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The present invention relates to ﬁt redi fferentiation
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@ffecting daily activity of life. V%en the cartil age
is inpaired by trauma such as damage of articular 20
cartilage, aging-rel ated dreeaagesajucheas arthrosis
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arthritis, Thegerepert taventage deletesatbvea surgery
of tunDrs and congenital anomaly, daily life is
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one dlfflc It and normal posture_cannot be
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into original chondrocyte, cartilage characteristics of
said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation during in vitro
culture.
Background Art

Cartilage constitutes ear, nose, trachea, joint
and intervertebral disc, and is as important as bones
for maintaining physical morphology of human and for
effecting daily activity of life. When the cartilage
is impaired by trauma such as damage of articular
cartilage, aging-related diseases such as arthrosis
deformans, inflammatory diseases such as rheumatoid
arthritis, large-sized cartilage defect after surgery
ocf tumors, and congenital anomaly, daily life is
severely impaired such that life activities such as
walking become difficult and normal posture cannot be
maintained. The number of patients affected with these
cartilage-related diseases is very large, and the

number of the patients manifesting the arthrosis



cartilage-related diseases is very large, and the
nunber of the patients manifesting the arthrosis 2
deformans is estimated to be about 900,000 per year.
Therefore, effective therapy for these. diseases is
desired. Wile these di seases have been conventionally
5 treated by using artificial cartjlage or by
transplantation of patient's own cartilage, these

met hods often cause problens of durability, infection

and doaekoshhBst £QUBLeSnatRAr €E0LE: 1B8l,Yi 8 0"6805per year.
n

W t hout these probl ens has bee esired an

devel oprene£d0epf eFechnolegyhbobpenabki PR.LEOGRNELALLYE; <
therapy of the cartilage is urgently expected.

Technotlegyrédr efficiently culturing thée chondrocyte

is essential for regenerative therapy of the

cartilage. While thagendihedseboharul barhngoandntbonally
roliferating the chondrocyte have been reported (see

%atentt%% ¥ 4shnd 2¥tlfheiehomdrotyageisr by
dedifferentiated to fibroblast-1jke cells during
cuItLN%?%@?Q#%PERE{%“h?ﬁhpﬁ?b%%bl?i?vn %@r%bﬁﬁggg-these
nmeasur solving neans far. such ase the , _
chondf%%§ ég é%% %%ﬁc%%%%g%ﬁgb%ﬁ??b?gbg%E?b+}k%Y' infection
dedi f f ' cho there are proposed a

net hod%cglrrgcirg&dﬁe% er e%ﬁ%ﬁ%t hgfhd%ré?xé%)’en%)? (Y means

chondracH Ui sl ost atd £ B ESS %@sidxaé@ ﬁxdﬂeég\Pedlopment
for redifferentiating the dedifferentiated chondrocyté
1025 by dfhreeitidiengl et BTy FHYEVEFatide ithd NSy of the
cartilage is urgenfly expected.

Technology for efficiently culturing the
chondrocyte is essential for regenerative therapy of
the cartilage. While many methods for culturing and

15 proliferating the chondrocyte have been reported (see
patent documents 1 and 2), the chondrocyte is
dedifferentiated to fibroblast—like cells during
culture with a quite high probability. As counter-
measures and sblving means for such a case the

20 chondrocyte has béen changed to fibloblast-like
dedifferentiated chondrocyté, there are proposed a
method for redifferentiating the dedifferentiated
choﬁdrocyte using a hydrostatic pressure, and a method
for redifferentiating the dedifferentiated chondrocyte

25 by three-dimensional culture. However, it is the

status quo that the dedifferentiated chondrocyte cannot

be easily and efficiently redifferentiated into the
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status quo that the dedifferentiated chondrocyte

cannot be easily and efficiently redifferentiated

into the 3 original chondrocyte by these nethods. In
order to realize the cartil age-regenerating

treatnment, therefore, it is desired to provide
technol ogy capable of efficiently and readily
redifferentiating the 5 dedifferentiated chondrocyte

into original chondrocyte, «cartilage charactgrlstlcs

of sai iffe j chgn te_havi.ng en
attenugfggggég %gghggé??Fgrggt?é%%%nm%gﬁ?% 'in?Qi?f%er to

cul turgeaPayentndogHPEM ade-JBGenBaL: 1 ARPLD #%%%%, 10
Publica??on No. 2003-534% 3 Pa?%%t Béﬁﬁenteiz pn.

Pat. Appéref&EKAl it Publ d6atiea No.p2804d80240dno10gy capable

Di scl osure of Invention The present invention is

di rectefl ¢bfsolennlytded d8adbhyenddDNd ronobl €y arke

attaining the following object. Nanmely, the object of
r%%ﬁ%ehr@rstwtw ovheledrecyieeli Umt é 0o imkialy chondrocyte,

dedi fferentiated chondrocyte to be redifferentiated
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dedi fferentiated chondrocyte to be redifferentiated
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cosnetic surgery; being able t
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Patent document 2: Jpn. Pat. Appln. KOKAI

Publication No. 2004-502401
Disclosure of Invention

The present invention is directed to solving the
conventional problems and attaining the following
object.

Namely, the object of the invenﬁion is to provide
a medium for making dedifferentiated chondrocyte to be
redifferentiated into chondrocyte and a method for
making dedifferentiated chondrocyte to be
redifferentiated into chondrocyte, the medium and the
method being important for efficiently producing
transplantation materials for deficient or impaired
cites of nose,'ear, trachea and joint and cosmetic
materials for cosmetic surgery; being able to
contribute to the development of regenerative medicine

of the cartilage; and being able to efficiently and
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contribute to the devel opnent of regenerative nedicine
of the cartilage; and being able to efficiently and T

j 4 readily redifferentiate the dedifferentiated

chondrocyte, which has been changed to fibroblast-1ike
cells by dedifferentiation during in vitro cul ture,

into the original chondrocyte. 5 a result of

i ntensive studies by the inventors of the invention

by taking the status quo into consideration, it has
been TouRdsthatoher dedribecephlaled ¢handp oyl e, 1

whi ch characteristics of the cartilage have besh

at t enuahofabycOeglednt Ear Bt 8bEANchEARoRe: B! E16LERT LY -1 ke
and readily redifferentiated into the origlina
chondroeyte by dstngfeeerbinatbandotihgsuhi iepd culture,
BMP-2, and preferably together with T3. The invention

i s basedtenthéecabgyral mehbhdnedytéscovery by the

i nventors, and nmeans for 15 solving the

above- nent | Bhed peeblensfaistassivel esdieslbyathe inventors

redifferentiati on medi um used for making

dedi f feF et at BBCRRbARr bRyt ekiBg bEhe et &Fes caed at et

into ori%%r|%¥chondroc cartilage characteristics
e

te,
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and anal ogues thereo <2> the redi 1 on

10medi uniddirt fekdiiation, can be efficiently and readily
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redifferentiated into the original chondrocyte by using

combination of insulin and BMP-2, and preferably

together with T3. The invention is based on the above-
mentioned discovery by the inventors, and means for
solving the above-mentioned problems are as follows:

<1> a redifferentiation medium used for making
dedifferentiated chondrbcyte to be redifferentiated
into original chondrocyte, cartilage characteristics of
said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation during in vitro -
culture, said medium comprising: insulin; and at least
one member selected from the group consisting of BMP-2
and analogues thereof;

<2> the redifferentiation medium for making.
dediffefentiated chondrocyte to be redifferentiated

into chondrocyte according to <1>, further comprising

T3;
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25 dedifferentiated chondrocyte to be redifferenti ated

into chondrocyte according to <1>, further conprising
T3; 5 <3> the redifferentiation medium for making
dedi fferenti ated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> and <2>,
wherei n the anal ogue of BMP-2 is BMP-4; 5 <4> the
redi fferentiation nediumfor nmaking dedifferentiated
chondrocyte to be redifferentiated into chondrocyte

according tQsanY nANGeh rEkzeh0 537,y WIBKAN LLBE i ng

insulinis present at a COI’]CGI’] 1on

500 g/abdl%@eféﬁtEB%eBeéhBBSESE E@t£8nbgegéagk%82entlated

maki ng dedifferentiated chondrocyte
redi ff eneat tbRdroktpte QB@BQHQﬁMt@oaQEQrghegoE0<§9yand <2>,
one of <1> to <4>, wherein the at |eaSt one nenbe

sel ectedefeim the gnalpgueossi BMPRY 0k BNP-2;and
anal ogues thereof is present at 15 a concentration

From 1 ng/ nk4bothe gediffebenthetiedi ibdient faki making

medi um for nmaking dedifferentiated chondrocyte to be
redi f fe¢dhifareatinhed ehondroeyte hecbedredifbeneytiated
one of, <1> to wherein T3 is present at a

concenjtr}%?|%}P1°I?$’6¢ﬁ¥f€)ega‘f%°r‘%miot‘5 ‘MIYGB?t‘Plé <1> to <3>,
diff t m for nakin dedi fferenti at ed

Izﬁolndr"g{g{]éir?o&%% {r“:dl#]]f RrentTRTET i At o? cﬁ%ﬁ‘ﬁl‘?%%f/?telon from

accordj_rtgs tQ, agyo gng/ @, <1> to <6>, further

conprising at | east” one nmenber selected from

10 <5> the redifferentiation medium for making

dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <4>,
wherein the at least one member selected form the group

consisting of BMP-2 and analogues thereof is present at

15 a concentration from 1 ng/mL to 40 pg/mL;
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<6> the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <5>,
wherein T3 is present at a concentration from 10-9 to
10-5 M;

<7> the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <6>,
further comprising at least one member selected from
the group consisting of fibroblast growth factor 2
(FGF-2), insulin-like growth factors (IGF-1),

parathyroid hormone (PTH), growth hormone (GH),
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25 the group consisting of fibroblast gromh factor 2
(FGF-2), insulin-like growth factors (1G--1),

par at hyroi d hornmone (PTH), growh hornmone (GH), 6

gl ucocorticoid, vitamn D, IL-1 receptor antagonist,
estrogen, androgen, transformation growh factor a
(TGFa), transformation gromh factor 0 (TGFP), bone
nor phogeni c proteins (BMP), epidertral growmh factor, 5
platelet derived growh factors, transferrin,

| v | | d,. al bi
oo G L0 O 0 ST B S0,
a-fibrabkaghengr QW o g@%toETa%@%%%th1%gdgggﬁkbakactor o

grom h factor, mtogéenic hornone, connective

gr owt h (agbor . +1AnkeRakAcYbe g&ew&h fraet gk Ba{TEEBY, bone
arachldonlc aC|d, prostagl andin A prostaglan

prost agbapdbgehic ptrostagkandve)f éEQdekﬁaanbeswtﬁ8factor,
the redifferentiati on nediumfor i ng

dedi f fptehelatedechorndr geypteht 6abeoredi ttenentirat 8f selenious
15 into chondrocyte according to any one of <1>to

<7>, whet@dinlineleédi ffédentilhtmdnchaadpobyteatsd,

selected from hyaline chondrocyte and el astic
chondr%%??%rongglﬂﬁé'rEﬁPPFéPeé#P@%P@nfﬁéﬁpan1@ofibroblast

meki ng_dedj f regtlated chondrocyte to
r edi f 27 S0ER ?%8 °20 YAPGY ﬁBnﬁ?é%%?%lhééogﬁ?%bhtBaﬁﬁ9r'

one Of <é§%é81585 %reconﬁhgtgggl%ieéﬁgaég%gyyuf%ctor,

chondrocyte is cur any one

10
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prostaglandin A, prostaglandin B, prostaglandin E,
prostaglandin F and histamine;
<8> the redifferentiation medium for making

dedifferentiated chondrocyte to be redifferentiated

15 into chondrocyte according to any one of <1> to <7>,

wherein the redifferentiated chondrocyte is selected
from hyaline chondrocyte and elastic chondrocyte.
- <9> the redifferentiation medium for making

-dedifferentiated chondrocyte to be redifferentiated

20 into chondrocyte according to any one of <1> to <8>,

25

wherein the redifferentiated chdndrocyte is cultured by
any one of plane culture, three—dimensional culture and
pellet culture;

<10> a redifferentiation method for making
dedifferentiated chondrocyte to be redifferentiated
into original chondrocyte, cartilage characteristics of

said dedifferentiated chondrocyte having been



25 dedifferentiated chondrocyte to be redifferentiated
into original chondrocyte, cartilage characteristics

of said dedifferentiated chondrocyte having been 7
attenuated due to dedifferentiation during in vitro
culture, said nmethod conprising the step of
redifferentiating the dedifferentiated chondrocyte

into the original chondrocyte by culturing the 5

dedi fferenti ated chondrocyte using the nedi um

accor dj y e +Qf > <9z > : : .
rediffSFgﬁFPgF?gnd%%tﬁgddgéég%%fﬁg%ggi%éfogp%ﬁﬁgréFnVltro
cul turcagtiugesontiiauadthel 3ok ré sWegkshe é%%g ble
redi fferentiation nethod according to any 10 one of

<10> andd<fferenheneingt ber abde fE6iBhtobtkhechamBe¥Btyte into

(C) of expression and production of type Il coll agen
in thethedpfigiantli aheddchomtderobyt eullautthag ameunt (D)
of expression and production of type Il collagen in

Yhe dedpfiEferenhtefedhehangeyertisusion ths medepm according
<13> the redifferentiation nethod according to any

one of *R1¥3Y18R€195, <dhhkeF&i h2the expressi on/ producti on

anmount of t | collagen_.in the dedifferentiated
chondrocyte¥?§>eaﬁglnglgFeﬁﬁpélFﬁéﬁ“tWStﬁéd according to
expr esg{ @0/ py; e of .type | collagen,ip the .
chondroc@?epYﬁg#%%hlEeiﬁgyg%%ygstﬁgngﬁ%ﬂﬁ? ggr.B Bo' BOuecks;

production g{>ty I i a r _
than the ex%%esgﬁgn%gggggggggﬁhgﬁgg#th%¥8?§pgkﬁﬁ§dlng to any

]l?gllammkidf ahe> cheadeoey evhart be Lh¥i pgcbOdYe/BNdor the
© amount (C) of expression and production of type II
collagen in the redifferentiated chondrocyte to the
amount (D) of expression and production of type II
collagen in the dedifferentiated chondrocyte is 1 or
15 more;

- <13> the.redifferentiation method according to any
one of <10> to <12>, wherein the expression/production
amount of type I collagen in the dedifferentiated
chondrocyte is equal to or more than the

20 expression/production amount of type I collagen in the
chondrocyte in the living body, the amount of
production of type II collagen is equal to or less than
the expression/production amount of type II collagen in
the chondrocyte in the living body, and the

25 expression/production amount of type II collagen is

equal to or more than the expression/production amount

of type II collagen in the dedifferentiated



25 expression/production amount of type Il collagen is
equal to or nore than the expression/production anpount
of type Il collagen in the dedifferentiated 8
chondrocyte; and <14> the redifferentiati on nethod
according to any one <10> to <13>, wherein
conpression strength, fracture stgength and Young's
nodulus in the 5 dedifferentiated chondrocyte are
| arger than those in the redifferentiated
chondr ebyheroByitef, Basicri ption of Drawings FIG 1
shows photographs, in which the |left one shows the
chondr ocyt e <(R0) thenediddtfeley cafttian ishamkitAgd d@cording to any
culture, and the right one shows the chondrocyte (P4)
at theonBuFftl>passagsés subeuktnr eomboats36ndayseabithy
the start of culture, respectively. The photographs at
t he toﬁréﬁBHF@IéEFPBQﬁBré§ﬁsYBHﬁ§éSsﬁeﬂPhgfeXp¥ébsi22
f genes .in_the chondrocyte (PO inmediately after .
gta?tiﬁﬁd&gF?ﬁ?@géﬁﬁegncgﬂﬁdgﬂﬁﬁaﬁoé??elfpﬂ?raﬁhﬁﬁethose in
fourth S .ture apout, 30 days after the
t?30§$?§9f39€§géggeg cgondrgﬁyg

start o ure. s a gra ﬁOMAng t he

results of neasureggqgfobegggﬁ??gggsgko r%WQHBE of

type | collagen 20 in the ferentiated _
ChOhdrOCyteFEGltyr§HOU§|ggo@aéﬁggﬁg?rgﬂtbﬁibﬂntﬂgﬁlgf£ one
an ,

cont ai ning i nsulin, BMP- and using a culture
medi unstcond at ine Nnghonstibe pt &ndpo BMindedFi€e1 3 48t& starting

graph showing the results of
10 culture, and the right one shows the chondrocyte (P4)
.at the fourth passaged subculture about 30 days after
the start of culture, respectively. The prhotographs at
the top show electrophoresis bands showing expression
of genes in the chondrocyte (P0O) immediately after
15 starting culture and in the chondrocyte (P4) at the
fourth passaged subculture about 30 days after the
start of culture. |

FIG. 2 is a graph showing the results of

measurement of the expression amount of type I collagen
20 in the dedifferentiated chondrocyte cultured using a
redifferentiation medium containing insulin, BMP-2 and
T3, and using a culture medium containing insulin and

BMP-2.

FIG. 3 is a graph showing the results of

25 measurement of the expression amount of type II

collagen in the dedifferentiated chondrocyte cultured

using a redifferentiation medium containing insulin,



25 nmeasurenent of the expression anmount of type |
collagen in the dedifferentiated chondrocyte cul tured

using a redifferentiation nmediumcontaining insulin, 9
BMP-2 and T3, and using a culture medi um cont ai ni ng
insulin and BMP-2. FIG 4 is a graph show ng the
results of neasurenent of the expression anmount of

type X collagen 5 in the dedifferentiated chondrocyte

cultured using a redifferentiation nmedi um contai ni ng

i nsul i BMP-2 .a T and_usin culture.nediu .
contai%*%S%TaéaI?%’aﬁgd Bﬁ@pg.aF?E?t%r?smgnggpﬁon aining
show ng, dat &, 0btai gag-by 10 studying and conparing

preferab?g rangeg %g t?e content of BMP-2 in the
redifferentiasion medhumrgeRt 8hBlAEg EASULLD,) BYP:2

and T3 for redifferentiatihg the dedifferentiated

chondrmeys erémént t 8¢ ehondxkpeyteibA akXa@nPl 62t ydd X collagen
FIG 6 is a graph show ng data obtained by studying

and comparieedef fenbheiatageshofidtbeycontebture®f using a

insulin in the redifferentiation nedi um contai ni ng

i nsul isedBMErenpta TEon onededn f ¢eneat i ing ngnéhkin, BMP-2 and
dedifferentiated_chondrocgte into the chondrocyte in

20 Exdnpl €78 H g9 72 | subt yFaphe dhe Prop it il piht B lekin and
by s ixg and conparing preferable ranges of the

conten '3? T3 in the redifferentiation nmedi um

contai ni ng p4ASul i -2 and T3.for .
redifferent?atln% ?ieghg}apﬁ ghow1ng data obtained by

10 studying and comparing preferable ranges of the content

15
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of BMP-2 in the redifferentiation medium containing
insulin, BMP-2 and T3 for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 2.

- FIG. 6 is a graph showing data obtained by
studying and comparing preferable ranges of the content
of insulin in the redifferentiation medium containing
insulin, BMP-2 and T3 fo: redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 2.

FIG. 7 is a graph showing data obtained by
studying and comparing preferable ranges of the content
of T3 in the redifferentiation medium containing
insulin, BMP-2 and T3 for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 2.

FIG. 8 is a graph showing the results of



25 dedifferentiated chondrocyte into the chondrocyte

in Exanple 2. FIG 8 is a graph showing the results

of 10 neasurenent of the expression anount of type |
collagen in the redifferentiation nmedium for
redifferentiating the cultured dedifferentiated
chondrocyte when the contents of;pnsulin, BMP-2 and

T3 are 5 g/, 5 200 ng/nmL and 10-7 M respectively,

and in the redifferentiation medium having the same
CO”DOShéhgﬁréﬁengeé@fhH@de§99¥§s§éﬁthohﬂéto§NEySe'% collagen
changed to BW-4. FIG 9 is a graph show ng the

resul t snotheneagiuresesht9bctbg fXBEERSKQR QgQQEEeQEntiating
type Il 10 collagen in the redifferentiation medium

for rethéfenéhtirati dgdi heeceahttinedddedbhifieceptbalBén the
chondrocyte when the contents of insulin, BMP-2 and T3

are 5 gpptenpeOohgintudhnd, 1BMP-R] andspachireebyugand, i n

ihe redi fferentiation nedi um having the sane 15

onpost ¥ oI 4BL deRer i Bed MbovesesecepreiataBiPig thke

changed to PNP-4.,FIG. 10 iis a graph show ng the o
result%?%ﬁf TERR U ¥hkrE BEdiwe Rxpteesthbn %ﬁ%@n@o??OSltlon as
type in the redifferentjiation medi umfor

U R DIEE byl N Lo LSRR PO Frddea o mve-s.
chondr ocyt e engt C t f.Lpspwlin, BMP-2 a
T3 are 5ygla¥@”2%obﬁg7ngpéﬁg %%8$lk§_?gépg%?ﬁgéfy?gand
in thenedadidiatent# ath Oneapal s having, ihe, sae o 11
conposition as described above except that BMP-2 is

10changeb tl;ad¥P-¥h the redifferentiation medium for

15
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redifferentiating the cultured dedifferentiated
chondrocyte when the contents of insulin, BMP-2 and T3
are 5 pg/mL, 200 ng/mL and 10-7 M, respectively} and in
the redifferentiation.medium having the same
cqmposition as described above except that BMP-2 is
éhanged to BMP-4.

FIG. 10 is a graph showing the results of
measurement of the expression amount of type X collagen
in the redifferentiation medium for redifferentiating
the cultured dedifferentiated chondrocyte when the
contents of insulin, BMP-2 and T3 ére 5 pg/mL,

200 ng/mL and 10-7 M, respectively, and in the
redifferentiation medium having the same composition as
described above except thaf BMP-2 is changed to BMP-4.

FIG. 11 is a graph showing the results of
measurement of the compression strength as a mechanical

property of three-dimensional culture products obtained



‘product “whi ch was o

25 FIG 11 is a graph showing the results of

nmeasurenent of the conpression strength as a

nmechani cal property of three-dinmensional culture

products obtained 11 by three-di nensional culture.

FIG 12 shows phot ographic data of the

t hr ee-di nensi onal culture productg obt ai ned by three-

di mensional culture. 5 FIG 13 shds a graph show ng

the results of neasurenent of the c?anessiFn

stren ical roperty of the culture
gER’Q%f%énaﬁ%ﬁn%ﬁ?ﬂﬁ#ﬂﬁ#ﬁ%@%%g the culture

redif f er ent igatd on smeg; f i ff i_at | t he

dedi f f er ent iﬁde'dmchond%cyﬁoﬁgrﬂq%gf%q{ E%tt@héjr{f]d%gceyt e,

and subtutle@nequsng ilonans pharted iRt sNYEe TR b0k hree-

2 nonths. FIG 14 shows photographic data of the

cul t ur dimpnedovet IWaiudh uw@s obt ai ned by using the

culture redifferentiation nmediumfor

Pedi fferentiFdG.ng 3t sols dedirfaivér ehicwadingd teleonesad)tse o £

into the chondrocyte, and subcutaneously transpl anted

into aMRAAErRBEEE Pér thenmepmesesBésn Kbdenfpbh &ar myimeghanical

Qut the_lnventio redi fferentiation medi um for .

nakingpﬁﬁpaéBVngrE%FiSPéGu6ﬁoﬁ6P8€§FewbéCbewas obtained by

i ff i d__int hond te, .and nmethqod for
ki no GBI FREr St FAPa " BHORAFAEDFéardopenediun’ For
red'ffFégﬂfféisgtiéegﬁgcgﬁgdagggﬁggfgggﬁgted chondrocyte into

redifferentiation ne m accor

10 the chondrocyte, and subcutaneously transplanted into a

nude mouse for 2 months.

FIG. 14 shows photographic data of the culture
product which was obtained by using the culture

redifferentiation medium for redifferentiating the

15 dedifferentiated chondrocyte into the chondrocyte, and

subCutaneously transplanted into a nude mouse for
2 months.
Best Mode for Carrying Out the Invention

(redifferentiation medium for making

20 dedifferentiated chondrocyte to be redifferentiated

25

into chondrocyte, and method for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte)

The redifferentiation medium according to the
present invention for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte is

used for redifferentiating the dedifferentiated



25 present invention for redifferentiating the

dedi fferenti ated chondrocyte into the chondrocyte is
used for redifferentiating the dedifferentiated 12
chondrocyte into original chondrocyte, cartil age
.characteristics of said dedifferentiated chondrocyte
havi ng been attenuated due to ded{fferentiation during
invitro culture. The redifferentiation nmediumb5
conprises insulin and at | east one of BMP-2 and

anal 0gugsnbhstoet. 1700 g@%?ﬁé@'xhoﬁa££h§ga00@8 E$85ge

T3, and optionally, conprises su
Se|eCt@HarQ&Bgfl§@ﬂE§n§Ft§alah§e8§95££@5€95£§5'Qﬂondrocyte
nmet hod according to the 10 present iInvention

redi f flesenhqabéag éhEendéﬁéﬁf@ﬁéntbaaéglﬁhéﬁgﬁﬂﬁﬂﬁﬁon during
into the chondrocyte conprises the step of

redi ffemenitaei aglthee. de@héf reenffatedt chondn oayteum

into original chondrocyte, by culturing the

Yedi f fEPBRE T Be R RPGRHR 0e)deat nledst 18ne of BMP-2 and

redifferentiation nmedi umof the Present i nvention, and
opt i orftd IS AR TN RRRpP BRIV MREY ¢ r BAFFlRRE Comprises
ca t|Ia e characteristijcs of

appr o teI sel ecte

sgpd ed’ﬁ?&yéﬂg?%ﬁ %f%%bn ?5%? © FPhySpRefitably selected
atten lifferentiation during in vitro 20
cultugghﬁ%%e ré%gygﬁgent|atlon nmedi um of the invention

for red'fffﬁé”%é&@ff@kéﬁ%ﬁ&%%%ﬁfﬁ%@ﬁéaaéggor?ln% to the

chondrocyte to chondrocyte, and the net

10i nventgrasdry irdeshid fan endd atd dnor ¢ e gledif {84 extd at ed
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chondrocyte to
dedifferentiated chondrocyte into the chondrocyte

comprises the step of redifferentiating the

dedifferentiated chondrocyte into original chondrocyte,
by culturing the dedifferentiated chondrocyte in the
redifferentiation medium of the present invention, and
optionally, an aditional step of other treatment
appropriately selected, cartilage characteristics of
said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation during in vitro
culture,
The redifferentiation medium of the invention for
_redifferentiatiﬁg the dedifferentiated chondrocyte to
chondrocyte, and the method of the invention for
redifferentiating the dedifferentiated chondrocyte to
the chondrocyte will be described below.
Insulin-used is not particularly restricted, and

may be appropriately selected depending on the purpose.



25 the chondrocyte will be described below Insulin

used is not particularly restricted, and nay be

appropriately sel ected dependi ng on the purpose. 13

For exanple, it may be either commercially avail abl e

insulin or appropriately synthesized insulin. Wile

~the content of insulin in the reggfferentiation

medi um for redifferentiating the dedi fferenti at ed

chondrocyte into the chondrocyte is not pargicularly

restri d y rQpri I | ect e .

depend?ég %gggﬁggbu?gogg? g%eeggﬁ?%nggﬁggrﬁ%% éyaﬁyﬁllable

from 0:Q5u19n500 8pBkopRediEior sOhiALLone Ry, 0al she

al ways i nduced when 18 the content of insulinis [ess

than 0.05 gwhLlewhhkecohnduet bgniakunedi fheegnptiation

may be inhibited when the content exceeds 500 g/ ni.

Above- nedti f beedn BMP: 2odemetiéamb6oe podphogeshtiating the
rotein-2. The BMP-2 is not particularly restricted

§5 anddedyf bereppiapedackbypdsetpteetintependi agondrobete is
purpose, and it may be either a commercially avail abl e

pr oductCorP&ht hppt eptY aFefyrighedeand enayrodueppramrietely
anal is,not partijcularl restricted and,

f_ BMP-2
Ty be SHETOTR | APRFYILRT cbF et rBAFRHBRe 50 ok nie
h I [ MP-4._ As for at | east
gn: 23%5% é%ﬂ¥$%ﬁ$%%&$§?§$dgog%%&dﬁﬁéthhereof, use

be used

can be nadeR@éig%gkgn@fgtg%g'ﬂaﬁéﬁogogplQf&éggb%éauced when

addition, while BMP-2 or

10BMVP- 2 tirse pfiedrabl of USRS BI ®NEs 1ess than 0.05 pg/mL, while
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induction of redifferentiation may be inhibited when
the content exceeds 500 ug/mL.

Above—mentioned BMP-2 denotes bone morphogenic
protein-2. The BMP-2 is not particularly restricted
and may be appropriately selected depending on the
purpose, and it may be either a commercially available
product or an appropriately synthesized product.

While analogue of BMP-2 is not particularly
restricted and may be appropriately selected from those
known in the art, a favorable example is BMP-4.

As foi at least one selected from BMP-2 and
analogues thereof, use can be made of BMP-2 and BMP-4
in combination. In addition, while BMP-2 or BMP-4 may
be used alone, BMP-2 is preferably used alone.

In the redifferentiation medium for
redifferentiating the dedifferentiated chondrocyte into

the chondrocyte, the content of at least one selected



3ynt hesi zed

25 In the redifferentiati on nmedi um for
redifferentiating the dedifferentiated chondrocyte
into the chondrocyte, the content of at |east one

sel ected 14 from BMP-2 and anal ogi es thereof is not
particularly restricted, and may be appropriately

sel ected depending on the purposg, but the preferable
content is, for exanmple, from1l ng/nL to 40 g/nL. 5
Redi fferentiati on may not be induced when the content

of at k?éﬁtBH@EZS%h@c%ﬁ%é;ﬁggkagﬁﬁgeggdisaﬂgkog%$§icularly

thereof is less than e I'nduction

redi ffeseptiatban ABM Q§y|EB'Qb%§9p?@§Eeﬁ esEPBLLOY depending

exceeds 40 g/nlL. 10 T3 denotes thyroid hofnone

(triiodotbhyopubpdse, Whtetdd psenotapakt E6HtaRtYis, for

restricted and nay be appropriately sel ected

dependéxgnphet hérpur posg/mi.oto éRapplel.either a

connerciallx avai | abl e product or an appropriately
prbdberenhjyabéonsedy n5tThe induced when the

redi fferentiati on nedi um for redifferentiatiqg t he

dedi f feTentTat 8 2hohtrdeyPRei febecind ERORIBYRYE eand

further_containi T3 Ls. advant ageous_over the nedium )
contajﬁﬁ?ék hsul e%ﬁﬁkaislg%§? g%%“s%l%%(%ﬁ'fV%h+e induction
B\VP- 2 gp@% : o] i f hout, T3,. since the 20

Go 11 dedtt & éc&hi?)ln%?g%rst%aga%g peIEPLESE (Hiig R L content

redi f foreddatesd wide expression of type X collagen
that increases during osteogenesis can be efficiently

10suppressed. T3i¢gotde €0PEENE BErMSnéN (tR€iocdothryonine) .

redi fferentiation
While T3 is not particularly restricted and may be

appropriately selected depending on the purpose; for
example, either a commercially available product or an

appropriately synthesized product may be used.

15 The redifferentiation medium for redifferentiating

20

25

the dedifferentiated .chondrocyte into the chondrocyte
further containing T3 is advantageous over the medium
containing insulin and at least one selected from BMP-2
and'anélogues thereof without T3, since the
dedifferentiated chondrocyte can be more efficiently
redifferentiated while expression of type X collagen
that increases during osteogenesis can be efficiently
suppressed.

While the content of T3 in the redifferentiation
medium for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte is not particularly

restricted and may be appropriately selected depending



25 mediumfor redifferentiating the dedifferentiated
chondrocyte into the chondrocyte is not particularly
restricted and may be appropriately sel ected dependi ng
15 on the purpose, it is preferably from10-9 to 10-5
M Redifferentiation may not be efficiently induced
when the content of T3 is less th 10-9 M while

redi fferentiation nmay be inhibited when the content 5
exceeds 10-5 M Wen the content of T3 is within the

oo, TR LS BLELET LB g5t so-s

chondrocyte e hore e cren

as conpar edreWiElrot-BaARAL UM ARt AbRI BY E@%Ekkenéﬂg hduced
| east one selected fromBMP-2 and anal ogues t hereof

W t houthd3, tB@ wbhtentype ¥3cokl ages #BYNnbE0-9 M, while
efficiently suppressed from being expressed. Wi le

ot her redpbfieneéstaaeiootmparbectiihaibytedeshehctied asfdtent
may be appropriately selected depending on the

Ppur posexcesaspl @s5tHer eBhennthadeonbaponeft 3 16st hathin the
may affect redifferentiation of the dedifferentiated
chondrdR9Y2 TaRblehed chendeocyhe dpdiffereeniatedhehondrocyte
conmponents that nma ffect redifferentiation of the

dedi f f&ems dPREC c%%ﬁﬂ?b%%%yi hedltherent tabrdrdtyEenpared
are nqt..part.i restricted and be
approgé%gﬁé$§£§t$%% %dc%%%%h hg %%sgﬁ%npﬁ?%o%%.leaSt one
Exanpl £51 e LONPAREDS L pg! ' b o!

factor 2 %%%é@zgf |nsu?i%-%?ﬁeggg%ﬁéﬁéga%ﬁ%%%géI%&ihj?t T3

1opar at Ry Dl & hasaonecd Pldfen 3hoW Pe NOF FPREA)  suppressed
from being expressed.

While other components are not particularly

restricted and may be appropriately selected depending
on the purpose, examples thereof include components

15 that may affect redifferentiation of the |
dedifferentiated chondrocyte into the chondrocyte and
solvents.

The components that may affect redifferentiation

of the dedifferentiated chondrocyte into the

20 éhondrocyte are not particularly restricted and may be
appropriately selected depending on the purpose.
Examples of the component include fibroblast growth
factor 2 (FGF-2), insulin-like growth factors (IGF-1),
parathyroid hormone (PTH), growth hormone (GH),

25 glucocorticoid (dexamethasone), vitamin D, IL-1
receptor antagonist, estrogen,.androgen (such as

testosterone), transformation gfowth factor a (TGFa),



25 glucocorticoid (dexanet hasone), vitamn D, IL-1
receptor antagoni st, estrogen, androgen (such as
testosterone), transformation growth factor a (TG(Xx),
16 transformation growh factor (3 (TG-(3), bone

nor phogenic proteins (BW), epidermal growth factor,
platel et- derived growh factors, jgransferrin,

sel enious acid, linoleic acid, albumn, ascorbic
aci d, chondronodulins, 5 heparin binding factor,

a-fi br ekhastoaiawtibnf aeb@tn rhBEbRVASEULRB) 9r8¥LE morphogenic
factor, cell division accelerating hornone,

connecpirveet hssyasMgn owebitiaeihan, ghepahogyteorgr pthbelet-

factor, arachidonic acid, prostaglandin A

pr ost ageanted Broprtobstagkamdi ntEanpfestragl ardiankFoandacid,

10 hi stam ne. Each of the other congqnents descri bed a
above t@pclpécuaeddal ahbumdn, aaprarbirt gcof, t AARgEgmodulins,
e used in ,cogbination. The sol vent is not -

%articﬁ?ﬁ?F&nr sPPiRfedagharmay-tiBreRlaphr 8pPY AR efgctor,

sel ect ed, dependi on_the purppse. A .fayorable .
exanpléanagﬁfSP?gﬁﬁgﬁngﬂcFﬁgggrStSF%ﬁiéé&lﬁb?%raﬁﬁaleratlng
MIIlip wa 0 ( c )

ot her PoE b panchretPEvEnE! feher bELELR ERLERE | fippaEevee

for redbltgreqttati ngrhbridediEf grenli pl68ragiandin A,
chondrocyte into the chondrocyte Is not part|cularfy

restrigiesdtaghéngdy BpepapPropLiatichYEsebe6s€slglandin F and
dependi ng on the purpose. The dedifferentiated
1 hondriocytamaset he target of
Each of the other components described above may

be used alone, or a plurality of them may be used in

combination.
The solvent is not particularly restricted and may
15 be appropriately selected depending on the purpose. A
favorable example is water. |
Water includes sterilized water and Millipore Q
water.
The content (total content) of the other
20 components in the redifferentiation medium for
' redifferentiating the dedifferentiated chondrocyte into
the chondrocyte is not particularly restricted, and may
be appropriétely selected depending -on the purpose.
The dedifferentiated chondrocyte as the target of
25 the redifferentiation medium of the invention for
redifferentiating the dedifferentiated chondrocyte into

the chondrocyte is a cell derived from the chondrocyte,



25 the redifferentiati on nedium of the invention for
redifferentiating the dedifferentiated chondrocyte

into the chondrocyte is a cell derived fromthe

chondrocyte, 17 cartilage characteristics of which

have been attenuated by dedifferentiation during in

vitro culture. The cartil age char gteristics as used

herei n neans the expression/proddction anmount of type

I collagen and 5 type Il collagen in the |iving body.

At t enuat,i f .t rtil age .character.istics ans

t hat t%tear%gtl% © I(li‘/3 %cgtfertl%glzfr?m?ﬁff W?"A)C%ofhaé’ g%&%’i Giftenuated

and preguellda refrent ¥R ilorC Qiulﬂ?x%n 40 iR ola YR, B)

of expression and production of ‘type I col 'agen in
t he chondr oqyitee dapite 15Q <0 fferent;iatied %@orﬂl@re%c%treer)ein means
0

‘before the chondrocyte is dedifferentiated is 1

nore, bhet kaprebe ivay/beodGeB) onobrhe tasgurlypeCr @bllagen and
expression and production of type 1l collagen to the

anount t¥YDp &f ewrplegsnonnandepliducyi bodyl. twpeehhation of
coll'agen in the chondrocyte (pre- 15 dedifferenti ated _
chondr bE§t ERrbétaPe chareRrsRAieE}ce Mmeans that the ratio

di f f iated is 1 or less. Th _ ,
S?e[degéfgLLg%SFQ%:BmEEEEdﬁgéfo g§8ﬁ§§ﬁﬂénhand production of
' [ivi 0 ich _the ,
dedi 1 SFEnt FarBi  ShoRdr Bayre FECHBH vBd. SSoSwReefigion and
the chondsocyien! sel bgpdedi Lhen gpLhalgd, nChONdraeyLe. e (ore-

havi ng- att enuat ed car age acteristrcs,

lmre-daﬂ&ﬂiﬁf@ﬁéﬁ@i@ﬂe&h@H9ﬁ89ME§te?rb&?grghEnggﬁ?ﬁgrocyte is

(redifferentiated chondrocyte) "redifferentiate rom
the detedfeferdnai£deg¢hondi 06yt Rore, or that the ratio (C/D)

of ‘the amount (C) of expression and production of type

IT collagen to the amount (D) of expression and

production of type II collagen in the chondrocyfe (pre-

15 dedifferentiated chondrocyte) before the chondrocyte is

dedifferentiated is 1 or less.
The pre-dedifferentiated chondrocyte means the
chondrocyte in the living body from which the

dedifferentiated chondrocyte is derived.

20 Whether the chondrocyte is the dedifferentiated

25

éhohdrocyte having attenuated cartilage
characteristics, the pre-dedifferentiated chondrocyte
or the chondrocyte (redifferentiated chondrocyte)
redifferentiated from the dedifferentiated chondrocyte
may be judged from the expression/production amount of
type I collagen, the expression/production amount of

type II collagen, and the expression/production amount



25 may be judged fromthe expression/production anount

of type | collagen, the expression/production anmount

of type Il collagen, and the expression/production

anount 18 of type X collagen, the conpression

strength, fracture strength, Young' s nodul us and

equi | i brium conpression coefficiggt. The cell in

whi ch t he expression/production anount 5 of type |

collagen is smaller than in the chondrocyte in the

livingolodypet Ixe c@tnmesl, ORhRr @dueil-QR i 8ADYRL B thl YRR acture
| collagen is larger than in the chondrocyte in~ the

| i vi ngshadngtand Yole gt anpoessiuen asldr eagthibkiast dbRpression

strength, Young's nodul us and equilibrium conpression

10 coefbiefiféntieate | ower than in the chondrocyte in

the [living body may be judged to be highly possible

to be the d&6i trddedn athdghchbedespyessinhi/beodhetion amount
ell in_ which_the expression/producti on anpunt of

?ype | °fcoVPSgeh FeldrdPrer st FRALLATt RBaRhGRJEBBYERONATOCYE

he 15,1 yj bod h i on/ ducti on anmpunt

of typs® PhECREPaYEbPEYY aPher SERARCFROTRE-OHBAA, By pROUNE of
in th Lvi at si.gn_strengt ,
O L REL e B e e S

COﬂDre§§é0D1V§§§fEbeg?nénafghBiQBﬁﬁrEESEOBHSEP ngth, fracture
chondrocyte in fhe 20 living body may be judge 0 be "

hi ghl ysppssgbhe veubg’ st hedtedsf hgneaghal €drium compression
chondrocyte. Since the chondrocyte produces a

lCartilcgef fidtient and lsweet anhnoimt thetohbobvbdyte in the
bl ue, the non- dedifferentiated or redifferentiated
Chondrb@vi@gcqubemay be judged to be highly possible to be

the dedifferentiated chondrocyte, while the cell.in
which the expression/production amount of type I
collagen is smaller than in the chondrocyte in the
15 living body, the expression/production amount of type
IT collagen is larger than in the chondrocyte in the
living body, and the compréssion strength, fracture
strength, Young’s modulus and equilibrium compression
coefficient are higher than in the chondrocyte in the
20 living body may be judged to be highly possible to be
the redifferentiated chondrocyte.

Since the chondrocyte produces a cartilage matrix
and is metachromatic to toluidine blue, the non-

dedifferentiated or redifferentiated chondrocyte can be

25 discriminated by toluidine blue staining.

In the chondrocyte, generally, the

expression/production amount of type I collagen is



25 discrimnated by toluidine blue staining. 1In the
chondrocyte, generally, the expression/production

anmount of type | collagen is 19 small, the
expressi on/ producti on anount of type X collagen that
i ncreases when converted into the bone is small, the
expressi on/ producti on anmount of type Il collagen is

| arge, and expression of at |east one of 5 CO.2Al
gene, COL9A1 gene, COL11A2 gene, Aggrecan gene,

Matrilbks g, gene and:Chonds ogndule do0gRB,he DEOBED.

than in the dedifferentiated c rocyte.
the chesdigg¥hechst! ikek¥at@sPgheshaBESErt8d into the bone is
n

fibroblast-like dedifferentiated chondrocyte 10 whe

type Ismall agehei sxpxpsessefpasdupt @dtcatouAtt B type II
chondrocyte. Since COL2Al1 gene, COL9Al gene, COL11A2

gene, #gbtecan genkardhtrahdi exBrgentoandt at least one of
Chondronodul in 1 gene are highly expressed in the

Shor mal CRhohdr oyt e, COh2Re genes GAHLpPR3t eéns, shehirasan gene,
15 type II,CfIIagen.as the results of expression of

t hese Myehest Hay> baeher Ked SChPNEranadrhbh Ehorae otgtaigher

Pr ot I | S0, th Kk f_th

nor ral P Lhotr o4yt RSPhE BT T DACEG THRSEF BT kR ns.

Speci fi ; h Lnclude,, 2

wal i ne_ chocarorgt S Alen=48 AP LTeiP ey tnbnarbgty to be

(chondfayd&q dey | Fﬁ%cﬁﬁ%f@ii@?ﬁ@gi ppLdon; of & h&ondrocyte

articular cartilage) and costal ondrocyte

10( chonannayteysieri vest 4 e costakpeastdd 388  pASWuced in the

el astic chondrocyte such as auricul ar chondrocyte
chondrocyte. Since COL2Al gene, COLY9Al gene, COL11A2

gene, Aggrecan gene, Matrillin 3 gene and
Chondromodulin 1 gene are highly expressed in the
normal chondrocyte, these genes and proteins such as
15 type II collagen as the results of expression of these
genes may be markers of the normal chondrocyte.
Proteoglycan may also serve as the marker of the normal
chondrocyte in addition to these proteins.

Specific examples of the chondrocyte include
20 hyaline chondrocyte such as articular chondrocyte
(chondrocyte derived from non-loaded portion of the
articular cartilage) and costal chondrocyte
(chondrocyte derived from costal cartilage); and
elastic chondrocyte such as auricular chondrocyte
25 (chondrocyte derived from auriculaf cartilage).

While each of these chondrocytes is usually used

alone, a plurality of them may be used together.



25 (chondrocyte derived fromauricular cartil age).
Wi | e each of these chondrocytes is usually used
alone, a plurality of them may be used together. 20
Exanpl es of the redifferentiated chondrocyte are the
same as the pre-dedifferentiated chondrocyte. Wile
the redifferentiated chondrocyte g not particularly
restricted as long as the ratio (C D) of 5 the
expression anount of the type Il collagen (C) to the

expressi on apaplef offhe@nlypedhls re@lh?qaReGDEnbRdrbREte are
'S

dedi fferenti ated chondrocyte exceeds 1, the ratio
pr ef erabéysifieconsnohe, prrereept €ferahkyateamcibidiecyte.

1000. 10 Wil e the anobunt of seeding of the

dedi f f@hehei bhedretioAfleceypteavrndt hbonddbugtéots not

redifferentiating the dedifferentiated chondrocyte

into PRECtRBAAFbEyrestsiabedpast fenbaprbythesrabépedC/D) of
nd ma be aggrogriately sel ect ed depending on the

S Ur postRe | SXHECT S L BP REPUBFyOF r BRFabulle 1850palagent (C) to
109 cel] s/ ni. nor e preferabl om about _106_t o about K
108 ce??%/%%?re%ﬂéo%ef?oﬁﬁg Bg £6ﬁ2¥¥PﬁpthcﬂhLﬁg?ﬂe%D) in
anmount FRQ. edj tiated chondrocyte .
o oss™ REEARE Gl PR E O REBLLLE SRR SREP LR YE ravio

hypoxi £s ghek £ P31y 01 6 0phi fowben,t he ﬁP@PQ£a€%§S§§9ﬁnQOO to

of the dedifferentlated chondrocyte exceeds
cell s/Tdo00. The dedifferenti ated chondrocyte seeded on
the nmediumfor redifferentiating the dedifferentiated
10chondrocyt édhbhte the ehoudtooytseedingtopathécul arly
dedifferentiated chondrocyte on the medium for

redifferentiating the dedifferentiated chondrocyte into

thé chondrocyte is not particularly restricted and may

be appropriately selected depending on the purpose, it
15 is preferably from about 105 to about 109 cells/mL,

more preferably from about 106 to about 108 cells/mL.

The cell may be hypertrophic when the amount of
seeding of the dedifferentiated chondrocyte is less
than 105 cells/mL, while the cell may be hypoxic and

20 hypotrophic when the amount of seeding of the |
dedifferentiated chondroéyte.exceeds 109 cells/mL.

The dedifferentiated chondrocyte séeded on the
mediuﬁ for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte is not particularly

25 restricted, and may be appropriately selected depending
on the purpose. While favorable examples of the

dedifferentiated chondrocyte include those changed to



25 restricted, and may be appropriately sel ected
depending on the purpose. Wile favorabl e exanpl es of
the dedifferentiated chondrocyte include those
changed to 21 the dedifferentiated chondrocyte by
dedifferentiation of the chondrocyte during in vitro
culture, and those extracted as e dedifferentiated
chondrocyte, the forner is nore preferable. 5 The
culture condition of the dedifferentiated chondrocyte

in thetﬁ%dH%Eg&%%Eb%EH%QegeghgghggE tEegka8E§@ e?ghggatlon

the dedifferentiated chondrocyte nt’ rocy

i's nOto@athbc@h@hhkokgﬁkrH%EQQg apdvARYo BBlture, and those
appropriately sel ected dependi ng on the purpose. 10

Wi | e tRereckedr est ithie Hedidfepantiaukbar byonbestytel edhe
and may be appropriately selected depending on the

pur poséorineri ¢ suswakl préfesekler nore, preferably

from3 to 6 weeks. Redifferentiation may be

?nsufficien@hﬂh§#1FWée eongiltigreofi thei dedafferhnhiated

week. V% the culture tenperature i s not

particalg OCVﬁgtﬁchBB 5ﬁalﬁ§?r6%téﬁBF85rW%@éPW for
el A B o D PATT P 5 BLIL s
Redi ff@ﬁ@”&*é‘ﬁa%cg% be hOPabLefli o Lhey CeLle PRVl Cand may

when the culture t erature ess

t he ONMQe@?ﬁﬁéﬁkﬁbt@[§s§éigct8dtH@ oENGIHE € hstﬁgtpurpose
particularly restricted and may be appropriately

1csel ected dependenghenchheupdr pose, iktnbs paraléy1iFom

restricted and may be appropriately selected depending
on the purpose, it is usually 1 week or more,

preferably from 3 to 6 weeks.

Redifferentiation may be insufficient when the

15 culture time is less than 1 week.

While the culture temperature is not particularly
restricted and may be appropriately selected dépending
on the purpose, it is usually from 32 to 42°C,

preferably from 34 to 39C.

20 - Redifferentiation may be impaired or the cell may

25

die when the culture temperature is less than 32°C.
While the oxygen partial pressure in the_culture
is not particularly restricted and may be appropriately
selected depending on the purpose, it is usually from
10 to 30%, preferably from 15 to 25%.
Redifferentiation may be impaired or the cell may

die when the oxygen partial pressure is less than 10%.



25 10 to 30% preferably from15 to 25%

Redi fferentiation nmay be inpaired or the cell may die
when the oxygen partial pressure is |less than 10% 22
\VWile the pHin the culture is not particularly
restricted and may be appropriately sel ected dependi ng
on the purpose, it is usually from6 to 8, preferably
from6.5 to 7.5. 5 Redifferentiation may be inpaired
or the cell may die when the pHis less than 6 or

exceeds 8. e 16U L0 1Pt o 0L BRI LLAULALY cu1ar) y

restricted and nay be appropriately sel ected depending

on therputpeseedExaaphey 6t hpsrephktHEkn g@ﬁQ%@eéodepending
i nclude plate culture (nonol ayer culture), three-

di mensoonahecphtpoeeandtpekl ebualliyureomEachooB,t Bes€erably
nmet hods may be used alone, or a plurality of the

met hodéramy6bé bsed.bn conbi nation.. The

t hree-di mensi onal culture is preferable anong them 15

The pl ate cBREGfécraphorayer mabt bee)mpsitr@g- or the cell may
di mensi pnal culture effected on a plate or Petri dish. .

I n thedfﬁr%%?HiﬁEﬁsPBnéF &EFFUFE?”tﬁgOEeFF§e§Pé 8.

Cacar o naBe, PuiPhRife' BPEEaF) Reanotl Parraculardy

DyAl LR Ao Oy SPOTRED BL YeBYBbLRRLE) Tnb Rl LBt 8a e ending
Cheni Cah Sth&0ph rPBYe be HR8HPT Ok Shetﬁgr€§l??gFg§iﬁQ@hod

culture. The three-dinensional matrix (sca
l0mat eriiad¢lude plate culture (monolayer culture), three-
dimensional culture and pellet culture.
Each of these methods may be used alone, or a
plurality of the methods may be used in combination.
The three-dimensional culture is preferable améhg them.
15 The plate culture (monolayer culture) is two-
dimensional culture effected on a plate or Petri dish.
In fhe three-dimensional culture, the cells are
cultured on or within a three-dimensional matrix
(scaffold material) made of collagen, fibrin or
20 hyaluronic acid. |
Commercially available materials such as
aterocollagen (manufactured by Kawaken Fine Chemicals
Co.) may be used for the three-dimensional culture.
The three-dimensional matrix (scaffold material)
25 is not particularly restricted, and the material,

property, shape, structure and size thereof may be

appropriately selected depending on the purpose.



25 is not particularly restricted, and the material,
property, shape, structure and size thereof may be
appropriately sel ected dependi ng on the purpose. 23

Exanpl es of the scaffold material include poly-D

| actide, poly-L-lactide, poly-DL-lactide, polyglycolic

acid, polylactic acid, hyroxyapatpge, cal cium

phosphat e, cal ci um phosphat e, hyroxyapatite, 5
aterocol | agen, collagen, fibrin, alginate, agar and

gel atin. Onexahplikese rmaher isah$ reay hatesediakapeuder poly-D-
a plurality of the nmaterial nay be used together.

At er ocdbtagen, i pollgvbrabteidapngol hedL-Aatavaeabbelyglycolic
property of the matrix is a gel. 10 The shape may be

appr opifatiel pos¥lected depdndhmgoxpapehéteeqaat edum

shape for the materials used for transplantation or
cosnetPRORRERFPal S21EkaRpPResSBhathe hEVBKHEPPaRLtite,

|| ' d st ty h
1ot arerdnaLasnle «'c%%iéséaﬁ%a‘?ﬁ?lﬁnrEﬁigf%éwg?i’gar and
h | t db t at e
Cul t orGe 18P e e ORE SoH! En L L PE PN s HEVPRE Fopg alone, or

medi um %1®r§fiege§fn{$g ﬁ&géﬁ&'gﬁ%g ?%g@%%dggﬂgg%ﬁer.

of the cul tured s are obtail ne

cul tureseBycdheapehl e8 £l dHil1c | tmbSgPERShPl e to
make resultant cultured cells to be coagulated in a

hi gh density. fécooadiagptoptheyredethereatiaki 08 a gel.
nmet hod of the present invention in which the
10dedi f f er entTla¢ eshape may be appropriately selected depending
on the required shape for the materials used for

transplantation or cosmetic materials.

Examples of the favorable structure generally

include porous étructure, mesh structure and sponge
15 structure.

In the pellet culture, the chondrocyte cultured by
the plate culture is peeled, and is cultured in the
culture medium with being gently centrifuged. Round
pellets of the cultured cells are obtained by the

20 pellet culture. By the pellet culture, it is possible
to make resultant cultured cells tp be coagulated in a
high density.

According to the redefferentiation method of the
present invention in which the dedifferentiated

25 chondrocyte is redifferentiated into the condrocyte by
using the redifferentiation medium of the present

invention for redifferentiating the dedifferentiated



25 chondrocyte is redifferentiated into the condrocyte
by wusing the redifferentiation nmediumof the present
invention for redifferentiating the dedifferentiated
24 chondrocyte into the chondrocyte, the resultant
redi fferentiated chondrocyte can be used to form
transpl antation materials for thezﬁnpaired or damaged
cartilage of the nose, ear, trachea and joint, and for
5 cosnetic materials for cosnetic surgery. The nethod

o T anaPgcOL iR Eh8 LR bSO LB e g ane

redi fferenti at ndr ocyt € 1s no particu

restrigtgdrrapdnpaycbe éHBEQEEE?E@'XanSEEeeggg to, form
dependi ng on the purpose. For exanple, the 1 met hod

i ncl udesagbpyentrbtioanpdtprabesCcbtUtpe (APA9kAMEEr damaged
culture), three-dinensional culture and pellet

cul turearvhibgeeathtbt hbesg seihodsaonyabendsediatpnegnd for

or a plurality of the nethods nmay be used in

Tonbi neesmatiasmehert At eefdinensnenat sukgere. net hod

is favorabl e annng others. Although there is a

probl em t hatheheetheddEoeycaltpsipgl ari pepyiéasptyng the

dedi fferentj ated and ghan ed to a fibroblast-Iike

dedi f fETEMt T2t Bd 'RLAHFBEYE 22 WRENCRARIDOCYRBNHP 0BYE e

is cultured and proliferated.in vitro for the purpos

of re éﬁ%?%.?g%rg%df%fﬁﬁl%Fe?heaEQrT?Ya@%,ap?ﬁ rlgtefy

dedi f f i ate cyte n icigntl nd
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readily redifferentiated 1nto ondr ocyte

10the relidicd entd ALdos MBHIOht b8BT E50L LaoveRtd on

(monolayer culture), three-dimensional culture and
pellet culture.
While each of these methods may be ﬁsed alone or a
plurality of the methods may be used in combinaﬁion,
15 the three-dimensional culture method is favorable among
others.
Although there is a problem that the chondrocyte
is relatively easily dedifferentiated and changed to a
fibroblast-like dedifferentiated chondrocyte when the
20 chondrocyte is cultured and proliferated in vitro for
the purpose of regenerative medicine of the cartilage,
the dedifferentiated chondrocyte can be efficiently and
readily redifferentiated into the chondrocyte by using
the redifferentiation medium of the present invention
25 for redifferentiating the dedifferentiated chondrocyte
into the chondrocyte, or by using the method of the

present invention for redifferentiating the



25 for redifferentiating the dedifferenti ated
chondrocyte into the chondrocyte, or by using the

nmet hod of the present invention for redifferentiating
the 25 dedifferentiated chondrocyte into the
chondrocyte. Accordingly, the resultant chondrocyte
(mass of the chondrocyte) obtaingg by further
culturing the redifferentiated chondrocyte nay be
favorably used for 5 treating various di seases rel ated

to thed@é&%%%?%ﬁtqgtea.tggﬁ#%gc&@g EF?QdEggyE§8£BE8C§te.

cartil age deficient cCi nventi on nay

favor a@kb¥oaBRhbeY,t @nel 89808 aLEVELLABLBRY AT (LAs of the
cartilage, since the chondrocyte extracted fromthe

pati enthbhaseklteanobealfeaubturedtand catutpedgt enthe
patient in order to use the cell as the cartil age

(mass beédihéechohdabeyt ehondExagpkenaWbkefexanpbeg abed for
the invention will be described in detail below the
?nventtBPatingovarésuri diedaany rebatay to theseartilage by
exanples. Differentiation of chondrocyte into o

dedi f f ePRFEF ARB8dtPRhERANBEGEBtEUENED dAeBRFEetede defbRient
A chondrocyte_ proliferation nmedjum (10 nL; ,

manuf act UF &d E@ecéﬂ%?aﬁleﬁ.Taxoﬁ%aF%Vﬂﬁa?%#-%pabled to
(fibro -2 G-l _(insulin-like
grpmﬁhg%%%%%§%€¥§gi%§%%$é¥ %Fa%g e??%%l ﬁ%eSeF%B?% the

aci d  uasn@edeg: & Oc P4 DY+ DBS B, Eﬁ§ %ggiéﬂtb?%ﬁgglf can be
serum) in a Petri dish, and the chondrocyte erived

10 rom hiimeduredrasdl pet ekl | 88egn2002000n€el hsdrd@s to use

subcul tured in

the cell as the cartilage (mass of the chondrocyte).

Examples

While examples of the invention will be described

in detail below, the invention is not restricted any
15 way to these examples. |
- Differentiation of chondrocyte into dedifferentiated
chondrocyte due to dedifferentiation -

A chondrocyte proliferation medium (10 mL;
manufactured by Cambrex Co.) containing FGF-2
20 (fibroblast growth factor-2), IGF-1 (insulin-like
growth factor-1), insulin, transferrin and selenic acid
was added to 5% by mass of FBS (fetal bovine serum) in
a Petri dish, and the chondrocyte (derived from human
auricular cartilage; 200,000 cells) was subcultured in
25 the Petri dish for 30 days by plate culture (monolayer

culture). The plate culture (monolayer culture)

condition was 37°C, 30 days, pH 7 and oxygen partial



25 the Petri dish for 30 days by plate culture

(nonol ayer culture). The plate culture (nonol ayer
culture) condition was 37C, 30 days, pH 7 and oxygen
partial 26 pressure of 20% In FIG 1, the photograph
at the left shows chondrocyte (PO imediately after
starting culture, and the photoghgph at the right
shows the chondrocyte 5 (P4) at fourth subculture
about 30 days after the start of culture. The

phot ograrhs ale td¥e 2@p, of FIG 1 show el ectrophoresis
bands show ng expression of genes of type | coll agen,

type |1 col Imgema@nd GADRH photograph at the left shows
(gl ycer oal dehyde- 6- phoaphat e dehydrogenase) in the 10-

chondr ctyrelr(deQtd nirdi atreded iafttedry stfafetd g atlitngr @ulture,
and in the chondrocyte (P4) at fourth subcul ture

about 30ddaye ahadrogreebhstadr tthef rdghttursdiowBhéde chondrocyte
_ghot ographs show that type Il collagen was expressed

nd typ&E4) éd Ifagert nedibsat! tevtsr edboed 39 deeys BSter the start
chondro%ytelgtgg) i diately after the start of

cul tur & FHi Fows 1 ¥e PORAPcesriSstitc $h6r toRe ©f FIG. 1 show
chondr - i fferenti ated chondrocyt.e), and
t he CE%§%?50§?§r%% P OHnS igggﬁﬁnngéPrFﬁ lS%aP? genes of
cul tur fisrned te-b ifferenti . On
TR e I i R o et i 1

col | ageglyasrdatued @—th%%abﬁﬁ%e|d%ﬁ?ﬁ%%%@nﬁ@%) in the
expressed in the chondrocyte (P4) at fourth

1Bubcul thpadabeyt e3Q Pdaysmmabtat elilfe agtant sebreihUEBlture and
This shows the characteristics of the dedifferentiated
chondrbnytbe chondrocyte (P4) at fourth subculture about

30 days after the start of culture.

These photographs show that type II collagen was

expressed and type I collagen was not expressed in the
15 chondrocyte (PO) immediately after the start of
culture. This shows the characteristics of the
chendrocyte (pre-dedifferentiated chondrocyte), and the
chondrocyte (P0) immediately after the start of culture
was confirmed not to be dedifferentiated. On the other
20 hand, the expression amount of type II collagen was
decreased while type I collagen was expressed in the
chondrocyte (P4).at fourth subculture about 30 days
after the start of culture. This shows the
characteristics of the dedifferentiated chondrocyte,
25 and it was confirmed that the chondrocyte (P4) at

fourth subculture about 30 days after the start of

culture was dedifferentiated.



25 and it was confirmed that the chondrocyte (P4) at

fourth subcul ture about 30 days after the start of

culture was dedifferentiated. 27 Redifferentiation of

dedi fferenti ated chondrocyte into chondrocyte The
chondrocyte (P4: dedifferentiated chondrocyte,

200,000 cells) at fourth subcul tupe about 30 days

after 5 the start of culture was cultured by

enbedding in a three-di nensional matrix of

aterocol hageprrERen?igdayYsn HEi RE43 rAedeHR GaeAEdhBAHrBCeyte
Exanple 1 for redifferentiating the dedifferentiated

chondr oaybechsh@rotheechondrocyte) containing 5 g/ nL

of insulin 10 (manufactured by MP Bi ochenicals Co.)

and 200 nni FheothoBNPoZykunt®d :r eediififeaetthaned chondrocyte,
nor phogeneti c protein-2, manufactured by Yamanouch

Phar %@Qnt peal cedly)i atafopashl spbdidivnbal beeegs' 80 days after
Modi fi ed Eagle‘s Medium Nutrient Mxture F-12 HAM ;
{tradeth@ns! aE%ENfF@EltTSenﬁﬂﬁfSH#GPéBdeYSFEHﬁddlng in a
Chem c u

Exanp! BRSSP ot LPEarT PP AP RAFFgOPna - SaBaPHF BPER FaFed dave
chondre6yLs hnkeql iR, SHORKLeGK! ) nEaNLALNE NGCLO- 7 M

of T3 yroni ne) in ddition to the
above- P@@if@@?gnEQQPQH nEﬁe'BeHQ@f@@éﬁk %QeHEQhUHHrocyte into

This culture corresponds to the nethod o

i nventpa é@@naggtgts;eeaheawgnt;hs deditferentaled
chondrocyte into the chondrocyte. The anounts of

1EXpresghamudictyped| bgoMbageachémakal 3, cbypeah 200 nm/mL of
collagen (Col -11) and type X coll agen
BMP-2 (human recombinant bone morphogenetic protein-2,

manufactured by Yamanouchi Pharmaceutical Co.) in a

basal medium Dulbecco’s Modified Eagle’s Medium
Nutrient Mixture F-12 HAM (trade name: DMEM/F1l2,

15 manufactured by Sigma Chemical Co.), and using a medium
(a medium in Example 2 for redifferehtiating the
dedifferentiated chondrocyte into the chondrocyte)
containing 10-7 M of T3 (L-3,3’,5'-triiodothyronine) in
addition to the above—mentionéd.components in the basal

20 medium. This culture corresponds to the method of the
invention for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte.

The amounts of expression of type I collagen
(Col-I), type II collagen (Col-II) and type X collagen

- 25 (Col~X) in the dedifferentiated chondrocytes cultured

using the above-mentioned two culture media were

measured. The amounts of expression of type I



25 (Col-X) in the dedifferentiated chondrocytes
cultured wusing the above-nentioned two culture nedia
wer e measured. The anmounts of expression of type | 28
col l agen, type Il collagen and type X collagen in the
dedi fferenti ated chondrocyte (control) are shown in
FIGS. 2, 3 and 4, respectively. Nﬁ? FIGS. 2 to 4, B
denotes the nedi um containing B % and insulin, while
5 BIT denotes the nedi um containing BW-2, insulin and

T3. Thgoi§§ ghs tpggltype }EQ%éPZQR&'EE§raCtSOll %n the

expressi on rmunt gen C eri S

the deQé&iEféﬁéhai§€e8h@HGﬁQEM&?th?ESﬁ§§§1 tQ?elghown in
expressi on anount of type II | agen characteristic

of theIechongyogytedi ngreaspscaindelie EXPressson2 to 4, BI
anount of type X coll agen expressed when the

carti | dgrotgs tbaveededmi adotédheibgneMpPehdsndoibeulin, while
slightly increased as conpared with the

dedi f fRFBnderekds chiopdnredite asnbaiBinonBYbt?, whesulhe and
dedifferenti ated chondrocyte is cultured using the

medi unt § or redifferentiating the dedifferentiated

hond to th hond t
comtai ni e ThELFE RO ERS "BRerEEY e fayf oSn§7’D§h%‘r(- the
t tijpn o 20 t .
ool Pl G T g TR LR DL Fh e s s %ﬂsm of
cul turgg L@é@gff&eerc@é%@ugh ft Aﬁé dfi&és,
erenti at ed r

redifferentiating the dedif ocyte
100 Nt o d:1er SHONGH Owd en € 0 at WO § r@cuim%amdcrﬁé\&@téplstlc of

the amount (D) of expression and production of type
Il the chondrocyte increases and the expression amount of

type X collagen expressed when the cartilage is
converted into the bone tends to be slightly increased
as compared with the dedifferentiated chondrocyte as a

15 control, when the dedifferentiated chondrocyte is
cultured using the medium for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 1 (BI) gontaining insulin and BMP-2. The ratio
(C/D) of the amount (C) of expression and production of

20 type II collagen when the dedifferentiated chondrocyte
is cultured using the medium in Example 1 (BI) for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte containing insulin and BMP-2 to the
amount (D) of expression and production of type II

25 collagen in the dedifferentiated chondrocyte as the
control was about 10.

When the dedifferentiated chondrocyte is cultured



25 collagen in the dedifferentiated chondrocyte as the
control was about 10. Wen the dedifferenti ated
chondrocyte is cultured 29 wusing the nediumfor
redifferentiating the dedifferentiated chondrocyte

into the chondrocyte in Exanple 2 (BIT) containing

insulin, BMP-2 and T3, on the othgr hand, the
expression anount of type | 5 collagen characteristic
of the chondrocyte largely decreases, the expression

amount, Of n & YPge | he §0Ih 286D LHAE AL ERL BAL EnQT L be
dedi fferenti ated chondrocyte Ilargely increases, and

the exq¥EsstOe@Daéd 0fhdY@Eo Xyt £0] hegerheXPhessedcyte in
when the cartilage is converted into 10 the bone tends

to be Btamghtéd y2 deBIPRSech@sicompatesul i f hBMPe2 and T3, on
dedi fferenti ated chondrocyte as a control. The ratio

(C/ D) tdfe tdheanduand( Gheofexxpe esséwnmeent pedHduype oh

of type Il collagen when the dedifferentiated

Schondrstyhaa s e iafieRrist by ehethascheeiiesyer largely

redifferentiating the dedifferentiated chondrocyte

i nto (FEGGiHd ocH e TFPESETHPR FQBIT)OT cofRei hi rigPLlagen

i nsul i -2 and T3 to.the. a t . of . expression

and prcgitfu%\é{%oenrlo%-ltd]t%/p%%Iﬁh%oﬁi?%}éﬂeﬁé{%haeted Shenarocye

dedi f f i.at; 0 r

20 rmrl(;%.rﬁ%thle@eler?:e%%%'s ﬁ%%/v&t aet a? e c%%no r ocy(t%%léga%f type X
be redilfifRyantd.aleosddd aidie @t@r@élﬁ@ﬂé‘g@yw%éwéﬂged into

the chondrocyte differentiated to the

10dedi f freveemidnat etbndshardl e yd ei iyt dedidd s 48 d ald atompared

15

20

25

usi ng the
with the dedifferentiated chondrocyte as a control.

The ratio (C/D) of the amount (C) of expression and
production of type II collagen when the
dedifferentiated chondrocyte is cultured using the
medium for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte in Example 2 (BIT)
containing ‘insulin, BMP-2 and T3 to the amount (D) of
expression and production of type II collagen in the
dedifferentiafed chondrocyte as a control was 20 or
more. .

These results show that the chondrocyte can be
redifferentiated into the chondrocyte by culturing the
chondrocyte differentiated to the dedifferentiated
chondrocyte by dedifferentiation using the
redifferentiation medium for redifferentiating the
dedifferentiated chondrocyte to chondrocyte according

to Examples 1 and 2. It was also found that, when the



25 redifferentiation nediumfor redifferentiating the
dedi fferenti ated chondrocyte to ch. ondrocyte accordi ng
to Exanples 1 and 2. It was also found that, when the

30 redifferentiation mediumfor redifferentiating the
dedi fferenti ated chondrocyte into the chondrocyte in
Exanple 2 is used, the dedifferenijated chondrocyte

can be efficiently and readily redifferentiated into
the 5 chondrocyte as conpared with using the medi um

for r@@&lf?&?@ﬁt@%t@SntH@dggg'%E?f?@%i?%ggenﬁiating the
chondrocyte into the chondrocyte in anple 1. -

Study @&dpfeéeenbl et afDERbn@Fc8AER CRPPOPRAt chnbhScyte in
medi um for maki ng dedifferentiated chondrocyte to be

10 reditdrepbat 2 at edubeadp theondeocytereit efesa@bt®ondrocyte can

ranges of the contents of insulin, BMP-2 and T3 in
the meek upfforiertlyfenentéadihyg tédifedefitbaeadi ated the
chondrocyte into the chondrocyte in Exanple 2

Tont ai TRATPEUFF n2S BMPIRa Bed WBtherelng ehechedied Hyr

b o LG FOIRLE S008Ik LATER hGrocye inco
/ mL re ctivel wth a content of

" nsul i%f%ﬁ%‘% e 13 of 107 M the

expr essi t I .

Cagoar ST cedlin g lafRlA P I 4B hihens dn che

5). Seefiim WeN el €PN Br Of e 31 WL & SNBES- 1% to be
10-6 M 10-7 Mand 10-8 M respectively, with a

10cont enfedidffdmaitdidated intg dhadkacwantent of BWP-2

15

20

25

of
Preferable ranges of the contents of insulin,

BMP-2 and T3 in the medium for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 2 containing insulin, BMP-2 and T3 were :
elucidated by the following three comparisons.

First, when the contents of BMP-2 were changed to
400 ng/mL, 200 ng/mL and 100 ng/mL, respectively, with
a content of insulin of 5 pg/mL and a content of T3 of
10-7 M, the expression amount of type II collagen Was.
the largest when the content of BMP-2 was 200 ng/mL |
(FIG. 5).
| Second, when the contents of T3 were éhanged to
10-6 M, 10-7 M and 10-8 M, respectively, with a content
of insulin of 5 pg/mL and a content of BMP-2 of
200 ng/mL, the expression amount of type II collagen
was the largest when the content of T3 was 10-7 M

(FIG. 6).



25 200 ng/nL, the expression anount of type |

collagen was the | argest when the content of T3 was
10-7 M (FIG 6). 31 Third, the contents of insulin
were changed to 50 g/nmL, 5 g/nL and 0.5 g/ i,
respectively, with a content of BMP-2 of 200 ng/nL
and a content of T3 of 10-7 M tRhe expression anmpunt
of type Il collagen was 5 the | argest when the content
of insulin was 5 g/nL (FIG. 7). The results above

showed that 7 %H?g r gglief %%% t%tb%g ?%hhl Y w %rocy gnged to

dedifferentia chondi rocy into

eXCG"@Otu@Vﬁﬂ tBeB%QmEOQBanSSOL%/HEU|£Qs BMP; ?fygiﬁlth a

T3 were 5 ng/ m. and respectlve

t he nEdbﬂﬂéﬁerofrBﬂPierenQO@thBGmLhQnQIEfebﬁﬁéh@tgﬂ T3 of
chondrocyte to chondrocyte in Exanple 2. - Effect of

anal ogle-718, Theeebkpebsslohhemanakogfiet9fie II collagen was
redifferentiation of the dedifferentiated chondrocyte
into theechandestyvbenwabestadredtastf bhbolénbyas 5 pg/mL
changing BMP-2 to its analogue BMP-4 in the nmedi um of

t he invg%@ioﬂ)for redi fferentiating the Hond

dedi fferentiated chondrocyte i to 0.t he chondrocyte.

The dediffetgﬁtfﬁﬁggtéhaﬁgyﬁc§ &é tLEEIFB?ed as

o1 rerens o rRg hBcal SRBPar B CHRSRaTRyfustba

into tJKbﬁé%%E@E@ylﬁtbntﬁgagp£§§r&c99g %a?aggcgffeﬁg when the
whi ch BMP-2 was changed to BMP-4

10 . contents of insulin, BMP-2 and T3 were 5 ug/mL,

200 ng/mL and 10-7 M, respectively, in the medium for
redifferentiating the differentiated chondrocyte to
chondrocyte in Example 2.

- Effect of analogue -

15 The effect of the analogue on redifferentiation of
the dedifferentiated chondrocyte into the chondrocyte
was studied as follows by changing BMP;2 to its
analogue BMP-4 in the medium of the invention for
redifferentiating the dedifferentiated chondrocyte into
20 the chondrocyte. The dedifferentiated chondrocyte was
cultured as described previously using the same culture
media for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte in Examples 1 and 2

and one in which BMP-2 was changed to BMP-4 in Example

25 2. The amounts of expression of type I collagen, type

IT collagen and type X collagen in the cultured

dedifferentiated chondrocyte were measured. The



25 2. The amounts of expression of type |I coll agen,

type |1l collagen and type X collagen in the cul tured

dedi fferenti ated chondrocyte were neasured. The 32

anounts of expression of type | collagen, type Il

col l agen and type X collagen in the dedifferentiated
chondrocyte (control) are shown ig2FIGS. 8, 9 and 10,
respectively. In FIGS. 8 to 10, "BI" denotes the 5

medi um contai ning BMP-2 and insulin; "BIT" denotes the

medi umacorhaisniofg eBidR s iions W nygrd IT3ol1arGenBMevhbe 11
denotes the nedi umcontaining BMP-4, insulin and T3.

The rafPélegep) aod tthyeeaifowatl 1@@enofi nexjee sisiddrf feakat ated
production of type Il collagen obtained by 10

cul t ur FRENERBCYER ficondmcildt édecisbrdnodyt E§1GSi.n§ .t Beand 10,
nediun1conta£ningyinsu in, BWP-4 an to the anount

lin, d T3
(D) of "EXBPEELYS andIB:r §dGeti 8nter Llype Bl Feppé@égct)he
' ' Al d d t tr was
S moredfih’ FRbeRbRhE s R ea® §ReG1T5 Rt haenotes the
h | Lat iU ] approxi pately th i
same | Tedi ¢ oEShF A pRRg Bk, T ERYR SRECRN TR, Sutgn Buup—a

when &Mroes StEBaREa8YubhOcbhsadfah QHQFBWP'%nEUlEQeand T3.
medium for redifferentiating the deditferentiate

chondrocyt eTR6 tatchondyogybe ikReExaBBhe 2c)Meeharbedksion
properties of the cultured product of

redi f fan@npiededt thondfocype ITheothagdnoeyteihP4) bat
fourth subcul ture about 30 days after the start of
1Qn“tL”QQl¢#er@,gn@ defli §fefentiated chondrocyte using the
medium containing insulin, BMP-4 and T3 to the amount

(D) of expression and production of type II collagen in

the dedifferentiated chondrocyte (control) was 20 or
more.

15 The results in FIGS. 8 to 10 show that the
redifferentiation medium shows approximately thelsame
redifferentiating ability aé in Example 2 even wheﬁ
BMP-2 is changed to its analogue BMP-4 in the medium
for redifferentiating the dedifferentiated chondrocyte

20 to chondrocyte in Example 2. |
- Mechanical properties of the cultured product of

.redifferentiated chondrocyte -
The chondrocyte (P4) at fourth subculture about
30 days after the start of culture, or 200,000 cells of

25 the chondrocyte differentiated to the dedifferentiated

chondrocyte, were cultured by embedding in an

aterocollagen three dimensional matrix for 21 days.



25 the chondrocyte differentiated to the
dedifferentiated chondrocyte, were cultured by
enbeddi ng in an aterocol |l agen three di nensional matrix
for 21 days. 33 The culture nedia used were the
mediumfor redifferentiating the dedifferentiated
chondrocyte into the chondrocytesgised in Exanple 1,
whi ch contains 5 g/nL of insulin (manufactured by M
Bi onedicals Co.) 5 and 200 ng/nL of BMP-2 (hunan

reconmbTRantubenee meaRhOGEBEt kErPr Oh&I Redium for
manuf act ured by Yamanouchi Pharmaceutical Co.) in a

basal redififePahbeetong tModiédetfEagheistdedidhdrocyte into
Nutrient Mxture F-12 HAM (trade nanme: DMVEM F12,
manuf ath@redohgrStgha Chedi tal E28mGbe )], amdi¢hecontains
redifferentiation nediumfor redifferentiating the
dedlff%r%%fm%t%@ h%%%@%@cym%nmanﬁutﬁé enotRirbrgnedicals Co.)
sed in %?f’ whi ch contains 10-7 Mof T3

L-3, 30 Hl% h9t ofihie? ARAMIRACE eFERP 1By ENgpne
BIOSCIenC n_addition to the gbove 15 nenti oned

conponents O?FA%%l%a%Eft?&Rr mOIREERCL LR e TRAFHuYechl
cor I eSRNthd Qe LBLIPLAOY, TOf 4 Nedl{ ] Srent L atd g, té‘& s

dedlfferentlate ndr ocyte |n he Gh

accor didigh #1ed @aéi@"e@tM@@lun{'\sl\lmhﬁ rl%lF;ltﬁrél-lF ff%AM

conpression strength (gr) 20 (neasured wt

VENUSTRQN dearuiac t pymEdl/ 1y2 Axssri Qs dudsd 18y r@igj’!@'@?émlcal

property of the three-dinmensional culture “product by

10t he t Hiee- diarehstlonatediuf farren tshowiash amed inew efxst ng
tendency as conpared with the culture product of
chondrrsditfe et yne W hairdati ff erarediatmd chondrocyte into

the chondrocyte used in Example 2, which contains

10-7 M of T3 (L-3,3’,5"-triiodothyronine, manufactured
by EMD Bioscience Co.) in addition to the above-

15 mentioned components in the basal medium. These
culture methods correspond to the method for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte according to the invention.

As shown in FIG. 11, the compression strength (gr)

20 (measured with VENUSTRON, manufactured by Axsym Co.) as
a mechanical property of the three-dimensional culture
product by the three-dimensional culture showed an
increasing tendency as compared with the culture
product of chondrocyte (control) cultured in a medium

25 containing no insulin, BMP-2 and T3 (see FIGS. 11 and
12). In FIGS. 11 and 12, “BI” denotes the medium

containing BMP-2 and insulin, while “BIT” denotes the



25 containing no insulin, BWP-2 and T3 (see FIGS. 11
and 12). In FIGS. 11 and 12, "BI" denotes the nedi um
containing BMP-2 and insulin, while "BIT" denotes the
34 nedium containing BMP-2, insulin and T3. -
Mechani cal properties of cultured product of the
redifferentiated chondrocyte Thesgedifferentiated
chondrocyte (200,000 cells) 5 was cultured in the

t hree-di nensional matrix of aterocollagen for 21 days

usi ng hbe: iRAEALEQhinGediblor entkatlno,Lhers. _
dedi fferenti ated chondirocyte into the chondrocyte in

Exanpl € Meandnibelnpdbpartoes pedihifenenti gtbAgcthgs the
dedi fferenti ated chondrocyte into 10 the chondrocyte

i n ExanpliefPergdheigtuétiuckopdodugtewas i nplanted to a

node nouse for 2 nonths, and the conpression strength

(gr) of theTheadsgiafieedntiahtadechpnddocytwad2@asifedells)
as described above. As shown in FIG 13, the

Tonpr 6%3% oF5ERERGt B0 (BRe thibesfdimensibpat empdiyce s

whi ch s_obtajned by using . the nediumfor
rediff%a%ﬁﬁ?%.i%%e?h Oﬁe%%f?%Y%n??h?%dth%h%ﬁﬂ%%%y?%r

' . [ Ex l , .
o L CIPREEREYLE, SECDLE 12 BRI e Mo s
a Contﬂﬂg'CHHHHE$E&€@HPKe§§%ﬂﬂl§t{e%?&htgg %??ium for

approxi mately the sane as the auricul ar car age

(nati vesdicprdtddgRit My ke | ddd DB OPOYr { $€84 FLShdddeyte into
and 14). In FIGS. 13 and 14, "BI" denotes the nedi um

10cont aitieng-HaMRiZoayite | s W kamp i 2 ¢ "Bhd " cdenetesptd@ict was
medi um contai ning BMP-2, insulin and T3.
implanted to a node mouse for 2 months, and the

compression strength (gr) of the transplanted culture

product was measured as described above.
As shown in FIG. 13, the compression strength (gr)
15 of the culture product, which was obtained by using the
medium for redifferentiating.the dédifferentiated
chondrocyte into the chondrocyte according to Example
2, was higher than the culture product of the
chondrocyte as a control, and the compression strength
20 was appfoximately the same as the auricular cartilage
(native cartilage) in the living body (see FIGS. 13 and
14). 1In FIGS. 13 and 14, “BI” denotes the medium
containing BMP-2 and insulin, while “BIT” denotes the
medium containing BMP-2, insulin and T3.
25 The medium for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte and

the method for redifferentiating the dedifferentiated



25 The medium for redifferentiating the

dedi fferentiated chondrocyte into the chondrocyte and
the nethod for redifferentiating the dedifferentiated
35 chondrocyte into the chondrocyte according to the
invention are able to efficiently and readily
redifferentiate the dedifferentiq&fd chondrocyte, in
whi ch characteristics of the cartilage have been 5
attenuated by dedifferentiation during in vitro

cul turénohtOct e ERONIEACYLRondNE 00D DESAYRUGOLY che
u e Ccno

used for continued culture. drocyte cultured

and prohvderf eéedaby siedifiereptiatdom§romthesqil

dedi fferenti ated chondrocyte using the nmedi um for %O

redi f fesenfiatéemgidte tiodi d4ef oot elh €AONEHOLYEScyte, in
into the chondrocyte and the nethod for

redi f fvdrieeh i G nact ¢ hies ieds f &g | @d edi Chopndiaoy tieeen
into the chondrocyte according to the invention may

Sbe favddrta@nyatsedasdedbferentioniomtduime frorvitro
deficient or inpaired 15 portions of the cartil age of

nose, FartURSacHEL ditf FRRMLOGNHE asardstast ike favorably

mat eri al s, for the cosnmetic . surgery, and is quite
usef ul“SGt f:)oergechoé?‘ta][W?aé e dire  of' KOG ege. cul tured

for AR et T et G ety Beyte 1 en B

redi f iRicantdeatatt 1 4t Hdihalyhondraevties walitdd ags
characteristics of

10 redifferentiating the dedifferentiated chondrocyte into
the chondrocyte and the method for redifferentiating
the dedifferentiated chondrocyte into the chondrocyte
according to the invention may be favorably used as
implantation materials for deficient or impairéé

15 portions of the cartilage of nose, ear, trachea and
joint, and as cosmetic materials for the cosmetic

surgery, and is quite useful for regenerative medicine

of the cartilage.



5 said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation, said nmedi um
conprising: insulin; and at |east one nenber sel ected
fromthe group consisting of BMP-2 and anal ogues
thereof. 10 2. The redifferentiation nmediumfor making
dedi fferenti ated chondrocyte to bg.redifferentiated
into chondrocyte according to claim1, further
conprising T3. 3. The redifferentiation medium for
meking 15 dedifferentiated chopdrogyte o be
redifferentiated into chondrocyte accordlng to any .

one of claim1l anded;rraheneiinclibe ﬁ@@hgﬂugsgﬁ BNP- %aklng
is BMP-4. 4. The redifferentiation nediumfor making

dedi f f ee@pticatedtchendr eayharbeybe eedbEf eegntkatedt20ted
into chondrocyte according to any one of clains 1 to

3, wheneonothgihaiukbhantdsopyesentaatidagoncratsatedhstics of
from 0.05 to 500 g/mL. 5. The redifferentiation

edi unsdbd deiifferdetiiatedenhpatiedcyghendaviyg ebéenbe
redifferentiated 25 into chondrocyte according to any

one of2ttapwatedtgug, tondedéfferpptagtienst soneé neaber

selected formthe ?rOUE, gonS|st|ng of BMP-2 and
anal ogt@8Pt hat2df '%SB eRentnat 287eastonee e pnselected

from 0 40 /oL, 6., The differentiatio
nediun1(gén%hé %rou earFferbh ?9a?gdé%gﬁad?%%y?%ﬁf%g%%s-
redi ffigreptiated into chondrocyte according to any

one of clains 1 to 5,

10 : 2. The redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to claim 1, further
comprising T3.

3. The redifferentiation medium for makiné
15 dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to ahy one of claim 1 and 2,
wherein the analogue of BMP-2 is BMP-4.

4. The redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
20 into chondrocyte according to any one of claims 1 to 3,
wherein the insulin is present at a concentration from
0.05 to 500 pg/mL.

5. The redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
25. into chondrocyte according to any one of claims 1 to 4,
wherein the at least one member selected form the group

consisting of BMP-2 and analogues thereof is present at



5 wherein T3 is present at a concentration from 10-9
to 10-5 M 7. The redifferentiation nmediumfor making
dedi fferenti ated chondrocyte to be redifferentiated
into chondrocyte according to any one of clainms 1 to
6, 10 further conprising at |east one nenber sel ected
from the group consisting of fibgepblast growmh factor
2 (FG-2), insulin-like growmth factors (I1G--1),

par at hyroi d hornone (PTH), growth hornone (GH),

gl ucocertbsebdtrytiafi Brban Ilnd/nECEBL Q0 &?yﬁgonist,
- 15 estrogen, androgen, transformation growth factor a

(TGF(x), trénsfBheatedifgeoehhitacbar mBA(EGFRbr hareng

nor phogeni ¢ proteins (BWMP), epidermal growh factor,

pl at el dH§f$VthgabﬂﬂhChandoosyteransberred;fferentlated

sel eni pus acid, linoleic acid, albumn, ascorbic acid,

20 choh@?%n%@%@@ﬁ@cyﬁ%péFFﬁrﬁiﬁﬂlﬁ@ pagtone of Cialms 1 to 5,
fibrabl ast owm h factor, vascul ar endothelia

Egrowth %ﬁ?b?,95n?fo@%ﬁ?%nho?ﬁnﬁeco%6ﬁﬂEE?F%@ntf§§%e10 9 to

growthy factpr, hepatocyte growth factor, arachidonic

acid, ‘prostaglandin A, prostaglandin B, prostaglandln

E, 25 prosﬁag|@ﬂg'9e5199§rgh§£ Fi o8- ﬂgglgg for, ma ag

redi fferentiati on nedi um |ng erentia

chondracyat er d e miei d€sh f éigs et d & ed 38 bénElefferentlated
chondrocyte according to any one of clains to 7,

wher eiimtdechqth f  eyent 4 &t ©ed ThONES 0Ly eohs <§§|<§3Péﬁﬂ|s 1 to 6,
from hyal i ne chondrocyte and el astic chondrocyte. 9.

10The r édiftfreyentorgsy osi meditun éast narke ngember selected from
the group consisting of fibroblast growth factor 2
(FGF-2), insulin-like growth factors (IGF-1),
parathyroid hormone (PTH), growth hormone (GH),
glucocorticoid, vitamin D, IL-1 receptor antagonist,

15 estrogen, androgen, transformation growth factor a
(TGFa), transformation growth factor B (TGFB), bone
morphogenic proteins (BMP), epidermal growth factor,
platelet-derived growth factors, transferrin, selénious
acid, linoleic acid, albumin, ascorbic acid,

20 chondromodulins, heparin binding factor, a-fibroblast
growth factor, vascular endothelial growth factér,
mitogenic hormone, connective tissue growth factor,
hepatocyte growth factor, arachidonic acid,
prostaglandin A, prostaglandin B, prostaglandin E,

25 prostaglandin F and histamine.

8. The redifferentiation medium for making

dedifferentiated chondrocyte to be redifferentiated



5 dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of clains 1 to
8, wherein the redifferentiated chondrocyte is
cultured by any one of plate culture,

t hree-di nensional culture and pellet culture. 10 10.
A redifferentiation nethod for } NQ

dedi fferenti ated chondrocyte to be redifferentiated
into original chondrocyte, cartilage characteristics

of Saigtg69£££8£gegtét gcgpgfgéoggtgngaghggo egfatms 1l to 7,

attenuated due to d dlf erentiation

Conpr|ﬁh@ﬁelﬂetﬁée?e@iffé?@hfi@f@&tb@&h@go&pge is selected
dedi fferenti ated chondrocyte into the original

chondroeythenpyl okt dhon@réberdeghdif ergstiat €dondrocyte.
chondrocyte using the nedi um according to any one of
claims 1 t099. 2Beltedififerediibetent natiion fethedking
according to claim 10, wherein the culture is

Tonti el forrgntbated welekisdrocyte to be redifferentiated

into chondrocyte according to any one of claims 1 to 8,
wherein the redifferentiated chondrocyte is cultured by
any one of plate culture, three-dimensional culture and
pellet culture.

10 10. A redifferentiation method for making
dedifferentiated chondrocyte to be redifferentiated

into original chondrocyte, cartilage characteristics of

said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation, said method

15 comprising the step of redifferentiating the
dedifferentiated chondrocyte into the original
chondfocyte by culturing the dedifferentiated
chondrocyte using the medium according to any one of
claims 1 tﬁ 9.

20 11. The redifferentiation method according to
claim 10, wherein the culture is continued for 3 to

6 weeks.



