METHODS OF EVALUATING CELLS AND CELL CULTURES [0001]This application claims priority to
provisional appl{%%@s 94?0]80,574 filed April 6, 2007, which is incorporated by r o8 i% its entirety.
[0002]This invention relates to methods of determining the composition of a%gﬁﬁéu{tlﬂ%s? %nore particularly,
to methods of distinguishing between chondrocytes and fibroblasts. [0003]Injuries to articular cartilage

have poor rates of repair, jin. f blo i il fl asad et al., In:
Hendrich et al., Cartilage@uﬁgg&%g)cj? %%%ﬁs%écﬁ%@%ﬁﬁwé%‘?@éIﬂ@%gow)). Trauma to
knee joints can result in, for example, chondral and osteochondral lesions, and such injuries may
progress to osteoartHftis! {BritthifPepPisatiea s Emp aMe s ierRirsisineal@nalicasidn 4): 889-895 (1994)). In
severhe cases ogqgw,@rmmn'?d amﬂaé,kzmreim@_ﬁemﬁeém@wm B?Eélﬁ(ﬂeh&‘?ww@rerﬁlﬂﬁeﬁf.ﬂﬁda| .
prostheses used in knee replacements have limited lifetimes, thus knee replacements are not optima
remedies, particulari??c?rzl]won- m%#@vﬁgﬂ%rﬁfglf’é?ﬁt erllbe °§?,£ﬂﬁ?j."tﬁb‘b§fﬁ$§8ﬂ8%%§%%, articular
cartilage injuriesfraaglbeutepained isypadioldgby o hatidede yikdistpiguititiog Britdserg et al., Clin.

Orthopaed. Relcrg}%%m%?%g:5&4%@6%@@999)). In this procedure, chondrocytes are harvested from a
patient, expanded in cell culture to increase the number of chondrocytes, and then implanted back into

the injury site of the [P4fstt. THEWIfSHARERESGREG0eBAVRIRY fiRls DP hemsdidaIRAE G0 seal the
chondrocytes ingotaadpiusy isiedALBeNAR Hetiadl freduchendasrtes. haveiadansieeexito de-differentiate

i It i essful i lant, de-dijff tiated ch t thei -qiff tiati tential
A will it IR e BB AR PRS0 upom implatation. -
[0005]in @ modifieditectmioee joioisrears emttiinirdueeaais|ogo ahomtiostyde iomiaitation (MACIO
mplantaton Prgshtel UIESEIRRRIRSREpde anin A sqlaaB A DRl they are

implanted into the patient (Basad et al., supra). in addition, the c en matfrix can be fixed with fibrin

P
glue rather tharF8@tanihdOHiBRIRY Medising s3d (141 8BRBRRIGLRZ4 W s 1a 8a56RPC TIUS2008/059275

[008_6]EfDifferhentge@wﬁnﬁfsaaddmdiaeiae@cuﬁ%ﬂ;t%@ylwﬁ@wrweliﬁqaaémﬁﬁdmserun;-freeb .
media for chondrocyte culture and methods for isglation and propagation of chondrocytes are described,
for example, In%%s%gﬁ?ﬁtﬁgg.'%, 'ﬁff%@c?%%eﬁ,rﬁg&%\i a“%gqpr{%ﬁ%ﬁo& Li"'(ﬁr%‘glelgatent Application No.
60/805,307, whieplarenectspueatet drgimil myredirencaticulddpidi Fibmeditiesty patitortsblast-like cells (such
as synoviocyle%m@é%ee@gﬂ’sg[%péj_with chondrocytes and, thus, co-propagated in a cell culture in the
course of preparing chondrocyte implants. Chondrocytes are known to take on a fibroblastic appearance
when they de-differdRAt8f in cOIBKEBRASR &RIFSARFRTIIRES INdgies may e 1gBi$ddvertheless, they

maintain their diiiesbakampedesiiab irspldheyiangBitie dayretaxpans e@ehopssacyis. phrnotype upon
implantation. A 2sult, it be difficult to distinguish cultured de-differentiated, chgndrocytes from
co-cultured fibréga(aégt%l é?#lgi%?a@éiﬁgg 'C(L g%ségécaggﬂsué%pcehaor% {534 fﬁ%@é?lrtnl aar(\j"aﬁﬁ%%, 8&%8 expression
patterns in cultpa@ntesdiffedastimed chidhdeooyiesreaecdiife remolbermthosedod ¢ \deivcocar thage
chondrocyles. Fiap iR RIAR A 18R el RissERd oD Sa%tueasrsaondrocyies are

expressed at reduced levels in cultured chondrocytes (Binette et al., J. O%%ko aed. Res., 16:
207-216(1998))':"}&1:%6&%1?@9?Eszﬁ‘i%%élé?%ft&ﬁﬂ?ﬁ%Bﬁawﬁ%étﬁ%mer‘”r‘ﬁd{)lHa’t $ilseessarily distinguish a
de-differentiateg|gieogrory e fioedesitshafiftes typas dnahdaay ow piesERirintkeccaloulivse.
Furthermore, maréysbnggysré dibroblast rqg_r S gquﬁa?é((?g%ssne lin both dedifferentiated chondrocytes and
native cartilage chondrocytes, Hbeit at different levels: Accordr g?yf){ﬁe expression level of such a
fibroblast markégifiereptiasioneeaiestial\a neidi e Wiitetieatiatsllinjsrebendinahie sthaplaatiecde differentiated
chondrocytes, #rghlagts:iRGHICL RsulikgeR it fRRgiibRere is a need for methods of identifying

chondrocytes, fibroblasts and fibroblast-like cells, particularly, methods applicable to cell culture.

SUMMARY OF THEIGREPENTIDR TSR IErRR 8 4poue R AEBYS A ARIARSNSN provide methods

of evaluating théhenanpealimnpirarlhquinedargpldatdisingrisbdahe) dimcyéeschionufdyabiasts) and
methods for evaluating the phenotype of an individual cellée. ., as a chondrocyte), The methods of the
invention may @éejlggge o?'ﬁ%%?ﬁ ,gr%'P qany ﬁgj%m%r E@%@ﬁﬁﬂﬁ?gs'rﬂ}get $HPHR treatment of
cartilage defect8dsadarhal e sipwdimenasiditien ntrentiaiagevolvetidentifyérfixedlvithlfilvercoimposition or the
identity of a cel}aﬁﬁépﬁ* m%ﬁﬂﬁsmﬁﬂ%\éeh%f glﬁBr&tg?]%ig%@%gmg]ﬁher embodiments, the invention
involves comparing expression levels of at least one chonclrocyle marker and at least one fibroblast
marker in a cell culture sample or in an individual ceil. In illustrative embodiments, the chondrocyte
marker is hyaluronan and proteoglycan link protein 1 (HAPLN1), and the fibroblast marker is microfibrillar
associated protein 5 (MFAP5). [0011.]The invention id based, at least in part, on the identification of



MFAPS5 as a cell phenotype marker that is highly expressed in certain nonchondrocytic cell types, such as
fibroblasts and wg%}ﬂ%y}g&, while being expressed at significantly lower Ieyg]gdﬁkéﬂ%gg{%cytes. The
invention is further based, at least in part, on the finding that the expression level ratios of MFAP5 and a
chondrocyte marker, such as HAPLNL, is a reliable indicator of the cell phenotype in cultures derived
from cartilage biopsi€¢g088hile rfthresbiaehoonisians inathy ¢ frefesath e ilhse both types of markers
(i.e., fibroblast qnd, chandrocyte MAankers)InLaer e mgﬁmc}bgfgﬂmeege&%mﬂs%hauﬂufe or the

phenotype of an individual cell, the invention also provides embodiments in which determining the
normalized expra8dieA3E0e]siaHeNIRA PERRSIAIG 06 RBAREY Haes AfieidasFEPedal I aryBe!90012]In some

emblodimentshth%[j@rpﬂgmthw@ﬁ a)gltm%mﬁn MBEARS, gng i @@‘p@\%igﬁggrrm@mz' eg expressrior;] levels
are lower in chopdrgcytes than_in fibroblasts. In some embodiments, the fibroblast marker is such that its
normalized exp&%@ﬁfﬁ%ﬂl‘é@yg o /gé%@r%lﬁ 8&5%?6%}'/‘@8 (X ??r%‘w AR Eaged chondrocytes)
than in fibroblasts an@@dAynovibcytésstéos dibretemsbokimeits stivd filsreptasionddsg maekpressed at least
2-, 5-, 8-, 10-fold |c I i . fi 0 fole WO

oo 24s08m B s R, e e rod o
evaluating the CSHpEsicHepEE el REYIAdTRRIANS1 bRpnderyiatnecthae whiatvkd tontains

chondrocytes; aficbasibagfeyabealingriteephrnahiae afa0 indidralselydvisthehzie the
embodiments of Method 1. th 4eré%)r ion level of a respective marlmar IS qftermin,ed as the average
ek i .'

expression leveP5itht ﬁﬂgf’r a’i\@v S(Se. ?%mfﬂpéaé% ﬁlre? Rrea¥8Bodiments of Method
1ched composittmTletaICEHC.icmwemaplbeoefmhmr@dsas efwhmﬂe;:mic?et@mmyeemmiher it contaciins )
chondrocytes. | [ t t - S - eri ined as the
expression Ieveh?%@?r%ﬁfkgéi% ?%%nggﬁgﬁe CEJ¢3?1ITI einéSe é@gﬁga%g : %ﬁﬁ%g Iﬁ%ﬂ%@% ?dentifies the
composition of HPBEIPEWIAFEOMEPEH id ihfellaats shaREFsdercrigGiviacrd eall, e.g., whether or not
the cell is a choggseayipci0014]In some embodiments, Method 1 comprises: a) obtaining a plurality of

cells from a cell cultltg)eg? det rmigfiﬁ the average expression level of a ﬁbr?ﬁ%l)
t

ast. marker of the
invention in a plurali lls frOr Ce M el GrE &n °<5 %%?&Prﬁﬁ%ﬂ%e@o 'gséﬁﬁé?ﬁgﬁﬁ culture

based on the emmwmyeseire/\diﬁewmttherexposss_@tbndﬁveldaeﬂid:s/gacpmaimmymeed:dweshoId ind_icates
that the cell cullye coRamGhaamacyien MIPBAN Gl BeR RSRRHEYRI PN A BEistermined

threshold indicates that the cell culture does not contain chondrocytes %}.g., 0es not comprise
at least 50%, 5596, BOUESE8YAT5HC8096 Va5 SatresHRoRBRrRRARIPANS Bl @roddrocytes). [0015]In
some embodimeniigepaetharbd. iNe:lzes-20810BYRY) NYESTIAY G is-eéadibepblast marker (MFAPS or
another fibrobla%1 mgfker and a chondro%yte markelr (ﬁg@lh HAFﬁLNﬁg_t 2 controlﬁ;ir to each other. In
some embodim&nts, RETBIOBIAST MAVKET AIFG TR thoR '()&5’['3 hiarker'a éegﬁ'@ﬁe at the ratio of their
expression levetsdohomytedyernalikef @Hibryblkestimbnkay e présenyintiaeiasdaged chondrocytes is
equal to, or gregiadhiafor: HarRPktud AoRiAANRIHBAS fimss e exmassiopdatio in cultured

fibroblasts. [OOlG_éfln particular, in some embodiments, Method 1 comprises: a) obtaining a plurality of cells
from a cell cultfEietsnHateA ARG acktasnd Raliypreddigateardractehdibeiiatiidiadnin the plurality of
cells; ¢) determipirgsthecetaggyexnrespier deielavadiyanastipropkast im Hiecphealino of cells; and d)
determining the compasition pf the culture based on the ayerage expression level of the chondrocyte
marker and the rgz\;eeésgaenl )éBcrjicsas[il”owcrﬂee\rt/He ro‘f‘%fse HiFSt a'sath%r ge"r].p n %E)err?ee elar'rh? ot |%r)'ﬁae{%(§s, the culture is
identified as containihgatemdivoplesti, ticfibspiresditkeleols.of the chondrocyte marker is above a
predetermined thresmggyvhiIq~,qg?qu%rﬁgg@%m%kmag%{iigm}%mmri&p@gyv a predetermined

threshold. Alternatively, the expression level of the fibroblast marker-above a predetermined threshold
indicates that tH®©@RIaRand dGERA ABRtSFH TR ERBAesT81§odR 8RRl IEFRIUOL GBI Rprise at least
50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more chondrocytes). [0017]In some
embodiments, the step of determining the culture composition includes comparing the average
expression levels of the chondrocyte marker and the average expression level of the fibroblast marker. 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). For example, in some embodiments, a ratio of a chondrocyte marker (e.g., HAPLN1)
expression level to that of a fibroblast marker (e.g., MFAP5), which is greater than a predetermined
threshold, e.g., 0.25, 0.55, 1, 2, 2.2, 5, 10, 25, 50 or more, indicates that the cell culture contains
chonerocytes. [0018]In some embodiments of Methodp1, 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 CT 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 cytometty or single-cell RT-PCR. The
method is usefuNBrZL(ag/rllﬂgdgg individual cells from a cell culture, including a cell culture derived from
cartilage or synovium, a chondrocyte culture, a fibroblast culture, synoviocﬁ‘é%ﬂ?ﬁﬂ?g/,o?)grz%y other
appropriate culture. The method is also uselul for identifying individual cells derived from any appropriate
biological sampfeld MR AR T HEs| POFND @I ntify individual cells, including cartilage samples, synovium
samples, fibroblast sperries. ai¢cThaniinspbiast MachriABIE iR MeBkeisHpMeiaardAaay be chosen

and evaluated as described for Method 1. [0020]In some embodiments, Method 2 comprises a)

1. [0020] . /
determining thePERYPLSIBY IBGSBPROFHIYBDRYE ARAREN SR HhSntR ARGy EReCERMUNY B8 determining the
phenotype of thecoelliravetsah dha exphessitsr e afitheatitopbblasy peaddesnwhtveindheekxpression level

elow  predtsns isshRAINcale, eSS ISR Al T

old indicates that the cell Is not a chondrocyte (e-g., a fibroblast or a
synoviocyte). If&ciascskinn alineatec Wreehdrescesagrise el eriteamivnepteexprission level of a

chondrocyle magsi prib el b determinngilin execcasin pyeLal afibrebiasimarkerdn the cell and
e

c) evaluating the phenotype of the cell based on the expression level of the chondrocyle marker and the

expression leve6reaHHB I RarRes o LA SRS UR YRS IR 188 RaitShtifR 4188 a chondrocyte if
the expression éevebohibetshibedroeyitomarksvds aboyadnpredatarsiineshthsashnldievehavhile the

expression level of the fibroblast marker. is below a.predetermined threshold |evel. Alternatively, the cell is
not a chondrocf/: eolr}dt[‘loé: g)%prpégs&slec)rngpeév%I (%fa t%qé) Eﬁ%’r&&p(re@cgﬁemrﬁg} eris 8%%1@ E)eresgéqg[%?rrled threshokl

level, while the iBx@rergivauavedibf thélfsirebkesemizeRiresigbthvechpresdammideetigeshold level. In
some embodimenif, sieR ahafl yalsgiied e LRl R 1I9A Biaves Lingliefcompraning theiexpression

levels of the chondrocyte marker and the expression level of the fibroblast marker. [0021]Additional
aspects of the iNEREBH!\#IpsROSEASHH HEIRS dESption that follows. BRIEF DESCRIPTION OF THE
FIGURES [0022]Figoe11 ]is a Tlosviniegtianmidlbateding siages maanexemplentiitanohsturing process
used for produg tured chondr es chondracyte biopsies, [0023]Figure 2 depicts HAPLN1
expression levels m%éje\g/ér%f%ﬂlﬁé rﬁ%ﬁs cf%T:—:'errrrtr:ri?ng’{{e3S %ﬁéﬁfgt%)r(ﬁ ar %%I}Q/é: ?]rrlte 08 of AT-RCA.
Expression levéeRoneieciiiterllinmg fo 188 fAdHberhlastaandEye @sreiesionhse dlsingrimary chondrocytes

(PC) was scaleghinds<Unar sriiofcwais serlpd aasarcine harcaltairaing iseshass listarra Table 2.

[0024]Figure 3 depicts expression levels of MEAPS in the same cell strains as shown in Figure 2, as
determined by 83atdirE SR UEAER8dNG PG K et U GG HRRIENFERIRS P ME8E 30 183 ribosomal
RNA. The exprassiarclevelrocypemankeheodronyteAPPRE) via sslalbld tadicativesf nadascivere scaled

accordingly. [O%%%]A:oi%)reeigT %ﬁ&i%g H&gwg&s&&/{v g{]ﬂﬁéﬁggt ilevsl,F@ﬁ]ﬁe%(R&%??&ﬂ éevels from Figures 2

and 3. The ratio in primary chondrocytes 1; other ratios were scaled accordingly.

[0026]Figure 5 eRipsldienmé ragio 8 PImatNg tarh MNP Red® A Sao ke Ale. inirebirihenstrains as shown
in Figure 2. The@xRiesSiRMQyRisVererdetapnbiad Ry compataibieds dametinarkfrAdeRCA, and the
atos were callale] 2 2 AR B TNk ORI S S6RIE HARN xpigegion fevels in 2
number of

determining the normalized expression level of the MFAPS5 marker alone may be

sufficient for that purpose.

[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.



additional chondrocyte and synoviocyte strains. The expression levels were determined by a standard
curve method o U B_g&d normalized to 18S ribosomal RNA. The expressi |in primary
chondrocytes (PC \zlvggs; séaled to 1; other ratios were scaled accordingly. C%ﬁ&rga%ﬁ)\é%s%ﬁ are listed in
Table 3. .10028]Figure 7 de}picts MFAPS expression levels in the same strains as shown in Figure 6.
The expression level&Qicte det8kpilaNs 28R 8hIRITMIRIOMRIRGERS AT ghavAbiaialzed to 185
ribosomal RNAtHheomxiisisowailevaliinwtimaiyeheadroeytescetuias saaleshigrilegther ratios were
scaled accordingly. WO 2008/124508PCLU82008/059275 [0029]Figure 8 depicts the ratios of HAPLN1
i WIEAPS eX el P RO g B N 91 SNSRI (HE) was scalec
to 1; other ratioseiléietioate?) atodndinglipod 00304 Bigusth@ dé pitts ¢hereatos déteABTlaN1 and WIFAPS
expression levelsJp tie same aralng /% 3hAWD N YIS B e RXUSSIION IBYSls WRAdetermined by a
comparative CT rﬁg?hqd c?ﬁl%T-PCH, an«rtﬁthe rggiosev%ere@ﬁc%}%ted as 2A(Cr.mFAps -?(ktT.lHAPLN 1)
[0031]Figure 10APHEBIdKaheetsti8TofaH e Rampie) MiDARs emprsisionsa/dieiRafld stide strains as

shown in Figureg2 ghhibnast welips ndeitianbehondintyde SYNaviRe Yl aprhiissaaliRephlast strains
identified in Table 4. The e:?{(ﬁgession levels were determinec@ggﬁgom arative CT methc&d of HT-PCR

using custom-dSSUAEE FRRRSIS AP ploHas 52 ARYPHYT e 3" REAPAPPRI BHO 18P 5 ratios
were calculatedhas A (€ deterriipsd @3 HA PiiNd9siBiglenes OB e pictscehenr it mdifvid AR IcKlL and MFAPS
expression levels. iti C NS | ified.in Th ssion.levels were determined
using the same(zalg r%'ew%odsﬁ%{%{lés?rﬁgér%?éﬁl%%ﬁ%%&%@(@%ﬁ:ﬁg%rgé) ﬁlﬁ%ﬂ%ﬁ% %gm!%gvrison between
expression level4ddss foethode iderdiNg MR e fetyrmefdfe ingnddesll ag brestaribletleen@irest Cell strains
used are listed {Rel@hles7a EHMREME @D MFAPS expression levels were determined by a standard curve
method of AT-RCA. Expression levels were normalized to 18S ribosomal RNA. The ratio in monolayer
culture of primary ch@rqgr cyteS BB FHPSLINET'S Y08, T SROMNREE scaled accordingly.

[0033]Figure 12 shows a epohpansgrahstnseibn @ xeissson evel atiosdor HAPLN1 and MFAPS in the
monolayer and collagen- Ul [ i Wi in i expression
evels of HAPLNL ant MEARE e e e e P R e M. the ratos
were calculated as 2/(C-rwalp¥etiipMRRIRMUE HoZaeisdrem $e<st cuhssaibe in the expression level
ratios for HAPLN1 and MEARasiaifidneiaibafgaditae ved dinae sReviaswedkprsaie cultured from
primary culture (culture level 1) t|hrough fourth passage (culture level 5), as shown In the figure. The
expression levels of HAPLN!Leé?‘ld MFAPS5 were determined by a comparative Cr method of RT-PCP, and
the ratios were wdilewdatdioeas<RrassigMIEXH B lawHARENIS 22 0083 harb08kra T WEP0E18/059275
[0035]Figures 144y andl 14B-eRiR e RhBRgRIN IR RIRRSFI RS LalRs fRULIARL L and MFAPS as a

function of culture level. In Figures 14A and 14B, chondrocyte strains were sampled from cartilage

(culture level O)RIREREERIEGRURSESHBIM iPHiIFRIR? (Eafiiie felituliuier8agh Releriidhassage (culture level 3),
as shown in thecfigutrodnesLpenGe 380 bURVERISIVES @ sletermpined i yeasmoparssie §0Fsreahad of RT-PCR
using custom-design rigers e described in the Example 5. The HAPLN1:NIFAPS ratio
was calculated Z§ Qﬂggi&ﬁswgfﬁibéﬁ%%& (JEi%[‘fr@%%%ﬁ%%S?atios of expression levels of
HAPLN1 and MFAPBM thturmﬁigetbpdimﬂatibméemm@hdﬁdvobgﬂesmdmefm?mrT hree trials
were conducteqs RACRWLKASARGRNRATIARR S LM ePhDBSaTRBRER SRglan levels were

determined by a comparative CT method of RT-PCR using custom-designe CE]rlmers and probes as

described in EXZAPHESY RS RIIMEXKDD (310 & \werd A6 (P888181DeX T RREXPS CT,HADI Ni).

[0037]Figure 1&gepi@iadsnaamneatiorbhexneseiparevatspioldBENd matkMAPSuthasous cell strains,
which are listed i? Table 12 usinS%.abﬁolup %%p(% numbers o th(% m rrk 58S determined by an absolute
guantitation method” t‘I'etgé War' Perfdfimed et degeiBel fneéxgrr'}plg ?Sexne:%rp At QBT YcDNA was
used per 13 pLdrdRreassagedSthnainet vies sseqeat tprepared iothasy ithedica AFL KA. Z6d MFAP5 RNA
transcript standggga, At HRRs104.aprk 108 cRRIBSHRARlIA bR GuaRtities of HAPLN1 and MFAPS

MRNA copies present in each test sample were determined from these standard curves.
[0016] In particular, in some embodiments, Method 1 comprises:

a) obtaining a plurality of cells from a cell culture;



DETAILED DESCRIPTION OF THE INVENTION [0038]The invention is based, at least in part, on the

identification of M5%§1Q§Sgggene that is highly expressed in certain non-ch}pé]f%g%lté%g??ustypes, such as
fibroblasts and synoviocytes, while being expressed at significantly lower levels in chondrocytes.

Accordingly, in some emhadjments the jnvention provides methods of using MFAPS5 as a cell phenotype
macker, MEAPS 1 & serr BT B TR BIRGS 16 Mt AL TAHTS Be rvolved i
the stabilization of type | pro¢odiaenliverhedls et al., Arthritis & Rheumatism, 52(6): 1812-1823(2005)).
The nucleotide and aming,Agif sARRCRS QI AMABMERRS oap.bei fouBrhHRder GRAPANIE Accession
No. NM_003480; its nucleotide sequence is also provided as SEQ ID NO:1. In addition to, or in place of
MFAP5, other fibroblast marR&tEEHPARIIBEded in the methods of the invention, as described below.

[0039]Accordingly, in onespestmiRiNMHRNEER fyavisiest annetioedf\l watiing tie eguaposition of a cell
culture comprising chondrocytes (Method 1) gnd a method of evaluating the phenotype of an individual
R RBBEIREAS CBhEHTH Mo oHAE

cell (Method 2).  [0040]in t P ERBOdifRE &Qﬁﬁ Ej’%%%r R E¥§i5i¥%evel of a respective
marker is determined as the exmesgoexpvessidhddimebbiathabanisaker in a plurality of cells. In the

embodiments of Method e femeonion 8fa cali e 102y be Svaluaisdas gulplgdo determine

whether it contains chondrocytes. In the embodiments of Method 2, the expression of a marker is

determined as tA¥PERPHOSSIBY LI/ NBfatRAGTRAKErMR S fRIARQUaIECRIPEBIAGTENRILIAYEshTuS, while
Method 1 identifiggishecenppesitioniefaalt awturs blashed Rddeiéiow the Reratneef an individual cell,

e.g., whether or pot the cell is a chondrocyte. [0041]In some embodiments, the fibyoblast marker is other
than M AP anlTEXIR8, (AP RN e Bl SO RooE BRI RGBS than n
fibroblasts. In s@meeerTbooaTdmtss bk fimtobliast thetker dslisudhuthataes motroatizaa expression levels are

lower in chondrages g RUmaty shoRgheaes,Ghliyre de Alteientaled ehondpcyies) than i

fibroblasts (e.g. dermal fibroblasts) and/or synoviocytes. In some embodiments, the fibroblast marker is

expressed at led572-88% &3510-49 15 neEr, 8 TosL) 1 @HORER SERRIA AR M- fibroblasts and/or

synoviocytes. Such agislitipnal imaskesseambarmisiastifiRdsusing, & & o) Y dipdysis, as described in,
e.g.. Leung et al., Trends in Genetics, 19(11): 649 -659 (2003). 0041%In ??Prge em%?dggents, Method 1
i

comprises dete?ﬁmﬁﬂa'?ﬁg EB&'}}S%&%?WQ N RSBYSHSS HRIR Sri%? ﬁHSr? ?ﬁ?@ﬂty of cells
from a cell cultureykenargirtibe expessipdesieindelaica e tietelraat eteairives shotd melicates that the cell
culture containg, CRRFRGHLE S AHRIRIVElY IBEBIPIERSIOR IVEHARONE R BIRLGISHRMRSH {BFeshold

indicates that the cell culture does not contain chondrocytes (e.g., the culture does not comprise at least
50%, 55%, 6096590 BYSEOMES 83 beIR iet,C 980as GOt HtRECERBMEMEGRRSNE WO
20081124508Pgxpléssid008IRRI v DRdBludl ustiative erkelmestsxadibrablashearker is MFAPS,
and a higher-than-thr sh%ltd exPrFssiPn oﬁ I>]/ rFAP5 b‘yi t%e <(:eII C Ir;lli\pﬁicates that true (iL%Iture contains a
substantial numedrétf’% 'Wgn-éh%n%lr'g)coyt SR ocr)r(fg1 &6 rrngrﬂ's:,t e pre SteRined threshald level is 1)
equal to or lessttiranfthdibodEAPBreRplessidviiA Poreilicbitageetdtuties(e.gredetamigadr 5-fold lower)
or 2) equal to ofeales thay (@4, 8581 42, arb-dokhapeatendhadevelafldMIEARR sxpEggsion in pure
chondrocyte cultures (e.g., primary chondracytes obtained from cartilage biopsies). For fibroblast markers
ether than MEARSUhEPBHEHSENNHERCH PSshold can be analogously selected based on the expression
levels of the respectjge 1arkemiagrueechitsoblasistaadine eland roeyésprddworpledatasmined” level does
not need to be 8“8?18% r'(e)rato q%treorbmaigil arrrﬂ(arléearrex er%§si%ré éevtethse mg¥et?eecho%enaafter expression
levels are determlneci, séd'for example, on the <t |s¥|cg] anal‘?/ss of the exprés's(fdn Yelults. [0044]The
plurality of cellssfemaierhiecgoleurectiraiepfeyantitisiverd]-BE Fepr dyemtsinipg @ ibetipter@tiardaliquot obtained
from that culturg, Fonexampleptreasmial FrLYGR IIRWRiRR SAlegehBRHoss: BURfbsRPling can be

used as described in the Examples. The plurality of cells, typically, will contain at least the number of cells
sufficient to corfdGlaS eERHIeTDE HrekirelsSiRH IrRINSIAE GRAIECKS TBRAIRINE, for RCA as few as
10-1,000 cells are usoedly] sufficignbidiatia lpaer, membeirtan plevibesusetkine]kvapmengmbodiments,
Method 1 and %eth?]d 2 br/;é/olg .com l\%r'[} |SXR giiﬁn d%\lilels of &Sflibr?falasé martqu r I\/l.l;Af_S or another
fibroblast markerse AnG"8 h6n rocyte mar er?e.@.i, R T anoiier %owgrogy% malrk%% to a control

or to eacn otheee i dréiét. in beniahttios! éxpeesditer icealkioneitrdyichalkeslarsateeeained can vary. For

example, one cafjfst ﬂ@t@am%ﬁs 48R EXRIRSSIONRVRLRT BFNageiacyjRdvarken aRd bR 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 &enBankrm accession numbers and SEQ ID NOs,
are provided in Table 1. Thus, in some embodiments, the chondrocyte marker is chosen from HAPLI\11,
MGP, EDIL3, WISP3, AGC1, COMP, COL2A1, COL9A1, COL11A1, LECT1, 51008, CRTAC1, SOX9,
and NEBL. Table 1: Examples of chondrocyte markers



type Il collagen (COL2A1) NM 001844 SEQ ID NO:8 type Xl collagen (COL11A1) NM 001 854 SEQ
ID NO:10  (20Q4) 2008/124508 PCT/US2008/059275

culture, a fibreblast culture, synoviocyte culture, or any other appropriate culture.
The method is also useful for identifying individual celis derived from any
appropriate biclogical samples in which it is desirable to identify individual cells,
including cartilage samples, synovium samples, fibroblast samples, etc. The
fibroblast and chondrocyte markers in Method 2 may be chosen and evaluated as
described for Methed 1.
[0020] In some embodiments, Method 2 comprises
a) determining the expression level of a fibroblast marker of the
invention in the cell; and
b) determining the phenotype of the cell based on the expression level
of the fibroblast maker;
wherein the expression level below a predetermined threshold indicates that the
cell is a chondrocyte. Alternatively, the expression level above a predetermined
threshold indicates that the cell is not a chondrocyte (e.g., 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. 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.



S100 calcium binding protein beta (S100B) NM 006272 SEQ ID NO:12 Steffansson et al., Nature,
295(5844). 63- 4 ?@g rtilage acidic protein 1 (CRTAC1) NM 018058 ID NO;13 Steck et al.,
Biochem. J., 353:%6 % %5 5001) PSS

BRIEF DESCRIPTION OF THE FIGURES

[0022] Figure 1 is a flow diagram illustrating stages in an exemplary
manufacturing process used for producing cultured chondrocytes from
chondrocyte biopsies.

[0023] Figure 2 depicts HAPLN1 expression levels in several cell strains
as determined by a standard curve method of RT-PCR. Expression levels were
normalized to 185 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 2.

[0024] Figure 3 depicts expression levels of MFAPS in the same cell
strains as shown in Figure 2, as determined by a standard curve method of RT-
PCR. Expression levels were normalized to 18S ribosomal RNA. The expression
level in primary chondrocytes (PC) was scaled to 1; other ratios were scaled
accordingly.

[0025] Figure 4 depicts the ratios of HAPLN1 and MFAPS5 expression
levels from Figures 2 and 3. The ratio in primary chondrocytes (PC) was scaled to
1; other ratios were scaled accordingly.

[0026]  Figure 5 depicts the ratios of HAPLN1 and MFAP5 expression
levels in the same strains as shown in Figure 2. The expression levels were
determined by a comparative Ct method of RT-PCR, and the ratios were
calculated as 2NCr mraps - CTHAPLNY)-

[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 MFAPS5 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.



SRY-box 9 protein (SOX9 ) 5EO0 ID NO:14 Kou and lkegawa, J. Biol. Chem., 279(49): 50942-8 (2004)

nebulette (NEBQ NM QQ 93 SEQID NO15 Grogan et al., Arth. & Rheu : -95 (2007)
[0047]Additional c?]onglrocgsﬁe markers can be identified using, e.g., gene a%gig’na g?s/?ss%ggdescribed in,
e.g., Leung et al., Trends in Genetics, 19(11): 649- 659 (2003). Generallié, a chondrocyte marker is a

gene or protein who$@0R8imallZe4 &P RIS ek erties OHitMerH @neYFdt R RS BAmary

chondrocytes, qeligieesiope mifteerniatedchongraaytespihanyrfibriahiasiss(ePT) deimed diberllasts) and/or
synoviocytes. | _sogle ecal;?bodimrentsé tr(lje chon roF}yte marker is expressed at least 2, 4, 5, 8, 10, 50, 75,
100 times or gr T 'c?ﬁd?lgc?t%cs W‘maﬁq(ﬁoﬁ FSblasts and/or synoviocytes. [0048]In some

embodiments, the filkpoBIRIst miikerecthdapistsHondaticytef MAKEK hend s8R Srespatssiamay that the ratio

of their expressian,leyelpdnspriaaiy shondaevinsAR/ae B PRRsagekelrndiRrIes R 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 SORFECERBBEiRYeh O RSIIRIUC CGonpiheed £f &) Toblalhing hipeUIAlRF ¥fec8lls from a cell culture;
b) determining thcavgsagesResssion levelef @)chondrocyte marker in the plurality of cells;

[0031] Figure 10A depicts the ratios of HAPLN1 and MFAP5 expression
levels in the same strains as shown in Figures 2 and 6, as well as additional
chondrocyte, synoviocyte, and dermal fibroblast strains identified in Table 4. The
expression levels were determined by a comparative Cy method of RT-PCR using
custom-designed primers and probes as described in Example 3. The
HAPLN1:MFAPS5 ratios were calculated as 2°(C+ mrars - CtHarni). Figure 10B
depicts the ratios of HAPLN1 and MFAPS expression levels in additional cell
strains identified in Table 5. The expression levels were determined using the
same methods as described for Figure 10A.

[0032] Figure 11 shows a comparison between expression level ratios for
HAPLN1 and MFAPS5 in monolayer and collagen-scaffold cultures. Cell strains
used are listed in Table 7. HAPLN1 and MFAP5 expression levels were
determined by a standard curve method of RT-PCR. Expression levels were
normalized to 18S ribosomal RNA. The ratio in monolayer culture of primary
chondrocytes (PC) was scaled to 1; other ratios were scaled accordingly.

[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
MFAP5 were determined by a comparative C+ method of RT-PCR, and the ratios
were calculated as 2N Cr mraps - CTHaPLN1).

[0034] Figure 13 depicts the change in the expression level ratios for
HAPLN1 and MFAPS 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 Cy method of RT-PCR, and the ratios were

calculated as 2(Crmraps - Ct napLnt).



c) determining the average expression level of a fibroblast marker in the plurality of cells; and d)
determining the&g%ﬁgﬁ'ﬂg& of the culture based on the average expressiopéi){% %sglagﬂiondrocyle
marker and the average expression level of the fibroblast marker. In some em odzlments, the culture is
identified as containing chondrocytes if the expression level of the chondrocyte marker is above a
predetermined threskigowhilEigiresiAds siodd 1ARHeDitid T eboree MaNReXBIBSKNT £ peedetermined

threshold. Alterpaihalys thersWHER dRasATS £9RIAIRGRANITEAVTRS Q.. IREEiLe dRes ROt comprise at
least 50%, 550/0, 60%, 65%, 75%, 80%, 85%, 90%, 95%, 98%, 99k or more chondrocytes) if the

expression Ievél‘%ﬁ'tﬁréomé?@ft@ﬁ(@iﬂfa%? RATRIRY HSPecratliagfr et W GO VARS8 express on
level of the fibreblastmatke piinadig\(eatre detdrminecldtiesivolthl pues OO 5] I fetdver 8bediments of
Method 1, the inyention gomprises.a meth f evaluating the camposition of a cell culture, said method
comprising: a) SB%".’Hih”g%nggH aegeﬁgieogég}?érjsé‘gf'r?%a I%a??ﬁsrﬁ%ﬁeb?%%@pn%}cggﬂg ?r%ﬂPﬁ%%Hﬁ%gg ; C) culturing
cells isolated inmedpol)oh R deft Buiging; aliststaiisisigredamipler o bitbrrehes tt@essyidetbimining the
expression lev%@%ﬁ%%aﬁwﬁﬂnwimmqsgrrmer@aC@Hé@@%@%é@ﬁ@ﬁﬁ@d—ﬂ determining the
composition of the culture based on the expression levels of fvlFAP5 and HAPLN1. [0051]In some
embodiments, E\é”éf’éwa determining the culture composition comprises comparing the average
expression levels of feEsehondiigelrte 1B aikeic and tithe averpgesxpressionievaPoNtherigbroblast marker. In
some such embadjments, the cell culture is evaluated as containing chqndrocytes when the ratio of
AL exprelbon i b R e S B o BRSPS R T ntcares
that the cell culttigés mmmdv%@@,tmwhbwarﬂog@sospomwwmémmﬂdmwémﬁe markers'
expression levelsagecompaadelatiadamach hecdhys e brestida Baymedsiingg €9, asa

given difference between the expression levels of two markers or a ratio thereof). For example, in some
embodiments, SYEE IS GRGARIRNS ATEHEEPREASIHRBIIRPD) 'BxpraBklsBeVdlRo that of a fibroblast
marker (e.g., MEAPSY1 NG PS ittt evdfacair perde tesranedyinesoldiag.@). 0.25, 0.55, 1, 2, 2.2, 5, 10,
25, 50 or more, indi hat the cell culture contains_chandrocytes..[0053]In s odiments of
Method 1, the expreiasq%?l]t Ievel§8{ %rll'gnaer%é’} emé)r?%xfri%?r'g _Ié#s?)ﬁélé? (Sa'r‘géngﬁé/%seft%ﬁr&]ﬁl@crﬂ gt the RNA level,
e.g., by a stanckird MBI tsides gehatiaitiveRTIPAR listes)ia tabiparatiang phaeitied of quantitative

RT-PCR (WhiCQ@?%@@@&Qﬁmﬁsrmgbgaamha%@wﬁﬁs&&@@écmﬁﬁ%ié%olﬁef%@ fibroblast

marker and the chondrocyte markersfé.a‘Sji [0054]In a related aspect, the invention provides a method of
I

evaluating the pHehGRPESRE I HEIGRIBRASSFIRRITD ARG SUEIF G RIARAL A REEY M hEaRethod is useful
for identifying indeddrel t2|lt IPGR aceetiaultGraniehidinges ealtepheparderined ssonhetiatilage or

ium, h t ' i it th iat
e

culture. The method is also useful for identifyi om any appropriate biological
samples in whieBriEs gasianl e Ttorigeati asaplidad Ldel s ne MM caitiidyecpint pleasesymdvium samples,
fibroblast samplgsh eéat khapReRRbosiMaHed Methask3commiiaascdrigsmining the expression level of a

fibroblast marker of the invention in the cell, wherein the expression level below a predetermined

threshold indic %ﬁ.;ﬂeﬁgeodﬁggﬁl@fmq%ﬁﬁ WE}?‘FW the expression level above a
old indic c n

predetermined thres ates that the cell is not a chondrocyte (e.g., the cell is a fibroblast or a

synoviocyte). In somgoegbodirRgiseMRINAIASQMBIiIRRS: 3 g8ieBRIMBIdERiaKRIBASIPN level of a
chondrocyte marker.in the cell: b de,terminir;g the e>%Jression level of a fibroblast marker in the cell; and

c) evaluating tH4'gHends BEBITHEA 4% HELNLER RS e SHESLIBIN IRUARICEPIME WS Gt MRESarker and the
expression leveliohthe ffbodlidatst anarkenokicsgtae, ernito birendéspiieeseellas sdgififed poavehondrocyte if

the expression leyel of the cligndiocyie masey (s AaveAMEdSIeuRineRestind Isyel,uite the

expression level of the fibroblast marker is a predetermined threshold level Ibroblast and
chondrocyle marR&esdmahesitahbonherns atrbpheacpRyisekenodEr il ee6606d as described for

Method 1 abov@reonine-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



WO 200S/124508PCTIUS2008/059275 [0055]Flow cytometry can be performed using commercially
available antibodies or such antibodies may be prepared as described in, e.g., Linsenmeyer et al.,
Biochem. Bioph\))/vs(.) f:?g%.”d%%_, 92(2): 440-6 (1980). [0056]Cells and cultur Cﬂé‘fﬁ@% ted by the
methods of this invention may be obtained from any biological sample, including any tissue, cell culture,
or other materialetuehnwais arsmayonatecoat it CHonNdytés attsom e eonbogiruends MIRAESIIS or cultures
being evaluated grg ﬂbmgg‘@ﬁlﬁﬂe%ﬁéﬂﬁlﬂ%’%@%@@@1rP{r‘%'Pnéﬂn88E‘& BRRoims,the cell culture is
grown from cells released from a cartilage biopsy. For example, in autologous chondrocyte implantation,
cartilage cells foefsaRRa&&KINe are normally cultured from a cartilage biopsy of the patient receiving the

implantl- C?rticeile aq@b@@@d ; lés m@edmgwd ?inﬁfﬂ@&égﬁ&ﬁﬂmb i @rﬁfcﬂ@?ﬁ@i@e?@%ﬂﬁ'@fohﬂﬁ) islan
example of a cultured chondrocyte product. In some embodiments of the invention, the cell culture
comprises a coﬁﬁ@‘éﬁt}ﬂgtm?l‘é%%@a%ﬂq &Lgrﬁfﬁgwﬁé‘@ §%Wréﬂ8%8?@éﬁéo§m%§/%@e&ﬁgi%d from a
cartilage biopsyaadd cudtined @rematodbiemn thopdecbomehef arabndiyvelon) esliUdéethndtiy. MAGI(r) implant
product. The metho in ion | | far i ifyi r irming identi lls loaded
onto the collagen sui%%rioﬁﬁﬁ%@%ﬁg&%#g %gﬁégﬁgqé%“ﬁe?gqﬁu@?rﬁ%eggﬁ}%i%%p‘gvgg %(ﬁee utility of the
cell culture deterieipRERIH PBfHEAN iefsieRPERIMadeete EIGUR eXPTERS fif IREal 0k thatedaresteps involved

in producing a gylusedARporEatytaPindest fonakalaan ihehandrosytesimmiamiationasieph as using
Carticel0 autologous chondrocths, or for rOdQLjCingff cultured chondrocyte product for the MACK?)
JBEpSY e i

implantation prGEHIFEM BRpYE KGR R B& YR IREE GBI Sutologous chondrocyte
implantation is shbmfeddyaegrdoebs@agwtsi@mémtg hemmmmaterm(bi&sf&@stecbabsmméﬂte release and
harvest chondracyles framdne sactiagfects felersethaellaare Rialed pissie liirg, flasks and

expanded in primary culture at step 4, and If necessary, subculture e cells reach an adequate
number, they c&vabeateptiorulfy, Wiyie plederdddidg tbpsshmepineopiigariisabadiuie rdtiRedthe implant.
Once the patient igcraady iRderRINSDE 6E45, iHRRMAIS thawed anddlaiedinta iesseigylture flasks and
grown to prepare an assembly culture (step 6).  [0058]For use in an autologous chondrocyte implant, if
a sufficient nunfB8PBFAIE are obtained in the assembly culture, the cells are centrifuged to a WO
2008/124508PC Taif®Ra03/059236nee kipelidiracmt sethesiiennted imshigping hedioam, MkdPSs the "final
product” such aa%g‘% GRASR gtéHEff)rl'ﬂgf?}é% QLSRR B EE‘#%F{JE%%@(?HQH'.'S subjected

to a number of QC tests, including for example, a sterility test, a ce yiabﬁity test, otoxin test, a
mycoplasma tefPraplagsculfutened PpBsriBE fist adpoblaet marifl/ s g dedlitsd herein) to ensure that

the Clrjll_tureg ?el&ﬁffnmr?wﬂw wm@gr&@@nﬁ@%?odggg@%ﬁtgmﬁ!@ys pass aIrI] QC testsglthey
are shipped (ste to the patient for implantation (ste : ternatively, when the assembly
culture from ste“[s%qgr?c? &usedir d?ai?ée’rl nﬂéﬁé?h@éé#@lé?gr Bﬁﬁggg%?téﬂﬁtﬁe medium,
seeded onto a deﬂmgefi_mqamld) a.nd/@uﬂynevidoytésdlayss(@tm)embmilrtneréadt@é trh:eahlm&tre.period, thg
cells are finsed isnppiRERAUTdaRpdicsa foabrrasict fan BAGHNdRpIRes This product is

also subjected to the QC tests outhned above. Accord@i‘g%y, whether the final product is a suspension of
cultured chondfEiREDI3sEPRY/ eTFYiRRYPCAIRD IogekIs adfElRnBLTREES? 7 MedCsrotiget is a
scaffold-seededigireducy fajdMAGH@ tnplpnts dhagveibed of the.invamitst is UTedaldrsra lot identification
assay or lot release assay, to, confirm the osition of a cell culture as containing chondrocytes prior to
shipment of the%ieuqﬁﬁ%s.’ 81(121 a%%%re?; g%e(gg@ﬁ'dentity" (step 9) can be performed at any step prior to the
final product assemif42., befepastepdoding;rits dvistHod 6 Clviapysare tedelsnifidetéenining gene or

protein expressigp levels AekBPWNIRPRSRSREIGANR Heehllof 8- arAsngriedin Ramgrook et al.
4eds.) Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratorh/ Press, 1989; Current

Protocols in MJleE G St 8ES BALEIERXRIE S5 198dVNRAP W STIRraBRIF IR AZREF 8IS, 1098). Examples of
such methods ineidde peigmpease | chitinseretigndioediding gbsolnie mantiation kydrédsioreal time PCR
(RT-PCR) and gRT-PCR, multiplex or.singleplex FOR), single ce|l PCR, northern blot assays, nuclease
protection assa%é’femi gﬂ}ﬁéh%/grrfe |§<I;1 ngnaeggtgy%,s wﬂ‘éﬁnn%%%?gc%gﬁh rfl%s%lg{}g?iéor%ﬁﬂézytochemistry
assays, electropbrtrsisrasshgsyierleas, dbé ot sikogs Wastenmpbilet abkagt S SHKSk.,
immunoprecipitgiion assays,chipmagearaghy.pased 9ssaxmsLeh A dRhenardigl&lromotography, mass
spectrometry assays, RI\lase protection assays, flow cytometry assays, DNA methyiation assays, and
histone modification analysis assays. WO 2008/124508PCT/ US2008/059275 [0061]In all methods of the
invention, expression levels, at the RNA or at the protein level, can be determined using any suitable
method, including any one of conventional methods. RNA levels may be determined by, e.g., quantitative
AT-POE (e.g., TacHanTm AT-FOR or AT-FOR), Northern blotting, or any other method for determining
RNA levels, or as described in the Examples. Protein levels may be determined, e.g., by using Western
blotting, ELISA, flow cytometry, enzymatic activity assays, or any other method for determining protein
levels. Expression levels may be scaled and/or normalized per total amount of RNA or protein in the



Biosystems 7900HT Fast Real-Time PCR System and 730017500 Real-Time PCR Systems, Chemistry
Guide, Applied W8§¥§%ﬂ5‘]§ £005, Part No. 4348358 Rev. E. [0064]Furtl},%rT%’§g?§i]m§ggs of the
in

invention are illustrate the Following examples, which are intended to be exemplary and not intended

to be limiting on the $copg) of theiveation cRBAMRLRS RXapRIBIdsEMRIRESIOMVIFIAPAPANLAND MFAPS in

Chondrocytes, iocyt Fipbroblasts [0065]Cell Isolation and culture--H drocyt
cultires were 1SORREH HEA RATISHLIETtRE G P b DRSNS LA A AL BB Echondrocytes

or the Proteaseanlaﬂmddmtamdmibgtmﬂmmmwmrmnuxmy{emrldisdmgtﬁse mgihmxé for prqducing Car-.hoer)
autologous chopdipsyles. Fariagsiasue RS HRTRALbATE andauieym-and syiiegied to a first

digestion where tissue was enzymatically treated in collagenase solution for 18 hours at 3/C. Cells
released From MEAIRS eigeesvAe RUpHIBEP s SUBUEBR(POHaBkS with RstaifBllVieieseAIR)(FBS) and

gentamicin con@%ﬁmgdraﬁ@watéﬂﬁhﬁ%)d be gells.wars.-ibaryratiiacied fovaIxeoandmhgestion where
remaining tissue from the first digestion was treated with a cqllageré?é?]ﬁgggsin solution far 2.5 hours at

37C. Cells reledSBUeR S I HEREE TS GRS T WEFESH & d RHTEL HESILIHAPE BRI X. Tissue
pieces remainingefteydeopacad Eigéistioblage reqplkatad thdidsae MHAPS flasks adthdeGibedX. Using the

Protease isolati%r} er&?énzo _ar?%ti ‘?o%%%léﬁ/‘%gi% é{ggrggg%%fogqﬂg gn;h% g%ggxi%r\pe?sngf@y jected to a first

digestion in Pronase E (Sigma-Aldrich Inc:, St. Louis, MO) solutio 1.5 hours at 3/C. The Pronase
solution was théfsRaaiNe M ane s essn Hirie rof/erCband sy ffas! perereetimitAfigenase solution

for 18 hours at gifet ddis iedensed kels WRISHIBARIRIREIE HisSHE FHEER dasks b BREXX. After

isolation, the cell culture megﬁjds W%? the same for cells obtained frcarrheitherfisolation method. Primary
cell cultures weddr BRI PHEINTEE AN BRGS0 1 Rly & AARIA AL $iRARS LiffUrEaaRIS Plached 50%
to 80% confluenice sthgstinarerayasnit dibtoxpraisgiten celdisspension, neutralized with EGHXX to

inactivate trypsin, arﬁﬁﬁﬁll CG[LHét gy&%@zgp@%chg qt{g%“mg Eﬂg esyapaqq%%p] \ag%%%%n either sampled,

further expanded b bculturing, or cryopreserved for long term storage. The su e of the primary
culture is referréePi6¥eNthd Recidaple RNaRaligpet sbirissddrns i eylivr shpeakarer!ari referred to as

the second pasgage othilfliRes e nfoHEBIRRESABRLRIEs PRWHIRBIWG S AeHeBed &y plating cells in
tissue culture flasks with EGH and-re-feﬁfin with frish EGHXX every 2 to 4 dai/s. When the

subcultures realfied 889414 FopA EBueH e PG WaE T diRicalY L SRGIRR 81 SashEsion,
neutralized witha@btXXftocifrastiatertrypsiondumnd @ ged cowibovbs! pedfarsarct. dieysesubting cell

suspension wag, fgen either s egqgr IERelaXpANdeg. O5 SHUONCIRIRALN LnRcIEnD siptage.

[0066]HumMan synoviocyte cultures (synovium derived cell cultures, also known as synovial fibroblasts) Si
and 82 were obRIEEMABRE CEANARNIBELE®S Inc. (San Diego, CA) as cryopreserved primary cultured

cellsﬁ Tdhfe syno;ioqy[@(e_:m_re Wﬂc\)aéﬁ%iﬂf\éiﬁé@@iﬁi@tﬂé?hﬂéﬁkﬁjwighﬁﬁjld%gdgﬂﬁ%ﬁ@%n%ﬂiﬁ#ﬁ@dl t;%ingblthe

method for producing Cartice t s chondro escripe ove. Human dermal fibroblast
cultures were pﬁi‘@ﬁ%%sﬁé%nﬁf(a\r/ﬁ &Q?ﬁb%%iﬁ)?ﬁgqF&?rzyg%g%t%rs%wgﬁbﬁ%%ﬁ%%ﬂﬁ%ar(iglrl%]. The dermal
fibroblasts wereaaitnddamg dheenietbodifoP Pkdducang tCer ibelidrauttsiogatie tHordrooyitds as

described abovg, [9Q6 £HT 5 &ell ?H&I%\%Mﬁ%ﬂﬂfeﬁhﬁe%%e@omvé@@fi&1‘5@?'&%@?91@ 2: Cell cultures
used in RT-PCR Analysis (Example 1) Cell Culture Cell é’pe Type of Cell Culture PC Chondrocyte

Primary culture Gl eebRaROEM: CRORUPTIIR SRe6AN Fakdalfamine 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 simultanecusly.

[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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Second Passage Si S2 Synoviocyte Synoviocyte Second Passage Second Passage FI Dermal Fibroblast

Second Passa

isolated from cgﬁ

& &ﬁ% Fibroblast Second Passage [0068]RNA and
cultures using the TN-spin procedure (Reno et al., Biotechniques 22: 1082-6 (1997)).

Nn-RNA was

Isolated RNA concentrations were determined spectrophotometrically. For the preparation of cDNA from
samples PC, ClTebledi; gxamplasPFoNeReremde BrBiRIsSynthesis Kit (Roche, Indianapolis, IN), using
random hexamer primers was run according to the manufacturer's instructions. The resulting cDNA was

stored at -20C

performed using YaskridR@eeal ti

CT method. Th

WWR, us
real time PCR methd§SResopAad

mFGtHRNDstar

bn the 5' nucled

sis-Gene expression-an
REIPERNGE method or

Ise cleavage of a dual I

alysis was
| comparative
beled oligo

probe to report FRLIEASITRRAMIIC PHINEN amaBLatl
artilage link protein

Expression of genes en

(MFAP5) were a853y&d

odin

?Mgﬂ?g%ﬁ‘ gMian" Gene Exprg

(Applied Biosystgmsdinct), respectively. The real tin
Master Mix, no (INQF(EQLBIOQ number 4324018, Apj
Expression Asspy (Applied Biosystems) and sampl

Mix protocol. THenawIfikanesvereNih 8PP2A0B
Inc.) using the standgryd TagMan'm ¢ycling and data

pL reactions w

18S rRNA Endqdaifdike fepotral assaiicata®g! mumSEQIDMOE,

internal control to normalize RT-PCR resu
h%nreﬁjé%/é'(ﬁgf/é Isk%f xpression of each gene, dilutiq
rd curve with the 7500 system
A EAs st E WY RGHT
pcyte control (PC) were divided by the sample's 189
ffe GT Method-Co

18S rRNA is usg

guantitation of t
cDNA were run
sample's expre
primary chondr(
cDNA loading. |
relative gene ex
guantitative RT
Ct method prov
comparison bet|
calibrators. This

pB RO fanget
(HAPLN1) and
pssion Assays H
e PCR was prg
lied Biosystem
p CDNA were us

Basienak grghian
B B2 At e
et Ea8 TefMManTm

S Inc.), appropriate Taq
ed according to the Un

' assay).
protein 5
00185803 m1
Universal PCP
ManTm Gene
versal PCR

re run with up to 5 ng of input cDNA
assays. [0070]Standard Curve Method--The standafd curve metho

per well. A thrg

bshold of 0.1 units was |
:i?\l/% 9berformed using 1

2560 IRMAPBmdoorsssEmNApplied Biosystems
collection prograyaniar, thig configusatign. Duplicate 25

iIsed for all
he Eukaryotic

-

tdqgenierate Blatahd

AppliegBiosysIEmMS g
ts4 F@cé%gunt for input \

ns of the ‘primary chong
software. The level of g

.), in which
ariation. For
rocyte (PC)
ach test

0B913ESHiEH

PIATW AR EIsIENINe

pessiorns (UsPs) H

Aoanoa-oavBEe

ccl

APLN1 to MFAR

ro

parative CT an
5 in the variouy

Aot Ao ra +

TREESUNgBIRNA T
2595 was! betéinkd to

b @opjes from the real
ve

d
b rRNA ratio to PC to n

os to the
rmalize for
determine the
fime

DD
| DA AY CIIC1

ded'T vélatv

AGCT)

meas
lveen test samples without the need

method can be employed in the ca
e the lollowing four

AN
I

TR o

piEesAibiy
for standards,
5e of the HAPL

I?Zoﬁgﬁvt ich %lgvgv%rfor
stagibblatelnle dnalysis
Nb G NIFAPS assays

Fe comparative

lirect
or actual
used in this

conditions werd met: 1) the assav performance was cdnsistent from

example becau
run to run; 2) eq
3) the CT value

CT or MFAP5 ¢

guantifiable wh

d’&ﬁﬂt)

| GRAIEHE AHRIAR B
forathe pladeigenous
equivalent g

a-rg either HAPLN1 or

RNA-QR8%ein

control gene, 1
mounts of RNA
MFEAPS were

SRABENOI(|
B5 rRNA, was 3
were run n eaq
uantifiable; and

CRP ghdl'eddby&hous

\Gayelowshazather
?1 y, and thus 185

€'method used an

control assays;
the HAPLN1
CT was always
arbitrarily

selected theore|
which yielded a|
above were me
the amount of t

tittecH itoikoe riefing
LWL CT value ¢
[. The derivation of t
hrget gene in a samy

dNb& 8QmBéfetic
pqual to the fvik
ne equation use
le, normalized

SPE&hHPDIBICoH:
FAPS CT value
d for this comp

iNiBlg The g s @ of HARL
e thesthestee co

hrative CT method is as

N1 / MFAP5
hditions listed
follows. Where

0 an endogenau@%ﬁ}rol gene and relative to a

calibrator is giv

PR/BYIX collagen NM_001851 SEQ ID NO:9 | Czarny-Ratajczak et
(COL9AT) al., Am. J. Hum.
Genet., 69(5): 969-80
(2001))
type Xl collagen NM_001854 SEQ ID Poulson et al., J. Med.
(COL11A1) NO:10 Genet., 41(8):e107
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(1+E)"(-ACT target gene) wherein wherein E= amplification efficiency AACT largel gene -= sample

ACT larget gen%vb%ggmggsp\CT,larget gene and wher&n ACT ,targot geneP:(:i%%g
CT,endogenous control gene (See Liu, W. and Saint, D.A., Analytical Biochemistry,

Livak, K.J, ABI

Prism 7700 Sequend

e Detection Sy

btem, User Bull

P1rpg4 ABI publication 4

Then the ratio g
,MFAPS5) which
CT ,HAPLN I -

endogenous co
amount of samy

n

eh0SYE S ([sa
CaldviatorcGdmettay

‘ir%'r&%ﬂﬂL[Eé‘L fat

ple IS run in eac

f HAPLN1 to MEAPS can he descrijed-a

TTCOCTTH

bnous central g
pr CINFAPS cal

sday, then the CTJ of the sample

M- S07 R R PEGIR

s: (1+E)N(

ASAY |

ple CI,\
ehE))) 1 (1 +E)Y

ibrator CT, end

AACTHARLNL) /(1 -F
HIBE s Ebhtrbl gel
- Bisahreple ZROMFABS
o%eg%(fontrol gene])

endogenous control ger

represented by
calibrator endog
equation derive
CLMFAPD X[ -

thd @8raaiziufthe sar
BN LoRI@hgene

S to: (L+E)M(-{[sampl
&ﬁit@rﬁ%r‘}@%‘),MFAP

e CT,HAPL NI

can be represe

b YID which eq

{- [calibrator CT|

NN RABRA7EF cqlibFaidPis run in S@tfarsssayetisén the (

nigd-by the tern
Jals: (1-1- E)A(

Wat%k@sébsﬁmﬂjeég-“
I-IAPLNI - y}) / (1,-E)(;
X le CT,HAPLNA

CT,HAPLNL1I) /
as a theoretical
to the CTriAFA(
be substituted f

(EafiRRppQidisampl
sample containing t
)lg)r\(/)n;%réflvhen equiv
p(GRg 8&librator CT |

e NV, IDHFORBS 1 -
ne ratio of HAPI
hlent amounts @
HAPLN1 and thg

(1-1-E)Aax - sa
CT HAl iv PLN

i Sh AR

(SOX9 )

PNMLE603UE S

[8E@alibrator C
NN%)/ M FAPS5 wW
f calibrator are
b calibrator CTN

1
NO:14

B WERARS]), IBibeneatibr
hichyielda g &1, HAPL
rain in each assay, then
|E2065) The equation thg
N
Biol. Chem., 279(49):
50942-8 (2004)

€

B 50 2000)

303859, 1997).

EF)At(-LK |

ie] [calibrator
sample CT,

If the same
e can be

CT of the

arms, the
{[sample

] [y - calibrator
ator is defined
N1 value equal
the term z can
bn derives to:
E)Afix - sample

nebulette (NEBL)

NM_006393

SEQID
NO:15

Grogan et al., Arth. &
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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which equals: - [x- sample CT,MFAP5] [y (1 - E)*([x - sample CLHAPLN1] - [X - sample CT,MFAPS5])

which equals: (3+E)\(sag)pje CT,MFAPb - sample C-r,iimpuvi) And if E= 1 gt%%f)/ iciency), than the
relative ratio of H POLNl to NIFAP5 equals: 2°( sample CT,MFAP5 - sample Ig—& @ﬁff he above

equations derive to a fina&)foﬂé‘l@%'i%ﬁ%{aﬁgeoﬂ)ér%fé vapatssnthe sampleorRNG Lileand sample

WIFAPS5 CT, as unknowns. This formula applies when samples are assayed under the conditions
described above, and the th&& &A@ BARb 8ffbloyed is set as described above. [0072]Figure 2
depicts HAPLN1 expressiyndetetsitirgeineraboglbstiiamsfasaleté s neddyy anstanaaschgarve method of
RT-PCR. Figure 3 depicts expression lev % L MFEAPS | r*FF IJ1 z?quée hown in Figure 2, as
determined by a standard Clj‘gr%/%ergrr%éﬁ%‘ff\g i?%tﬁéc‘éoﬁ‘i%% 1ﬁ%§§%r§sse \z/a%r%%%er levels in the
chondrocyte cell cultures thefxiiagiosyieygictyifediptiottasbmastkesell cultures. IVIFAPS was expressed at

higher levels in sygayioeyte anf fibkohirst aelke Wtyasihanio dbsshanaeaskia s ledityres. [0073]Figure
4 depicts the ratios of HAPLN1 and MFAPS expression levels from Figures 2 and 3. The ratio in primary

chondrocytes (P& &Rt & TetReprmdaBAkec faPate sralrgsieu?afFyeedepicts the ratios
of HAPLN1 andWilEARSexxpeesrinielalels tirethisrsolos staakes iaHshovdan prebigareidebowever, the
expression IevetlﬁrvvS e elﬁ\{min léy %g%%p&ragg CT me}]hod of RT-PCR. The re(saults of the Cr

. A v

d
method were simifar {0 the r&'ﬂﬁi‘,"g aine the Stant érco? cbar'UeCPnO&%rc())ﬁ}/E)%ér%glé (:aExpression of

HAPLN1 and \FARPS daeaduitionairsaimd et st hoid @) Byhotioédles &l Ebrolitasdts
[007S]ExpressiepdgvelsoigdaRd: o anchVinbey 109r: drienpipssdn RAditana %‘bﬁb‘ﬂB#fﬁé to confirm

fidelity of the methaod for differentiating between chondrocyte and synoviocyte cultures. The cultures used
in this ExampleBREREISPRICFABIR3dSapRINECRIFEDRITe¥NIsdES Frerested Aval Rl Example 2) Cell
Culture Cell Typierdppatoh&kiGsihbred & predetermined threshold level.

[0050] In further embodiments of Method 1, the invention comprises 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;

O

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

Q

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

—
~

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 MFAPS5 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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Chondrocyte Primary culture 03 Chondrocyte Second passage 04 Chondrocyte Second passage 05
Chondrocyte Sevc‘:/onzd gqg‘sa e 06 Chondrocyte Second passage 07 Chondrocyte Second gassage S3
Synoviocyte sedohd ?)éssgo e S4 Synoviocyte Second passage S5 Synovio%gf éljézg%?ﬁ?zﬂ ssage

For example, in some embodiments, a ratio of a chondrocyte marker (e.g.,
HAPLN1) expression level to that of a fibroblast marker (e.g., MFAP5), which is
greater than a predetermined threshold, e.g., 0.25, 0.55, 1, 2, 2.2, 5, 10, 25, 50 or
more, indicates that the cell culture contains chondrocytes.

[0053] 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 C+ method of
quantitative RT-PCR (which measures the difference in the number of threshold
cycles required for the fibroblast marker and the chondrocyte markers).

[0054] In arelated aspect, the invention provides a method of evaluating
the phenotype of an individual cell (Method 2), e.g., using flow cytometry. The
method is useful for identifying individual cells from a cell culture, including a cell
culture derived from cartilage or synovium, a chondrocyte culture, a fibroblast
culture, synoviocyte culture, or any other appropriate culture. The method is also
useful for identifying individual cells derived from any appropriate biological
samples in which it is desirable to identify individual cells, including cartilage
samples, synovium samples, fibroblast samples, etc. In some embodiments,
Method 2 comprises determining the expression level of a fibroblast marker of the
invention in the cell, wherein the expression level below a predetermined threshold
indicates that the cell is a chondrocyte. Alternatively, the expression level 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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56 Synoviocyte Second passage S7 Synoviocyte Second passage [0076]Cell isolation and
cu/ture--Human chondrocyte cell cultures C3, C4, C5, C6, and C7 were isolated and cultured using the
method for prod&AY"EHAiERI(r) autologous chondrocytes as described in EXAMHBRE% &éHan synoviocyle
cultures (synovium derived cell cultures, also known as synovial fibroblasts) were either isolated at

Genzyme or obtained[g@ég]CeIIPmplég%gm@w%%.n(gggé?ggrgrgeoc&@gmﬁ] g@iaﬁ@a%ga%'?ewere isolated at

Genzyme using various procedures. S4 was’isolated by subjecting minced synovium tissue to digestion in
collagenase sollABIPRSHER DhfE apRYiFe MNVRPHIPIEDAS dH5edasMH ih fistAnssRmeNTor 1 hour at

37C. Strain S6 wasisHaieHdy. BibiRGHNgBITes Swreviumdissyedg)digestion in a solution containing
collagenase and DNagse for. 2 haurs at 37C, Strain S7 was ispolated by subjecting minced synovium to the
[ i A6y Ch et bk

method for producing€&rfieelCRS S ABHEOIE ThBRBLR SR atb YABVIEUEAved cells
were plated in tissae celkbinteiflagKgowi ik GiblXdameddionl g ricctudtngethysisspth e etiethibadpoproducing

Carticel() autologaus shorydionles a5 deasIPeg ARG SYAIS A0 SAMers ohfained from

Cell Applications Inc. as cryopreserved first passage cells. After thawing, rom sfrains S3 and S5
were plated in tisBaEeiftre AidgRs R EeYRIXX AR Ifh Rameiatiaredasifgany etRBdTdproducing

Carticel(r) autologioysehentasmientastsiesenkadur kxgronle o0l RNAdsalaton and cDNA
preparation--RNA preparations fo chondro%/t,e cell cultures C3, C4, C5, C6, C7 and s§noviocyle cultures

S3, S4, S5, 56, 57 BHE PRRSINES AR ANEFIHESIH R NFREFRIN BRIt eaigR s was
reverse transcribmdlsrito ¢i2NRoasihgdtaecHigh@ipacityred® NénReversade ditgugipdiom Kdaigoplied
Biosystems, Inc., Foster City, C ccardin the manufacturer's instructions.-r’he PC cDNA from
Evarmple 1 vias (e A R A O o S P I i, ro0781Gene
expression analysisp@eiearpbsidgealdly sisawasqreplorol @t ubingdRNPCR@dedesetilséd!in Example 1.

[0079]Figure 6 depictsHABLNE QXRIESRIGRISURIS itha AUbRE f asafinnrl chandseryi@pd synoviocyte

strains. The expression levels were determined by a standard curve method of RT-PCR and normalized
to 185 ribosomal¥ed WAOCHEBEIeUEBSPES) LTSPEmENIso 5y (0D 8biRIGEHd PR bl IResAPS
expression levelssp#yeasaroel sieinsiastehmig i &dgurenthd eatkpressicr lessisweee determined by a

standard curve method of RT-PCR and gormalized,to. 18S ribosomal RNA. [0081]Figure 8 depicts the
ratios of HAPLNVQ Eﬁgg%ig%%’loqrﬁ%%?j}?grﬂfi‘rﬂ&dpélg 'glgﬁds fsﬁ@ i%ﬁi' i tb i'rlilr%(ry chondrocytes
(PC) was scaledandiqratbefimatigsidentdyschdetisdoededinglin {0082]Egpre@degictotie ratios of HAPLN1
and MFAP5 exprﬁéﬁmr{g\{ﬁg%mg same strains as shown in Figure 6. The expression levels were

rati '

determined by a comparative CT method of RT-PCR, and the ratios were calculated as 2*(C-r,mFAES -
CIHAPLN1)- [0083] THEORT-PC ROy §ia i 3RS 3arie Ao I Stiipkt iR e lbesistent with the results

obtained in ExamapierhiframpheBdoxpeessineeas aRs hlranadViE ARfisindahondedeitasine
steps involved in producing a cultured chondrocyte product for autologous
chondrocyte implantation, such as using Carticel® autologous chondrocytes, or for
producing a cultured chondrocyte product for the MACI® implantation procedure.
In step 1, a cartilage biopsy from a patient undergoing autologous chondrocyte
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
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Synoviocytes and Fibroblasts Using Custom-designed Primers and Probes [0084]Testing of various
chondrocyte, sy%vigwms%pd dermal fibroblast cultures was performed Wlthb rimers agdzgrobes of

known oligonucleolide sequences. [0085]Cell isolation and culture-- The ce Cs%ralr%goﬁ/g%& in this Example

are listed in Ta 4 c ell cultures (O , C7, C8, 026,
028, C30, and géélf Weﬁ%d%ﬁoﬁg%%lmg%%q éuﬁ?tﬂ?e%%ggﬁg t %%&h%%ﬁ%%ﬁuﬁ%%%géﬁa %gutologous
chondrocytes assidsckibai @EEXEIPIpEOUS Bhwndroeyienastipie(siel ditdrais Uing! cp2luoP3s 024, 025, 027,

029, C31, 032, andide-f=; WeEnisaiatedbrngdie REpIgAgeIneinh and suled as desgribed in Example

1. Cell isolation and culture methods for human synoviocyte cultures Si, 52, 53, S4, 55, S6, and S7 were
described in Ex4AIBS 2SN 2rsipiouibiSie 2MGerssMa Lo RREF 5y IS5 ceMRPAiREe8Synovium
tissue to digesti@feln asuiuidentegNiivieG 6odagrnNase BrthEUNAgR fane hinurs @Sl soRyaaviocyle culture

S10 was isolated by, subjecting minced synovium tissue to digestion in coll se solution for 3.5 hours
a7 Tolowe T R LA Lo HPER: LB S EATeE HE1P By QOB Bo e eranns S11.
512, S13, Sl4,a8315h$p€d5&@pa‘rﬁj @@evpaéetubtfaimmpfwmt@el(sﬁmﬁdations Inc. as cryopres‘erved first
passage cells. Dermglfipsoblagh SRR b i thel fheE o irE o100 £l weregtained from

Cell Applications Inc. as cryopreserved primary cultured cells. All cell cultures were cultured using the

method for prodd@Rd CARiFBRIHUtRRRRIGER BRRHERSAEE QY delierid BtEHURkaIRpHed ontalsle 4: First Set

of Cell Culturesdggddn &E%@Raﬁﬂ%‘b{ﬁ’@ﬁe@?@mlﬂ@y%)éQ@B Gultyreneethd ypend @k Cell Culture Cl
Chondrocyte Second passage 02 Chondrocyte Secon e%agrsnatge 03 Chondrocyte Second passage 04
I

Chondrocyte SEESRY-PRESEIE B ERRHUMYE fPPing m o produce a final product for

MACI® implants. This product is also subjected to the QC tests outlined above.
Accordingly, whether the final product is a suspension of cultured chondrocytes,
such as Carticel® autologous chondrocytes, or the final product is a scaffold-
seeded product for MACI® implants, the method of the invention is useful as a lot
identification assay or lot release assay, to confirm the composition of a cell
culture as containing chondrocytes prior to shipment of the culture. For example,
the “QC identity” (step 9) can be performed at any step prior to the final product
assembly, e.g., before step 4, 5, 6, 7, or 8.

[0060] Many methods of determining gene or protein expression levels
are known to persons skilled in the art, e.g., as described in Sambrook et al. (eds.)
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press,
1989; Current Protocols 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 gRT-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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Second passage 06 07 08 Si Chondrocyte Chonarocyte Chondrocyte Synoviocyte Second passage

Second passagg@%gmq Rassage Second passage S2 Synoviocyte Secopgﬁ%sz%gg(% %g‘, Synoviocyte
Second passage S4 Synoviocyte Second passage 55 Synoviocyte Synoviocyte ynowocyste Synoviccyte

Synoviccyte Second g@ssagde |5eqongRasSage S RRRAMIPAISAESsion levels, at the RNA or at

the protein level, can be determined using any suitable method, including any one
of conventional methods. RNA levels may be determined by, e.g., quantitative
RT-PCR (e.g., TagMan™ RT-PCR or RT-PCR), Northern blotting, or any other
method for determining RNA levels, or as described in the Examples. Protein
levels may be determined, e.g., by using Western blotting, ELISA, flow cytometry,
enzymatic activity assays, or any other method for determining protein levels.
Expression levels may be scaled and/or normalized per total amount of RNA or
protein in the sample and/or a control, which may typically be a housekeeping
gene such, as beta-actin or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), or 18S ribosomal RNA, etc.). Normalization is typically done to account
for variability in the amount of protein, DNA, or RNA input. For example, in the
Examples, expression levels are normalized to 18S ribosomal RNA using a
standard curve.

[0062] In illustrative embodiments, the expression levels of the fibroblast
and chondrocyte markers are determined using RT-PCR, either by a standard
curve or by a comparative Cr method for relative quantification. In some
embodiments, absolute quantitation of marker copy numbers can be determined
by preparing standard curves using known amounts of the markers. The general
methods for conducting such assays are 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.

[0063] In the case of comparing two markers using the comparative C+
method, the amount of the ratio of expression levels of a fibroblast marker to that
of a chondrocyte marker can be calculated as (1+ E)Cr - Cr¢), wherein Cry is
the number of the fibroblast marker threshold 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). Inthe case of E=1, as illustrated in the Examples, the ratio
can be approximated as 2\(Cry - Cr¢). Otherwise, the calculations can be

performed as described in Appendix A of Real-Time PCR Systems: Applied
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First passage Third passage 56 S7 S9 S10 511 Synoviccyte Synoviocyte Third passage Third passage

Third passage Q%%& passage 512 513 Synoviocyte Dermal fibroblast E]I) C,Ir:[%slg(% O%sz%)roblast

Biosystems 7900HT Fast Real-Time PCR System and 7300/7500 Real-Time PCR

Systems, Chemistry Guide, Applied Biosystems, 2005, Part No. 4348358 Rev. E.
[0064] Further embodiments of the invention are illustrated in the

following examples, which are intended to be exemplary and not intended to be

limiting on the scope of the invention.
EXAMPLES

Example 1: Expression of HAPLN1 and MFAPS5 in Chondrocytes,

Synoviocytes and Fibroblasts

[0065] Cell Isolation and culture--Human chondrocyte cultures were
isolated from cartilage using the method for producing Carticel® autologous
chondrocytes or the Protease method for producing cultured chondrocytes. Using
the method for producing Carticel® autologous chondrocytes, cartilage tissue was
trimmed of bone and synovium and subjected to a first digestion where tissue was
enzymatically treated in collagenase solution for 18 hours at 37°C. Cells released
from the first digestion were plated in tissue culture flasks with fetal bovine serum
(FBS) and gentamicin containing medium (EGHXX). The cells were then
subjected to a second digestion where remaining tissue from the first digestion
was treated with a collagenase/trypsin solution for 2.5 hours at 37°C. Cells
released from the second digestion were plated in tissue culture flasks with
EGHXX. Tissue pieces remaining after the second digestion were plated in tissue
culture flasks with EGHXX. Using the Protease isolation method, cartilage tissue
was trimmed of bone and synovium and subjected to a first digestion in Pronase E
(Sigma-Aldrich Inc., St. Louis, MO) solution for 1.5 hours at 37°C. 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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Second passage F3 Dermal libroblast Second passage F4 Dermal fibroblast Second passage E5 Dermal
fibroblast Secor\g)&p%?%g;_§6 Dermal fibroblast Second passage Table 5: Second Set of Cell Cultures
nay&sf

used in RT-PCR xample 3) Cell Culture Cell Type Type of Cell Ehitlrd*? &ﬂ%ﬁdrocyte

Second Passage 022 Chondr%cme Second Passa%e 023; Chondrocyte .
expanded by subculturing, or cryopreserved for long term storage. The

subculture of the primary culture is referred to as the secondary cuiture, or first
passage. Subsequent subcultures are referred to as the second passage, third
passage, fourth passage, etc. Subculturing was performed by plating cells in
tissue culture flasks with EGHXX and-re-feeding with fresh EGHXX every 2 to 4
days. When the subcultures reached 80% to 100% 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 expanded, or cryopreserved for long term storage.

[0066] Human synoviocyte cultures {synovium derived cell cultures, also
known as synovial fibroblasts) S1 and S2 were obtained from Cell Applications
Inc. (San Diego, CA) as cryopreserved primary cultured cells. The synoviocytes
were plated in tissue culture flasks with EGHXX medium and cultured using the
method for producing Carticel® autologous chondrocytes as described above.
Human dermal fibroblast cultures were purchased from Cell Applications Inc. as
cryopreserved-primary cultured cells. The dermal fibroblasts were cultured using
the method for producing Carticel® autologous chondrocytes as described above.

[0067] The cell cultures used in this Example are listed in Table 2.

Table 2: Cell cultures used in RT-PCR Analysis (Example 1)

Cell Culture Cell Type Type of Cell Culture
PC Chondrocyte Primary culture
CH Chondrocyte Second Passage
C2 Chondrocyte Second Passage
Si Synoviocyte Second Passage
S2 Synoviocyte Secon(m |
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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Second Passage 024 Chondrocyte Second Passage 025 026 Chondrocyte Second Passage
Chondrocyte Se&%%o ﬁ%@e 027 028 Chondrocyte Chondrocyte Second Pass%%%8§econd Passage
roc

029 Chondrocyte Second Passage 030 031 032 Chondrocyte Chondrocyte EHon 3?t5e9 Lcond Passage

Strand Synthesis Kit (Roche, Indianapolis, IN), using random hexamer primers
was run according to the manufacturer's instructions. The resulting cDNA was
stored at -20°C or -80°C until analysis.

[0069] Gene expression analysis--Gene expression analysis was
performed using quantitative real time RT-PCR, using either a standard curve
method or a comparative Cr method. The real time PCR method was based on
the 5' nuclease cleavage of a dual labeled oligo probe to report sequence specific
primer amplification of the target sequence ("TagMan™" assay). Expression of
genes encoding cartilage link protein (HAPLN1) and microfibrillar associated
protein 5 (MFAPS5) were assayed using TagMan™ Gene Expression Assays
Hs00157103_m1 and Hs00185803_m1 (Applied Biosystems Inc.), respectively.
The real time PCR was prepared with TagMan™ Universal PCR Master Mix, no
UNG (catalog number 4324018, Applied Biosystems Inc.), appropriate TagMan™
Gene Expression Assay (Applied Biosystems) and sample cDNA were used
according to the Universal PCR Mix protocol. The amplifications were run on an
ABI| 7500 Real-Time PCR system (Applied Biosystems Inc.) using the standard
TagMan™ cycling and data collection program for this configuration. Duplicate 25
uL reactions were run with up to 5 ng of input cDNA per well. A threshold of 0.1
units was used for all assays.

[0070]  Standard Curve Method--The standard curve method was
performed using the Eukaryotic 18S rRNA Endogenous Control assay (catalog
number 4319413E, Applied Biosystems Inc.), in which 18S rRNA is used as an
internal control to normalize RT-PCR results to account for input variation. For
quantitation of the relative levels of expression of each gene, dilutions of the
primary chondrocyte (PC) cDNA were run to 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 rBNA ratio to PC to
normalize for cDNA loading.

[0071]  Comparative Cr Method--Comparative Cr 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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Second Passage Second Passage 033 Chondrocyte Second Passage 034 Chondrocyte Second
Passage 314 Sxpg\éi(%gx(}, Epird Passage St5 316 Synoviocyte Synoviocyte Third Passage Third Passage

317 Synoviocyte Second Passage S18 Synoviocyte Second Passage FS DEFmal fibrobiAst Second
Passage

relative measure of the ratio of HAPLN1 to MFAP5 which allows for direct
comparison between test samples without the need for standards, standard curve
analysis, or actual calibrators. This method can be employed in the case of the
HAPLN1 and MFAPS5 assays used in this example because the following four
conditions were met: 1) the assay performance was consistent from run to run; 2)
equivalent amounts of RNA were run in HAPLN1, MFAP5, and endogenous
control assays; 3) the Ct value for the endogenous control gene, 185 rRNA, was
always lower than either the HAPLN1 Cy or MFAP5 Ct when equivalent amounts
of RNA were run in each assay, and thus 18S Ct was always quantifiable when
either HAPLN1 or MFAP5 were quantifiable; and 4) the method used an arbitrarily
selected theoretical calibrator defined as a theoretical sample containing the ratio
of HAPLN1 / MFAPS which yielded a HAPILN1 Ct value equal to the MFAPS Cr
value when the other three conditions listed above were met. The derivation of
the equation used for this comparative Cr method is as follows. Where the
amount of target gene in a sample, normalized to an endogenous control gene
and relative to a calibrator is given by:

(1+E)-DAC target gene)

wherein
E = amplification efficiency
wherein
AACT jarget gene = SAMPle ACT target gene - Calibrator ACT,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 MFAPS5 can be described as:
(1+E)YN-AACT wapint) / (1+E)N-DAACT mraps)
which eguals:
(1+E)\-{[sample Crrapini - sample C7, endogenous control gene] - [Calibrator Cr wapiny -
calibrator Cr, endogenous control genel}) / {(1+E)-{[sample Ct mraps - sample Cr. endogenous

control gene] - [calibrator CT,MFAPS - calibrator CT, endogenous control gene]})
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F9 Ei 0 F11 Dermal fibroblast Dermal fibroblast Dermal fibroblast Second Passage Second Passage
Second Passag@g[%}ﬁﬁw isolation and cDNA preparation-RNA prepara];pﬂ.ﬁ fm(ﬁ%gdrocyte strains
Cl, C2, C3, C4, C5, C6, C7, synoviocyte strains Si, 52, S3, 54, S5, S6, S7, and dermal fibroblast strains
Fl and F2 were described in Examples 1 and 2. Far preparation of RNA from chondrocyte strain C8,
synoviocyte straif8%82/8¢ G AU 9f SaB1PIE SN YR 4AST ASRMIEECEH RS v, 1Ba SpEIPEd F6, and all
strains listed in Eatiteéndhe RNeagyd/chlirnmdit fisgead YaldrciernCA) RiHA isohatimnsnathod was used.
For the RNeasyTM isplation, 360. is solution was added to,cell .pellets containin to one million
cells, The sameE T s S B B e B e
minutes. After irgstilss@Rihbente BEasRIREAVrth e fielke iy b IRatitLfngTbesscionas, tokRdre@tignanother 30
second vortex agdullspeed. The contents of each tube were collected, and the lysate was run through a
QiashredderTm column ;NQiagen). Three hundred and fifty pL of the Qiashredded lysate was used in the
RNeasyTM procedlt&FoloiAG pife harmitcrdt et Poabdot orm e i'séﬂat(cfﬂ%%ﬁmﬁ%eanimal cells.
The columns were eluted with a singtergluiion gorsisiingtof GQ .ot whjer. The RNA was reverse
transcribed intov%)l%AeulsJig\%,the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Inc.,
Foster City, CA) accor(ﬂng 0 the manufacturers instructions. The resulting cDNA was stored at - 20C or
-80C until analysis.([0087Berse @Rl éssion ahalysisafTaRT Rassayd) werepédiorraeameth

custom-designed primers and probes Wﬂ&fcweg@%&&%ﬁ%ﬁgnd MFAPS mRNAs. The sequence
;

information for the custom primers and probes is shown in Tablé 6. Abbreviations: SEAM =
6-Carboxyfluord S8 AIRARY 18 definpr fRntrappraleaRRFSeRRINRY Kt g fudfsgiitd, MGBNFQ =
minor groove biMixPBMilobrgserM Q4aRahe ndRiereiisanerselainas vamel mritogenizospt (Carlsbad,
CA). Probes were obtained fr, lied Biosystems Inc. For HAPLN1, the target of the forward primer is
ucieotidos AT B0 o e HIRET R S e st e e e e SRR dorssa 2
(SEQ ID NO:2) thieecalietafCheseve il rigresiikyalge lentides- 60Bet6 Bticanbah sl esivgst tf the probe is

nucleotides 584 throtigh Q01 g game,seqyenie T MEATS. hnproesotine Igpuagg primeris

nucleotides 301 through 322 of the MFAPS5 sequence deposited under Genbank Accession No.
NM_003480.2 (gﬁé‘lﬁﬂf{@fi); the target of the reverse primer is nucleotides 353 through 372, and the

target of the probe is nucieEptles S3ddlerQugh-3aD-di the spmessegledsecReptH imeZACR was performed
with TagMan'mvl\f%%lénivqgsal PCR Master Mix, no UNG (catalog number 4352042, Applied Biosystems

Inc.), 900 nM primers, 250 n'M’probes, and up to 5 ng of sample cDNA, according to the TagMan'm Fast
Universal PCR Mix protocol. THe R btioraroRererwams i B-gK asrMAE &mpiificitions were run on an ABI
7500 Real-TimgReR&yiRM (Applied Biosystems Inc.) using the default Fast TagMan TM cycling and
data collection program for this confi%%i tion. A threshold of 0.1 units was_used for all assays. WO
2008/124508PCT1US2008/059275 %B&Bﬁf@%&%@%@féﬁﬁméd by a comparative CT method
of RT-PCR desenioeit] f=Eixeirtpie dffitiebley:trstoer&ative raral &P toACISen teehitesHGlarker Forward
primer Reverse Prdg]g,r Probe HAPLN1

equals:

2" sample Crmraps - sample Crnapini)

The above equations derive to a final formula leaving only two variables, the

sample HAPLN1 Ct and sample MFAPS5 Ct, 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 MFAPS 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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5' TGAAGGATTAGAAG ATGATACTGTTGTG a (SEQ ID NO:16) 5 GCCCCAGTCG TGGAAAGTAA 3
(SEQ ID NO:17).5 VI TACAAGGTGTGGTATTCC / MGBNFQ 3' (SEQ ID :18) MEAPS 51
CGAGGAGACé‘E)%/%’%gX%%CAAG 3' (SEQ ID NO:19) 5' AGCGGGATCA TTCACCAGAT 3' (SEQ ID
NO:20) b' 6FAM / ACATTCACAGAAGATCC / MGBNFQ 3' (SEQ ID NO:21) [0088]Figure 10A depicts the
ratios of HAPLIE 5 NI P X preda i priRiesiem thBighen L YalaiRs B QrowiFiA g Ire818%4ind 6, as well
as additional chemidtoytes symoviabytehamstsismmakfiligtlasy, strains from Table 4, Figure 106 depicts the
ratios of HAPLN1 an P5.expression levels in strai Table results obtained with the
custom-designed pri&ézr}sI§ ﬁnd p'90 r%sa v%%%%i% arrattslooﬁw(éﬁrgféu gj égggrﬁkqgjwslf%grrﬁﬁfé%nl and 2. Example
4:Comparison ¢ AN Rigdreg BFARS3EXire sationn_pueisrinoGhamicnytyte FSynmsasateditel Fibroblast
Cultures in Monglg}fgﬁrgﬁgs%@g}@a@&%@%}giwg]Expression levels of HAPLN1 and fVIFAPS5 were

compared in various types of cultures in monolayers and collagen scaffolds. [0090]Cell isolation and
culture--Chendrocyté(ﬁ)ﬂﬂlres lguterrdepicis Norafirs, ELNRENY 818 P, asdrse8SI08re isolated using
the Protease meine iasttessnieest iurisxa@nplenh iarelgulwesoas dasenbesjrebxamplek Synoviocyte
culture 57 was lﬁolatgdtarnd cultured as deSC{.ibe inmEtaerng‘.}_Br#g‘Zhljaermal Ilibr? last cultures F2 and
F7 were obtainéd fron 8&]'%\epp SGASTRE RS cr%p‘?esoer\(/)e primary cuftdrEd & ARa-Cultured as
described in Exaretpled i simimiol étio resfibe cbtrlnsakisa tiee clétodae rdthind gpesghge. for culture S7), a
sample was taken for RNA isolation (the "Day 0" or monolayer sample), and then the cells were
resuspended in EGHXX medium and seeded onto a 20 cm2 MAIXIm scaffold (ACI- MAIXtm collagen
membrane, CE F¥@fels &mbHErRES3sian R FRRWMR N RARY)irridddirnalepdrairimveld to attach for 1
hour at 37C, then the scaffold wesdadredgtiéenshinGlideyriadaeidtnnebinadigays. Scaffold cultures
containing synoviocytes and dermal fibroblasts were also prepared in the same manner. After 4 days of
scaffold culture, the cultures were sampled using an 8 mm biopsy punch (the "Day 4" or scaffold sample),
and RNA isolation Wi pelforisprgiot |R A otHidiNInancDWA\ BrepearatitsieRNAed s isolated using

the RNeasylm Migjiit ARiagenYaleReirfi fhenidhe: BieasBuiRaaliRNe ARXRL BEAvgissolution was
added to MACK) implant samples (up to two 8 mm MAGI(r) implant punches per preparation). The

samples were iRIARHIRAEXTS FBRSYBAVIRIUIF SHEEEPfor BIPSELbIeR UBRh D IABRYE 368 5 minutes. After
incubation, the saptpie T wree3shaken by hand for 10 seconds to unfold the membrane followed by
another 30 second vortex at full speed. The contents of each tube were collected, and the lysate was run

through a Qiashrggdes. ealyran:((Moger). i ies-indreg,anpd iy phobjhe Qiashredded lysate was used

in the RNeasytm_pracedure following the manufacturer's protocai for the isolation of RNA from animal
cells. The colurhi=el&relBiifed|with a siRBlETIBRoN consistifyRE 30 pelldf Wik Preparation of cDNA
from the sampl& RNASERS perfprmed Eiag iR iign Capacity GNAREYRIrE 11anscription Kit (Applied
Biosysterrs, Ind.,Foster City, CJA) according to té 'S i > cCDNA was stored at
-20DC or -80C,|[0092fRble 7 ljsts the CBANAIRGYER used ahd CRRRJIHRARSH&4Rsed in this Example. WO
200811245(18PC171c42008/0p9275 Chondrocyte Second passage

Ch Chondrocyte Second passage

C6 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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Table 7: Cell cultures used in RT-PCR Analysis (Example 4) Culture Code Cell Type Culture Type

Configuration C%ggigg%g%’%gdrocyte Second passage 5 X 105 cell pellet 010 d[{a%o 011 day O

Chondrocyte Chon econd passage Second passage 5 X 105 cell pléﬂTe 2%”ﬁ’ft?glspelIet 012 day

0 Chondrocyte Secdndtaissagebixokibcathpeli¢tl-3dano dbodaopytedBecdndkpassage Second

passage 5 X 1%&%5?%'&,tand C7 were isolated and cultured using the method for producing
Carticel® autologous chondrocytes as described in Example 1. Human
synoviocyte cultures (synovium derived cell cultures, also known as synovial
fibroblasts) were either isolated at Genzyme or obtained from Cell Applications
Inc. (San Diego, CA). Strains S4, S6, and S7 were isolated at Genzyme using
various procedures. S4 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. Strain S6 was isolated by
subjecting minced synovium tissue to digestion in a solution containing
collagenase and DNase for 2 hours at 37°C. Strain S7 was isolated by subjecting
minced synovium to the method for producing Carticel® autologous chondrocytes.
After isolation, the synovium derived cells were plated in tissue culture flasks with
EGHXX medium and cultured using the method for producing Carticel®
autologous chondrocytes as described in Example 1. Strains S3 and S5 were
obtained from Cell Applications Inc. as cryopreserved first passage cells. After
thawing, the cells from strains S3 and S5 were plated in tissue culture flasks with
EGHXX medium and cultured using the method for producing Carticel®
autologous chondrocytes as described in Example 1.

[0077]  RNA isolation and cDNA preparation--BRNA 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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C14 day 0 Chondrocyte 5 X 105 cell pellet 015 day 0 Chondrocyte Second passage 5 X 105 cell pellet

016 day 0 017 q%‘ &n9m§ocyte Chondrocyte Second passage Second PASFRLS (?8?(5;29? cell pellet 5 X
105 cell pellet 01 égy 0 Chondrocyle Second passage Third passage Second paé)saoge 5 X 10cell pellet

5 X 105 cell pellet5 X 10™ celllpellet S7 day O F7 dag/ 0
[0080] igure 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.

[0081] Figure 8 depicts the ratios of HAPLN1 and MFAPS5 expression
levels from Figures 6 and 7. The ratio in primary chondrocytes (PC) was scaled to
1; other ratios were scaled accordingly.

[0082]  Figure 9 depicts the ratios of HAPLN1 and MFAP5 expression
levels in the same strains as shown in Figure 6. The expression levels were
determined by a comparative Ct method of RT-PCR, and the ratios were
calculated as 2(Cr mraps - C1HAPLN1)-

[0083] The RT-PCR results in the additional cell strains were consistent

with the results obtained in Example 1.

Example 3: Expression of HAPLN1 and MFAPS5 in Chondrocytes,
Synoviocytes and Fibroblasts Using Custom-designed

Primers and Probes

[0084]  Testing 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, S3, 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, $12,
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Synoviocyte Dermal fibroblast F2 day O Dermal fibroblast Second passage 5 X 105 cell pellet 09 day 4

Chondrocyte M%Qdmg!ggg MAGI(r) implant 8 mm punch 8 ram punch 019 4 %ggrsocyte C11 day
4 012 day 4 Chondroc;}te Criondrocyte MACIO implant MAGIC implant 8 mm&ggrslc(ﬁggomm punch

S13, 814, S15, 516, S17, and 518 were obtained from Cell Applications Inc. as
cryopreserved first passage cells. Dermal fibroblast strains F1, F2, F3, F4, F5, F6,
F8, F9, F10, and F11 were obtained from Cell Applications Inc. as cryopreserved
primary cultured cells. All cell cultures were cultured using the method for

producing Carticel® autologous chondrocytes as described in Example 1.
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013 day 4 Chondrocyte mAcie implant 8 mm punch 8 mm punch C14 day 4 Chondrocyte mAcie implant
r\g@%&gnggo implant 8 mm punch 016 day 4 Chondrocyte MACK) implant 8 mm punch

015 day 4 Cho

017 day 4 Chondrocyte MACI(r) implant MAGI(r) implant MAGI(r) implant 8 mm punch

punch 018 day 4

Table 4: First Set of Cell Cultures used in RT-PCR Analysis (Example 3)

Cell Culture Cell Type Type of Cell Culture

C1 Chondrocyte Second passage
Cc2 Chondrocyte Second passage
C3 Chondrocyte Second passage
C4 Chondrocyte Second passage
C5 Chondrocyte Second passage

| Cé6 Chondrocyte Second passage

| c7 Chondrocyte Second passage

| C8 Chondrocyte Second passage
S1 Synoviocyte Second passage
S2 Synoviocyte Second passage
S3 Synoviocyte Second passage
S4 Synoviocyte Second passage
S5 Synoviocyte Second passage
S6 Synoviocyte Second passage |
S7 Synoviocyte Second passage
S9 Synoviocyte First passage
S10 Synoviocyte Third passage
S11 Synoviocyte 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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Chondrocyte Synoviocyte S7 day 4 F7 day 4 Dermal fibroblast MAGI(r) implant 8 mm punch F2 day 4

Dermal fibrobla%&/%@
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C25 Chondrocyte Second Passage

C26 Chondrocyte Second Passage |
Cc27 Chondrocyte Second Passage

Cc28 Chondrocyte Second Passage

Cc29 Chondrocyte Second Passage

C30 Chondrocyte Second Passage

C31 Chondrocyte Second Passage

C32 Chondrocyte Second Passage

C33 Chondrocyte Second Passage

C34 Chondrocyte Second Passage

S14 Synoviocyte Third Passage

S15 Synoviocyte Third Passage

S16 Synoviocyte Third Passage

S17 Synoviocyte Second Passage

S18 Synoviocyte Second Passage

F8 Dermal fibroblast Second Passage

F9 Dermal fibroblast Second Passage

F10 Dermal fibroblast Second Passage

Fi1 Dermal fibroblast Second Passage

[0086] RNA isolation and cDNA preparation--RNA preparations from

chondrocyte strains C1, C2, C3, C4, C5, C6, C7, synoviocyte strains S1, S2, S,
S4, S5, 86, 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

uL of lysis solution was added to cell pellets containing up to one million celis.
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Example 5:Expression of HAPLN1 and MFAP5 As A Function of The Passage Number [0097]The ratio of
HAPLNLI to IVIRARS, &t v gi&us culture levels was investigated. [0098]Cell i% 0, 615
cuIture--Chondrocytg c/uf'?ures 019, 020, 031, 032, and 033 were isolated using the @r)otgeza{ge method as
described in Expnle f,aad, il e asdasqibed o Bamaleds Byapaeyseullues a0 gnd 57 were
isolated and culture%sglgrsp ?egcf\:/(rél%e In Exgmgles and%ﬂyﬁ%v%gc@/e cu%tur}é;%g’was iéo%g?gjd by

subjecting minc¥d34yRdorunmisstes 1o digelswoRaton sbriIGe A BISStARIA § tBIR B Ased Ml DNase for 2

hours at 37C. GRltSHIYIre R REMRSPRIRIMedasHAESRStGITHBRe Tredshandgcyte cultures 019,
020, 031, 032, and 033, samples of cartila%e derived cells (labeled "0" in Figures 14A and 14B), primary

cultured cells (18BETEYPEYRBIGOVBE 922 BN 2ABR irdEsJ8840RHE2 (1ABENE 99 in' ERJHRS 14A and
148), and secodipgsspgercebsh(labeldchiad fittyhiguiabd dfe smedddk) Were takemuseadrnisymoviocyte culture
57, samples of primary.c 1" in. Figur ), first labeled 2" in Figure 13), second
passage (Iabelé:g\lé;%%g Figgérjéggggfl Q{%ﬂlg %‘gést%ed%gb%?é@t%{gﬁp é‘éﬁ?g %é)%%ﬁs c#%ﬁcr) opf)lzzfgslﬂége (labeled
"5" in Figure 13y@@lRnivereasiken! Faeeiuidsorgte elutesias tbaAiossghanptesustinetpassage (labeled

"2" on Figure 13), seranst PapeagRAlakeleelc3sOndretBckIM MR aSRABIPRIRCC 4hmyigure 13),
and fourth passage (labeled "5" on Figure 13& cells were taken.  [0099]RNA isolation and cDNA

preparation--RNEYAGEHNEE WWEFBSSFER I BILERE iR BRRVEISTR Nini18PIR5IEHeY Ahd the High
Capacity cDNAaRexelisg bransariptidackitd AppkedBiosystEmsdpalliasarsaribed s xaample 3.
[00100]Gene e g(acsgirqg&yafi[}/rﬁifé%glngi Sexpression analysis of the synoviocyte samples was performed
as described in Example 1. Gene exp¥ess’ion analysis of the chondrocyte samples was performed as

described in Exampl@@87] [0§E0emgoressR azy sndRl4BG IR pistane whkhperiarthedexithession level

ratios for HAPLNLgRAJME Gy ?ﬁiﬁqé‘r@ﬁﬂ@%ﬂfﬂ@@m@ﬂ%@@ﬁé& heapNesHanexgls were
determined by a comparative CT method of RT-PCR. The HAPLN1:1)11FAPS ratios were calculated as

OA(CT,mFAp5 MENAR) Ble RgaUence IR R 46 YRS BEFAE P RBRS SoRfently low at all
culture levels fon thebky8oAbbyteiadongledrieiative-Gatbexgioadramyite BaDPlesa Theagamiins of HAPLNL1 to

camples. Exama B B B B, SR S T R e ovpression
analysis was apphetLienpas QuRnrbs offTHBA BEfR Sh HOIICYE EIR e @raluate sensitivity level of

the method in mixgaisattures. Gelisadtiweas sbhimaan shPAEHEreRaPstdHERR SFaeviocytes were used to
prepare mixtures of the two cell tﬁpes at the follow%rg%proportions: 1) 0% chondrocytes / 100%

synoviocytes: 2) 256N nEHIRISALY e i A RERES: B oRlidasonth SR RES 9568 hblibcytes: 4)
75% chondrocydegque2iséodapusitiet yiese @B dridabB08coetssindr dcy it/ 004 sgnevitey@es  [0103]Gel,
isolati d cu ) : 5 ro i q hed |

Examples 1 ani 3y B e B e e e

Examples 1, 2,'Ba@beds MKIREIED &G EHPIIBEEIRf Hiessane SeRURESSf ERbMIFOEReBain 6 (C6)
and synoviocytes &iEiBf SheSRIWREEHHRES £ iLMbIRgeE deartment 8. dirstpass areaswtures of chondrocyte

Stain 8 (C) ang S OSMoRe SR L el EQL MR BB Rl possase cultures o
NO:1); the target of the reverse primer is nucleotides 353 through 372, and the
target of the probe is nuclectides 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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(C5) and synoviocyte strain 9 (59) were used.  [0104]RNA isolation and cDNA preparation--RNA and

cDNA were pre%ggogﬁglgoghe RNeasyTM Mini Kit -(Oiagen) and the High 'B}{s%lgyé Reverse
Transcription Kit (Applied Biosystems Inc.) as described in Example 3. | ene expression

analysis-Gene expression analysis was performed as described in Exampl 3.40 JA‘E Xpression
evels were cot S RIEEH 5 L AVIEIS AEVE CorE RSP e R AL R AP GEkion were
calculated as 9qespibadVMFBRBOEHAPLN1). The results of the mixing experiments are provided in
Figure 15, which shows the ratios of expression levels of HAPLN1 and IV1FAPS5 in samples consisting of
mixed populationgo®f shondtesyemandsyraviesges.éndbe cultures that contained 75% or less
chondrocytes apd-25% or more-synoviocytesthe HARLNI1 MEARS expressionlevel ratios were about 1
or lower. Highe MA€EornespoRtéer hRAIgHEr proBsMRSAE BriRehbrocytes FTaR€ tested samples. The
ability of the assayato fjscern nuxheesohcalhcul{lurescsitonaddbat, ®vigverage, samples domposed of at

least 67% chondrocytes withthghateacrsensising ahaxaexiabfibreligsts torareditos ropdsitive
CT,MFAP5 "CT|,HAPLNI. C%Ee %I%} by othe g%bty@ﬁ%%]ch 1;,\9&5% g'.broblasts, cgn also be
e

detected with this assay. Example 7: Analysis o ationship Between Assay Response and Molecular
Ratio of Markerns [0107]Synthetic RNA transcripts$ of HAPL_N1 and MEABS Rt employed to determine
the relallonship|BétiEen the <3458 3peRSe and theGheleedlaryalié BFANE markers in test|samples. First,
primary RCA (Rlatinum PGR &peimu)GritrogenTcaislog Gingber AL306RDRCWasAd@dormed on human
cDNA using thqg primers listestimidalge 8. For HAREMN iheseoprimers@mplified nucleotidefs from positions
256 to 1171 of the HAPLN[L gene (Accession No| NM 001884.2). FosMRARS sijese primefs amplified
nucleotides frora-positionsl32to728-g ACCOSS ion-No-NM—-003480 RCA products

were analyzed on 1.5% tris-acetate g Ei roe ' a air molecular size
ladder (100 bp PCR %gicular U grL,:r %ﬁ? & csa%o@tﬁousmﬁgéf%!gﬁé%%ﬁe&éF%ﬁé%sg'r?& SYBR Green |
(Invitrogen catd®g isumibéer B8 68RHS 3tahivg) Theigus dtihanstnapethplhcedditivesd gel purified with

4% native tris-Qoyata EEIA {JRFIR¥asRBIRR (RHGHR Ieisandiksrd asi@ dempjate fepsecondary
RCA with the primers listed in Table 8. Gel-purlfledeglmary amplicon template for the secondary IVIFAP5

amplification weEREHEE 48 B8R OE M 'OF SERPIRP PeaLIRYR I SBR EFaHR TR M ERP amplicon
template for thes satendaytslsbthiNddanitplificatiostonas dsashed atithorog e p ARR plvelkssiaodary reaction.
Secondary amqliqﬁgsre ene gg%ﬁ%%rw% e ggEﬁﬁd’SgE gels as described and used as ten-plates for
in vitro transcription Wl\t% an %m Ion egascr\f)p? it. Up to 1.3 pg of secondary amplicon template was

used per 20 pL transcription reaction. The resulting transcripts were gel purified with 6% TBE-Urea (TBU)

polyacrylamide gghmprsuspendesrip Aris B EPAPL RN AYANEAPS $0grEeBRpiQraedisay with readings

performed in duplicate using a ¢onversion factor of 1A2e0 unit corresponding to a concentration of 40
ng/pL RNA. The gel purified tra%g'&ﬂ:ﬂéq%% %&9%&%@%@@@%@% QS5 ity. After
determination of purity by PAGElanalyyerarmhd GoitigeonSappidrophotometry, the number of transcript
copies per pL 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 1023/mole. 1{9#8Shisofassansian dexetheffirdRidde anthderibBe Keis ¢RMPREHFiBm the 17 promoter,

followed by the\igviges sastieorcautliigstiRReshtts ayerandikigsyienyaastdriyA carrier buffer (20 ng/pL
solution of Yeast RNA bio talog. number AM7120G) in nuclease free water) at concentrations
ranging from 103 towﬂg opie ﬁij?s?%g’?ﬂlWfr@lw?é'é%#pég%@eu%mﬂrﬂ’?&gT&ﬁé@ﬂrbcedure given in
Example 3 of thi&! pat&rs, dpplicationCeRcEpTthat (M8 of @B htalatad usied per Riotala&ORetbadtion. The

ato of HAPLNLER5 8 Ihen ecylals o sashdlpioniaing s aomparaiye Ghapgihod as

: ) jbe )
described in Example 4 of the patent application. assay response using the copy nurnber

standards was €diffardaastORiRFhVANeIEElRst 2aesTHRed e 5iREBIRSshathdn PepaL0. With the

relationship betweshdbecassay lespanser ansténshapleg Wamralin Agiaisated e gxact molecular ratios
at various assa?/ responses were calculateg. quse resylts show; in Tat%? iﬁl}. indicate that when the
fd Reré

comparative C G&te ﬁ{gada%ré@ﬁﬁﬁégt%rg ﬁ/a&ﬂ&' uir,e(fjo?% Sﬁ?ﬁ'l%-? _1N1NIFAP5 =1),
this c'o'rres_pondsgmmexwidn@ibmdandamseagbﬁ@mumMﬂﬁA@Eaﬂs@Q@l&r'ﬁahl&eSSP},imers psed for
Amplification o F@bé W@B%ﬂ@ﬂﬁﬂﬂ%@@%g{gt%"‘% Fﬁf'rgﬁhﬁ%ﬁ%ﬁ 1§’a?rff}eF)F’5W6‘ﬁﬂé°nr Imer

(Secondary PC everse Primer (Primary and Secondary PCR
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5' GCCAAGGTGTIT | TAATACGACTCACTATAGGGGC 5' CTCTGAAGOAGTA CACACAG 3
CAAGGTG TTITCACACAG 3' GACACCA 3' (SEO ID NO:22) (SEQ ID NO:23) (SEG ID NO:24) MFAPS5 5'
CCTAGCCTGGE M E AR ACGACTCACTATAGGGCCT 5 CCATTGGG BESPTECTC 3
AGCCTGGCTITCTTGCTC 3' GCAAATCC 3' (SEQ ID NO:25) (SEC) ID NO:26) (SEG ID NO:27) Table

9: Expected TrangerielSiefane convesgionEmeisniahlenlfidssase Resrpase arsusMolécular Ratio
of Markers scaffold (ACI- MAIX™ collagen mermbrane, CE, Matricel GmbH, D-52134

Herzogenrath, Germany). The cells were allowed to attach for 1 hour at 37°C,

then the scaffold was fed additional EGHXX and cultured for 4 days. Scaffold

cultures containing synoviocytes and dermal fibroblasts were also prepared in the

same manner. After 4 days of scaffold culture, the cultures were sampled using

an 8 mm biopsy punch (the "Day 4" or scaffold sample), and RNA isolation was

performed.

[0091] RNA Isolation and cDNA preparation--BNA was isolated using the
RNeasy™ Mini Kit (Qiagen, Valencia, CA). For the RNeasy™ isolation, 360 pL of
lysis solution was added to MACI® implant samples (up to two 8 mm MACI®
implant punches per preparation). The samples were immediately vortexed at full
speed for 30 seconds, then placed at 37°C for 5 minutes. After incubation, the
samples were shaken by hand for 10 seconds to unfold the membrane followed by
another 30 second vortex at full speed. The contents of each tube were collected,
and the lysate was run through a Qiashredder column (Qiagen). Three hundred
and fifty pL of the Qiashredded lysate was used in the RNeasy™ procedure
following the manufacturer's protocol for the isolation of RNA from animal cells.
The columns were eluted with a single elution consisting of 30 yL of water.
Preparation of cDNA from the sample RNA was performed using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Inc., Foster City,
CA) according 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.
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Copies ofCopies of Exact molecular Assay response, HAPLN1MFAPS5 ratio of HAPLN1:MFAP5

HAPLN1:MFAPS 1 X 101xi0z10,4701 X 10'1xiOr 0.448 1 X 106 xlob10.423 1 X 106 1 x lob 1

0.452 1 X 104

WO 2008/124508

Table 7: Cell cultures used in RT-PCR Analysis (Example 4)

PCT/US2008/059275

Culture Code Cell Type Culture Type Configuration
C9day 0 Chondrocyte Second passage 5 X 10° cell pellet
C10day 0O Chondrocyte Second passage 5 X 10° cell pellet
C11dayO Chondrocyte Second passage 5 X 10° cell pellet
Ci12day0 Chondrocyte Second passage 5 X 10° cell pellet
C13day0 Chondrocyte Second passage 5 X 10° cell pellet
Cl1d day O Chondrocyte Second passage 5 X 10° celi pellet
C15 day 0 Chondrocyte Second passage | 5 X 10° cell pellet
C16dayO Chondrocyte Second passage 5 X 10° cell pellet
C17 day 0O Chondrocyte Second passage 5 X 10° cell pellet
C18day 0 Chondrocyte Second passage | 5 X 10° cell pellet
S7day0 Synoviocyte Third passage 5 X 10° cell pellet
F7 day O Dermal fibroblast | Second passage 5 X 10° cell pellet
F2 day 0 Dermal fibroblast | Second passage [ 5 X 10° cell pellet

| C9 day 4 Chondrocyte MACI® implant 8 mm punch
C10 day 4 Chondrocyte MACI® implant 8 mm punch
C11 day 4 Chondrocyte MACI® implant 8 mm punch
C12day 4 Chondrocyte MZCI@WpIant 8 mm punch
C13 day 4 Chondrocyte MACI® implant 8 mmpunch |
C14 day 4 Chondrocyte MACI® implant 8 mm punch
Ci5day 4 Chondrocyte MACI® implant 8 mm punch
C16 day 4 Chondrocyte MACI® implant 8 mm punch
C17 day 4 Chondrocyte MACI® implant 8 mm punch
C18 day 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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1x10410.4431 X 10" 1x103 1 0.478 Average = 0.452 Table 11: Exact Molecular Ratio of Markers at
Various Assay Re digﬁg%ogxample 8: Absqlute Quantltatlon Analysis _of Qp%%r?%gggt%s%% Fibroblast
Markers [0109] Gene expression analysis using an absolute quantitation'method was performed.

Table 12 lists the cealﬂq? Ié res (&;ed in this Exarr‘%)l?. Th?a\éarious cultures w re,isog]‘ ted and cultured as
o sy

discussed in the Ex abOVERRR Fot 1&s WRERSMEY U¥iig the'RNeasy Kit as

discussed in Exaonaiye RIPIEROMASpe dioroizdowdbeedd rodtline shesatesasibmdiinedxample 3, except
that 2p1 of cDNaABV\(,%sirL]J%%@er 113 pL PCR reaction, in vitro transcribed RNA standards for HAPLN1 and
MFAP5 (preparedoas descri gdein'ExampIe 7) were diluted to yield cDNA with final concentrations of 5 X

102, 5 X 103, and 5 XA9Y cogitgs el UshStantl andnpanass weteageneratesstsy deaphiatothé Ct results
from the standargg-pR; theny-RfSPEIS oS 409 h e REaReEd ol foRES MEPISRCling (103, 104,

and 105) on the x-axis. A linear trendline wasfitted to the data, and the quantities of HAPLN1 and

WIFAP5 mRNAVEODIE: BRIESHIAN €485 wetssdmipiRWedystenrd maMsemRifiesIy fthis method of
quantitatior, hasbeenaxXisstisly |desered, o endizBe 8- T8BeiR BBy FieIns: Phepligid Biosystems
7900HT Fast ReaI-T‘me PCL:,&E S?/s;em and 7300/75%9 R(@g&Time PC Cﬂés%e_mﬁ Cl\%e’tmistrg Guide,
Applied Biosyst@r%%? 56%’5? are NP Hg‘j’ééggoﬁg{,{’ °Fh rﬂo\'f’aars ratio of HAPE NI NFRP Y WEs then
calculated for eachieshanslrdFiglyre 16 depicts molar ratios of HAPLN1:MFAPS5 in various cell cultures.

These results indicatehat the rplerd s sbHAREMNAMEARS I shandiorsnis biah ialguve to

synoviocyles and dermal fibroblasts. Table 12: Cell cultures used in Absolute Quantitation Analysis

(Example 8) [0f20bOblieatMEARe ipdhsnt@selivents ¢itelassriraliethediberatednsy theference in
their entirety. Tedhe extant thegnalerial gowponatardyxefesencasaniradierons drepnsistent with the
present specificgtign, the present specification will supersede any,s W ial. AIMS 1. A method of
evaluating the E%En%)r%%i |8rP§a 0 egeégnggétu¥ea} g%%pr%rea&ec?d Jonrﬁ%%%éf a) ob E{lh"flr?é%#&ﬂgﬂe{ﬂﬁ/ of cells from
a cell culture; byateteamititecthe 2Vérage exressiam)evel of a fibroblast marker in the plurality of cells

wherein said fibrobl%bgba}rker i?t'i@i?égﬂpéiW@ﬁéQQ%QtRﬂﬁtﬁﬂhéréM@ér%@iﬁm R fietermining the

composition of the culture based on the average expression level of microfibrillar associated protein 5
(MFAPS5); wher@aehirayeBysieddiBiffevel of MEFAPS below a predetermined threshold indicates that
the cell culture comprises chondrocytes. 2. The method of claim 1, wherein the fibroblast marker MFAP5S

is such that its normalized expression levels | in e hopdrocytes than.in dermal
fibroblasts or s%))(()?/?(l)g%egs'. 3. Thermethod c%? c%%wﬁﬁft?r't%%r corﬁgré‘,?nlgidrg{bé;%h?rqir?g Tkrl‘ee average
expression level of a chondrocyf@ssadeNwnaeplurality of cells; and, in step c¢), determining the
composition of the culture based on the average expression level of the chondrocyte marker and the

average expression level of thefibroblast marker MFAPS. 4. The method of claim 3, wherein the fibroblast
marker MFAP5 and B8%ondrdffidaia ddiard ¥l dR MEL R ALY GHieiig IRER W #vels (chondrocyte
marker to fibrohitasismgaieer) in chondrocytes is equal to or greater than 5 times the ratio in dermal
fibroblasts or synovi%(yég?. 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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5. The method of claim 3, wherein the chondrocyte marker is selected from the chondrocyte markers

listed in the follm&;ﬁg . Hyaluronan and proteoglycan link protein 1 (H@gﬂﬂ\g gagt{% Gla protein
(MGP) CF-like repeats an%gdiscoidin I-like domains 3 (EDIL3) WNT1 induci Te sgggiﬁng pathway protein

3 (WISPS) Aggrecan 1 (AGC1) Cartilage oligomeric matrix protein (COMP) Type Il collagen (COL2A1)
Type IX Collageﬁrwgﬂlﬂreﬂ/ﬂ%bﬁiegolﬂad@rg e A RaseRES BRI VBT EERbeaxin 1 protein
(LECT1) S 100sealsidmdrsaieyiamien Beta (SylROB)), Qartiipgesagislicapenéeingt ¢{ORJAE1) SRY-box 9
protein (S0X9) bu:?gig%é%EBLg 6. Ttgegnfetgqgl,,of aim 3 Iézhenein trrletcr&ondrlgc te marker is HAPLN 1.
7. The method of &1 W Pain e ?(p?e%sion 'I%vé%”éﬂ fhrobiast atker MFAPS and chondrocyte
markers are detsymoiviedyét thitResASIBvekl ST henmpethofl fos claasagavirireliecti2’ expriession levels are

determined usin@f’ggggna' B§S | Slpiny gn%@q gy,qﬁ@%gggelﬁ\é%@@&ep%ﬁrmined using

comparative CT PCR method. 10. The method of claim 3, wherein an expression level ratio of the
chondrocyte mdriésreo! the 35t 5palt RRaRRSEN R o PG REFID YA h D) 28lswaietélRhed using

comparative CT PCRogsghod,AndiGates itk taecoallicoitiper smsHame AReaciDeytese L. The method of
claim 10, wherein said ratio indic tha cell culture contains at Jeast. 50% chagndrocytes. 12. The
mothoct of P BRI VT e atey of TSRS lEeED A s MR AR o i AP of
greater than 0.Feirfaiasnbatphiencsil Adpiredddivsisis tisdndroayessc BeTlie methotd &f claim 12,
wherein said molar rﬁg@ﬂ (ij@ﬂlicates t@%@gﬁg&gw% g@,ggl_i_r@e%lg Fe@g%ncgﬁé]%%céﬁ?ﬁe 14. The

method of claim 1, wherein the cell culture comprises ceélls obtained from a cartilage biopsy. 15. The
method of claint¥P\iRssie PARRIea Mty HRIptSAhis dnssHlafdn BEHT Blkdedefia expression

analysis of the chondrocyte samples was performed as described in Example 3.

[0100] Figures 13, 14A, and 14B depict the change in the expression level
ratios for HAPLN1 and MFAPS5 as a function of the passage number. The
expression levels were determined by a comparative Cr method of RT-PCR. The
HAPLN1:MFAPS5 ratios were calculated as 2Ct mraps - Ct HapLN1)-

[0101] The ratios of HAPLN1 to MFAPS5 were consistently low at all culture
levels for the synoviocyte 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 MFAPS5 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:
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16. A method of evaluating the composition of a cell culture, said method comprising: a) isolating cells

from a cartilage\pkppa?ghp}agz&gwed from a mammal; b) culturing cells isolated H%f/l}i%@% )’& ell culture; c)
t 0 an

obtaining a sample of the cell culture; d) determining the expression levels APLN 1 in one
or more cells from the sample; and e) determining the composition of the culture based on the expression
levels of MFAP5 and HAPRIENArRdes HE O PEIQHP 96 Hiherein the expression levels of MFAPS and
HAPLNL1 are determingyl abtheiRiNdrdeyrls 185Fhsymeatibogtas;claim 17, wherein the expression levels are

determined using PC 151 Jhe method.of claim 18, wherein the expression levels are determined using
Tetid B SREHE S

comparative CT PCR oé. he %eest fséllg?r\rqof ,%herein an expression level ratio of HAPLN1

to M FAP5 greater thaf) 0725 g8eistieniaed 2sihgwsvipayiaive BT PCR method, indicates that the cell
culture contains chondypcyies, &loddtenethPkakglritigheyherein said ratio indicates that the cell

culture contains at least 50% chondrocytes. 22. The method of claim 21, wherein a molar ratio of

HAPLN1 to MFAP5 §48f&r th4rft /8eaHat 4Rk thd bandanie Soritifs e idh@dttes. 23. The
method of claimaze Wdakigio aadlcinalardadadicaéesritmidheleell cilture ynkaiRg @eleast 50%

METHOD OF EVAIBRAING CELLS RND Tt e CUL TURE S o0 57400 000 G0 R d160m vs
60/910,574 <15andZDOFc0AMD6Ng I6MRe 2T et 710 Sdearshpds SAgsion 3 1es<X e rdegyie E00 &212> DNA
<213> Homo sapigNs i diocyte strain 6 (S6) were used. For Mixing Experiment 2, first
passage cultures of chondrocyte strain 8 (C8) and synoviocyte strain 7 {S7) were
used. For Mixing Experiment 3, first passage cultures of chondrocyte strain 5
(C5) and synoviocyte strain 9 (S9) were used.
[0104] ANA isolation and cDNA preparation--BNA and cDNA were
prepared using the RNeasy™ Mini Kit {Qiagen) and the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems Inc.) as described in Example 3.
(0105] Gene expression analysis--Gene expression analysis was
performed as described in Example 3.
[0106] The expression levels were determined by a comparative C+
method of RT-PCR. The HAPLN1:MFAPS5 ratios were calculated as 2C+ mraps -
Crhapini)- The results of the mixing experiments are provided in Figure 15, which
shows the ratios of expression levels of HAPLN1 and MFAPS5 in samples
consisting 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 Ctmraps - Crnapint. Contamination by

other cell types, such as dermal fibroblasts, can also be detected with this assay.
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attccagcct cattgtaaca cacattctac gcctagcectg gctttcttge tctcectcat60 cteattgttt cagcggaggc caaatctgaa

gtcctttcca gggagigogh glgticatct120 tattcgccag ccaaagtagg aacagegtaa gaggagagag acacattcag
cagccaaaggl80 actcggtgga aagagcagaa caccatagac aatatgtcgc tcttgggacc caagg%gc{gfﬂr ctgtttcttg

ctgcattcat catcagctct gactggatag, cee tagtcaalQ0 cgaggagacg,atgtgactca agecgactcca
gaaacattca cageagé‘é‘aﬁ'g’?‘i?atctgg?ééé%]%%@ﬁﬁ%“%ﬁ&és%ga%fa'chasg‘g%ﬂi’éhg%%. g9 %Pg‘gtattgc
accttccacad20 gatgacttgg cctctateny igmBatiaaeftMadsergcag agtgctggga tgagaaattt480 acctgcacaa
ggctctactc tgtgcatcgg ccggttaaac aatgcattca tcagttatgc540 ttcaccagtt tacgacgtat gtacatcgtc aacaaggaga
tctgetetey tettgtctgté(01aaygasmanpargRiaigamagaigagcHAGLogteagRNFYrE glistaesqsnolagy660
agactcegtc geteeagiig, Frﬁﬁ%%%“r&%?cm %96"&%%59%%% étégga 5 ao7n2,ef% SrePRagic gigaicall gaaaaagagg
aaagaagaaa aaatgtatgg gigagaggaa gaggatctc ctctictcc aaccatigac agctaaccet tagacagtat
ttcttaaacc840 aafdtetyardatgtecagiciamapiesc facittptavamnticect Riatitutyat(aB R pattréxctc attttctage

acttaaaata caaggiHRiRRAtASRIARIHEEI9988 £ ARIA IsalBaRcaGATIdRRIRIBIERIGatIahatogcttata
tacaaacatt1020 ctatgtacaa tttcaaggga gactaaacitt g)gﬁctaata atctttacta ttgaatctgthSO ctgatataga tcttagggtt

gaagaagcta tettRjittarfiRj§e a6y B AT kbbhiihest Bt e e ARitte g ateldar &othtcattcac
gtgttcctet1200 tinsiritae tEmeiatt tgetgpetHacuagagaabitpectggaamagiciinatid@tsatangaeaca tcatggtaag

ttttgtagtc ctgtaa caacaca gtcaagaatt1320 atacagtcct actagcaata t C.Caaaatgtct tctgctaagc
tcagaggctgl38(?ﬁ%@%?aaa%sée E;'gra]éagrjség aq@(}:%aagfg %%gaegctrt%raao %?éé?ggt?c&atag%(’:ta ch; 440 Page 1

MFAPS5 gene (Accession No. NM_003480.2). PCR products were analyzed on

-t |

1.5% tris-acetate EDTA (TAE) agarose gels using a 100 base pair molecular size
ladder (100 bp PCR Molecular Ruler, BioRad catalog number 170-82086) for
reference and SYBR Green | (Invitrogen catalog number S-7563) gel staining.
The resulting primary amplicons were gel purified with 4% native tris-borate EDTA
(TBE) polyacrylamide (PAGE) gels and used as a template for secondary PCR
with the primers listed in Table 8. Gel-purified primary amplicon template for the
secondary MFAP5 amplification was loaded at 0.56 ng per 200 pL of secondary
reaction. Gel-purified primary amplicon template for the secondary HAPLN1
amplification was loaded at 2.5 ng per 900 pL of secondary reaction. Secondary
amplicons were purified from native TBE PAGE gels as described and used as
templates for in vitro transcription with an Ambion Megascript T7 Kit. Up to 1.3 ug
of secondary amplicon template was used per 20 L transcription reaction. 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 1aze0 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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seguence_Listing. TXT ttttcatgca gttgtctagt cgggaagtaa ggttggaaac taagtctcat ttactgattc1500 gtttatgggt

agtaccggga tgawg&gg%ggcaaagc aaattagaca acttaatgtg1560 aaatcatacGattgtiaas giticctiga gttgctactt
cgttcatctt cacaacttaal620 caagtgcacg gtcgaattat tgtgcaagtg gcttttggat atcctgattg gggcctaagal680

agggcattca gacttgaatt ttaataggca gacagaaagt ttgcctaata gttaatacgal740 aagagtgaaa gaaacacaat

attcagacaa cccaebweddiycir) ireri eayerersobNeckrptaHRE tjadide EiRrst Biitaggtce tggtttaatt
tcctcatctt1860 taaarippafcrqatinaail stritrsidICIGEaIING, fggégigﬁtggtmgﬁgm(wzo ctgagcactt
tgggaagctg agg t tcacttgag gtcagaaatt tgagacgagc1980 ctggccaaca tggtgaaace ccatctctac
taaaaataca aaa%ggé%d&ﬁﬂg%j e%c‘ﬁ@beta %?%H@%Qﬁé%ﬁ?db%gc@jﬂc%aﬁjglg ggagaatcaa
ttgaacctgg2100apaigszpgadinétgdativgagvecy dyaidgstet cattgrte iBFagCRgu aigduwanagiag? 160 caaaagtcca
Iciaagaas BB NEEIAN SRORICEREDEHARHS ADBBRIE paliaal gealiplce tatictiga

agcttagata2280 cagtctaatt catagcaacc atatctgctt fatc gt gagggtagca gtccacaatg2340 gaatagaaga

aaatcccatt ataaC4da g atnhtthis atiatidd RebididiEARb v gadieactels Weladitrenahdigien atggaattca

aataggagct agoagagansdatbasaialaiaigarrpiaodsatisiatic cilRint O6taag pRaehelagitaaat2520
gatcagattc ttgctgttaa gﬁaacaattt cgtttaatgg gatctgtaca actgatttta2580 aaaaaatgct acaaaaagcc ccaaagcata

taatctctac tecttatdt Cttgaatt2640 aaatgtactc atttagacaa catattaaat geatatttta gecactttag
agaaacctca2700 tagg@aetja Jittceaaa rtaptitisaghaddteitcopggaactigastactizetictZza®0 ccacattgca

acatticcat cagagageal 1G98 Aca AANAIRNR LII9SaRa RR0 ARSI APGRIAR AR i ctcaaa

ataaaatgtc ttttgttctg23880 gtaaaaaaaa aaaaaaaaaa
With the relationship between the assay response and the molecular ratio

determined, the exact molecular ratios at various assay responses were
calculated. These results, shown in Table 11, indicate that when the comparative
Ct determined acceptance boundary equals 1 (for example, where
HAPLN1:MFAPS5 = 1), this corresponds to an exact molecular ratio of
HAPLN1:MFAPS of 2.212.

Table 8: Primers Used for Amplification of Copy Number Standards

'Marker | Forward Primer Forward Primer ' Reverse Primer
(Primary PCR) (Secondary PCR) (Primary and
Secondary PCR)
} HAPLN1 | 5 GCCAAGGTGTTIT 5 TAATACGACTCACTATAGGGGC | 5 CTCTGAAGCAGTA
CACACAG 3 CAAGGTGTTTTCACACAG 3 GACACCA 3
(SEQ ID NO:22) (SEQ ID NO:23) (SEQ ID NO:24)
; MFAPS5 | 5 CCTAGCCTGGCTT " 5' TAATACGACTCACTATAGGGCCT | 5 CCATTGGGTCTCT
TCTTGCTC 3 AGCCTGGCTTITCTTGCTC 3 GCAAATCC 3
(SEQ ID NO:25) (SEQ ID NO:26) (SEQ ID NO:27)
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210> 2 211> 1759 <212> DNA <213> Homo sapiens <400> 2 gtgaggagaa agagcgctac gttcacttga
tctccagctt ccaaqiigagy sa9aagetigab0 gageatccga acteetggat ticaggacaa gtgﬁggﬁ@g@h };%tgg%%gc
tataaagatg120 aagagtctac ttcttctggt getgatttca atctgctggg ctgatcatct ttcagacaac atactctgg atcatgacag
agctattcac atccaagcag aaaatggccc ccatctactt240 gtggaagcag agcaagccaa ggtgttttca cacagaggtg

gcaatgttac actgccatgt300 Page 2 sequence _ isting. TXT aaattttatc gagaccctac agcatttgge tcaggaatee
ataaaatccy aattha@®y§360Beeiesytiarsetiehgra aettaagyas gRyGatRittgtitccat gggataccac420

aaaaaaacct atgyFeaER GpeuyJtagarKisiEiea agyJaomeasciaaagtaghtsl gctideisiénaécacaga cctcactcty
gaagattatg ggagatataa gtgtga at tagaag tactgttgtg gtagcactgg acttacaagg

ggtg540 attgaa, ?
tgtggtattc600 ccttactttc cacgactg B@ﬁ&'@%ﬁg?ctc aattttc @%é&@ﬁ ca gcaggcgtgt660 ctggaccagg
atgctgtgat cgcctccttc gaccagctgt acgémgeesy gcggggcggg720 ctggactggt gcaatgecgg ctggcetcagt
gatggctctg tgcaatat jeac ag780 65 CCIGLgY09 G Cagty gag/jcagyaacta
cggattttgg840 |gataaagata aaagcagata tgatgttttc tgitttacat ccaattttaa tggacgtttto00 tactatciga tccaccccac
caaactgacc tatgatgdB8R§gtgdaagce ttgfd8aatos0 datdqgéts agaaiuaa agtddyceXyl Aitagctg cetggaaaat

tctcggatat1 020 gaccgcetgtyg atgcgggcety gttggcggat ggcagegtcc getaccecat ctctaggecat080—

Table 10: Assay Response Versus Molecular Ratio of Markers

Copies of Copies of Exact molecular Assay response,
HAPLN1 MFAP5 ratio of HAPLN1:MFAP5
HAPLN1:MFAP5
- 1X10° X108 1 0.470
1 X107 1X 10’ 1 0.448
1X10° 1 X 10° 1 0.423
1X10° 1X10° 1 0.452
1X10° 1 X 10° 1 0.443
1 X 10° 1 X10° 1 0.478
Average = 0.452

Table 11: Exact Molecular Ratio of Markers at Various Assay Responses

Assay Response, Exact molecular ratio of
HAPLN1:MFAP5 HAPLN1:MFAPS
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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agaaggcgct gcagtcctac tgaggctgca gtgegcttcg tgggtttcce agataaaaagl140 cataagetgt atggtgtcta

ctgcticaga geatgggaglagalgiocce tlagagegeal200 teagttitaa agtcattaag aa%g}éq%% gg%tggttt tttttccaat
atgaactcat1260 gcaagitacc aaaactgtga taaccctttt ttacttactg taaagagtca ttttcataag 20 atcaattcat tgatttgttt

ttgtaaagc tatcattcaa tatatattat aaattaatat1380 aaatttaagg gaagetetat gtaaggagac t_tag;llgccaa actgtttaag
ctgtatcatc1440 ERERIR S Abedinte (uaiiaten fralyeisQ tQM[QE‘(g@@%a{:&{Qi @%taaggaaag

taaagctact cagageaRéeesggticcacaa gcacaaactt tacacatttg1560 tacaattttg aaatgcacta caataaacaa
attagagcaa cacatttgaa atacaggctt1620 ctttacataa actgagaggt tatacaaaac tcagtttcac aagggaacaa

clalacettL680 iotaaaa o3falicad Glciciasin GaGARAAIA AR ALBRABISCIORIANN Flsigace

aaaaaaaaal7b9 <210> 11> 661 <212> DNA <213> Homo sapiens <400> 3 tggttcttat aaaaacctca

cagccticca ctaab@e Qe GRSy ctab ettt dait dortgetyidereeasgd dediicdgtipiect e itiha
accatgaaya ycctgafgeid 2 tetigsesta aiggcouseidagegsiastaaritioidt iatopricab@igamgeat180 ggaatcttat

O e LR IARIACRag a6 TRIeeaRaTINGS PRI RO Alniiaada
gaggatccga gaac%r&cta agcctgtcca 46 cgagc?caaf aaggaagcc? ga gac(ija cagactttgc gaaggctacg
ccatggttta360 Pagdi3-Begueas ectiiztined DX The gatawdhtrge i deer ibd ttdota catgy dagegentgagggacca
aatgagactg420 gaa9angaan RAIAMGISL HFIEFE, A9PEIEgEaE At Oh A GCHREIHEE BRNA
standards for HAPLN1 and MFAPS (prepared as described in Example 7) were
diluted to yield cDNA with final concentrations of 5 X 10%, 5 X 10°, and 5 X 10*
copies per uL. Standard curves were generated by graphing the Ct resuits from
the standards on the y-axis, versus the logarithm of the number of copies per
reaction (10°, 10% and 10°) on the x-axis. A linear trendline was fitted to the data,
and the quantities of HAPLN1 and MFAP5 mRNA copies present in each test
sample were determined mathematically. This method of quantitation has 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:MFAP5 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.
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agcagcatta ctgaaataca taggcttata tacaatgctt ctttcctgta tattctcttg540 tctggcetgea cecctttttc ccgeccccag

attgataagt aatgapgglg.sasleeagtg600 agggtcaaag gagagtcaac atatgtgatt gt

ARGS9

tgtgatactt660 661 <210> 4 <211> 2974 <212> DNA <213> Homo sapiens Ef(féi%%agaagccccg
cagccgcecgce gcggagaaca gcgacagccg agcgceccggt ccgectgtct60 geecggtgggt ctgectgece gecgcagcaga
cccggggcegg ccgegggage ccgegeeccgl20 ceecgecgegce ctetgeecggg acccacccge agcggagggce tgageecgece
ggcggcetece180 ¢gpROLICRE ALRARGIEASHaFT HSUMRJERBIGRARR J98HRAIARA APRIopICtc240 ttagtcace

actctcgecc tctccaagaa titgt

tga ggaaagagaal0Q0 cgtcttcttg aattctttag taggggegga gtctgcetgcet

ttaac aaagcgc (
gecctgegct gecacctegg$6! EatBER ce ctoecgegabfhdd®gace agechRfyed &fdl&@ﬁ@é@gaegggatcaﬂo

tgaagcgcte ggtagccgic tggatAgg tcagac

gtgaaaatgg aggtatctgt ttgccaggats40-tggetgatgg ttectittcs tgtgagtgte cagatggett cacagaccet
%%B’%%@Edéecttc agcagg%w@:éé’ ‘Fgc%%?é&%%eo atccatgcca

aactgttctaGOO gtgttgtgga gcatca gat

Cag colsgraiaie esccagiicg48iasaaaagiaaiatiigigat cccaatccat

gaag

taatggagga acctgtgaaa taagigaagc ataccgaggglgataaatica /20 taggctatgbiigtRastaigecccgaggat ttaatgggat
tcactgtcag cacaa%%?gga%gega—agﬁgagget—t caaaaatg gtggaatatg tacagatcttgttgetaact840
attcctgtga gtgcccaggce gaattiatgg gaagaaattg tcgé}%qggggﬁgctcaqqccgo #gggq%a%%? tgaaggtgga attatatcaa

accagcaaat cacagcttcc tctabttacc960 gagctctttbyggaicicgaa aaa

tggtatciditdRatge@egtcttaat

aagaaggggc1020- S16 Synoviocyte Third Passage |
| F1 Dermal Fibroblast Second Passage 7
F2 Dermal Fibroblast Second Passage

*x X %

[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 specitication, the

present specification will supersede any such material.
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ttataaatgc gtggacagct gcagaaaatg acagatggcc gtggattcag ataaatttgc1080 aaaggaaaat gagagttact
ggtgtgatta cccaaggagc caagaggatt ggaagcccagl140 agtatataaa atcctacaaa attgcctaca gtaatgatgg
aaagacttgg gcaatgtacal200 aagtgaaagg caccaatgaa gacatggtgt ttcgtggaaa cattgataac aacactccatl260
atgctaactc tttcacaccc cccataaaag ctcagtatgt aagactctat ccccaagttt1320 gtcgaagaca ttgcactttg cgaatggaac
ttcttggctg tgqacigisasoattgttctg1380 agcectctggg tatgaaatca ggacatatac aagactatca gatcactgcec
tccagcatct1440 Page 4 tcagaacgct aaggcaaagt atcttcttgt atgtacagtt tataccagga ctcacagaaa ggtcctggta
gaggggaggc aactgt%ca tcaaattatg atttaatttg ttacttttct aagtagcctt agttgataga ttagcaataa caaacactgt

tattataatt Uttayttét AangE ey IyAY B RAtGEALY 2 et cAGue YA g At s A% it catttctitg ggtggtagtt

caacatggac gaatgccigg iGrAgesRARIaageics1daaRamGaa aaatgtcate cgggaggatc tacatttcac aaatctgtag
gtaggcaact attttatttt glaatigiiticsitalaggeainsas-ilaic pralatinb ricatitas Allglacalt etasiagth ibrobiast
tcagtagatt aagccataaagoacazanadiasaisict pgeasmgEaRdtcagctcca tcccaggaag Seguence_tist
atgttcactt gggaaccaageerictggite coaatirccigigdiotyg geedcattzcacadacaaactgderttatagedibritay asaeigata
aggttttcca gaccctccdiie Rt tP A MARG G RAGFAB EXgEE ATt COTAtPRIAW ety et hal indicates
aacggtgttt ttaaggggdtatie it ey tctunalkst Lt icgeattggt caagagtaaa aaagtctcaa tcaatactca

cctaatictg tctgl-agfag, Gieiaga [Rcaanatih iap3eaadan RNl IctariaRaa, S IaRlalg LAIANAGK s are tower
gactaaaaga agtgicaiglgaictaiatbipadaticat lRhamlib seassiaatRepaaaaata tatatgtctc ttatatttac titaaaaaat
tattaatata gtgctgcata calttcctgt gaaactaaca gcacaggtgg agtt ing.TxT gaaagctcgg gtcacaatgg aggagctaaa
tgatggagaa gggactettitichdataiagargygctgoadainteraagiatg tittiitecakctaegeiotgevaatadoadatpg aadtaiathe
agtcatcaaa ataa®iRiptee iy i inteingtaladeit Ganstifrre Derstieatel dieteititea pacta alt Haane 'gettesrasiien level

ttaaattta cggctigti JHIUREAR Fetkaload. HOdaCaACILAGRIEHGN gattitggtc cagiggacig-gacantdasa
atccttcctt gaggaggaat tccatggaat gaaaaagtgc cttttcaatg taagtgtgaa tagggaaaga taagagcaag tactgcaatg
ctgtgcctac geaglactgehotiotitkimattuttrat tigfiorgeiest ardciealy RS gaiteotatareatetiestr gtétattttang datastcat
atttgaaact <21 @ithpicopressipn tpyelsdqhoadopyia Q?‘lle\gg) pmésglaﬁi@ﬁgn chondrocytes is equal to or greater than 5

times the ratio in dermal fibroblasts or synoviocytes.

5. The method of claim 3, wherein the chondrocyte marker is selected from the chondrocyte markers listed in the
following group:

¢ Hyaluronan and proteoglycan link protein 1 (HAPLN1)
¢ Matrix Gla protein (MGP)

¢ GF-like repeats and discoidin I|-like domains 3 (EDIL3)
* WNT1 inducible signaling pathway protein 3 (WISP3)
e Aggrecan 1 (AGC1)

¢ Cartilage oligomeric matrix protein (COMP)

* Type Il collagen (COL2A1)

¢ Type IX collagen (COL9A1)

¢ Type Xl collagen (COL11A1)

¢ L euckocyte cell derived chemotaxin 1 protein (LECT1)
¢ S 100 calcium binding protein beta (S 100B)

e Cartilage acidic protein 1 (CRTAC1)

¢ SRY-box 9 protein (SOX9)

* Nebulette (NEBL)

6. The method of claim 3, wherein the chondrocyte marker is HAPLN 1.

7. The method of claim 3, wherein the expression levels of the fibroblast marker MFAP5 and chondrocyte markers
are determined at the RNA level.

8. The method of claim 7, wherein the expression levels are determined using PCR.

9. The method of claim 8, wherein the expression levels are determined using comparative C+ PCR method.
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<400> 5 cctgagtccc gcaggttatt tcctcttctc ctggaccatt gtaaacagtt gggaggaaag agaagagtcc cactcttctg
agatacaaca ttgtcactgg tgctcgccca cat gaaaggt cttgctggcc cctgaaggaa ccclgcaaat ttcctgacct ggctccacgg
tggcacagtt ggcctggaga gecctcagca Page 5 gtgacacgct tcccagegac ctgctgcagg agtgtcagal gaagecccgt
cactgcgaag atgcaggggc gtacagggca gcacctcagc tgccctccty Seguence_Listing. TXT ggctgtggat
gctgtaaaat ctgigareaeirieggansc wrertianggrasigiriighacigerdighgigsrineskigiageigtbralggreamonrs
tgtttcagcc caaccettig=ggatgcacacsstetgitcat csaqagaigggaaafaaghatgatcaptceasactotagt ayotacasas
caatgccagc ttatagzagigtigeaagcaa caaaatggac tccctgcetee gtgaccaatg aaaacagcaa ctgtgaaatg ccttgcgaca
gcaatatatt aaagacaata actttccaac tctccaaagc tgaaaaattt tacaaaccca ctttttgtgg aatatgcttg aaaatgatta

ctattcaatt tgattGelea oAt E Ay ryRG iy e RYR AL ARG RRC TN SLCCR Ay Wdstitgg g Headsatesy

tgagtaaaaa aaaaaaaaaa aaaaaagaaa aaaaaaaaaa aaaaaaa <210> 6 <211> 7137 <212> DNA <213>

Homo sapiensy. <#0@=t6k £gaLagolg-Ag At igraant itaa Bl 6Rigs REANEENaE BAUARGERYH greater

caggacaagg cagagceijirgagagbgangctitasaegotateatigetergecggcetgge tatggagaca tgtgggactg tactctgggt

accatgacaa ggacctccct cttctaccgc tagtgctgct tctcactgcc gctccaatga ccaccctgga acaccctcga cgcctgagca
tggctgacca a @'a@%l@ﬁthw of claim 12, wherein said molar ratio indicates that the cell culture contains at least 50% chondrocytes.

14. The method of claim 1, wherein the cell culture comprises cells obtained from a cartilage biopsy.
15. The method of claim 14, wherein the cartilage biopsy has been taken from a knee joint.
16. A method of evaluating the composition of a cell culture, said method comprising:

a) isolating cells from a cartilage biopsy obtained from a mammal;

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

c¢) obtaining a sample of the cell culture;

d) determining the expression levels of MAP5 and HAPLN 1 in one or more cells from the sample; and
e) determining the composition of the culture based on the expression levels of MFAPS and HAPLN1.

17. The method of claim 16, wherein the expression levels of MFAP5 and HAPLN1 are determined at the RNA level.
18. The method of claim 17, wherein the expression levels are determined using PCR.
19. The method of claim 18, wherein the expression levels are determined using comparative C; PCR method.

20. The method of claim 16, wherein an expression level ratio of HAPLN1 to MFAPS5 greater than 0.25, as determined
using comparative C+ PCR method, indicates that the cell culture contains chondrocytes.

21. The method of claim 20, wherein said ratio indicates that the cell culture contains at least 50% chondrocytes.

22. The method of claim 21, wherein a molar ratio of HAPLN1 to MFAPS5 greater than 0.55 indicates that the cell culture
contains chondrocytes.

23. The method of claim 22, wherein said molar ratio indicates that the cell culture contains at least 50% chondrocytes.
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aagttcttgg tttcgtgact ctcgctgagt caccatcccc cccactggece ggtggecact caactacceg ctclLggggte agtcgtggtg
ctttgacagg gctgcaggcc gactgtcaga tcetggigtg agaagggagt ctgagggtca gtcagcatce tgctatttca ccaagaatca
gaagggcgcg gecatcccca taccgetgeg aaaggceatcg gecgcageggg gectacgaag taccccatce aggacgtatg Page 6
ccaactcttc tcactgcagc cccaaccgtc tcgaccecat agtggagecg tgcgggtcaa gtgacgecac aggtgatgea tgttccatta
cctgectgea acggcettcca acactccccg gcatcc eaaggtyadebtgtoactgta cccgctgagg geaccctgtg tgtgtccaag
cagtgcctat cttggaagtc tggcatcgag cags bEEdAtgee cecagtgtgac ggaaggetge caccaacgag
Seguenceltistingsexzacctatgatgdgtastgctt cgccgaggag atggagggtg aggtctttta tgcaacatct840 ccagagaagt

tcaccttcca gggagﬁgg% a@ggg&g&q%%g[ggg@Qc&ggg@?@&gccaccacgg gccacgtcta cctggectgg
caggctggca tggacat tg ca cg%%%gc

07680.0060-0
<150> US 60/910,574
<151> 2007-04-06
<160> 27
<170> PatentIn version 3.5
<210> 1
<211> 2900
<212> DNA
<213> Homo sapiens
<400> 1
attccagcct cattgtaaca cacattctac gcctagcctg gctttcttge tctccctecat 60
ctcattgttt cagcggaggc caaatctgaa gtcctttcca gggagtggct ctgttcatct 120
tattcgccag ccaaagtagg aacagcgtaa gaggagagag acacattcag cagccaaagg 180
actcggtgga aagagcagaa caccatagac aatatgtcgc tcttgggacc caaggtgctg 240
ctgtttcttg ctgcattcat catcacctct gactggatac ccctgggggt caatagtcaa 300
cgaggagacg atgtgactca agcgactcca gaaacattca cagaagatcc taatctggtg 360
aatgatcccg ctacagatga aacagttttg gctgttttgg ctgatattgc accttccaca 420
gatgacttgg cctccctcag tgaaaaaaat accactgcag agtgctggga tgagaaattt 480
acctgcacaa ggctctactc tgtgcatcgg ccggttaaac aatgcattca tcagttatgc 540
ttcaccagtt tacgacgtat gtacatcgtc aacaaggaga tctgctctcg tcttgtctgt 600
aaggaacacg aagctatgaa agatgagctt tgccgtcaga tggctggtct gccccctagg 660
agactccgtc gctccaatta cttccgactt cctccctgtg aaaatgtgga tttgcagaga 720
cccaatggtc tgtgatcatt gaaaaagagg aaagaagaaa aaatgtatgg gtgagaggaa 780
ggaggatctc cttcttctcc aaccattgac agctaaccct tagacagtat ttcttaaacc 840
aatccttttg caatgtccag cttttacccc tactctctac tttttcaccc aaactgataa 900
catttatctc attttctagc acttaaaata caaagtctat attattgcat aattttgctg 960
cttctcaata tcatagacac agtgaataga tgatgactat atggcttata tacaaacatt 1020
ctatgtacaa tttcaaggga gactaaactt taggctaata atctttacta ttgaatctgt 1080
ctgatataga tcttagggtt gaagaagcta tctttgtcta tttgggctaa ccatagaatt 1140
tcatttattt tcctcacaat attttcctag accaactccc catcattcac gtgttcctct 1200
ttactcttac tttaactatt ttgctggctt gcccgaaaat ttgcctggca agtcttectt 1260
ataagacaca tcatggtaag ttttgtagtc ctgtaagatt ctgcaacaca gtcaagaatt 1320
atacaatcct actagcaata tataaggacc caaaatgtct tctgctaagc tcagaggctg 1380
gggctaaagc atgaggacta tgccagctat agaacttgga ctcataattc gctatccaat 1440
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tggctggecg accgcagcegt gecgctaccece atctccaagg cccggceccaa ctgeggtggel020 aacctectgg gegtgaggac
cgtctacgtg catgccaacc agacgggcta ccccgaccccl080 tcatcccgcet acgacgccat ctgctacaca ggtgaagact
ttgtggacat cccagaaaacl1140 ttctttggag tggggggtga ggaggacatc accgtccaga cagtgacctg gcctgacatgl200
gagctgccac tgcctcgaaa catcactgag ggtgaagccc gaggcagcgt gatccttacc1260 gtaaagccca tcttcgaggt
ctcceccagt ccectggaac ccgaggagcc cttcacgtitv8fegetectgaaxtaggggcecac tgecttcget gaggttgaga
atgagactqg Aga9geeans] 38, a0uGRRINA SCHIRACAS ARCIHARGIS a0CGsiagea cgcaticag sagtgaggac1440
ctcgtecgtge aggtgaccgc tgtccctggg cagccgceatt tgccaggggg ggtegtcttc1500 cactaccgec cgggacccac
ccgctactcdtEigaeetity I8 ST A 3G AT ABE0EEy GRALLRP AT Aggtéat Biéctegedg®ageagcetec
aggccgcciaxagaagoaggcd o2y iatgageagitgtgacggcyy ctggetgcag gaccagaccehtcagataeee cattgtgagc1680
ceacogaces, GAICEOgaARaR0Yat AdGRAs AL AoRtadgRc lAli el L LA, Goccedlggn cagagaccta
cgatgtctac tgctftgtag acagacttga gggggaggtgl800 ticttcgcca cacgcctiga gcag(t’tcacc ttccaggaag cactggagtt
ctgtgaatcREYEEPCAEAAREEHRIGECAERAR B e dA6R 88 188k CAGEEt BRfRg BEGRYF eeiggacdd§9 920 tgctatgeceg
gctggctggm apepgaag ctacgataat eeategicaa cacanggceit98ty gectgcgfighgggacaagemaggcegtgaga

acggetacg tetactelaa eaqasgaqcANdD. Siaceagags sactalensg acacealgeg elacttoe gagocatttc
agcggttccél tciccaggag aagaagaggg tggcacacce acatcaccct Clggigigga ggagtggatc2160 gtgacccaag

tggttcctg g AgRFGERTCE gestEagay dagakgadaccaactyensthZ20ecttcaggfid Hgadtactgd @Micctagag
ttcaccaccgragecagrand 6eagacagddaiidOdgsgaacean sdatageasragigggoanadccccgaige cagggatect

tcctacttgg2340 cctectactg gcgccgaaac agaggaaagt acagaaggcce ctictgcaac tgaagtgce 00 tctgcctcag
g e g R e ot iccot Syrgaggcca
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ttcccctcad (g ERESE it CERTIEAEHY 25RO C999a ggctgaggca ggagaatcaa ttgaacctgg 2100
gaggcagagg ttgcagtgag ccgagatggc gccattgcac tccagcctgg gtgacaaaag 2160
caaaagtcca tcttaagaaa tatatatata tattatatat attcttagtt ctaagatttc 2220
ctttaattct atgattctct ggatttaaat gcattattca tatttcttga agcttagata 2280
cagtctaatt catagcaacc atatctgctt tatcctaggt gagggtagca gtccacaatg 2340
gaatagaaga aaatcccatt ataacaaatg acaaattata tatcatgaat ccttctgtct 2400
gactaactca ataactttct ataaaagcca atggaattca aataggagct aggagacaac 2460
aagttatata tgacagtgga ggttgtattc cttttatatt gctgagaaaa ctagttaaat 2520
gatcagattc ttgctgttaa gaaacaattt cgtttaatgg gatctgtaca actgatttta 2580
aaaaaatgct acaaaaagcc ccaaagcata taatctctac tccttacagt ctctagaatt 2640
aaatgtactc atttagacaa catattaaat gcatatttta gccactttag agaaacctca 2700
taggcacaga gtttccaaga ttaattttaa gaatatcttc acgaacttga ccctcctact 2760
ccacattgca acatttccat cagacagcat ttcaattcca gtattatgta tattgcaaat 2820
taaacatttt aaaatatttt tttccaattt atttctcaaa ataaaatgtc ttttgttctg 2880
gtaaaaaaaa aaaaaaaaaa 2900
<210> 2
<211> 1759
<212> DNA
<213> Homo sapiens
<400> 2
gtgaggagaa agagcgctac gttcacttga tctccagctt ccaacttaag cagaacttga 60
gagcatccga actcctggat ttcaggacaa gtgaagaaga ttctttgggc tataaagatg 120
aagagtctac ttcttctggt gctgatttca atctgctggg ctgatcatct ttcagacaac 180
tatactctgg atcatgacag agctattcac atccaagcag aaaatggccc ccatctactt 240
gtggaagcag agcaagccaa ggtgttttca cacagaggtg gcaatgttac actgccatgt 300



gagccattcc cctccaagga gccatccecc tcagaggaac catcagcectc agaagagcecg2580 tatacacctt cacccceccga
gcccagctgg actgagcetge ccagcetctgg ggaggaatct2640 ggggceccctg atgtcagtgg tgacttcaca ggcagtggag
atgtttcagg acaccttgac2700 ttcagtyggc agctgtcagg ggacagggca agtggactgc cctctggaga cctggactcc2760
agtggtCtta cttccacagt gggctcaggc ctgactgtgg aaagtggact accctcaggg2820 Page 7 sequence_tisting. TxXT
gatgaagaga gaattgagtg gcccagcact cctacgittyggtgaadtgongttiggagct2880 gagatcctag agggctcetge
ctctggagttay tca%483gatttc 1RtGhEgaa YA Hiitdgdyaeetcit At Hdga5%¥gga gatitcagty ggcttecttc
tggagaagtdtiQ atagagacgegacigcecetgg agtagaggag atcagegggcdiccticiggeagaagtictad@s0 gagaccactg

ccectgga t g agtaga,ggacatcagc
L A R i e

agagaccat8946 tHE GG AR SGGRACAgRATE T 8GR GPAAY IIEFA Yacgetgceé 3300 cctggagtag
aggacatcagegegsitcahisiggrgaayaietayacnacanigeonst3daa ggagtagegs acatcageggogeticctict

ggagaag s 3gREACCAR gessEIpIRRZg ladaataca.cadeqggelcpclaga dagotclagggaccacige

ccctggagta3480 gaggacatca gcgggcttcc tictggagaa gttctagaga ccgctgcccce 40 gacatcagcg

ggcttccttceyaga2eft THaGEFAE g GG Sy BFRFAGHR IGO0 A B tttctgg agfagttcta
gagaccyciggeetifigagt a3a0ees altaiodagcgagnite alictggageaaguciagag acgctigccretggagtaga

Page 3

ggacatcaggggzao %gcggc%t ctgga g%%ta tc%tgagaga&t: %ct cctcct gg\cqgg%a ggt(f*gtcagcgg%%% cttccttctg

gagaagttct agggga gc ggcgg?%gagt gaggacgt 8ag aqactt ccttctagag aa%ﬂtctaga gactyctgcc

CCtggagt&@‘ﬁ@@ﬂééﬁc&@%@@@ﬁ&:mtttc tgttttacat ccaatttcaa tggccgtttt 900
tactatctga tccaccccac caaactgacc tatgatgaag cggtgcaagc ttgtctcaat 960
gatggtgctc agattgcaaa agtgggccag atatttgctg cctggaaaat tctcggatat 1020
gaccgctgtg atgcgggctg gttggcggat ggcagcgtcc gctaccccat ctctaggcca 1080
agaaggcgct gcagtcctac tgaggctgca gtgcgcttcg tgggtttccc agataaaaad 1140
cataagctgt atggtgtcta ctgcttcaga gcatacaact gaatgtgccc ttagagcgca 1200
tcagttttaa agtcattaag aacatgtgaa aggtgttttt tttttccaat atgaactcat 1260
gcaagttacc aaaactgtga taaccctttt ttacttactg taaagagtca ttttcataag 1320
atcaattcat tgatttgttt tttgtaaagc tatcattcaa tatatattat aaattaatat 1380
aaatttaagg gaagctctat gtaaggagac ttagagccaa actgtttaag ctgtatcatc 1440
ccaacaaagt atcctttcat gaacggggca tgcaatagct taagaattgc taggattaaa 1500
ttaaggaaag taaagctact cagagcaaca ggttccacaa gcacaaactt tacacatttg 1560
tacaattttg aaatgcacta caataaacaa attagagcaa cacatttgaa atacaggctt 1620
ctttacataa actgagaggt tatacaaaac tcagtttcac aagggaacaa tctatacctt 1680
tctaaaagtt aatatttcaa gtctctaata ggcagaatat tttactcttt aaaatcctgc 1740
ctttctgacc aaaaaaaaa 1759
<210> 3
<211> 661
<212> DNA
<213> Homo sapiens
<400> 3
tggttcttat aaaaacctca cagccttcca ctaacatccc gtaggagcct ctctccctac 60
tgctgctaca caagaccctg agactgacct gcaggacgaa accatgaaga gcctgatcct 120
tcttgccatc ctggeccgect tagcggtagt aactttgtgt tatgaatcac atgaaagcat 180
ggaatcttat gaacttaatC ccttcattaa caggagaaat gcaaatacct tcatatcccc 240
tcagcagaga tggagagcta aagtccaaga gaggatccga gaacgctcta agcctgtcca 300
cgagctcaat agggaagcct gtgatgacta cagactttgc gaacgctacg ccatggttita 360



tctggagaag ttctagagac tactgcccct ggagtagagg agatcagcgg gcttccttct3960 ggagaagttc tagagactac
tgccectgga gtagatgaga tcaotgggct tecttctgqa4020 gaagttctag agactactgc ccctygagta gaggagatca
gcgggcttcc ttctggagaa4080 gttctagaga cttctacctc tgcggtaggg gacctcagtg gacttccttc tggaggagaa4140
gttctagaga tttctgtctc tggagtagag gacatcagtg ggcttccttc tggagaggtt4200 gtagagactt ctgcctctgg aatagaggat

gtcagtyaac ttccttcagg agaaggtcta4260 gagaectetgectttsgdagi=gaggacctc agcaggctcc cttctggaga
agaagiiclagiad qagallely celelogalhladaoacalsaglugedic diagadgayRagiclat g gagaccielg
cttctgaagt agggactgat ctcagtgggc ztccttctgg aagggagggt4440 ctagagactt cagcftctgg agctgaggac
ctcagtggtAPEARy Haahaddalibud Hgggygot Gttty dgaetiffac ttabgcaaac tofittctgg
aactctaggakabthagigygeaag ciccagmaacaaagtggictigecetetggaictiaoigaigacgtatigtggg4620 gtggaccttg

9aagtg9‘39&?‘9“8‘85%‘9%%8&999{5@@@5 Jipgiqgagt :1998:3%5%%%4%8%JE%%%?""SLQ#HS&&S‘@ ggagirfaca tiggtggaag
tggtcacagc ctccactgcad 740 agtgaactgg aaggyagggg aaccattggc atcagtggtg caggayaaat atctggactg4800

ccctccagRPagEtgadt APGTHG3a Al JETABG L tCCe e Ay g s cutgatPage 8 660
SeqUenGe_Listing. TXT agtggccaag catctgggtc tcctgatgtc agtggggaaa tacctggact ctttggtgtc4920
agtggacagc catcagggtt tcctgacact agtggggaaa catctggagt gactgagctt4980 agcgggctgt cctctggaca
accaggtgtizagtggagaag catctggagt tctttatggc5040 actagtcaac cctttggcat aactgatctg agtggagaaa catctggggt
ccctgatcttg%?p a@ fgcagc cttcagggtt accagggttc agtggggcaa catcaggagt ccctgacctg5160 gtttctggta
ccacgagtggicag aapetetggga ttacatttgt ggacaccagts5220 ttggttgaag tggcccctac tacatttaaa

gaagaagg%gogcttglgggtc tgtggaactc5280

agaagccccg cagccgccge gcggagaaca gcgacagccg agcgcccggt ccgectgtct 60
gccggtgggt ctgcctgecc gcgcagcaga €ccggggegg ccgcgggage ccgcegececcg 120
cccgeegege ctctgecggg acccacccge agcggagggce tgagcccgec ggcggctccc 180
cggagctcac ccacctccgc gcgccggagc gcaggcaaaa ggggaggaaa ggctcctctce 240
tttagtcacc actctcgccc tctccaagaa tttgtttaac aaagcgctga ggaaagagaa 300
cgtcttcttg aattctttag taggggcgga gtctgctgct gccctgcgct gccacctcgg 360
ctacactgcc ctccgcgacg acccctgacc agccggggtc acgtccggga gacgggatca 420
tgaagcgctc ggtagccgtc tggctcttgg tcgggctcag cctcggtgtc ccccagttcg 480
gcaaaggtga tatttgtgat cccaatccat gtgaaaatgg aggtatctgt ttgccaggat 540
tggctgatgg ttccttttcc tgtgagtgtc cagatggctt cacagacccc aactgttcta 600
gtgttgtgga ggttgcatca gatgaagaag aaccaacttc agcaggtccc tgcactccta 660
atccatgcca taatggagga acctgtgaaa taagtgaagc ataccgaggg gatacattca 720
taggctatgt ttgtaaatgt ccccgaggat ttaatgggat tcactgtcag cacaacataa 780
atgaatgcga agttgagcct tgcaaaaatg gtggaatatg tacagatctt gttgctaact 840
attcctgtga gtgcccaggc gaatttatgg gaagaaattg tcaatacaaa tgctcaggcc 900
cactgggaat tgaaggtgga attatatcaa accagcaaat cacagcttcc tctactcacc 960
gagctctttt tggactccaa aaatggtatc cctactatgc acgtcttaat aagaaggggc 1020
ttataaatgc gtggacagct gcagaaaatg acagatggcc gtggattcag ataaatttgc 1080
aaaggaaaat gagagttact ggtgtgatta cccaaggagc caagaggatt ggaagcccag 1140
agtatataaa atcctacaaa attgcctaca gtaatgatgg aaagacttgg gcaatgtaca 1200
aagtgaaagg caccaatgaa gacatggtgt ttcgtggaaa cattgataac aacactccat 1260
atgctaactc tttcacaccc cccataaaag ctcagtatgt aagactctat ccccaagttt 1320
gtcgaagaca ttgcactttg cgaatggaac ttcttggctg tgaactgtcg ggttgttctg 1380
agcctctggg tatgaaatca ggacatatac aagactatca gatcactgcc tccagcatct 1440
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agtggcctcc cttccggaga ggcagatctg tcaggcaaat ctgggatggt ggatgtcagt5340 ggacagtttt ctggaacagt
cgattccagt gggtttacat cccagactcc ggaattcagt5400 ggcctaccaa gtggcatagc tgaggtcagt ggagaatcct
ccagagctga gattgggagc5460 agcctgccect cgggagcata ttatggcagt ggaactccat ctagtttccc cacggtctcts5520
cttgtagaca gaactttggt ggaatctgta acccaggctc caacagccca agaggcaggas580 gaagggcctt ctggcatttt
agaactcagt ggtgctcatt ctggagcacc agacatgteipeddgigeaiggattatggatttct ggacctaagt gggctgcagt
ccgggctg&Fé&%?g’é’ééa@%%cﬁ@Qj‘g’ja@%ﬂjr?&é&%@Qﬂééfééacﬂaﬁﬁfééfb@j’g&ﬁ@ﬂj‘%%aﬁcacca](ggﬁatgtaagﬁmo
ggagaatcahgigtagotay gogcaceqgicggataggcat eaggaciar: agaagtiact b8 jtagtcactt igtemgttcgt ggagggtgtt

actgaaccga glattictea Slatg a ttgag gtggaaa
oo D e carca 300 glcccagaat

ctagcagtgd gty dC PR Sad CRATGT e SR tGe cbTBO Hetecigadgiécagcagad@igatictggy
tccectgata igagiggaac gaceistgaaida2Q diceacgana ctaacaitgagageaiceichgasataggag tpagceggeag
cacitgacag 160 licaagang 9C9RIgL0lc, coclpeeeA, 0970198010 gngaglceqe cageaccagifipdd gaigigggga
cagaggcace aggeigect icagecacte ceacggettc tggagacaggaloo attgaaatca geggagacct gtctggteac
acctcgcad® t§GeRAFRgE e3ReagR ec 635D sgfia ety Wt taRaiEp et dRgeagragtcagcdetgcagagac
gcatctagagh3daatigagiestaragcaicet glaciceagga gaagagasicAsacagicga datagccapst80 tccccaacag

algeticeat cecageitel eegoagtaga aacalaaalc agaalcanct6s40 gctgcagace aggasgtalgdgaggagyoe
tggaacaadt accagygcta cigttactgeeb0 cactittegg accgtgagac ctggbtagat geigageded ggtgtcggga

gcagcagtta8&e0 T dptycaftateyeHd teedgageayeagdagutgiieaacaatert tgcccaad466720 taccagtgga

tcggcctgag egacadgase icaRgdae @RItess CtaHeaggiudabl/RA Gaceaagige Aatttgagamgtggcgcece
aaceageely gl 19ecaciaga03n

cctgaattat tcgcattggt agaaatatat tagggaaaga 2160
aagtagcctt ctttttatag caagagtaaa aaagtctcaa agtcatcaaa taagagcaag 2220
agttgataga gcttttacaa tcaatactca cctaattctg ataaaaggaa tactgcaatg 2280
ttagcaataa gtttttttct tctgtaatga ctctacgtta tcctgtttcc ctgtgcctac 2340
caaacactgt caatgtttat tacaaaattt taaagaagaa tatgtaacat gcagtactga 2400
tattataatt ctcattttac tttcattatt tctaataaga gattatgtga cttctttttc 2460
ttttagttct attctacatt cttaatattg tatattacct gaataattca atttttttct 2520
aattgaattt cctattagtt gactaaaaga agtgtcatgt ttactcatat atgtagaaca 2580
tgactgccta tcagtagatt gatctgtatt taatattcgt taattaaatc tgcagtttta 2640
tttttgaagg aagccataac tatttaattt ccaaataatt gcttcataaa gaatcccata 2700
ctctcagttt gcacaaaaga acaaaaaata tatatgtctc tttaaattta aatcttcatt 2760
tagatggtaa ttacatatcc ttatatttac tttaaaaaat cggcttattt gtttatttta 2820
taaaaaattt agcaaagaaa tattaatata gtgctgcata gtttggccaa gcatactcat 2880
catttctttg ttcagctcca catttcctgt gaaactaaca tcttattgag atttgaaact 2940
ggtggtagtt tcccaggaag gcacaggtgg agtt 2974
<210> 5
<211> 1307
<212> DNA
<213> Homo sapiens
<400> 5
cctgagtccc gggaggaaag tgctcgccca ttcctgacct gtgacacgct cactgcgaag 60
gcaggttatt agaagagtcc catgaaaggt ggctccacgg tcccagcgac atgcaggggc 120
tcctcttcte cactcttctg cttgctggcc tggcacagtt ctgctgcagg gtacagggca 180
ctggaccatt agatacaaca cctgaaggaa ggcctggaga agtgtcagat gcacctcagc 240
gtaaacagtt ttgtcactgg ccctgcaaat gccctcagca gaagccccgt tgccctcctg 300

Page 5



gaggactgtg tggtgatgat ctggcacgag aagggcgagt ggaatgatgt tccctgcaat6900 Page 9 Sequence Listing.rXr
taccacctcc ccttcacgtg taaaaagggc acagccacca cctacaaacg cagactacag6960 aagcggagct cacggcaccce
tcggaggagc cgccccagca cagceccactg agaagagctt7020 ccaggacgca cccaggacgc tgagcccagg agcectgecag
gctgacgtgc atcccaccca7080 gacggtgtcc tcttcttgtc getttttgtc atataaggaa tcccattaaa aaaaaaa7137 <210> 7
<211> 2471 <212> DNA <213> Homo sapiensernd€0> st agaaggcgag cagccaccca gctcecececgcec accgcecatgg
teeccoaca FORIASONR0.HCIIGGA CoADARIaG ea1cadL0Ca LeauoarRga eaggagccc tiggoctcal 20
gacctgggcc cgcagatgct tcgggaactg caggaaacca acgcggcgct gcaggacgtg1l80 cgggagctgc tgcggcagca

ggtcagggatfatddcattcotgaabiic &L Y§igatdyat out 1685aaEHted oy Fatges tddgtcagtd €gcaccggee
tacccagcghgeggrrecigdobcicaacigen agepcgggtactgettcegeaggegiggnnigeaieaagac ggagageggc360

90909Ctg%ga%%%‘&SBgcC%%a‘:&%QQQEtS%@&&QQSEaPaQ99&8889%93‘8@88 cqicdal.3acaagigey aCgeccaCee

ctgcttccce cgagtccgct gtatcaacac cagccegggg480 ticcgetgeg aggcttgeee geccggggtac agcggeccca

cccaccaglg- 858Gt CeI0 Gttt PeEAAGaE CaHCAA (GRAgH R AEHh ACARE A Gagtgtg@accggacaas00
cataactgcg-teeecagsle egigingaiCiaasancaggggaiaeiitea-gigegasseghbgdgeaagcccy geticgtggg

o e e e L e e e T
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actgcgtcct agagcgcg
tttggaaaaa aaaatgtctt gtgcaagcaa caaaatggac tccctgctcc agaacatgtg 780
ggatgggaat atctaacagg gtgaccaatg aaaacagcaa ctgtgaaatg agaaaagaga 840
aaagactgtg ttacattcag ccttgcgaca gcaatatatt aaagacaata aagattccca 900
aaggaaaaac atgccaacct actttccaac tctccaaagc tgaaaaattt gtcttttctg 960
gatgctcaag tactcagagt tacaaaccca ctttttgtgg aatatgcttg gataagagat 1020
gctgtatccc taataagtct aaaatgatta ctattcaatt tgattgccca aatgaggggt 1080
catttaaatg gaagatgctg tggattacat cttgtgtgtg tcagagaaac tgcagagaac 1140
ctggagatat attttctgag ctcaagattc tgtaaaacca agcaaatggg ggaaaagtta 1200
gtcaatcctg tcatataata aaaaaattag tgagtaaaaa aaaaaaaaaa aaaaaaaaaa 1260
aaaaaaaaaa aaaaaaaaaa aaaaaagaaa aaaaaaaaaa aaaaaaa 1307
<210> 6
<211> 7137
<212> DNA
<213> Homo sapiens
<400> 6
cggccaggtg tgtgggactg aagttcttgg agaagggagt ccaactcttc aaggtgaact 60
atgaccactt tactctgggt tttcgtgact ctgagggtca tcactgcagc tgtcactgta 120
gaaacttcag accatgacaa ctcgctgagt gtcagcatcc cccaaccgtc cccgcetgagg 180
gtcctcctgg ggacctcecct caccatcccc tgctatttca tcgaccccat gcaccctgtg 240
accaccgccc cttctaccge cccactggcc ccaagaatca agtggagccg tgtgtccaag 300
gagaaggagg tagtgctgct ggtggccact gaagggcgcg tgcgggtcaa cagtgcctat 360
caggacaagg tctcactgcc caactacccg gccatcccca gtgacgccac cttggaagtc 420
cagagcctgc gctccaatga ctctggggtc taccgctgcg aggtgatgca tggcatcgag 480
gacagcgagg ccaccctgga agtcgtggtg aaaggcatcg tgttccatta cagagccatc 540
tctacacgct acaccctcga ctttgacagg gcgcagcggg cctgcctgca gaacagtgec 600
atcattgcca cgcctgagca gctgcaggcc gcctacgaag acggcttcca ccagtgtgac 660
gccggetgge tggctgacca gactgtcaga taccccatcc acactccccg ggaaggctgc 720
tatggagaca aggatgagtt tcctggtgtg aggacgtatg gcatccgaga caccaacgag 780



ggctcgeggt cgtgegtgtg tgccgttgge tgggecggca acgggatect ctgtggtcge840 gacactgacc tagacggctt
cccggacgag aagcetgegct gecccggagceg ccagtgecgto00 aaggacaact gegtgactgt gcccaactca gggcaggagg
atgtggaccg cgatggcatc960 ggagacgcct gcgatccgga tgccgacggg gacggggtcc ccaatgaaaa ggacaactgcl1020
ccgcetggtge ggaacccaga ccagcgcaac acggacgagg acaagtgggg cgatgcgtgc1080 gacaactgcc ggtcccagaa

gaacgacgac caaaaggaca cagaccagga cggseqgaggelldd gatgl@gtgcg acgacgacat cgacggcgac cggatccgca
accaggcc@%&%%@%c’%ﬂim“arg}gQﬂé&&é&%@t@é@&%@%&hé’é@é@ééfﬁél%‘j’@ﬁéfﬁ’gtatagg%%a tgcctgtgac1260
aactgtcC&gnpagagoaa cocggatcagggaggatgitgaacgacgaeidotgggagattdgOcgctigtgaamm gcgatcaaga

ccaggatg Gate, tC a &C t Caggaggac tcagaccacg
atggccagggct%%a%g;c%gg@tfﬁ gécggc%%%g%gé%gﬁ%% %g%%%%%:%%éa%%%%%gg%ggcaactg%%g cctggtgect1500

aaccccggEeoabRRGEatHeI6uHciy 86 e Gt §Ee Qe fTCEa GGaR R EaT 60 gatgcafdta aggtggtaga
caagatcgae@tgigtegogcaonacgctga agicatgctaisa Rageyityfgeguenceqddsing. TXTaocgacttca
gggccttcca gacagtegtg ctggaccegd aggatgacgc.gcagattgacl1680 cecaactagg. tggtgctcaa, ccagggaagg
Saaatca e e et gmaca:
gttccatgtgdBOOtaaea cEANELI B eRIEGA ClrR gREfHTE RCat P SRrEaEC HfGaLB&GESccagciFBO ttctacgtgg

tcatgtggagageagatsdag caraagiotgdeaaielagreassHec R0 detoigaacg agectggcab egaactcaag
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getgtgaa tEC“CC‘E‘Sé‘ag%&thggg acatlc??&%gglcct%&gga%%%g‘ét%?{;gag‘é?t%?ttac%@%t%‘%‘caca%g{[Cccaggtgcg

gctgctgtg aaggaccc aacgtggg ttggaaggac aagaagtcct atcgttggtt cctgcagcac2100 cggecccaag

tgggctacalcagherae ger aeacgaggrgecetgagctaggaigeegmcroggactgg agaggecace 1380
aggccctggg gctttcccac acctggectg ggccctgcca cggcattcac cagtgaggac 1440
ctcgtcgtgc aggtgaccgc tgtccctggg cagccgcatt tgccaggggg ggtcgtcttce 1500
cactaccgcc cgggacccac ccgctactcg ctgacctttg aggaggcaca gcaggcctgce 1560
cctggcacgg gggcggtcat tgcctcgccg gagcagctcc aggccgccta cgaagcaggc 1620
tatgagcagt gtgacgccgg ctggctgcgg gaccagaccg tcagataccc cattgtgagce 1680
ccacggaccc catgcgtggg tgacaaggac agcagcccag gggtcaggac ctatggegtg 1740
cgcccatcaa cagagaccta cgatgtctac tgctttgtag acagacttga gggggaggtg 1800
ttcttcgcca cacgccttga gcagttcacc ttccaggaag cactggagtt ctgtgaatct 1860
cacaatgcca ctgccaccac gggccagctc tacgccgcct ggagccgcgg cctggacaag 1920
tgctatgccg gctggetggce cgacggcagce ctccgctacc ccatcgtcac cccaaggcect 1980
gcctgcggtg gggacaagcc aggcgtgaga acggtctacc tctaccctaa ccagacgggce 2040
ctcccagacc cactgtcccg gcaccatgec ttctgcttce gaggcatttc ageggttect 2100
tctccaggag aagaagaggg tggcacaccc acatcaccct ctggtgtgga ggagtggatc 2160
gtgacccaag tggttcctgg tgtggctgct gtccccgtag aagaggagac aactgctgta 2220
ccctcagggg agactactgc catcctagag ttcaccaccg agccagaaaa ccagacagaa 2280
tgggaaccag cctatacccc agtgggcaca tccccgctgc cagggatcct tcctacttgg 2340
cctcctactg gcgccgaaac agaggaaagt acagaaggcc cttctgcaac tgaagtgccc 2400
tctgcctcag aggaaccatc cccctcagag gtgccattcc cctcagagga gccatccccc 2460
tcagaggaac cattcccctc agtgaggcca ttcccctcag tggagctgtt cccctcagag 2520
gagccattcc cctccaagga gccatccccc tcagaggaac catcagcctc agaagagccg 2580
tatacacctt caccccccga gcccagetgg actgagctgce ccagctctgg ggaggaatct 2640
ggggcccctg atgtcagtgg tgacttcaca ggcagtggag atgtttcagg acaccttgac 2700
ttcagtgggc agctgtcagg ggacagggca agtggactgc cctctggaga cctggactcc 2760
agtggtctta cttccacagt gggctcaggc ctgactgtgg aaagtggact accctcaggg 2820



agcaacgtgg tcttggacac aaccatgcgg ggtggccgcec tgggggtctt ctgcttctcc2220 caggagaaCa tCatctgggce
caaCCtgCqgt taccgctgca atgacaccat cccagaggac2280 tatgagaccc atcagctgcg gcaagcctag ggaccagggt
gaggacccgc cggatgacag2340 ccaccctcac cgcggctgga tgggggctct gcacccagCc CCaaggaggtg
gccgtcctga2400 ggggyaagtg agaagggctc agagaggaca aaataaagtg tgtgtgcagg gaaaaaaaaa2460
aaaaaaaaaa a2471 <210> 8 <211> 5087 <2d2en ENA si2hd>Tklomo sapiens <400> 8 aacgggcgcc

gcggeggaiit SRR aR o) SHEGe GE B AT GG WRIECE R BT S ettt dagggd #8etgcatg
agggcgcogiragagenregg rectgegeeghlbdociogigecctiicgeiga gatecgeetggggaeacggcizoagecaggece

90091024180, 621021150 6169090616, 050A0IUL 000510619 A0GEI0GIeg JggaeaCtar2g oticgut
cagggccagg atgtccagga ggctggcagc tgtgtgcagg atgggcagag300 gtataatgat aaggatgtgt ggaagecgga

gccctgeedd gt GieEcaciiy36trgatig el igegagydca Attt igtgaxgatatdaaa & cetca
gccctgagaifi €aaciteggargaaie cigesoacateigere aattgaCeic geaastggeaigggcaacaeddd aggaccaaag
ggacagaaa aaCCtqg agaCatCaag gatattgtag gacccaaagqs40 acCtcct cctca C ctgcagggga
omaaan e 0 oot ganCetgnon
ccectgga@sbeo-rsty JEete traayEetc DCHYCETEEE ey eittaspgagaadictttgc 2204gcccagatg
gctggaggat Healgnana-gastagiagegeesaatiod gagiagigea §6 aggacsaatgagesceatgg gacctegagy
acelCCagge ceigeagaly, cioqagoecsad eandat cangosnale ciggloaeg logigaacelggioroteg

ggagtagagg acatcagcgg gcttccttct ggagaagttc tagagaccgc tgcccctgga 3420
gtagaggaca tcagcgggct tccttctgga gaagttctag agaccgctgc ccctggagta 3480
gaggacatca gcgggcttcc ttctggagaa gttctagaga ccgctgcccc tggagtagag 3540
gacatcagcg ggcttccttc tggagaagtt ctagagaccg ctgcccctgg agtagaggac 3600
atcagcgggc ttccttctgg agaagttcta gagaccgctg cccctggagt agaggacatc 3660
agcgggcttc cttctggaga agttctagag actgctgccc ctggagtaga ggacatcagc 3720
gggcttcctt ctggagaagt tctagagact gctgcccctg gagtagagga catcagcggg 3780
cttccttctg gagaagttct agagactgct gcccctggag tagaggacat cagcgggctt 3840
ccttctggag aagttctaga gactgctgcc cctggagtag aggacatcag cgggcttcct 3900
tctggagaag ttctagagac tactgcccct ggagtagagg agatcagcgg gcttccttct 3960
ggagaagttc tagagactac tgcccctgga gtagatgaga tcagtgggct tccttctgga 4020
gaagttctag agactactgc ccctggagta gaggagatca gcgggcttcc ttctggagaa 4080
gttctagaga cttctacctc tgcggtaggg gacctcagtg gacttccttc tggaggagaa 4140
gttctagaga tttctgtctc tggagtagag gacatcagtg ggcttccttc tggagaggtt 4200
gtagagactt ctgcctctgg aatagaggat gtcagtgaac ttccttcagg agaaggtcta 4260
gagacctctg cttctggagt agaggacctc agcaggctcc cttctggaga agaagttcta 4320
gagatttctg cctctggatt tggggacctc agtggagttc cttctggagg agaaggtcta 4380
gagacctctg cttctgaagt agggactgac ctcagtgggc ttccttctgg aagggagggt 4440
ctagagactt cagcttctgg agctgaggac ctcagtgggt tgccttctgg aaaagaagac 4500
ttggtggggt cagcttctgg agacttggac ttgggcaaac tgccttctgg aactctagga 4560
agtgggcaag ctccagaaac aagtggtctt ccctctggat ttagtggtga gtattctggg 4620
gtggaccttg gaagtggccc accctctggce ctgcctgact ttagtggact tccatctgga 4680
ttcccaactg tttccctagt ggattctaca ttggtggaag tggtcacagc ctccactgca 4740
agtgaactgg aagggagggg aaccattggc atcagtggtg caggagaaat atctggactg 4800
ccctccagtg agctggacat tagtgggaga gctagtggac tcccttcagg aactgaactc 4860
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Page 11 Seguence_Listing. TXT tccccgtggt cctectggtc ccecctggaaa gectggtgat gatggtgaag ctggaaaacc960
tggaaaagct ggtgaaaggg gtccgcctgg tcctcagggt getcgtggtt tcccaggaac1020 cccaggcctt cetggtgtca
aaggtcacag aggttatcca ggcctggacg gtgctaaggg1080 agaggcgggt gctcctggtg tgaagggtga gagtggttcc
ccgggigaga acggatctcc1140 gggcccaatg ggtectegtg gectgectgg tgaaagagga cggactggcec ctgetggege1200
tgcgggtgec cgaggcaacg atggtcagcc aggccsegoan gggactciogg otcctgtcggl260 tectgetggt ggtectggcet
tccctggtg@%&?éﬁ5@&6%&3@@&}%&669@%&@13@@f@@tdé&&b@%&?ﬁ&%ﬁf&ﬁﬁtcaag‘%’%%ctcgcggt
gaacctggtayeioetgogtet88ihggetgggeaigatgytyntioosgaiaacan iggaacagatggaaticctgdagagccaaaggl440
atetgetagl, gelegiageadiaetaglas Gelgetic clauasaas JYAeeesloRl SOR tageggicaa aglggaacty glectetgyg

cccgaaaggt cagacgggtg aacctggtat1560 tgctggcettc aaaggtgaac aaggccccaa gggagaacct ggecctgcetg

gcccccagteP0°a6 ceetther R RRIERAECAARHGHRIR §LGRG51988 [ §IGFARHTC ctggtatfyt1680 tgggceccate
ggtcceccigngearaggagy tagieteggccasssorygitianraggteat (ddd agaiggieigcgeaggiccreagggagecce

t tcttgctggls t t tggectt
99agagc(gg?}%%%cgg%%a%gé’ggg‘%%g&gcggtﬁgﬁc%g&q g%ﬁc%‘@gé’aqt&&ci%%g&%%%g}gc ggagag celggectic

ctggagce ggtetcact ggécgeecty gtgatgetgg téétcaagge aaagttggee cttctggagc1920 cectggtgaa
gatggtcgtégfgacet & effGecieag gtiderit P aRgeey gL OB Hgicatiigrtrettggcec etdhaggtgc
caacggtgagregtygeaaad etggigadnnadatggoasianclggigetesio 6ietgagegg deticctggssaaagatggty

R S e e s
agcccctg@@@é@@gg@tgm&gmg@ggyagt ggagaatcct ccagagctga gattgggagc 5460
agcctgcecct cgggagcata ttatggcagt ggaactccat ctagtttccc cacggtctct 5520
cttgtagaca gaactttggt ggaatctgta acccaggctc caacagccca agaggcagga 5580
gaagggcctt ctggcatttt agaactcagt ggtgctcatt ctggagcacc agacatgtct 5640
ggggagcatt ctggatttct ggacctaagt gggctgcagt ccgggctgat agagcccagce 5700
ggagagccac caggtactcc atattttagt ggggattttg ccagcaccac caatgtaagt 5760
ggagaatcct ctgtagccat gggcaccagt ggagaggcct caggacttcc agaagttact 5820
ttaatcactt ctgagttcgt ggagggtgtt actgaaccaa ctatttctca ggaactaggc 5880
caaaggcccc ctgtgacaca cacaccccag ctttttgagt ccagtggaaa agtctccaca 5940
gctggggaca ttagtggagc taccccagtg ctccctgggt ctggagtaga agtatcatca 6000
gtcccagaat ctagcagtga gacgtccgcc tatcctgaag ctgggttcgg ggcatctgec 6060
gcccctgagg ccagcagaga agattctggg tcccctgatc tgagtgaaac cacctctgca 6120
ttccacgaag ctaaccttga gagatcctct ggcctaggag tgagcggcag cactttgaca 6180
tttcaagaag gcgaggcgtc cgctgcccca gaagtgagtg gagaatccac caccaccagt 6240
gatgtgggga cagaggcacc aggcttgcct tcagccactc ccacggcttc tggagacagg 6300
actgaaatca gcggagacct gtctggtcac acctcgcagc tgggcgttgt catcagcacc 6360
agcatcccag agtctgagtg gacccagcag acccagcgcc ctgcagagac gcatctagaa 6420
attgagtcct caagcctcct gtactcagga gaagagactc acacagtcga aacagccacc 6480
tccccaacag atgcttccat cccagcttct ccggaatgga aacgtgaatc agaatcaact 6540
gctgcagacc aggaggtatg tgaggagggc tggaacaagt accagggcca ctgttaccgc 6600
cacttcccgg accgcgagac ctgggtggat gctgagcgcc ggtgtcggga gcagcagtca 6660
cacctgagca gcatcgtcac ccccgaggag caggagtttg tcaacaacaa tgcccaagac 6720
taccagtgga tcggcctgaa cgacaggacc atcgaagggg acttccgctg gtcagatgga 6780
caccccatgc aatttgagaa ctggcgcccc aaccagcctg acaacttttt tgccgctgga 6840
gaggactgtg tggtgatgat ctggcacgag aagggcgagt ggaatgatgt tccctgcaat 6900
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acgaggtttc ccaggtgaac gtggctctcc cggtgcccag ggcctccagg gtceccegtgg2340 ccteccececggce actectggea
ctgatggtcc caaaggtgca tctggcccag caggceccccc2400 tggggctcag ggcecctecag gtcticaggg aatgectggce
gagaggggag cagctggtat2460 cgctgggccc aaaggcgaca ggggtgacgt tggtgagaaa ggccctgagg
gagcccctgg2520 aaaggatggt ggacgaggcc tgacaggtcc cattggcccc cctggcccag ctggtgctaa2580 tggcgagaag
ggagaagttg gacctcctgg tcctgcagga agtgctgeg cgdRe4ixtccgggtgaa cgtggagaga ctgggcecccce

cggaccag%@@%ﬁb%t@cﬁﬁ%‘i%ggﬁ?ﬁ?@?@%fg3@8E%&@%cfﬁﬁ@‘@%%%é@@i‘éﬁaééﬁagga afgccggecaga
aaggcgatgegdsid dgytgecont ggicotcany gerceiptgogcagcaceigyy soicagpgtm gtactggagia820 gactggtcct
2229929eGe, GANGIGCeR RAYEGECE 9&%%09&9% fieecioanRtlRogigeige £cocatiogns coccaggcte

caatggcaac cctggacccc ctggtccccc2940 Page 12 Sequegce_Listigg. TXT tggtccttct ggaaaagatg

gtcccaaa@@%%T&@%@&éﬁé&é@@&é%%&b‘g@6@‘@6@?%@&@@@%@%@@‘68& aaggtcctht! tggacccect
ggcgagaagg gagagcctgg3060 agatgacggt ccctetggtg ccgaaggtce accaggtcece cagggtctgg ctggtcagag3120

aggcatcg %}ctg{gg@g ggcaacgtgg tgagagagga ttccctggcet tgectggecc3180 gtcgggtgag cccggecaagce
agggtgctceiggagmaict ggagacagag gtcetcetgg3240 cceegtgggt ccteetggec tgacgggtee tgcaggtgaa
cctggacgagaggdiigcéeBBUT cggtgctgat ggecececty gcagagatgg cgetgetgga gtcaagggty atcgtggtga33s0
gactggtgctgtgggagctc ctggagecce tgggecccect ggeteecctg geceegetgg3420 tccaactgge aagcaaggag

acagaggayd AFCHRGSCL CEGHR R fFGHBHC AIEIUBO MY §accICRH feicCE68t gaatccadfyg tectcaagge
cccagaggtywegasggagathnidgoeiggagad ¢oigesgntsdagecsigea 0pgaeaceg ggcticay

gtetgeagyy3600 fctacecage aetecluglc cictagaga ceaagalact iclqalcgly Clggectic366Q,

cgggagctgc tgcggcagca ggtcagggag atcacgttcc tgaaaaacac ggtgatggag 240
tgtgacgcegt gcgggatgca gcagtcagta cgcaccggcec tacccagcgt gceggeccctg 300
ctccactgeg cgcccggett ctgettcccce ggegtggect gcatccagac ggagagcegge 360
gcgegetgeg geccctgecc cgegggettc acgggcaacg gctcgcactg caccgacgtc 420
aacgagtgca acgcccaccce ctgcttccce cgagtccgct gtatcaacac cagcccgggg 480
ttccgetgeg aggcttgccc gccggggtac agcggcccca cccaccaggg cgtggggctg 540
gctttcgecca aggccaacaa gcaggtttge acggacatca acgagtgtga gaccgggcaa 600
cataactgcg tccccaactc cgtgtgcatc aacacccggg gctccttcca gtgeggeccg 660
tgccagcececeg gettegtggg cgaccaggeg tccggetgee agcggegege acagcegcettce 720
tgccccgacg gctegeccag cgagtgccac gagcatgcag actgcgtcct agagcgcgat 780
ggctcgeggt cgtgegtgtg tgccgttgge tgggccggca acgggatcct ctgtggtcege 840
gacactgacc tagacggctt cccggacgag aagctgegct gcccggagcg ccagtgecgt 900
aaggacaact gcgtgactgt gcccaactca gggcaggagg atgtggaccg cgatggcatc 960
ggagacgcct gcgatccgga tgccgacggg gacggggtcc ccaatgaaaa ggacaactgce 1020
ccgctggtgc ggaacccaga ccagcgcaac acggacgagg acaagtgggg cgatgcgtgce 1080
gacaactgcc ggtcccagaa gaacgacgac caaaaggaca cagaccagga cggccggggce 1140
gatgcgtgcg acgacgacat cgacggcgac cggatccgca accaggccga caactgcecct 1200
agggtaccca actcagacca gaaggacagt gatggcgatg gtatagggga tgcctgtgac 1260
aactgtcccc agaagagcaa cccggatcag gcggatgtgg accacgactt tgtgggagat 1320
gcttgtgaca gcgatcaaga ccaggatgga gacggacatc aggactctcg ggacaactgt 1380
cccacggtgc ctaacagtgc ccaggaggac tcagaccacg atggccaggg tgatgcctgce 1440
gacgacgacg acgacaatga cggagtccct gacagtcggg acaactgccg cctggtgect 1500
aaccccggcec aggaggacgc ggacagggac ggcgtgggcg acgtgtgcca ggacgacttt 1560
gatgcagaca aggtggtaga caagatcgac gtgtgtccgg agaacgctga agtcacgctc 1620
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tggccctaga ggtcctcectg geececgtegg tecectctgge aaagatggtg ctaatggaat3720 ccctggeccce attgggcecte
ctggtccecg tggacgatca ggcgaaaccg geectgetgg3780 tectectgga aatcctggac cecectggtee tccaggtece
cctggcecctg gecatcgacat3840 gtccgccttt getggcttag gecccgagaga gaagggceccc gaccccctge agtacatgeg3900
ggccgaccag gcagccggtg gectgagaca gcatgacgcec gaggtggatg ccacactcaa3960 gtccctcaac aaccagattg
agagcatccg cagccccgag ggctcccgca agaaceqigeda20i tagagcekgc agagacctga aactctgecca cecctgagtgg
2802010030 a¢13et0gLA0LR 10aCEReRt sAPANEINER (l'agAnaE cIdRAdaL iglacaaca fgaagactag 4140
cgagacttgc gictacccca atccagcaaa cgltcccaag aagaactggt ggagcagcaad4200 gagcaaggag aagaaacaca
tctggtttigg “GAAREIEcteatgGtGaRt tER AR ALY PROACERERfagat TaCAAtc iRy cdBEEFAcac t§EtAacgtc cagatgacct
tcctacgccddZthgetgtoencs waagorjcecragancaiene flaccanigfygegnatagea figrctatci4880 ggacgaagcea
gclggeange IeARRRA0NG SEIAeIcalG ARNReioqR A9ANdI9Re44n galceygca gpodgcagiy, ocaggticac
gtacactgcc ctgaaggatg gcta%a%gaaﬁ cataccggt aagtggggca gacté;%%t cgagtaccgg tcacagaaga
cctcacgcCiBUB0 et Ao TRECAtEE E33Re JRCAr AbRjdy 88 ERRFc a6 6EECedgtgtgg@4820 catagggcecy
gtctgcttct jgtrarggagCidgarggaadaaclasararisegitgeaada aggcaaageaeecaagtagsdtccaatcte
agtcactcta %gctcct%caa gtgggtt %S:MC?;}% gaac%tgi%%gtc gaata%c%@gaca%c%cacgc tctcacagtt cgaﬁﬁttttc

tccectctctd fict aga&a cC agtgg gcgaac gca 34 aaaatcg?cg?g?gﬁcf%ﬁﬁ%tiﬁ%t486 gtcttcctg taagaccttc
gggtcaaggedagaefasagaragtiaactyerrieigtcraa 920 atgeteetigoagtgatigeaeccagecttly gccagaagac
ctcecticag gieecaa9cadIRA Ragecd gy reyensR tistingql e capgaacigt gietgiecta cagaatggty ctattctgtg

tcaaacac%tg gt tattttt5040

dacgtgg tcttggacac aaccatgcgg ggtggccgcc tgggggtctt ctgcttctcc 2220
caggagaaca tcatctgggc caacctgcgt taccgctgca atgacaccat cccagaggac 2280
tatgagaccc atcagctgcg gcaagcctag ggaccagggt gaggacccgc cggatgacag 2340
ccaccctcac cgcggctgga tgggggctct gcacccagcc ccaaggggtg gccgtcctga 2400
gggggaagtg agaagggctc agagaggaca aaataaagtg tgtgtgcagg gaaaaaaaaa 2460
aaaaaaaaaa a 2471
<210> 8
<211> 5087
<212> DNA
<213> Homo sapiens
<400> 8
aacgggcgcc gcggcgggga gaagacgcag agcgctgctg ggctgccggg tctcccgett 60
cccecctectg ctccaagggc ctcctgcatg agggcgcggt agagacccgg acccgcgecg 120
tgctcctgcc gtttcgetge gctccgcccg ggcccggcetc agccaggcecc cgcggtgage 180
catgattcgc ctcggggctc cccagacgct ggtgctgctg acgctgctcg tcgecgetgt 240
ccttcggtgt cagggccagg atgtccagga ggctggcagc tgtgtgcagg atgggcagag 300
gtataatgat aaggatgtgt ggaagccgga gccctgccgg atctgtgtct gtgacactgg 360
gactgtcctc tgcgacgaca taatctgtga agacgtgaaa gactgcctca gccctgagat 420
cccecttegga gagtgctgcc ccatctgccc aactgacctc gccactgcca gtgggcaacc 480
aggaccaaag ggacagaaag gagaacctgg agacatcaag gatattgtag gacccaaagg 540
acctcctggg cctcagggac ctgcagggga acaaggaccc agaggggatc gtggtgacaa 600
aggtgaaaaa ggtgcccctg gacctcgtgg cagagatgga gaacctggga cccctggaaa 660
tcctggecccc cctggtectce ccggceccccce tggtcccect ggtcttggtg gaaactttge 720
tgcccagatg gctggaggat ttgatgaaaa ggctggtggc gcccagttgg gagtaatgca 780
aggaccaatg ggccccatgg gacctcgagg acctccaggc cctgcaggtg ctcctgggec 840
tcaaggattt caaggcaatc ctggtgaacc tggtgaacct ggtgtctctg gtcccatggg 900
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taaaacatca attgatatta aaaatgaaaa gattattgga aagtaca5087 <210> 9 <211> 3704 <212> DNA <213> Homo
sapiens <400> 9 ccctcaccgg gggcaagagg gaccaaggct gggcccagaa cacatagtcc tagggtaaca60 gtgaaggggt
cgtgagggga cagtgactcc cttccaaccc cttcttcata gggactgttgl20 gcaaacaaag aaaatcaact gggaaaatga
agacctgctg gaaaattcca gttttcttct180 ttgtgtgcag tttcctggaa ccctgggcat ctgcagcetgt caagcgtcge cccagattcc240
ctgtcaattc caattctaat ggtggaaatg aactctgtce @prgatcaggratggseaag300 atgacttacc agggtttgat ctgatctctc
agttccaggt EGattaak e bedtesh§aeI60GasttatCaAYAGa ARG gaadcaErRIacafgcaggt YRftitacaag
ttgggaaatagel algiagesty sagpatigtacactaggarit dadgiercagiagasiace gaagaatact43ioeotictigac
gacgtttcga atgactggaa gcactctcaa aaagaactgg aacatttggcs540 agattca ttcctctggg agcaag
Hggcataa GAtaI . S A A0 Sl AN e AlSc AR SoARgaty baagtiihca anacagos
ttttcgaattGBRIGFERICHE CHAGHIEE CHgRIgesta AFatCAgact§§easiaer atfagtades720 ciddtetttt tgttgactge
aacaggatiggateitias tpleargegagrgegaeggasy 8 ftgasatign tegettoct apigggaa aagtigcaga taatcctcaa
gtttctgttc8t40C cat%t Caca((::t gca%g%gatgtct actgcggt gt 9cccccccc%t %;égg(:ccca g %ggga;atacactt%o lgz%%atgagct
gccagccag% atda gcc@a cagacc cga?cgag% a ggtcc gg§8ﬁg taagc ggagtcctcccggg cctcegggcece

cccctggadiceenggehtegyarggoatc 100 sty et eg2ag g teetuagagge cecests § Grecccecddftecctgcaggt
gaaccyggyakd8P-agcsnaeags s (Regeaal S Hegcarae Clgacaeian 10galtaggaragacctgnig 1140 gatccectgg

ctecaligg [caaanagat aaaazagaga accioglolg coiagalcqc1 200

gagccaaagg 1440
atctgctggt gctcctggca ttgctggtgc tcctggcttc cctgggccac ggggcecctcece 1500
tggccctcaa ggtgcaactg gtcctctggg cccgaaaggt cagacgggtg aacctggtat 1560
tgctggcttc aaaggtgaac aaggccccaa gggagaacct ggccctgctg gcccccaggg 1620
agcccctgga cccgetggtg aagaaggcaa gagaggtgcc cgtggagage ctggtggegt 1680
tgggcccatc ggtccccctg gagaaagagg tgctcccggc aaccgcggtt tcccaggtca 1740
agatggtctg gcaggtccca agggagcccc tggagagcga gggcccagtg gtcttgctgg 1800
ccccaaggga gccaacggtg accctggcecg tcctggagaa cctggecttc ctggagcecg 1860
gggtctcact ggccgccctg gtgatgctgg tcctcaagge aaagttggec cttctggage 1920
ccctggtgaa gatggtcgtc ctggacctcc aggtcctcag ggggctcgtg ggcagcctgg 1980
tgtcatgggt ttccctggcc ccaaaggtgc caacggtgag cctggcaaag ctggtgagaa 2040
gggactgcct ggtgctcctg gtctgagggg tcttcctggc aaagatggtg agacaggtgc 2100
tgcaggaccc cctggccctg ctggacctgc tggtgaacga ggcgagcagg gtgctcctgg 2160
gccatctggg ttccagggac ttcctggccc tcctggtccc ccaggtgaag gtggaaaacc 2220
aggtgaccag ggtgttcccg gtgaagctgg agcccctggc ctcgtgggtc ccaggggtga 2280
acgaggtttc ccaggtgaac gtggctctcc cggtgcccag ggcctccagg gtccccgtgg 2340
cctccccgge actcctggeca ctgatggtcc caaaggtgca tctggcccag caggcccccce 2400
tggggctcag ggccctccag gtcttcaggg aatgcctggc gagaggggag cagctggtat 2460
cgctgggccc aaaggcgaca ggggtgacgt tggtgagaaa ggccctgagg gagcccctgg 2520
aaaggatggt ggacgaggcc tgacaggtcc cattggcccc cctggcccag ctggtgctaa 2580
tggcgagaag ggagaagttg gacctcctgg tcctgcagga agtgctggtg ctcgtggcgc 2640
tccgggtgaa cgtggagaga ctgggccccc cggaccagcg ggatttgctg ggcctcctgg 2700
tgctgatggc cagcctgggg ccaagggtga gcaaggagag gccggccaga aaggcgatgc 2760
tggtgcccct ggtcctcagg gcccctctgg agcacctggg cctcagggtc ctactggagt 2820
gactggtcct aaaggagccc gaggtgccca aggccccccg ggagccactg gattccctgg 2880
agctgctggc cgcgttggac ccccaggctc caatggcaac cctggacccc ctggtccccc 2940
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gtggatttcc aggccgtggt attcctggac ccectggtee tcctgggaca gcaggactcc1260 ctggagagct tggecgtgta
ggacctgttg gtgaccctgg gagaagagga ccacctggccl320 ccecctggecc cccaggacce agaggaacaa togctttca
tgatggagat ccattgtgtc1380 ccaatgcctg tccaccaggt cgctcaggat atccaggcct accaggcatg aggggtcatal440
aaggggctaa aggagaaatt ggtgaaccag gaagacaagg acacaagggt gaagaaggtgl500 accagggaga actcggagaa

gttggagctc aaggacctce aggageccag ggtttgcgagdisQigeateactsy catagtAggg gacaaa aaaaaggtgc
tcggggctté%ﬁfﬁéfé&a&%’“‘?@ﬁﬁ%@f&%‘?@@%&%@@%Ea%%‘fﬁggjﬁj}éfcééﬁ@tﬁeﬁﬁ%gagg%gggccaggag 1680
aagcaggtegaasaggagatagagggosiguaangigaias aggaationt gotelosoigdast Rage 143@gcccaaagy
ctggaacagaag_agcd%ggtggggg%%ggggcgg%ggg&;&g%{gggaggg%gtttggﬁggtggﬁas;&ggaa agglggaga gctigagagg

ctggaccccg ctccgggtag aacatfittge ctggaaggec agatgggaat gacctaaagg gtttgcctgg gecgagacgg cgggacctec

agcgagcatP¥gaLctic g Fatatt i@ At oal A2GHRA8R A St ftEHAEE C G5 titcdLfAg ttatgaagaa
tctctggagyetigetigidaiitgageaidadtgat aagaaaigag £QGaceeaagh gaigaateamgctggastugaagcectggt
gggaccccga. ¢l C‘EE%&%%%%%@(%%%%%I&%&‘P&% {31ag9alia gecigangga gggtglacag aggaccgaca
tgagatggct tggccctcet tegtggcectt tgacttggga agetataggt tgagecgagyc tgggeticee taacaaaggg ctggtgaagg

agcatgatt&9atagaatfa 6 EGeEEARCHFICE8a L HiE65598a TASMBGAEY RICEEAETER gataddlRag tcaccttgaa
gctictatgt g aitajti-tafgaisicd c Ho eagete Guasaarcelyeclggtgcaac eagrigagragggacccergg ccagqtaaac
cttcctggaa ggtgectctg cctggeccaa agtc gc ggagaacagg_gatcagcaca gccagtctta ggtgeeececeg ccgggeatta
Jaaaa00055 o S g e oS g o Aacesa COAEH ggtgtiatc tnaaaaaaaa
gatcttgageasaseftaseicageaantg Rtc 62999 4 efctareact ciRtgagel garageagasd attitadzyy taatctcttg
tggatggces aarplsa I agagiio g Allcrograaaeteetagdgagisteligraagalgn gtgaagaagy agggatctge
ttcctggagt gtgccaccgg ttaagcaggt agegtccaga gecctectgg. a cceec agegtggecc ac gccc tggcaggaat
ageoagoctS DS os S0a ER HED at SL ot S ya s S HEET RS ot toagtat
attggtgctttescgabaayoatigtanta aaetagtiotyagdaa carpatet dataret iganggante tgatdthgga tggtgaaaag

aCCQQQCC@&WQQ%QSQ%C@@Q%GGQ@@&@%@Q%a%ﬁfél@awfcggé'%gaCCéB¢§<§900t99t
ttgcatgaqga ctcaggtgcc agagaatggt tggtgctctt tccaggaaga tgccagctat tcctggagtg ctgcaceatg ctgetgeatg
toonnagols GEARTE 00 RAAUE SSSRRISt CHalEtS b Eroash G S 5Ar R Hama ot tcttiacy
ctttacccca eataattiggocateictygy tata ceetggaatgestigeatg gt guieycasatpcatyggcctc ffdttaggac

ggcctecctggichgiagag-988aRg 994 8909 R 059398092 6a85 gRGR08EAG teaiacaag ggigggctic
ttcccaggcc ggtttgaggg ggtcccaacg ggcagaaatg cctggaccce caggetggte getgtctgea gg?caaagat gtCctacttg

ccttggagdl CCHGAAATHRAALES F9a%aat TP SHBYECHY PTG EHRAHY Bacctgttd Cattcataaa
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tgtaccaaag gsequancegdising.gx hactctgcca ccctgagtgg aagagtggag actactggat 4080
tgaccccaac caaggctgca ccttggacgc catgaaggtt ttctgcaaca tggagactgg 4140
cgagacttgc gtctacccca atccagcaaa cgttcccaag aagaactggt ggagcagcaa 4200
gagcaaggag aagaaacaca tctggtttgg agaaaccatc aatggtggct tccatttcag 4260
ctatggagat gacaatctgg ctcccaacac tgccaacgtc cagatgacct tcctacgcect 4320
gctgtccacg gaaggctccc agaacatcac ctaccactgc aagaacagca ttgcctatct 4380
ggacgaagca gctggcaacc tcaagaaggc cctgctcatc cagggctcca atgacgtgga 4440
gatccgggca gagggcaata gcaggttcac gtacactgcc ctgaaggatg gctgcacgaa 4500
acataccggt aagtggggca agactgttat cgagtaccgg tcacagaaga cctcacgcct 4560
ccccatcatt gacattgcac ccatggacat aggagggccc gagcaggaat tcggtgtgga 4620
catagggccg gtctgcttct tgtaaaaacc tgaacccaga aacaacacaa tccgttgcaa 4680
acccaaagga cccaagtact ttccaatctc agtcactcta ggactctgca ctgaatggct 4740
gacctgacct gatgtccatt catcccaccc tctcacagtt cggacttttc tcccctctct 4800
ttctaagaga cctgaactgg gcagactgca aaataaaatc tcggtgttct atttatttat 4860
tgtcttcctg taagaccttc gggtcaaggc agaggcagga aactaactgg tgtgagtcaa 4920
atgccccctg agtgactgcc cccagcccag gccagaagac ctcccttcag gtgccgggcg 4380



<210> 10 <211> 7291 <212> DNA <213> Homo sapiens <400> 10 acacagtact ctcagcttgt togtggaagc
ccctcatctg ccttcattct gaaggcaggg60 cccggcagag gaaggatcag agggtcgcgg ccggagggtc ccggecggtg
gggccaactc120 agagggagag gaaagggcta gagacacgaa gaacgcaaac catcaaattt agaagaaaaal80 gccctttgac
tttttccccc tctececteee caatggctgt gtagcaaaca tccctggega240 taccttggaa aggacgaagt tggtctgcag tcgcaatttc

gtgggttgag ttcacagttg300 tgagtgcggg gctcggagat ggagecatggricctctaggt ggaaaacgaa acggtggetc360
tgggattica-2eeRatHad tetehatly dcet ettt daagctabadRigtcdigda sty dddiycte cabttyatgt actaaaagea

ctagattttc ecaatictea agaggoaata4dfdopaaaagaa coggattitgyeacaaacaga aagaattcta aegigctcaga
tactgcttac540 agagtttcaa agcaagcaca actcagtgcc ccaacaaaac agttatttcc aggtggaact600 ttcccagaag
acttttcaat axtedttaga gtaaaaccaa aaaaaggaat tcagtctttc660 cttttatcta tatataatga gcatggtatt cagcaaattg
gtgttgagggﬁégaﬁlgfano cctgtttttc tgtttgaaga ccacactgga aaacctgccc cagaagacta tccectcttc780
agaactgttazagatcgetga £gggaagtgg catcgggtag caatcagcgt ggagaagaaa840 actgtgacaa tgattgttga
tigtaagaag agaacgacga aaccacttga tagaagtgag900 agagcaattg ttgataccaa tggaatcacg gtttttggaa
caaggattttggﬁgaagag@&ﬁ@ﬂggg@ggcggg@@a@@gcgeagﬂﬂt@ajﬁage@gtgag@@@sa@ggc agcatatgac1020

tactgtgagg ¢ att c agactgtgac tctt ct c tcaa tca 1080 ctcaga tagatgagta
A o L s e

cac ccz} % [o(sfe
tgcaccaggg gat 1iggg 40 gaagcagagt ataaadagge lgaaagigta acagagggac

ccactgtaa@cﬂjégga@@&immagﬁwagaféggwgééa‘étéaﬁég&ﬁ’étcgatﬂfé&égtéafacaacté%gaacaatg 12E0

ttgtgtgcag tttcctggaa ccctgggcat ctgcagctgt caagcgtcgc cccagattcc 240
ctgtcaattc caattctaat ggtggaaatg aactctgtcc aaagatcagg attggccaag 300
atgacttacc agggtttgat ctgatctctc agttccaggt agataaagca gcatctagaa 360
gagctatcca gagagtagtg ggatcagcta cattgcaggt ggcttacaag ttgggaaata 420
atgtagactt caggattcca actaggaatt tatatcccag tggactgcct gaagaatact 480
ccttcttgac gacgtttcga atgactggaa gcactctcaa aaagaactgg aacatttggc 540
agattcagga ttcctctggg aaggagcaag ttggcataaa gattaatggc caaacacaat 600
ctgttgtatt ttcatacaag ggactggatg gaagtctcca aacagcagcc ttttcgaatt 660
tgtcctcctt gtttgattcc cagtggcata agatcatgat tggcgtggag aggagtagtg 720
ctactctttt tgttgactgc aacaggattg aatctttacc tataaagcca agaggcccaa 780
ttgacattga tggctttgct gtgctgggaa aacttgcaga taatcctcaa gtttctgttc 840
catttgaact tcaatggatg ctgatccatt gtgaccccct gcggcccagg agagaaactt 900
gccatgagct gccagccaga ataacgccca gccagaccac cgacgagaga ggtcccccgg 960
gtgagcaggg tcctcccggg cctccgggcc cccctggagt tccaggcatc gatggcatcg 1020
acggtgaccg aggtcctaag ggccccccgg gccccccggg tcctgcaggt gaaccgggaa 1080
agccaggagc tccaggcaag cctggcacac ctggcgctga tggattaaca ggacctgatg 1140
gatcccctgg ctccattggg tcaaagggac aaaaaggaga acctggtgtg cctggatcgc 1200
gtggatttcc aggccgtggt attcctggac cccctggtcc tcctgggaca gcaggactcc 1260
ctggagagct tggccgtgta ggacctgttg gtgaccctgg gagaagagga ccacctggcc 1320
cccctggeccc cccaggaccc agaggaacaa ttggctttca tgatggagat ccattgtgtc 1380
ccaatgcctg tccaccaggt cgctcaggat atccaggcct accaggcatg aggggtcata 1440
aaggggctaa aggagaaatt ggtgaaccag gaagacaagg acacaagggt gaagaaggtg 1500
accagggaga actcggagaa gttggagctc aaggacctcc aggagcccag ggtttgcgag 1560
gcatcaccgg catagttggg gacaaagggg aaaaaggtgc tcggggctta gatggtgaac 1620
ctgggcctca gggtcttcct ggtgcacctg gtgatcaagg acagcgagga cctccaggag 1680
aagcaggtcc caaaggagat agaggggctg aaggtgctag aggaattcct ggtctccctg 1740
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gaaagttacc agacagaagc tcctaggcat gtttctggga caaatgagcc aaatccagtt1320 gaagaaatat ttactgaaga
atatctaacg ggagaggatt atgattccca gaggaaaaat1380 tctgaggata cactatatga aaacaaagaa atagacggca
gggattctga tcttctggtal440 gatggagatt taggcgaata tgatttttat gaatataaag aatatgaaga taaaccaacal5s00
agccccccta atgaagaatt tggtccaggt gtaccagcag aaactgatat tacagaaacal560 agcataaatg gccatggtgce
atatggagag aaaggacaga aaggagaacc agcagiggtit&20 gagectygta tgcttgtcga aggaccacca ggaccagcag
gacctgca g cgata gccceccal740
U T g o
aaaggaccad BRI GO AR EAgBPRBBA Py 8 9L6 L SEGdeHEE IL ARy TR 82 ctcaad®Attctica
gcaggctcggcattg@tg‘hgagftgggsmmtgge@cmwa@gtcm&@mggﬁagg&agtgtggg2gggcctggtt 2040
catctggggc caaaggtga tggtgatc cagagtccica ccctcga ggcgtccar tcceectgg, tccaacggga
o L Y Joooe a0 gagatogang
gtttgatgge EEFGGtc 198REEF G ¢85 62682900 EFEH gtaekry Ry R agificctccdl4Btcctectg

gtgatgatggagegagag eadiafl gangaliggesaaaliggece: 2adreeigiceaggigaag efggcccaeg agatitgctg2280
ggtccaag gtgaactcca atggcccc2340 ccaggaceaa aagggaacat

agctcca ca CCtg ta tggca gt ta
SogteocoRsacctaq getcttdan i cetddde Raaadduiten cadiitged etegdadc ) OTRE  tooa
ttggtcctccfgiEftaan BB 03g§ae catidag tGaa aHecag graetteaaefR eI dfrgreayatgggcetitiggtcat2520

cctgggaaagrageeadia iggananantygeaaalcigguateegectyd desacaaggidasl egtatiggakacccgggcecc
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chgggagé@t%gggqa%%ggggt8‘5%85%&21%%caé%gg%tg%af%%(tsgfgagt ggaaggacca agaggaccac 2340
ctggaccccg gggtgtgcag ggagaacagg gtgccaccgg cctgcctggt gtccagggec 2400
ctccgggtag agcaccgaca gatcagcaca ttaagcaggt ttgcatgaga gtcatacaag 2460
aacattttgc tgagatggct gccagtctta agcgtccaga ctcaggtgcc actgggcttc 2520
ctggaaggcc tggccctcct ggtccccccg gecctcctgg agagaatggt ttcccaggec 2580
agatgggaat tcgtggcctt ccgggcatta aggggccccc tggtgctctt ggtttgaggg 2640
gacctaaagg tgacttggga gaaaaggggg agcgtggccc tccaggaaga ggtcccaacg 2700
gtttgcctgg agctataggt ctcccaggtg acccaggccc tgccagctat ggcagaaatg 2760
gccgagacgg tgagcgaggc cccccagggg tggcaggaat tcctggagtg cctggacccc 2820
cgggacctcc tgggcttccc ggtttctgtg agccagcctc ctgcaccatg caggctggtc 2880
agcgagcatt taacaaaggg cctgaccctt gaaaggctta ctgctgcatg gcetgtctgcea 2940
tgaaccacgc ctggtgaagg agcctgggtg agaaacacca tccaaagctg gggcaaagat 3000
gattaccttc agcatgatta caatgtatta ccttcagtat gattacagaa gtcctacttg 3060
acaatcacat atagaagaac ggtgctattc agtaagttct ctttcctttc ccttggaggg 3120
aagacagcag agtcatcagt taaaaaaaaa aaaagaaaac caaacacctc ccttgaataa 3180
atttatactc ctgttcccag gatcttgagc tttagtgtgc tatacctatg tgtcttatcg 3240
tgggccactg tgccaataaa caaaaacaac tgtttggttt acctcagttg cagtagttat 3300
tttcatttag aagttgttct cagattattg tttcagttat atagaggatt actagactag 3360
ttatgaagaa accccactac attcaatgga attggtgctt aaaatctcat cgatgtgctg 3420
tctctggagt gataagaaag ggctacatct cccgaaatga tttctttacg tcatgtattg 3480
gtrttccttct tcaccttgaa cttttgttga actgtatgta ctttacccca aacctgttaa 3540
tattttgagc gcttctatgt gaaagcaaag aaataatttt aatactctgg cattcataaa 3600
ttttattgat gagattattt attttaaagg tttgaggtaa catctctggt tgtaccaaag 3660
aagaaataaa tatggtttct taatctcttg catgttttct tata 3704



ggatctaaag gtgaaaaggg tgaagatggt tttccaggat tcaaaggtga catgggtcta2700 aaaggtgaca gaggagaagt
tggtcaaatt ggcccaagag gggaagatgg ccctgaagga2760 cccaaaggtc gagcaggcecc aactggagac ccaggtectt
caggtcaagc aggagaaaag2820 ggaaaacttg gagttccagg attaccagga tatccaggaa gacaaggtcc aaagggttcc2880
actggattcc ctgggtttcc aggtgccaat ggagagaaag gtgcacgggg agtagctggc2940 aaaccaggcec ctcggggtca
gcgtggtcca acgggtecte gaggtticaag aggtgcaagadRQ ggtceeacty ggaaacctgg gccaaagggc acttcaggtg
gcgatggecd18etggBert3060 ccaggtgaaa gaggtectca aggacctcag ggtecagtty gattcectgg accaaaagge3120
cctcectggaeaasctgggaa ggatgggetyg ccaggacacce ctgggcaacg tggggagact3180 ggatttcaag gcaagaccgg
ccctectgggiétagdigatiRiGitggace acagggaccal3240 accggtgaga ctggtccaat aggggaacgt gggceatectg
gccctcctgg4eostcatggt3300 gagcaaggtc ttcctggtge tgcaggaaaa gaaggtgcaa agggtgatcc aggtcctcaa3360
ggtatctcad ‘GGaasRfdtdd RXAGEAERY teg g Rt HGH8 oo hE g §ica3aPT g gagctc &Yggtgcacc
tggactgaaca;ggﬁggg@@éa594%mc@@ggggeega@@agg§%8@tecag@tgg@begcgzmgag@acgtgggma gcaggtag%% 0
ctggcccaat tggtttacca cgcccgq, gacctcagqg tecteetggt ccagetggag agaaaggtge jectggagaa
st e e bd O et P oot Ggocoaete
ccetggygaaGaEHRRig A ATAGEERG AT fag ERYTREO Lo aERAaAERgEREERAGeR) tgacadtfyga gaaaatggcc
ctcceggtceceeaggiett3Be £aagoesnra dtagigegesdogralosiHeagyteatggigagecagg jeetagagga3s4o

cagcagg at%t(t: gfgca 9ga%§gtgaé a%ggt cca ga ct%cgcazaggacgtcgpggo E’tacge 17 60

Seguence_ﬁf’s ng. xqﬁgg?gc a'fa@ g &t aa g fctgcc agc 8cacc?ag‘_‘[lg agga%;ggtga aaa?ggggat3960

gttggtcccatgepidceaceigretecacgyeectagag getettaagy teeaarrggarpO0caga 420
ggagctgctc cagttgatgt actaaaagca ctagattttc acaattctcc agagggaata 480
tcaaaaacaa cgggattttg cacaaacaga aagaattcta aaggctcaga tactgcttac 540
agagtttcaa agcaagcaca actcagtgcc ccaacaaaac agttatttcc aggtggaact 600
ttcccagaag acttttcaat actatttaca gtaaaaccaa aaaaaggaat tcagtctttc 660
cttttatcta tatataatga gcatggtatt cagcaaattg gtgttgaggt tgggagatca 720
cctgtttttc tgtttgaaga ccacactgga aaacctgccc cagaagacta tcccctcttc 780
agaactgtta acatcgctga cgggaagtgg catcgggtag caatcagcgt ggagaagaaa 840
actgtgacaa tgattgttga ttgtaagaag aaaaccacga aaccacttga tagaagtgag 900
agagcaattg ttgataccaa tggaatcacg gtttttggaa caaggatttt ggatgaagaa 960
gtttttgagg gggacattca gcagtttttg atcacaggtg atcccaaggc agcatatgac 1020
tactgtgagc attatagtcc agactgtgac tcttcagcac ccaaggctgc tcaagctcag 1080
gaacctcaga tagatgagta tgcaccagag gatataatcg aatatgacta tgagtatggg 1140
gaagcagagt ataaagaggc tgaaagtgta acagagggac ccactgtaac tgaggagaca 1200
atagcacaga cggaggcaaa catcgttgat gattttcaag aatacaacta tggaacaatg 1260
gaaagttacc agacagaagc tcctaggcat gtttctggga caaatgagcc aaatccagtt 1320
gaagaaatat ttactgaaga atatctaacg ggagaggatt atgattccca gaggaaaaat 1380
tctgaggata cactatatga aaacaaagaa atagacggca gggattctga tcttctggta 1440
gatggagatt taggcgaata tgatttttat gaatataaag aatatgaaga taaaccaaca 1500
agccccccta atgaagaatt tggtccaggt gtaccagcag aaactgatat tacagaaaca 1560
agcataaatg gccatggtgc atatggagag aaaggacaga aaggagaacc agcagtggtt 1620
gagcctggta tgcttgtcga aggaccacca ggaccagcag gacctgcagg tattatgggt 1680
cctccaggtc tacaaggccc cactggaccc cctggtgacc ctggcgatag gggcccccca 1740
ggacgtcctg gcttaccagg ggctgatggt ctacctggtc ctcctggtac tatgttgatg 1800
ttaccgttcc gttatggtgg tgatggttcc aaaggaccaa ccatctctgc tcaggaagct 1860
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gctgatggac cacaaggacc cccagggtct gttggttcag ttggtggtgt tggagaaaag4080 ggtgaacctg gagaagcagg
gaacccaggg cctcctgggg aagcaggtgt aggcggtccc4140 aaaggagaaa gaggagagaa aggggaagct ggtccacctg
gagctgctgg acctccaggt4200 gccaaggggc caccaggtga tgatggccct aagggtaacc cgggtcctgt tggttttcct4260
ggagatcctg gtcctectgy ggaacctggce cctgcaggtc aagatggtgt tggtggtgac4320 aagggtgaag atggagatcc
tggtcaaccg ggtcctcctg geccatctgg tgaggctggeddticcaccaggtxcticctggaaa acgaggtcct cctggagcetg

caggtgcafaidheagataa4A0Gorsantag YRICUEGE§ 0 gaeagHt JERGaRIGR ctectiylaa
aaccggccg@éﬁaa@b:ggmccamq&@&m@@@g@ma@gggteaagm@ictmgggga@tccctg@%m cctgtgggag

aacaaggtgt cectagagct geagaceaag a % ccace égg&ggtgat& 1620 cqgacctgctg Jettacctgg tetcaaaggt
gaccctggct ccaagggtga aaagggaca?468 cctggtt aa ttggcctgat tgg dctcca ggagaacaag gggaaaaagg

tgaccgag§FRT4O e R 6%d Eida bttt (e CaftHyCa BWaasrtfFaly Yo dgerarcs tggtectddfB00 ggteccttag
gtccacciggpleriecagobHRecaggic Fieaqggsac araggiieaadtolgeqggatcligetagacccga ggccagaaa
ggtgacag t cca cetect 4920 ctcca acctg tcattc cctttaccaa t cctc

caaaaaaa ?)aag % agéggggggc% gc gce%% 5(9t aa:[caatg%\ta Lk &actcgg% 40 ggaatggaag
aaatatttg@IRTERIRE RITIEREREE AAGaLHfGa EARAACTODIRETEARAY Hitettagac cédi®cagcece cgaacttgta
aagacctggat%emﬁgcgm@&@g@gag&e&s@aﬁ@g}@@t@da&tgg@%@t@&ta@@@@%gg&tgctc aggagattccs5220
ttcaaagttt actgtaattt cacatct ?% ggtg caLttatcgc%%acaaaaaaSZBO tctgagggag taggaatttc atcatggeea
aaggagaaac taggaagity gittagigdas a4y HtaatEda SRS ga‘%tgaag gaaattccat
caatatggtg%ﬂ@@maatgaéaﬂgéetgaaamqmgaagémg@cgmgamww'@Hmtgﬁm@atcagtcag

cagcctggigytarkaiaicadeaggagythatdgeanaoeaetegatic 24 gldaateag giaatgagga gajgtcctat

gacaataatc cttttatcaa aacactgtat5580

cctgggaaag aaggccagtc tggagaaaag ggggctctgg gtccccctgg tccacaaggt 2580
cctattggat acccgggccc ccggggagta aagggagcag atggtgtcag aggtctcaag 2640
ggatctaaag gtgaaaaggg tgaagatggt tttccaggat tcaaaggtga catgggtcta 2700
aaaggtgaca gaggagaagt tggtcaaatt ggcccaagag gggaagatgg ccctgaagga 2760
Ccccaaaggtc gagcaggccc aactggagac ccaggtcctt caggtcaagc aggagaaaag 2820
ggaaaacttg gagttccagg attaccagga tatccaggaa gacaaggtcc aaagggttcc 2880
actggattcc ctgggtttcc aggtgccaat ggagagaaag gtgcacgggg agtagctggc 2940
aaaccaggcc ctcggggtca gcgtggtcca acgggtcctc gaggttcaag aggtgcaaga 3000
ggtcccactg ggaaacctgg gccaaagggc acttcaggtg gcgatggccc tcctggcecct 3060
ccaggtgaaa gaggtcctca aggacctcag ggtccagttg gattccctgg accaaaaggc 3120
cctcctggac cacctgggaa ggatgggctg ccaggacacc ctgggcaacg tggggagact 3180
ggatttcaag gcaagaccgg ccctcctggg ccagggggag tggttggacc acagggacca 3240
accggtgaga ctggtccaat aggggaacgt gggcatcctg gccctcctgg ccctcecctggt 3300
gagcaaggtc ttcctggtgc tgcaggaaaa gaaggtgcaa agggtgatcc aggtcctcaa 3360
ggtatctcag ggaaagatgg accagcagga ttacgtggtt tcccagggga aagaggtctt 3420
cctggagctc agggtgcacc tggactgaaa ggaggggaag gtccccaggg cccaccaggt 3480
ccagttggct caccaggaga acgtgggtca gcaggtacag ctggcccaat tggtttacca 3540
gggcgcccgg gacctcaggg tcctcctggt ccagctggag agaaaggtgc tcctggagaa 3600
aaaggtcccc aagggcctgc agggagagat ggagttcaag gtcctgttgg tctcccaggg 3660
ccagctggtc ctgccggctc ccctggggaa gacggagaca agggtgaaat tggtgagccg 3720
ggacaaaaag gcagcaaggg tgacaaggga gaaaatggcc ctcccggtcc cccaggtctt 3780
caaggaccag ttggtgcccc tggaattgct ggaggtgatg gtgaaccagg tcctagagga 3840
cagcagggga tgtttgggca aaaaggtgat gagggtgcca gaggcttccc tggacctcct 3900
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gatggttgtg cgtccagaaa aggctatgaa aagactgtca ttgaaatcaa tacaccaaaas640 attgatcaag tacctattgt tgatgtcatg
atcaatgact ttggtgatca gaatcagaag5700 ttcggatttg aagttggtcc tgtttgtttt cttggctaag attaagacaa
agaacatatc5760 aaatcaacag aaaatatacc ttggtgccac caacccattt tgtgccacat gcaagttttg5820 aataaggatg
gtatagaaaa caacgctgca tatacaggta ccatttagga aataccgatg5880 cctttgtggg ggcagaatca catggcaaaa
gctttgaaaa tcataaagat ataagttggt5940 PageetBerGeguiandeg Ligting. TXT gtggctaaga tggaaacagg gctgattctt

gattcccaa¥$EtCAAELG BEHTCAABDOO HigASftc HRfFIERIGUATAAAGRLE S3a5%059aka atatataitic
ataaaaaatabhol: tgataonaicteicateqat eoraggajgta clagapoagt gigitiaalacaaitgieatto 1 24bagtttgtgta cagttctata
ctgttatctg tgtccattic © catgtccct6180 gaattccate tgactctaat ttgcagaact ctgatggcaa
taaatatatggeg ﬁ%@%’aéﬁé%%g%%%ga‘g%%’t%t'a%t%tcg%gg%té%?ga% gg%:%%%ﬁ%t %%%ﬁg%%%soo agg%gatgcc tttgtatata
ttgatgttgad@§aRitcaat taatgafgoe e caass I60%4ite 8y Aty REHEAa288 WRia&Gactt tthfRagcac actctgatca

actcttctcte426yg6£90cRGH MigCtgR AlltGRECGIraaaal adlafageditigat gettiaticr@480 aggotatacc tcaaactttt
tcttctcaga atccaggatt fcacaggata 1(::'['[ aaaacaa tttcat ?Ict%%gg%ac agg%ggatgt gtgtaagaaa
tctca

leacadgata ciigtatatadoan t%%’ KL gcé%a
gtatattaa(,%é@ﬁg %&caatgc tcgcgtcgaaa Caaacaste ?atg‘ia‘fg%? it tac%ﬂ a 6660 ctccttgttt tcagtgtgct

tcaataatgeRgatEdtatabEEd§atge adsared§e6 aB8-1B0aRtaffa ARG 4R IGUGatt tcttatdd@t caaattcttg
aatttgattce7§iy taagitaeat aitateacag deicdanant lRitHagt geacaregqa trigettte840 tigptgcaa gataatttta

tasatcatt dacctacela 2gciaaat analancalaby0g lagigqacty ataaoad gl aagtopjiga ggaaaateta
ggtgaaaaag gtgctaaggg ggaagcaggt gcagaaggtc ctcctggaaa aaccggccca 4500
gtcggtcctc agggacctgc aggaaagcct ggtccagaag gtcttcgggg catccctggt 4560
cctgtgggag aacaaggtct ccctggagct gcaggccaag atggaccacc tggtcctatg 4620
ggacctcctg gcttacctgg tctcaaaggt gaccctggct ccaagggtga aaagggacat 4680
cctggtttaa ttggcctgat tggtcctcca ggagaacaag gggaaaaagg tgaccgaggg 4740
ctccctggaa ctcaaggatc tccaggagca aaaggggatg ggggaattcc tggtcctgcet 4800
ggtcccttag gtccacctgg tcctccaggt ttaccaggtc ctcaaggccc aaagggtaac 4860
aaaggctcta ctggacccgc tggccagaaa ggtgacagtg gtcttccagg gcctcctggg 4920
tctccaggtc cacctggtga agtcattcag cctttaccaa tcttgtcctc caaaaaaacg 4980
agaagacata ctgaaggcat gcaagcagat gcagatgata atattcttga ttactcggat 5040
ggaatggaag aaatatttgg ttccctcaat tccctgaaac aagacattga gcatatgaaa 5100
tttccaatgg gtactcagac caatccagcc cgaacttgta aagacctgca actcagccat 5160
cctgacttcc cagatggtga atattggatt gatcctaacc aaggttgctc aggagattcc 5220
ttcaaagttt actgtaattt cacatctggt ggtgagactt gcatttatcc agacaaaaaa 5280
tctgagggag taagaatttc atcatggcca aaggagaaac caggaagttg gtttagtgaa 5340
tttaagaggg gaaaactgct ttcatactta gatgttgaag gaaattccat caatatggtg 5400
caaatgacat tcctgaaact tctgactgcc tctgctcggc aaaatttcac ctaccactgt 5460
catcagtcag cagcctggta tgatgtgtca tcaggaagtt atgacaaagc acttcgcttc 5520
ctgggatcaa atgatgagga gatgtcctat gacaataatc cttttatcaa aacactgtat 5580
gatggttgtg cgtccagaaa aggctatgaa aagactgtca ttgaaatcaa tacaccaaaa 5640
attgatcaag tacctattgt tgatgtcatg atcaatgact ttggtgatca gaatcagaag 5700
ttcggatttg aagttggtcc tgtttgtttt cttggctaag attaagacaa agaacatatc 5760
aaatcaacag aaaatatacc ttggtgccac caacccattt tgtgccacat gcaagttttg 5820
aataaggatg gtatagaaaa caacgctgca tatacaggta ccatttagga aataccgatg 5880
cctttgtggg ggcagaatca catggcaaaa gctttgaaaa tcataaagat ataagttggt 5940
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tccactaagg tatttacttt aaggtagctt gaaatagcaa tacaatttaa aaattaaaaa7020 ctgaattttg tatctatttt aagtaatata
tgtaagactt gaaaataaat gttttatttc7080 ttatataaag tgttaaatta attgatacca gatttcactg gaacagtttc aactgataat7140
ttatgacaaa agaacatacc tgtaatattg aaattaaaaa gtgaaatttg tcataaagaa7200 tttcttttat ttttgaaatc gagtttgtaa
atgtcctttt aagaagggag atatgaatcc7260 aataaataaa ctcaagtctt ggctacctgg a7291 <210> 11 <211> 1538
<212> DNA <213> Homo sapiens <400> kkqegigcacegiigigtgcgcg cggcgttgaa atgccctgca cgtcggggca
gcgggacaA86 R G463 A0 8g G EfdCadBtGe CRAICECIE AL gt aldd ttbacagatfPPo aactccgaca
aagttcccat tggectggigraaaccigaig regtngaadt sigeageccc hiracggegtacghaiaagaetgac ggégaagecc
tecageeog, (arQQeloct £aAQqia0gRZ40. aceatanler. enltenge A9cldiaelo, Adsialiio gggggalcag
ggccttctac 60 ttctggaagg ggagcgacagq tcacatttac aatgiccatt acaccatgag tatcaatggg360 aaattacaag
atgggtcaat'Gyhekatr e YAgtrfdachoatibgagag eataaaatGP0 §gaagt§a e Etghagaalttlattgcagtt
aatgatticcgageaiggeat-gaceggaattdd Rageal Yrgcagaadegiigaegydastingdritagtgctacatispaagcgcaag
tgaaggcteg dageatote teeaaactag aagacaacat tatsladgt, gotatagatc ageclgtgaa agaggigtoc ggtgaccic
ctattttctg gaggggaaga agagagg g% taagaadaat ?ggaccac g agcaacccag gcgctggaag agaggactca
caagccttcataééffsiad adatietac tetagheagyrafdacqeriy raceasetyc ragastmct gige&€ecct tcaaggcetge
cgttcggcchgcagagigat sitgegeatyGignaatc aciitalplac0agacaacea aagargeatt aaggaaggtt actcaaccty

agcggttatt CEt G(.:CaCtC agg;ctg ch:lt gtgtctac%gggcgcgggggagtggttaétc%tgggttg%t%ttttcggtt%gggtt ct CC% § ctat tttgaaataa

aaﬂgaaagf a&ggééaaa a&%aaaaaa aaaaaaaa aaaaaaaaaa aaaaaaaa <210>1 11> 1135 <212>

DNA aggctatacc tcaaactttt tcttctcaga atccaggatt tcacaggata cttgtatata 6540
tggaaaacaa gcaagtttat atttttggac agggaaatgt gtgtaagaaa gtatattaac 6600
aaatcaatgc ctccgtcaag caaacaatca tatgtatact ttttttctac gttatctcat 6660
ctccttgttt tcagtgtgct tcaataatgc aggttaatat taaagatgga aattaagcaa 6720
ttatttatga atttgtgcaa tgttagattt tcttatcaat caagttcttg aatttgattc 6780
taagttgcat attataacag tctcgaaaat tattttactt gcccaacaaa tattactttt 6840
ttcctttcaa gataatttta taaatcattt gacctaccta attgctaaat gaataacata 6900
tggtggactg ttattaagag tatttgtttt aagtcattca ggaaaatcta aacttttttt 6960
tccactaagg tatttacttt aaggtagctt gaaatagcaa tacaatttaa aaattaaaaa 7020
Ctgaattttg tatctatttt aagtaatata tgtaagactt gaaaataaat gttttatttc 7080
ttatataaag tgttaaatta attgatacca gatttcactg gaacagtttc aactgataat 7140
ttatgacaaa agaacatacc tgtaatattg aaattaaaaa gtgaaatttg tcataaagaa 7200
tttcttttat ttttgaaatc gagtttgtaa atgtcctttt aagaagggag atatgaatcc 7260
aataaataaa ctcaagtctt ggctacctgg a 7291
<210> 11
<211> 1538
<212> DNA
<213> Homo sapiens
<400> 11
ccgtgcaccg tgtgtgcgcg cggcgttgaa atgccctgca cgtcggggca gcgggacaga 60
tcccagggtg cccagggagt ctccaagtgc ctcactcctc ccgccgcaaa catgacagag 120
aactccgaca aagttcccat tgccctggtg ggacctgatg acgtggaatt ctgcagcccc 180
ccggcgtacg ctacgctgac ggtgaagccc tccagccccg cgcggctgct caaggtggga 240
gccgtggtcc tcatttcggg agctgtgctg ctgctctttg gggccatcgg ggccttctac 300
ttctggaagg ggagcgacag tcacatttac aatgtccatt acaccatgag tatcaatggg 360
aaattacaag atgggtcaat ggaaatagac gctgggaaca acttggagac ctttaaaatg 420
ggaagtggag ctgaagaagc aattgcagtt aatgatttcc agaatggcat cacaggaatt 480
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<213> Homo sapiens gagacgacgc ctggagaagg gacaagcaca ttcttagagg gatggagacg gcctgccacg

cagagacggt ttccagccgt acctctttcc gtgtaagctg gataaagegt ctgcagcaag ccatggtggce agctgaagaa aaatcaaaga
gcgaatgtga agttctttga catgcaagaa gttgtagcta aaaggctgtt actggcccca gecaccgtgca gagaccagga cctcatcgac
atccgaactg gcaggaggtt cttccaggaa acatgagtga agcagacagc attaggaagc ttaacggcct gggactcttg gccecgecatg
aggggtgaga caaggaagag gttttccacc aatattctgguaaggadetdadcaacaatga gtggacaaag tcatggaaac ttcatggect

ttgttgccat g&t@g ga%g &%%g%g@c% é?cqgg g{tg G Q%%%té\cgitgg: &ga%t%t(gc%tgttg&g g&t(gc% ;%C atcattg;}gctg ctata

ttaacagtaa cttaggagtc gccgtgtaga ccctaacccg Page 20~ gatgtctgag aagggaggda gctttcccat actggacaat

ggttact act1#8e9f4d JaEtdanRfct #39aHgdas AR BGECIRGFTGasREEC cttatc®qfc taacagCtgg
gatgcgcctgaaaicagancliegaticangt egag@deaci cadtaiftgradtggceaniy ateresagg! cgcaadegga cgcggetgea

CCaugaet PACARIAIGIgaEeIAea g3aCclong gecanclel dualegtige dgagaoaco (pjfanat agagoglot

Page 20

cgCtggcagc ggggctccag ctCcaacgtg gcgagggcect “gegticctca ggcettcgg cctggaa cgtggcctcc cctccageac

gcgticaatd fiCaffeagdriietcegrasiicade e RERieatd oTHeitc waaagpact 780
accacaaaaa gaccacacag tggaccacgg agcaacccag gcgctggaag actgaataat 840
gaaaccagac ccagtgttca agaggactca caagccttca atcctgataa tccttatcat 900
cagcaggaag gggaaagcat gacattcgac cctagactgg atcacgaagg aatctgttgt 960
atagaatgta ggcggagcta cacccactgc cagaagatct gtgaacccct ggggggctat 1020
tacccatggc cttataatta tcaaggctgc cgttcggcct gcagagtcat catgccatgt 1080
agctggtggg tggcccgtat cttgggcatg gtgtgaaatc acttcatata tcatgtgctg 1140
taaaataaga actagctgaa gagacaacca aagaagcatt aaggcaggtt gatgctgatg 1200
ggaccataaa atatttttac actcaacctg agcggttatt cttgacactc ttaacagaat 1260
tttttcaatt gttttccaga actttagtat atgcaaatgt actgaaaggg tagttcaagt 1320
Ctaaaatgcc ataacccctt tattatttgt tattttttat ttgcattgct ttgccataag 1380
tcttcccttg cttgtatctt ccaaagctat tttgaaataa acatgaaaat ttacagtttg 1440
CCaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1500
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaa 1538
<210> 12
<211> 1135
<212> DNA ]
<213> Homo sapiens
<400> 12
gggcagaggg aataagaggc tgcctctgcc caccagtcct gccgcccagg acccgcagcea 60
gagacgacgc ctgcagcaag gagaccagga aggggtgaga caaggaagag gatgtctgag 120
ctggagaagg ccatggtggc cctcatcgac gttttccacc aatattctgg aagggaggga 180
gacaagcaca agctgaagaa atccgaactg aaggagctca tcaacaatga gctttcccat 240
ttcttagagg aaatcaaaga gcaggaggtt gtggacaaag tcatggaaac actggacaat 300
gatggagacg gcgaatgtga cttccaggaa ttcatggcct ttgttgccat ggttactact 360
gcctgccacg agttctttga acatgagtga gattagaaag cagccaaacc tttcctgtaa 420
cagagacggt catgcaagaa agcagacagc aagggcttgc agcctagtag gagctgagct 480
ttccagccgt gttgtagcta attaggaagc ttgatttgct ttgtgattga aaaattgaaa 540
acctctttcc aaaggctgtt ttaacggcct gcatcattct ttctgctata ttaggcctgt 600
gtgtaagctg actggcccca gggactcttg ttaacagtaa cttaggagtc aggtctcagt 660
gataaagcgt gcaccgtgca gcccgccatg gccgtgtaga ccctaacccg gagggaaccc 720



<210> 13 <211> 2889 <212> DNA <213> Homo sapiens ctccccacgce ccccgggecc taagaccggg
gctcgaggeC geggeagega ctecgagegc tgeccatcac ttetgectee atgtggacca ttctgaagta caccctacta tcgacgggga
tggcCacgta gcgatgaggt gtgtggacag atgtgggccc ttctggeget gCgtcagegt atgggectaa gtgetggtgt gtgatggcaa
aaatgagcac cctCccctgt ccggctctcc ccggetccag cgegetcgag agecccgggac gegeccgctt tgaccececgge
tgaggggtcc tgactatgac tgatggggac tgacCggageeegCogGigeggmggccgggag CaCcgacaag caacgtggcc
aaagggcttfighigeettCatAsHaBrg et Caft R GERICTAtRR AARGR%R % C ccatdfBaag ccgeacggte
gggctctcoe cigecgegcn tggegitglasggggeigggettasgocen atgietagga cagrgggcty agtatCeca titgagatcg
cagaagcggc gaCCag agatctact ttgttcaagt cgt t acgctact attgaaatgg gCtg(itgagg ctcagcagca
cacaacc%a%%%a cgﬁg%tg?g%gg%%géf%%gg%attg%ga%%#cgcggc%% ggC §§Eg§§%§cc%8gccg at%g%gctgcg
ggcctecgde taadsigagt-geatiticghe edicaas caig ¢Hgeg gR g tagtr dgeg 6 gGEE gagagRyttaccytt
cctgcgct%megaatgttc@aawgéc &%ag@i@@ﬁat@&gt@é@%g@eg@@@a@@a@a tggtga@cat cgcggtCgat
ggaaCgcCat tCaca tcctcaacac caataatgcc tccgCaataa Ccggtgggaa ccagectctt tgecggacge
tctacat AT S e Ll e e coatagoac
ctttgtggac BrALEE 6o P EERITIGLet AORI§aaEGgIcEeBBACCY P ERjfaeal T g@/MBacccaag adfifgacaa tgaccaggag
Page 21 gcgcccccca agectttaca ggggcgggag ggcggcagag gggaggatgg ctetggtttc accaactcag gecagttaCtg
cccaacctggﬁggcgg ct gCCtgCgaCa ttctcggggg gaCatCctga tctgtggect gectacggta tCccggggcea
yg999CCgztr gagaaigaga gectgecggeca gacttcaacc ctctatctge ttctccatge ctggagatct seguence._tisting.rXT
tcttcaacaaddattgceeae cgeagricct cagccaaccy cctettcege gtcatcegtal500 gagagcacgg agacccecte
atcgaggaggoisaateecgg cgacgecttg gagectgaggl560 gecggggeac agggggtgtg gtgaccgact tcgacggaga
cgggatqciy gatacest cot 8 20 tfiet calf§ sgagtecaty gueteaderge tgioegietaseglgycaat cagygcettcale80

acaacaaclyJeigegrota Facere06sy e ceaHaM S9LGHCe AQ99FaaC @ E40a8gtCatgch sgacaccaag
aagagtgggg cccacctgag gatcatcgac gggggctcag1800

CCccgggecc ccggctccag ctglcgcgec attggetgeg ggectccgec agectttaca 180
taagaccggg cgcgctcgag tggagttgta taaagcgagc gcgcggcgtc ggggcgggag 240
gctcgaggcc agcccgggac cggggetggg agcaagcagg €ggcggcgcc ggcggcagag 300
gcggcagcga gcgceccgett cccacgccce taggcggcgg ggccgagage gggaggatgg 360
ctccgagcgc tgaccccggce atgtccagga tgttaccgtt cctgctgetg ctctggtttce 420
tgcccatcac tgaggggtcc cagcgggctg aacccatgtt cactgcagtc accaactcag 480
ttctgcctec tgactatgac agtaatccca cccagctcaa ctatggtgtg gcagttactg 540
atgtggacca tgatggggac tttgagatcg tcgtggcggg gtacaatgga cccaacctgg 600
ttctgaagta tgaccgggcc cagaagcggc tggtgaacat cgcggtcgat gagcgcagct 660
caccctacta cgcgctgcgg gaccggcagg ggaacgccat cggggtcaca gcctgcgaca 720
tcgacgggga cggccgggag gagatctact tcctcaacac caataatgcc ttctcggggg 780
tggccacgta caccgacaag ttgttcaagt tccgcaataa ccggtgggaa gacatcctga 840
gcgatgaggt caacgtggcc cgtggtgtgg ccagcctctt tgccggacgce tctgtggect 900
gtgtggacag aaagggctct ggacgctact ctatctacat tgccaattac gcctacggta 960
atgtgggccc tgatgccctc attgaaatgg accctgaggc cagtgacctc tcccggggca 1020
ttctggecget cagagatgtg gctgctgagg ctggggtcag caaatataca gggggccgag 1080
gcgtcagcgt gggccccatc ctcagcagca gtgcctcgga tatcttctgc gacaatgaga 1140
atgggcctaa cttccttttc cacaaccggg gcgatggcac ctttgtggac gctgcggceca 1200
gtgctggtgt ggacgacccc caccagcatg ggcgaggtgt cgccctgget gacttcaacc 1260
gtgatggcaa agtggacatc gtctatggca actggaatgg cccccaccge ctctatctgce 1320
aaatgagcac ccatgggaag gtccgcttcc gggacatcgc ctcacccaag ttctccatgce 1380
cctccectgt ccgcacggte atcaccgecg actttgacaa tgaccaggag ctggagatct 1440
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gctacctgtg tgagatggag cccgtggcac actttggcct ggggaaggat gaagccagcal860 gtgtggaggt gacgtggcca
gatggcaaga tggtgagccg gaacgtggcc agcggggagal9o20 tgaactcagt gctggagatc ctctacccce gggatgagga
cacacttcag gacccagcccl980 cactggagtg tggccaagga ttctcccagc aggaaaatgg ccattgcatg gacaccaatg2040
aatgcatcca gttcccattc gtgtgccctc gagacaagcc cgtatgtgtc aacacctatg2100 gaagctacag gtgccggacc
aacaagaagr gcagtcgggg ctacgagccc aacgaggaiadal 60 geagagectg cgtggggact ctcggecagt caccgggcecce
cogecceage qeceecacaraao.clodiaciae eactoeact aelpelace detggags Igeeactoc geaceggtee2260
tcgtagatgg agatctcaat ctgaggtcgg ggttaagga gggctgcg g cccagc%c gagcaggggt gggacatgaa
ccagcggalg Gagiesagre segEagtgyEransiy dGer400aggergets ceaacagizgggatgiadtaggcctggga
gctagaccgcege6aaucagddest atecatgeacsatiacttagedpanaaiam agagagiedt aaggccagae aetgtgctgg2520
gcacatagct gtgatcacag cagacagggt cgctgccctg atggcqctta cattccagtg2580 ggtctaatg tatctta
duacacag  SIGRL AoHY LT et SeAcagh o0 hachataada 2ot AMET S agtics Ahtcctgatt
caggaact@éaagaaagciatg2Iar i§acetenca ©sagfcasttaseagieag idtarccanadmycactge abattgggga2760

ttaagaatag.gateliigaog Hagiaiaan safiaesila arlalatatna fgacastigpedal) sasaagacct ggeacatagt
aaaggctcaa taaaaacaa%%%;é(]:tctcac t cttt(gt2880 caacacgtg2889 <210> 14 <211> ?iggg <212> DNA
: g G

<213> HOhG Sapishs" %8 JGa0EEGa SAGEHE P “Yaadtitc agtggtycgg
agactcgccaetugitiod actetgereraa ottt Jotitgcagy siyijageagrg @AggYy a eayegeccccal20

tgaactcagt gctggagatc ctctaccccc gggatgagga cacacttcag gacccagccc 1980
cactggagtg tggccaagga ttctcccagc aggaaaatgg ccattgcatg gacaccaatg 2040
aatgcatcca gttcccattc gtgtgccctc gagacaagcc cgtatgtgtc aacacctatg 2100
gaagctacag gtgccggacc aacaagaagt gcagtcgggg ctacgagccc aacgaggatg 2160
gcacagcctg cgtggggact ctcggccagt caccgggeccc ccgccccacc acccccaccg 2220
ctgctgctge cactgccgct gctgectgccg ctgctggage tgccactgct gcaccggtcc 2280
tcgtagatgg agatctcaat ctggggtcgg tggttaagga gagctgcgag cccagctgct 2340
gagcaggggt gggacatgaa ccagcggatg gagtccagca ggggagtggg aaagtgggct 2400
tgtgctgctg cctagacagt agggatgtaa aggcctggga gctagaccct ccccaagecce 2460
atccatgcac attacttagc taacaattag ggagactcgt aaggccaggc cctgtgctgg 2520
gcacatagct gtgatcacag cagacagggt cgctgccctg atggcgctta cattccagtg 2580
ggtctaatga ccatatctta ggacacagat gtgcccaggg aggtggtgtc actgcacagg 2640
aagtatgagg actttagtgt cctgagttca aatcctgatt caggaactca caaagctatg 2700
tgaccttaca ccagtcactt aacttgttag ccatccatta tcgcatctgc aaaatgggga 2760
ttaagaatag aatcttgggg ttagtgtgga gattagatta aatgtatgta agacacttgg 2820
cacaaaacct ggcacatagt aaaggctcaa taaaaacaag tgcctctcac tgggctttgt 2880
caacacgtg 2889
<210> 14

<211> 3935

<212> DNA

<213> Homo sapiens

<400> 14

ggagagccga aagcggagct cgaaactgac tggaaacttc agtggcgcgg agactcgcca 60
gtttcaaccc cggaaacttt tctttgcagg aggagaagag aaggggtgca agcgccccca 120
cttttgctct ttttcctccce ctecctectece tctccaattc gecctccccce acttggageg 180
ggcagctgtg aactggccac cccgcgecctt cctaagtgct cgccgcggta gccggecgac 240
gcgccagctt ccccgggage cgettgctcc gcatccgggc agccgagggg agaggagccc 300

Page 22



cttttgctct ttttccteec ctectectece tetccaatte gectecceccee acttggagegl180 ggcagctgtg aactggcecac cccgegcectt
cctaagtgct cgccgceggta gecggecgac240 gcgecagctt ccccgggagce cgcettgetee geatccgggce ageccgagggg
agaggagccc300 Page 22 Seguence_tisting. TXT gcgcctcgag tccccgagec gecgeggctt ctegecttte
ccggccacca gccccctgec360 ccgggceccgce gtatgaatct cctggacccc ttcatgaaga tgaccgacga gcaggagaag420
ggcctgtccg gecgeccccag ccccaccatg tccgaggankaegagggete goactgecccg480 tcgggeteeg getcggacac
cgagaaca#y CHGEREc At a¥rtacatateeeseHa gy 640 HagEeEmEcR) #5685 J§a Yagegatifag gacaagttcc
ccgtgtgca&dmega@@@@%éh@t@ageemdgemamﬁwm@@mm@a@sﬁgccggmcgcgtcaac660
ggctccagca Agaac caag cgecac tcgg&cggaccc%g c%ttc g?@Q: g(z:igggcggc%gcaggaagct
cgcggacc%lg fadc tgcacaacgc cgagctgcagc aagac %g gca gctc gacttctg aacgagagcg
agaagcgg“é@Qﬂf&g@@&@%%ég@@g’é%ﬁa%@g?%@éa@%@'a'fagg%m €ggattattth gtaccagecg900
cggcggam@g@agﬁtg@a@aagg@%@@g@@gwg%%az%gagg@gggea@agam@mo cacapetgcc ccaacgecat
cttcaaggc ccg actcgccaca ctcctectec catga tgcactc cceeggegy cactcggggc
aatcccagdg ¢ % cfﬁ% dRaccee cc§g€c€€8§ cg%cg gcggg g tafa—'ilagc; ctga gaa
gcgagaggkggliw@:@@@@@ﬁgé%&ga@gggg@éa%&gét@e@@&@é@ﬁto@g@gé@ﬂﬁ@gacathﬁjblZOO
gagctgag@aggeg@@&t%@wa@g@g@@sg%@&eg‘é@a@g@a&ﬂg@@&a@m&aggtgccg@@@aacggcca
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CCC t cca C acggcca tcacctacac 1320 ctac catcagc caccgcggcc acccecggcega

e L B R e I B e SR N St

gccggccw@lmaga@agmmgmgecgwgmegcwce%@g@age oggeeREsagc cccgedb@cagls500
cggcggagga agtcggtgaa gaacgggcag gcggaggcag aggaggccac ggagcagacg 960
cacatctccc ccaacgccat cttcaaggcg ctgcaggccg actcgccaca ctcctcctece 1020
ggcatgagcg aggtgcactc ccccggcgag cactcggggc aatcccaggg cccaccgacc 1080
ccacccacca cccccaaaac cgacgtgcag ccgggcaagg ctgacctgaa gcgagagggg 1140
cgccccttge cagagggggg cagacagccc cctatcgact tccgcgacgt ggacatcggce 1200
gagctgagca gcgacgtcat ctccaacatc gagaccttcg atgtcaacga gtttgaccag 1260
tacctgccge ccaacggeca cccgggggtg ccggecacgc acggccaggt cacctacacg 1320
ggcagctacg gcatcagcag caccgcggcc accccggcga gcgcgggcca cgtgtggatg 1380
tccaagcagc aggcgecgec gecacccccyg cagcagccce cacaggccce gccggecccg 1440
caggcgcccc cgcagccgca ggcggcgccc ccacagcagc cggcggcacc cccgcagcag 1500
ccacaggcgc acacgctgac cacgctgagc agcgagccgg gccagtccca gcgaacgcac 1560
atcaagacgg agcagctgag ccccagccac tacagcgagc agcagcagca ctcgccccaa 1620
cagatcgcct acagcccctt caacctccca cactacagcec cctcctaccc gcccatcacc 1680
cgctcacagt acgactacac cgaccaccag aactccagct cctactacag ccacgcggca 1740
ggccagggca ccggcctcta ctccaccttc acctacatga accccgctca gcgcecccatg 1800
tacaccccca tcgccgacac ctctggggtc ccttccatcc cgcagaccca cagcccccag 1860
cactgggaac aacccgtcta cacacagctc actcgacctt gaggaggcct cccacgaagg 1920
gcgaagatgg ccgagatgat cctaaaaata accgaagaaa gagaggacca accagaattc 1980
cctttggaca tttgtgtttt tttgtttttt tattttgttt tgttttttct tcttcttctt 2040
cttccttaaa gacatttaag ctaaaggcaa ctcgtaccca aatttccaag acacaaacat 2100
gacctatcca agcgcattac ccacttgtgg ccaatcagtg gccaggccaa ccttggctaa 2160
atggagcagc gaaatcaacg agaaactgga ctttttaaac cctcttcaga gcaagcgtgg 2220
aggatgatgg agaatcgtgt gatcagtgtg ctaaatctct ctgcctgttt ggactttgta 2280
attatttttt tagcagtaat taaagaaaaa agtcctctgt gaggaatatt ctctatttta 2340



ccacaggcgc acacgctgac cacgctgagc agcgagccgg gccagtccca gcgaacgcacl560 atcaagacgg agcagctgag
ccccagccac tacagcgagc agcagcagca ctcgeccccaal620 cagatcgect acagcccctt caacctccca cactacagcec
cctcctaccce geccatcaccl680 cgcetcacagt acgactacac cgaccaccag aactccagct cctactacag ccacgecggecal740
ggccagqggca ccggcctcta ctccaccttc acctacatga accccgctca gegecccatgl800 tacaccccca tcgecgacac
ctctggggtc ccttccatce cgcagaccca cagcccceagik86é) castgogaac aacccgtcta cacacagctc actcgacctt

gaggaggCRteEL AL A8 1920 e FAEY AU EcFGarGAT Ect4AgR M Acfasg 5 gagadtfitca
accagaattahQg§eractitggas gty it itgitiitttaditighly dgitittict iettecit2340Qclitagtiaaa gacatttaag

ctaaagqoga,leqlagee aalieeang AcacaancalZ100, 08¢ laloga Aqeacalia aeactitag sgaatcagty

gccaggccaa ccttggctaa atggagcagcC gaaatcaacg agaaactgga ctttttaaac cctcttcaga gcaagcgtgg2220
aggatgatg§agaategtgegstcatitgrg tranaettt tigeetghiygacatgie?r oo kst tagcagbiit taaagaaaaa
agtccictgt-gggiipatatt cictatitiaad40lbaga &3 caatgtijiariiiaggiaggagigesetaghaagaaaaeana ttgggggtta
aaaaaataaa gtaagCttta gtgCtagCtgg tgcagtctta ttCagCagc aggcagat caagacattc a attCt tttcCtCaaa
ttttatttat Caéf‘a%%ﬁ gaagg‘zg%c E‘;%a c%g%q?ct:qé%ttc?gt%qé"&tgg%atcacg-tc%cc?gg?c%%% tc%%%t?ttt ttaa%fg(c):aact gatacttctg
tttggtttgt GeaactE fgtitadast tgtaffticiytana LIRICI HRICIRICECANIET Kfit§aEg Cita ggeettattt tCatatatat
gaaaCattlg agara8a g0k acieegi Jesc8GCtaC gt eactig dlaa ittt goetatagie cictitagie tataaatgCC

aaCittgtttC tgcagtgttt tgtgigtitt ctiggagtga actgctgiqq tatttaaaaa cataatatgg taacttaag t?cgtgttt tgaaacttac
folasttety ghoddodof RO SR A 4 it

aaatataca e s T cgaaﬂ? cfttc tc%ltéccégtj gaécgéagag tgtacag

tattaacattttbciiaasag A3t eeciHgg YTt tgwanedy dgagtageda atactacri githgag ¥4l cactctttta
gtgcatttce,aagnrageaas capadgadat gagcacaeh 86cacs0g GG R GG algGELCtCa angatttat titgtaagga
tttttccaat tttaccttct atCtgttgtt aaattatgtt tttttttatt attaaaagca tttttgtcca tccctttttt tttttttgta taaatgagag
tctgccacal aetttiuac %0355%%155%%‘%[ t@&a@?ﬂ’g@%"g%c?ﬁ@ %%ﬁbtaaﬁgéb%i—j‘%?%% agtt tgaggattgc aagatatatt
aacagttttazzigaticda titttgtate aacotyycatttabateat atigtt iyt atiggttcwctifosattt ttcttftied tgcattaaaa
agaaa ing.[X {9a09ggaitgiacictin atigeticatigigtat laaggagang alagictaga acaggitgag tectgectit
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gaaatctgtt gcct cct%g aaCaccagc gﬁac_ ttttaa ttaaaatagg CttaaCtgta a%%tttctttg Ctttgttgtt attgCaaatg
tgCcttatat AGRIERE (CaHECTAC HitaA5h dREgReanta®dAhbcaddid HtgtcttfeiccB4gRec ittt
cctagatttg tataaatgcc tttttgtcca tccctttttt ctttgttgtt tttgttgaaa 3300
acaaactgga aacttgtttc tttttttgta taaatgagag attgcaaatg tagtgtatca 3360
ctgagtcatt tgcagtgttt tctgccacag acctttgggc tgccttatat tgtgtgtgtg 3420
tgtgggtgtg tgtgtgtttt gacacaaaaa caatgcaagc atgtgtcatc catatttctc 3480
tacatcttct cttggagtga gggaggctac ctggagggga tcagcccact gacagacctt 3540
aatcttaatt actgctgtgg ctagagagtt tgaggattgc tttttaaaaa agacagcaaa 3600
cttttttttt tatttaaaaa aagatatatt aacagtttta gaagtcagta gaataaaatc 3660
ttaaagcact cataatatgg catccttcaa tttctgtata aaagcagatc tttttaaaaa 3720
gatacttctg taacttaaga aacctggcat ttaaatcata ttttgtcttt aggtaaaagc 3780
tttggtttgt gttcgtgttt tgtttgtttc acttgtttcc ctcccagccc caaacctttt 3840
gttctctccg tgaaacttac ctttcccttt ttctttctct tttttttttt tgtatattat 3900
tgtttacaat aaatatacat tgcattaaaa agaaa 3935
<210> 15
<211> 8034
<212> DNA .
<213> Homo sapiens
<400> 15
cttgagtgtt agagctgagt agttttccca gaatctctaa gtccttttta tgctctttta 60
tgaatgaata gaattagtaa aagataaata aattttttct tttggatttc ttaaccagtg 120
gaaaaaatgt tgactttaaa agttcataaa atcaaatttt gcttaagaat atgttatttc 180
cacttgtgag gccagcctgg tagacctctg ggatcctttt ctgttcactc acacaccact 240



tataCatatt gttgaaCagt tcttacaaaa gtgatCagtt ctgccttaaa gaagcatttg ccttaaaacg gcttgttcac ctgggaatgt
gCCCecatgtg agttaaCCltt ttaaaacaaa ttgttggagc aCcagttttt tattcctcac tttgttgaaa tagtgtatCa tgtgtgtgtg
catatttctC gaCagaCCtt agacagcaaa gaataaaatC tttttaaaaa aggtaaaagc CaaaCCitttt tgtatattat <210> 15
<211> 8034 <212> DNA <213> Homo sapiens <400> 15 cttgagtgtt agagctgagt tgaatgaata gaattagtaa
gaaaaaatgt tgactttaaa cacttgtgag gcCagCGiggeragtititccamaagdataaata agttcataaa tagacctctg gaatctctaa

gtccttttta a%&t@&%fglg}ég9@5@9&5’@3%&995[%%9G&E&%&Q@t%{j&g%@&%’&%g@é tgctclja ttaaccagtg

atgttatttc acacaccact seguence_fisting. TxT gagataagga gtgaagtgtg ggctaaatag ggctgaeggct tgggcaaggg
Caﬂkﬂgccﬁﬂﬁ9caccag agacgtcagc atctcaaggg cactgtggta tggaaaagga cgccacatga 360

gtaaatttta aaaatataaa tattttaaag ggtaaaaatg agggtccctg tatttgagga 420
tataaaagat gaaactgaag aagaaaagat aggggaagaa gaaaatgaag aagaccaggt 480
cttctataag cctgttattg aagacttaag catggaattg gccagaaaat gcacggaact 540
cattagcgat atccgttata aagaagagtt taaaaagtcc aaggataagt gtacatttgt 600
gactgacagt cctatgctaa accatgtaaa aaatatcggt gcttttattt ctgaggcaaa 660
atacaaaggc accattaaag ctgacctttc taattctctt tataagcgga tgccagccac 720
aattgacagt gtttttgcag gagaagttac acagctccag agtgaggtgg cctacaagca 780
gaaacatgat gctgccaaag gattctcaga ttatgcccac atgaaggagc cccctgaggt 840
taaacatgcc atggaggtca ataaacacca gagtaatatt tcttatagga aagacgtgca 900
ggacacccac acgtacagtg cagaacttga ccgaccagac atcaagatgg caacccagat 960
ctctaagatc ataagcaatg cagaatacaa gaaaggacaa ggaataatga ataaagagcc 1020
cgctgtaatt ggaagaccag attttgaaca tgccgtggaa gcttctaaac tttctagtca 1080
aattaaatac aaagaaaaat tcgataatga aatgaaggat aagaaacatc attacaatcc 1140
tcttgaaagt gcttctttta ggcagaatca gcttgctgct acactggcga gcaatgtgaa 1200
gtacaagaaa gacattcaaa atatgcatga tccagtttca gatctcccaa atttgttgtt 1260
tttagaccat gttttgaaag ccagcaaaat gctcagcggc cgagaatata aaaagctctt 1320
tgaggaaaac aaaggaatgt atcattttga tgcagatgct gtggaacatc tgcaccataa 1380
aggcaatgcc gtcctccaaa gtcaggtgaa atataaagaa gaatatgaga aaaataaggg 1440
aaagccaatg cttgaatttg ttgagacacc atcatatcaa gcttcaaagg aggctcaaaa 1500
gatgcaaagt gaaaaagttt acaaagagga ttttgagaag gagattaaag gaaggtcatc 1560
actggattta gacaagactc cagaattttt acatgtaaag tacatcacca accttctgag 1620
ggagaaagaa tataaaaaag atttggaaaa tgagataaaa gggaaaggaa tggaacttaa 1680
ttcagaagtt cttgatatcc aaagagcaaa gcgggcctct gaaatggcaa gtgagaaaga 1740
atacaagaaa gacctggagt caataattaa agggaaagga atgcaagctg gcactgacac 1800
ccttgaaatg cagcatgcca agaaggctgc agagatagcg agtgagaaag actataaaag 1860
agatctggag actgaaatta aagggaaagg gatgcaggtg agcacagaca ctcttgatgt 1920
ccagagagct aagaaagcat ccgagatggc cagccagaaa caatacaaga aggacttaga 1980
aaatgaaatt aaagggaaag gaatgcaagt gagcatggat atcccagata tccttcgagc 2040
caagaggaca tctgaaatct atagccagag aaagtataaa gatgaagcag agaagatgct 2100
ttctaactat tctaccatag cagatactcc tgaaattcag agaattaaga caactcaaca 2160
aaacattagt gcggtatttt ataagaaaga agtgggagct ggcactgcag tgaaagatag 2220
cccagagatc gaacgagtga agaaaaatca gcagaatatt agttcagtga aatacaaaga 2280
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agagcaccag agacgtcagc atctcaaggg cactgtggta tggaaaagga cgccacatga360 gtaaatttta aaaatataaa
tattttaaag ggtaaaaatg agggtccctg tatttgagga420 tataaaagat gaaactgaag aagaaaagat aggggaagaa
gaaaatgaag aagaccaggt480 cttctataag cctgttattg aagacttaag catggaattg gccagaaaat gcacggaact540
cattagcgat atccgttata aagaagagtt taaaaagtcc aaggataagt gtacatttgt600 gactgacagt cctatgctaa accatgtaaa
aaatatcggt gcttttattt ctgaggcaaa660 atacassggeraecaitasag .atgacctttc taattctctt tataagcgga

tgccagecagzg0aatigacagt giitigeag aRoaauiec acageloeag.aglgagata splagaagcagh ganacatgat

gctgccaaag gatictcaga ttatgcccac atgaaggage cccctgaggt840 faaacatgec atggaggtca ataaacacca
gagtaatattt@¥3te38a ARG Cad60P gt AEa8ARTACAHtEPEAnEAGtga%8EaaE cagad Ataagatgg

caacccagaifgbceteiaagatc: ata g caait sagaatacaaggasdgacas gupaippigaataaagageed 020 cgctgtaatt
ggaagacceg, aililgaaca eacalagep.acticlanac iiciaoieal 080, apliadlig fgananaaal jegaiaalga

aatgaaggat aagaaacatc attacaatcc1140 tcttgaaagt gcticttita ggcagaatCa gcttgctget acactggega
gcaatgtgaPF2e-GidcdatRid Yac A4l Hiat§Eatg 2 aa GRICAY AR R A tttgtt 1 26 G Utagaccat
gttttgaaagrecagnagaal grlcageggccgagnifataagaagaetctthdgihtgagoaasacqagaggaatgiatcattttga
tgeagatact giagaacatc lgcacealaal. 380.aggcantdce glectocana, gleaggigan alalaaaga gaatatgaga
aaaataagggl410 aaagccaaty citgaattty Hyagacace atcatatcaa geticaaagg aggctcaaaals00 gatgcaaagt
gaaaaagtftdasetfig Gatatitiigdatpgafatadatgidgcarmtarastygatiaogasaagactd eagaattttt

acatgtaaag tagatcascacasetigigagtodorggagarenqe tnaaagad alflogalagtiagataaaagggaaaggaa
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tggaacttangSap tté:a aa atltc g(t:%atattcgtagagg%g%agta gg?&g%%tct gaggctggcca}:ac c%t @Lgaaagz%%m atacaagaaa

gacctggaglgcga%ga% aa aggga ggggl afgga gc a ggac gacac B ccttgcfaatg %agcdtgtca agdaggctgc

agdgdtdgegtagigagel g vediaaseyp8Bert tgttgacctc aaagtttggc gcacagatcc 2940
tggctccatc ttcgaccttg atcccctgga agacaatatt cagtctagaa gtctccatat 3000
gctctctgaa aaggcgagtc actataggcg acactggtct cgatcccatt ccagcagtac 3060
tttcggtaca ggtctcggag acgacaggtc agaaatctcc gagatttacc ctagettttc 3120
atgctgcagt gaggtaacaa gaccgtctga tgaaggagca cctgttcttc ccggagccta 3180
tcagcaaagc cattcccaag gctatggcta catgcaccag accagtgtgt catccatgag 3240
atcaatgcag cattcaccaa atctaaggac ctaccgagcc atgtacgatt acagtgccca 3300
ggatgaagac gaggtctcct ttagagacgg cgactacatc gtcaacgtgc agcctattga 3360
cgatggctgg atgtacggca cagtgcagag aacagggaga acaggaatgc tcccagcgaa 3420
ttacattgag tttgttaatt aattatttct ccctgccctt tgagctttat tctaatgtat 3480
cccaaaccta atctttttaa aagatagaag atacttttaa gacaacttgg ccattatttt 3540
acaatgatgt atccttcctt tgacaattag acacacaggt accaggaaga aggaatgacc 3600
tctgggctga aaacagcagc attttcagta attcctacaa acaaaaatct ttgtgtctgg 3660
acgcctggtg ctgctaattg tgttcatggt ttcctttgat tggctattga acccttctgg 3720
gaaatgtatt tttgtagact ttaatagaga agttgattgt cccttaaatg tagcgtgtgt 3780
ttgaaacttc ttagctgtca ctttggaatc accccaagcc aattctctta actctgtaat 3840
gcagccaata atacaaaccc gttttgcttt tgagtcatga ggcaatttcc aatattagtg 3900
aaaattgccc aatataataa gtgtaaacag tggcagaagg acagtctggt taaaattata 3960
ttgactggtg gccttaggga tctagaaact tctactaaac agagaaattt ccttgttccc 4020
taggctgact ggtatctatt tatttctcat ttgtaccaag gcatctccta ctctccattt 4080
atattctatg gacccaagtc tatgctcagt tccacagaat gtcaggacca aataacttca 4140
cagctactct gcaaagggca aattataatg tcattgatat aatttcccta gtagcattta 4200
ccctgttgca tgtcatgtag attcaagctt ctgtaacata ggcagctgca ctgcgegttc 4260
ctattattga agcaaaaagg gtgactgata cctaaaagcc ctttcttcct ctagtcgeca 4320



agatctggag actgaaatta aagggaaagg gatgcaggtg agcacagaca ctcttgatgt1920 ccagagagct aagaaagcat
ccgagatggc cagccagaaa caatacaaga aggacttagal980 aaatgaaatt aaagggaaag gaatgcaagt gagcatggat
atcccagata tccttcgagc2040 caagaggaca tctgaaatct atagccagag aaagtataaa gatgaagcag agaagatgct2100
ttctaactat tctaccatag cagatactcc tgaaattcag agaattaaga caactcaaca2160 aaacattagt gcggtatttt ataagaaaga
agtgggagct ggcactgcag tgaaagatag2220 ceeqgagalt paaagagiga agaaaaatca gcagaatatt agttcagtga

aalacaaagaga0 page 28 ... . Sequence Listng Ix Geatliciga feelceagap etaaagagag tccagtataa
agagcaadac facaaggcca gagtgagggg gcca% c: 3 )

aa gag cagctgagiggaactgcaat tictgatcca ccagagctga
gcaatgttta2 @EcHgaggtBdgEtgg§ad tggarmjagt agattfadt Ergigaahataoaattigdtgaa dddPagacca agtctgattt
aagcacaags jeatatiicaplggigaaat gaggattac igceaicaty gaggatecty teaisagraa tactgessat aaaggggtee
ctggaatcat tgttgacctc aaagtttgge atccgetgga agacaatatt cagtctagaa actataggceg acactggict cgatcccatt

o T e B S e R el g moemaatat
atctaaggatsetaottg ce diftactatt imgagery ¢ eyHotacatcgtcaaettygtagtatbeag aadbeygaga

acaggaatgsRatiaiiict qrpiancatt tgaacttial-aaggiaraag atadlitaa@acaastigggacaatiag @cacacaggt
accaggaa&a attttcc:zggta attcctacaa acaaaaatct t ttcatgfgt ttcctttgat ttggqctatt%gl ttaatagag& ﬂgttgattgt

cecttaaatd ctiggaatc actccaagec anttichia gtitgeRt tGateatga G GRaatticc 8igtaacay tggcagaagg
acagtctgqtitttagasacceactaaar agagasadtt eltitirdeai ey EdddaagogeatttetiadatgctcagtibBacagaat

gtcaggaceaRaliataatgdealiaatat agiicecta iicaaastt £lotaaeaia99CaaGiaGa aigactgajgocctaaaagec
ctttcttcct Paé;e 26 Seguence Listing. TXT %%%aaagat gcttgagatt ttcct%ctgc ttagg aata acatgtatac

a
tctagtaaat [GARREGT SARFNAEEY GATHRAL G AHTRAG c/ISASEeT iy etaid cagadatdat ctggtgtctt
cttttggaaa goratraaastyyyitaatadaagany uaatoatiitt aagggagiya Bagagyaaty agediiiact ctaagaaaga
aatttitgoc agasiiiigs tagsselinn 10gigaalsh IRRgERRRAe ATGATEARRG DlsagiRARR s @acciggage gggatggcat

tcacttaggg aagcaaaact gcgaggaagt getaagatgt tatattcaag gaaattaacq aaacatcctg tccaaaggcec aaagctaatt
tatttccact $4g9ARIE AttAtEG Ytaagh o el ittt AR catsaLGltg daaas ishg oot Mygctggtt
tctctcactgteceaatatet gitiggtat-atigtacassutititgeantmaaatcigio gitaaaacigclaagtatat ttedcattt cacccaggea
gtagttgttg.ay Lagaciaal aqafiatag Qaaccocaal.ganaactdaafticaiceag coatitcaga accagattca

aataagtctc ctaaaafitt aagcttcacg cttcaagcct ttaggaatta agatctgatc atgaagacta aaactgaaca agatgttgca

cagttgttaa AR5 Gt BAMYARITA AEAERAAEER cELResgiGergtititadAid st A3ttt ttcca’ tfgcticect
tgcatgaagatgacagciogs agaagatitt giegagginac agagageats cancigarth&agaagearaa ggaacagttt gatacacttt

gatecletel lgigages 3adiaiagcs loladlasat ajiiaclaaalioi, Page 27 aqaetal acagiacag goteigalg

gtttccacaa gggtttatit atCcictcca agatagtgga ttttcaataa ggataaaaga tactcttgtt tctatagtaa ctcagatatt

aatgccgalftagnatica HedeigoATHyGeRS Rfttigagat abteicREa Aeeraaaal tacttefcc ttcagtatat

gcatagtate gagasaacty ggaageagea apatigaase algattaatiitiacagaiodaigeaaatt tictaggata tgtagcccag
atcccaggte geacetiqra, cit %%Qaé"%;gc%‘%%@%“ agitcaagog 9%‘5{%%%%%9 4 lalaccaaaa tgtclagiat tatittatta
aaaggtgtta tCHCCALCt ftaactiiag fteactacat ataatciaaa ctittagia giaticcatq teaagycatt cataaacttg tcctgggaat
acttctttgt caféatagte ccaagicrRiCaftRaERrftaRyyagagtadageppgctieasttateredaat S&¥guence List
tggcaaaaty eajesticabijtgaagtal tiattlggit deetcgacat Geatacrssarg aatedggentaagattagacatgcagatct
ggtttttcca gaa%%gggggcggaggettat agagt%taaccttc Etttzga%ggcttaaat tq%%t at%tgf%gg gt j[caatac 7%8.tatataca
getcttggad dgaaaaccaa caca%ggug ataftittgt gotgatigta fiattict atetgana gottctitgt atttgggatt taaaatgoct
aagatgaatyearuct AARGYttagCctitaaustagtasgrrige aegtaaaet cavratEaectitccté§Batgttget
tctgtggtta gaaganislt gageaarts aasatadaal iiatosl Aateeaalio slaltaagna Graltotcca gtecatge
tacaggcatgﬁgtg%qaaact ttﬁgC%tCt ttt Ctéca{':;l actt__tt a?(icat%t taacagttt acggaat tt acaatgttasc Ctattaaaa
tatattttag “MRgTx T GtteHot & ffc??btcc%a S gGeatt Ctah et dtgfyddst Cﬁﬁ%%aagac? catccatctc
aacacatcee saEtatyepgezagedagt Yytage g oy smagatitagtyyettztag citgetagat aatta@ldtat tttggttaag

gacaagyalg.saaciagciaAtaticigio ficiragtiadualacalos uaigiact aaluaalioc taatotitga atatgtaga

ttgaagaaaa taatataatt tagaaaaaaa tat tgtttac catggaggag tgtaagcaca tctgtccact gtctttcctt tittctaaaa
cagtggaafy tAGAAaGPELAtTESY 15R14E0AP fo R tERIE KaltAgaN Ay 45883 dYaatadttaccttagega
gtgatatggatetsgaataaatrioanetgitg Higtiiagac gjadgatotatecagiittaaaggaagattgagcabitéocctgtgatca

attgtggttgg%qgg&@ctgﬁ tg%&@&?@%@aagcacaa ggaacagttt gatacacttt taaaaggttc 6240
tgaaaacaaa gctgtatagg gatcctctct ctcttgagca aagtatagca acagaatata 6300

ttgcttttgt tgtaagcttt tgtagtacat gtttttacta ataattcttg ttctctagaa 6360
pPage 27



<210> 16 <211> 28 <212> DNA <213> Atrtificial <220> <223> HAPLN1 forward primer <400> 16
tgaaggatta gaagatgata ctgttgtg28 sequence_Listing. TXT <210> 17 <211> 20 <212> DNA <213> Atrtificial
<220> <223> HAPLN1 reverse primer <400> 17 gccccagtcg tggaaagtaa20 <210> 18 <211> 18 <212>
DNA <213> Atrtificial <220> <223> HAPLN1 probe sequence <400> 18 tacaaggtgt ggtattcc18 <210> 19
<211> 22 <212> DNA <213> Artificial <228equ@R3=>LWMFFARD fTarward primer sequence <400> 19
cgaggagarg Alggactca Ag22 £2105 20524 1 20 F212> PNA 2431 Atficial £220%5223> MFAPS

reverse primer sequence

acacttgcag tgtagcccag tttgaaatat ttatttggtt atcaactgcc catggaggag 6480
gctcttgatg atcccaggtc tcctcgacct ccatacacca cacaggcatt tgtaagcaca 6540
gtttccacaa gcaccttgta ggaatatgga taagattaga ccagcccctc tctgtccact 6600
gggtttattt cttgaagaag atgcagatct ggtttttcca atgtgccaca gtctttcctt 6660
atcctctcca tgctgagctt gacaacactc tgggaatgag gaacaagact ttttctaaaa 6720
agatagtgga agttcaaggg atgtacctcg ttttcaggtt catccatctc cagtggaatg 6780
ttttcaataa aagatgaaga aaatgtgtgt gatctttaat aacacatccc tatagaaagt 6840
ggataaaaga tataccaaaa ctgtaataca gatatataca aatataggtg cctttttgat 6900
tactcttgtt tgtctagtat gctcttggaa agaaaaccaa gcaagcaagt tgctgcctat 6960
tctatagtaa tattttatta cacatgattg atatttttgt ggtagggaag tgggatgctc 7020
ctcagatatt aaaggtgtta gctgattgta ttttatctct aaagatttag aactttagaa 7080
aatgccgact tcttccatct atttctgaaa ggttctttgt ggatttatat agagttgagc 7140
tatataaaca ttaactttag atttgggatt taaaatgcct attgtaagat agaataattg 7200
tgaggctgga ttcactacac aagatgaact tcacttcata aattaattat accttagcga 7260
tttgcttctg ataatctaaa agtggctaga ttgtggttgt tttggttaag gtgatatgga 7320
ggtgggagag cttttagtta agtaagaagc tatgtaaact gacaaggatg ctaaaataaa 7380
agtctctgaa gtattccatg ccttttggac cctttcctcg caactaactg tcaactgttg 7440
atcaaaaaag tcaaggcatt gtatgttgct tctgtggtta ttattctgtg atgcttagac 7500
tacttgaacc cataaacttg gaagaatctt tgagcaaatt ttctcagttg tctgtatgac 7560
ttcagtatat tcctgggaat gccataggat tttttgtgct tgatacatgg tatccagttt 7620
gcatagtatc acttctttgt aatccagttg ctgttaagaa tgatgtactt taaaggaaaa 7680
gagaaaactg catcacagtc ccattctcca gtgtccatgc aatgaattgc tgagcattta 7740
ggaagcagca ccaagtctat tacaggcatg gtgtgaaact tgatgtttga cctgtgatca 7800
aaattgaacc attgtacagt ttggcttctg tttgcttcaa aatatgtaga attgtggttg 7860
atgattaatt tgcgagacta actttgagag tgtaacagtt ttgaagaaaa cattgaatgt 7920
tttacaaatg aaggggcttc acggaatgtt acaatgttac taatataatt tggcttttgt 7980
tatgcaaatt gttaacacca gctattaaaa tatattttag tagaaaaaaa aaaa 8034
<210> 16

<211> 28

<212> DNA

<213> Artificial

<220>

<223> HAPLN1 forward primer

<400> 16

tgaaggatta gaagatgata ctgttgtg 28
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<400> 20 agcgggatca ttcaccagat20 <210> 21 <211> 17 <212> DNA <213> Atrtificial <220> <223>
MFAPS5 probe sequence <400> 21 acattcacag aagatccl7 <210> 22 <211> 20 <212> DNA <213> atrtificial
<220> sequence_Listing. TXT <223> Primer sequence <400> 22 gccaaggtgt tttcacacag20 <210> 23
<211> 40 <212> DNA <213> Artificial <220> <223> Primer sequence <400> 23 taatacgact cactataggg
gccaaggtgt tttcacacag40 <210> 24 <211> 2ywedt2> DNAng 263> Artificial <220> <223> Primer sequence
<400> 24 ctctgaagca gtagacacca20 <210> 25 <211> 21 <212> DNA <213> Artificial <220>

<210> 17

<211> 20

<212> DNA

<213> Artificial

<220>
<223> HAPLN1 reverse primer

<400> 17
gccccagtcg tggaaagtaa 20

<210> 18

<211> 18

<212> DNA

<213> Artificial

<220>
<223> HAPLN1 probe sequence

<400> 18
tacaaggtgt ggtattcc 18

<210> 19

<211> 22

<212> DNA

<213> Artificial

<220>
<223> MFAPS forward primer sequence

<400> 19
cgaggagacg atgtgactca ag 22

<210> 20
<211> 20
<212> DNA
<213> Artificial

<220> .
<223> MFAPS reverse primer sequence

<400> 20
agcgggatca ttcaccagat 20

<210> 21

<211> 17

<212> DNA

<213> Artificial

<220>
<223> MFAPS5 probe sequence

<400> 21
acattcacag aagatcc 17

<210> 22

<211> 20

<212> DNA

<213> artificial

<220>
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<223> Primer sequence <400> 25 cctagcctgg ctttcttget c21 <210> 26 <211> 41 <212> DNA <213>
Artificial <220> <223> Primer sequence <400> 26 taatacgact cactataggg cctagcctgg ctttcttgct c41 <210>
27 <211> 21 <212> DNA <213> Artificial <220> <223> Primer sequence <400> 27 ccattgggtc tctgcaaatc

c?21

<223>
<400>

Primer sequence

22

gccaaggtgt tttcacacag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

taatacgact cactataggg gccaaggtgt tttcacacag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

40

DNA
Artificial

Primer sequence

23

24

20

DNA
Artificial

Primer sequence

24

ctctgaagca gtagacacca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

cctagcctgg ctttcttgect ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

taatacgact cactataggg cctagcctgg ctttcttgct c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ccattgggtc tctgcaaatc c

25

21

DNA
Artificial

Primer sequence

25

26

41

DNA
Artificial

Primer sequence

26

27

21

DNA
Artificial

Primer sequence

27

Sequence_Listing.TXT
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21
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