TSP-1, TSP-2, IL-17BR AND HB-EGF ASSOCIATED WITH STEM CELL ACTIVITIES AND
APPLICATIONS THEREOF 5Technical Field One or more embodiments of the present invention
relate to thrombospondin 1 (TSP-1), TSP-2, interleukin 17B receptor (IL-17BR), and heparin-binding
epidermal growth factor-like growth factor (HB-EGF) associated with stem cell activity, for example,
activity of a mesertspmarsen, teHEBRANDHBECRASFONIATEDWITHSAEM CElatilage is a kind of

dense and thick connective tissR?Tf\ﬂq‘liE%?m%Oi%E{éﬂ?wéfﬁ%ﬁé{fpmed in a stiff yet flexible
00 the nutrien

gel-like matrix. Cartilage does not contain vessels, an S are supplied by diffusion via
the matrix. 15Cartilage is classified into three types: hyaline cartilage (for example, cartilage of the nose,
trachea and bronchiole and articular cartilage), elastic cartilage (for example, cartilage of the external ear,
part of the Eustachjan tube, and part of laryngeal cartilage), and flbrocartilage (for example, meniscus and
endplafe cart&§RYeAhEIRIGin purpose of cartilage is to provide a framework upon which bone deposition
can 20begin and providernstneethizidiiaeatalidwingpfesenoint entivameatebettireentdaspesdin addition, the
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but aggravat€Eaxith faeterdite areurth feramnd B-kabicispsiated Mithrdaminel agiiitadasan
anti-inflammaisynpae Aok esea R S iRaRS ISP (RIS OF, AN 058 MefeSOX-2 selective inhibitor,

hydro<1:8rtisone, glucosamine, and chondroitin sulfate are known to relieve pain due to cartilage loss.
Background Art
Cartilage is a kind of dense and thick connective tissue, and is composed of
chondrocytes distributed in a stiff yet flexible gel-like matrix. Cartilage does not
contain blood vessels, and the nutrients are supplied by diffusion via the matrix.

15 Cartilage is classified into three types: hyaline cartilage (for example, cartilage of the
nose, trachea and bronchiole and articular cartilage), elastic cartilage (for example,
cartilage of the external ear, part of the Eustachian tube, and part of laryngeal
cartilage), and fibrocartilage (for example, meniscus and endplate cartilage). The
main purpose of cartilage is to provide a framework upon which bone deposition can

20 begin and provide a smooth surface allowing free joint movement between bones.

In addition, the cartilage provides a strong yet flexible support.

There are various therapies for treating a cartilage injury or cartilage failure.
Osteoarthritis is degenerative arthritis that is, in general, relatively mild at first, but
aggravates with time and wear. In terms of medical treatment, medicines such as

25 an anti-inflammatory agent (for example, diclofenac, ibuprofen, or naproxen), a
COX-2 selective inhibitor, hydrocortisone, glucosamine, and chondroitin sulfate are
known to relieve pain due to cartilage loss.

Thrombospondin-2 (TSP-2) is a secretory, extracellular matrix glycoprotein
that exhibits strong anti-angiogenic activity (Bornstein et al., 2000, Matrix Biology 19:

30 557-568).

Thrombospondin-1 (TSP-1) is a multimeric glycoprotein composed of identical
monomers. The monomer has a molecular weight of about 185 KDa in sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under reducing

conditions. The predominant multimer is a trimer having a molecular weight of about



Thrombospondin-2 (TSP-2) is a secretory, extracellular matrix glycoprotein that exhibits strong
anti-angiogenic activity (Bornstein et al., 2000, Matrix Biology 19: 30557-568). Thrombospondin-1
(TSP-1) is a multimeric glycoprotein composed of identical monomers. The monomer has a molecular
weight of about 185 KDa in sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
under reduciagCmditemson-hedusag gararina tmesl s aldrimeighavbygsadnaacatian weight of about 450

KDa on non-reducing gels, and the m r weights by sedi iQn ilibrium similar, at 135
kDa for mon(?r%ltjalﬁr(';o%%'ﬁ 25%31@':!13{0? %ri;rr%n%ecrklsg)aq'ﬁé;r pr%n &é § %B@%gﬁ%ae%ﬂ%‘?ﬁsa sagﬁﬁence of amino
acid residuespiiediniathoresalas g I DA setiehngesy aotinechniEresisvigtitivine frenaigfosylation and

513-hydroxylagian7 E38-Bds whiewdadisoinkelves doorb arirsiRtin IigHERiAL0en and chemotaxis. It has
also been reported that TSP-1_may be involved in the progression of malignant tumors.

|nterle&kin-lﬁé‘%@ﬁ@rﬂﬂﬂ-&?@%Ts'%l%‘f@ﬁqr*??]WSW?%HB&%"e?fﬁlﬁ?é%“b?rﬁ{@e@ii?%@@%ne. IL-17BR is
a cytokine rechphostthas. spk tifisallydiieds tepbitét thnd TISPL 1 Ayt thves/adtibihe to IL17 and IL17C.

Heparin-binding epi mfgfz%r V#ﬂ‘@ tor-like growth factor (HB-EGF) exerts its biological activities by
binding to anae}ggrggés?é% %I ecé%%g?éo( GFR). HB-EGF binds heparin with high affinity. HB-EGF binds

to EGFR to modulatetenewstiogiBaiesaeatas (- thBibin i PER'RIP dh hbrert TRt imenggaeddetular migration
and 15prolifegasion A8 56 s MmitasRie Weflorakasiss se1an Spesrleaglisnagtbapitheliaigells.
HE-EGE is Kok 1o A DL B bR b mteatinal isohermia. for oxample, ntestinal oe
necrosis and enterddefitisnthiadidgiepidd BrBlGFoistkrfevinrtikia gitoiviiv éaliisd il & GRY diventscedl death and
Lﬁ;i‘::;?igzgL@B@%ﬂ?%@%ﬁbg‘b%m&ﬂ%%'Qr?Bi‘c‘?cﬂ’éég%ﬁ%@ﬁcﬂé’ééﬁf‘osrs?E%q@ﬁ)ﬁiom%féﬁ%”dfogenic
binds heparin with high affinity. HB-EGF binds to EGFR to modulate the biological
effects of the growth factor on target cells, including cellular migration and
15 proliferation. HB-EGF is mitogenic for fibroblasts, smooth muscle cells, and
epithelial cells. HB-EGF is a heat-sensitive, cationic protein, with a molecular weight
of apporoximately 22,000 Da. HB-EGF is known to treat symptoms associated with
intestinal ischemia, for example, intestinal cell necrosis and enterocolitis. In addition,
HB-EGF is known to inhibit liver diseases and liver cell death and facilitate liver
20 regeneration in mammals.
In spite of these disclosures, association of chondrogenic differentiation of
stem cells with TSP-1, TSP-2, IL-17BR, and HB-EGF has still not been proven.

Detailed description of the invention

25 Technical problem

One aspect of the present invention provides thrombospondin 1 (TSP-1),

TSP-2, interleukin 17B receptor (IL-17BR) and heparin-binding epidermal growth
factor-like growth factor (HB-EGF) associated with stem cell activity or a stem cell
expressing the same.

30 Another aspect of the present invention provides a method of using TSP-1,
TSP-2, IL-17BR and HB-EGF associated with stem cell activity or a stem cell
expressing the same.



stem cells with TSP-1, TSP-2, IL-17BR, and HB-EGF has still not been proven. Detailed description of the
invention 25Technical problem One aspect of the present invention provides thrombospondin 1
(TSP-1), TSP-2, interleukin 17B receptor (IL-17BR) and heparin-binding epidermal growth factor-like
growth factor (HB-EGF) associated with stem cell activity or a stem cell expressing the same. 30Another
aspect of theTessbali’dvanioen provides a method of using TSP-1, TSP-2, IL-17BR and HB-EGF

associated with ste celldacti it)éoragt%m cep ressin tpe same. Technical sol téon According to
. CCOr |negno n _emoo H']nen (0] e\;)(rjas(?n invention., tht?re IS.%O I(#é a
an embodiment of the present invention, there Is provided a compostion for stimulating a cell to

differentiate ipeonaasiondascstieuptingangrikidstifiersotiite) intdenchomdrepitssting fomperitigroup consisting

of thrombos ARl ATSRPIRNEeReRILaHRESRINALB Rehsisting I tRrihib8§SERIRY2 extracellular matrix
glycoprotein that exhibits strong anti-angiogenic activity (Bornstein et al., 2000, Matrix Biology 19:

557-568). TSPF LA ARAL-FrREPHBMSEMEr glycoprotein, and, in humans, is encoded by the THBS2
gene. TSP-2 may hagP-arisanseoratndyseguatsiridisniagedgly ddefSrintodtRx0B:#23%rdngman) (SEQ ID

NO: 1 NP 4 (SE @) i : iti
may furnor oA ACAREERE S o 21 000 PRI S TETSRm0). 1% ror may he

selected fromstRdstdlifecinsidtiinstamae alyerpeotifeandntd AlbRaitimisanedssyméie The
biocompatiblg glypgsrBay P8P-2 may have an amino acid sequence disclosed in RefSeq

10 NP_003238 (human) (SEQ ID NO: 1) or NP_035711 (mouse) (SEQ ID NO: 2) or a
sequence derived therefrom.
The composition may further include a carrier that may be pharmaceutically
acceptable. For example, the carrier may be selected from the group consisting of a
medium, a buffer, and a biocompatible polymer. The biocompatible polymer may be
15 selected from commonly used polymers that may support cells and/or maintain cell
activity in a two- or three-dimensional structure. For example, the biocompatible
polymer may include at least one polymer selected from the group consisting of
hyaluronic acid, hydroxy apatite, chitosan, collagen, and fibrin.
The composition may be used to treat or prevent injury, degeneration, loss or
20 defect of cartilage. The injury, degeneration, loss or defect of cartilage may include
arthritis or joint deformity. The arthritis may be rheumatic arthritis or degenerative
arthritis. For example, the injury, degeneration, loss or defect of cartilage may be
caused by at least one selected from the group consisting of degenerative arthritis
due to aging; early degenerative arthritis due to joint overload, including obesity;
25 external injuries due to sports, falling, accidents and the like; degenerative arthritis
secondarily developed by not appropriately treating a cartilage injury due to external
injuries; and joint deformity due to ligament injury, muscle weakness around joints,
dislocation of joints, formation of joint mice and bone growth retardation. In addition,
the cell to be differentiated into a chondrocyte may be a cell derived from at least one
30 of tissues exposed by a cartilage injury, cartilage degeneration, cartilage loss, or a
cartilage defect, for example, tissues such as synovial fluid, periosteum, bone, and
bone marrow.
The composition may include TSP-2 in an amount ranging from about 30 pg to

about 300 mg. For example, the composition may include TSP-2 in an amount



15 selected from commonly used polymers that may support cells and/or maintain cell activity in a two- or
three-dimensional structure. For example, the biocompatible polymer may include at least one polymer
selected from the group consisting of hyaluronic acid, hydroxy apatite, chitosan, collagen, and fibrin. The
composition may be used to treat or prevent injury, degeneration, loss or 20 defect of cartilage. The
injury, degeneiadiog, floss adlefeonef waahlages 0tamd) Hoaeabht s @ hipiotabeior 30y mb)éradihritis may be
rheumatic arthyitis, or degenerati rthritis. Far ex le, the inju neration, loss, gr.defect of
cartilage maya 8uc§u§§c? %3?%acflitﬁe\g?s)€on J fglrgc?ggl*?gr?? ﬁ%e%r%llﬂéf)u%gé?é%%‘igg BEPI ré]gaegr)l%urtaﬂiglél Arthritis due
to aging; earlip @bgehdviivg arthritis due to joint overload, including obesity; 25 external injuries due to
sports, falling, acciqﬁpgﬁarﬂg,qheﬂl{ge'Cg%%gﬁ@r{im]%thHgfﬁggcgng@niI)bp{?d@méeq-gpfzotigpgropriately
treating a cartilage injury due to external injuries; gnd joint deformity due to ligament injury, muscle
weakndss arGAREFBARLREBELNH RGP BRAL! 0 MaEHFORARE KIPDGRISTATLEHRkion. In
addition, the 6eflab delisliffetensiated intt0d chitsiaipdydm nabylie2sbrel desiwdiftonabbltastiaie 30 of

ssues expose i capliaas. Inlves RLIAgR SROShSRYRocaLflags 1oss. or a cartlage defect, for
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example, tissues suth as'synovia , periosteum, bone, and bone marrow. ~ The composition may
include TSP-2 in anTagmEaRtRasitinny MayraebatathegclraBmaesio ditereaiaticanp st Edmposition

may include Vi9F-2 i the aseewitidamnati e RO AdHEJRaitoMRMhBILME Je6N A8@jE40R Ng to about
from about 10 ktg to about 300 mg, or from about 10 ktg to

300 mg, from about 1 ktg to about 300 mq,
bout B0 AR Lo S e LR YAION REeHS TELPR AT aP s in a5 conoantration
ranging from about Tixd @4Iteils/rhkta abrontcEd10d loelgéam, ded map diet $eiébd ditsmtheo goopt 1x106

cem omeaRadtiacRat v AR AR AGA KR %%\E/ggﬁ%ﬁ%%ﬁe%%ﬁéﬁ&%eﬁ?ﬁéflﬂ‘laﬁ%i about 1x106

cells/ml. e composition may facilitate the cho ation in vitro or in vivo. In the
case of facilitafic ¥t srntrshdrdgerie dirrieantatiorrinkAgelactem feemith ecpiercansisiiba@ogenic

?iffefet:ltiatiorhQﬁ@ﬁéﬁéﬁ%b}lﬁs@e?ﬁ?@lﬂ(ﬂlsl@, Eh%ﬁﬁibgéa&dﬁi;%@d%&mh%@ﬂ-, Eha%ﬁtﬁifhéﬁéh ma»htile se:jected
rom the group consisting of an induced pluripotent st ell (iPS cell), an embryonic stem cell, and an
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cell (MSC), awamplﬁs@deumgd.sté'ﬂﬂecMﬁﬁnmwmhbm stehast&cellsaiwtaﬁé‘mmt(ﬂp@ietm@tem cell. The
MSC may be dauirJrom 8dRamARb IS KT NBsBUHRAL: b MaGenamEEludR glisaskone selected

from the group consisting of a bone marrow-derived mesencrgﬁ:mal stem cell (BM-MSC), an umbilical cord

blood-derive¢9fésEIRIVARIVGE meesFNs BRI SEEEn Sellp dSE-BMSd maBerrdiRnsar Sesieeell
(AD-MSC), amesehtygmalyalteraccdariyadMSC) a a0 plaseydaicleydird d45Qeavdidnideived MSC, a

peripheral blood-derived MSC uscle-derived liver-derived MSC. a nervou ue-derived
VS0, peric R R MR E e nd e AV A Rt B Bise.
synovium-defusgirtderived abiotiemiebdenzate el M8 O)ervoesidinsserdavredviBIS Canaanterior

cruciate ligargenbaielikeddVvie l@f?‘:@f@‘ﬂ%iﬁéaé%%%&ﬁ@é'%@?g MEEnrbrnMatriveparated

and/or cultured from other tissues including MSCs. o ,
MSC, a synovium-derived SC, an amniotic membrane-derived MSC, a

meniscus-derived MSC, an anterior cruciate ligament-derived MSC, an articular

25 chondrocytes-derived MSC, and an MSC separated and/or cultured from other
tissues including MSCs.

The cell may be a cell that produces and extracellularly secretes the TSP-2.

That is, the cell itself secretes TSP-2, and interacts with the TSP-2 to be differentiated

into a chondrocyte. In addition, the cell may be a cell contacting TSP-2 that is

30 produced by other cells to be secreted or externally administered. For example, the

cell contacting TSP-2 may be a cell existing in tissue with a cartilage injury, cartilage

degeneration, cartilage loss, or a cartilage defect. The cell existing in tissue with the

cartilage injury, cartilage degeneration, cartilage loss, or cartilage defect may be a

cell existing in tissue exposed due to the cartilage injury, cartilage degeneration,



The cell may be a cell that produces and extracellularly secretes the TSP-2. That is, the cell itself
secretes TSP-2, and interacts with the TSP-2 to be differentiated into a chondrocyte. In addition, the cell
may be a cell contacting TSP-2 that is 30 produced by other cells to be secreted or externally
administered. For example, the cell contacting TSP-2 may be a cell existing in tissue with a cartilage
injury, cartilagertiegenesiiat, catiilage dessctor Twaridage defecled Meagellzexigipenditigsoe with the
cartilage injuro\[/é cr%retilgg(? %eggﬂﬁarlateiom,. lj:artilca |e|1°%S’ o2 gﬁgtrilqﬁ% dgf?ﬁltaméwot%e aocreg eﬁiigtigg in tissue
exposed due 10 the cartlp;lge |njur9, caljtllré(ge egeneration, carti age?oss,gor caﬁilage Getect: The tissue
exposed mayletagt depbadisguen maje et dirdchinimdes rpueypcaptisiginde g s natiis, tadilage loss, or
cartilage defegdridig RSweBRRME SE/RCIRLFERANM the& T4 Eqns{PHR0Llisyne iahlkith-Rgrigsteum, bone,
and bone marrow. The tissue_may be a tissue with arthritis or 5 joint deformity. The arthritis may be

rheumatic arlRitsITYBYWher G PRRHHES K PEINEYMAHE Y HERS PmAGIsae A PdRADEESrom at least
one of the tisThesalittoneggingr AHRE Artiaytisclaedh dgingddaty delgaseonisyef andtitisudigentithjoint
overload, including obesity; 2rnal injuries due to sports. falling,.acci d ike: enerative
arthritis seco#ﬁ ﬁlgf C ﬁ\%éﬁ%ﬁt%yn%&qg)% bnﬁ’lagt%@ t(?gétgqug%lggru%@%@?ﬁ%@ﬁﬁegggg?e%naI injuries;
and joint deformiigiBg oReREBNRACTARINNIHiEScIdUR ek se 95t arirliRgjointsidaBls candntis jbies, formation
of joint mice aagemangtREoNhrimiasEasivthrily devENspelyPrRAuBpBIRR:R tradirecAceRllisget naturally
produces TSP-2, or a cell induce to_Br_oduce SP-2. T?{; compositionlma% further includeézrn inducer that
15indd8es a Yo PG AQcEHLBE INUres- 304 INBHGSIRIYPI R, IFPDLREANLEY. FHESBm cell may
be selected frozakhesgraquind jsiesndisibaatidtSof @int fomiioniof $oémh roelg and lonadutivetem cell. The
adult stem chég@é selected from the group consisting of an MSC, an adipose-derived stem cell, an
endothelial stem cell, and a hematopoietic stem cell. 20 The MSC may be derived from a mammal, for
example, a human.Thge fa8 CrasieineiieB-8t B3yt ke %lb&éﬂﬁ?@#ﬁi%e%@@&ﬁ%ﬁ§?st%gobﬁa BM-MSC,
an UCB-MSGeamAitadS6 prstiesabrafiit yatkssasnassbigshvity fa-hiacabladdesived M&Ghat skin-derived
SMSC, a peripheral bIooFﬂ-tderived M%%P?muscle-derived MSC, a liver-derived MSC, a nervous

tissue derive %?f 3?)6 i8s'?é%qﬁ93e ived™MSC, a 25 umbilical cord-derived MSC, a fetal
membrane-derived M8 Ce¢th ppaociog Idertivetay $€ ateamedtitic hheraterars!tedyceeMeestad
meniscus-defiye 56ro8p BBSILOhGTUFSHIaABETAERRIMS oA cUficulr shordipafs: derived

MSC, and an MSC separated and/or cultured from other tissues including MSCs, The cell producing

TSP-2 and tHEkell theIR&HE SRR Rty RMARRSIRITAN SRt RnMRim 83ch other.
That is, the cadiptedLutifigetiSiterraay, act byiduaratEnstemhatdnCcEne M prehanipotitheceelctn differentiate
into a chondrogyt y be a ce|l that produces TSP-2 and extracellularly secretes TSP-2. That is, the cell
itself sé:eggretei %&I , a@ﬁ%%%ré%@%ﬂ?ﬁ?ﬁ]eas&arg}@ %Tiols?(%@gb? ?ﬁ%graenritiaﬁﬁ% mgjcir%%ndrocyte. In
addition, the twliudeptdeasicelicesiesigdJrPSRhR grau groslatted tyaddidiels a0 bCEebietad or

externally adgyinigteiad o-os exarmiforie Rl coRtElingd SRse mayphsartslieniing s dissyie with a

cartilage injury, cartilage deﬁeneratlon,,cartilage loss, or a cartilﬁa}r?e defect. The cell existing in tissue with
the cartilage F§r§eEXRAagY 8cyenersiiBRe@Lrgge- st Mpftage BUFStEdsHES YR CelPexisting in
the tissue itsdilferribtissdeMSBosethelveds tiwscardibaiyednMBC cartpagestegerdabien, MSd)age loss, or

il def i : X a8 ‘
caniage cefeg} T 1)e RARRSEREY Yo RERUPOn BEaTSRe! e Al iy Fariace

r
0ss, or cartilage ct. For example, the tissue may be se ectedq?'r%m the group

consisting of Mafovall mnigisiseethiansonelivat Mefe A 0eRiF®IE-drrkebIISGnapRNetiSsue with

arthritis or joip ey MibmaReRREINBBY At dARUMBAERHARSEIRCQ dagrrerative athstimdbe cell
contacting TSP-2 ma becQ cell derived from at least one of the tj %lées with degenerative arthritis due to
08 Hﬁsﬂiﬁgﬁ)

aging; early (f(?@@ﬁ%t ?lrh(me‘[]eL?ef'ES%ﬂli?%rvté?ﬁﬁ&,' §ity; external injuries due to sports,
falling, accidents ariththedikpradiegeeTaRe anldriie sedandiifiéyre hbatie ieto pechbydrotgpprapriately

wreating, a carfiage inbAy e & Rl datismdind 1ol defpEmily s in igamantiniy pguscle
weakness around joints, dislocation of joints, formation of joint mice and bone growth retardation.
by paracrine or autocrine mechanisms. The cell to differentiate into a chondrocyte
may be a cell that produces TSP-2 and extracellularly secretes TSP-2. That is, the
cell itself secretes TSP-2, and interacts with the secreted TSP-2, thereby

differentiating into a chondrocyte. In addition, the cell may be a cell contacting



The cell producing TSP-2 may be a cell expressing TSP-2 to an amount higher than a set value. The set
value may be an amount expressed by a reference cell. 20 The reference cell may be known to have a
chondrogenic differentiation capability. Such a differentiation capability may be known by the fact that the
reference cell is cultured in an in vitro differentiation medium to induce chondorgenic differentiation. In
addition, the TgPren6eat¢ebadudeisteyedHer a«isie tiensayrbe tlenskied gl adenmdiiéesantidgn capability

in vivo. The reference cell may be, select o the group 25 consisting. of a BM-MSC_ a fibroblast, and
DB M ST B B A Gl Shich o ol SRR eSS Wl e 2 o
UCB-MSC, ainiley 07alERavi®generatipe, sartila lasay et dciispardateduntiégorelsadstiogn an MSC

that differentigtes 00 aitth@RAERNER iR IRAIRISARREE JBgSHER RS At tidgioR 8 egim fdgad has low
activity. The MSC differentiating into a chondrocgte and with low activity may be a 05, 06 or 07

UCB-MsC. defeRb BY\afLE hal BESHBJN dBccdfSHRl Bidtetdr (iRER MPetahBtfuihd esp-2 is
cultured in a vaslitigaanoeymediltgdae elayratinfleartithgs lasdondwetizige defeptodiinmtsE6d-2 is pellet
cultured in an,j io dium foy 7 d the set val 550 5cells/m greater. The
set value ma% ;% %%al?ﬁey f%g %@(%nr?glsﬁsgedp ha m&e%(#[?rén ;%e\iet%:ﬁtgd ?raoﬂrﬁé éige ESUE% ngﬁé}gﬁ% of a

a-minimum edegafiglatiedigerilgviessmedrattilaom gefephinferrapkampiiithe (ispesdanidea MEM-a

g?gdium_cqntga@a(%aoﬁ/@fﬁeﬂeggvgn@ m:sl%mdF&@(faaaﬁmanwmﬁéﬁﬂisme,a%ﬁﬁmdrogznfi_cd
Ifferentiation me |um_? a or examp e, a megium contalnlngiﬂa | COS, u C_C,O'S modirie
!GP A 1 RS

Eagle® medilA®XENNS B ATYA20 G HYfHErYRI-BLR is PhéR s 29

dexamethasonay $#@ pgogorhefit gutblitie ot 0 geierbt ! @artivéie, 1Theytell cdMBCRAYSBSBAD mgyml of bone

morphogenetig, protgin,a (A Fff@n 2PN AL I AR ORI &?&T&W%ié})thritis g fpP-2 may be

expressed in a cell lysate and/or a culture supernatant. The concentration of the TSP-2 may be measured
on mRNA le\RdB8pestaindegenerativenardyiip shifole neiy Sreieae Mevmrerebesiitoiteshdhtiate into a

chondrocyte.ifjngeeduday §iterinabonsiitrieRtdranhiecl eydnessing aribintid. sddohberivell may be a
cell that prod%es TSP-égn extracelll,i‘lajrli/ secretes the TSP-2. That izéthei cell itself secretes TSP-2,
it U

and intdracts ?fﬁl?ﬁ’g N9 BRRIORFRIEM IR R céarctﬂ%%%rleYe. Y7 Suatt Sm%glﬁgﬁ%%@, e a cell
contacting T$#rR drtarivipyrddededipgroemtimjells tolrelecsestivtbes exmimaliyiridndisioeation Bbr example,

the cell conte}gﬂﬂg T&ﬁﬁiéﬂaé’f Rﬁ@&%é%ﬁt%@d%ﬁ§gym%mage 20 injury, cartilage degeneration,

cartilage loss, or cartilage defect. The cell existing’in tissue with a cartilage injury, cartilage degeneration,

cartilage loss, or a CARIERJEPHRALEINS dP b2 RS R ARY SRS HBEUESTS &IV B SENRUEBK I due to the
cartilage injutiiapadtéagedegentration, vaudage, ess aaraasilagexpesesbdl bg disstaandeoser may vary

depenz%ing or:"ﬁedre é?een%]:etggllcr%gi)llagee f(rr]"g\% & rﬁiala% eadc(:argc?nnder(r)%tie%‘d differentiation capability.

Such a differentiation capability may be known by the fact that the reference cell is

cultured in an in vitro differentiation medium to induce chondorgenic differentiation.

In addition, the reference cell administered to a subject may be identified to have a

differentiation capability in vivo. The reference cell may be selected from the group

25 consisting of a BM-MSC, a fibroblast, and an UCB-MSC. The UCB-MSC may be

selected from the group consisting of a C5 UCB-MSC, a C6 UCB-MSC, and a C7

UCB-MSC.

The set value may be at least an amount expressed from an MSC that

differentiates into a chondrocyte in a maintenance medium or an induction medium

30 and has low activity. The MSC differentiating into a chondrocyte and with low
activity may be a C5, C6 or C7 UCB-MSC.

The set value may be 72 pg/10° cells/ml or greater when the cell producing

TSP-2 is cultured in a maintenance medium for 1 day. On the other hand, when the

cell producing TSP-2 is pellet cultured in an induction medium for 7 days, the set



25 cartilage loss, or cartilage defect. The tissue may be selected from the group consisting of synovial
fluid, periosteum, bone, and bone marrow. The tissue may be a tissue with arthritis or joint deformity. The
arthritis may be rheumatic arthritis or degenerative arthritis. The cell contacting TSP-2 may be a cell
derived from at least one of the tissues with degenerative arthritis due to aging; early degenerative
arthritis 30 duslde inayt isyeBoashincfusing rabesyieasternal injuries due to sports, falling, accidents and
the like; degeneratiyg aryia secondaly davelopad pnol sporopriately beating carkipgs, injry due to
external injuries; and joint deformity°’dué to ligament injury, musclé weakness around joints, dislocation of
joints, formattba ofpuintoviestingl Bbacogminthuetesieitial FegdyanMEM® datdivay, [fe MB&ted in the

vicinity of thecell @RIRSS NG Fisih-for exARBRIINAOVMIROIESIEMRAIERMPLHEY RiesedRgention, there
is provided a method of dlﬁerentlatlag a cell intg a chondrocyte in a subject, the method including

adminiStering & UBMpEsiBRImIHEIY o 928Dt sA8e e FhMrREBio difeidiating BEFHHEP-2 and cells
expressing T&Pa2\Me an(famexaingiée ciivveehomgboiatalifiegeatlith aylelb st Dalbbooolsonyddified The

amount effecti ough.to dj i ell int handr e a jcient. tata
constant ratiogéﬁ(l)gvlvglnrégcawl%?r?d@yegn%?ﬁ@}éh llr(J:Il |ogn§cc))§ é% ggll?ﬁﬁ%%mﬁﬂ?ﬁony V@aé?l%%%?rsge%%éted by those
of ordinary silillinvihelaxeamaibasieneiotd el seidcrrglingl 408 A/al tprssinte THPM/mbeExample, the

amount may PeRIBABOUHAHPWINDAE IeRsHRenalidanstERS (BhIPaS! BOMy/MiIleRst 899%.5y at least
90% of a total s}igegégell to differentiate into a chondrocyte within 1 to 7 days. A detailed description of the

cell efﬁressi#@ L S9eMATE el to differentiate into a chondrocyte has already been provided. The
subject may be seldtted86n2 thhal bgr@xpresasdstimg afathdysatalapfiioeracofilecashpartaatamtmouse, and a

rabbit. A ' e ' e inventan ' [ method of
identifying aﬁé?b%ﬁ%ﬁ%ﬁg?é%ﬁmg 'c%?grﬁe tl%lf‘engé%gﬁ.%é& ¥Ia @1@1@?%?%?e%§tﬁ£&r%@ﬂ1gq I|’ncluding:
culturing a stem cell it¢ aGoBaRAMIOM SASYrifHMERAID REMEALOh &f &elbdst stfiesanéiaied itdmahe group

fconsisltiEg of J@E?loaﬁ&-m@o@t?ﬂ@y&@i&@ﬁiit@p@pagﬁérbr&?y@mtr@ﬁeln%&@%kaiﬁgi;[rf@mgidermal g(;jnwth
actor-like growt tor -EGF) from culture: and i ifying a chondrogenic differentiation and/or
incucn capabilty SIHE L TENoBE SR L LG L e T ST NABORC TR rbiRod will now
be descripediﬁﬂétailThhéiméﬂg)ddfhdtaelwmmmmg' %P_% swmrtteﬂe!'ctam%‘dihmT$H620tQtlbﬂng of the
stem cell in ayperiymisknagLiniA@tcaad tismagin 2ndhceafiions saay Re prRFARERLg!Y selected

by one of ordinary skill in the art deggzéndlng on selected stem cells. he stem cell may bé selected

from the groul>EoR<R&HE BPAHPS RN efHBAPIRSERRISERT S HRI B RRIFieeS: ThE%adult stem
cell may be setaaipié, I0drosn tungictiy CoeBisting pihandMel axisheippsasdesyadthteartiiajean

endothelial stem cell, and a hematopoietic st cell. The MSC may, be derived from a. mammal, for
i P CafyR AedaRe] St R el Mo d® HES KL AT, o sc.
an UCB-MSdisaneadifose-critlizgs MBCy.apaeitias altogrskadian-dealitat S Noss aqpl@ceattiiigived MSC, a

skin-derived LGt 3REHRNS I existing in the tissue itself or tissue exposed due to the cartilage
injury, cartilage degeneration, cartilage loss, or cartilage defect. The tissue exposed

may vary depending on a degree of the cartilage injury, cartilage degeneration,

25 cartilage loss, or cartilage defect. The tissue may be selected from the group
consisting of synovial fluid, periosteum, bone, and bone marrow. The tissue may be

a tissue with arthritis or joint deformity. The arthritis may be rheumatic arthritis or
degenerative arthritis. The cell contacting TSP-2 may be a cell derived from at least

one of the tissues with degenerative arthritis due to aging; early degenerative arthritis

30 due to joint overload including obesity; external injuries due to sports, falling,
accidents and the like; degenerative arthritis secondarily developed by not
appropriately treating a cartilage injury due to external injuries; and joint deformity

due to ligament injury, muscle weakness around joints, dislocation of joints, formation

of joint mice and bone growth retardation. For example, the cell may be located in



blood-derived MSC, a muscle-derived MSC, a liver-derived MSC, a nervous tissue-derived MSC, a
periosteum-derived MSC, a umbilical cord-derived MSC, a fetal membrane-derived MSC, a
synovium-derived MSC, an amniotic membrane-derived MSC, a meniscus-derived MSC, an anterior
cruciate 5ligament-derived MSC, an articular chondrocytes-derived MSC, and an MSC separated and/or
cultured fromugshesitingde shigcleldng Mdsseg; TSPEr example, the stem cell may an MSC, and the medium
may be an MSC majntenance mediym or g chondr ic differentiation. medium of an MSC. The medium
may b selected oA oL TR e LR SR & APovtaR i ror

example, a MEghadheé dilfferentiating rigceddnteBSCAndBogytF it afydiraintbm)neifdd iohbiditggenic

differentiation gaqeisidr Phan MR oAb R TNRIR msg&%@%@mmfﬁomqhégaselﬁ%mwg5o pg/ml of
ascorbate, 0.1 pM dexamethasone, 40 pg/ml of L-proline, 100&%}/:ml of pyruvate, 10 ng/ml of TGF-133,
i)

500 ngfml of BMPIE250IA GRfiS PHISSHAE 5875/ 1 EINAMIRLHYREBAHARAY AERISRERE May be

performed usietj iatmettiashthratigecommonly used in an MSC culture. In the culturing of the stem cell

in a medium, only t tem_cell ltured, wi includi t e ells,.in addition to
the stem cell may bhte%(‘?uﬁu roelj(jqkogg;ﬁe%}%t&% %ﬁéﬂ(ﬂ%é&@ﬁeﬁ%@? %eglgéﬁﬂsr%ﬁét% pérﬁgﬁécregq}géﬁ#gnbf
extracellularlyp seéfieient greopgpad afgasiantaliepeningsdivadresenitedifisrentiatieniata gellwith 20 the
TSP-2, therehyglifiaeiiatiag doip shQusaRA®y MmaddiipardinielrmAtRe selrsoungtiv TSP-2 that
is produced by oth rcegljtst b(rekiecre ed or exter I¥ dmj istered.g%)r exgljrggle,tthec lIs contacting
ToP-2nay L SSREEREHHY FECRIEL AN SHARJS Try. L B e IREPRRSA! BIB5 @Mbss, or
cartilage deferholihe alEhvingsthipastisOde witteast&titagetirgasy, 18%4jlal e dsip@dtradioat teasiage loss,

250ra Car“'%eédSF%?ttB‘Pst?&ﬁh@?H%“SiHQPARf?ét%_‘Fr‘ﬁ‘é iéfﬁi&gd\’%%ﬁ%“%iﬁ?ﬁ‘?oﬁ?g fdug, iR the,cartilage

injury, cartilage degeneration, cartilage loss, or cartilage defect. The tissue exposed may vary depending

on a degree GftALCEAGREGIPTIGArYT TratraleYrgsabGtGH, daradBacsdl i eiienagiairfBia. I he tissue

may be selecipefipsae 1o HIreanyi Héea afrayiriadal fivid, nayjestensy, bensieaddarenmagow. The 30
tissue may be a tissue with artpritis or | in{Fdeformit%.,g e arthritis mag be rheum i;f‘ arthritis or

degen@rative%?fl‘ﬁiﬁgnﬁjﬁgn@eﬂ &%%Téﬁsg SEEMR: HRRI RV Fr SN (828! one of the tissues
with degenerative af¢wnitididgdoarzaimey; erablgdivgehet die @rasantis e jdhereve doaddedlading obesity;

external inuriggfe (o SRRt Rng. assiAR> 8% tirdiecdpasnartienaurits sapqppiy developed

by not appropriately treating a’cartilage injury due to external injuries; and joint deformity due to ligament
injury, musclENPeAkeREs dhsumE At dslibiaroti WingiatstatrRtiIBredPRIM it ey B8 By rowth
retardation. Fepnexatrilen tbe sielbasahe Ketetastifrdhe weigityuy domsislirexprepsmg TEEP2 5The

methad includes measuring the concentration of at least one selected from the group consisting of TSP-1,
S e R IR e R i i
consisting of grewth, T&ien, (HB-HSHt)aiteMBES Favity ¢ie miechsidentifiing azelthpnseaenicculture

supemnatant. Jihg-eARSRSN AiRNP! RLIRASHORSRRIREIES RS H0RLIEAURIERNSISHiNSLOEd SR-Inel0 TSP-2,

IL-17BR, and HB-EGF may be measured on an mRNA level or a protein level. The measurement on an
MRNA or prof§ATHRY ORRENKAUAMN in the art. For example, a quantitative polymerase chain reaction
(PCR) or enzyme-linkedrathadnetiaiberieaseayr(fdd SAdenay b&nusedeth&Piiciadesntuttorargcaglycoprotein

Comp‘i?ied Ol JHGNUERIMORRAER: THReCMARSY S hE@MLRHS st RN iafowt HrdRa in sodium

dodecyl sulfate
and thus media and conditions may be appropriately selected by one of ordinary skill

in the art depending on selected stem cells.
The stem cell may be selected from the group consisting of an iPS cell, an
embryonic stem cell, and an adult stem cell. The adult stem cell may be selected
30 from the group consisting of an MSC, an adipose-derived stem cell, an endothelial
stem cell, and a hematopoietic stem cell. The MSC may be derived from a mammal,
for example, a human. The MSC may include at least one selected from the group
consisting of a BM-MSC, an UCB-MSC, an adipose-derived MSC, an embryonic yolk
sac-derived SMC, a placenta-derived MSC, a skin-derived MSC, a peripheral



polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions. A predominant multimer is a
trimer having a molecular weight of about 450 kDa on non-reducing gels, and molecular weights by
sedimentation equilibrium are similar, at 135 kDa for monomers and 420 kDa for trimers. The predicted
molecular weight 20from the sequence of amino acid residues in the monomer is 127,524 Da, which does
not include comrjoiudipngdronmsgly casytaisate autivadhymsgylafioineF-aBrildd kKNS@) ta beckvsaked in cell

adhesion, pr?hferat on.. adl\ﬁgemotams I has Lsrg)vggq\%&pogtu BhlaéaT cor& der|¥e%e Mnggl;/%jeig the

progression orsma%gnan umor§ ave an amino acid sequence disclosed In
NP_003237 (etaharp¢sm@ne-goned 3) M&@P_%S?&WWUG‘S@?@S@Q IMNQ: 4p0r azseg@énce derived

therefrom.  Unb7BR igtRigtedeat i humansdsseasadas g ILAJRB gensr ILch/&Rds a cytokine
receptor that specifically binds to IL17B and IL17E, but does not bind to IL17 and IL170. IL-17BR may

have af amillgBRNELGl4ALe MREoaY RrissaefRindreaies {RliNesh)(SEQ ANENs M P_062529
(mouse) (SEg:Hai©ed Gnhdroa dNsagudree d&mvmdgutm&rﬂmmng M&Eparln blndlng epidermal growth

factor-like growth f GF e i i I t C EGF
receptors (EGFR). EE%Q E%E'é%ndsp] e)égéﬁnév%lfhﬁg hggf inity: Ié?é%g}éél): I'—Ei%t%)%rsr"l§I E;Iate the
biologic effed‘ﬂ@amtm@mévﬁﬂ?‘ﬂaéfbpbr@téwgnIﬁ(ﬁffﬁ@ﬁé‘lgmm@dﬁﬂlcﬁﬁ and\besliferbii®n. HB-EGF
may have anasiehagisyseeusisastisrasethd drelipesoErstMy188a (emain)editd DaNWsE) or

NP_034545 (mquse) (S )orase uence derived therefrom. ethod may include
identififing a tﬂ’gﬂ(é?ﬁgmﬂ%ng atigrap blﬂt)lyl é‘ﬁﬁi‘fﬂﬁbﬁ%@rﬁ'%ll@%ﬁ Efﬂg easured
concentratiorug/ml Hfiegiteatifiging, prodesschuaydingkrde dcffel;mrhagdhemﬂﬂmemvatam dBé&t Igast one

selected fom fue,gloup RARIN0G RARRE 4 kRFrBcld ERRARSHIBIRGR B R eopgepraton

obtained from a reference ce as a contr h'is 1dentifie to have a chondrogenic differentiation

capability. 10MtRSYRFRAP O HOEEY | ofvhealremtRR Hemnceheyntraton’R RegfeothBaftHeSconcentration
obtained fronsgberigtarasicenels it somylel qrsirmed thet p@wt@mg@ﬂd}ﬁm)hlgmr@@amlmg)f

differentiating int h he .other h th d | th
the-salio as e CORLERA T LT SR e LR T L) BB Grem et FVARe e coll
has a low capabilityofrsditfermgietithg sieomecehamdroegiem, orithinédstatifydath peydessutiasethclude, when
an expressioR,aBouRtRIdhy t%é? Eér %%F‘?ﬁﬂe?%ér@/ ﬂ?ﬂéﬁé?ﬁ&ﬁ?o%l%%‘(&ﬂ%eﬁhﬁu ESHLJ%H“O”O'aYef

cultured in a maintenance medium for 1 d a or when an expressmn amount of P-2 is larger than 550

pg/m1/1.0x 13896 whéhenetReEns el @ﬁ)’el‘P@c CoHardepin RI9AYRehaRce and extracellulary

secretes the TSP-2. That is, the cells themselves secrete TSP-2, and interact with
20 the TSP-2, thereby differentiating into a chondrocyte. In addition, the cells may be
cells contacting TSP-2 that is produced by other cells to be secreted or externally
administered. For example, the cells contacting TSP-2 may be cells existing in
tissues with cartilage injury, cartilage degeneration, cartilage loss, or cartilage defect.
The cell existing in tissue with a cartilage injury, cartilage degeneration, cartilage loss,
25 or a cartilage defect may be the tissue itself or a cell existing in tissue exposed due to
the cartilage injury, cartilage degeneration, cartilage loss, or cartilage defect. The
tissue exposed may vary depending on a degree of the cartilage injury, cartilage
degeneration, cartilage loss, or cartilage defect. The tissue may be selected from
the group consisting of synovial fluid, periosteum, bone, and bone marrow. The
30 tissue may be a tissue with arthritis or joint deformity. The arthritis may be rheumatic
arthritis or degenerative arthritis. The cell contacting TSP-2 may be a cell derived
from at least one of the tissues with degenerative arthritis due to aging; early
degenerative arthritis due to joint overload including obesity; external injuries due to

sports, falling, accidents and the like; degenerative arthritis secondarily developed by



20 medium for 7 days, determining that the stem cell has a high capability of differentiating into a
chondrocyte. The maintenance medium of the stem cell may be a medium containing MEM-a, 10% FBS,
and 50 pg/ml of gentamicin, and a chondrogenic induction medium of the stem cell may be a medium
containing a high glucose DMEM, 50 pg/ml of ascorbate, 0.1 pM dexamethasone, 40 pg/ml of L-proline,

25100 pg/ml @@m@pmﬁawnwmmaeﬁmage WOrV@VLﬁ@HOfé&MM injorgahd&int @efdradtpg/ml of
gentamicin. toq metho furthe ncI e com arl d canceniral lon of at least one

selected from H1e gr S;r)n cezgnsnjs%%g o¥ %%sza Euf §?—% EES ft%%é 8(r)rﬂggﬁﬂatlon of at
least one sel@éﬂ@mfrmfﬁetm@mc@mwﬁmmgt@ﬁ?M1 F30 ngal_ﬂw Bet, may bBleaerdinained from a

reference celiips\arRGtEphnukish dsidesifige &phave a low capability of differentiating into a chondrocyte.
In addition, in the comparing method, when the measured concentration of at least one selected from the

group éonsnstlng of FRSENEthRgpNsIuges PRagsUrRA ke epnesatalian g Adsask 985 1eRAE DI Meast 30%
higher than thme@oeptcaheistofgabﬂé'man§$BlectEdl WBRl MMBEEJCU@WBIIW@ @ﬁ]ﬁS‘B 1, TheP-2,

IL-17BR, and HOB fal‘:egtra?gﬁa&eﬁ r&tg é%g%%e b reénayous ggﬁgrgnl B1£ eII has a

high capability For erentiating into & ¢ erence cel may selec ted rom the group
consisting of diIBMBRs@nd H&W&sm%a%mmgmgemwwM@ ﬁh'étWBeS@@%BEéafﬁom the

9rogpdconsiftimﬁéka&%MﬁﬁoMSiﬁaﬁ I@ﬁéﬂ%ﬁe%@%cgiﬂﬂfﬂ)ﬁ ﬂi@?akfg%cco?s@ﬁ@owi“@?ﬁnother

embodimen ventio ovided a method of di ntiating a cell into a

chonccyte, thehulon ARG BHek it et 2o P MIER BB IR (YR 2 REHSBpabilty of

differentiating liexela I0whonekscsgmeactordiag toRNANoethoutedederibed atsaivenavwo énctiendrocyte.

The diff ti d [ Il
o corer 90 BB TIPSO RO e ESH Pl 2

determined to hav ntiating into a chondrocyte, f C,ina
chondrogenic @ffe+BAHRARSA rASBRAYFS &/ beMay BRfePeftiate the cell, for example, the MSC, into a

chondrocyte in VItrori:PthlesJéSﬁmmﬁﬁg@Wotem @@khﬁs@éb%pwémﬁwwﬁharhmome@ble polymer.
The biocompatible mer ma be select fo%gacorr{gﬁoﬁ used(ﬁj Fﬁ e th t support cells and/or
ot ol R oo Bl MR ST i 2 A et RS Bl ote polymmor
may include aolw@ew!m%e%w&%rfﬂﬁé@ﬁ@ﬁbm@mmgLtﬁﬁﬂrg/aMItImﬂamdAhydroxyapatlte
chitosan, fibriso8OAGEARIAYERYer is 1 RBEIRMEHTULBERIGLIGR BfEURIR gD Hieeel. for example,

an MSC to a subject in need of chondrogenic différentiation. The subject may be a subject with cartilage
injury, cartilaf@ERFENSRGS il pterdar Wﬁlﬁfﬁ@é%‘l@éﬂt%ﬁ’%ﬁ%ﬂﬁ@”fﬂé“rﬁjﬂ[@ﬂ?rm%& be a
subject with ar3Brkisaoiojonits rite i1 dyid T4 &dlarfés trimers.  The predicted molecular weight

20 from the sequence of amino acid residues in the monomer is 127,524 Da, which does
not include contributions from glycosylation and B-hydroxylation. TSP-1 is known to
be involved in cell adhesion, proliferation, and chemotaxis. It has also been reported
that TSP-1 may be involved in the progression of malignant tumors. TSP-1 may
have an amino acid sequence disclosed in RefSeq NP_003237 (human) (SEQ ID

25 NO: 3) or NP_035710 (mouse) (SEQ ID NO: 4) or a sequence derived therefrom.

IL-17BR is a protein that in humans is encoded by the IL17RB gene. IL-17BR
is a cytokine receptor that specifically binds to IL17B and IL17E, but does not bind to
IL17 and IL17C. IL-17BR may have an amino acid sequence disclosed in RefSeq
NP_758434 (human) (SEQ ID NO: 5) or NP_062529 (mouse) (SEQ ID NO: 6) or a

30 sequence derived therefrom.

Heparin-binding epidermal growth factor-like growth factor (HB-EGF) exerts its
biological activities by binding to an erb class of EGF receptors (EGFR). HB-EGF
binds heparin with high affinity. HB-EGF binds to EGFR to modulate the biologic

effects of the growth factor on target cells, including cellular migration and

10



25 may be rheumatic arthritis or degenerative arthritis. The subject may have at least one of the tissues
with degenerative arthritis due to aging; early degenerative arthritis due to joint overload including obesity;
external injuries due to sports, falling, accidents and the like; degenerative arthritis secondarily developed
by not appropriately treating a cartilage injury due to external injuries; and joint deformity 30 due to
ligament injugyonfeistienye HBVESSRRMAINDL 0SS, shsilasatipnsehjents fxsoredaninRefseaice and bone

growth retardgtio ternal iy i es.a fracture, dministel ss,may be performed
by intravenoﬁﬁn?gc{%%%%n uﬁggéj@:t‘i%%]z %g{? m@é@?ﬁf@gﬁgﬁ@ﬁo&nﬁ{%ﬁ?ﬁ% t%%%The cell, for
example, a M8QuUenRseiserihditistefeinwith a carrier. The carrier may be a medium, a buffer, or a
biocompatible polyrmge FigHIg tRERALRIGERAbATS Y BYCREREIRERR HrreammpANbsssapetymers that

may support cells and/or maintain cell activity in a two- or three-dimensional structure. The biocompatible
polymet maytieiitiuradisie s5d berahordbrmeastid BaalRie8nsisting of hyaluronic acid,
hydroxyapatite, 5 chitesdantfiirig, modess|iagemdieaainpayinzctieestenceeitafitve sftatmezsll may include at
least one selected fro nsisting.of an (P2l mbryanic st 5 n.adult stem
cell. The aduﬁﬁs egr%l(%:"gﬁ5rrn]f§103§]ri)qeH gé@c@& ?%r'r%{ﬁ@céﬁoup 36%5:2@%13 ::?lng ﬁ‘%@?ﬁga%%%gve@ﬁerived stem

cell, an endothelRENseny 24 ghtpn e frribpoRIfteSRMFELRSENCONIE Whighue entiediom a mammal,

for 10 examplgy@eoabrogesivSfereaydnshesablgst one selected from the group consisting of a
BM-MSC, an UCB-MSC, an adipose-derived MSC, an embryopic yolk sac-derived MSC, a
placerlts-derived VST GRALLUTR BEPRFSS Y BBAHR CAPBIBBH SRR Rhee S HDSEIETNSed MSC, a
liver-derived &8Csrdrationcigdissddroerihed dtseh e pelioseaybdarordidés @) tnenbtkoalcetird-derived

MSC, a 15 fefal Bfg@f/ﬁ%%@);"&%Me?gntf’aﬁ'é{%?g’ttig?&%ﬂ&?&dbeﬁécﬁﬂtggﬂﬂ@ﬁHﬁ ,?&ﬁ@ﬁ'derived

MSC, a meniscus an anterior cr igament-derive an articula
chondrocytestgemeegUisSCoaraNdiatign s Lapari el anHre samaAsdrorRRRl e RBRR}ing MSCs.
According to peethes eebasiaest, of they e seinvritivnt therstésserings aloddonsibme, efidentifying a
sample including a ell.cap ble o diféeren iating into a chondrocyte, the method including culturing a
cell-c&r‘ritainincﬂrige{ﬁ{ﬁ@ e Bt aRY %asuring the concentration of at least one selected from the
group consisting of T&AdENHM@ procERB Ryaynid dHBlE @Renoan trpredains. dmoueto{libRe2psocess, the
cell may be a.s{sap ieh oA CBDRLER AyREURE-ME cIhcalbroraRle iy sptiating into a

chondrocyte may be the stem cell, for example, the UCB-MSC. In addition, the _cell capable of
differentiating" At 8R6RJRSHE Ry haaY sRIBEN, F6r BXRISRAONANERWC 8Rdlothéi 88ls cultured
with the stemtiesil.5B0eparher aitomeybevpidietiyngsmicrnm pellst Theueddancelnamenbadeells that
produce TSP-2 and extracellylarly secretes.the TSP-2. That is, the 30 cells themselves.secrete TSP-2,
B iribract GIEOE 19D IS R 178 ORI es ] IRt 6 LR g be cell
contacting TSHfrentiainpiotiuestandmbecellhorbeinieorstes vedixmorobihe stenirtstemay, Bar example,

the cells contachingil 3P 2 Ma%iRg MREMEXISHOG NHissUesWitha ﬁg{ﬁhﬁa%ia&mugnﬁaemi,lagﬁgd%generation,
cartilage loss, or a cartilage defect. The cell exstmi in tissue with the cartilage injury, cartilage

degeneratiorCRAPARGENSs O yctignimed yareting celanaxpgindnRdne ke il Rhghissue
exposed duegdiutbeechitiEige 30juty ntaftiagerbage0er aid niegartitinasioss, 40 pgliviagfel detslizte The tissue
exposed may, Mar ' a of.the. caril injury, ' iQn, cartjlage loss, 5
or cartilage dé?eac%gi%h:ge@a%gpvl%?ﬁhﬁis ?u%l r(%‘{zaji;/%b'ge%g’e’{eﬁc:@eg r@(rln(%f}éewg_;go%’g%%ﬁ |str’iairﬁi§:;lf S??/{rgovial fluid,
periosteum, 56neg/aM@Teridamigidw. The tissue may be a tissue with arthritis or joint deformity. The

arthritis may be rheymatieaidariva praaaenaeie asthpiind e oalsanaripactsRaionay be a cell
e o B L ) A i ATt er PR 8o o0 oar e ve
with the concentration of at least one selected from the group consisting of TSP-1,
30 TSP-2, IL-17BR, and HB-EGF obtained from a reference cell as a control, which is
identified to have a low capability of differentiating into a chondrocyte.
In addition, in the comparing method, when the measured concentration of at
least one selected from the group consisting of TSP-1, TSP-2, IL-17BR, and HB-EGF

is at least 10%, at least 20% or at least 30% higher than the concentration of at least

11



10 due to joint overload including obesity; external injuries due to sports, falling, accidents and the like;
degenerative arthritis secondarily developed by not appropriately treating a cartilage injury due to external
injuries; and joint deformity due to ligament injury, muscle weakness around joints, dislocation of joints,
formation of joint mice and bone growth retardation. For example, the cell contacting TSP-2 15may be a
cell located initleeséribitd ok dhe tell guessingidiig-3f TisPmedigm-may-hzBR;ednaaiBep@Ace medium
or & chondrogepic induetion mediym ol agell o Aseorcigio anpilier.epodimaniof he resent
invention, there'is prowd@d a composition tor drgcyeasmg C on&rocy?e death, the"’composition including a
heparin bindigPEBIRYIIRE ¢jfierantizimoriiBaRBe dindyteste e diferpreesialy mayebe ealed@the HB-EGF

may exert itsiiglogiealasiyitign Q¥ iyttt ERUAETC 2 HibERES: resrPiRrs JEBIR CHBEREF binds
heparin with high affinity. HB-EGF binds to EGFR to modulate the biologic effects of the growth factor on

target Cells, iMHIMG CeMAkaRiGEIGEIT AP S 3RuR. FRRSRERS Ry e YR BIMRG adid€quence

disclosed in RefBaqSIR 200236 OBYEGSEQ ID NO: 7) or NP_034545 (mouse) 25(SEQ ID NO: 8) or a
derived t f . T it] i c | i -EGF. Th

Ctom callmay be ol e RRE PR R e R e T RS e

carrier has alfeeifgbekdiffrwntelingecsting praptierdmpbbelimrthedfinek draeiferendatios, there is

provided a 3Qnegih@died degseanine:ahondrreyirigie b abity WPigekrhiRigial porcluding administering a
composition f(grrPdecreasin chondrocite dea t, the com&osi%ong’ncluding a HB-EGF in an

h to a supje
amoun? enou W@&@@fgg%@%% ?/?e"ﬁéﬂﬁjéﬁ&%%? R PR SGAYSOREG F. The amount
enough to decreasd bhdfiffkcaytiatuheppnoetesstiayaregradaomeshiougtid@diecv@ase thendedoyte death more

than a CO””%{)%‘EPER@Bﬁg@?ﬁ?ﬂﬁﬁ?%%&%ﬂﬁ&&%:i@%ﬂ%%ﬂgﬁgyo‘?%@%ﬁﬁg fiamount

enough to decrease chon east 50%, at 0%, at least 70%, at least 80%, or at least
90% greater thaPCAYSRYS: RIoR¥AMRRE S hRloniBRtEARLANLA e B PBdeMRboided. The
subject may belasdifiersmisfearcdingerisidmptaritagasieganetitshdiatiirga 1088, onatpartilage

or o etonmH ARt g DL GHLLAFAHL o UGG RERE BOURG, Tre mury,
degeneration, loss, Brelbfecompeatititagelynzey eayariy e lfroledafrdwastaommonly used polymers
that may support cells and/or maintain cell activity in a two- or three-dimensional
structure. For example, the biocompatible polymer may include at least one polymer
selected from the group consisting of hyaluronic acid, hydroxyapatite, chitosan, fibrin,
20 and collagen.
The method may further include administering the cell, for example, an MSC to
a subject in need of chondrogenic differentiation. The subject may be a subject with
cartilage injury, cartilage degeneration, cartilage loss, or cartilage defect. For
example, the subject may be a subject with arthritis or joint deformity. The arthritis
25 may be rheumatic arthritis or degenerative arthritis. The subject may have at least
one of the tissues with degenerative arthritis due to aging; early degenerative arthritis
due to joint overload including obesity; external injuries due to sports, falling,
accidents and the like; degenerative arthritis secondarily developed by not
appropriately treating a cartilage injury due to external injuries; and joint deformity
30 due to ligament injury, muscle weakness around joints, dislocation of joints, formation
of joint mice and bone growth retardation. The external injury includes a fracture.
The administering process may be performed by intravenous injection or muscular
injection, or may be locally performed on lesion sites. The cell, for example, a MSC

may be administered with a carrier. The carrier may be a medium, a buffer, or a
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10selected from the group consisting of degenerative arthritis due to aging; early degenerative arthritis
due to joint overload including obesity; external injuries due to sports, falling, accidents and the like;
degenerative arthritis secondarily developed by not appropriately treating a cartilage injury due to external
injuries; and joint deformity due to ligament injury, muscle weakness around joints, dislocation of joints,

formation 15oigesthpaitisiengddanergrovither etasdatigatitslcadpdipnetharehiorsisocie sty om cell derived
from at least one of the tlss es| exgﬁ s&d plue to the "r]g%@frsdae neratlopahlos§1 ar defect of cartllage for

example, '[ISSUGS SUC as syﬁg\yn] uid, per%’sf’e pl%o one, an rorrrwlglrr]narnrgv?/ ?%tIVI mlnlsv%lerlng process

may be perfopribEpydimensionalstinjelction orhe biecpariajistevelonenayeldncodryap@dstraee on lesion
sites. The 2054Ripel RKkbRE MEMMAE: GTRSUMABRAIMGYINHYSRBALMRY, 256§ Mdtkedog, and a

mouse. he composmon may further include a carrier. The carrier may be a medium, a buffer, or a

biocorpatiblEBOSARe Bk BILSIFEMe pBIgnes! iRy REsBISE8Y $dn BHinTHT ?@eﬂ“ﬁ%lymers that

may support eellsdenat/ trastadniaiseeiteat fraiy lheagi‘Bnp@oostﬁre@mﬁ ane R sall st @mﬂﬁyfme
blocompatlblg Qﬁ)} g gﬁ%y éﬂc%tgduet %ﬁ é?ﬁ ﬂneﬂg)(%/_%b% it %tec%lqr%[gu perforfé%tggnf?ls{ﬂnﬁl é)f hyaluronic

acid, hydroxyapatite, chitosan, fibrin, and collagen thod ma In VItro or in vivo.

According to RO EPRFIRIOGiPicRN e Bfeééhﬁpﬁﬁréﬁﬂ&ﬁﬁ tplers i@kb’r@ﬂ@é@@hﬁlﬁhéwm aedreasing an

expression 05?1&'%@%%0%9@8 §féﬁ9t§éiIfroﬂh@weuﬁla?@%‘@éﬂOgoofr"éﬁpalm'Erﬁﬁ”nal lkgd 7BR, and
HB-EGF from a ste cel], the metj]g% d|n CUHT tem cell in t%&%gzence of a joint fluid of a
t

patientQwith aef)f@%)c ond SHimant Hé’EB B 861%?&@8@5 O, %fﬁ‘t’i‘f’age
degenerationc@aiskigprdda B M-848lage UéTBdV,I%@dammﬁpnauejmﬂmeT he stebmyealicnyailkbe a

BM-MSC or %%é’&lﬁ\)@oscy@@e & 8&!&3 AN Oe MERSUTLARR % 9&%‘”%8‘@'?{9@‘6%@9 stem cell

may be allogeneic or autologous wt respect to the joint fluid. at least one ailment selected from

the group coR&shaesvak dpfiage iMupg!e-sRNxgd d@é@ne?’aﬂbﬁrm&@e MSS;, cartingyeystect, and
combinationgigéeraefiveayNistidg pefskte @ndigintdaimmity. dmdiRcHIriis-dddtrived hasmatic

15 fetal membrane-derived MSC, a synovium-derived MSC, an amniotic
membrane-derived MSC, a meniscus-derived MSC, an anterior cruciate
ligament-derived MSC, an articular chondrocytes-derived MSC, and an MSC
separated and/or cultured from other tissues including MSCs.

According to another embodiment of the present invention, there is provided a

20 method of identifying a sample including a cell capable of differentiating into a
chondrocyte, the method including culturing a cell-containing sample in a medium;
and measuring the concentration of at least one selected from the group consisting of
TSP-1, TSP-2, IL-17BR, and HB-EGF from the culture.

In the culturing process, the cell may be a stem cell. The stem cell may be a

25 UCB-MSC. The cell capable of differentiating into a chondrocyte may be the stem
cell, for example, the UCB-MSC. In addition, the cell capable of differentiating into a
chondrocyte may be a stem cell, for example, a UCB-MSC and other cells cultured
with the stem cell. The other cells may be other types of stem cells. The other cells
may be cells that produce TSP-2 and extracellularly secretes the TSP-2. That is, the

30 cells themselves secrete TSP-2, and interact with the TSP-2 to be differentiated into a
chondrocyte. In addition, the cells may be cells contacting TSP-2 that is produced
by other cells to be secreted or externally administered. For example, the cells
contacting TSP-2 may be cells existing in tissues with a cartilage injury, cartilage

degeneration, cartilage loss, or a cartilage defect. The cell existing in tissue with the
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arthritis or degenerative arthritis. The ailment may include at least one selected from the group consisting
of degenerative arthritis due to aging; early degenerative arthritis due to joint overload including obesity;
external injuries due to sports, falling, accidents and the like; degenerative arthritis secondarily developed
by not 10appropriately treating a cartilage injury due to external injuries; and joint deformity due to
ligament injusartitage i Bakzesiagsotegk rtofjstaedtign afgeinis clatnagioncréjpimamise and bone
growth retardation, The mathopmay e petformed in o orin e, Thespint uigmay e g.cell existing
in tissue ifself with the gilment c?escrllged AD6ve Ahd inissues expose(? uetoa aniIage n‘ﬂury, cartilage
degeneratiordeggnsifilage tesdaoe aezatilogsaittege Thteckll ehlistitigsivetiexpesethmay ceatilage injury,

cartilage deggggEatinny Sﬁrglaasrlébs@f%éf&ﬁ%@@gﬁﬂ%ﬂn@éQfeee?@}a%ﬁtiegrma@@ iBggue itself and

tissue exposed due to the cartilage injury, cartila%g egeneration, cartilage loss, or cartilage defect. The
tissue Expos@l FRIY!98Ry ARigEhdinP bRy fRecliot tHESUS TR hﬁuﬁ?‘%‘&ﬂﬂa&@’ﬂeﬂl@rw&@ﬁ@n, cartilage
loss, 20or caddagjetitefettynoriaxéon|ectiwstissnchmay, hadbteciendiiam. thFigrdispuzonsigtieg of synovial

fluid, periosteum, ban ne marrow, | ition,, the_jgint. fluid m e ajoipt f located at an
arbitrary posi |0%?H%‘§E@J%?:&Rv%ﬁlt% (gr:é ﬁrr?gr%ﬁg ﬁjy'_ igg)?dﬁaht% @%&ﬁé%&%ﬁ%éﬁﬂgﬁ a8Fpresent
invention, thetedensiglivrarthntmetherl csilliraiestingihg Br 3tevry el argelldriéved fiosuatdepsthe method

including cultyringrardertcel inthadyessRaeLhANRsLESSUSging; ddIF I8simdiRNg BHavihs a joint fluid
of a patient with arthrjtis; a s novi& d derived from a joint cgyitg{of a dﬁ)atient with art&%ﬁis; a

| flui
bronciBanie S dalh. i EBRCE) T AR GTHER <UL RS, Aol Syone Peos).
bronchial 30asttidentturandariber, lie;intdegtnaldling distraidis, ceaaidarnlic aestelapre fymootary disease
COPD); inal flui fluid.,. ite flui ic fluid: call ient. Th
calturing pros R B B el
The method A8/ tRUISREPERE NIRRTV RRIBESE A BIRdARiR Htidira@tiem of joints, formation

of joint mice and bone growth retardation. For example, the cell contacting TSP-2
15 may be a cell located in the vicinity of the cell expressing TSP-2. The medium may
be a cell maintenance medium or a chondrogenic induction medium of a cell.

According to another embodiment of the present invention, there is provided a
composition for decreasing chondrocyte death, the composition including a heparin
binding EGF-like growth factor (HB-EGF) and a stem cell expressing a HB-EGF.

20 The HB-EGF may exert its biological activities by binding to an erb class of
EGF receptors (EGFR). HB-EGF binds heparin with high affinity. HB-EGF binds to
EGFR to modulate the biologic effects of the growth factor on target cells, including
cellular migration and proliferation. HB-EGF may have an amino acid sequence
disclosed in RefSeq NP_001936 (human) (SEQ ID NO: 7) or NP_034545 (mouse)
25 (SEQ ID NO: 8) or a sequence derived therefrom.

The composition may include a stem cell expressing a HB-EGF. The stem
cell may be an UCB-MSC. The composition may include a carrier. A detailed
description of the carrier has already been provided.

According to another embodiment of the present invention, there is provided a

30 method of decreasing chondrocyte death of a subject, the method including
administering a composition for decreasing chondrocyte death to a subject, the
composition including a HB-EGF in an amount enough to decrease chondrocyte
death and a stem cell expressing a HB-EGF.

The amount enough to decrease chondrocyte death refers to an amount
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lesion tissue cell, obtained by the culturing process, for example, a MSC, to a subject with a lesion tissue
to treat the lesion tissue. The lesion tissue and the stem cell, for example, a MSC may be allogeneic or
autologous with respect to each other. In the method, the stem cell may include at least one selected from
the group 5 consisting of an iIPS cell, an embryonic stem cell, and an adult stem cell. The adult stem cell

may be seleatadgpriotiedgeasp canrsistiogotiaatMéreanadipesearderivest steampkrl] tha endothelial stem
cell, and a hemato 0|%téc ﬁgetrglé:ell. The MSC ma%bge%%l\r/g%rfrqm a mamurﬁilﬁna)r x%mple, a human.

The MSC mae§/rri]r?<l:J Ude akj?east o%ceres%ﬁgc e%nﬁ(r)% fe group cor?sgt?r?gao % , an UCB-MSC, an

adipose-derivsg¢reareSondrenyts ysaith \ablleasidc 0 érival demit 60 % hteastal 0%rivt tereE 80) %, sKin-derived
MSC, a periphqealhloed-griertvinle O RMICIEAde RSB SorB iy bEfIEY tioh pgEvous

tissue-derived MSC, a periosteum-derived MSC, an umbilical cord-derived MSC, a fetal
membrane-daliGaENISe" Breyidsunt-befvRIPThEBY &% AinRte! Mithd ralags i vsC, a
meniscus-detizeitbiytSdgnenteinrarticigid dssljgnmeattimyiy ddfdtE C, Tare anficy) ategeopcktioytes-derived
MSC, and a separat r cultured fr rti includi . The.method may be
performed inq\%%%rﬁ%ﬁo&dcgﬂﬂé%%rﬁ%Iﬁg Ig(r]%t @épggpeggﬁ)%%t %S%Ir%sggﬁgl?ﬁl&eéht?ﬁg,'mere is provided a

method of scAe&TIMgYa meremathvéifiraan e merseatisanivtisie aeaepRrativriatyit®cultbAng a stem cell
in the presengfuef, 31RIABrHESHEI88 domGate et IBEcarBIagh A} PECSSPELH Hronte: [dliehe he method
includes culturing a stem cell, for example, an C in the presence of a lesion tissue. The lesion tissue
may b0  joirHEHP O OSSR PR DAL AR EAP R & FAEE BAY of  pationt with
arthritis; a 25tegrobcive adhlitisae flaijdi(B ALer)cafda piding witle sy extesEr atpryedistress syndrome
Cisease (COPTY 3 8 T o AL ) e Bl 2 patien:
The culturing YPe8PRECPEAGHNERRNha PRELBBR BN VS iRehdRtR TiWias: apthieist<iafeEitfor example,
a due to ligament injury, muscle weakness around joints, dislocation of joints, formation
15 of joint mice and bone growth retardation. In addition, the chondrocyte may be a cell
derived from at least one of the tissues exposed due to the injury, degeneration, loss,
or defect of cartilage, for example, tissues such as synovial fluid, periosteum, bone,
and bone marrow. The administering process may be performed by intravenous
injection or muscular injection, or may be locally performed on lesion sites. The
20 subject may be a mammal. The mammal may include a human, a cow, a pig, a dog,
and a mouse.
The composition may further include a carrier. The carrier may be a medium,
a buffer, or a biocompatible polymer. The biocompatible polymer may be selected
from commonly used polymers that may support cells and/or maintain cell activity in a
25 two- or three-dimensional structure. The biocompatible polymer may include at least
one polymer selected from the group consisting of hyaluronic acid, hydroxyapatite,
chitosan, fibrin, and collagen. The method may be performed in vitro or in vivo.
According to another embodiment of the present invention, there is provided a
method of increasing an expression of at least one protein selected from the group
30 consisting of TSP-1, TSP-2, IL-17BR, and HB-EGF from a stem cell, the method
including culturing a stem cell in the presence of a joint fluid of a patient with at least
one ailment selected from the group consisting of a cartilage injury, cartilage
degeneration, cartilage loss, a cartilage defect, and combinations thereof.

The stem cell may be a BM-MSC or an UCB-MSC. The expression may be
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30MSC or a differentiation medium of the stem cell, for example, a MSC, into a tissue corresponding to a
lesion tissue. The lesion tissue may be included in the culture in an amount ranging from 5 to 30%, for
example, from 10 to 20% based on a cell suspension volume, a cell concentration, or a cell number. The
culturing process may be performed using a known method in the art related to culturing of stem cells.

In the methoehéhewstenveel prayinnetutRNA lRas! orehsalasteddiionajse gimgeaeirsisting of an iPS cell, an
embryonic stgm (fell 3Sngvﬂprgcsiugc§1i%%gelcl). Tiﬁgigdult stem cell may be selected from the group
consisting of an‘NP§8, an adlpoge-derive 3em cell, an endothelial stem cell, and a hematopoietic stem
cell. The MSC may e Btdeabiaahéraitmemh aatesteditioextae grova honsitinges s cartilegenclude at least

one selected;ffigf), the-GEYeEORRISITB 0 A RMIMRSs A aGMSEcaarAlRASHRHred MSC, an

embryonic yolk sac-derived MSC, a placenta-derived MSC, a skin-derived MSC, a peripheral

blood-derived WSB! A iRHIE LS AEE I AseBNbed ThScrthHisvBRY RRENBURAFed MSC, 2
periosteum-dertivetts MSBgenearmibiticatrriis-dativedheMS@yaretalent sbstoaassived MEM a

ium-derj M X iofi -deriv: . [ -deri MS ! teri
crucite oo L R B e S A o R S B ancon

cultured fromdghir sz ReiRaddiTMsTebasiy raste@Iiyries gusiirprerts #ioSr in vivo. 15The

method incluggsidBRasHfiNeha KeduesEERRREaRANS ceHEEFR dBRBsasvynbmay be performed
using a known method. For examgle, the measuring may be&g formed by@uantita jve PCR when the

produc? is RNRPESRHAS Y HERWAHA, FAL AASASIHN SHSA BRSO IHELE By AR ISRLIRIHTHY product is
protein. The drediecigamebieifRMy oupniteiraROse arethd jpimisy disthaitioderftjbyinms, fomettoml regulating

stem cell aC“é#%irﬁ?Hﬁé@%}meoo%‘%gﬂ%ﬂh?&%ﬂosa%oﬁpmrﬂéeﬁﬂm@%p&%‘é?@ﬁfd%w'% gf the stem

cell, for example, the MSC, ma&éﬁj a differentiation activit thod may er include comparing
Btawi

T
the amount ofth¥Mmed §risiNbF H?tﬁé@i'rﬁéﬁﬁﬂ@ﬁ%%%&)&%b%ﬁhé‘&ﬁ“ﬁﬂﬁm dessried experiment.
The control experEmeit imayshesexXSosegatia®b RasiliNgCaNFP! exBrRig@aBycHepatentrol experiment may

b f d by.culturi t Il, f ,an MSC, b t usi lesion ti in th
preserite of SHHHE 558 ASEAIPHP L5k ot el RIS s SR IBE SRS from the
culture. The ingthyodaridgdecledenevakiontiadiragantss, hetpeaduidioge defecthay thavafeBO the control,
determining ALEAG |RHRNILSIGRAPILNG W GRHBISSSRERIE™ 85 Astiile Tﬂfu?yy‘,ar!ER‘%??CtiVity of the

MSC. The method may include, when the amount of the groduct is smallér than'that of the control,

determining He9RRERIGBNREUIRIR Q58 PEIGAFERNG ERIRRE StERS HERUSBIRYSRS BRANRE, activity of the

MSC. The diifiersnitatidmaydigce dffitie paaliagei iy g licstieagerdegpaseingriocaneaiidssue. For

exam%e, when thﬁ.lesion ysstue #s aéoint f|,Jid it may, differe tiatei into cho%drocgte. According to
or,ca n?%? efeCt. ~ For.example, the tissue may be selec 1o the gfoup )

anotheér embodimen e présent inventiori, there1s provided a method of incréasing an expression of

at least one sislesigithgrohsyneieblipdmrsiosigym, bone, and bone marrow.  In addition, the
joint fluid may be a joint fluid located at an arbitrary position in a subject with the
ailment.

According to another embodiment of the present invention, there is provided a

25 method of differentiating a stem cell into a lesion tissue cell, the method including
culturing a stem cell in the presence of a lesion tissue.

The lesion tissue may be a joint fluid of a patient with arthritis; a synovial fluid
derived from a joint cavity of a patient with arthritis; a bronchoalveolar lavage fluid
(BALF) of a patient with acute respiratory distress syndrome (ARDS), bronchial

30 asthma, lung cancer, an interstitial lung disease, or a chronic obstructive pulmonary
disease (COPD); or a spinal fluid, a pleural fluid, an ascite fluid or a gastric fluid
collected from a patient. The culturing process may be performed using a known
method in the art related to culturing of stem cells.

The method may further include administering a stem cell differentiated into a
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50f TSP-2 and HB-EGF from a stem cell, the method including pellet culturing a stem cell. The pellet
culturing of the stem cell may be performed in a state where the stem cell is aggregated tri-dimensionally.
For example, the pellet culturing may be performed by centrifuging a cell-containing suspension to form a
precipitated cell 10 pellet and culturing the pellet. In this regard, an initial cell concentration used in the

culturing mayesohxikgbealinabiiairfadlby aedstmlriHiepeerdss ging riopts ey eqesabped at 350 g to
1500 g for 5 16,30 minleg. dhe,siem, el maybe selectef rom e atoup cansisting ot g oS cell. an
embryonic stem cell; and an adUlt stem cell “The aault stem cel may be selec &d Trom the group
consisting of exeMIlE, N3G mdipbe@ltgnsicse avtaligansesitiotieshartteraachiiotes a hematopoietic

stem cell. The MSGMAy heMekYark Eama Manyy M iRiE3POME oadsated RBVIBE gRaYInclude at
least one selected from the group consisting of a BM-MSC, an UCB-MSC, an adipaose-derived MSC, an

embrydhic ydRERIBS A& TSEel FREMEORAREMASE, apdian-adrlsiemse!-a JeRAMA

blood-derivedtsth CelarmaySotesdidved fldBChe2fraulivesraisivetdo sV 8 Qeavadidizgsiidetiosded MSC, a
iosteurn-deri ’ il " X o |

Cynovium-desidh bR A L S o gt S e AR o

cruciate ligarfefivertfiestavsansal afdiceransiend fepars-déhedd SPstaving iV Bagmirated and/or
culturz_d ffO”‘s@I@@t‘ég?fg&ﬂ&H@%f ;&Mﬁ@ﬁnéﬁﬁmtﬂmp&w l@B&ngCﬁaﬁ%%lﬁ%mﬁ%ding TSPIZ’
according to mbodiment of the present jnvention, may stimulate differentiation of a cell, for example,
St GRS e SRR R HE SNt A BEIFRBRT B e or BN HGRIGbn there 5 30
provided a mmﬁdg)bmtwim;dhU@daﬂmbjﬁtj/MS@pelmﬁsctexdanwm MS,S?(]im{diéﬁévgd_ttA&)i,nto a
Cho”drocyte’éﬁfﬁ&% E?é;ﬁeld%%'@wfgdlrél &%sﬂﬂﬁ’fﬂ%@e‘&hﬂ)&@?&?ﬂlﬁHl‘!é%f%%%%%ﬁ&@d)ab'.“ty of the
MSC may be efficiently indentified. According to one or more embodiments of the present invention, there
is provided aMwthadpbmentiaagripavesMeleRapryiHR-tegreddiyrs chdAABIGN@, by using TSP-1,
TSP-2, or IL-hERiRravkeselyddaed, fonexrataidnecl S ONay Aieaibcgtiatfferentiated into a

o atind SO TaP XS AP VISR R GO IESHE B M/t AN, for example, he
MSC, may beeffhcked polifferentiated fiomm athegidiasues including MSCs.  The method may be
performed in vitro or in vivo.
According to another aspect of the present invention, there is provided a
method of screening a material regulating stem cell activity, the method including
20 culturing a stem cell in the presence of a lesion tissue; and measuring a product
expressed from the culture.
The method includes culturing a stem cell, for example, an MSC in the
presence of a lesion tissue. The lesion tissue may be a joint fluid of a patient with
arthritis; a synovial fluid derived from a joint cavity of a patient with arthritis; a
25 bronchoalveolar lavage fluid (BALF) of a patient with acute respiratory distress
syndrome (ARDS), bronchial asthma, lung cancer, an interstitial lung disease, or a
chronic obstructive pulmonary disease (COPD); or a spinal fluid, a pleural fluid, an
ascite fluid or a gastric fluid collected from a patient. The culturing may be
performed in the presence of a maintenance medium of the stem cell, for example, a
30 MSC or a differentiation medium of the stem cell, for example, a MSC, into a tissue
corresponding to a lesion tissue. The lesion tissue may be included in the culture in
an amount ranging from 5 to 30%, for example, from 10 to 20% based on a cell
suspension volume, a cell concentration, or a cell number. The culturing process

may be performed using a known method in the art related to culturing of stem cells.
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tissue cell. According to an embodiment of the present invention, there is provided a method
screening a material regulating cell activity, for example, activity of an MSC, whereby a material
regulating the cell activity, for example, activity of the MSC, may 10be efficiently screened. Brief
description of the drawings FIG. 1 illustrates images showing results of respectively differentiating 7

types of umbilical caidnegleastioaserchgmadsitenacelbldeBias) ohe.s€ldctea ffdtn G4 §Rulb06, and 07,
cultured in diﬁeren?atioq me?jg for 4 weeglgg FIG. 2.is a nagpldshowinlgtan exggﬁssinmeagndoﬂnt of mMRNA of
an :

thrombospondin 2 (F'SP-2) o ARG S S an ad )

ultured in a’chondrogenic differentiation medium; FIGS.
3 and 4 are dgitgphsalhmaingetiseleptrslifiemofiEIPoRircansisting eigreMataran astiapratdsyivedyme-linked

immunosorbepd assay 4R leiRidthéfrem BLIEERAES RBTRRPBIEHO WS Bdne!letRiaa st ARl §8-MSC

cultured in the presence or absence of TSP-2; FIG, 6 is a graph showing TSP-2 expressed in a culture
supernatant SFEXER BPE &SN E RIS RISt A EH TR chbrRIMG SR RAEAR Al dRAHIEm; FIG. 7
illustrates imagksighiondngticb gnolipgeinisi<tifig efirdi BidMSCG rak) CBBWHE? Sarkt i bsme ariastbw

e S SN M o IS AR SR SO Ut CoMoC
MSC, a peripheral blood-derived MSC, a muscle-derived MSC, a liver-derived MSC,
a nervous tissue-derived MSC, a periosteum-derived MSC, an umbilical cord-derived

10 MSC, a fetal membrane-derived MSC, a synovium-derived MSC, an amniotic
membrane-derived MSC, a meniscus-derived MSC, an anterior cruciate
ligament-derived MSC, an articular chondrocytes-derived MSC, and an MSC
separated and/or cultured from other tissues including MSCs. The method may be
performed in vitro or in vivo.

15 The method includes measuring a product expressed from the culture. The
measuring may be performed using a known method. For example, the measuring
may be performed by quantitative PCR when the product is RNA. On the other hand,
the measuring may be performed by ELISA when the product is protein. The
product may be RNA or protein.

20 The method may include identifying a material regulating stem cell activity, for
example, activity of an MSC, from the measured product. The activity of the stem
cell, for example, the MSC, may be a differentiation activity. The method may
further include comparing the amount of the measured product with the amount of a
product obtained through a control experiment. The control experiment may be a

25 negative or positive control experiment. The control experiment may be performed
by culturing a stem cell, for example, an MSC, by not using a lesion tissue or in the
presence of a normal tissue instead of a lesion tissue and measuring a product
expressed from the culture.

The method may include, when the amount of the product is larger than that of

30 the control, determining that the lesion tissue positively regulates the stem cell activity,
for example, activity of the MSC. The method may include, when the amount of the
product is smaller than that of the control, determining that the lesion tissue
negatively regulates the stem cell activity, for example, activity of the MSC. The

differentiation may be a differentiation into a tissue corresponding to a lesion tissue.
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FIG. 9 illustrates images showing chondrogenic differentiation of 10 types of BM-MSC and 10 types of
UCB-MSC analyzed on a sixth week after chondrogenic 30differentiation induction, according to an
embodiment of the present invention; FIG. 10 illustrates images showing a difference in chondrogenesis
capability between an UCM-MSC and a BM-MSC on the sixth week after chondrogenic differentiation
induction;  FbiGexbhnisie, gkdph shewwgopxiesssion resjdiist ofuligPit2rhagledifieeastiayeriatad pellet
culturing congl'tionn ) in rée presence of a growth factor combination; FIG.12 is a graph showing an
expression level of T8P22 according to the types of UCB-MSC; 5FIG. 13 is a graph showing
measurement resulfscodishipgdosionthaicmeodfmesPop thptaineenhjnpentioculbefyssMseMamMSC and a

05 UCM-MSG, fgnidaseleizink ot esisaissicnanhs rbeving Hrameweheinb3 ot seorenisg by an
UCB-MSC under differentiation and dedifferentiation conditions; FIGS. 15 through 17 are graphs

showing an e¥ptedsio At GF AMRetaBsRtelioma ot Baretb L arlr g uFRIF e Rce of TSP-2;

FIG. 18 illustwaties graphs showing a degree of chondrogenic differentiation of an UCB-MSC cultured in a

chondrogenic mediwmn under. TSP-2 ex ign-inhibjting. conditions: . FIG. 19| h showing a
level of TSP-2 in blgj)% gﬁg;?jg%é’%%“f %%rgﬁgﬁ%gg%rﬁsér%,gﬁ%%Qégtigenﬁgv'\}/ri?ﬁ%é?e%ér?;(Fg‘l_ti%svﬁ efe S. 20 and
21 are graphst8AbasHdseageeeeriedalirdimesspTal-1 fPas 3B dE ipalift prdyeRaesyalieint fluid of a

patient with a5thdigied by Ekatrdadmg arapih-shawinadesidpentionalyzipeihe pragpraRmigiNA of
interleukin 17B receptor (IIL-;L?B éob ained b ,Ig/sin an UCB-MSC differentiated into gOcagtilage by a
real tirjr?e polﬁﬁi‘?g g ﬁléiwrljggéﬁ P -p iS regard, an initial cell concentration used in the

culturing may be 5x10° cells/ml to 5x10” cells/ml. The centrifuging process may be
performed at 350 g to 1500 g for 5 to 30 minutes. The stem cell may be selected
from the group consisting of an iPS cell, an embryonic stem cell, and an adult stem
cell. The adult stem cell may be selected from the group consisting of an MSC, an
15 adipose-derived stem cell, an endothelial stem cell, and a hematopoietic stem cell.
The MSC may be derived from a mammal, for example, a human. The MSC may
include at least one selected from the group consisting of a BM-MSC, an UCB-MSC,
an adipose-derived MSC, an embryonic yolk sac-derived MSC, a placenta-derived
MSC, a skin-derived MSC, a peripheral blood-derived MSC, a muscle-derived MSC,
20 a liver-derived MSC, a nervous tissue-derived MSC, a periosteum-derived MSC, an
umbilical cord-derived MSC, a fetal membrane-derived MSC, a synovium-derived
MSC, an amniotic membrane-derived MSC, a meniscus-derived MSC, an anterior
cruciate ligament-derived MSC, an articular chondrocytes-derived MSC, and an MSC
separated and/or cultured from other tissues including MSCs.
25 Advantageous effects
A composition including TSP-2, according to an embodiment of the present
invention, may stimulate differentiation of a cell, for example, an MSC, into a
chondrocyte.
According to one or more embodiments of the present invention, there is
30 provided a method of identifying a capability of a cell, for example, an MSC, to
differentiate into a chondrocyte, by using TSP-1, TSP-2, or IL-17BR, whereby a
chondrogenic differentiation capability of the MSC may be efficiently indentified.
According to one or more embodiments of the present invention, there is

provided a method of differentiating a cell, for example, an MSC, into a chondrocyte,
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FIG. 23 illustrates graphs showing measurement results of mRNA of heparin-binding epidermal growth
factor-like growth factor (HB-EGF) in an UCB-MSC cultured in the presence of a joint fluid of a patient
with arthritis; FIG. 24 is a diagram showing an expression amount of HB-EGF in an 25UCB-MSC
cultured under chondrocyte death conditions; FIG. 25 illustrates images showing observation results
of a rabbit-dessivedieh asiracyts Ul iwied iN7iBR, wasestsetné lId8LHE&fexantple, thd WSO, imayasaph showing

results of pelg}igl%lrt] r'régffapthP e'cl}/luﬁt% anﬂ angrl\élél\qsc. 30 Best mode for carrying out the invention

The present TAVENtion Wil now e descr?b%&more%tﬁly with reference to the following examples. These
examples are for illdseatliepirrposrsdimeand efrthe srasenidederditimithies deppevisiathe present

invention. — mExaaBleikIdpntfingtionnl REGRIARpIRrateinS ePRalisalyitiicashiBan UCB-MSC by joint
fluid of patient with arthritis To identify a material regulating cartilage regeneration and cartilage 5

inflamrRation Yr6ERe Sy eh VBRI, PoMStuiday 2psiisewirikrrriaEIda fEHA medium

with an UCB+¥&e beling cultured therein to reach a final concentration of 20% (v/v), and then a resulting

product was further ey e o1 2 hauEs, The SbAe s Ul s SURRRCIABIAES usglas,an analysis

sample. In addition, as a cofitrol, J . e cultured in a state where the joint fluid 10 was not
added theret§aH9dsareesdgra Matatimgenatinggbinetiing ieneremple. IcBiMStaRASsot cultured

were used. TRRdaIBY HiHMGRPRIGINAHhT a8 adnaiianitiyitbrdsepnactie aiditise MSEreais expected to
be included iﬁ e%ch Oobtained culture or control sample were labeled with a detectable marker. The marker
was bidtin, af§ B9R8HM 3058 detected by fluorescent detection of a complex formed by specific

binding between the biotin and fluorescence-labeled streptavidin. Next, a protein chip with antibodies

respectively l@'ng}%égr %r?%?'{ﬁéoﬁ}‘ rﬁtﬁ'}ns immobilized thereon was treated with each sample
(RayBiotech, Inc., RayBioTM Biotin Label-based Human Antibody Array I; Cat# AAH-BLG-1-2) to react

together according f®ndrilatrirs imAgRHsEWATEFeS gt f Fearasiyain dltererfsiingHt ¥PSS2 nm was
irradiated to reuRiBIRIAI bRl BRIBE miRsIcEgRRNSIAXRN CRIRMSBEamec4000Branda gyliation light

ohtaingt ron& BN 4GB LTE A GAR LA hthe ample was detormined.
FIG. 2 is a graph showing an expression amount of mMRNA of thrombospondin
2 (TSP-2) of an UCB-MSC cultured in a chondrogenic differentiation medium;
FIGS. 3 and 4 are graphs showing the amounts of TSP-2 in a culture
supernatant, obtained by enzyme-linked immunosorbent assay (ELISA);
20 FIG. 5 illustrates an image showing a pellet size of an UCB-MSC cultured in
the presence or absence of TSP-2;
FIG. 6 is a graph showing TSP-2 expressed in a culture supernatant of each of
6 types of UCB-MSC cultured in a chondrogenic differentiation medium;
FIG. 7 illustrates images showing chondrogenic differentiation of an UCB-MSC
25 and a bone marrow mesenchymal stem cell (BM-MSC) in vitro;
FIG. 8 is a graph showing capabilities of an UCB-MSC and a BM-MSC to
differentiate into chondrogenic lineage;
FIG. 9 illustrates images showing chondrogenic differentiation of 10 types of
BM-MSC and 10 types of UCB-MSC analyzed on a sixth week after chondrogenic
30 differentiation induction, according to an embodiment of the present invention;
FIG. 10 illustrates images showing a difference in chondrogenesis capability
between an UCM-MSC and a BM-MSC on the sixth week after chondrogenic
differentiation induction;
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25As a result of analysis, when the UCB-MSC was cultured in the presence of a joint fluid of a patient
with arthritis, TSP-1, TSP-2, IL-17BR, and HB-EGF significantly increased, compared with the case where
the UCB-MSC was cultured in the absence of a joint fluid of a patient with arthritis. 30Example 2:
Association of chondrogenic differentiation of UCB-MSC with TSP-2 In the present example,

association of the chhdrogeaigmdifiestiviiatigreriressidnBeMBE oF ISP 2R 2deamenalapsedntn addition, it
was evaluated Wq%@?r TSP-2 H?duced %UCB-MSC *o dlffer%npa e into chgggrocyte. 1) Chondrogenic

differentiatior) %aeba | |Pyr'89t(§/%r(]est%5\3 8¢ sencf_alr%t’a {HE Chont rgéé’ﬁfg difEr2hitiation capabilies of

various types of UGBQEGsweegeapbriiondag BEacixpyprsohUeyBH RIS Rvd o pedrsingtaitee typas
chondrogeniggifegeitgtion medium. The chondrogenic differentiation medium was a high 5glucose

DMEM containg 50 %{ml of ascorbate, 0.1 pM dexamethasone, 40 pg/ml of L-proline, 100 pg/ml of
pyruvafe, 10 ng/ml 6I9-GR-133 HBB AW BOERABSE SHRTY fedts Al axer S¥F0g/AINBHERAmicin. An initial
cell concentragim 2vatssiné0h g elisienkidundhthe C3UANMAS patdfer@sdoM-MaColyprigpdene tube for 4
weeks. The mediu . Wi | let j ili with 4%
10paraformaldehycrlril\eé2ﬁ1£1?r?lje§ %?eéaég%nw’gagﬁ?’ V&?l&%hze %%cgﬁﬁiﬁgﬁééﬁgggég ﬁYe%Biece was stained

with SafraninUS BoMefectindariftairnprdebgntdadifferentmtior sendtigngges of results of respectively

differentiating 7 typescsss UGRMSSh 12 algBRn93nBiPaRBxpRas SEinmsiiiersmiiationgmedium for 4

weeks, according to gn e diment of the present invention erring to FIG. 1, it 15 is confirmed that
Cland®2, wﬂ?(a%%%% aa@%%%‘ﬂ&v “gﬁ%%&“é%‘érﬁ’cﬁ?c?@@ﬁ?’coéi F%aiiation capabilities, each have

cross-sections haviﬁlﬁ.otmtﬂldlatratmgx_\étbhelisti_mvir@actﬁgreatt:zﬁab&rrd;o@rnirec_iiféer@rrﬁlgttbgrcgfon. In this
regard, the '%H'ﬂﬁ‘?sﬁﬁ@%ﬁfﬁec?'lﬂ‘ﬂ'%Hongféggmgﬁﬁ%ﬁdﬂ?ﬁ%%& ‘: J&egsnlmmﬂﬁfﬂvgen, 03 and 04,

which was classified to have medium cho erentiation capabilities, each 20 ha
cross-sectior@AdiiREsmall lacunae with distinct borders entirely or partially formed thereon. In the cases

of 05, 06, and 07, whigh19as glgesifieshtaviiaye Roer shrerrRaeBiestifesenitatipa sapadllities, lacunae
StI’UCtL1JI’eS are barely f%{med .Tr}is irEdiCE%GS éha%.the UCB-MSC has different differentiation capabilities
due to aeneti%ecﬁﬁ?é'rgﬂ easpeﬂtﬁ%%d'vi 'Eif\’/? L Q{t’w&’diﬁerences in processes of collecting umbilical

FIGS. 20 and 21 are graphs showing expression amounts of TSP-1 of an
UCB-MSC in the presence of a joint fluid of a patient with arthritis;

FIG. 22 is a graph showing results of analyzing the amount of mMRNA of
interleukin 17B receptor (IL-17BR) obtained by lysing an UCB-MSC differentiated into

20 cartilage by a real time polymerase chain reaction (RT-PCR);

FIG. 23 illustrates graphs showing measurement results of mRNA of
heparin-binding epidermal growth factor-like growth factor (HB-EGF) in an UCB-MSC
cultured in the presence of a joint fluid of a patient with arthritis;

FIG. 24 is a diagram showing an expression amount of HB-EGF in an

25 UCB-MSC cultured under chondrocyte death conditions;

FIG. 25 illustrates images showing observation results of a rabbit-derived
chondrocyte cultured in the presence of HB-EGF; and

FIG. 26 is a graph showing results of pellet culturing an UCB-MSC and a
BM-MSC.

30

Best mode for carrying out the invention

The present invention will now be described more fully with reference to the
following examples. These examples are for illustrative purposes only and are not
intended to limit the scope of the present invention.
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25cord blood. (2) Association of chondrogenic differentiation capability with TSP-2 UCB-MSC types
having different chondrogenic differentiation capabilities were each cultured in a chondrogenic
differentiation medium for 1 week, and the amount of mMRNA of TSP-2 was measured from the cultured
cell by real time-PCR (RT-PCR) 30using a total RNA as a template and a TSP-2-specific primer. FIG. 2 is
a graph showing an expression amount of mMRNA of TSP-2 of an UCB-MSC cultured in a chondrogenic

differentiation medipm, according t mbodiment Qf the present invention,, Referring,to FIG. 2, TSP-2
was expressed in t#é( an g%tﬂrln%eﬁ]tﬁnfﬁa:t'&?ét %)%}ﬁq(?gIﬁ%pggﬁ%?/ﬁ\%eg'hﬁggﬂilghlgr%é'ﬁ)%%(lamca%ifferentiation
capability, wi€B-M3GCobyJoint Hpirsrf-patigstveish arthiiis(06 or 07) UCB-MSC having a low

chondrogenic differgntighignigApabilithterial Iégidiinn UaRiMRC REEshaysg ehrndiagpiie
differentiation capabilities were each cultured in a chondrogenic differentiation medium, and the

concerftratiod 8RN RPRHEB e 8t HicPe Bed i it drnaip2aanby il 1 3ANHHE dVdfg to time.
FIGS. 3 and 4dafedgtaphsraboiwingvitie amouGBoMBEPb2inga culttureel stheesiratantreydaLiSAnalccording to

embodiments of the, present igugntio ferring to EIGS. highJevel of TSP- expressed in
aClor02 16%%@%@% %tgvalgén ;ﬁ%h%%%r{}j&%%g%rﬁ?@ﬁ?ﬂ%ﬁ?ﬁ?ég?{gﬁ%g%gﬂ. Ity r(rée Iet%r rt%gF)ng. ), while a
very low level@§rpsPIheediaineeseaiduie SoBeUBiAMOrasOBedSes (Rifeansl RS . SHM@s Activity of TSP-2

to induce chopgdfiaesnisdiffesaiatian BoBIUScVEalunasurelel GHlkwsiéndhehenrEoganiaddferentiation
e e Ot d her2te S ot 3 M naludieg 30% GRS HSEnwhie an
UCB-MSC was not cultured were used. The joint fluid was obtained from a patient
with degenerative arthritis.
Proteins expected to be included in each obtained culture or control sample
were labeled with a detectable marker. The marker was biotin, and the biotin was

15 detected by fluorescent detection of a complex formed by specific binding between
the biotin and fluorescence-labeled streptavidin. Next, a protein chip with antibodies
respectively binding to 507 secretory proteins immobilized thereon was treated with
each sample (RayBiotech, Inc., RayBio™ Biotin Label-based Human Antibody Array
I; Cat# AAH-BLG-1-2) to react together according to manufacturer guidelines. After

20 the reaction, an excitation light of 532 nm was irradiated to the protein chip using a
laser scanner (Axon Genepix Scanner 4000B) and a radiation light was detected at
635 nm. By comparing the obtained detection signal with a reference detection
signal obtained from a control, the concentration of each protein in the sample was
determined.

25 As a result of analysis, when the UCB-MSC was cultured in the presence of a
joint fluid of a patient with arthritis, TSP-1, TSP-2, IL-17BR, and HB-EGF significantly
increased, compared with the case where the UCB-MSC was cultured in the absence
of a joint fluid of a patient with arthritis.

30 Example 2: Association of chondrogenic differentiation of UCB-MSC with
TSP-2
In the present example, association of the chondrogenic differentiation of an
UCB-MSC with TSP-2 was evaluated. In addition, it was evaluated whether TSP-2
induced an UCB-MSC to differentiate into a chondrocyte.
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Minneapolis, MN, USA), and a pellet size thereof was measured. As the UCB-MSC differentiates into a
chondrocyte, the synthesis of extracellular matrix (ECM) increases, and thus the pellet size represents a
degree of chondrogenic differentiation. 20FIG. 5 is an image showing a pellet size of an UCB-MSC
cultured in the presence or absence of TSP-2, according to an embodiment of the present invention. In
FIG. 5, the pellet siz¢ @libadayeniivdiffdr8htiatibr)dapabiity ofrbgeghefaboBdMgenic differentiation
medium containing 10 {/1ml f TSP-2 was.used, the pellet size was 3.49 times gr t that of the
control, e 501916 A5 Hng AR S R S B D R e by
TSP-2, whictweidicateldned. T $RchihecesLbBridRdg wiaie pkitetenttatrehin a cExadnpderdc Expression level

of TSP-2 accaffinsrinshioniausnc siscRpaHapARAANLIAARIDIARIRAS WRRRBIS, an expression

level of TSP-2 of an UCB-MSC according to its chondrogenic differentiation capability was measured.

First, 03, 04 SHFRRPIRMEN SeURiRg e Ao M AREPIR A b At iaraRtRAsANSHOR Wl fh under the

same conditiorsréting, dags.ity/rin difi ¢y civate] rog egientsfarertiRE 050 Redrtiv e fdBpIFd6o gomg differentiation

capabilities o , 04 - were, previ fir hy an e k ,and satisfied
8% 0% daggd;%?eﬁ‘&fg%%ﬁ?ﬁ %ﬁ . .t.§P§ | SORMEMEGBY qASxRetenl an

the condition of 03 > 64> ( 'the obtained culture supernatant was measured by ELISA.
FIG. 6 is a grapth threwlkginswas ekfrssrdinia cllRe opylergdHbefeatveekstypéief UCB-MSC
cultured in a ghenerPaaBicHiAgEaNIAD W EeRAiUaRdas pRIRINGRIhARgDMESd M@ #f the present invention.
Referring to FIG. 6, the 05 UCB-MSC, which was classified to have the lowest chondrogepic
cftereiiatio SRR DU G P4 5 AP TE 5 BeioL I B8 EERSN T oodta D ERRE chdHBrogenic
differentiatiopieckiotésns{amiee sittSaseciei@dd d2tegirah aniddiR- rperabk/tab.cells on the third day after
chondrogenic differgptiation indiict dgegrstnd QoS § 1SR AR 1%L llscon the
seventh day after cﬁﬁ'dro&er%%iﬁ?gr%ﬁaﬁon%r%ugt%n. %?ugsé,[ﬁgﬁab]é%%SC%XS@SS%Q%I?S%-Z to a

larger amourld #RaVPat beT$H-2(&preks skt fyhe ®s20E A8 @ Hifpiestialiaptaieddianf@cB-MSsC
suitable for ugedrs:hrdragrRnis differmutalamt of the present invention. Referring to FIG. 1, it

15 is confirmed that C1 and C2, which was classified to have good chondrogenic

differentiation capabilities, each have cross-sections having round lacunae with
distinct borders satisfactorily formed entirely thereon. In this regard, the lacunae are
markers allowing confirmation of the presence of cartilage. In addition, C3 and C4,
which was classified to have medium chondrogenic differentiation capabilities, each
20 have cross-sections having small lacunae with distinct borders entirely or partially
formed thereon. In the cases of C5, C6, and C7, which was classified to have poor
chondrogenic differentiation capabilities, lacunae structures are barely formed. This
indicates that the UCB-MSC has different differentiation capabilities due to genetic
differences among individuals and differences in processes of collecting umbilical
25 cord blood.
(2) Association of chondrogenic differentiation capability with TSP-2
UCB-MSC types having different chondrogenic differentiation capabilities were
each cultured in a chondrogenic differentiation medium for 1 week, and the amount of
MRNA of TSP-2 was measured from the cultured cell by real time-PCR (RT-PCR)
30 using a total RNA as a template and a TSP-2-specific primer.
FIG. 2 is a graph showing an expression amount of mMRNA of TSP-2 of an
UCB-MSC cultured in a chondrogenic differentiation medium, according to an
embodiment of the present invention. Referring to FIG. 2, TSP-2 was expressed in
the largest amount in a C1 (or C2) UCB-MSC having a high chondrogenic
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15Example 4: Chondrogenesis capabilities of UCB-MSC and BM-MSC An in vitro chondrogenesis
experiment was performed using a UCB-MSC and a BM-MSC each derived from about 10 different
human donors. (1) Preparation of UCB-MSC and BM-MSC An umbilical cord blood (UCB) sample was
obtained from the umbilical vein of 20deliveries under informed maternal consent. A bone marrow
aspirate was @ititaineiadiitene apabity oretleahean @esipnidS EoNses fadaalndth OCoAHETENt and

spindle-shap I hymal stem cell (MSC)-like mononuclear cells,were isolated from human BM and
uUCB throughqﬁeg1 %%qﬁ?}g'cn S%F%é: 3 %)j\r/\clll %}\bcr(g%ge:{?engl%ﬁ?ﬂec%%%ﬁéyﬁt and spindle-shaped MSC-like
mononuclear cells dveddédidit thdtie tzpesigmdngareondrigaricl dffgrentinhessdpeabiliiestiveness), (2)

adhesion, (3)pindls.AhaRerdd)slbaBHarR aRiasRSERIRG oW SHIaM el RRGEARRINGP differentiate

into mesenchymal tissue such as bone and cartilage. A cell surface antié;en phen,oty?e of the
adherent and5pnae-EhikseP e RUtHIB FYRGEG R RS MRAIMER RN HBARS WHEIRe [Ronfirmed to

satisfy the 3@mequirements of (1) through (3), was negative for 0D14, 0D34 and 0D45 (hemapoietic

marker) and HLA- s.lI marker e it wa itive fo 4 73, 0D105 and 0D90
(MSC marker) andDﬁéAg-}aéB@ cIaerlsrsgl%agrtﬁ(ger%b%’Yﬁri%qﬁ%%ﬁ%ﬁg%gégpg%ﬁeassg@ i % same set of surface

antigens as defgipai@ridovEldRd iseereding teramisiianerdnaidoe prefrikifyerdiln.the properties of the
Mgg-like mOR@féﬁﬁWg’if&ﬂ@s\!@@ﬁHrﬂb%grﬁ@ﬁﬂ@f@ﬁqlgpfﬁi%@%f&&g@iﬁiﬁ@@"ﬂi&t%@r;] potential of a
MSC into mesenc a] tissue such as bone and cartilage. . .Confirmation of chondrogenic
ditereliatio AL BT bt SO ek i BT FHREL R ERPARLE b i it et
cultured in a shenyliogdevediffdieRinas medassetbintGviEe KbtomdddeCihdBBitogeiee sisF A the
chondrogeniggifferentiation medium, a high glucose Dulbecco’'s modified Eagle Medium (DMEM)

supplemented’with 500 ng/ml bone morphogenetic protein-6 (BMP-6) (R&D System, 10Minneapolis, MN,
USA), 10 ng/ml trard®rieRy Y Rith$Bctde iucs © @eRig differentiation

An UCB-MSC was pellet cultured in a chondrogenic differentiation medium

15 containing 10 ng/ml of isolated and purified human TSP-2 protein (R&D System,
Minneapolis, MN, USA), and a pellet size thereof was measured. As the UCB-MSC
differentiates into a chondrocyte, the synthesis of extracellular matrix (ECM)
increases, and thus the pellet size represents a degree of chondrogenic
differentiation.

20 FIG. 5 is an image showing a pellet size of an UCB-MSC cultured in the
presence or absence of TSP-2, according to an embodiment of the present invention.
In FIG. 5, the pellet size of the control was 258526.070 umz, and, when the
chondrogenic differentiation medium containing 10 ng/ml of TSP-2 was used, the
pellet size was 3.49 times greater than that of the control, i.e., 901919.431 2. As

25 illustrated in FIG. 5, the pellet size of the UCB-MSC increased by TSP-2, which
indicates that TSP-2 induces chondrogenic differentiation.

Example 3: Expression level of TSP-2 according to chondrogenic
differentiation capability
30 In the present example, an expression level of TSP-2 of an UCB-MSC
according to its chondrogenic differentiation capability was measured. First, C3, C4
and C5 UCB-MSCs were each cultured in a chondrogenic differentiation medium
under the same conditions for 7 days to induce chondrogenic differentiation.
Relative chondrogenic differentiation capabilities of the C3, C4 and C5 UCB-MSCs
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ITS+ Premix (6.25 ktg/m1 insulin, 6.25 ktgl ml transferrin, 6.25 ng/ ml selenious acid, 1.25 mg/ ml BSA,
and 5.35 mg/ml linoleic acid, 1:100 dilution, Becton Dickinson), 100 nM dexamethasone (Sigma), 50
ktg/mlof ascorbate-2-phosphate, 40 ktg/m1 of L-proline (Sigma), and 100 ktg/mlof pyruvate (Sigma) was
used. The chondrogenic 15differentiation medium is commonly used by one of ordinary skill in the art of
chongrogenegisrégsrevicelst souficiredibMaiesplsianchiylathasdsisfddNRScofeliftsh dfcT > C4 >
pp.4397-4402(2002); " ogenesis-in MATERIALS AN ETHODS of St , 20(2002):
a0-a1) 1 1o Krow e te LB SR el i B atan B e e B E S arocyte. 20ar
MSC at 4 to 6 passab¥s WS sarrphtehbwitg thaldid exnkased wasalikipe sdedrma@at 054achn the

chondrogenic,diffgrntistion mpmidnuest the %H%ﬁ@@@niwaﬁf@fmgtiaﬁpnaeaﬁjm,l BekyRIRRYlene tube,
and the MSC was centrifuged at 500 g for 5 minutes to form a pellet. The obtalned§%let was cultured.

The médium R0 @ERETER L edEESeM YR iNet REETANIADTLEd0WIE 4R Y5BMRSrmaldenhyde
contained in aipiahaffas ataifiswdttonave trenid waste o parogenithdiffarctitiskoe saphbiitpjece was stained

with Salanin:jg deipSLANAPRGDIIEod AN IR0 e Bc s subjcied 1 e L1

collagen immunostaining. chondrogenic ditferentiation was determine ortflng to whether pellets

,
a
having aroundifé¢rgptalierd ranetian ithalyreptatel i gaercitdetre P30 atilRfR-3 petifid HroedgipBan existed in

counter-StainiAg W@glﬁﬁaﬂiﬁ;ﬁér{tﬂl%gém&diﬂe@wﬂ_éﬂhﬁtiﬂ@%ﬂbhﬁ Mnaallage0ssd iypierL1 collager
Immunostain . ustrates jmages snpowing In vitro cnon rOg IC dalfrerentjaton or an
UG A 2 B Oa R TG S B D T i VR B T REURUoR IRICHoRalets . ¢
and e respeclitiel; eppd&RM SafeapnesSirggalitiRelresaltsroétizendCGB iV Ghab txin&PR week (a), 3 weeks

,and 6 i ; g _ 3 weeks
Saining resue AT R e e T ) e ) S e A, >

chondrogenedioNfregritifofilfgrantiatioBspectively represent type 11 collagen 5immunostaining results of
the UCB-MSC and the BM-MSC obtained 6 weeks after in vitro chondrogenesis. Safranin-O-specific

than e BM-MSE SHTN & e DSERLSEI R S EEPARILTSGE LCE TErG, B8 SMMWSE, aition. collagen
11 An in vitro chondrogenesis experiment was performed using a UCB-MSC and
a BM-MSC each derived from about 10 different human donors.
(1) Preparation of UCB-MSC and BM-MSC
An umbilical cord blood (UCB) sample was obtained from the umbilical vein of
20 deliveries under informed maternal consent. A bone marrow aspirate was obtained
from an iliac crest of each donor under consent of each donor. Adherent and
spindle-shaped mesenchymal stem cell (MSC)-like mononuclear cells were isolated
from human BM and UCB through the same process. The following properties of
the adherent and spindle-shaped MSC-like mononuclear cells obtained from the two
25 origins were confirmed: (1) stemness (proliferativeness), (2) adhesion, (3) spindle
shape, (4) cell surface antigens using flow cytometry, and capability to differentiate
into mesenchymal tissue such as bone and cartilage.
A cell surface antigen phenotype of the adherent and spindle-shaped MSC-like
mononuclear cells obtained from the two origins, confirmed to satisfy the
30 requirements of (1) through (3), was negative for CD14, CD34 and CD45
(hemapoietic marker) and HLA-DR (class |l marker), while it was positive for CD29,
CD44, CD73, CD105 and CD90 (MSC marker) and HLA-ABC (class | marker).
Since a fibroblast also expresses the same set of surface antigens as described

above and is an adherent, spindle-shaped, proliferative cell, the properties of the
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10immunostaining (indicated by arrows in FIG. 7) was more distinct in the UCB-MSC obtained 6 weeks
after in vitro chondrogenesis than in the BM-MSC obtained 6 weeks after in vitro chondrogenesis (refer to
g and h). 1 week after chondrogenesis induction, the UCB-MSC and the BM-MSC did not show
distinct differences in the Safranin-O-specific orange-red staining. 3 15 weeks after chondrogenesis
induction, thevi3@-M8&C dishoptsleaw aeycanidage fiatharwibafthadd CliM&Shhegaapiorextlit a
chondrocyte B‘?ﬁ"‘reﬂ? tis, in Ehe case of t SL(ECB-MSC r(lﬁhorégr{um-llke C(ﬁ:zaw re obseryed outside

, e
the pellet, an extra-ce (lar Rea rrll;[(I e?;t'slr? to be sérgroetren Toide the p('esfFe ’easnu ucBmse egan to be

weakly positieerfa@afranin-O staining. 6 weeks after chondrogenesis 20 induction, the BM-MSC showed

the same chondroge)asisnAiRGRRoRSH Sk ShEHBER KT Bitvition Kl Hiry SRIYRBspwed a typical

chondrogenesis tissue form. To confirm whether a functioning, normal chondrocyte is formed, collagen 11
immundstainflERBFNEHIMITd as a result, brown-colored positive staining may be observed, as
indicated by arrowsArBM®SC Gomp @By 8@ wWasEh&NSiCultitineith in 2b8dritS Gerilte UCB-MSC exhibits

more positive b -MSC. which indi s thaf th - as n enesis
capability. d}ﬁgc%ﬁr%'c%H%s%rr?%glsumﬁgtrrﬁgg‘% %ﬁ%mgu #r%ec%#gqﬂfﬁ%%%’e%is (/:Raggﬁéi |tt§|/8(r)]§l {rﬁpg%j]gB-MSC is
significantly stfiieHiatienanetitie. BNt oors . [Buib ecepapmatitadripetpkistiies d?MEMIB-MSC and a
P e e T e S
invention. An experimen etermining capabilities of the - - o differentiate
into the chon@{?ﬁgﬁﬂ? m’e@é{% Hg )péhé%??fg @QTII‘?J'ITBWQ.qfﬂ‘gﬁigﬂq{ﬁ’geg;ﬁig}(%g)ﬂ%%@@s was separated
with trypsin, _afﬁﬂiﬁérarmiaﬁzs_aép@mémwlﬁxjﬁ)zﬁ:a@émmIt'naraasfémnd‘ﬁcﬁisn'gi diﬁszemnﬁignis)aoin!edium. Next,
the suspensiqryy g arfiebinta. oI aOPIABIRNECIDF. BBcIRd Houias SRAHLAGC 85500 0 for S
a pellet. The obtained p h

minutes to form ellet was cultured. The medium was changed twice weekly.

Referring to Bfd dgxaregtiea0eB(RigeesapRpisd Tty 0bas rrid a2l Ries AfiiieterkRite into the
chondrogenic lineage (Sigiteap ahd A BV:MS(ospynplese(fOymapd s crpabiliphtodifiederiair into the

hondrogenic i .6 weeks after chondrogenic differentiation. the sjze of a pell fth
DCBNRSC (LT EIS013 2385 S 61 H0A 095 WAL G AR ETJUEIAN Ind WA plet area of he

BM-MSC (n=8)@45634188ir386 %5 telldt Cellerelrinll atedialsczrxdddsitivd$mf FOSH afvh99, Were measured

by i-solution sofyarefMsBeEsIRNEHIRGRYEHRERISAMATERIKE-DARISHALIS IBI3G ST Shawing
chondrogenic differentiation of 10.13{pes of BM-MSC and 10 types of UCB-MSC analyzed on the sixth
[

week after cHEHaraQeHiO AN RPrtitiontitsdtRaryn thatdbriitigBe HIbRRMMPRERFBent invention.

Referring to Miffer@ntatélings prosragysas-specific orange-red staining by Safranin-O 15 was distinct in 7

types 94 UCB-MSC ﬁ l't7 L{rt% an upper Bvaaréel é';mdr % ef(glom atlrowelF] pang%evxhvi\;g it was distinct in 5
types of BM-MSC (B pane 8 frgm He upp%r panel?. AR IS, \%t% gPie fotal ypes o1 UCB-MSC
differentiatedsivtpandechionittejémiditeagbonding enmdydtere ofiatiendeaidiypes WNeBMIMSC differentiated

into the chongREeRifiNGag@dded into a 15 ml polypropylene tube, and the MSC was
centrifuged at 500 g for 5 minutes to form a pellet. The obtained pellet was cultured.
The medium was changed twice weekly, and the pellet was immobilized with 4%

25 paraformaldehyde contained in a paraffin according to time, and cut to a piece with
5um thickness. The piece was stained with Safranin-O to detect an anionic
proteoglycan. In addition, the piece was subjected to type Il collagen
immunostaining. The chondrogenic differentiation was determined according to
whether pellets having around shape were formed in a pellet culture, whether

30 cartilage-specific proteoglycan existed in counter-staining by Safranin-O or
Hematoxylin, and whether type Il collagen existed in type Il collagen immunostaining.

FIG. 7 illustrates images showing in vitro chondrogenic differentiation of an
UCB-MSC and a BM-MSC, according to an embodiment of the present invention. In

FIG. 7, pellets a, ¢ and e respectively represent Safranin-O staining results of the
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20FIG. 10 illustrates images showing a difference in chondrogenesis capability between an UCM-MSC
and a BM-MSC on the sixth week after chondrogenic differentiation induction, according to an
embodiment of the present invention. FIG. 10 more clearly shows a difference between cartilage pellets
produced from the UCB-MSC and cartilage pellets produced from the BM-MSC, wherein the same 25

number of the)OS-BI8SEbanckdhe BEMEY; Iveeeiaii(t)emdos aaereks Lardarithatgame chondrogenic
conditions. Referring to FIG. 9. the cartilage pellet produced from the -MSCAs._gbviously much bigger
than the cart 0L e SR Lo B T P S P e S o giycan rat e
was more ablgsdéatchiiteddiridBin dhtaneBIMGEeE daliviewesitsilycapdlRwailscledrfirsdptetlike cells 30
surrounding lagyingdgendsidhe BMaMRSdpNes castiagr apliehbiningieaiesiagkthe UCB-MSC has

superior chondrogenesis capability to that of the BM-MSC under the same in vivo chondrogenic
conditiGns. MBHBATELIRY (RFHISRAIRRSGRMRCoRMRARMMB AP RIS Rty SR ETEEB-MSC is

statistically sigtrdicaotlgrbigrersiban the BM-MSC. Due to such a fact, MSCs may have significantly
different differential ar feat alt h . n . . Thatis, thisdndicates that
identical MSCs may§ a é%kbﬁeécéééﬁﬁei% é\%%ﬁ%érr%éri%%ZTﬁt@pvé%gﬁgtF?e%%@é%ﬁP etEn%)%)%éngn ,Eg differentiation
test was perfobigéetbbagekeipfiaeincatia srediedengss thandrthelRddiieteabitaiaed § wegkads on (1) the
identity of M&feerdiff@tent Honaraienastydiietsrtiairarfibrpblapis s demarticular, the origin and age
of a source tissue from which each type of MSC was jsolated. The same chopdr IC medium was
soct 1 the GEBRSBIERS MRS BEATP RSO 2 g RO HEFor o abed i the
medium is 16htaimetl6edescfterdnogeoebisnofdher@bsNtae iartld BMeNMBQovtaingdd aveéBsochemical
and Biophysigal Reseaicth&9 Eﬂja%?éi?r’é?eg%g 67391%) Abstract on pp. 914-919, "Cell culture" and

[ d Methods). '

"Pellet culture” of Materials an Thus, specific medium conditions used in the present
embodiment do not'prekadiiphfBentiedansst Hoabifep M eRENREBansS the @Bﬁ%ﬁfgiéw, the

%CB-;VISC hﬁﬁl%n@mprdii?tﬂc@vimf@mwf ©IRNRACHAM D sEdie BMridSted Sixmmgle é‘rs f
Identification of inducer of expression of TSP-2 in UCB- n the present exam an inducer o
expredSion ol PER S LR PR AR AL ARGl DU IR T8 SO AN THRG D MsC
being monpla{yﬂaifecthiwh:@BnM§Qé@wmthstm ¢bdrel ey te dosad, aﬁ_'dhwas supendseiabthe
concentration @RS, colls/mldndBRIRE e RVIEMcandfievasuInR LAYl Was rltugd for 24

hours. The medium used was a DMEM (containing 100 nM dexamethasone, 50 ktg/m1 of
ascorbate-2-SRBapIAtEanBREREFLIDRIREC A 108984NA PSSy AN KP4 afﬁ%ﬂ?l@ﬁ@t’j‘pplemented
with a 25 grawthdaciesiaelemssd feomol BaganineOT eEimdd (Sigmandke0 4T mhb Rdvidyénd3&D System,
Minnegpolis, .M SA), and, T, 6.25 ktg/m1 of insulin, 6.25 kta/m1 of transferrin, 6.2 /m1 of
selenigot?s aci'&ﬁ%%éﬂ%l %@%éa?%ao %’% malr?ﬁrg?lirr:% eic ag) ,ef:'io%egﬁ(a |oansj eaét(?% ICKinson). The
UCB-MSC wasneenblaeMidumbdethpdleBeMiFethawed e drsicalichendreagnatigytissesirspension was

30centrifugedgt sQkenforvnanirtes deidhmhgeheriel 2RethRehrinedseldeliebiygesuljured.
immunostaining is performed, and as a result, brown-colored positive staining may be
observed, as indicated by arrows in FIG. 7. Comparing the UCB-MSC with the
25 BM-MSC, the UCB-MSC exhibits more positive than the BM-MSC, which indicates
that the UCB-MSC has better chondrogenesis capability.
In conclusion, as illustrated in FIG. 6, the chondrogenesis capability of the
UCB-MSC is significantly better than that of the BM-MSC.
FIG. 8 is a graph showing capabilities of an UCB-MSC and a BM-MSC to
30 differentiate into chondrogenic lineage, according to an embodiment of the present
invention. An experiment for determining capabilities of the UCB-MSC and the
BM-MSC to differentiate into the chondrogenic lineage was performed as follows.
First, an MSC at 4 to 6 passages was separated with trypsin, and then was

suspended to 5x10° cells/ml in a chondrogenic differentiation medium. Next, the
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After the obtained culture supernatant was collected, a cell lysate was obtained, and a level of mMRNA of
TSP-2 of the UCB-MSC was measured by using a real-time polymerase chain reaction (RT-PCR) using a
total RNA extracted from the cell lysate as a template. FIG. 11 is a graph showing expression results
of TSP-2 under monolayer and pellet culturing conditions in the presence of a growth factor combination,
according to snsps¥shm@as ohtikiedresentinyentonpiigiesppgie Hibel larbe tsprassiomnas 5 TSP-2
significantly increased nfi he pellet culturing.conditions, In-additian, from tE results jllustrated in FIG.
11 it was cotbHUERaP R S e e AR Ry o e AslE S recion of
cell types suifdtsierfediusevias hbargeddwisisveBAIYJCB-MSC was cultured in a medium that did not induce

chondrogenesis, angdfaifs;cNiied Wheiheo anEaXIMeRsioRramau it ¢, ] PR avaspasangiated with a
chondrogenic differentiation capability of the UCB-MSC. In parti(?lflar,TOS and 05 UCB?MSCS were

monolayer ctliFEentialE Jeirtieithdfirgcaislintate whienm CohtRMdiRio smaistafettasone, 50
ktg/mlof 15ascatbateshabitsphateiftddatatel intd -rolicke rardgkdickioealgs pydivatekto aftsoncentration
of 5x105 cellgim|. T turi ditions, were the e ase_in Examp ression amount
of TSP-2 in t%‘e{goﬁb E’?lﬁ%%ﬂéu Iﬁrgégsﬂun %ér%étéﬁ%w%éem(gggj e%ﬁgtg E%éA&In@dﬁ%_%Eﬁﬁ?ng conditions

of a BM-MSC! 62818 e Xathemas (PREDX was UTBOMBgeRBRIGINS $¥78 gf#pRedisbRirg ah expression
degree of TSfRe? BEEMED e S e3aBs FLITddS n*RcCrisling pcal en@ostisagnpesitive Fepsent

invention. In EIG. 12, 03 and 05 represent UCB-MSC cell t and naive and pellet, respectively
ropresit moTRRA -GG RAER S S PO CER 1 e SURIGHYs LPHRa MAEIeRHbpe
observation results BiG@PatdsOatdsrimgdles shibuiing grocesyanid diftar@stibéocutttirifgypreseds are the

same a5 oS PSSARRORAEIS of UcaBRETIN REIBrI AR ManRle YR UG AR ()

expressed 33 to 72 pg/ml o -2 per 1.0x: Ils, while the pellet culture . expressed 163
to 550 pg/m| Sfferentiatinst ingkeigcefscHrdiag reABUSTHRIAHMENEPfh#ehererBRHBYERERTs capability of
the 03 UCB-M&ferwastoatier haatnagefdhkeddalycan-specific orange-red staining by Safranin-O

15 was distinct in 7 types of UCB-MSC (A panel-7 from an upper panel and 2 from a
lower panel), while it was distinct in 5 types of BM-MSC (B panel-5 from the upper
panel). That is, 70% of the total types of UCB-MSC differentiated into the
chondrogenic lineage, while only 50% of the total types of BM-MSC differentiated into
the chondrogenic lineage.

20 FIG. 10 illustrates images showing a difference in chondrogenesis capability
between an UCM-MSC and a BM-MSC on the sixth week after chondrogenic
differentiation induction, according to an embodiment of the present invention. FIG.
10 more clearly shows a difference between cartilage pellets produced from the
UCB-MSC and cartilage pellets produced from the BM-MSC, wherein the same

25 number of the UCB-MSC and the BM-MSC were cultured for 6 weeks under the same
chondrogenic conditions. Referring to FIG. 9, the cartilage pellet produced from the
UCB-MSC is obviously much bigger than the cartilage pellet produced from the
BM-MSC. In addition, a cartilage-specific proteoglycan matrix was more abundant
and distinct in the UCB-MSC-derived cartilage pellet with chondrocyte-like cells

30 surrounding lacuna than in the BM-MSC-derived cartilage pellet. This indicates that
the UCB-MSC has superior chondrogenesis capability to that of the BM-MSC under
the same in vivo chondrogenic conditions.

Such results verify that the chondrogenic differentiation capability of the
UCB-MSC is statistically significantly higher than the BM-MSC. Due to such a fact,
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30UCB-MSC. Thus, whether a cell has a high chondrogenesis capability may be determined by
comparing an expression amount of TSP-2 of the cell with an expression amount of TSP-2 of a reference
cell, for example, a 05 UCB-MSC. For example, when a 1-day monolayer cultured (naive) reference cell
expresses TSP-2 to an amount higher than 33 to 72 pg/ml per 1.0x105 cells, or when a 1-day pellet
cultured refera8Gs agl e xpras emifichhiytaligferamadifie Righelr dbmunk6B3deubsn) pahol@emSsL05 cells, it

may be determined thagﬁhttrrlloeB cshaonr?_rogﬁna?slls capabilif Otfe %h : h%‘qreﬂﬁgaq%gég her th?rg) trtl)aet of the 05
may bé use able chon

UCB-MSC. Stich & metho 10 seleat S Sui or use in r%ealnsesis. 5Based on

the standard ¢asséiedtiar) dEksenticadldvioeusdnntieb dndssgt sedrodine néfer aidereeliatiery testappropriately

selected by qpgsoperdinasy StdRithe @ferds dBURrMie iRl Gypkd, WiRRehSIRE GalWagdRsliet cultured,
the expression of TSP-2 si nlflcantli,/ increased. FIG. 13 is a graph showing measurement results of

expresSion aRfAFNESHAN bW e MBI RIMS SHilecenh rry dainetvidiistentiried (80RAFRIS C for 3
days, accordangit@aiepalptimilne nhefdigipreseay s ve rtissuiceftssing ol @hit8, sherexpession amount
of TSP-2 of tw U%Mb%?e% having a low chondrogenic differentiation capability was smaller than that
of the 03 UCMMSE aving a high chondrogenic differentiation capability even as a culturing time

increases. 15Thus, the &qiressiBaaRvggRicofMesium ivassosatedanithendEMipbg@ne diterentiation
capability of 131 NSe-MSE adidhe ehgrsliaoenitsliftermpiien cprbiibd chMREC @M Repredicted by

measuring the expression amount of TSP-2. IG IS a graph showing results of measuring an
expredBion IOLPELASD PP ORSAVE el BUNISE S p el TR na ot dib an
embodiment (Bigbtleenjoae sevtt Bivpinysoal FRefseand t6 driGaG;atient) B N2B TAgxpbstsetica significantly

higher level of[SPre teal) H‘&@%ﬁ'%ﬁ%éﬁ@?éﬂﬂﬁ?@t% AL IR diferen o degree of the
UCB-MSC is better than that ot the BM-MSC.
medium conditions used in the present embodiment do not preferably affect the

chondrogenic ability of the UCB-MSC. In conclusion, the UCB-MSC has superior in
15 vitro chondrogenic activity to that of the BM-MSC.

Example 5: Identification of inducer of expression of TSP-2 in UCB-MSC
In the present example, an inducer of expression of TSP-2 in a UCB-MSC was
identified by varying culture conditions.

20 First, a UCB-MSC being monolayer cultured was treated with trypsin to be
separated, and was suspended to a concentration of 5x10° cells/ml in a serum-free
DMEM, and the resulting product was cultured for 24 hours. The medium used was
a DMEM (containing 100 nM dexamethasone, 50 rg/ml of ascorbate-2-phosphate,
40 pg/ml of L-proline, and 100 pg/ml of pyruvate) and a DMEM supplemented with a

25 growth factor selected from 10 ng/ml of TGF-3 (Sigma), 500 ng/ml of BMP-6 (R&D
System, Minneapolis, MN, USA), and ITS+ (6.25 pxg/ml of insulin, 6.25 pg/ml of
transferrin, 6.25 pg/ml of selenious acid, 1.25 mg/ml of BSA, and 5.35 mg/ml of
linoleic acid, 1:100 dilution, Becton Dickinson). The UCB-MSC was monolayer
cultured or pellet cultured. In the case of pellet culturing, the suspension was

30 centrifuged at 500 g for 5 minutes to form a cell pellet, and the obtained cell pellet was
cultured.

After the obtained culture supernatant was collected, a cell lysate was obtained,
and a level of mMRNA of TSP-2 of the UCB-MSC was measured by using a real-time

polymerase chain reaction (RT-PCR) using a total RNA extracted from the cell lysate
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The results illustrated in FIG. 26 were obtained as follows. First, an UCB-MSC and a BM-MSC that were
being monolayer cultured were treated with 25trypsin to be separated, and the UCB-MSC and the
BM-MSC were each suspended to a concentration of 5x105 cells/ml in a serum-free DMEM, and cultured
for 24 hours. The medium used was a DMEM (containing 100 nM dexamethasone, 50 ktg/m1 of
ascorbate-2-pbeshaiestd0 kig/ml of L-proline, and 100 ktg/mlof pyruvate). Each cell was pellet cultured,

and centrifuged at iqg g1fﬂ$53mirréu egﬁo v}‘l?rmeg\( creell gglrllertéssu(? nq _Btﬁriﬁ‘j%‘? r%%lk glellet wa cultured for
24 hours. The obtained cultire SUpernacant wasco ected, an {he expression level o TSBRY was

measured byrElleSaulturirExeangitons Bxhhessiopedtd SP2doWIIT RS Camiaaiivvnaireryeling

differentigtioq@g,q &%ﬁ@fﬁﬁéﬁi{a&@{hé%@@?ﬁ%ventT&).CO'PiléfErﬁﬁé%iﬁGU Pf anEERprSSiphasnount of
TSP-2 with chaondrogenijc differentiation, the expression amount of TSP-2 by an UCB-MSC was measured

under Ghondrbgferic BRERARI B SRRPHSIART i RERt CTHRRMSONditions (1)l 2dAllQR, 3T SP-2 by
chondrogenicther ogenitoifl asttatad én Brhontragessadiffienssdi dimtrtteogebtiah factdk dldomstrafiectic progenitor
cell was sep ﬁ%t%g(d‘ggggignliggq.%ggzof a mouse embryo. 4x107 cells/ml of the separated chondrogenic
progenitor cell was resuspended in‘a medium (containing DMEM/F-12 (2:3), 1070(v/v) FBS, 50 ktg/mlof
streptomycin, and 50 units/ml of penicillin), and each of 15 f ie of the resuspended 10chondrogenic

progenitor cell was gkapisid BltSasstioheotlisbIfypr sdanaplbtrer eiseitneehibRlgrRsyrsyispot form. Next,

the chondrogenic progenitor cell in a spot form was cultured for 6 days to induce each spot to differentiate

into aEqmndrocyte.%ﬁ%@ﬁﬂ@é@&?ﬁﬁ*ﬁ?ﬁ?@f%&%&d%t% 1, ey ﬁé‘(’ﬁ? PR8Iy a total RNA

isolated fromahe itelbasanfempthtenetbE1Gn B4 pllestiatesngraphsf SIBRvihgdheassnoiatedVitBB-2 expressed

by a chondrog{%}{grgg&e?@gﬂfegg t%i@&@%ﬁjﬁmﬁy@ H{éd@?gijm%ﬂiation and dedifferentiation conditions,
d f tin

according to an embodiment of the prese vention. Referring to A of FIG. 14, the expression amount of
TSP-2 increased withRaEiAtlain G At radi ciheheasre coprplres. cultured and pellet

cultured in a serum-free DMEM (containing 100 nM dexamethasone, 50 yg/ml of

15 ascorbate-2-phosphate, 40 yg/ml of L-proline, and 100 xg/ml of pyruvate) to a
concentration of 5x10° cells/ml. The culturing conditions were the same as those in
Example 5. The expression amount of TSP-2 in the obtained culture supernatant
was measured by ELISA. In addition, the culturing conditions of a BM-MSC were
also the same as those of the UCB-MSC.

20 FIG.12 is a graph showing an expression degree of TSP-2 according to the
types of UCB-MSC, according to an embodiment of the present invention. In FIG.
12, C3 and C5 represent UCB-MSC cell types, and naive and pellet, respectively
represent monolayer culturing for 24 hours and pellet culturing for 24 hours. Optical
microscope observation results of C3 and C5 during the culturing process and after

25 the culturing process are the same as those of C3 and C5 of FIG. 1.

Referring to FIG. 12, the monolayer cultured C5 (naive) expressed 33 to 72

pg/ml of TSP-2 per 1.0x10° cells, while the pellet cultured C5 (pellet) expressed 163
to 550 pg/ml of TSP-2 per 1.0x10° cells. It was previously confirmed that the
chondrogenesis capability of the C3 UCB-MSC was better than that of the C5

30 UCB-MSC. Thus, whether a cell has a high chondrogenesis capability may be
determined by comparing an expression amount of TSP-2 of the cell with an
expression amount of TSP-2 of a reference cell, for example, a C5 UCB-MSC. For
example, when a 1-day monolayer cultured (naive) reference cell expresses TSP-2 to

an amount higher than 33 to 72 pg/ml per 1.0x10° cells, or when a 1-day pellet
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20(2) Expression of TSP-2 by chondrocyte under chondrogenic dedifferentiation condition A
chondrocyte was separated from a knee joint of a 2-week-old rabbit. The separated chondrocyte was
cultured in a medium containing a DMEM, 1070(v/v) FBS, and 50 ,ug/mlof gentamicin in the presence of
5 ng/ml of interleukin-113 (IL-113) to 25 induce dedifferentiation. IL-113 is a pro-inflammatory cytokine
that dediffereiialesiasfbrndo cylcexpridiiag TsPesebihernsoperigscoiithe ¢Bondmayisy/ie expression

amountofTSP-Z‘:a easured by RT-PCR using,a (ofal RNA isolated.from the.cell.as a template.
retomne o B IR Y B e O A B e R o e

dedifferentiatiefenegitends higherghathivatsiitedesdibBdViifove Sited eontithastiniaxttteaissgression of

TSP-2 is assqeialpd wibechontipraric dif'g epbatp,ardgiedifferentiation of a chondrocyte. Example 8:
Chondrogenic differentiation induction of UCB-MSC by TSP-2 An UCB-MSC was cultured in the

presente of TSP-2 RS BRsHARIGEh O RRISNRESIE THIERRBUHPELR GRPRLRREBRBIRdrogenic
culture mediuhe defecabesl ctlaviey Adeqpripinatel yTssReetd R 8{Dongshe ord Mamaaiohshat. USA) was

added to 5the mediym.jn ouptof 10 ng/ml to ml.and,the resul let cultured. An
initial concentration%)sf '%L“eswmgé@wig g)’?i%gécgﬁ%ﬁmﬁgﬁﬁé? é:égl%tu t%@ﬁ]%ag?éégs%?%ﬁ@ CR using a
total RNA isoPatbaRrdsigniicantiydngreaaprhte and using primers specific to a chondrocyte marker (for
example, type Il colfagen 4G4 liNdph a8 RRa e NNt R 8N bBEXge shhyRsihePbfc chondrocyte

o e ST T2, s S s peromep g P pressin
of a marker protemdiopdan &ICBAMBIErenitofeddptbscpiesestioof TREf&riagdorigg 18, the

expression amount of TSP-2 of the C5 UCM-MSC having a low chondrogenic

differentiation capability was smaller than that of the C3 UCM-MSC having a high

chondrogenic differentiation capability even as a culturing time increases.

15 Thus, the expression amount of TSP-2 is associated with the chondrogenic
differentiation capability of the UCB-MSC, and the chondrogenic differentiation
capability of MSCs may be predicted by measuring the expression amount of TSP-2.

FIG. 26 is a graph showing results of measuring an expression level of TSP-2
after an UCB-MSC and a BM-MSC are pellet cultured, according to an embodiment of

20 the present invention. Referring to FIG. 26, the UCB-MSC expressed a significantly
higher level of TSP-2 than the BM-MSC. This indicates that the chondrogenic
differentiation degree of the UCB-MSC is better than that of the BM-MSC.

The results illustrated in FIG. 26 were obtained as follows. First, an
UCB-MSC and a BM-MSC that were being monolayer cultured were treated with

25 trypsin to be separated, and the UCB-MSC and the BM-MSC were each suspended
to a concentration of 5x10° cells/ml in a serum-free DMEM, and cultured for 24 hours.
The medium used was a DMEM (containing 100 nM dexamethasone, 50 ug/ml of
ascorbate-2-phosphate, 40 ug/ml of L-proline, and 100 xg/ml of pyruvate). Each
cell was pellet cultured, and centrifuged at 500 g for 5 minutes to form a cell pellet,

30 and the obtained cell pellet was cultured for 24 hours. The obtained culture
supernatant was collected, and the expression level of TSP-2 was measured by
ELISA.

Example 7: Expression of TSP-2 by UCB-MSC under chondrogenic

differentiation and dedifferentiation conditions
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embodiments of the present invention. Referring to FIGS. 15 through 17, the 15expressions of type Il
collagen (Col 11A1), aggrecan (Acan), and Sox-9 increased depending on the concentration thereof 1
week after the chondrogenic differentiation induction, while the expressions of Col 1A1 and Col XAl
decreased or were not exhibited with a culturing time. Thus, it is confirmed that externally added
TSP-2 stimulates clrensiofyem ks20cittere ofiamosk pfdbsidd GhddbiCof TSA=2amtpleHbridhsyrahiegenic
differentiation,induction of UCB-MSC under TSP- ion-inhihiti onditions An UCB-MSC was
cultared in & e Sae T AR Sl D G 2B A D IR e BT e o mauce
chondrogeni¢/difgsiehmnstioaenic diffasgniatioleand feddf¢striptip(BiondénrBaejeon, Korea, sense

sequence: SEQ ID NPE#BHsIBASY mgrwyeeﬁm.lagwmembg/@niﬁaﬁeaums:omplementaw to that
of MRNA of TSP-2 was added to a medium in a concentration of 33 nM to inhibit the expression of TSP-2.

The mé&dium ¢ReRdragenic sifrentiaten cftlfiemedium described above, and the UCB-MSC was
pellet cultured. An iAicabodnegnifapesgehtioe ¢40Bdd SEpaatcaxitom edllabiudnd shequsturing process

f d N7 ' f TSP- ‘ ing RT-PCR usi
(el RNA exE Aot e DR A gt FIEARNES D o amount o

TSP-2 in the E5tSRBRCIRW I RBEPEM AGM B MMEYEMET 1 BIIS AV The &REsSiBng6RIcdI 11AL and

aggrecan wesg-spesayert ydsingnadiht BCGRnicillink, end 8dbHTate s.0rapite sBsugpenastegree of
chondrogenic differentiation of an UCB-MSC cultured in a cgﬁpdro §1nic Eediu under TSP-2

expredSion-ifNiBAHTGISUR AIRGFE QL ESI RS (I RPEABENMAEEE BRI PR ARSI R ring to FIG.
18, in the UCByM8épenttentdpat demnt S Rexexpecdsioaodehitingagemilitiocs ) inea, spahfomesasice of SIRNA

Semences G E RSSO Ao LA GRS SRR SRy
UCB-MSC. I$¥1gs3igha@reniof TSP-2 was measured by using RT-PCR using a total RNA
isolated from the cell as a template.

15 FIG. 14 illustrates graphs showing the amount of TSP-2 expressed by a
chondrogenic progenitor cell or a chondrocyte under differentiation and
dedifferentiation conditions, according to an embodiment of the present invention.
Referring to A of FIG. 14, the expression amount of TSP-2 increased with a culturing
time under differentiation conditions.

20 (2) Expression of TSP-2 by chondrocyte under chondrogenic
dedifferentiation condition

A chondrocyte was separated from a knee joint of a 2-week-old rabbit. The
separated chondrocyte was cultured in a medium containing a DMEM, 10%(v/v) FBS,
and 50 ug/ml of gentamicin in the presence of 5 ng/ml of interleukin-1p (IL-18) to

25 induce dedifferentiation. IL-1 is a pro-inflammatory cytokine that dedifferentiates a
chondrocyte, resulting in loss of the properties of the chondrocyte. The expression
amount of TSP-2 was measured by RT-PCR using a total RNA isolated from the cell
as a template.

Referring to B of FIG. 14, the expression amount of TSP-2 decreased with a

30 culturing time under dedifferentiation conditions.

From the results described above, it is confirmed that the expression of TSP-2
is associated with chondrogenic differentiation and dedifferentiation of a chondrocyte.

Example 8: Chondrogenic differentiation induction of UCB-MSC by

32



10results of measuring the concentration of TSP-2 by RT-PCR, B shows results of measuring the
concentration of TSP-2 by ELISA, and C and D show RT-PCR results of Col 1IA1 and aggrecan,
respectively. Example 10: Level of TSP-2 in blood plasma of patient with osteoarthritis 15Blood was
collected from 15 normal people and 28 patients with osteoarthritis, and the level of TSP-2 in each blood
plasma was mgRs2ired by ELISA. FIG. 19 is a graph showing levels of TSP-2 in blood plasma of a

normal person and i ith osteoarthritis, according to a iment of the present invention.
Referring to FIG. 19O B Fab e T e R B e TR B ereomrinvts
than in the bldiffereriatiancf theenmeddmeasert Wakithin dieidogenicayiieve nesdigP-gesciihesd may act as

a marker for diaaRosing SEbMimaRbiEsHse (RABASE IR INRBYBLAL, TRT-BENPINGY SBaAES as a marker
for diagnosing chondrogenic differentiation-related diseases, in addition to arthritis. 25Example 11:

Expression of PSEEY IR ABeuR ShiH ﬂafmb%%%ﬂemhaéﬁﬁnﬁsr esultgpvaRRa!I6t a joint fluid of a
patient with agtimitisdon theieipressicenobiGPel theanOBABSK SG GBS 6doélsietl. ARQBeMSC was

cultured in the presen jQi id of a.patient wi 0 _arthritis, T -MS ltured in a
medium contgﬁ%@ﬂlé@%,s Oﬁi\ﬂ%&%@@%é gg%!tmgll%%{é%&rﬁg[zrr%@iﬁq%% t%' gc(%\@a acII'%e joint fluid of
joint cavity waBheeiee RiifrRY igieifi¢ i shprdrcBaVsTTka/adas ataBEleo tineVerotaaRB(oplof the area

o tho 3“’“"’"@@?}BQS%“%@%“%?%X%%T@g“EMW%”@%*ﬁ@gﬁﬁh“”@"%é%@“@” MRS A
after the mediu Wit e - @n C ur erein was changed to a medium contalnlng -a
(N Rey kR T

and 5(1)0fig/min8f At ﬂﬁiSﬁﬁrﬁﬂlﬁ’tﬁé’lr NS BRUPERS REARST$17E obtained culture was
used as an aeglysssisanapieuht alidiRdiA asthesentratkers. UCB-MSC culture cultured in a state where the

joint fluid was not a t ' i o]l idS5 tion of 20%
(v/v) in which an ucgé@gsh?ﬁ% ot ﬁfﬁﬁ%ﬁeﬂ&mg éﬂ%&ﬂ%@é&@%ﬁ@&%@&%ﬂ%ﬁm&? |
protein of an UCB-MSC cultured in the presence of TSP-2, according to

embodiments of the present invention. Referring to FIGS. 15 through 17, the
15 expressions of type Il collagen (Col 11A1), aggrecan (Acan), and Sox-9 increased
depending on the concentration thereof 1 week after the chondrogenic differentiation
induction, while the expressions of Col 1A1 and Col XA1 decreased or were not
exhibited with a culturing time.
Thus, it is confirmed that externally added TSP-2 stimulates chondrogenic
20 differentiation of the UCB-MSC.

Example 9: Chondrogenic differentiation induction of UCB-MSC under
TSP-2 expression-inhibiting conditions
An UCB-MSC was cultured in a chondrogenic culture medium under TSP-2
25 expression-inhibiting conditions to induce chondrogenic differentiation.
Small interfering RNA (siRNA) (Bioneer, Daejeon, Korea, sense sequence:
SEQ ID NO:9, anti-sense sequence: SEQ ID NO: 10) with a sequence
complementary to that of mMRNA of TSP-2 was added to a medium in a concentration
of 33 nM to inhibit the expression of TSP-2. The medium used was the
30 chondrogenic culture medium described above, and the UCB-MSC was pellet
cultured. An initial concentration of the UCB-MSC was 5x10° cells/ml, and the
culturing process was performed for 7 days. The expression amount of TSP-2 was
measured by using RT-PCR using a total RNA extracted from the UCB-MSC and

using a TSP-2-specific primer, or the expression amount of TSP-2 in the obtained
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used. The joint fluid was obtained from a patient with degenerative arthritis. FIGS. 20 and 21 are
graphs showing expression amounts of TSP-1 of an UCB-MSC in the presence of a joint fluid of a patient
with arthritis, according to embodiments of the present invention. In FIG. 20, MSC only represents that the
10UCB-MSC was cultured without the joint fluid, and JF#1, JF#2, and JF#3 respectively represent joint

fluids of diffemupatapisnatcresisisduradyEnsLXpPEREErdssides AOCHhdfxaression amount of

TSP-1 was measured by using a RT-PCR usin NA extracted from the UCB-MSC as a template
and using a @B[iqué@éi ic rgrigr%séurrel%w S(ek %ﬁ%ﬁesents a joint fluid of a patient with arthritis. In

FIG. 21, the expresEién ddndusiraes SrRahmh shewihgairdeb et ofeopdiogsaist diffenenti@® S C was
measured by falieR. fSE UM ot f¥nR-MedusvliHERY 5B BS&?@E'&%&TMQHH luid of a

patient with arthritis expressed a larger amount of TSP-1 than that in the UCB-MSC cultured in a medium
excludihg the’RSIALINRR BFECPARErP A GIRPATHRRRI G R SRR iATed REEHBEIT IReluding only
20% of joint fiddintre padBAVIaticaltiratisinder BERvplexjizsdisseinipitiiting tindifiGhs viigh ehihredrogenic
differentiatio ilit B-Pﬁ%%_ p ing differ hand nic differentiatio pabilites were
pellet culture%%as%%(%%o%f(%%%@]i% i .ertghﬁa%i%%grﬁg :éf;rqn% %ﬂhi%w%%lﬁ%)% %Yé%cﬂgcﬁﬁgﬁd%g&%c? differentiation.
The amount 8fvhrdeggrecansRNfizamyaareaisdusihbisirdicrieRiNPER B IAFARIGA @btained by lysing

ghoe UCB'MSEtiﬁﬁJ%@ﬂP@&oﬁH%%?ﬁé %%%?#Wﬂ%@@@ﬁﬂ@@?a'%ﬂipﬂhﬁﬁm%%@f (rjnRNA of
IL-17BR obtaine sing an UCB-M ifferept] into_cartilage by a RT-PCR, according to an
embodfment Iaﬁhqg B?égﬁwﬁp&tﬁgnqoncentratlon op II%E—% by Rﬁa-lsgﬁg B !hows results gf

measuring the concentration of TSP-2 by ELISA, and C and D show RT-PCR results

of Col [IA1 and aggrecan, respectively.

Example 10: Level of TSP-2 in blood plasma of patient with osteoarthritis
15 Blood was collected from 15 normal people and 28 patients with osteoarthritis,
and the level of TSP-2 in each blood plasma was measured by ELISA.

FIG. 19 is a graph showing levels of TSP-2 in blood plasma of a normal person
and a patient with osteoarthritis, according to an embodiment of the present invention.
Referring to FIG. 19, the level of TSP-2 was higher in the blood plasma of the patient

20 with osteoarthritis than in the blood plasma of the normal people. This indicates that
the level of TSP-2 in blood may act as a marker for diagnosing arthritis. This also
indicates that the level of TSP-2 in blood may act as a marker for diagnosing
chondrogenic differentiation-related diseases, in addition to arthritis.

25 Example 11: Expression of TSP-1 in UCB-MSC by joint fluid of patient
with arthritis
The effect of a joint fluid of a patient with arthritis on the expression of TSP-1 in
an UCB-MSC was confirmed.
An UCB-MSC was cultured in the presence of a joint fluid of a patient with
30 arthritis. The UCB-MSC was cultured in a medium containing MEM-a, 10%(v/v)
FBS, and 50 xg/ml of gentamicin for 5 to 6 days. The joint fluid of joint cavity was
added to the medium when the UCB-MSC was cultured to a level of 70-80% of the
area of a culture container. The joint fluid of the patient with arthritis was added to a
concentration of 20% (v/v) after the medium with the UCB-MSC being cultured
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Referring to FIG. 22, an expression level of mMRNA of IL-17BR varied according to the chondrogenic
differentiation capability of the UCB-MSC. That is, the 02 and 03 UCB-MSC expressed mRNA of IL-17BR,
and the degree of chondrogenic differentiation capability was 8.9 times higher in the 02 UCB-MSC than
in the 03 UCB-MSC. On the other hand, the 05 UCB-MSC having a low chondrogenic differentiation
capability didtnetetxpvas char i ablla- ndfind Esanpiiend IMEhecetiedt 30 joininfl aid gefrpaiédiin with arthritis
on expression of HB-EGE An -MSC was, culfured in ediym to which a joint fluid of a patient
it arthrits S e B R B R Eampte
1, for 6 hourgrardabwsiarsamplef niRBDHPABIE G A easUied- My RItPe Rulisiigg drtdtal RNA

obtained frongHig WG AIRMIMRIR oS E MY B IS M RERUHURA wlRidbagame

conditions described above, except that a medium did not include the joint fluid of a patient with arthritis,
was used.  2¢ded ©331RRAPSRIEYRILACANEWAY HedGRATeHERAIRS oF A RRICHHITRIRISESn an
UCB-MSC cultigrebd imhibéoprethed ceasfabiaingdl fidnobepptidienvittitiegydhetistivisbaghatiding to an

s o H A SPGB S
epithelial CeIIP%Mﬁ%ﬁr@ﬁaﬁ@%'ﬂ@mﬁlQiﬂ%ifﬂé'féﬂi@fgatéqﬂ@l Z@,htﬁéf@iiﬁne%@@mMB-EGF in the
UCB-MSC is siigsifinnBHhs iBeieasresByttin i luid of ibeatigsbwily aapriisniOmatient is not significant
T B o T Lo Mo s Sk DY et o ptert v
the BM-MSCréefnes ardijcéné §uhist aheifemragsatinrdgs HBEE$uls speoifiddaiidatuegzbnmteet.  In
FIG. 20, the expression amount of TSP-1 was measured by using a RT-PCR using a
total RNA extracted from the UCB-MSC as a template and using a TSP-1-specific
primer.
15 In FIG. 21, JF represents a joint fluid of a patient with arthritis. In FIG. 21, the
expression amount of TSP-1 in the obtained culture supernatant of the UCB-MSC
was measured by ELISA. Referring to FIG. 21, the UCB-MSC cultured in the
presence of a joint fluid of a patient with arthritis expressed a larger amount of TSP-1
than that in the UCB-MSC cultured in a medium excluding the joint fluid of a patient
20 with arthritis or in the culture obtained in a medium including only 20% of joint fluid of
a patient with arthritis.

Example 12: Association of IL-17BR with chondrogenic differentiation
capability
25 UCB-MSC types having different chondrogenic differentiation capabilites were
pellet cultured in a chondrogenic differentiation medium for 1 week to induce
chondrogenic differentiation. The amount of mMRNA of IL-17BR was measured by
using a RT-PCR using a total RNA obtained by lysing the UCB-MSC as a template.
FIG. 22 is a graph showing results of analyzing the amount of mMRNA of
30 IL-17BR obtained by lysing an UCB-MSC differentiated into cartilage by a RT-PCR,
according to an embodiment of the present invention.
Referring to FIG. 22, an expression level of mRNA of IL-17BR varied
according to the chondrogenic differentiation capability of the UCB-MSC. That is,
the C2 and C3 UCB-MSC expressed mRNA of IL-17BR, and the degree of
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25UCB-MSC by the joint fluid of the patient with arthritis. This also indicates that the UCB-MSC may
express a significantly larger amount of HB-EGF than that of HB-EGF in the BM-MSC. In addition, an
expression degree of HB-EGF by an UCB-MSC and in an UCB-MSC by the joint fluid of the patient with
arthritis was measured. In this regard, 30 03 and 05 UCB-MSCs were used, and the joint fluids collected
from 3 patientaddtogdn® aiffdréhfidiionargpasiily Wae Bdttires n@n@tim@m wessmsaemrconditions of

HB-EGF are th same ?ngt desc ove in.conn 20 T bIe 1 shows results of
analyzing an expr:cs%’ ion %ﬁ%% of%ﬁlée(ﬁg\) \1‘3”833% I\ﬁép (M# ?J(lﬂg E/I ¢ by joint fluids of
patients with @tmmtilrggw@éiﬁgrmm@mawawlw disl m@@‘ssels@mmum RRSC+JF5 MSC+JF11 05
UCB-MSC 1.00 9.80

5 Example 13: The effect of joint fluid of patient with arthritis on
expression of HB-EGF
An UCB-MSC was cultured in a medium to which a joint fluid of a patient with
arthritis was added to a concentration of 10% (v/v) by using a method similar to that
used in Example 1, for 6 hours, and the amount of mMRNA of HB-EGF was measured

10 by RT-PCR using a total RNA obtained from the UCB-MSC as a template. As a
control, an UCB-MSC cultured under the same conditions described above, except
that a medium did not include the joint fluid of a patient with arthritis, was used.

FIG. 23 illustrates graphs showing measurement results of mMRNA of HB-EGF
in an UCB-MSC cultured in the presence of a joint fluid of a patient with arthritis,

15 according to an embodiment of the present invention. In FIG. 23, C3 and C5
represent types of UCB-MSC, BM-MSC represents a bone marrow-derived
mesenchymal stem cell, BEAS-2B represents a lung-derived bronchial epithelial cell,
and JF represents a joint fluid. Referring to FIG. 23, the expression of HB-EGF in
the UCB-MSC is significantly increased by the joint fluid of the patient with arthritis,

20 while it is not significant in the BM-MSC and the BEAS-2B. The UCB-MSC
expressed HB-EGF by the joint fluid of the patient with arthritis to an amount 2 times
(C5 UCB-MSC) to 8.4 times (C3 UCB-MSC) larger than that of HB-EGF in the
BM-MSC.

This indicates that the expression of HB-EGF is specifically induced in the

25 UCB-MSC by the joint fluid of the patient with arthritis. This also indicates that the
UCB-MSC may express a significantly larger amount of HB-EGF than that of HB-EGF
in the BM-MSC.

In addition, an expression degree of HB-EGF by an UCB-MSC and in an
UCB-MSC by the joint fluid of the patient with arthritis was measured. In this regard,

30 C3 and C5 UCB-MSCs were used, and the joint fluids collected from 3 patients (JF1,
JF5, and JF11) were used. The culturing conditions and measurement conditions of
HB-EGF are the same as those described above in connection with FIG. 20. Table
1 shows results of analyzing an expression degree of HB-EGF by an UCB-MSC and
in an UCB-MSC by joint fluids of patients with arthritis, by using RT-PCR.
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26.60 9.20 03 UCB-MSC 1.00 15.00 46.90 17.50

Referring to Table 1, when the UCB-MSC was

cultured with the joint fluid of the patient with arthritis, it expressed HB-EGF to an amount 9.2 to 46.9
times larger than that of HB-EGF in the control. 5 Example 14: Expression of HB-EGF by
under chondrocyte death conditions An expression degree of HB-EGF by an UCB-MSC was analyzed

under chondrocyte dgaeconditions. First, a chondrocyte was separated from a joint of a 10 2-week-old

abbit. The seperae] EYGEUTOCYq s CUNUTe0 [ A A2 DWEN] A e

U tCCTITpTTOTo T yto orcorco poCU T T CAPCITTIcT It T ITC4

UCB-MSC

Iv) FBS in a
ulturing of

the UCB-MSC wa Brid&h tie Ytesence 0f$88ium nitroprid8ide (SNP) or [B&@abbit-derived

chondrocyte for ZALdB)u(sBLmtm's régeod, 500 pM| ob SOIP was adgagigo the mediuny. §NP is al

nitric

L50xide-producing RapARHnE RABEKIMER RdILBAReRon R fer kT e AARRAISNP s

performed to simulate conditions arising in a patient with arthritis in vitro. In addition, the rabbit-derived
chondrocyte herdiiepfength\pgbrifie i expressed HB-EGF to an amount 9.2 to 46.9 times larger

10

15

20

25

30

than that of HB-EGF in the control.

Example 14: Expression of HB-EGF by UCB-MSC under chondrocyte
death conditions

An expression degree of HB-EGF by an UCB-MSC was analyzed under
chondrocyte death conditions. First, a chondrocyte was separated from a joint of a
2-week-old rabbit. The separated chondrocyte was cultured in a medium containing
a DMEM and 10% (v/v) FBS in a 6-well plate for 5 days, and the chondrocyte being
cultured was used in an experiment. The culturing of the UCB-MSC was performed
in the presence of sodium nitroprusside (SNP) or the rabbit-derived chondrocyte for
24 hours. In this regard, 500 uM of SNP was added in the medium. SNP is a nitric
oxide-producing compound, and is known to induce chondrocyte death. The
addition of SNP is performed to simulate conditions arising in a patient with arthritis in
vitro. In addition, the rabbit-derived chondrocyte and the UCB-MSC were
respectively co-cultured on a lower portion and an upper portion of a transwell
chamber (BD Falcon, San Jose, California, USA, Cell Culture inserts for 6-well plates,
0.4.m, translucent PET membrane).

Whether HB-EGF is expressed or not was measured by performing
immunoblotting such that the UCB-MSC was separated from the culture and lysed,
and then an anti-HB-EGF antibody and an antibody specifically binding to an
anti-HB-EGF antibody that were labeled with a fluorescence marker were used with
respect to the same concentration of the lysate.

FIG. 24 is a diagram showing an expression amount of HB-EGF in an
UCB-MSC cultured under chondrocyte death conditions, according to an embodiment
of the present invention. Referring to FIG. 24, the UCB-MSC did not express
HB-EGF when it was cultured under chondrocyte apoptosis conditions, while the
UCB-MSC expressed HB-EGF when it was co-cultured with the rabbit-derived

chondrocyte.
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respectively co-cultured on a lower portion and an upper portion of a transwell chamber (BD Falcon, San
Jose, California, USA, Cell Culture inserts for 6-well plates, 200.40n, translucent PET membrane).
Whether HB-EGF is expressed or not was measured by performing immunoblotting such that the
UCB-MSC was separated from the culture and lysed, and then an anti-HB-EGF antibody and an antibody
specifically binding n@@duamirH&E@Euﬁﬂéb@%haﬁ&vewt@b@bdmufea Mh@ﬁmmker were used

with 25resp é%qé:@ con&:entratlor? ror}‘] tg%v ter t'ﬁIGra 4.1 is %ndla ow%q’van expression
amount of H in a I\A\g?:scﬁ)lture & Chon rocy e 8 \(5 con |ons accordlng to an

embodiment @'fotllﬁ%@tpﬁbséﬁﬁnﬁérﬂil@iﬁ@@nir@@kmﬁﬂ@@mh@@@%IVIS@”@@I olstesy@liiess HB-EGF when
it was cultureg 4 nEes e KHREE R BRINORIF LRI KIS W It ENSr SU B MPE: espressed HB-EGF when

it was co-cultured with the rabbit-derived chondrocyte. In addition, the rabbit-derived chondrocyte
was cuftured 3R PRILARE BPABRasFOHAG H{Eﬁ‘%?bv'&‘éeeaﬂﬂrm&(ﬁﬂmé? fHE r2BoifBerived
chondrocyte mampdmmel(tﬁa@r&ﬁ/wt&érmmoepdw@ onsbeosouBatiatagest SMvinghebsariration results of

a rabbit-deriv f HBR-EG t aodiment of the
present |nve %RCQRS etern g%tvg]lqﬁ@ egéz{)gﬁﬂenve%t%? %c%ﬁoe é){géy(%eg%%%%%%n the
concentratlorir@ldSNPCFPﬂtﬁé‘@@rﬁﬂaﬂ@lfpﬂb@f HBr&), watsilahHdtegh o prssiging e thebbit-derived chondrocyte
cultured in a papdsHirARININENFD0 maisnhafddRSfrdt aapupRites denensibpgt-aBiegconcentration of

SNP. ThIS indicates that the apopto the rabbit-derjve
‘h ondrocyte causgc? % g'ngfls mh%tecﬁ I-l%—l(:jGF.
The sequence list enclosed in the present specification is incorporated herein

by reference.
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10chondrocyte caused by SNP is inhibited by HB-EGF. The sequence list enclosed in the present
specification is incorporated herein by reference. Claims I.A method of identifying a capability of a stem
cell to differentiate a cell into a chondrocyte, the method comprising: 5culturing a stem cell in a medium;
measuring a concentration of at least one selected from the group consisting of thrombospondin 1
(TSP-1), TSP-2, and interleukin 17B receptor (1L-CERRY from the culture; and identifying a
capability of the cultured stem cell to differentiate into a 10chondrocyte, based on the measured
concentration. 2.The method of claim 1, wherein the stem cell is an umbilical cord blood mesenchymal
stem cell (UCB-MST). 152 Tirihndwlodesttityinmal conabibin ohe Rlemiegihtp sifiepeiiéiaieernplaring the

measured copesBirMipRRLHdeRt PRt saestRsHERR the group consisting of TSP-1, TSP-2, and IL-17BR
with a concentration obtained from a reference_cell as a control, identified to have a chondrogenic

differerftiation capabilty 392 FiEHElHBE SRLER'3, wherein the identifying further comprises, when the
measured concentraiézisusifgodn eoiticantthtoposicatritrastoone el dd foomttre rgfeuprem sistingetermining

that the stem e} g & ol Ehonscpasic it epiation capaiy. 200, WIN 1he A 9nsH g

concentration Is smaller n or the same as thé concentration obtaine rence cell,
determining tfidtufes 8sin cell has a

identifying a capability of the cultured stem cell to differentiate into a

10 chondrocyte, based on the measured concentration.

2. The method of claim 1, wherein the stem cell is an umbilical cord blood

mesenchymal stem cell (UCB-MSC).

15 3. The method of claim 1, wherein the identifying comprises comparing the
measured concentration of at least one selected from the group consisting of TSP-1,
TSP-2, and IL-17BR with a concentration obtained from a reference cell as a control,

identified to have a chondrogenic differentiation capability.

20 4. The method of claim 3, wherein the identifying further comprises, when
the measured concentration is higher than the concentration obtained from the
reference cell, determining that the stem cell has a high chondrogenic differentiation
capability, and, when the measured concentration is smaller than or the same as the
concentration obtained from the reference cell, determining that the stem cell has a

25 low chondrogenic differentiation capability.

5. The method of claim 1, wherein the identifying comprises, if an
expression amount of TSP-2 is larger than 72 pg/mi/1 .0x10° cells when the stem cell
is monolayer cultured in a maintenance medium for 1 day, or if an expression amount

30 of TSP-2 is larger than 550 pg/ml/1 .0x10° cells when the stem cell is pellet cultured in
a maintenance medium, determining that the stem cell has a high chondrogenic
differentiation capability.

6. The method of claim 3, wherein the reference cell is selected from the
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25low chondrogenic differentiation capability. 5. The method of claim 1, wherein the identifying
comprises, if an expression amount of TSP-2 is larger than 72 pg/m1/1.0x105 cells when the stem cell is
monolayer cultured in a maintenance medium for 1 day, or if an expression amount 30of TSP-2 is larger
than 550 pg/m1/1.0x105 cells when the stem cell is pellet cultured in a maintenance medium, determining
that the stemgeelijiesnsisiigl ohandrogems djiteseneatianavapayéhchymabstthecalptBvEMEdgim 3,
wherein the refereQ%e % I |ts selected from the group consisting of an UCB-MSC, a bone marrow
mesenchymaq stem ce -MSC), and a fibroblast. 7. A composition for stimulating a cell to
differentiate into a chondrocyte, 5the composition including thrombospondin-2 (TSP-2) or a cell

expressing TSP-2; and a R%ﬁg&&%ﬁ@ﬂv&ﬁﬁﬁﬂ & CRINY differdibheifRBRIVIIAREJelaim 7, wherein
the cell to differentiate is an UCB-MSC. 10 e composition of claim 7, for treating or preventing at

least oRe selg?ﬁéi?’fPBﬂ?'ﬁ'%‘d'?Bb‘ﬁ'EQﬁgf&fﬂﬂoéparlfg?fﬁgeg nja}fr@a?ﬁféﬁépé%ﬁ%%f%%%r? lage loss, a

cartilage defechranchacsuboailliersdberelefcHrdér The composition of claim 7, wherein the composition is

for treating or preventing arthritis. 11. The composition of claim 7, wherein the cell expressing TSP-2
is an UCB-MSC.
8. The composition of claim 7, wherein the cell to differentiate is an
UCB-MSC.
10
9. The composition of claim 7, for treating or preventing at least one

selected from the group consisting of a cartilage injury, cartilage degeneration,
cartilage loss, a cartilage defect, and combinations thereof.

15 10.  The composition of claim 7, wherein the composition is for treating or

preventing arthritis.

11.  The composition of claim 7, wherein the cell expressing TSP-2 is an
UCB-MSC.
20
12. The composition of claim 7, wherein the cell expressing TSP-2 is an
UCB-MSC expressing TSP-2 to an amount higher than 72 pg/ml/1.0x10° cells when
monolayer cultured in a maintenance medium for 1 day, or an UCB-MSC expressing
TSP-2 to an amount higher than 550 pg/ml/1.0x10° cells when pellet cultured in a

25 maintenance medium.

13. A method of differentiating a cell into a chondrocyte, the method
comprising: administering to a subject a composition for stimulating a stem cell
differentiation into a chondrocyte, the composition comprising: thrombospondin-2

30 (TSP-2) in an amount effective enough to differentiate a cell into a chondrocyte or a

cell expressing TSP-2; and a pharmaceutically acceptable carrier.

14. The method of claim 13, wherein the subject has at least one selected

from the group consisting of a cartilage injury, cartilage degeneration, cartilage loss, a
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20 12. The composition of claim 7, wherein the cell expressing TSP-2 is an UCB-MSC expressing
TSP-2 to an amount higher than 72 pg/m1/1.0x105 cells when monolayer cultured in a maintenance
medium for 1 day, or an UCB-MSC expressing TSP-2 to an amount higher than 550 pg/m1/1.0x105 cells
when pellet cultured in a 25maintenance medium. 13. A method of differentiating a cell into a
chondrocyte,gheilawrtlieteeqrapdstmbaionisteergto a subject a composition for stimulating a stem cell
differentiation into a chondrocyte, the composition comprising: thrombospondin-2 30(TSP-2) in an amount
effective enough to differentiate a cell into a chondrocyte or a cell expressing TSP-2; and a
pharmaceutically adéeptableecaaieed of claim Tide fatarreye oingainireatinghatdsashensushirntbads at least
one Se|eCtedfF6?ﬁ‘tﬁléeg%QHl&&%i§!§\%fo%?ﬂl%@ré"lﬁfﬁynﬂérrl‘iefgﬂ*dé&@n@?&%?ﬁr@é}ﬂ%g@ﬁﬂé‘ge loss, a

cartilage defect, and combinations eof he method of claim 13, for preventing or treating at
least ofe selGRHRFRAPIRE: Jot SBRYRLIRGSINESlage injury, cartilage degeneration, cartilage loss,

5cartilage defect, and combinations thereof 16 The method of claim 15 wherein the subject is a

patient with arthrltls g mbé&]o %?%\ ﬂ% ghgg%{lqc%t aq %(%mposmon

10comprising: a heparln binding ep| erma grOV\/th |ke gr ac or or a stem cell
expressing HB-EGF; and a pharmaceutically acceptable carrier. 18. The composmon of claim 17,

wherein the stem celf expieesiigddBidadr eerebiRr Makdrbeyte death, the composition
10 comprising: a heparin binding epidermal growth factor-like growth factor (HB-EGF) or
a stem cell expressing HB-EGF; and a pharmaceutically acceptable carrier.

18.  The composition of claim 17, wherein the stem cell expressing HB-EGF

is an UCB-MSC.
15
19. A method of decrasing chondrocyte death of a subject, the method
comprising administering to a subject the composition of claim 17 in an amount
enough to decrease chondrocyte death.
20 20. The method of claim 19, wherein the subject has at least one selected

from the group consisting of a cartilage injury, cartilage degeneration, cartilage loss, a

cartilage defect, and combinations thereof.

21. A method of increasing an expression of at least one protein selected
25 from the group consisting of TSP-2 and HB-EGF from a stem cell, the method
comprising culturing a stem cell in the presence of a joint fluid of a patient with at least
one condition selected from the group consisting of a cartilage injury, cartilage
degeneration, cartilage loss, a cartilage defect, and combinations thereof.

30 22. The method of claim 21, wherein the stem cell is an UCB-MSC.

23. A method of differentiating a stem cell into a lesion tissue cell, the
method comprising culturing a stem cell in the presence of a lesion tissue.
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19. A method of decrasing chondrocyte death of a subject, the method comprising administering to a
subject the composition of claim 17 in an amount enough to decrease chondrocyte death. 2020.The
method of claim 19, wherein the subject has at least one selected from the group consisting of a cartilage
injury, cartilage degeneration, cartilage loss, a cartilage defect, and combinations thereof. 21.A method of

increasing an expression Thatiraisdé@oe adieds selesisd dflesiomagiauie sersisitngorh THaP-2 and

HB-EGF from a stem cell thetfgelhoFfForS&nsm .culturm%ﬁhﬁem cellin thFﬂErg%%?iC% Frgr410|nt fluid of a

. ) i { [ .
patient with at [edstone condnion se ec'éj rom Ieeng\f\(’)'up con's'iss*tﬁlsy&o A car I'age wﬁury, cartilage

degeneratior iginileg)détioeka @atentayéhdutbotisaad wrabiadtrmartiayagss IgERBARKE))aéehod of claim 21,
wherein the sigfiacelith @&Hﬁr@sﬁﬂr%%r?%ié‘tr_@%@?ﬁd?&ﬁqg‘?ﬁ@ﬂﬁ%lr&@n%}ﬁéﬂ§§HME9I§H$Si0n tissue cell,

the method comprising culturing a stem cell in the presence of a lesion tissue. 24. The method of

claim 23, whERARAh&TEEIEFSHEE MY SiseafRs Fuhe i YrLRPEBHEIMMBUYTR)BMIHREG a patient with
arthritis; a sy(©@RDijuahderissidr doida aophdral/ftyiof anpadttet fwithaardhaitiasti o fand koadatedar lavage fluid
(BALF) of a %(lﬁrg A'Hbﬁpute respiratory distress syndrome (ARDS), bronchial asthma, lung 5cancer, an
interstitial lung disease, and a chronic obstructive pulmonary disease (COPD); and a spinal fluid, a pleural
fluid, an ascite fluid and a gastric fluid collected from a patient. 25. A method of screening a material

regulating stem celbactivity, HignhbaneSapseaMp Rl isiggriev sy nstnsrencediindhatpresence of a lesion
tissue; and . . , o
10 method comprising: culturing a stem cell in the presence of a lesion tissue; and

measuring an amount of a product expressed from the culture.

26. The method of claim 25, wherein the lesion tissue is selected from the
group consisting of a joint fluid of a patient with arthritis; a synovial fluid derived from
15 a joint cavity of a patient with arthritis; a bronchoalveolar lavage fluid (BALF) of a
patient with acute respiratory distress syndrome (ARDS), bronchial asthma, lung
cancer, an interstitial lung disease, and a chronic obstructive pulmonary disease
(COPD); and a spinal fluid, a pleural fluid, an ascite fluid and a gastric fluid collected
from a patient.
20
27.  The method of claim 25, wherein the culturing is performed in a
maintenance medium of the stem cell or in a differentiation medium that differentiates

the stem cell into a tissue corresponding to the lesion tissue.
25 28. The method of claim 25, wherein the stem cell is an UCB-MSC.

29.  The method of claim 25, further comprising comparing the measured
amount of the product with an amount of a product obtained from a control
experiment.

30

30. A method of increasing an expression of at least one selected from the

group consisting of TSP-2 and HB-EGF from a stem cell, the method comprising

pellet culturing a stem cell.
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measuring an amount of a product expressed from the culture. 26. The method of claim 25, wherein
the lesion tissue is selected from the group consisting of a joint fluid of a patient with arthritis; a synovial
fluid derived from 15a joint cavity of a patient with arthritis; a bronchoalveolar lavage fluid (BALF) of a
patient with acute respiratory distress syndrome (ARDS), bronchial asthma, lung cancer, an interstitial
lung disease, and a¢hronthebsétheiives pldima@ ryickseiastd SRR A YEBaBGd, a pleural fluid, an
ascite fluid and a gastric fluid collected from a patient. 20 27. The method of claim 25, wherein the
culturing is performed in a maintenance medium of the stem cell or in a differentiation medium that
differentiates the stem cell into a tissue corresponding to the lesion tissue. 2528.The method of claim 25,
wherein the stem cell is an UCB-MSC. 29. The method of claim 25, further comprising comparing the
measured amount of the product with an amount of a product obtained from a control experiment. 30

30. A method of increasing an expression of at least one selected from the group consisting of TSP-2 and
HB-EGF from a stem cell, the method comprising pellet culturing a stem cell. 31.The method of claim 30,
wherein the stem cell is an UCB-MSC.
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