodiments, the fibroblast marker is expressed at least 2-, 5-, 8-, 10-fold lower,

or less, in chondrocytes than in fibroblasts and/or synoviocytes.
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[0015] In some embodiments, Method 1 involves comparing expression
levels of a fibroblast marker (MFAPS5 or another fibroblast marker) and a
chondrocyte marker (e.g., HAPLN1) to a control or to each other. In some
embodiments, the fibroblast marker and the chondrocyte marker are such that the
ratio of their expression levels (chondrocyte marker to fibroblast marker) in primary
and/or passaged chondrocytes is equal to, or greater than, 5, 10, 20, 30, 50, 75,
100 or more times the expression ratio in cultured fibroblasts.

[0016] In particular, in some embodiments, Method 1 comprises:

a) obtaining a plurality of cells from a cell culture;
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[0018] In some embodiments of Method 1, the expression levels of
chondrocyte and fibroblast markers are determined at the RNA level, e.g., by a
standard curve method of quantitative RT-PCR or by a comparative Cr method of
quantitative RT-PCR (which measures the difference in the number of threshold
cycles required for the fibroblast marker and the chondrocyte markers).

[0019] In a related aspect, the invention provides a method of evaluating
the phenotype of an individual cell (Method 2), e.g., using flow cytometry or single-
cell RT-PCR. The method is useful for identifying individual cells from a cell
culture, including a cell culture derived from cartilage or synovium, a chondrocyte
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levex pf mscrondresygé nudrkehis dhidveabpeestetermined threshold level, while
the expression level of the fibroblast marker is below a predetermined threshold
level. Alternatively, the cell is not a chondrocyte if the expression level of the
chondrocyte marker is below a predetermined threshold level, while the
expression level of the fibroblast marker is above a predetermined threshold level.
In some embodiments, step ¢) of evaluating the phenotype of the cell includes
comparing the expression levels of the chondrocyte marker and the expression
level of the fibroblast marker.

[0021]  Additional aspects of the invention will be set forth in the

description that follows.
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determined by a comparative Ct+ method of RT-PCR, and the ratios were
calculated as 2Cr mraps - Ct HAPLN1)-

[0027]  Figure 6 depicts HAPLN1 expression levels in a number of
additional chondrocyte and synoviocyte strains. The expression levels were
determined by a standard curve method of RT-PCR and normalized to 18S
ribosomal RNA. The expression level in primary chondrocytes (PC) was scaled to
1; other ratios were scaled accordingly. Cell strains used are listed in Table 3.

[0028]  Figure 7 depicts MFAP5 expression levels in the same strains as
shown in Figure 6. The expression levels were determined by a standard curve
method of RT-PCR and normalized to 18S ribosomal RNA. The expression level
in primary chondrocytes (PC) was scaled to 1; other ratios were scaled

accordingly.



[0026] Figure 5 depicts the ratios of HAPLN1 and MFAP5S

expression levels in the sane strains as shown in
WOR@WaN2I598 The expression | evels were deterni PEHUB2008(059275

conparative CT nmethod of RT-PCR, and the ratios were

Ca{fﬂ%ébzt N é@ﬁﬁezgﬁig.E&AF%rqtlg§&Hfﬁtﬁ&1 EB%EA% %%p?esglon

leveRdtdrh ®iglresand oc it r@ﬂd lﬁbﬂﬁm‘dn@@ﬁé@dx@bmb PC) Wi scaled to
expression |levels were determ ned by a standard curve

1; cntbemedwwwsm@ﬂecha@pmdmm ized to 18S ribosomal RNA.

T Y T o

lev@%' ih thé "sam%Sstttﬁﬁsi agisholvhgh elgure 6l aphe eﬁpres{si@&ﬂé\}els were
Figure 7 depicts MFAPS exgressn on_levels in the sane

determinaskbiag cogmarativeiCrmained of RTHBCE gpedke &fiaseyeies

nANned by~a sta dard curve nmethod of RT-PCR
al}gﬁlg? oggén% {aTé\ﬁ:A?S G@€"'losonal RNA. The expr essi on

| efo@i31]i n FﬁgurmwAajwuis thy tatins (FPEOA RN 1 aodIMBAPS ekpression
other ratios were scal ed ccor di

levelsgBthe 2801 a3 6oevpIasigrres '83@3@ 6 pﬁzﬁv\?gﬁ ag agidifiongd
chc}ﬁzﬁ Ny gﬁwacgf dodyfe?ﬁ@ @th YFARObIS e ﬂenhﬁé@insrémem The
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[0033] Figure 12 shows a comparison between expression level ratios for
HAPLN1 and MFAPS5 in the monolayer and collagen-scaffold cultures using the
same strains as shown in Figure 11. The expression levels of HAPLN1 and
MFAPS5 were determined by a comparative Ct method of RT-PCR, and the ratios
were calculated as 2(Cr mraps - C1 HAPLN1)-

[0034]  Figure 13 depicts the change in the expression level ratios for
HAPLN1 and MFAP5 as a function of culture level. Three synoviocyte strains
were cultured from primary culture (culture level 1) through fourth passage (culture
level 5), as shown in the figure. The expression levels of HAPLN1 and MFAP5
were determined by a comparative C+ method of RT-PCR, and the ratios were

calculated as 2\ (Ct mraps - C1 HaPLN1)-



sanme net hods as described for Figure 10A. [0032]
Figure 11 shows a conpari son between expression |evel
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cell types. The

DETAILED DESCRIPTION OF THE INVENTION

[0038] The invention is based, at least in part, on the identification of
MFAPS5 as a gene that is highly expressed in certain non-chondrocytic cell types,
such as fibroblasts and synoviocytes, while being expressed at significantly lower
levels in chondrocytes. Accordingly, in some embodiments the invention provides
methods of using MFAP5 as a cell phenotype marker. MFAPS is a serine-
threonine-rich protein that binds to fibrillins and was reported to be involved in the
stabilization of type | procollagen (Lemaire et al., Arthritis & Rheumatism, 52(6):
1812-1823 (2005)). The nucleotide and amino acid sequences of human MFAP5
can be found under GenBank® Accession No. NM_003480; its nucleotide



expression levels were determ ned by a conparative CT

met hod of RT-PCR using customdesigned priners and
w@e@bastses descri bed in Exanple 6. The HAPLNIPGFHBEH08/059275

rati os were cal cul ated as 2A(CT MFAPS - CT, HAPLN1)

[0037] Figure 16 dep| cts nolar ratios of expression
Seclltlﬁnﬂesls@ﬂSQ—Nﬁl\_’N'P amnaEQHRPNQ:h. Impddition é@19r 18 plageref MFAPS,

othﬁfg ngg)rbgé % %&dcérvalze%e u%gq Qgrﬁné%ﬂgaew&% inG@Ron, as

he mar kers as an ab
despiivrid heldbwon net hod RT PCR was perforrred as
described in Exa 3, except that 2pl of ¢ wa
1< 9398r fyca[d' | Ftia Forechdaaarfop ouaoas: athod of

ev@é@% &Frﬂ n N gﬁé'c‘éll cl]'ﬁ\ﬁ’xle'gorﬁ‘&gszlﬁ@ eRendiiytes (Method 1)

ript run at 10 and 105
and apheﬁw’adedcﬂwahmtin@ﬁbe phanotype ad aofln&wmuultcelh@/mma&).

AR hedh % AERcicn et Eaap i g MEEEM FeifR Bipssion level of

a r%b@ﬂme% ddiErhNYENE ol VBPRT exXdtssibM 9&Vid] O that marker

, least in part, on the identification of
in avplepalitaof aclinis thaambaedimegts 9f Methasktdhe icompasitionof a cell

cullfR RO RS e S el T8 op1<Rtsh R et SRS, )"

chdrﬂ%@éy’(ebe\hﬁ? kwe érﬁb@h@ﬁ@lﬁ@@YWhod\QCﬂfedémbysmh e\ asEa marker
nbodi nents the invention provides nethods of usin

s RAISNGg s 156 |xDIEI: Ipnal CIdPRLIA AT AN a0 gl efLBeing
evi &8RS, e gl bRl MEdrigdit of ddlPedififle, Method

2 idetitiek the phehbdigpenf Ghdndivideabtelhle.g., Whethdrtdrsokthe cell is a
Rheumatism 52(6): 1812-1823 (2005)). The nucl eoti de
chefigioafno aci d sequences of human MFAP5 can be found

nuRaIFT G §blls SBBaTTH RS e iUt Htieris Sther than MFAPS
andg exsiesitihat is abgna:cmaKs/k/Fde)d:gdssien mcels]tc Fxm; g nharddrbt:y’f@a than in
fiorotosts-< 5 s 8 EPciMERS. Hha RbRElast Akt RuwiiiBA S
noeRRE U8 réiceveROZR] IoRe e B &hdtﬁir&cytéé‘ Gl ;ﬂmmgt

the 1 nvention provides a nethod of ‘evaluatin

chansirpogiesi @htused aersbﬂwreotnatedr@mdmwgs)ﬁbaa mﬂaﬁo@&qat%ée g.

defpfiRohidbs) BdioR sTioNBapE o Y SRl diieifforRRe ibRSblast

maemmé leNpryssed @i terst ARG -MVBE, Hadfold loWee, exiesesisi anondesoytes than
a respective marker |s determned aksthe erag
in f&(gpl@%q @}ﬁ/p@@)@]ovdgcy{qfat Sueh pdditional markers can be identitied

using, e.g., gene array analysis, as described in, e.g., Leung et al., Trends in
Genetics, 19(11): 649 -659 (2003).

[0042] In some embodiments, Method 1 comprises determining the
expression level of a fibroblast marker of the invention in a plurality of cells from a
cell culture, wherein the expression level below a predetermined threshold
indicates that the cell culture contains chondrocytes. Alternatively, the expression
level above a predetermined threshold indicates that the cell culture does not
contain chondrocytes (e.g., the culture does not comprise at least 50%, 55%,
60%, 65%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more chondrocytes).
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in a plurality of cells. In the enbodi nents of Method

1, the conposition of a cell culture may be eval uat ed
WQ2008/124368 ¢ t 0 determ ne whether it contains PCT/US2008/059275

chondrocytes. In the enbodi nents of Method 2, the
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cuﬁ&@ﬁﬂﬁitén@% bes%tlal ﬁUHUé"r of nbﬁkh@ﬁdro%yte@e ﬂh'thﬁaS the

phenot ype of an individual cell . 0., whether or not
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threshold cad\ehsérahalbgbmsl lsakicsdd basHdon ﬁr)mexpressibas;evém of the
sone enbodi ment s, e fibrob| ast rrarker i.S expressed

respectivg smarker nnsuureélbroqutﬁangi/qrd;}a@p rytesadde “,pﬁe etermined”
le\)éucﬁg% neY B@%orl] gcfﬂé‘ ngpﬁébrﬁ bREOR @eﬁéﬁmﬂ{?ﬂ# fRa J@fusphéég's%r?%vels

ers’ can be 1den
and.ngay bgehesamn aétgr axmleysnoa le\aeds dessdeiehmihady based for example, on
Leung.et al ., Tr ﬁn in Genetlﬁ , 19(11): 649 -659
thq sig tjcal[a@g[,yﬂs fine Greressituiestlits, Method 1 conpri ses

detoﬁm Ni Nehd PRiralRy Bf 88 fPéml tRY %'uthrfe @nddrivalla®h may be
mar ker “of the invention in a plurality of cells froma

reebéntediyua samptecoram atigeotebiained ifiom [hai eultue. owraexample, in

cal, BE b B E A S RRbn Atk Afph AR o g used s

deSiFREi®I thE EXagRés.allhy lirapyasielets niypiedily, Wik ebatain at least the
i ndi cates that the cell culture does not contain

nuateen @F eela suffigienito cansick 8 1aaEMeHal AloRXREBPRIPT SBalysis, or

oy g PER 8 B3 o051 B Afer

loWRETHUII2O0R0&192 B8 uded043] In illustrative enbodi nents,

the fibroblast marker. is M-
ni 34511 na o mendrasHPcleRind bandieog? inehvegqmparing
exﬁr‘ésgié"n%!/élg lof étf%?oﬁtasit mah&r (REARY 8 §R6thal fisrodlast marker) and
substanti al nunber of non-chondrocytes. In sone
a mndmoymwmrken(e ®r BASLA Indmanbther ekdngirdcytevearkes) to)a control

or 68l bRt HE St H bR o8l SRR RIRGS b i ave
detc?M@iad €4n dary. For example, one can first determine the expression level of
a chondrocyte marker and then determine the expression level of a fibroblast
marker, or vice versa. In some embodiments, the expression levels of both types
of markers can be determined simultaneously.

[0046] Examples of some chondrocyte markers useful in the methods of
the invention, including their GenBank™ accession numbers and SEQ ID NOs,
are provided in Table 1. Thus, in some embodiments, the chondrocyte marker is
chosen from HAPLN1, MGP, EDIL3, WISP3, AGC1, COMP, COL2A1, COL9A1,
COL11A1, LECT1, S100B, CRTAC1, SOX9, and NEBL.
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(COL2A1)

NM_001844

SEQ ID NO:8

Nishimura et al., Hum.
Mutat., 26(1): 36-43

(2005)

type IX collagen
(COL9A1)

NM_001851

SEQ ID NO:9

Czarny-Ratajczak et
al., Am. J. Hum.
Genet., 69(5): 969-80
(2001))

type Xl collagen
(COL11A1)

NM_001854

SEQID
NO:10

Poulson et al., J. Med.
Genet., 41(8):e107
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Mar ker Name GenBankTM SEQ I D NO Reference Accession

No. hyal uronan and NM 001884 SEQ I D NO 2 Buckwal ter et
WQRQ08/124508 pr ot eogl ycan |ink Biol. Chem, 259(9pCT/US2008/059275
protein 1 5361-5363 (1984) (HAPLN1) trix da
protei n NM_000p00 SEQ | D N(b 3 Monroe ef (%004;) Nat

Coneot DAL.A).- 1.4 (. 1.000)....C-

RPEYS ZEI SEQ | DM UiBned SR 1D 15( 1] HIgk S5sig Eur. 3

déhxﬁé‘cpbﬁérﬂo{a%m ke 33 (1998) |dgyains 3 (-@lad&wen%’\'\@éc(s) 869-
I nduci bl e NM 0p3880 SEQ I D|NO 5 Kutz ef

1girgieén (lrffgC'ﬁb):hNay Biol., 2%(1): 414-21 7§rd)9%9)1 3
SihAIdy e o | NEAUE2T2,, [ SRR D T0: | SHaSs00@ o -
bf@lirid bR@&inol i gprreri ¢ NM_000QRS:18EQ | D \Qa?ur@oagsgem ): 63-
al.,”J. Hum jpatrix protein Genet., 48(5)

b(etacﬁad)OO@zoos) type |l col fagen NM 001 3441882) | D NO 8

Llia oD A1) N+ Lo Wal AN ) 4.2

B Eligre | b TEDER N IR L srcl PGS UA odhom.

p@( gihny- Rat aj czpk et (COL9ANOAB., Am |J. 333m eGeret .
969-80 | (2001)) typg¢ Xl coll agenp NM 001854 SEQ

%P&Jl)son et hl., J. Med.| (coL1l Al) | KRBT Genet.

S‘W Bk &% %tehf NM_000346 | SEQID Kou and lkegawa, J.
(SOX9) NO:14 Biol. Chem., 279(49):
50942-8 (2004)
nebulette (NEBL) NM_006393 SEQID Grogan et al., Arth. &
NO:15 Rheum., 56(2): 586-95
(2007)

[0047]  Additional chondrocyte markers can be identified using, e.g., gene
array analysis, as described in, e.g., Leung et al., Trends in Genetics, 19(11): 649-
659 (2003). Generally, a chondrocyte marker is a gene or protein whose
normalized expression levels are higher in chondrocytes (e.g., primary
chondrocytes, cultured de-differentiated chondrocytes) than in fibroblasts (e.g.
dermal fibroblasts) and/or synoviocytes. In some embodiments, the chondrocyte
marker is expressed at least 2, 4, 5, 8, 10, 50, 75, 100 times or greater in
chondrocytes than in fibroblasts and/or synoviocytes.

[0048] In some embodiments, the fibroblast marker and the chondrocyte
- marker are chosen in such a way that the ratio of their expression levels in primary
chondrocytes and/or in passaged chondrocytes is equal to or greater than 5, 10,
20, 30, 50, 75, 100 or more times that in dermal fibroblasts and/or synoviocytes.

[0049] In particular, in some embodiments, Method 1 comprises:

a) obtaining a plurality of cells from a cell culture;
b) determining the average expression level of a chondrocyte marker in
the plurality of cells;
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WD 2008/ 124508 PCT/ US2008/ 059275 (2004) | eukocyte

cell NM 007015 SEQID Hraki et al., Eur. J. derived
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NG 13 de?e'?ﬁﬂmﬂg%‘ielwm %ﬁ@l}hé @Rk baSEY 'o*hq}ﬁe%verage
protein NM 00034 Kau and | kegawa, J. (SO

NO 14 Bi ekpreSaiom Iev@l@@h@pho@gﬂﬁegneﬂ@mﬁd th@laueagee

(NEBL) NM 006393  SE Arth. & NGO 15
Rheum , gg;erf}ssmgé%vgsof lﬂ?%gg}?’%{% ddi t i onal

In §&ﬂe@n¢§ddumem Kﬁé SuRave iBeddraiEBl Iafslmtamir@gshoehdgocytes if the
gene array ana&& S, as described in

expilessionrlevelfithe cherdrosyte maket js alpane a@w?qtgmmpd reshold

wh{iE 8 BlearensRrIRRR R 36 GRSt Harklr & B0 L frebefififled
thresiesld! gaerestivesy, the caltureedoes rdreodtaie yhesdrocylesyeay, the
de-di fferenti ated chondrocytes) than in fibrobl asts

cufge oSt I RTISB A O chiTb b Oy BB JEue 001 FO%, 90%,
955 5o T Rorg crghBrGe e PO prdRichlovePoftHe bt Bfocyte

marher i ey aqyédetetrﬂmmed htnrésimuid) bitsiket theamnqbtression level of the
OVIO tes. [0048 t he

ﬂbm o Riatiade S ETIReR ATe b?"@qeﬂrker are

@@) ' nig ‘f{frthe? aModim@htd Gfel\lléﬂ{dcm heiMRintion comprises a
ion levels in pri chondr'ocyt es and/or in
meﬁm&w%&t%amsn@m{%beﬂ oultregsaidtraetholaenmprising:

fi brotﬂ%aggg"ﬂﬂgﬂoqﬁ@ﬁ‘ﬂg% r?gé'% t@%ﬁé}‘g?n piapt:jiLlrrg:r

in somy pohamgaRNs SronViidbidpéy.conpri ses:  a) obtaining
a plurality of cells froma ceII cul ture;
¢) culturing cells isolated in step b) in a cell cuiture;
d) obtaining a sample of the cell culture;
e) determining the expression levels of MFAP5 and HAPLN1 in one or
more cells from the sample; and
f) determining the composition of the culture based on the expression
levels of MFAP5 and HAPLN1.

[0051]  In some embodiments, the step of determining the culture
composition comprises comparing the average expression levels of the
chondrocyte marker and the average expression level of the fibroblast marker. In
some such embodiments, the cell culture is evaluated as containing chondrocytes
when the ratio of HAPLN1 expression to that of MFAPS is greater than 0.25. In
particular embodiments, this ratio indicates that the cell culture contains at least
50% chondrocytes.

[0052] In some embodiments, the markers’ expression levels are
compared relative to each other (thus, the thresholds may be defined, e.g., as a
given difference between the expression levels of two markers or a ratio thereof).
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staHd cOpE BRtHE 6F %uérhﬁatl\@LRTlF@R @%g M paIAtive T3 rbthod of
| east 50% 55% 65% 75% 80% B85% 90% 95%

queatiatige 3 bPGhb (vghl@h orRAHEGS te differanse ia ke BYEIOEH Of yeshold
cy&ﬁ§g§§uaf%%qrtﬂ§¥5ﬁ1 bl A8 Tk &ket 3n5’%é’¥‘hc§’nd¥¥>€?§trﬁé%%d

€ expression I'ev

ast Innardetedi sspabt) tiee invientide pesvidesd nudsthedrmcbledaluatmg
IeveI 02 }?ﬂl n further enbodi nents of t hod t he
the ﬁb@m%ﬁ shpndividyabeelldeibad s, @9alusig m@metry The

mé;ltfl Sf hééfﬁﬂfo?fadéhtﬁﬁh{; IrR}i'VIEHéIeceH%%‘o% H"é&%ltﬁf@”{ﬁrﬁbc;léalﬂg a cell

aining a car age bropsy froma manma

cultere derivegl fwhlcartﬁlagemr Bendviiopsg; ckmhdmﬂytwcmlngecg fibgoblast

culgginpurayotne Clure. anPrf cleraprigb i Eiatite. ¢ FhE methéa B atso

ussfu@ f@r&éémﬂyﬂngwsa@[d@fal &@&P@em@ frARIENY apbr@mt@ lbiolBBical
fromthe sa e; f) determning t

satrtmqemm whigh itos delsgablm toud@ttﬁﬁmldnaltqeéISeuapwm enitilage

Sy L YBR[\ sabied 1Y RESEe emopciments.

MR8 @SddnhBiis e30HE1E AR CIDRIENpr&ssibm e vay of algbrcﬁ)l@steﬁauk@ﬂ of the
| evel s of the chondrocyte marker and the averag

invepiipadr thencelbwdierein thaexprassing igyel brlpwa prqqe;terggﬁ@d threshold
moﬁ%’e&r‘]tpa‘ﬁﬁ]ﬁl}ﬁﬂé ﬁ”is;? g@@ﬁ%ns‘b%g/ e. CHhdMBEVAIS, REH PR &I bR Rvel above a
predetermined threshold indicates that the cell is not a chondrocyte (e.g., the cell
is a fibroblast or a synoviocyte). In some embodiments, Method 2 comprises:
a) determining the expression level of a chondrocyte marker in the cell;
b) determining the expression level of a fibroblast marker in the cell;
and
c¢) evaluating the phenotype of the cell based on the expression level of
the chondrocyte marker and the expression level of the fibroblast
marker.
In some embodiments, the cell is identified as a chondrocyte if the expression
level of the chondrocyte marker is above a predetermined threshold level, while
the expression level of the fibroblast marker is below a predetermined threshold
level. The fibroblast and chondrocyte markers in the embodiments of Method 2

may be chosen and evaluated as described for Method 1 above.
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when the ratio of HAPLNl1 expression to that of MFAP5S
is greater than 0.25. In particular enbodinents, this
WO 26080245p8li cates that the cell cul ture contai NBCHUS2008/059275
| east 50% chondrocytes. [0052] In sonme enbodi nents,
the markers' expression |levels are conpared relative

to [@@SB ot Ireéw (clytHttetr) H8n bBRFAANES USRI AsmeRk¢iaB-available

g., as a given dlfference bet ween the expression
amtdmh@s of sucthanthaciesmey be prepred ardestribedin, 0., Linsenmeyer

G T TR R R T b

HA 5)32 ex[CelisdrcllRresd bedgtdvaluatéd ay fthd rtheds of this invention
mar e.g., MFAPS5), which is greater than a

mgwme@@amq@mmm%@lpa*caéswpleol@wdl@g 8By tigsue, cedl ezﬂture or
iy M, P8,y T POAGH BRlnbyhec e amoosiments,

therdenidiorettaresf bdiby bodluétect he ehmamswilian, pestieulgrigfhuman, origin.

chondrocyte and fibrobl ast markers,_ are ermn at
In spmERAbediBenis, the cell G‘B"eéﬁ gy} Hom G '@fﬁ@@ﬁsgq

f
o
cé¢liscfonthvbprocefiutenarestwhally cptles fremw cadiladgerbiopsy of the patnent
rocRNNG Kiesas et oleh Ul AN ?qg”wae{jéibci? M
e @e%%@%r&ahe%moedpwgw- "
saraefambddimeintkeoit ﬁwéymmytlondtha «:hﬂbrbultwda Icsrrfpmears a axdlagen matrix
I0gded LRI TIISOHES: SHER shendityfaypay beidinioeddiom a cartiage
D‘QBQB( ahb ft‘:‘éﬂturé“de)r‘id’rrtS e R4bea ¥nahe %am&ee gorasau%dvmé

opriate culture. The method is also useful
MA@ 6 infplamtgprioddety i Theamettedd of thierinvardiohrie msafuf for ldennfymg,

1 BaMTENe RERUREPF oo ardRaae Bercpbbden suberhgrior t

EhtidPER magxe! es, synovi um sanpl es, fibrobl ast
mﬁﬂ ﬁeg’sj1 etc. In sone enbodiments, Method 2 conprises

det ©067hi nd a iesteatpaeseiagnple of dhe otilits of thy oell agture

o8B e PSS HAchLB55ect e st e

stepdiimaihesd inherbdudiag @edditursd @h@ﬁ@@d‘(t@%ﬁuct for autologous
ternatively, the exgre55|on | evel above a

clmrw@cséenmnmtamw@ é\s|m@@ggge@@utqlﬁ@o%cmn@%wﬁs or for

DR AR 8B BoBund el i e NASIE ARhibr Bugeoaure
lnaétee gﬁ @Irdnﬁr{lﬁgg g‘ieélféquﬁ eSsatitiht LAYEIgoMg auisytliscenErRirocyte
implantation is shipped for processing (step 2). The biopsy material is digested at
step 3 to release and harvest chondrocytes from the cartilage. The released cells
are plated in tissue culture flasks and expanded in primary culture at step 4, and if
necessary, subcultured. Once the cells reach an adequate number, they can be,
optionally, cryopreserved at step 5 until the patient is ready to receive the implant.
Once the patient is ready to receive the cells, they are thawed and plated into
tissue culture flasks and grown to prepare an assembly culture (step 6).

[0058]  For use in an autologous chondrocyte implant, if a sufficient

number of cells are obtained in the assembly culture, the cells are centrifuged to a

16



b) determ ning the expression |level of a fibroblast

marker in the cell; and c) evaluating the phenotype
W@RoBH2I56%] | based on the expression | evel of PERHES2008/059275

chondrocyte marker and the expression |level of the

celf pBNnSie suSBENRId inlJhisE nRidhadl WRIthsSis thérgire@blodt” such

identified as a chondrocyte if the expression evel )
as tife Casticsh®raitalogoes abendrocyte pibdue (atepr@dekhis fingdgroduct” is

t.hreshol d | evel ile th ession | th
subiPBEep s eUpbeKar SReBls bk uding T et Sl Beleat. ¢ oe!
viabftitelest, Aeehdbipl t8SH adffcspiasifa eut! Endrardimire bé\n?B@ition test
enbodi ments of Method 2 " nmay be chosen and eval uat ed
(ste 9d'EHE idemdity” fasrdagstined hereibbipeensibe Watbe gultouwsiowells contain

N AC T N T Y

areSEi6ippad{stepdiog so Ry pAerfeiaipishtasodlestepithed in, e.g.,
i nsenneyer e | ., Biochem Biophys. Res. Com

L t )
52{0D5S] 24 terpathey, wWhermie assemtly sHre rar siap Bus fybe used

i SPGB BB 5P B eBhpSii FLRURRI b sfted onto 2
co%@ﬁ%aﬁ@ﬁi, lar@duitdred fo?14 djs@tepTRY. €Al thk, erid @it the®yiltare

ray not contain chondrocytes. In sone enbodi nents,
perig@ tbelceds gre Busediwih shinning eedivntte pregecepd final product for

Rl | A ly h i gin. .
AL BBt PR BFLRE 2P SPBecRid itk O 3efiTRiped above.
ActGloRRfE dviigtRBT theCiidl ipk@difet i 2RS¥persion eXadklred dhdndrocytes,
aut ol ogous chondrocyte inplantation, cartilage cells

sudtoas Geastigal®caudalogous shaodieeyies, euthelfinal predustas a scaffold-

Seéﬁ% ial a. %tg’:'ﬁﬁééi@pﬁ%ﬁn{%ﬁ%%%hgq’i%ﬁﬁ'}%@?gﬁﬁf iSdirgful as a lot
ideg’n@ﬁ Wa%%z/%’rrlélt lePihseRERYT f0ConiM) thb TombErRIAPb©a ekl

cul ture hondrocyte product. In sonme enbodi nents
cultdretdsecamaieing ehondrocytes priocil shipmeobabinesastuse. For example,

eV aslang ATt Pathiried PSRN Sfef Slor 5dhd spgpipauct
asSb UL Igur sstory step 4, &, Berngr §0aded on the matri x,

e.g., as used in the MACI(r) inplant product. The
netGf§8] of Nary melieeds efdetermkdtaigen®dPr PERRIN eXpregsion levels

oo 5 EPALES AchTE T . Ol S8 heed RRAGH SROOR al. (o0
Cldrfieg 7A Laboidtbryvantial, 2nd exgrguold Syringhdanor Labyraibryt Press,
19596;I éurcrlejrlltt lyrro(taocols in Molecular Biology (Ausubel et al. (eds.) New York:
John Wiley and Sons, 1998). Examples of such methods include polymerase
chain reaction (including absolute quantitation by PCR, real time PCR (RT-PCR)
and qRT-PCR, multiplex or singleplex PCR), single cell PCR, northern blot assays,
nuclease protection assays, in situ hybridization assays, immunohistochemistry
assays, immunocytochemistry assays, electrophoresis assays such as gel or
capillary, Western blot assays, ELISAs, immunoprecipitation assays,
chromatography based assays such as HPLC or gel chromotography, mass
spectrometry assays, RNase protection assays, flow cytometry assays, DNA

methylation assays, and histone modification analysis assays.
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determ nati on nmethod, reference is made to Figure 1.

This figure illustrates the steps involved in
wWor@da24smy a cul tured chondrocyte product for PCT/US2008/059275

aut ol ogous chondrocyte inplantation, such as using

Caoo6eE! (1n ahutethodo ubthelinnehtiory egpressionflovels patatie R4 or at
a cul tured chondroc product for

thefpraleinlaveh SRR SEETPREY a6 aa SHitable sepHahelusing,agy one
of Jan%ghﬁ?@atma%dgnwﬁ %Xégo@ag@eo@&eﬁnmg&gf efngt §uaptitative

ation 1s shi rocessin
RTEH’@BS(E ogrplagViah™ ElTeIP@EerdHTfHCR)sﬁ\mr@m d»lcrttarh@aweam/rmther

melid & deflHnBe VA fevelS e cinetpec fif Tia Examples” Protein
levERARY BE de‘i‘enﬂ‘iuh@@ré/ gS Wytusiy Wes’iérﬁpoléttmgnéLISA ﬂow cytometry,

necessary, subcultufed. Once the cells feach
enzyieaticaactivity miseays, tom@yrycxiherb@ethoww datgrinjning protem levels.

e AOBD ST e SRR Pl A 1 o

protd@f &h ¥ éé}ﬂpk‘eeéﬁcﬁor & leoMmtrar eHidrameg tasidalp) B¢ athduskReeping
tissue culture flasks and grown to prepare an assenbly

gengubalt, @s(katamctn or m@)ssqldebydqﬁaohqspaﬂ RO/
G@B@p‘@b? YE%§ Hbgﬁérﬁﬁeﬂgég gfrcbf ;l(létrﬁ{alﬁz%tgon '?% g;b‘?cfa}”&fdo%%l tbsaccount

for venabilifyug elte bmount d6p a0 DBIAL 24 A H?(ﬁ[lt um@aaawms the

cel|l pellet and resus é)ended in shi nmedi
Exa@pbﬁeexwreﬁgpndewa@f nQITBRAliZegklor HES dRRsaTEa) '%W\ using A

[9?9 s chondrocyte product (step 8). This "final
staﬁHérgJ Ve subjected to a nunber of QC tests,

I NO06H] ng lrﬂ diustatvepembodimsems| thetgxprestion eved of the fibroblast

and,HRonrpGY e FaKeE B A Lo megs g BTanCH epdf fuastagaard
curds o 8§e t&ﬁsamwsm) mbfhmw I‘r@afnt@auémﬁ.c@ubh uurefdom@l I's

contain a sufficient nunber of chond rocytes
embafimerds, aksdlge prestitationof markescophaymbgrecah bg&@&ermmed

o S8 A 5B Ll RIS Y k8. 1 gorore

meficRid for b@ndlﬁcthg gigtchssafs areMSQsc(rt‘ded ery. aint Re&lﬁameePCR
are resuspende seeded onto a

[t
SySomseRIed Basystem S AB0OHT (A FepbT e FLR etar and
7oA AT i eIt CNFRISS e, ABDhSS Picysime, 2005,
PatfttNo 418148868FGWE ants. This product is also subj ect ed

¢ HOOBBh e 1y it G oo ARG BRTF ST e comBarive Cr
meﬂw gﬁﬁeggbh{og@t of ?féfr‘&tl@%lf EZFFés‘ré;Hrﬁ l%%el?slﬂf? f‘é}%‘gﬁféglt ?arker to that
of & eb@mropytednatkef oan Ma(lccglaiaafmaﬁﬁsE)’\(Gef netHowhefeinkers is
theI nnuvn%egetr' c%r}he ?Ibroso(?asli mérke? tljxrgghold cycles, Crc is the number of
threshold cycles of the chondrocyte marker, assuming that efficiency of
amplification (E) is the same for both markers and the starting amount of both
markers is normalized to the same amount of endogenous control ( e.g., as in two
duplicate samples). In the case of E=1, as illustrated in the Examples, the ratio
can be approximated as 2 (Cr - Cr¢). Otherwise, the calculations can be

performed as described in Appendix A of Real-Time PCR Systems: Applied
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identification assay or |ot release assay, to confirm
the conposition of a cell culture as containing
WQ pWHdR4308/t es pri or to shipnent of the culturePCFOBE2008/059275
exanple, the "QC identity" (step 9) can be perforned
at any step prior to the final product assenbl
Bncesygtem@@%@ldTé’ca@p Real-§jme PCR Scyst%n ahdoeop/ eal-Time PCR

S e O A
(ﬁﬁﬂ?f | brEgHAd chabduiveisteLdf Ak indeddidn)are (mL@tHatm:i infthe
La oratory Manual, 2nd ed., Cold Spring Harb

following axamples; ahich aredatendedite detexenlascand nat intended to be

nmg{ﬁ%cﬁhaerex‘;‘%a”%d&%%ﬁgﬁ‘}%'gg) e}Exgln'pl c(agdgf ) stls\llﬁv \r;g{ Eods

i ncl ude pol ynerase chain reaction (including absolute
ExAMPLBESIti on by PCR real time PCR (RT-PCR) and
gRT- PCR, nultiplex or singleplex PCR), si ngI e cell

eyl | ERetRor R, AT AR B Rl Bhocycs,

| mmunohi st og?gm,gc es 88dPiBroBigBigocyt ocheni stry
assays, elec ropho esl s assays such as gel or

capl I lary, Western blot assays, ELISAs,

TSR LB R 4 Bl LRBAREAIG BBRGs wer

tso%@&tffo?rﬁ‘%éﬁﬂag%séﬁh%m@h’%?ﬁo@fd?tp%&u@ﬁg TaFAoE® dultegous

cytonmetry assays, | ati on assays, and histone
chomdiotyteatdrdhe &netepse smdbsdy@ produsing 20018rerPdBORIrocytes. Using

PCT/ US 08/0 75 [ hod
i SR 09 558 o 905 Bl FRLGE 0L L1 oo was
t
tnrﬂﬁw%ﬁ%é'bc%n%czﬁ? d?yﬁfi‘ﬁmﬁ a@ﬁeﬁbg@fdﬂ%% ;}divg 'rf]lféli ocﬁ{;a’é/stﬁo‘h' Wﬁ&‘eehssue was
enRMAaticallyl teeatey urbeolw@eeaae isoliitibn for1§ hpumjatrﬁPCat @eki;s released

o) e agions o ot REfeo feku b et i g aighine serum
(FE%Q)’&:H@ geﬁfanﬁém‘iﬁﬁﬁénhb@dnbﬂmhhﬁi@ﬂ&(ﬂ@' The d¥ligtveére then

| evel s may be determ ned €. Jg usi n Wést ern .
subjestedi tag Serangdigestinn wtze(ﬂr@m@mmgéwﬁyﬁgtqr% the tirsy digestion

o508 Wi RS FFEER S e S AP s
rele@sathirbmeitie f@icohd idigestion wvﬁreqﬂat@t%n tissugcoltarerflasks with
sanpl e and/ or a control,

eHissseErRjeceIRNAINK, af‘&@rltﬁ%lsgcér&cﬁ é%e@?on )Cvere p?ated in tissue
co KRR S RnOsRThe clsdosanngs nd GAFTipge oo
wadctnmnneﬁ atbonmand fspmowam wrlﬂ smnjgzched tolectirshdigestion in l\:/’ronase E
(Sana de?lchl?r'}cIA S?rLouns I\'AB SOfUtlorC}) for T g'Wours at 57’;8? The Pronase
solution was then removed and a second digestion of the cartilage was performed
in collagenase solution for 18 hours at 37°C. The released cells were then plated
in tissue culture flasks with EGHXX. After isolation, the cell culture methods were
the same for cells obtained from either isolation method. Primary cell cultures
were re-fed fresh EGHXX every 2 to 4 days. When the primary culture flasks
reached 50% to 80% confluence, they were trypsinized to a single cell
suspension, neutralized with EGHXX to inactivate trypsin, and a cell count was

performed. The resulting cell suspension was then either sampled, further
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Exanpl es, expression |levels are nornmalized to 18S
ri bosomal RNA using a standard curve. [0062] In

WO R00ga24588 | ve enbodi nents, the expression | evePGI/bF2008/859275
fibroblast and chondrocyte mar kers are determn ned

exii3ich 2 SR G ofPpfesPHRRY ond I Glagl) e,

sub@mﬂre ehﬂ?tﬂipmmatyscbulagsaﬁ retferrea onas thad smormiaryraullhﬂvg o:j flrst
ers can e etermn ari n t andar

paSHORe S UR AR BMPC B P8 BreTer lar5s b SecOndPaadp ihird

pags?&gd?e %ﬁ%aféﬁﬁ%“ %Edp Cguﬁémimnﬁgswp@ﬁ@m%ﬁsr brmg cells in

['1ed Biosyst
tlss‘(ﬂi)@HIfDrédlasth EGHKXP&IRj &fteteeimgawdh frESDCEGISKGK every 2 to 4

-T PCR S Chem id | ied
dagi ol SRS SpaRea B0 Bt RByNIERS, Finapers,
trybé]ﬁnz@ésts ﬁln%rmrétt.ﬁﬁeﬁ%n nBE RIS el WItRIEGREXX to inactivate

onpar ative met hod, the amount of the ratio of
trypsapr asd aaelll eoust wastpesforined o Jihesesuling @ell syspergion giasghen

eiter PN faffR™ ESbardds o ciiried e 18phddorn Slodas. -
nadoss] t hrieshahdyapebese caltufes @yhddumiddieddell cultures, also

threshol d cycles of the chondrocyte marker, assum ng

knewarseynoyietfilekpbiasts)anb and .Sc?aweEﬁqofeta)nqufr@rﬁ&@bﬁﬁpkqﬁlons

h
in? 8530 PReg A RO MRBraified BlmarPLdtudy cBRt D TERiKBliBpvtes
wef@ plated astissuet oudturel dlpskwitie E&H‘mXeﬁédluhﬂandﬁ eulbared wHing the
E=1, as illustrated in the Exanples, the ratio can be

medhpsl EXinvadecing Sarliget® autologpuschongipsyiRssas desgsibed above.

Huﬁﬁ%ﬁﬁ%ﬁ%élxﬁ??tﬁ%}a(ﬁﬁuﬂr@seﬁéwgg%g %b@ﬁ%ﬁpﬂga\&gs Inc. as
cryopesEekeaAdpBmAGT EUEAeaNS9TTE detinas filstobiesty %@é-l’éuﬁmd using

Real - Ti me PCR System and 7300/ 7500 Real - Ti e
thesy@tmfor@mﬁcgmg (ragifed@ aulplpoP U3 CRPRATPSYIeRAS %?@Qbed above.

Pafdet:  SAPEE e dRtes Fpog HPRRCE B4 SFe, RIBOT TEDIG%.
exarrpl es, which are intended to be exenplary and not

Tabldg 2nCeld ctituree uskdrin HTnﬁCﬁAhabrssdﬁxamﬂe tihe

| nvwwpggsraaf-e EX PSS S-0a—ot—HARL ML

and| MFAPSIl iGUltHendr geyt eCell §YHSV| ocytEXPﬁﬁﬁ Cell Culture

Fi brobiastye Chondrocyte Primary culture
C1 Chondrocyte Second Passage
Cc2 Chondrocyte Second Passage
S1 Synoviocyte Second Passage
S2 Synoviocyte Second Passage
F1 Dermal Fibroblast Second Passage
F2 Dermal Fibroblast Second Passage

[0068] RNA and cDNA preparation--RNA was isolated from cell cultures
using the TRI-spin procedure (Reno et al., Biotechniques 22: 1082-6 (1997)).
Isolated RNA concentrations were determined spectrophotometrically. For the
preparation of cDNA from samples PC, C1, C2, S1, S2, F1, and F2, the First
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[0065] Cell Isolation and cul ture--Human chondrocyte

cultures were isolated fromcartilage using the
WOorRQRAdsd»r produci ng Carticel (r) autol ogous PCT/US2008/059275

chondrocytes or the Protease nethod for producing

Strahe SVEress K Rorbs agiavpts. d) G (Hion heBAteL Bliddrs
waldin abg§mgggt@fhehﬁaﬁu@eﬂ;réwmrummd ‘ﬁ%’ke%@ﬂtﬁ@ SONA was

rst I on where tissue was enzynmat | cal
storedat 20°Crorc80FGgutibgmalysibut i on for 18 hours at 37C.

| d f he f d ,
ol e GER rpRFloninay e GebaPRssriol Hib s Was
pe&gﬁ%d 88ihg fHtvk e &P aIRT-PC ATRAingRitARehnddftEcurve

s were then subjected to a second di gesti on where
meztmmna wgmpasgiive €r orethad. Thegealdirge SGRMethad wasdeassgl on

e LSRRG YRR b G s spoctc

pnﬁﬂe@faﬂﬁblllﬂﬁatﬁcbrﬁéumeqafgew @@qﬁéWSmmnTﬁ%ﬁ%y) TE&ﬁt&S!on of
pi eces remaining after the second di gesti gn

gepesieBerding crgiage linupraieia (HARMNT)A E@B@('"awﬁﬁ@clm@
prﬁéf\mﬁéﬁg Wkd QE%&”QQn% er%ﬁMc#r?@ %éﬁ%ﬁgﬁres%% Assays

one and ’synovi um and subj ec to a firs
Hs0098F103 M1 anBrHs0@d 85803 (151 g Apphédl Blaslysierms IncSt respectively.

The apaiires &é%&{gg@%\@@* TaaRlars e s BGR RS Wix, no
Ul\§(§1 fcéitgfo? Ae6e ﬁgﬁﬁé’ﬁi B'idl:, §@n’1 Hﬁ:“)aﬁﬁpﬁﬂriéfté AgMan™

ours at eas Is were th
GepledEqtessian tAissay éAppIIethB@smstam@ a\ndts’famDCEwaeée used

aceaipind o Ube RRLRe B M il o f P8 A fiaalids RRErién an
ABﬁ’vsnarn@‘a@Jﬁum@lmmrs%‘temA@plre@ BdysteashnEFRShEer stardard

days. Wien thé primary culture flasks reached
Taawmf% cgolingcand ﬂamlecampr@@a@ for ytys icantiguration.a Duplicate 25

o FABRoS bl FBRELRASE o S 0L R DK i o0

unildwasasedtfongll assdyssuspensi on was then eit her sanpl ed,
further 19 WO 2008/ 124508 PCT/ US200 /059275 ﬁggnded

by Q198 ul 1SfANABIY eprverMBRIodd ngetianeardi e fmethpd was
pefb a8 Bl AL RINNTEPIGoRBLE Chit s cataog
nuPHEs a@e9483£5,s@m]mdtBlsswemsLlnes) iarehicke f186 EtNA és ased he an

intSRLanto  gorial R R P B e s e fecnn Bt ER i varfitbo, For
qu&Hﬂnhﬁé@ of {r@SﬂéﬁatWen@veﬁ%x&xee\ﬁgsroﬁ df@%@h@an@ diufiérRsét the

every 2 to 4 days n the subcul tures reached
pnmaw thondooytedRQ) WA warg gyn e generate a standard curve with the

7500 system software. The level of each test sample's expression was
determined from the standard curve, and the resulting mRNA ratios to the primary
chondrocyte control (PC) were divided by the sample's 18S rRNA ratio to PC to
normalize for cDNA loading.

[0071]  Comparative Cr Method--Comparative Ct analysis was performed
to determine the relative gene expression ratios of HAPLN1 to MFAPS5 in the
various samples from the real time quantitative RT-PCR gene expression analysis
raw data generated as described above. The comparative Ct method provides a
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trypsinized to a single cell suspension, neutralized

wth EGHXX to inactivate trypsin, and a cell count
woMsptshHr ned. The resulting cell suspensi on NEEUBWE8(059275

ei ther sanpled, further expanded, or cryopreserved for

el RsHTaIRt adaiie bi FARKN L FERFAEBChER Gk et diréd
co@év?%%@'beﬁvb@ér?@s@%ﬁ? eéjvgﬁ%ht%’e Weeg E%%téh@é?@sf §t@RYard curve

['i cations D ego,
analygispoeaetuabdaliioraioes.y ThisImethed aael b&emplm'eslyndm case ebthe

B B AOTEAER b Lo e Ao
coﬁ%hbhs@ Rlelé hék“ﬁ?'tﬁ%é@ayﬁb&%%aﬁa@éoﬁ%ﬁﬁ@ht #6eh run to run; 2)

ove Human dérmal fi'brobl ast cultures were
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cob EREBIEL RS T b PR cn i T v, was

alviyadu@ie thdrRéitherahé HARILN 0030 WF ARBITY wieh equialent amounts
descri bed above. [0067] The cell cultures used in thi

of BRihiyeee airein eanheapsay, aa% thus18S favas Qlwamismuaéuf'@*aleé@hen

eit%ﬁ@AW_B@T l\?@éﬁ'@%l G e g@écﬁon 4) kne%cﬁ Hé?c)i/ SRl drbitrarily

seledtdditheordlicaCbalidaioe vieéingg as rwthEamﬁgbsalﬁaleC&mﬂdintug/me ratio

of BRI oL YRR wbioh vilded o A LIS TfuR AR BLICHEE MFAPS Cr
va?%é@@?n gﬁé@%gthcrgﬁggﬁﬁﬁr@hs 'Féféﬁ%o@%twesf%crﬁﬁfj ﬂ%‘é%@ﬂ@atlon of

preparation--RNA was | solated from
thecedquat(nn wsacefor this icoqpanativeRC+ spathog isve thilows( AW herasthe

h | at ed
aniayint shiarast 9o it sémele M malPseh B spredSidiisrSariidgene

anE‘?élaW@to ﬁrﬁmﬁfa%ﬂ lgrgl\ﬂé‘n BPNA from sanpl es PC, Cl, C2,
F1, the First 20 WD 2008/ 124508

PCT/ U82008/ 059275 St(ﬂaﬁ}f(wnasm@en&. t (Roche,
%1 anapolis, IN), using random hexarrer primers was
Mccor di ng to the manufacturer's instructions. The

resul ting cDNA was Estamelificitionddificioncy 80C unti |
anal ysis. [0069] Cene expression anal ysis--Gene
whsigifessi on anal ysi s was

AACT,target gene = sample ACr target gene - calibrator ACr target gene
and wherein

ACT,target gene & CT,target gene ~ CT,endogenous control gene

(See Liu, W. and Saint, D.A., Analytical Biochemistry, 302: 52-59 (2002); Livak,
K.J, ABI Prism 7700 Sequence Detection System, User Bulletin 2, ABI publication
4303859, 1997). Then the ratio of HAPLN1 to MFAP5 can be described as:
(1+EYN-AACT waping) / (1+E)N-AACT meaps)
which equals:
(1+E)N~{[sample Ct napint - Sample Cr, endogenous control gene] - [Calibrator Cy napiny -
calibrator Cr, endogenous control genel}) / (1+E)N-{[sample Cr mraps - sample Cr, endogenous

control gene] - [Calibrator Cr meaps - calibrator Cr, endogenous control gene]})
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performed using quantitative real tinme RT-PCR, using
either a standard curve nethod or a conparative CT

WOr2Q0Ba24508The real time PCR nmet hod was based onPCT/H82088/059275
nucl ease cl eavage of a dual |abeled oligo probe to

1 $8%5kte SERYEREETBE, hufni P ohc s AP A BRLC2R Bl o
endefefogs eontirdIyerr ddrl Bg eepredénted ®yahs téihRL Nlitheasaghe amount
m crofibrillar associate rotein 5 (NMFAP5) were

of gglibradar iasumin TagMassay taiethedpr estbirgilipgialgndogenous control
oe R e o RSP 12 b A S i

devwedtd:agManTM Uni ver sal PCR Master M x, no UI\IG

| b 4324018, I d B
et S pierr @gr;é&%@%égg:@;ﬁ;z@/ HisN-ggample

Bi t d d di t
the Uni ver sal PORIRITR. B kL e e e 78T cat  ons
whigh equals: on an ABI 7500 Real -Time PCR system (Applied
Bi I n t h T M
kit NS 2o Bronrpi oo &SRB T sen o B0 Br. Senple

Duplicate 25 pLc | OB- ¥&ibRatoH Hup to 5 ng of
I nput cDNA per vveITﬁ'@g'%& resholad of T#&J@)umts was

If theemhlibmatoris|defiped\as. a [Imom]cassamm corgainireg et fadid-of THAEPLN1 /

MEARS $ich 8idica Fraren e i RuTE BT sS4 U ey aguivalent
anﬁbm"ﬁﬁ bf 83iiR4tb? are ARPIN e8LHRASSYS trRdrBthbnerm .z ddh B sabstituted for

STrRNA is used as an internal control to normalize
th@q:almﬂtqr&m/\pw ehddbe cahlbraterCimpes. Vae ieauption thesy derives to:

LR S kel O WD (YRR LR Rty - 2

wm@h@qu@lse run to generate a standard curve with the

7500 syst m sof t . Th Ieve of each test sanpl e’
expr@§ wadmp erwﬁLM alyr & resagm ﬁ(ﬁTrﬂ@FAEﬁr*v{Jé’,‘zﬁ)

g@g gfesulting nRNA ratios to the primary

rocyte control (PC) were divided by the sanple's
18S r RNA r(a#EY\(bo sinple Crawrral + e $amplemidvraedili ng.
r{,é% % lConpar ative CT Method--Conparative CT anal ysis

WIELeRe? Pormed to deternine the relative gene

expr essi on r 14@/\(@,{1”{;;@3@}1%;@ I@A&ﬁem&ﬁﬁy vari ous

mples fromthe real tinme quantitative R gene
Ar@)dbl:’eséu(b@uo%refflvgney) hen thatralagve satio @HHé\ELcﬂ@s@rMEéES
qug The conparative C nethod provides a 21 WO

8/ 124508 PCT/ US2008/ 059275

2N sample Crmraps - sample Cr napini)
The above equations derive to a final formula leaving only two variables, the
sample HAPLN1 Ct and sample MFAP5 C+, as unknowns. This formula applies
when samples are assayed under the conditions described above, and the
theoretical calibrator employed is set as described above.

[0072] Figure 2 depicts HAPLN1 expression levels in several cell strains
as determined by a standard curve method of RT-PCR. Figure 3 depicts
expression levels of MFAPS5 in the same cell samples as shown in Figure 2, as
determined by a standard curve method of RT-PCR. HAPLN1 was expressed at
higher levels in the chondrocyte cell cultures than in the synoviocyte and fibroblast
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relati ve neasure of the ratio of HAPLNL to MFAP5 whi ch
allows for direct conparison between test sanples

WORWHAUS0® he need for standards, standard cur vRCT/US2008/059275
anal ysis, or actual calibrators. This nmethod can be

celﬁgplhfr%% dMﬁ%ﬁQ%ﬁ%&%@@%@?@ eh 5@3 H%ﬁl?@gﬁ%ﬁ c?q}fllec‘ afd Yibroblast

celf&melirbs ®hn iethe diehdrdoytd bell @@Iﬁﬁés per for mance was
consistent fromrun to run; ui val ent anpunts of

RNAOHSH e rhiguriert QWENltheWﬁNF%Of H LaHark NS ewpression
Ievgene SPIm: %@re&%arg 3v "’\J'H%eraanrm Hﬁﬁwa@? Qﬁ%ﬂﬁﬁggﬁ’m gllas scaled to

ower an €l
1; biARE MtidsTwerre Waé&m‘n@w equi val ent anmpbunts of RNA

A oS5 e el AT BT e
: . :
VBN AR b, P08 2980t B SOAH eves
wetddetezmired by arqmlrrqaaramteaCm inmgthod ef RAt-PER. ofhé1rdduls of the Cr

MFAPS5 whi ch | ded HAPL N1 | to th
e Am oS 8 o e B e SR bR
above were nmet. The derivation of the equation used

for this conparative CT nethod is as foll ows. Were
Exaneple2tount Emretsanqepf HARLNH andsMARS, imAdditianal $trains of

ol frator ¢aofAtn gy Syiousies afiePiBrotlafts,cne)

wher ei n E—anpllflcatlon efficiency wherein
(cfACTtar et gene = s Ie ACTtar&gM:%q
calQ07b4t or XMESQ'@I? {j%'lelsg%déAPéNd ek ‘(WYQ detgemined in

sclfaref Ay &y PO BRSO e Bl danp pptveen
ch@ocya- eﬁ@l éﬁm&)cytd_cmélkes Kha cuRBtesClnsammM&CExample are
Sequence Detection System User Bulletin 2, ABI
'lstﬁi}mTé\Elei%n 4303859, 1997). Then the ratio of HAPLNL
to MFAP5 can be described as: (1 +E)A(-AACT, HAPLN1) /
Tabi’e*@@én &&iﬁ?re%é@é)in AMPOR AAERLS: (Ekanipie 2§ - { [ sarml e

N1 - sample CT. endodenous control genel -

QellaCulmae orf CT, HAReliTypeal i br at|oiType of GeibGeilitvme

CT Pendogerjous &6 UGG \EATS -

carpgrator [CT, el(ljh%%we contT O80EAd passage
C4 Chondrocyte Second passage
C5 Chondrocyte Second passage
Cé6 Chondrocyte Second passage
C7 Chondrocyte Second passage
S3 Synoviocyte Second passage
S4 Synoviocyte Second passage
S5 Synoviocyte Second passage
S6 Synoviocyte Second passage
S7 Synoviocyte Second passage
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22 WD 2008/ 124508 PCT/ US2008/ 059275 |If the sane
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WQh@SQmme endogenous contr ol gene can be r ePCHEBWOYHFI275

PUROP] eapiliselayion rg e TR RendReyi Galrutufes C3,
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Caﬂ@él@/ aatdlogodslchcﬁ)dréey{tés anmeemﬁﬁ'ed-thEMm plex]. Human

TR TR R E - .
P
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dngesm)rbml ts;gjnm solutied férot houhat IZEG. bSmaIOrSWasmNedd@w
Th { t
SutyaCicy |G LR iesod IReARR O Py Solbigh pOFtRISES ¢ U
colragéﬁﬁﬁ’é ﬁn%l%:é%?ﬁir 2 hdtsat 8]73’0 B SFamEd Bolafed bP/ subjecting
X - sanple CT,HAPLN1l1 - [y - z] - [x - sanp
m:r(b’édl\ﬂ?yAIB]umtc[ the- mgthod mhpMdL@mgaCsmc@@ ag)m()gous chondrocytes.

Aft%rqugaagon(fﬂlé%%g@ﬁ%pén@d gﬁlﬁﬁ%gere %IQW Es(gfuwil_t(:h ﬂﬁfﬁ with
Eemfmﬁ.%r%%\ﬁpgmé% g?fﬁb)the tn';hg(prgéie C@r@ha&mgegérggé@ 0

aut6TbgdABIcbNdideytebas desayibed iokadeple e Stoalasfaawamd S5 were
ot AP e W AL SRt o R A D

tha@Riy, itee ceW@ﬁBnﬁﬁPﬁlh§833érﬁi ssmreplateden tisbee eqmstetfia@Rs with
desCri bed above, and the theoretical calibrator

EGetf me@wmsarmwhsedi esmgutbedn@tbed éor produeingreayticel®
autg 2 ?Jtﬁzhslﬁglr'o’\lc%/teesxgs Sgssclzn ed m\ﬁexlasmp')lg Sever al cell
[0077]  RNA isolation and cDNA preparation--RNA preparations for

chondrocyte cell cultures C3, C4, C5, C6, C7 and synoviocyte cultures S3, S4, S5,
S6, S7 were performed as described in Example 1. The RNA from these samples
was reverse transcribed into cDNA using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Inc., Foster City, CA) according to the
manufacturer's instructions. The PC cDNA from Example 1 was used in this
Example. The cDNA was stored at -20°C or -80°C until analysis.

[0078]  Gene expression analysis--Gene expression analysis was
performed using RT-PCR as described in Example 1.

[0079] Figure 6 depicts HAPLN1 expression levels in a number of
additional chondrocyte and synoviocyte strains. The expression levels were
determined by a standard curve method of RT-PCR and normalized to 18S

ribosomal RNA.
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as determ ned by a standard curve nethod of RT-PCR
Figure 3 depicts expression levels of MFAPS5 in the

W@ 2008/126808 sanpl es as shown in Figure 2, as dREEURIAESI275
by a st andard curve nmethod of RT-PCR HAPLNL was

hj | i he,
XA Blanrd £ Ubiots BIEARS £ SSind 10v4ls BEeSsda Sizgins as
sn3RATh 5% PATL USBRASIATBAZS weelcetsined 85 o AT curve

was expr essed hi gher levels in synoviocyte and
méthbd @E)PJSPCH:@D@ notmaliresktot tihribesarnal BNAndr ocyt e cel |

andP QoS BN et ﬁzseé‘@%gg@?%%*@b%ﬁé WEARD ebleron

le\fe% frém FighFeBaNdCH OTI el iBSorinfiésy ﬁfe? ﬂ: ©®) was scaled to
ot her ratios were scal ed accordlngly igure 5

1; athsir¢atios were a¢3led ageondix@iwi and I\/FAPS expreSS| on

in .
holR1' ", Eigfi g Mokt e 235 of PELN g Wi Ko expression
levetpathatdanee Sifaimstdsashoain INTFiGGIRE 6.TMae rexprddsioroleve Rewér
met hod were simlar to the results obtal ned b%/ t he

detaranierd BY @uraraparstive & methepm! 82 PGB, ekt datios were
AP5 Addi i onal Strains of

ca ()E#%\Ilr}ggyt M@"%ogf% ?’gs and Fi brobl asts [0075]

Ex[0G83i o nTh@Réﬂ-BCﬁT relsla}?& il theratidiffoki2b celt straithetves nel coedistent

N addi cel | uIturesto confirmfidelity of
W"%‘ngﬁ%ﬁ?{{%‘%}ém Gil'f‘fEéﬁag?ﬂ?étl ng between chondrocyte
and synovi ocyte cultures. The cultures used in this

Exanple are listed in Table 3. Table 3: Cell cultures
Exaeple 3t RT- ERpression of HARKNi@End MFAM ln Chondrecyleis|

Type Type o Cel | tur d Primary .
el tur e S S uTBHpeatss e ibrRP RSt LB Exclamiidsianes
Second passagmer@%,{a]pﬂg{bé)gyte Second passage C6
Chondr ocyt e Second passage C7 Chondrocyte Second

passage S3 Synovi ocyte Second passage S4 Synoviocyte
SefRiih PaSEAdfg of various chondrocyte, synoviocyte, and dermal fibroblast

cultures was performed with primers and probes of known oligonucleotide
sequences.

[0085]  Cell isolation and culture-- The cell strains used in this Example
are listed in Tables 4 and 5 below. Human chondrocyte cell cultures C1, C2, C3,
C4, C5, C6, C7, C8, C26, C28, C30, and C34 were isolated and cultured using the
method for producing Carticel® autologous chondrocytes as described in Example
1. Human chondrocyte cell cultures C21, C22, C23, C24, C25, C27, C29, C31,
C32, and C33 were isolated (using the Protease method) and cultured as
described in Example 1. Cell isolation and culture methods for human synoviocyte
cultures S1, S2, S8, S4, S5, S6, and S7 were described in Examples 1 and 2.
Synoviocyte culture S9 was isolated by subjecting minced synovium tissue to
digestion in a solution containing collagenase and DNase for 2 hours at 37°C.
Synoviocyte culture S10 was isolated by subjecting minced synovium tissue to
digestion in collagenase solution for 3.5 hours at 37°C, followed by a second
digestion in trypsin solution for 1 hour at 37°C. Synoviocyte strains S11, S12,
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S5 Synovi ocyte Second passage S6 Synovi ocyte Second
passage S7 Synoviocyte Second passage 24 WO
WQo@8/1244508 PCT/ US2008/ 059275 [0076] Cel |l i sBCHUBAS/059275
and cul ture--Human chondrocyte cell cultures C3, 4,
C7 were isolated and cul tured using

C5, C6, and j 1g t he
S19e8116dSH 8r SpEodiiéi angl Stamare ebtained fen) Ggbdpplications Inc. as
; h e ; n
Cr/gRETISY ESt sBsode Eote et RalHeAdHaS: draill F102, £, 4. Fo. Fo.
F8aF9pFkdoawd B$ 1 syerevbiined fionoGlel $ipp)icakwons lact dsecryopreserved
nme or obtained from Cel |

prinigy Spaedisalgo Mcse) Cusbres weresauhEg oging 65 R0 6
praddiRir Eriiel EfGBouS LthISANE S dU-RABEU i Bxanitie! S

di gestion in coll agenase solution for 3.5 hours at

37C, followed by a second digestion in trypsin
solution for 1 hour at 37C. Strain S6 was isol ated by
subj ecting mnced synoviumtissue to digestion in a
sol ution containing collagenase and DNase for 2 hours
at 37C. Strain S7 was isolated by subjecting mnced
synoviumto the method for producing Carticel(r)
aut ol ogous chondrocytes. After isolation, the
synovium derived cells were plated in tissue culture
flasks with EGHXX nedi um and cul tured using the

met hod for producing Carticel (r) autol ogous
chondrocytes as described in Exanple 1. Strains S3 and
S5 were obtained fromCell Applications Inc. as
cryopreserved first passage cells. After thawi ng, the
cells fromstrains S3 and S5 were plated in tissue
culture flasks with EGHXX nedi um and cul tured using
the nmethod for producing Carticel (r) autol ogous
chondrocytes as described in Exanple 1. [0077] RNA

i sol ation and cDNA preparation-RNA preparations for
chondrocyte cell cultures C3, C4, C5, C6, C7 and
synovi ocyte cultures S3, $4, S5, S6, S7 were
performed as described in Exanple 1. The RNA from

t hese sanples was reverse transcribed into cDNA using
the Hi gh Capacity cDNA Reverse Transcription Kit
(Appl i ed Biosystens, Inc., Foster Cty, CA) according
to the manufacturer's instructions. The PC cDNA from
Exanple 1 was used in this Exanple. The cDNA was
stored at -20C or -80C until analysis.
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. 7. 8| o6, IR and daa v Rer iR ar
cul‘t§9 ed ugi ng tlh§yn?\§©¢m for pr pdqcfﬁfﬁjﬁ@%ﬁﬂg?cel (1
HurenOchondr ooyt e SRPTORN tures k1. (I9Peo%° cou.
C2551€C27, (29, C3Bynoviocyte Third passage

S12 Synoviocyte Third passage

S13 Synoviocyte Third passage

F1 Dermal fibroblast Second passage

F2 Dermal fibroblast Second passage

F3 Dermal fibroblast Second passage

F4 Dermal fibroblast Second passage

F5 Dermal fibroblast Second passage

F6 Dermal fibroblast Second passage
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C32, and C33 were isolated (using the Protease nethod)
and cultured as described in Exanple 1. Cell

WO 2@BAdR456h and cul ture nmethods for human synovPGEYB908/059275
cultures S1, S2, S3, S4, S5, S6, and S7 were descri bed

{
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i solG&led by| subj eSPRYORTRCced syhovi PRAOPA S@58AGS
digeshi on T|n” COl'T @BeAGREytE Ol Ut T ON T 0Secdnd FasHge at

d-by a second digesftion in trypsin
sol #23on fﬁr 1 hofshoagrogyte. Synow ocSeeend Fagsane S11),
S1Z,5546 VWO 10 fAd Passhageo1 4,
S15 Czé 917, and 8180\/\Bre obt a nebs,e/crom f%g
ApplG2at i ongs | nc. Chendreeytepr eser bed $¢qosd Haasagege
I§8 F9. F10, an Bf wer e opt ai’Snegngrom @eil I 1
App|02(2atl ons I nc. Casndmyyjpr eseerd @eqondﬁassaget ur gd
bCI I Ai I CCTT 1 i T U
8 for produghggaréaspé cel (r) auto ogousS
chom:heocyt gs as déEsondrbegtei n Exa I eSéconﬁPa\éﬁge
2608+124508—PCcH '°”““°/ 059275 st—Set—df
Cel 1°%ul t urles use&ﬁf)ﬂ W?’CR Anaryséecf’&gﬁﬁ?aeg%) (el |
Cul tgsre Celh TypecﬁymooﬁeCel [ Qult %@on@Pa&ay@drocyte
CSacrnnd nassad C2 _Chondr nevt a cond .nascsana
oo OUTTrOg H ] T o o
Chor%"?ocyte Secoﬁg’hﬁ'a%@%% c4 Chonﬁ%ﬁ??? md
passgige ChondrCaendrecye SS@&&on@@’a%wédf oqyte
2.0 Chonag C econg ,,__:-!3
Chokdfocyt e Secon@hﬁ%%@%\ﬁ% Sl
passage S SynovigyRyliecyrecond plassag;q],rdqaésﬁgg)w oqyt e
Second pasdage i} QvnnV|nrvfp cond passage
S15 Synoviocyte Third PasSage
S16 Synoviocyte Third Passage
817 Synoviocyte Second Passage
S18 Synoviocyte Second Passage
F8 Dermal fibroblast Second Passage
F9 Dermal fibroblast Second Passage
F10 Dermal fibroblast Second Passage
F11 Dermal fibroblast Second Passage
[0086] RNA isolation and cDNA preparation--BRNA preparations from

chondrocyte strains C1, C2, C3, C4, C5, C6, C7, synoviocyte strains S1, S2, S3,
S4, S5, S6, S7, and dermal fibroblast strains F1, and F2 were described in
Examples 1 and 2. For preparation of RNA from chondrocyte strain C8,
synoviocyte strains S9, S10, S11, S12, S13, S14, dermal fibroblast strains F3, F4,
F5, and F6, and all strains listed in Table 5, the RNeasy™ Mini Kit (Qiagen,
Valencia, CA) RNA isolation method was used. For the RNeasy™ isolation, 360

plL of lysis solution was added to cell pellets containing up to one million cells.
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S5 Synovi ocyte Second passage S6 Synovi ocyte Second
passage S7 Synovi ocyte Second passage S9 Synoviocyte
WERG08t124388 sage  S10 Synovi ocyte Third passage PG/US2008/059275

Synovi ocyte Third passage S12 Synoviocyte Third

Thé’ A2AFISs wets nrﬁyﬁﬁwt@l?%ﬁe%@di btﬂfLm%maeroFéo @@é@i‘?dis then placed

fibrobl ast Second passage F2 Dermal fibroblast Second
at $EEstoyd miFsiterr Adter iricbbativadhe Ssowies wa@sstwemw hand for 10

secidinto ol A ousBEaP A eBRT P REr abRSRRRR THe g or

eadPtute WERSEJIRAR andhb/BRRASB B Ydr 5hroﬁgh|£Qfash$§t§dmm column
Set of Cell Cultures used in RT-PCR Anal ysis (

(Qigpeus] Thes hundsedant Mypd. aiibe GnoitetHoiTase wasaed n the

RNSG0 G BRoKeDyREf B REREn e a0 BRA N 5, M8 E81Eion of R

frofdhaidiadcelle Bee colliniaswageelutebwith arsingle \dleticrecaristing of 30
Passage _C26 Chondrocyte Second Passage C27 . .
uL@ﬁw%?focVﬂ%Ré@cWﬁa [ PUATSA JanSenbeciin A Vg ke kigh Capacity

on rocyt egggz}gﬂ@hgg}s’é@ﬁ gegqs‘é]%ﬁ%?g@gy%% erc%ir% CA)

acdeadimgde th€dzartiiactdrartsyinstrSdiomsd TPesieaghing CENA was stored at -
20°C SR it BRaR s, Passage

[0087] Gene expression analysis--RT-PCR assays were performed with
custom-designed primers and probes specific for regions of HAPLN1 and MFAP5
mRBNAs. The sequence information for the custom primers and probes is shown
in Table 6. Abbreviations: 6FAM = 6-Carboxyfluorescein, VIC™ is a trademark of
Applied Biosystems Inc. and is a fluorophore, MGBNFQ = minor groove binder
non-fluorescent quencher. Primers were obtained from Invitrogen Corp.
(Carlsbad, CA). Probes were obtained from Applied Biosystems Inc. For
HAPLN1, the target of the forward primer is nucleotides 543 to 570 of the HAPLN1
sequence deposited under GenBank Accession No. NM_001884.2 (SEQ ID
NQO:2), the target of the reverse primer is nucleotides 603 to 622, and the target of
the probe is nucleotides 584 through 601 of the same sequence. For MFAPS5, the
target of the forward primer is nucleotides 301 through 322 of the MFAP5
sequence deposited under Genbank Accession No. NM_003480.2 (SEQ ID
NO:1); the target of the reverse primer is nucleotides 353 through 372, and the
target of the probe is nucleotides 334 through 350 of the same sequence. Real
time PCR was performed with TagMan™ Fast Universal PCR Master Mix, no UNG
(catalog number 4352042, Applied Biosystems Inc.), 900 nM primers, 250 nM
probes, and up to 5 ng of sample cDNA, according to the TagMan™ Fast
Universal PCR Mix protocol. The reaction volume was 13 pL and the
amplifications were run on an ABI 7500 Real-Time PCR system (Applied
Biosystems Inc.) using the default Fast TagMan™ cycling and data collection
program for this configuration. A threshold of 0.1 units was used for all assays.
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C34 Chondrocyte Second Passage S14 Synoviocyte Third
Passage S15 Synoviocyte Third Passage S16

WE98M124368/t e Third Passage S17 Synovi ocyte SeRGHUS2008/059275
Passage S18 Synovi ocyte Second Passage F8 Der nal

ThE SRR BRI asaten 9 RS Bl Ol beRloggear bon
deimfibmilmfﬁmmbast Second Passage [ 0086] RNA i sol ation
and cDNA preparation--RNA preparations from

te st £l @ 3 o4, 5, CB, C7,
Ta@l}n&ﬁ {rﬁPﬁp{eg,aﬁ? é?begzeq%‘o’besm S5, S6, S7, and
Marke! [T BESW [pr'?_r‘g'é?' n$ eberéé‘ﬁrlnfel”\eref?gﬁ]ﬂ'bﬂ@“ rn

anpl gs 1 an r épar ati on
HAR mr ce;rtreAsGGa‘rm@ao,G ,mﬁm@w}m@t Fsivis/ S9, S10,

511 S 2 T gé ?T@%r i‘re&. RI\@ Ac?xip&feﬁmcﬁ%ﬁcc
stra | ste Tab he
Rl\leasy NSROHP N 1t6>(q ageh (SEQR N,QréT)a SRR 3
|soI atl on rret hod vvas useJI. For the Rl\lea(S}mNblmiaati on,
wnae  addad + eanll no
'\’W%u %SGAS‘G{\?AQ& | P AEREGATCA, o G %58/ 124508
PCT/ US om@wme 3r he s A PCASCAATES'| THCHOAGAAGATCC

vor t exddsab 1 Wo-ggpeed T prseRPipsesends, | meenmb gced  at
37C forf 5 mnutes. After|incubation, t %’E Bﬂg)% wer e
shaken |by hand for 10 sgconds, fol | o éj Sther 30
second vortex at tull speed. The contents of each

t UloegBE" € Fglireerdedepiaritthbhatiby SRHAPVAB And MHARSIgRp@ssion
Ciashredder M colum (Q agen). Three hundred and
leve Sflwhfp@a@ﬁ strRIN e Shewa de irigurea ke, aswall iag additional

. ; _
ehoflGPaHST SIS, et M O SRR Tie ¢, qure 108
degibs thelraﬂm&oMHA@Lthar&ﬂMﬁAFrS exmiesgiba lelals irostrains from Table

5. %—?\gf{églf.l %%%@%{qﬁ%gw@%hg@o%tﬂémeé%gwcbHn@g\ég%p{i $)¥§éqﬁ\were similar
to BB Jéét%%ﬂ'uﬁ’@xﬁﬂw b4 1 (M3 ed Bi osystens, Inc.

oster CA) according to the manufacturer's
|nstruct| ons The resultl ng cDNA was stored at - 20C

ExamplgqlC untéom%%?{ SnI 8f HAPLN1 and MFAPS5 Expression Levels in
Chondrocyte, Synoviocyte and Fibroblast Cultures in

Monolayers and Collagen Scaffolds

[0089] Expression levels of HAPLN1 and MFAP5 were compared in
various types of cultures in monolayers and collagen scaffolds.

[0090]  Cell isolation and culture--Chondrocyte cultures C9, C10, C11,
C12,C13,C14, C15,C16, C17, and C18 were isolated using the Protease method
as described in Example 1, and cultured as described in Example 1. Synoviocyte
culture S7 was isolated and cultured as described in Examples 1 and 2. Dermal
fibroblast cultures F2 and F7 were obtained from Cell Applications Inc. as
cryopreserved primary cultured cells and cultured as described in Example 1.
Upon completion of second passage culture ( third passage for culture S7), a
sample was taken for RNA isolation (the "Day 0" or monolayer sample), and then

31



[ 0087] Gene expression anal ysi s--RT-PCR assays were
performed with custom designed prinmers and probes
wWGep@si245e8 f or regi ons of HAPLNL and MFAP5 nmRNAST/US1068/059275
sequence information for the custom priners and probes
Is shown in Table 6. Abbreviations: 6FAM =
the- @dlishosrgfresusEescieidrin BGIEXX medianm andseedéd ofito A2p1dreTMAIX™

%@M‘Sﬁ%ﬁﬁ%ﬂ%’?saﬁ‘%ﬁ e b NBHareT BPe et
Pzto?eﬂ%ﬂhf GembAy). tTr@ééusCWéi% alldviedy iosé’t?ébh f@f\x hdilr & 87°C,

obt al ned from Applied Bi osystens
thaarhascatfold was fast additionad B@HMr@qowlwed for 4 days Scaffold

cQlfsS Ebutriind svnednddns dnd RiuelibRb et fiilcGe propared n the

sdE@AmherNARDr .4 dA dfascadbldPEultie, th@wmasowermgamgled using
nucl eoti des 603 to 622, and the target of

an 8 rnm:!pl@@sy guschs dhet Ray dg o soaffeld nghwdﬁwﬁéﬁ@éﬂon was

the target of the forward prinmer is
pgﬁ@lﬂi@ |des 301 through 322 of the MFAP5 sequence

Fl g ppﬁ)lgﬂ }13d lRVgA rls@eﬁ@aah?rﬁ@ﬁ% praparktion-NANAGEESBoRt¢SERINg the
) ot t t t

AiNgas 0l MrKiDEaa0n ounensCAIndor e PieBgut Solatioe, 360 . of

VD MEERTIES LRSI b

st pdmchesg®dr préparkisherTid sampms%e lﬁﬂﬁé@htrgy nortbesd at full
352042, Applied Biosystens |nc, rimers,

PRt 19 GBAELORHE. BN EIAGECHE B Colok 5 BN, AHEBPHORPN, the
séﬂg%?%gé%ﬁgwqp@%%w'1be§e§6bﬁé’@uw{d h%ﬁ%rancl'?&lowed by

i oh Vo |cat|ons wer
amothepB80 aecdil vaae0 aRkal sp'élenie P@Q:cs;temsmf(empltubel were co!lected

o B RS Sl OB bl (GRBET ™Hree nuncre

It BeE
SISty et est treChthe masgyecirdatie

foéawmmneonanemetmemp@t@mléomheeaolayora ot a%fram a@n@% cells.

Rl Oliee B ELSEER i Ry i o LE o7 water

PF&paﬁEtr orP@N@IDNA fRrh es s RNﬁAWaB"pe’iforrﬁ@é&@BngW
GCCCCAGICG 5' VvIC / TGATACTGITGIG 3'

Capammmfmcrmem Klﬁmh@é)&@%{é@m@ Ke: 1F98“¢f City,
Cm%gdﬁwg to the manufacturer's instructions. The cDNA was stored at -20°C

or -80°C.
[0092] Table 7 lists the cell cultures used and configurations used in this

Example.

32



(SEQ I D NO 18)

6FAM /

W@ SEQ12B0NC 19) (SEQ I D NO 20) / MGBNFQ 3'

MFAPS5 5' CGAGGAGACGA 5' AGCGGGATCA 5
TGTGACTCAAG 3' TTCACCAGAT 3' ACATTCACAGAAGATCC

( SBET1/D52008/059275

NO 21) [0088] Figure 10A depicts the ratios of HAPLNL

and MFAPS5 expression
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addi tlponal EGHXX and céﬁ ur ¢d m(}\or 4| ays. |Scaf f ol d%
Cu2dayds con}ai Qhogdsyayteri o¢ yWRCI@nichlentygl 8 mm punch
fibroblasts Wwere also prepa ed_in_the
Ci3 day 4 Chondrocyte ' | MACI® implant 8 mm punch
Cl4 day 4 Chondrocyte MACI® implant 8 mm punch
Ci5day 4 Chondrocyte MACI® implant 8 mm punch
Ci16 day 4 Chondrocyte MACI® implant 8 mm punch
C17 day 4 Chondrocyte MACI® implant 8 mm punch
Ci8day 4 Chondrocyte MACI® implant 8 mm punch
S7 day 4 Synoviocyte MACI® implant 8 mm punch
F7 day 4 Dermal fibroblast | MACI® implant 8 mm punch
F2 day 4 Dermal fibroblast | MACI® implant 8 mm punch
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same manner. After 4 days of scaffold culture, the
cultures were sanpled using an 8 nm bi opsy punch (the

WO Bg/1450%9r scaffol d sanpl e), and RNA i sol ati oPCTWES2008/059275
per f or med. [0091] RNA | sol ati on and cDNA

t .
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mondflyat iand, ME@O@ finptEint cONA Wasqiemfbrmedmmeadmmizet outlined

MACI O i npl ant sanples (up to two 8 mm MACI (r) inplant
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PCRr BXPetaRlels N ARl al y FSIRSONATINGS PéERtoin
monatayes editime (bﬂmunﬁalgaﬁ'yoﬁmmymmﬁ)ewai; staleditad; oter ratios were

aT\qrjlufact rﬁr s protocol for the isolation of RNA from
SCHREY REFO'GHIY'S.  The columms were eluted with a single
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samg s oy shodin Bk oo sxpreRiRR GRS b BAT N o
MFEAFE wers defPfinddPByY alcoh@drative T hiéthbl@f Gaf-PORIdnidr @ ratios

used and configurations used in this Exanple. 32 WO
wez@g@lpmm@baw UB2608L0592¥3 Table 7: Cell cultures

£ L, PR AT A f S oo
obﬁ@nmﬂd rneaslager culkirdd. cel | pellet C10 day O
Chondrocyte Second passage 5 X 10 cell pellet Cl1 day

0 Chondrocyte Second passage 5 X 100 cell pellet Cl12
Ex%%nlg @Ong ioiF of AR PR 20 lﬁF%P@AQ% Fuﬁ%‘t.’oﬂtof The

ay 0 rocyte Secon passage 5 X 10 cel
pel | et C14Paisgag33 Nuorkerocyt e Second passage 5 X 10
cell pellet Cl15 day 0 Chondrocyte Second passage 5 X
10 cell pellet

[0097] The ratio of HAPLN1 to MFAPS5 at various culture levels was
investigated.

[0098] Cell isolation and culture--Chondrocyte cultures C19, C20, C31,
C32, and C33 were isolated using the Protease method as described in Example
1, and cultured as described in Example 1. Synoviocyte cultures S6 and S7 were
isolated and cultured as described in Examples 1 and 2. Synoviocyte culture S8
was isolated by subjecting minced synovium tissue to digestion in a solution
containing collagenase and DNase for 2 hours at 37°C. Cell culture of S8 was
performed as described in Example 1. For chondrocyte cultures C19, C20, C31,
C32, and C33, samples of cartilage derived cells (labeled "0" in Figures 14A and
14B), primary cultured cells (labeled "1" in Figures 14A and 14B), first passage
cells (labeled "2" in Figures 14A and 14B), and second passage cells (labeled "3"
in Figures 14A and 14B) were taken. For synoviocyte culture S7, samples of
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Reb@ﬁ%T'aﬂ%fﬂRﬂﬂna% e@@wﬁhﬁf&aﬁmg ) @ qanseRed i Exatpple 3.
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anSfsie o CheuBerR setmiee wop et 45 fescbed BExAmale .
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and MFAP5 1 n nonol §er and col gen scaffold cultures.
ratiQsHoNHARAN 1 RAAMFA @raaﬁfwmlo@@ the msag@ewnh@rneﬁhay

xRkl iHrd e 880 By Lomp 30 Gl Y FCR. The
HAFING Mfemps rhtlos" Weref caitulaRIdyas PO RE-ESr aBGe). was
scaled to 1; other ratios were scal ed accordingly

[ oIS ] Fil, @Qr@“‘ﬁ%ﬁéﬁé’\ﬁ todWpAPBs¥ereseanpisianib jomeatalbaulture
leveR/for th@kMviocyte samples relative to the chondrocyte samples. The
ratios of HAPLN1 to MFAP5 were consistently high at all culture levels for the
chondrocyte samples relative to the synoviocyte samples.

Example 6: Expression of HAPLN1 and MFAPS in Mixed Cell Cultures
[0102] Gene expression analysis was applied to mixed cultures of
chondrocyte and synoviocyte cells to evaluate sensitivity level of the method in

mixed cultures. Cell cultures of human chondrocytes and human synoviocytes
were used to prepare mixtures of the two cell types at the following proportions:

35



for HAPLN1 and MFAP5 in the nonol ayer and

col l agen-scaffold cultures using the sane strains as
WQRWSA2458 Fi gure 11. The expression | evel s of MAPLA08/059275

and MAP5 were determ ned by a conparative CT nethod
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(nghhd %ghé%bglt@fstrﬁﬁw B86) Rerd Qéé@df-‘éﬁwﬁ%ﬁﬁéj E‘xggﬁm'e'ﬁt 2, first
anple 1. Fo C31

r chondrocyte cul tures ,
pagsage anliures df cbambﬂoegteoestra:aﬁt(OBé@@dc&ynpw@dywtrajn 7 (S7) were

I I d ' .
usti For il Pistrmti€ it osBRbepifives o SRS poripegtrain 5
(CS) éﬁ@i s?ﬁéﬁ@@ﬁe st § (SQP\W@P@dse@ in Fi gures _14A and

, second passage cells (labeled "3" in

ﬁé% 1?&(\/4@0/@ aﬂéﬁ@N&l@éﬁpaffmn'ﬁHA\ﬂﬂﬁcﬁ)@@A were
pf%f%@%%&&?ﬂ&?%@%%ﬂ}@i@@ﬁ%ﬁe iph Panpety DNA

Reviegse Trabidripfion Kit (Apphed)Bidsysteenshc' )%ls deésdﬁb@dne Ek3mple 3.

second. pas e (labeled "3" in_Figure 13? third
patlggd (Ié éapfeéﬁ’anﬁfrﬁ’lgiﬁ GeRPXPIGSY OF‘o&EH%'Yﬁ'S was
pegaﬁﬁég%s(déi‘skéﬁb@@m Er(ar‘n iFggure 13) cells were taken.
synovi ocyte cu es S6 and S8, sanples of first
paHa6e (| THisebxqutesA0ON devels grer@detbsmmex:éby) acopzzamatiee Cr

bR B-BCRy) The T P AL s R el YR Curnes-

CT'.:JB&&E)@ T rexeiits f RS ﬁu)ﬁ:ﬁb%&gﬁ&@l@ﬂ@ aﬂa%ov@@bahlr:@hranm which

pre aratl on--R wer e are usli ng
Showe tReSIETIN aNPeSSON IqveisolcAPANA ATKEMEAGS I0:85a0pIes

coﬁggpng of mixed populations of chondrocytes and synoviocytes. In the cultures
that contained 75% or less chondrocytes and 25% or more synoviocytes, the
HAPLN1:MFAP5 expression level ratios were about 1 or lower. Higher ratios
corresponded to higher proportions of chondrocytes in the tested samples. The
ability of the assay to discern mixtures of cell cultures showed that, on average,
samples composed of at least 67% chondrocytes with the balance consisting of
synovial fibroblasts to produce a positive Ctmeaps - Craapini. Contamination by
other cell types, such as dermal fibroblasts, can also be detected with this assay.
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Reverse Transcription Kit (Applied Biosystens Inc.) as

described in Exanple 3. [00100] Gene expression
WQRMBAIZ4588 - Gene expressi on anal ysis of the syPGUUBUNS/859275

sanpl es was performed as described in Exanple 1. Gene
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MEA(}ﬁﬁ‘geoe)(Aece@ld)rs Noo N&4 024863 e rmﬁiuprbdtycts aveEe aphlyized on

Bﬂg'%ﬁlé&t%gd;ﬁg(f@%ﬁgger;ﬁg\ge&%lgg a t@(fgg%es Egﬁ?@olecular size
ladHeW@@@ bpi P EMNASIeBlilat RRIdMBIgFd cAtaRREN@hbeN€70-8206) for

OW n g{wgortl ons: 35 WO 2008/ 124508
reﬂecarmmurgs green L {ingitroean cataley nember £56963) gel staining.

BB A SR R i B2 9 bt 0T

(TlEPbdry@@Mairﬁld’e PRBEYGEIN ipeyises, amdembbatéQQ%econdary PCR
chondrocytes / 0% synovi ocyt es. [0103] Cell isolatio

wn@ﬁbewmwﬁéﬂ@mn@b&%ﬁt eG@mtarfwg Rigna kﬁpr@@m%ﬁegor the
segaﬁ@gﬁ\ﬁmpg a%m,e &h%sggéﬁéggﬁ grhsgggswe L%f%@gondary

oVi oC ures so at ed
rea?a‘trd)nc L(Belbptﬂdleeisprdnamarbpkuborrﬂeﬁ)maqm fos the seondang HAPLN1

M |
amsHGRANOL Pis Tded A5 oSt SR BhSSPdRATL e, econdary
a bn¥kfede %ﬂﬂed e NhtndIBEPAGEGIS ad, dé‘sbh@éd and used as

assage cultures of chondrocyte strain 8 (C8
teraplades toeyn eits transeriptioswithvanr Amhbigre Ylegaserimt k7 Jfgt Up to 1.3 pg

of §g$ c#ne%tmﬁlco té%bla?gﬁfa%%se%ér%fm?Fan%gﬁ&%rp@étcﬂon The

resulting transcripts were gel purified with 6% TBE-Urea (TBU) polyacrylamide

gels, resuspended in 0.1 mM EDTA, and quantified spectrophotometrically with
readings performed in duplicate using a conversion factor of 1a2¢0 unit
corresponding to a concentration of 40 ng/uL RNA. The gel purified transcripts
were analyzed on 6% TBU gels to assess purity. After determination of purity by
PAGE analysis and quantitation by spectrophotometry, the number of transcript
copies per UL was determined using the conversion factors listed in Table 9.
These conversion factors assume an average base molecular weight of 343
Daltons. Avagadro's constant was considered to be 6.02 X 10%*/mole. It was also
assumed that the first base transcribed was the +1 G from the T7 promoter,
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(C5) and synoviocyte strain 9 (S9) were used. [0104]

RNA i sol ati on and cDNA preparation--RNA and cDNA were
WQr@WEAR408 usi ng the RNeasyTM M ni Kit (Q agen)PGHUS2008059275

H gh Capacity cDNA Reverse Transcription Kit (Applied

R B Rl B OB B I
caPRI TRAER %@ﬁgﬂﬁf&ﬂbﬁ&%f Vefé?mAgAﬁwbiér%%]o T REmber

expr essi vel's were determned by a conparative
ANMEI2068) iofnuRTedReHred vatadhRL dinddpi@Eonatargingéoe 10° to 108

copfrsif TS OBSsHS Wie BeRdester HaL e AT 5 ga AEOGaAURE gven in
Ex%d&:ﬂ@ 3 siR¥patdift a@ﬁé&%@%x@é&ﬁﬁéﬁ% A0 diePNA waks UL 13 pL

MFAPS i n sanp consi sti ng m xed popul ations
PR reandion: oldya edioant HARKNTIMICAPE svas thenipalaslated feseach dilution

uslptbe SMHAT CLMdthed SERCERADHR B ERpR L of B iisul
apphRddtiom. wer e about 1 or |ower. Higher ratios

corresponded to higher proportions of chondrocytes in
t he [ ed headgayTesHRRSE BHNOithE COpPY NHMbLE stanpdasds was
[ ' f | tr t
coBlFRFal b MoSlithiiEableciia ol Y62 BdBE s afun #rabie 0.
Witththedietaticnebipibdtiveeheahd alsaag eesponse sindrtpe efolesyliapvatid
fibroblasts to produce a_ positive CT, MFAP5 - CT, HAPLN1L
detesRyngA. {ae ieéﬁC‘tng'thJl?é ralied Rt Y3f|0LS aSSaY HESRONFES WG e

cali Rt 153 (6B TR L TRRCHE LA ! §nantaY somfparative
Ct aeteRplined ansdptpn@eboeetamesanRe ¢iooszampte] Widrecul ar

R e T S
HAFI N - VPSS Bf petipeen t he assay response and the

nol ecul ar ratio of the markers in test sanples.

First, primary PCR (Pl ati num PCR Super m X I nvi trogen
Tabler&l Bymesablsedfondailietiamel Gepy Humlprériandaids cDNA

ese priners anplifijed nucl e rom posi
256 to (Prithapf PCR) HAPLN1 ¢S8ecohdanecPER)nN No. (Primary and
NM_001884. 2). For AP5, these priners anplifi

g1 DLTHIEL S Tirsted T Tabi et FEor—HAPINt :
Mar%és Forward Prim rsé For(’)\?%l’%d;gﬁ er { iieverse Primer
i ed
nucl goti des from posi{tions 32 to 728 of the NFResondary PCR)

HABEN sweimm ! Lﬁ@?&t@@%@gﬁ%@@e@t 3 5"‘@1‘@I’?AAGCAGTA
L L e UM S L

usin ase paif
(SEQ ID NO:22) (SEQ ID NO:23) (SEQ ID NO:24)
MFAP5 | 5 CCTAGCCTGGCTT | 5 TAATACGACTCACTATAGGGCCT | 5 CCATTGGGTCTCT
TCTTGCTC 3 AGCCTGGCTTTCTTGCTC & GCAAATCC 3
(SEQ ID NO:25) (SEQ ID NO:26) (SEQ ID NO:27)
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['1Tstxethl n
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Avhdal

nmol-ecul ar weli
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ght of 343 Dalto
hsi deredito be 6.

p2 x 0.423

¢ F’Eﬁséﬂ bed
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was the
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UHBU ln% lHS TI
romthe T7 pronot

T

or |

200% 134508

seguence

The transcri pts

PCT/ Y2608/ 059

275 fol Howed by

rere diluted i-n Vi

t he t apges

ca‘r'N 0’ buf f

er (2@( A8/ pL s

ol uti on df Yeast

bast RNA__— |
RNA- (ARS8

L.cll cll Uy IIUIILCI
concentrations ranging from 103 to 108

AMF120G)

I HULIEdbE lree
copi e

o Kyéraﬁb 0.452

di lutions were then test ed using the RT-PCR pr ocedure

ol e OO e A ARS8

The ratio

of  HAPL N1 - MEARS

Was fhcn cal-ed

o

di | utAssaY B??Hﬁ“?ﬁe conmpat ative &xqf%t’HSIf‘&:&gg'd@
in BxpERAMEARSe pat eni

Phed

appl i catAPLN1:MFAP5

500 1106
100 221.2
5 11.06
1 2.212
0.2 0.4425
0.01 0.02212
0.002 0.004425
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[0108] The assay response using the copy numnber

standards was conpared to the known nol ecul ar rati o.
WaR®8a2458%ul ts are shown in Table 10. W th thBCT/US2008/059275

relationship bet ween the assay response and the

e S6eb2Rob a8 U TR, S EPbr AR SAH i Forobiast

Mdfkese results, shown in Table 11, indicate that when
t he conpar ative Ct determ ned acceptance boundary
equal s (for exanple, where HAPLNL: MFAP5 = 1)
cor r[@l;@ﬁin daene exRresRin analYe Uino anhabselde quantﬁatlon method

3685 2 g8 S o AT R AR, Tog e

cuRuresewefeoisokted Bnd oalturéevey discliysendan thé Examlgs &td)e. BNA
( Se°°2gﬁi‘- P%SR%;va(s-ﬁ:r I namr and H@_Mndar %SCRPSCESIASPGLCI\II:II’-} éxample
3. a%%%& Q%%&gel@%@%%@%@épmple 3, except

thaNQ2 | 1 F chbm\%sEJsed@EACﬁGGTKBCHT regiction. In vitro transcribed RNA

Sta e TACE NeHS M ABSRidiiog 35 J58ETes (EEs s yere

dnb{%d\@g S dIERWIR Al %the:%i%atié%?eﬁwm%@& 10% and 5 X 10*
PCT/ US2008/ 059275 Table 9: Expected Transcript Sizes

copies Euriler Staslarhetves Warageoergied bygapbiagnbe &duesults from

g RlargS h 376 Do, YBRIRTIbPiogarh i SbE b RBBles e

redctii(16° 1ﬂo"g/aﬁal1©5)2@r5% Xa%R9/ munedetabridiibe: waés iwd to the data,

Response Versus Ml ecul ar Ratio of Markers Copies of

ar@dbewa@m@atmmc@mw FRAFSanRNG soRes, prep@pliNEach test
a8 eferinbRIAcEAES . RS AP cdarhudn K38 been

previously described, e.g., in Real-Time PCR Systems: Applied Biosystems
7900HT Fast Real-Time PCR System and 7300/7500 Real-Time PCR Systems,
Chemistry Guide, Applied Biosystems, 2005, Part No. 4348358 Rev. E. The
molar ratio of HAPLN1:MFAPS5 was then calculated for each sample. Figure 16
depicts molar ratios of HAPLN1:MFAPS in various cell cultures. These results
indicate that the molar ratio of HAPLN1:MFAPS5 in chondrocytes is high relative to
synoviocytes and dermal fibroblasts.

40



1 X10 1 X10 1 0.448 1X10 1 X 101 0.423 1X10 1X10 1
0.452 1X10 1X10 1 0.443 1X10 1X10 1 0.478 Average =
wWQ@2008224P8601 e 11: Exact Mol ecul ar Rati o of Mar kKREBUS2008/059275

Vari ous Assay Responses Assay Response, Exact
mol ecul ar ratio of HAPLNI1: MFAP5 HAPLN1: MFAP5 500 1106
100 221.2 5 11.06 1 2.212 0.2 0.4425 0.01 0.02212

(D92, GeAEES 384 VDAPU0RLd BN RET ABRAGE (S5 3E o

Chond:remqyunuwld Fi br obl @il Ty ker s |[ 019k ¢¥cDell Culture

expression analysis using-an-absolute guantitation

rret hod Gis perf or jred. CT@BU@CYQGI i sis t haeeqd Passage
Laul l U! [ ésybeu I T1 l || > E’h f||S|gu< al | UgBC?@JPhgégge

were isolated and cul tdre sed
Exanpl egzagove. RNA fmﬁhﬂhﬁzy&ﬁl | ¢ul t usesontPassage

isolated using thel RNeasy Kit as digcussed in _Exanple

3. RT-P&4was perfor ne@%\@vmétecell cuItquéiEd Rassage

used peS@S pL PCR reac%y‘ﬁég%%?ﬁ t/:?: oLtp:ra LT 1 h3 %

standar @gsigf or HAPLNL arsinilidihte( pr epar ed BsirdlPassaded
in Example 7) were diluted to yield cDNA with final

concentrféil ons of £ Rerow| Fisxoblest and sSscamhPassgges
petr—at—Stantdar-d—euryes et nerated—b bing—the
G resul from the%rg}ﬁgﬁ)dé&éﬁ{the y§§?‘2ﬁa}585§%$
the Togarithm of the nunber of copies per reaction

(103, 104, and 105) on the xsaxis. A linear trendline
was fitted to the data,

[0110]  All publications and patent documents cited herein are

incorporated by reference in their entirety. To the extent the material incorporated
by reference contradicts or is inconsistent with the present specification, the

present specification will supersede any such material.
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and the quantities of HAPLNL and MFAP5 nRNA copi es
present in each test sanple were determ ned
WOorgoRa»a08 cal | y. This net hod of quantitati on hBCI/D82A8/059275
previously described, e.g., in Real-Time PCR Systens:
c:ﬁﬂQIéﬁd Bi osystens 7900HT Fast Real -Ti me PCR System
300/ 7500 Real -Tine PCR Systens, Chem stry Qui de,
Appl i ed Bi osystens, 2005, Part No. 4348358 Rev. E. The
mol art.r atA metHod-#RiVsluaRgREe wampdsédionoafl acodlbewtlré psaid
ea h sa e. Figure 16 depicts nolar ratios of
%ﬁﬁngn various cell cultures. These results

' nd| Caéeob%ﬁlnb@plmlw ofé’élls%dhf\ AL UMEAPS i n

chondrocytes 18 high relative to synovi ocytes and
der mal b)f dieterhiirisg $he a0enaQe0Qdesstars @sel of a fibroblast marker in

PCT/ US20 75 T | t

Absol ut e%@aﬁ‘(‘%{%f’ %Aﬁglciféqrgg%ékg}%‘f%rt%sm@%y& Wht its
Cul ture @ehhailRrexXpression I&lid afilower ¢ ckefdrocytes than in
Chondrocyte Second Passage C27 Chondrocyte Second

Passage ﬂ@z@l@ta@dswm:@cmm Passage S14

Synow C

00 3 R R E0ARBsEh BN IBRR el o averace

Fi br obl agkp @gme%s@m@ﬁbﬁbl&rﬂmikeﬁ br obl ast Second

Pas_sagrz 0110 Al'l publications and patent docunent
whereiag hﬁ‘&%?%' CaH“é"@ ﬁ@@Pﬁ@?%\PB@WTQCY‘@ﬁ@K@M'@ fihrqh'ﬁﬁtrmarker is

m|8|’?)§‘|bFlfF§ryass-581aitéWgfo)f%ﬁrg NiBgpBRt eri al incorporated by

erence con I's I'nconsistent with the
present specification, the present specification wll
P Ga200e L5 SVELTtNg the CATRISHG O SELPUMIPrgaid
iAo & COl Cu Lure sard ity
cel | @)l pbtaning a plurality of cells from a cell culture;

b) determining the average expression level of a fibroblast marker in
the plurality of cells, said fibroblast marker being such that its
normalized expression levels are lower in chondrocytes than in
fibroblasts or synoviocytes; and

¢) determining the composition of the culture based on the average
expression level of the fibroblast marker,

wherein the average expression level below a predetermined threshold indicates

that the cell culture comprises chondrocytes.

3. A method of evaluating the composition of a cell culture, said
method comprising:
a) obtaining a plurality of cells from a cell culture;
b) determining the average expression level of MFAPS5 in the plurality
of cells; and
c¢) determining the composition of the culture based on the average
expression level of MFAPS;
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b) determ ning the average expression |evel of a
fibroblast marker in the plurality of cells, said

WO RWBABISeSt mar ker being such that its nor mal PEEUS2008/059275
expression |evels are Iomer i n chondrocytes than in

fibroblasts or synovi o determ th
whegatpdae Averaass e ession fevel BH&Q%’%?%@‘PW@ %mneg threshold
ker, V\,herei n: 1)
moﬁ?iegéceﬁﬁ\ﬁ@ﬁf?ﬁ?&lt%ﬂ%ﬁﬁg&}gﬂmr@?O ytes or 2) the
fibroblast marker is mcrofibrillar associ ated
protein E}

t hod t
conﬁo& i 5’% Bf hé’dccglcﬂa'%{m ?%e”g @Va@?%’h}g Compnses

ch@@&ﬂabyﬁés%d 2) thelHorbBiaSemarkdr ¥ MAARs.of cells from a
cell Culture;” b) determning the average expression

| evel of a flbroblast marker in the plurality of
hat, it.s

1 bl.ast. k
ot fad 1 5 deapPEE SAmehp el ERdEpERst BabkdriS syenthat it
noFrﬁéWé&exﬂréb@@ﬁ'lé\fé@aﬁé [oSER Y F9§yég§ﬁ chstdir6dytes than in dermal
determ ning the conposition of the culture based on

fibraiiasls er ayeoviesie®ssi on | evel of the fibrobl ast
mar ker, wherein the average expression | evel below a
pr edetermined threshol d i ndicates that the cell

cul Bure Toepnetes of et Ddyttksr c@npﬁsmgtd@@einﬂﬁmg the average
eval uati ng the conposition of a cell culture
eXREaSHIN Ieypisiasehrfidragyie mRaikar iythg Riraa 9 fraellss ara,%un step ¢),
dege)r(rglrﬁ?ggg :?dg(%] E?@\Lég%h’iﬁﬁ ol\/@i%gﬁﬁ degeglgjunﬁ {Pﬁ%i %@é@? Express:on level
of thmdcm)nddedzyee markagand ¢he avmagetexoresﬂioﬂ lesetol thercéxondrocyte

58%’ Oli average expression |evel of MAP5; 42 WO
ang HEraiay BBQV // US2008/ 059275 wherei n the average

expression | evel of MAP5 bel ow a predeterm ned

threshold indicates that the cell culture conprises
choidr ocyhegnethod i elaimt hovhereircingi firablagheeasiar and thee

chgﬁ rocytléI r%grk%r%?gguér’? f¥at the ratio of their expression levels (chondrocyte
marker to fibroblast marker) in chondrocytes is equal to or greater than 5 times the

ratio in dermal fibroblasts or synoviocytes.

8. The method of claim 6, wherein the chondrocyte marker is selected
from the chondrocyte markers listed in Table 1.

9. The method of claim 6, wherein the chondrocyte marker is HAPLN1.

10. The method of claim 6, wherein the chondrocyte marker is HAPLN1
and the fibroblast marker is MFAPS5.

11.  The method of claim 6, wherein the expression levels of the
fibroblast marker and chondrocyte markers are determined at the RNA level.
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chondrocytes and 2) the fibroblast marker is MFAP5. 5.
The nmethod of claim 1, wherein the fibroblast narker

WO 2008124308 hat its nornalized expression | evel BCHP82008/059275
| ower i n passaged chondrocytes than in dernal

fi br | a T, I

furtier - Qe RO et B dgor o sIced o
det@vihe@usmgtPORdr ocyt e mar ker in the plurality of

cells; and, in step c), determning the conposition

of the culture based on the aver age expression |evel

Cevelof T Raneeep TR 2 bR RS BT a)
detdrenined lisihgadonaparativés Cr\HERengthbte fi brobl ast nmar ker

and the chondrocyte marker are such that the ratio of
their expression | evel s (chondrocyte narker to

fi brygbl ast, erm of'crh,ﬁmrwﬁ&% 88 ezé?eg%r@!‘ lel81 @fio of the

gr eat er than o In I brobl asts
chonds},ayta/nmrgarde th@fnbfﬁb@s’mﬂ&rﬁdr of grelatdrthan Ovﬁﬁar&s detetmined

sl REBaFAge Loy Grraging Fehcates, ot Do o BRI R s

ch¥hgfRyfed he chondrocyte marker is HAPLNL.  10. The
met hod of claim6, wherein the chondrocyte marker is
HAPLN1 and the fibroblast marker is MFAP5. 11. The

The 1251 oot Belothotiel A kel SGTAGMAGIE i tne cen
culeiecEdntame AledNBORNChdRIBLytes43 WO 2008/ 124508
PCT/ US2008/ 059275 12. The met hod of claim1l1l, wherein

the expression |evels are determ ned using PCR 13.

The th | S i

are "Bt anin meBoll chim e, 2 P EERIERT 8 ghoiffictyie
marker memmdbrotblasi markes of yheater thamr.85 pnaisstesithaiethelcell culture

rati o of é chondrocyte marker to the fibrobl ast
COMAINSFNAIAGFEEEer than 0.25, as determned using

conparative CT PCR nethod, indicates that the cell

culture contains chondrocytes. 15. The net hod of

cl ailih 14, Thatreetiiod of miaimr t4,ivehéraih said esolaheatia indicatdd that the

cell culture contains at least 50% chondrocytes.

18. The method of claim 1, wherein the cell culture comprises cells
obtained from a cartilage biopsy.

19.  The method of claim 18, wherein the cartilage biopsy is taken from a

knee joint.

20. The method of claim 18, wherein, following the evaluation of the cell

culture, the cells from the cell culture are administered to a patient in need thereof.

21. The method of claim 20, wherein the cells from the culture are used

for autologous chondrocyte implantation.
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culture contains at | east 50% chondrocytes. 16. The
met hod of claim6, wherein a nolar ratio of the

W@ RwWAd24508/t e marker to the fibroblast marker BET/US2008/059275
greater than 0.55 indicates that the cell culture

wheP2i n: EPRURE e EHathG A PRSTE AR ol T oo

coRprisiige contains at |east 50% chondrocytes. 18. The
met hod of claim 1, wherein the cell culture conprises
cel s oB ai delermining thecexpressige leied o6 MFARD inTihe cell; and

Caken 9 adeRblind i Bhhdtie, 6Pl cfastoRTihe Grpression
wher ei n, fol g8 sldviFA®seval uati on of the cell

culture, the cells fromthe cell culture are
admnistered to a patient in need thereof. 21. The

net Rgd o [ aj r e . culture
ar e 20sed TEoTeHo SBUTLEA T CohbshE PG thel,
ex¥es3im8le 14T QB IR bIS20 084 BBP R the c&ll; aAd natsheplbifdetermining
eval uati ng the phenotype of a cell, th% nFt hog
th%@ﬁ%“r’%’Pﬁgi‘ thg C&b?%?@# o HIP BHUCERPPARGIDAT | ongyrocyte
i cell; and b) determ ning the phenotype of
QP%%? Fnﬁtfg\rg%d on the expression |evel of MAP5. 23.

The nmethod of claim 22, further conprising determning

t he . expression |evel . of hondrocyte marker in the
cel P4 and Neimetedt Gaim e T e hooderie maske f selected
frofheCEIndREERE n%kéhﬁlis@é@ﬁ?ﬁ%bl@m.l evel s of the

chondrocyte * marker and M-Al 24. The nethod of claim
23, wherein the chondrocyte marker is selected from

ot R0 of MBIF eBR! CHid 2 F e TRt Belnertemal i
HAMARINL. 26. The nmethod of claim 23, wherein the

chondrocyte marker is HAPLN1 and the fi brobl ast
mar ker is MFAPS.

26. The method of claim 23, wherein the chondrocyte marker is
HAPLN1 and the fibroblast marker is MFAPS.

27. The method of claim 23, wherein the expression levels of the
fibroblast marker and chondrocyte markers are determined at the RNA level.

28. A method of evaluating the composition of a cell culture, said
method comprising:

a) obtaining a cartilage biopsy from a mammal;

b) isolating cells from the biopsy;

¢) culturing cells isolated in step b) in a cell culture;

d) obtaining a sample of the cell culture;

e) determining the expression levels of MFAP5 and HAPLN1 in one or
more cells from the sample; and

f) determining the composition of the culture based on the expression
levels of MFAP5 and HAPLN1.

45



27. The nethod of claim 23, wherein the expression

| evel s of the fibroblast marker and chondrocyte
WoraroRaz450ar e determ ned at the RNA | evel . 28. PAI/D81008059275

of evaluating the conposition of a cell culture, said

nmet hod conprising: a) obtaining a cartil age bi opsy

froma manmmal ; b) isolating cells fromthe biopsy; c)

cul 1A% i ngl eemethadcsol daiedZanber@m the éxprassien leveld oUMEAPS

'\ﬂ’)eHngm ngqeﬁ% BE?@&@%%ER&@ of | MFARS Z)nd HAPLNL

in one or nore cells fromthe sanple; and f)
determ ning the conposition of the culture based on
t he 3k pr e Bethadyitginb29 MepeBining evaression ieyelgmre

08/ US2008/ 059275 29. The met hod of claim
e%%' Réél”gﬁﬁl? ‘expression |evels of MFAP5 and HAPLNL
are determ ned at the RNA | evel. 30. The net hod of
claim?29, wherein the expression | evels are

det &ni ne'rdwaj@eﬂg)d:@mlam O;Twaernein Weceregsian aveds are
d d
aefSfifed el EMRERMELT TR, (ot hod of ol ai m 26,

wherei n an expreSS| on | evel ratio of HAPLNL to MFAP5S

greater t.han determ ned using conparative CT
BCRD2et 10, MPHACLl A, Ra WEHETL N EXDieeB i deLehep oL

HAPONERS |/§Z t gﬁé’ﬁttﬁ a{?\%h'@é@ e% Qéte?rlnﬂié@ din P’gﬁ{ﬁ%'ré‘t%v%aég PCR

ratio 1n the ¢ culture co
métbadtinﬁmﬁiemtmmltit&:gelbwlttﬁé.commnmehdmﬂiooytes] ai m 28,
wherein a nolar ratio of HAPLNL to MFAPS5 greater than
0.55 indicates that the cell culture contains

chomdr ocyitRsmefiod JFtdaiffEsd) Q&*hékfelrpéﬁtl Fafkd indRES kbt 3R dell

nol ar ratio indicates that the cul ture contains
culiurd eerdainsGldensd B0 chordrocytss.

34. The method of claim 28, wherein a molar ratio of HAPLN1 to MFAP5
greater than 0.55 indicates that the cell culture contains chondrocytes.

35. The method of claim 34, wherein said molar ratio indicates that the

cell culture contains at least 50% chondrocytes.
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