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1 DESCRIPTIONREDIFFERENTIATION MEDIUM, FOR MAKING
DEDIFFERENTIATED CHONDROCYTE TO BE REDIFFERENTIATED
INTO CHONDROCYTE 5 Technical Field The present invention relates
to a redifferentiation medium used for making dedifferentiated
chondrocyte to be redifferentiated 10 into original chondrocyte, cartilage
characteristics of said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation during in vitro culture. Background Art

15 Cartilage constitutes ear, foses 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 iratifTac g0 45 Yariage of afivulA2Q gartitage, F FERENT IATED
aging-refated Ais8asts sifenPas ARhFGE RaeT6FMaRS, iRNAMMHEGHYROCYTE
diseases such as rheumatoid arthritis, large-sized cartilage defect after
surgery of tumors, and congenital anomaly, daily life is severely impaired
such that life activities such as Z5awalkirigbeéamedifficult and normal
osture cannQt be maintained. The number of patients affected with these
gartilage-relgt%% iéggsee%s% isl\?e‘@?grjg%rf aﬁ%ltﬁgeﬁu%%e? of the patients

manifesting the-arthtesis on medium used for making
dedifferentiated chondrocyte to be redifferentiated
into original chondrocyte, cartilage characteristics of
sald 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
of 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

numper of the patients manifesting the arthrosis
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2 deformans is estimated to be about 900,000 per year. Therefore,
effective therapy for these diseases is desired. While these diseases
have been conventionally 5 treated by using artificial cartilage or by
transplantation of patient's own cartilage, these methods often cause
problems of durability, infection and donog site troubles. Therefore,
solving means without these problems has been desired and
development 10 of technology for enabling regenerative therapy of the

cartilagefs tirgently: expeeteda Teehnology farefficiently culring the. .
chondrocyte is essential for regenerative therapy of the cartilage. While
many Théthoas %6r calfdrig ke 15 srotiferating té ehendictyte haves
been rgported;(see patent documents 1 and 2), the chondrocyte is
dedifferentiated to fibroblast-like cells curing culture with a quite high
probability. Ak:cduntenemeastires:and sobving means-for-suchacase the
20 chondrocyte has been changed to fibloblast-like dedifferentiated

chondrbcite” theétd are 'didpdsed & riethod 6 redifferentiating the
dediffesentigled ehondipeye using alydrosiglic pressure, and.a method
y

for redifferentiating the dedifferentiated chondrocyte
threetirAenasionaf taltures Hoveverhitds the Status:0uiad that thenfection

dediffgg%tglted chondrocyte cannot be easily and efficiently

redﬁkﬂennaﬁﬁfﬁngﬁ%g roubles. Theréfore, solving means
without these problems has been desired and development
of technology for enabling regenerative therapy of the
cartilage 1s urgently expected.

Technology for efficiently culturing the
chondrocyte is essential for regenerative therapy of
the cartilage. While many methods for culturing and
proliferating the chondrocyte have been reported (see
patent documents 1 and 2), the chondrocyte is
dedifferentiated to fibroblast-like cells during
culture with a guite high probability. As counter-
measures and solving means for such a case the
chondrocyte has been changed to fibloblast-like
dedifferentiated chondrocyte, there are propesed a
method for redifferentiating the dedifferentiated
chondrocyte using a hydrostatic pressure, and a method
for redifferentiating the dedifferentiated chondrocyte
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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original chondrocyte by these methods. Ir. order to realize the
cartilage-regenerating treatment, therefore, it is desired to provide
technology capable of efficiently and readily redifferentiating the 5
dedifferentiated chondrocyte into original chondrocyte, cartilage
characteristics of said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation duringin vitro culture. Patent
document 1: Jpn. Pat. Appln. KOKAI 10 Publication No. 2003-534792

Patent.dogument 2,Jpn.-Rat, AppIn. KOKAI Publication Np, 2004-502401

Disclosure of Invention The present invention is directed to solving the 15
convehtiBhaFproblems and. atainingethe follewingy objectt Namely, the

object of (_:‘tpgggv%ntioi is.tg %rggidre rQediumfo,r makingﬁdediﬁerentiated
chondrocyte to be' redifferentiated into chandrdiyte diff e oy forerle

makingtdediffereniiated chondracyte 1o, beredifferentiated infg ., .
chondrocyte, the medium and the method being important for efficiently
produtiifg tramsplantaficn nateraisfer defidientorimpaired citesiofrocyte,

nose, ear traghea and.loint.and cosmetic 25 materials for cosmetic
surgery; being able to contribute to the eveiaopment of re%]éﬁla;&t’ﬁfeed
mediciherofthescartilage; andieing abte-to.effisienty.and,4
dedifferentiation during in vitro culture.
Patent document 1: Jpn. Pat. Appln. KOKAI
Publication No. 2003-534792
Patent document 2: Jpn. Pat. Appln. KOKAT
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 invention 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
ciltes 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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readily red_fferentiate the dedi.fferentiatedd: chondrocyte, which has
been changed to fibroblast-mike cells by dedifferentiation during in vitro
culture, into the original chondrocyte. 5 As a result of intensive studies by
the inventors of the invention by taking the status quo into consideration,
it has been found that the dedifferentiated chondrocyte, in which
characteristics of the cartilage have been’attenuated by 10
dedifferentiation, can be efficiently and readily redifferertiated into the

originakehondroeyte iby-using - cambination-Qf insylin.apd BMP52, and
preferably together with T3. The invention is based on the above-
mentiGned Hiscovery by the inventorse andaheans for:35 solvingpthest-11 ke
abovep-@ﬁrgiqwdcpergglie{gs are as follows: <1> a redrffe-eentiation

medium used for making dedif erentiate Chondrotite’to B8 Cutture,
redifferentiateck intoiariginal chondheeyter eartilage characteristics of said
dedifferentiated chondrocyte having been 20 attenuated due to
dedifferentia@iﬁnadu’fﬁ‘w@%{/iﬁé AR $arl mbditie eomprising:iinselin;ors
and at least-one, member sglected fram the group consisting, of BMP-2
and analogues thereof; <2> tl?e rediffefentiation medium 16r ma%ng 25
dedifferentiated chondrocyte ta belredifferentiatedninto €hendrocyte
accmggg%g%é%zh%qgfigogﬁggg¥%é§¥e, in which characteristics
of the cartilage have been attenuated by
dedifferentiation, can be efficiently and readily
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:
<l> a redifferentiation medium used for making
dedifferentiated chondrocyte 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
dedifferentiated chondrocyte to be redifferentiated

.

1ito chondrocyte according to <1>, further comprising
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5 <3> the redifferentiation medium for making dedifferentiated
chondrocyte to be redifferentiated into chondrocyte according to any one
of <1> and <2>, wherein the analogue of BMP-2 is BMP-4; <4> the
redifferentiation medium for making dedifferentiated chondrocyte to be
redifferentiated into chondrocyte according to any one of <1> to <3>,
wherein the insulin is present at a concentration from 0.05 to 500 g/mL;
10 <5> the redifferentiation medium for making dedifferenti_ated
chondrocyte mhetr@gif;eg@m@@@gemmmr%m%C?gqm%%ﬁg one
of <1> to <4>, wherein the at least one member selected form the group
consistitgi o BMIPLR lanieednalbgues thereof isptesentat 15earentiated

concentration.from 1 ng/mL to 40 g/mL; <6> the redifferentiation medium
for ma[llétilr%J g&ﬂ%ﬁeﬁ%{%&d chondrocyte T8 b&Hédiffefertfated inted <2>

- chondrbeyteiaccording e ayene of stk to <5>,pwyherein T3 is present at

[6a)
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a concentration from 10-9 to 20 10-5 M; <7> the redifferentiation medium
for making dédifféreéntiatéd ERGrGIEYEE i berediffererftiatedaintag

chondrogyteraccarding to any one of <1> to <62, further comprising at
least one memcf)cé)!r{sele%:tedrf%%mn%g?ﬁ rolip c%ﬁsrgﬁﬁ‘% tg%lﬁ?f%légf'ed

growthrfactori2oBGERY, insutinelike: growth fastors {LGE+1): 1parathyreid

hormone JgPTH), rowth hormone (GH), .
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
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
a concentration from 1 ng/mlL to 40 pg/mL;

<6> the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <5>,
wherein T3 1is 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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r glucocorticc id, vitamin D, !L-'j receptor antagonist, estrogen, androgen,
transformation growth factor a (TGFa), transformation growth factor R
(TGF(3), bone morohogenie proteins (BMP),. epidermal growth factor, 5
p'a‘elet-deri;red growth factors, transferrin, selenious acid, linoleic acid,
albumin, ascorbic acid, chondromodulins, heparin binding factor,
a-fibroblast growth factor, vascular endotiielial growth factor, mitogenic
hormone, connective tissue growth factor, 10 hepatocyte growth factor,

arachidonicacid.. prostaglandin A, prestaglandin B, tag'ar%dé“ Biist,
prostaglandin F and histamine; <8> the redlfferentlatlgn medium for

making Sdedifferentiated chondrocyte 0 benredifterentiatedh 154ptor o
chondrqgkte acc d|n o an one of <1> to <7>, wherein the

redifferentiated ¢ ondrocyte i< %8%0%(?“1‘%}11@%%6 dhontirééyte drfere
elasticrehondrgeyte: 93 tha redi  Hgrentiation medium %‘%roq)@ﬁ'n@a ctor,

dedifferentiated chondrocyte to be redifferentiated 20 into chondrocyte
according t6 shy 6e 6F ed>q0 1S3, Wheteinthetrediffefentiated selenious

chondr%gyote is cultyred b on lane culture, three-dimensional
culture and’ peﬁéjt édu ture%<i6)£ a rﬁed erehtlgﬁ&‘?lﬁ?étﬁoa%ﬁmakmg 25

dediffetentiatethchandrocytentorbe redifferentiated . lote Original; .oy 4t
chondrocyte cartilage characteristics of said dedifferentiated chondrocyte
hawn@f@@ﬁ factor, vascular endothelial growth factor,
mitogenic hormone, connective tissue growth factor,
hepatocyte growth factor, arachidonic acid,
prostaglandin A, prostaglandin B, prostaglandin E,
prostaglandin F and histamine;
<8> the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <7>,
wherein the redifferentiated chondrocyte 1s selected
from hyaline chondrocyte and elastic chondrocyte.
<9> the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to any one of <1> to <8>,
wherein the redifferentiated chondrocyte 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
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7 attenuated due to dedifferentiation during in vitro culture, said method
comprising the step of redifferentiating the dedifferentiated chondrocyte
into the original chondrocyte by culturing the 5 dedifferentiated
chondrocyte using the medium according to any one of <1> to <9>; <11>
the redifferentiation method according to <10>, wherein culturing is
continued for 3 to 6 weeks; <12> the redifferentiation method according
to any 10 one of <10> and <11>, wherein the ratio (C/D) of the amount

(C) of expeession andproduction of typed) :collagen in the redifferentigted
chondrocyte to the amount (D) of expressipn and production of type I
collageh iy th€ dediffetefifiatedchorracyteris 1tor i5 rarep£13> the

redifferentiation method aggording 10,80, ane of <1020 HZ WISTED e
the expression/production amount of type I collagen in the
dedifferentiatedschendraeytelisceguat te or mare thanther20 .
expression/iproduction amount oggpe | collagen in the chondrocyte in the

living Body, the &ount 6f production oty pedi e6lladen meetual to ordess no

than Litesgxpressiopiproduction agiount of type Il collagen i__ the
chondrocyte in the living body, and the 25 expression/production, amount

of type Il collagen ishequaktoforemerecthanithe expressionfpreduction o
amouQEég}y%%g;é¥§gggfgég?ggdggyggg%§§hed for 3 to 6 weeks;
<12> the redifferentiation method according to any
one of <10> and <11>, wherein the ratio (C/D) of 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
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
expression/production amount of type I collagen in the
chondrocyte in the living body, the amount of
production of type II collagen is egual to or less than
the expression/production amount of type II collagen in
the chondrocyte in the living body, and the
expression/production amount of type II collagen is
equal to or more than the expression/production amount

of type II collagen in the dedifferentiated
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chondrocvte; and <14> the redifferentiati.on method according to any one
<10> to <13>, wherein compression strength, fracture strength and
Young's modulus the 5 dedifferentiated chondrocyte are larger than those
i._ the redifferentiated chondrocyte. Brief Description of Drawings FIG. 1
shows photographs, in which the left one shows the chondrocyte (PO)
immediately after starting 10 culture, and the right one shows the
chondrocyte (P4) at the fourth passaged subculture about 30 days after
the starhof.dulture; sespectively. The photographs at the top show
electrophoresis bands showing expression of genes in the chondrocyte
(PO) immediately aft8f 15°Startiriey Gutfure aherinthe chbrdrooyté {P4) ap any
the f It 30 days after the start of culture.
FIG. gél&g@; %?;E?ﬁgs@#ovivﬁin%}tjhgg r%fﬁi% %f Qr%ﬁ él? rement osfgtﬁ%ne%(%?ﬁéssion
amountreftyped collagent204n they dedifferentiated .chondrecyte cultured
using Cfi\grgd' ferentiatjon medium containing insulin, BMP-2 and T3., and
using & culturé Meditim contaiming Trstirtard BMP-2SEIG 3 Ts &lgraph in
showingdhe sesults-ot 25; measurement.of the expression amount of type
Il collagen the dedifferentiated chondrocyte cultured using a
_ed_fferentiation medidinicoht@inimgrinstlie of Drawings

FIG. 1 shows photographs, in which the left one
shows the chondrocyte (P0O) immediately after starting
culture, and the right one shows the chondrocyte (P4)

at the fourth passaged subculture about 30 days after

the start of culture, respectively. The photographs at

the top show electrophoresis bands showing expression
of genes in the chondrocyte (PO) immediately after
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

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
measurement of the expression amount of type IT
collagen in the dedifferentiated chondrocyte cultured

using a redifferentiation medium containing insulin,
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BMP-2 and Ti, and using a culture medium containing insulin and BMP-2.
FIG. 4 is a graph showing the results of measurement of the expression
amount of type F collagen 5 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, 5 is a graph
showing data obtained by 10 studying and’comparing preferable ranges of
the content of BMP-2 in the redifferentiation medium containing insulin,

BMP-2,and T3 for r@gi,ffecgggti%gr}gj%e dceqjﬂ‘gerentiateﬁ.chondroc te into
the chondrocyte in Example 2. 15 Ié. 6is aiugrrgpﬁes %)Wné%gfagm e
obtainedsy/ istudying Bine-comparing preferable ranges of the content of
insulin in theFr?gifferentiation medium containing@ insulin, BMP-2 and Ti for

redifferentiating the” dediffer8ni&ted CHEhtrGeytasntothe doridrocyte in
20 Example 2. F1G« 7 is-argraph.showing data gbtained P@#%dy&n%éﬂ%gen
|

comparing preferable ranges of the content of T3 in the redifferentiation
mediurfi contaifing’ instlinn BMP<Xand T8dor redifferentiatingthe 25q =

dedifferentiated chcndrocyte into the chondrocyte in Example 2. FIG. 8 is
agya§$é]éﬁ%ﬁfﬁ%ﬁ%@ﬁﬁg(ﬁﬁiﬁum Contal¥1ng 1nsuﬂ3n, BMP-2 and

T3, and using a culture medium containing insulin and
BMP-2.

FIG. 5 is a graph showing data obtained by
studying and comparing preferable ranges of the content
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 for 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 chondroéyte into the chondrocyte in
Example 2.

FIG. 8 1s a graph showing the results of
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measurement of the expression amount of type | collagen in the
redifferentiation medium for redifferentiating the cultured dedifferentiated
chondrocyte when the contents of insul-n, BMP-2 and ___are 5 g/mt, 5
200 ng/mL and 10-7 M. respectively, and in the redifferentiation medium
having the same composition as describ%g above except that BMP-2 is
changed to BMP-4. FIG. 9 is a graph showing the results of measurement
of the expression amount of type _| 10 collagen in the redifferentiation

medium fer redifferentiatinghe-qultured dedifferentiated chopdrocyte | . .,
when the contents of insulin, BMP-2 and T3 are 5 g/mL, 200 ng/mL and -

10-3 M! réspiectivelyt afid i tthetrediffere Atiation’ medismitidving the same;
15 composition as described-aboye except that BMP-2 is_changed to
BMP-4. FIG. 10 is a graph show%r%l f lear%egs%Itg%?nr%re%%ﬁir:éem‘é}ﬁ%&f e
expressionearneuntofitype X collagen dn 4he redifferentiation medium for
redifferentiating 20 the cultured dedifferentiated chondrocyte when the

contents of insliin, BMPL2 ahd*TI &S5 BFAE 7260 ngimt. and 107 M,
respectivelyrand in the. redifferantigtin medium having the same . .
composition as describéd abovelexcept thlat%rhgg?z fsagc”ﬁar(fﬁéng ] i?ﬁ\irﬁfh. as
25 FIG: 14riszegraphcshowing¢he results sfrneasurementgbthe o svp-4 .

compressior}fgen thiass a mech%nic%l property of three-dimensional
culture productd obtained| 972Ph showing the results of

measurement of the expression amount of type II
collagen in the redifferentiation medium for
redifferentiating the cultured dedifferentiated
chondrocyte when the contents of insulin, BMP-2 and T3
are 5 pug/mL, 200 ng/mL and 10-7 M, respectively, and in
the redifferentiation medium having the same
composition as described above except that BMP-2 is
changed 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 are 5 pg/ml,

200 ng/mL and 10-7 M, respectively, and in the
redifferentiation medium having the same composition as
described above except that 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
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by three-dimensional culture. FIG. 12 shows photographic data of the
three-dimensional culture products obtained by three- dimensional culture.
5 FIG. 13 shows a graph .showing the results of measurement of the
compression strength as a mechanical property of the culture product
which was obtained by using the culture redifferentiation medium for
redifferentiating the dedifferentiated choné‘lﬁocyte into 10 the chondrocyte,
and subcutaneously transplanted into a nude mouse for 2 months. FIG.

14 shaws phetagraphic,data of the. culture, product which was obtained by
using the culture redifferentiation medium for redifferentiating the 15

dedifferentiat@éi@c-hohédr@é}ﬂ@:’inwﬁmeo@mmmcyteaaado&fubmﬁanepusly
transplﬁwrtgg_ir%io a nude mause for 2 months. Best Mode for Carrying Out

the Invention (redifferentiation mediam for ixking ZoPdédifrerertiatédree-

chondrcyte o beaedifferentiated into chondrocyte, and mgthod for
making dedifferentiated chondrocyte to be redifferenriated into
chondrocyte) Fhe redifféfetitiationcrhedium aeeording te the 25 present

invention f; ifferentiating the dedifferentiated chondrocyte into the
chon(;}r%%y%li[g ﬁ%Ljisﬁfr‘e{d f%frégﬁe?gﬁnt?aﬁls “the' dediffsréntiatéd 12 mechanical

property of the culture product which was obtained by
using the culture redifferentiation medium for
redifferentiating the dedifferentiated chondrocyte into
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
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
dedifferentiated chondrocyte to be redifferentiated
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



chondrocyte into original chondrocyte, cartilage characteristics of said
dedifferentiated chondrocyte having been attenuated due to
dedifferentiation during in vitro culture. The redifferentiation medium 5
comprises insulin and at least one of BHP-2 and analogues thereof, and
preferably, further comprises T3, and optionally, further comprises
suitably selected other components. The'redifferentiation method
according to the 10 present invention for redifferentiating the

dedifferientiated-chandrocyte,into the ehandrogyte. comprises,the step of

redifferentiating the dedifferentiated chondrocyte into original
chondebeyte < tyrduituring the dedifferentiatet: chandrocyte irrthedkscyte
redifferentiation gnergiuwtof the present invention, and optionally, an .
aditional step of other treatiieh e%pﬁ%%rfé?eﬁ%@féﬁ&&,e@érﬁﬁab@“ during
characteristics of said dedifferentiated chondraeyte having heen. .,
attenuated due to dedifferentiation during in vitro 20 culture, The

rediffét8RAALST edigimof therifvertiors for t redifferentiatifig the nd

dediff: i hondrocyte to _chondracyte, and the method of the |
inve nt%%n%?é ?%dgiffggeg njgtoleé%%ng tﬁg%epdlrf?gregﬁﬁgfate%' choni ﬁ&% yte 1025 the ©

chondrocytenwilldye: deseribed belows Hasulinorged issrotpartisulaflyse 1 ecteq
restricted, and may be appropriately selected depending on the purpose.
13 other compoOnents.

The redifferentiation method according to the
present invention for redifferentiating the
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
redifferentiating the dedifferentiated chondrocyte to
chondrocyﬁe, 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.
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For example, it may be either commercially available insulin or
appropriately synthesized insulin. While the content of insulin in the
redifferentiation medium for redifferentiating the 5 dedifferentiated
chondrocyte into the chondrocyte is not particularly restricted and may be
appropriately selected depending on the purpose, the content is
preferably from 0.05 to 500 g/mL. Rediffe entiation may not be always
induced when 10 the content of insulin is less than 0.05 g/ml,, while

induction-of tedifferentiation, may.be inhibited when. the %Q%e”at%f?gg?e
500 g/mL. Above-mentioned BMP-2 denotes bone morphogenic
proteii s FHenBMP-25s nob particelarlysrestiictedz 45 aincsmayrhe
appropriately selected depending on the purpose, and it may be either a
commerciall))g]%\l/afi?ab% “product %F af apprSpriataly Syrithesized product,

Whileanaiegue ehBMR-2ds net paricularly sestricted and:may be .,
appropriately selected from those 20 known in the art, a favorablé

exampFis BMPa t Azfer atlvastione setectet froth BMP2andcyte is

| e _can be made of BMP-2 and BMP-4 in ,
combiater B e BB Gf BNTE 4ty Do AIbABE 2L

BMP-24is grefesablypisedialonen? e the: redifferentiation snediym for
redifferentiatin%[}lhe dedifferentiated chondrocyte into the chondrocyte,

the cOHtehEoFaIEastoHe SefbetédP1400 Ho/mL.

Redifferentiation may not be always induced when
the content of insulin is less than 0.05 ug/mL, while
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 for 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
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from BMP-2 and analogies thereof is not particularly restricted, and may
be appropriately selected depending on the purpose, but the preferable
content is, for example, from 1 ng/mL to 40 ug/mL. 5 Redifferentiation
may not be induced when the content of at least one selected from
BMP-2 and analogies thereof is less than 1 ng/mL, while induction of
redifferentiation may be inhibited when the“content exceeds 40 pg/ml. 10
T3 denotes thyroid hormone (triiodothryoninej. While T3 is not particularly

restrictedhandmay be,appropr [ﬁ}_eLleysseJ%(étg dde p.lethQQ OB atQ%ipCu\E g%?’
for example, either a commercially available product or an appropriate yy
synthesizéd produet maylbeased: 150the redifferentiationemedinideiendi ng

rediffe(g%nt;@}jsngﬁ &he gggiffegentig ed chondrocyte into the chondrocyte
further containing T3 is ddvantagesus Ve thethadfiith te8itairing fvsulin

and atleastone selected fromBMP2 and,gnalogues thereof without T3,
since the 20 dedifferentiated chondrocyte can be more efficiently

redifferentiatt8Whileeegpressiorref fpe X eollagen thatntreases during

osteogenesis can.be efficiently suppressed. While the content of T3 in the
redifferentiation 25 raned?urﬁsf%/r Te |ff8rGenet%:ﬁ%gt & Geditférentiated

uhondroeyteditosthenehendrocytelisiotpasticularly 4estrigied and may e o,

appropriately selected depending on the purpose, it is preferably from

11}9fa%Iigqﬂﬁferentiation may be inhibited when the content
exceeds 40 ug/mL.

T3 denotes thyroid hormone (triiodothryonine) .
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.

The redifferentiation medium for redifferentiating
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 analogues thereof without T3, since the
dedifferentiated chondrocyte can be more efficlently
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 dedifferentiatéd
chondrocyte into the chondrocyte is not particularly

restricted and may be appropriately selected depending
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Redifferentiation may not be efficiently induced when the content of T3 is
less than 10-9 M, while redifferentiation may be inhibited when the
content 5 exceeds 10-5 M. When the content of -3 is within the
above-mentioned range, the dedifferentiated chondrocyte can be more
efficiently redifferentiated as compared with the medium containing
insulin and at least one selected from BMP-2 and analogues thereof
without T3, 10 while type X collagen may be efficiently suppressed from

being expressed.While-other companents are pot pagficularly restricted |,

and may be appropriately selected depending on the purpose, examples
thereof include gémponents.- 5 that may affect vedifféfentiationlof theduced
dediff%drgggattefgecrg:oond{ocyéteoigtoﬁgw'eich(?tndroc%/te and solvents. The

i

components that may affect redifférentiation” of tHa ‘dedifréréhtiatBd L

chondreeyte intedhe 20-chondrogyte-arennatpartigularly restricted and,
may be appropriately selected depending on the purpose. Exa_mp_les of
the coffporieht inclade fibroBlastgiowthe facier2 (FGFE2), insulin:like: the

growth factors (IGF:1), parathyroid 'egfemagg5??§%égf°-vgt&%°f%%r}%mcyte

(GH), 25 glucocorticoid (dexamethasone), vitamin 4 receptor
antagonist, estrogen, andtogem(sych asi testesterans)e ransformation:

orowtsFgto  (TGF2)1F danslomation growth fctoy - (TGFS) bone
morphoy
selected from BMP-2 and analogues thereof without T3,
while type X collagen may be efficiently suppressed
from being expressed.

While other components are not particularly
restricted and may be appropriately selected depending
on the purpose, examples thereof include components
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
chondrocyte 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),
glucocorticoid (dexamethasone), vitamin D, IL-1
receptor antagonist, estrogen, androgen (such as

testosterone), transformation growth factor o (TGFa) ,
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proteins (BMP), epidermal growth factor, platelet- derived growth factors,
transferrin, selenious acid, linoleic acid, albumin, ascorbic acid,
chondromodulins, 5 heparin binding factor, a-fibroblast growth factor,
intravascular growth factor, cell division accelerating hormone, connective
tissue growth factor, hepatocyte growth factor, arachidonic acid,
prostaglandin A, prostaglandin B, prostaglandin E, prostaglandin F and

10 histamine. Each of the other components described above may be

used alone,saraphurality of thenrmayhe used incgmbination. The roqen: -
solvent is not particularly restricted and may 15 be appropriately selected

“dependiriy 6ri'tie ptitfiose. 7 Fdvsrable example iswater. Water ircludes

sterilizgd water and Millipgre Q water, The content (total content) of the
other 20 components in the redifferentiation medium for J(fzgaﬁ%ﬁgnt?actfn

the dedifferéntiategichiondrooyteiinto the-ehandroeyteds not padticady ) ins
restricted, and be appropriately selected depending on the purpose.

ay h
The dedifiéren %ga%h%%d@c%@ As thie taryetor o2 the radiffederttiation

mediuny. of the: kwention for. edifferentiating the dedifferentiated ., ..
chondrocyte into the chondrocyte is a cell derived from the chonarocyte, -
1 cartlagecharacteristics oFwhictelhave beentdttefwated, hepatocyte

growth factor, arachidonic acid, prostaglandin A,
prostaglandin B, prostaglandin E, prostaglandin F and
histamine.

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
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
components in the redifferentiation medium for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte is not particularly restricted, and may
be appropriately selected depending on the purpose.

The dedifferentiated chondﬁocyte as the target of
the redifferentiation medium of the invention for
redifferentiating the dedifferentiated chon rocyte into

the chondrocyte is a cell derived from the chondrocyte,
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by dedifferentiation during in vitro culture. The cartilage characteristics as
used herein means the expression/production amount of type | collagen
and 5 type Il collagen in the living body. Attenuation of the cartilage
characteristics means that the ratio (A/B) of the amount (A) of expression
and production of type I collagen to the amount (B) of expression and
production of type | collagen in the chondfdcyte (pre 10 dedifferentiated
chondrocyte) before the chondrocyte is dedifferentiated is | or more, or

that the-ratio (C/D) 9f-the amount (C).of exprgssion;ansd prodyction of nypeed

type Il collagen to the amount (D) of expression and production of type
collagéti intise Ehendrocite {pre- A5 dedifferentiatec chondrocyte) before

the chondroc%/}tle is dediqerentia}led is | or less. The pre-dedifferentiated
chondrocyte means the “chondrocyta it the fivVing oty f#&l%dwﬁf:éﬁ@th% means
dedifferentiated-chandrocyte is derived. 20Whether the chondrgeyte s, ..

the dedifferentiated chondrocyte having attenuated cartilage
charattéristiés, the grecdedifferentiatdd ehonadioeyte or‘thechendfocyte £
(rediff ti chopdrogyte) redifferentiated from th dedl_fferent_lated
chond%%?/t?gg rln%g l:%e JCE%%greadp ?rgr%ltﬁecelecipr%%gi%%/;ﬁ:r%%cﬁgﬁ dmbuft of

type | collagen thenexpression/praduetior apieli of ntypes Leollagen; on o
and the expression/production amount 18 of type X collagen, the
conwﬁé@ﬁbﬁsﬁ@ﬁéﬁﬁ%%ﬁﬁﬁethe amount (B) of expression and

production of type I collagen in the chondrocyte (pre-
dedifferentiated chondrocyte) before the chondrocyte is
dedifferentiated is 1 or more, or that the ratio (C/D)
of the amount (C) of expression and production of type
II collagen to the amount (D) of expression and
production of type II collagen in the chondrocyte (pre-
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.

Whether the chondrocyte is the dedifferentiated
chondrocyte 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
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strength, Young's modulus and equilibrium compression coefficient._The
cell in which the expression/production amount 5 of type Il collagen is
smaller than in the chondrocyte in the living body, the
expression/production amount of type | collagen i.s larger than in the
chondrocyte in the living body, and the compression strength, fracture
strength, Young's modulus and equilibriurﬁ%ompression 10 coefficient are
lower than in the chondrocyte in the living body may be judged to be

highly possiple tocbe othﬁd%%%lffe@mla&%ﬁh%@gE%yt%t"i’@'ﬁf‘g%e cellin. ure

which the expression/production amount of type | collagen is smaller than
in the ERGFDENte Hthedl S living body, thedexpressicon/production aratpt
of type, Igfcj;_gllageentls larger than in the chondrocyte in the living body,
and the compression strength, fracture strength, Young's modulus and

equilibrium compression i coefficiant are higherdhan M%SQQ%@&%%% unt
the 20 living body may be judged to be highly possible to be the

redifferéntiatB8 chondrdcdyt88ince thechentrdéyie plréduc@s a'cartiiageyte

matrix; and,is meta chromatic to toluidine blue, the no G? qcferenu%gegnor of
redifferentiated chondrocyte can be 25 scrlmlnateg f:)y ofuidine bid
stainingzprkn thecchoredyecytes geaeradly, m&axexpﬂie?@si@nmﬁ@ﬂ@@t%pte in

ke e (AR I R A R e

of type ’
strength, Young’s modulus and equilibrium compression
coefficient are lower than in the chondrocyte in the
living body may 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
living body, the expression/production amount of Type
II collagen is larger than in the chondrocyte in the
living body, and the compression strength, fracture
strength, Young’s modulus and equilibrium compression
coefficient are higher than in the chondrocyte in the
living body may be judged to be highly possible to be
the redifferentiated chondrocyte.

Since the chondrocyte produces a cartilage matrix
and 1is metachromatic to toluidine blue, the non-
dedifferentiated or redifferentiated chondrocyte can be
discriminated by toluidine blue staining.

In the chondrocyte, generally, the

expression/production amount of type I collagen is
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collagen that increases when converted into the bone is small, the
expression/production amount of type !l collagen is large, and expression
of at least one of 5 COL2A1 gene, COL9AI gene, COL11A2 gene,
Aggrecan gene, Matrillin 3 gene and Chondromodulin 1 gene is higher
than in the dedifferentiated chondrocyte. Accordingly, the chondrocyte is
likely to be changed to fibroblast-like dedifferentiated chondrocyte 10
when type | collagen is expressed and produced in the chondrocyte. Since

COL24.gene, GRLIAL gene, LOL1LAZ gene, Agareean gene, Magilin

3 gene and Chondromodulin 1 gene are highly expressed in the “normal
chondreeyte gthesegenesand preteing suchcas: $5:type |l eellagenasthe s
results og f)fpreg,gion of these %}a es may be markers of the normal

chondrocyte! Proteoglycan may al86 Sene 48 théhrarker of the Rdrmal

chondtecyteda additiontogthesgproteins.Specific examples of the -
chondrocyte include 20 hyaline chondrocyte such as articular
chondreeyte! (Horirogre HeriveerfromGionlibadedspertioncafthean gene,

articular cartilage) and costal cho groc te (chondrocyte derived from
costal cartilage); and ‘elastic gﬁorgll r?)%gtreogﬂt?c%uéé %u%cﬁfé"r%kﬁoﬁd%@ﬁ@r

25 (chondrocytederivedSfiomeauricularcartilags) « While gach of these
chondrocytes is usually used alone, a plurality of them may be used
together. 20°EXampie¥ofthetfetiifférentiamestichorzrédytelareto be

changed to fibroblast-like dedifferentiated chondrocyte
when type I collagen is expressed and produced in the
chondrocyte. Since COL2A1 gene, COL9Al gene, COL11AZ2
gene, Aggrecan gene, Matrillin 3 gene and
Chondromodulin 1 gene are highly expressed in the
normal chondrocyte, these genes and proteins such as
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
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
(chondrocyte derived from auricular cartilage).

Wnile each of these chondrocytes is usually used

alone, a plurality of them may be used together.
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the same as the pre-dedifferentiated chondrocyte. While the
rediffererrriated chondrocyte is not particularly restricted as long as the
-ratio /D) of 5 the expression amount of the type il collagen (C) to the
expression amount of the type il collagen (D) in the dedifferentiated
chondrocyte exceeds 1, the ratio is preferably 10 or more, more
preferably from 100 to 1000. 10 While thé Amount of seeding of the
dedifferentiated chondrocyte on the medium for redifferentiating the

dedifferentiated-chondsocytednto the chendracyte is-notpatigularly. . ..
restricted and may be appropriately selected depending on the purpose, it

15 is preferaBliefrem aiout05 eabduter09 ¢alisimi, qmn@poemabwh
from 0 out cells/mL. The cell may be hypertrophic when
the amyr%t%f%ége(}?% é# t%gergggiﬁ%%eerﬁia?egt?%%ﬁgiygcei/tex F'|gs fé%% than

105 celistmis while the celitmay bechypoxie.and 220 hypotrephic when the «
amount of seeding of the dedifferentiated chondrocyte exceeds 109

cells/mL THe dédiftershtiatéd thofidrocyte seded bnthe! afisdiurtifor o
rediffergatiaung the.dediferentiated .chapdrocyle into the hondrogyle is,
not particularly 25 restricted, and may be appropriately se acted’
deperiding der thef purposea Yhile-favoiable examplesafshe, the ratio
dedifferentiated ch%ndroc te include those changed to 21 the "
dedifférenitiated SRondrotyte’ by MetfftferBhfistion © erably from 100 to

1000.

While the amount of seeding of the
dedifferentiated chondrocyte on the medium for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte is not particularly restricted and may
be appropriately selected depending on the purpose, it
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
hypotrophic when the amount of seeding of the
dedifferentiated chondrocyte exceeds 109 cells/mL.

The dedifferentiated chondrocyte seeded on the
medium for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte is not particularly
restricted, and may be appropriately selected depending

3

ne purpose. While favorable examples of the

on

dedifferentiated chondrocyte include those changed to
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of the chondrocyte during in vitro culture, and these extracted as the
dedifferentiated chondrocyte, the former is more preferable. The culture
condition of the dedifferentiated chondrocyte in the redifferentiation
medium for redifferentiating the dedifferentiated chondrocyte into the
chondrocyte is not particularly restricted, and may be appropriately
selected depending on the purpose. 10 While the culture time is not
particularly restricted and may be appropriately selected depending on

the purpose;dts usually 1;week ormore, preferaply Eﬁ%‘é‘i%%%Pe‘lavﬁﬁ‘—f%-ion

Redifferentiation may be insufficient when the 15 culture time is’less han
1 week.\While the cultures temperaturesisinotvparticulary trestrictedand, o s

may be ropriately selected depending on the purpose, it is usually
from B%X%S%ZC ,e%prgy ergb y frcgenq gzl%%@@é??@??ed?ﬁ?@ﬁéﬁﬁ%ﬁéﬁ%aﬁb%

impaired efdhe cellypay: giedvhen the culture temperature is Ie;s than
32C. While the oxygen partial pressure in the culture is not particularly

restricted and hayBe @pproprately: selectéd dependihif 6n the plrpese, it
is usug%gg% Jéo 1o, 3?%%25%%@@% erom 1a5tto 2n51. Redifferentiation

may be impaired or the ce y diew e%ntﬁé" oxjyaen%%ﬁjﬁéﬂ“bl%%ure is

less thani10%: 22~ While: the phdhe cultare isshatparticulalynarocyte into
the chondrocyte is not particularly restricted, and may
be appropriately selected depending on the purpose.

While the culture time is not particularly
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
culture time is less than 1 week.

While the culture temperature is not particularly
restricted and may be appropriately selected depending
on the purpose, it is usually from 32 to 42%C,
preferably from 34 to 39°C.

Redifferentiation may be impaired or the cell may
die when the culture temperature is less than 32C.

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%.
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restricted and may be appropriately selected depending on the purpose, it
is usually from 6 to 8, preferably from 6.5 to 7.5. 5 Redifferentiation may
be impaired or the cell may die when the pH is less than 6 or exceeds 8.
The culturing method is not particularly restricted and may be
appropriately selected depending on the purpose. Examples of the
culturing method 10 include plate culture fmonolayer culture), three-
dimensional culture and pellet culture. Each of these methods may be

used alone. g1 lually ofthe mefhods,may.he ysedin combinatiqn, .,
The three-dimensional culture is preferable among them. 15%rhe pFa e
culturer (monolayet caltdre)dy twe- dimensionaleulture effectedion aoplate ng
or Petri disﬁh. In the three-dimensional culture, the cells are cultured on or
within 2 thres-dirensional matrix (SE4fotmateRalf madefof colgeRzoLy
fibrin ar-20 hyaluronicracid. Commercially available materials such as
aterocoliagen (manufactured by Kawaken Fine Chemicals Co.) may be
used for the tifréédimensioral eahturez THeethreeadimensionat matrix 1 1 may
scaffold material), 25 is.not particularly restricted, and the material,
E)rope%g,e sﬁé&éﬁ ;gtquuectt?rkg éLr% gi%césthgﬁea& rré1a§/) be™Appropridtely selected
depending onitbe purpese.r23 fkxamplesofihe slggﬁglgcmggegj@l include

pmy{%estricted and may be appropriately selected depending
on the purpose. Examples of the culturing method
include 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 among them.

The plate culture (monolayer culture) is two-
dimensional culture effected on a plate or Petri dish.

In the three-dimensional culture, the cells are
cultured on or within a three-dimensional matrix
(scaffold material) made of collagen, fibrin or
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)
is not particularly restricted, and the material,
property, shape, structure and size thereof may be

appropriately selected depending on the purpose.
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lactide, poly-L--lactide, poly-DL-lactide, polyglycolic acid, polylactic acid,
hyroxyapatite, calcium phosphate, calcium phosphate, hyroxyapatite, 5
aterocollagen, collagen, fibrin, alginate, agar and gelatin. One of these
materials may be used alone, or a plurality of the material may be used
together. Aterocollagen is favorable among them. A favorable property of
the matrix is a gel. 1C The shape may beZappropriater selected
depending on the required shape for the materials used for

transplantation: engosmetic materials, Exarmples:of the favorable structure
generally include porous structure, mesh structure and sponge 15

structuréCin-fife pélieticultute, the Ehonedrocyteleultared By , thecplate ycolic

culture js.peeled, is cultured jn the culture medium with being gently
centri%gjé%.' R%%%%ngﬁé’tcs Stthe cultired el are Sbtaified bythe 20

pellet pultunen Bytheqeellet ultyre; #ds passible r@%gggggl;ant
cultured cells to be coagulated in a high density. According to the
redeff@feéntianion Af&thod of the $tesentipvention iy whicietheagar and

dediferenyiated 25chondsoayie Iy rediferentiated info the condragyie by o,
using the redifferentiation medium of the present invention for
redifferentiating the/dedifferentiated 24= choadraeyte inte the ghendracyte,
t:br%ggg?g£ollagen is favorable among them.

A favorable property of the matrix is a gel.

The shape 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 structure, mesh structure and sponge
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
pellet culture. By the pellet culture, it is possible
to make resultant cultured cells to‘be coagulated in a
high density.

According to the redefferentiation method of the
present invention in which the dedifferentiated
chondrocyte is redifferentiated into the condrocyte by

th

using the redifferentiation medium of the present

invention for redifferentiating the dedifferentiated
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redifferentiated chondrocyte can be used to form transplantation
materials for the impaired or damaged cartilage of the nose, ear, trachea
and. joint, and for cosmetic marerial.s for cosmetic surgery. The meth_od
for culturing or proliferating the resultant redifferentiated chondrocyte is
not particularly restricted, and may be appropriately selected dep_endlng
on the purpose. For example, the 10 methdd includes above-mentioned
plate culture (monolayer culture), three-dimensional culture and pellet

culture. . Whi of these methods may be used alone or a_plurality of
the me%%gs!%nga%ggg uls%e([icin gc%emﬁ?%zoa |5$19,/Oi‘3/ the three-diffensighar

culture-methiae: is-favorahle ameng -othets: Although there is a prablem
that the chondrocyte is relatively easily dedifferentiated and changed to a

fibroblaSERKE dédiffeFeriiatia chbhartotyte wheitthieree thefdrocyteisa ged

cultureckand profifetated o vitra for the puipiose of fegeneralive medicne, .
of the cartilage, the dedifferentiated chondrocyte can be elaflqlen fy anc
readily-redlifférentiateceinte the chondroeyte by using;dhe redifferentiation

medium of the present invention 25 for redifferentiating the ‘ ]
dedifferentiai}[g}éiecﬁrtl)ent 8Eyte°intG tHe ChoRErsSytE "6r by BsmEthe méthod

of the -presentinventian fotredifferentiating the 25 dediffer nl. ated
chondrocyte into the chondrocyte.
particularly restricted, and may be appropriately
selected depending on the purpose. For example, the
method includes above-mentioned plate culture
(monolayer culture), three-dimensional culture and
pellet culture.

While each of these methods may be Qsed alone or a
plurality of the methods may be used in combination,
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
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
for redifferentiating the dedifferentiated chondrocyte
into the chondrocyte, or by using the method of the

present invention for redifferentiating the
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Accordingly, the resultant chondrocyte (mass of the chondrocyte)
obtained by further culturing the redifferentiated chondrocyte may be
favorably used for 5 treating various diseases related to the car.tllage .by
embedding the chondrocyte into a cartilage deficient cite. The invention
may be favorably applied to regenerative therapy of the cartilage, since
the chondrocyte extracted from the patienthimself can be i0 cultured and
returned to the patient in order to use the cell as the cartilage (mass of

the chandrocyte)- Fxamples While examples of the jnvention will be
described in detail below, the invention is not restricted any Ilf_vva{/ to
these &xamples: ¢ Differeérntiation ofichondrocyte intoydedifferantiated « he

chondrocyte due tgec%edifg%rentiagon A chondrocytaz%oliferation medium

10 mL} manufactured 1 CambiexCo.j Cohtaiing FEE2 29 (fibfoblast

growth facter2) 46l (insulindike -growth fagtortl), insulin, frapsferdn -,
and selenic acid was added to 5% by mass of FBS (fetal bovine seru_m) in
a Petri dish® 4Rd tHé thehdrstyie tdervedfronehumant auricalar cartilagey

200,000 5els) was sbcuuted 25 the, Bt dish for 30 days byplate

culture (monolayer culture). The pVate culture ﬁmonolay ‘?%ult&ﬁaﬁ

conditicrrwas 3713, 30vdays, pE @andexygenpartial, 26, Pressure of 20c
regenerative therapy of the cartilage, since the
chondrocyte extracted from the patient himself can be
cultured and returned to the patient in order to use
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
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
(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
the Petri dish for 30 days by plate culture (monolavyer
culture) . The plate culture (monolayer culture)

condition was 37°C, 30 days, pH 7 and oxygen partial
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In FIG. 1, the photograph at the left shows chondrocyte (PO) immediately
after starting culture, and the photograph at the right shows the
chondrocyte 5 (P4) at fourth subculture about 30 days after the stare of
culture. The photographs at the top of FIG. | show electrophoresis hands
showing expression of genes of type | collagen, type Il collagen and
GADPA (glyceroaldehyde-6-phoaphate d%‘?\ydrogenase) in the 10
chondrocyte (PO) immediately after starting culture and in the
chondgoeyte (R4) atfourth subculture about 30 days after the start of
culture. These photographs show that type Il collagen was expressed and
type | collagehrwés hot exptessediinther&bichendraocyte éPO; knmediately
after the start of cultur is.shows the characteristics of the

chono|rc§§f€é5 fﬁrceﬁeediﬁgg)-é]ntbntuen&%ﬁ%%ﬁ dcyte), ahdthe” ERBAdIIE) e e
(PO) immediately after the: start.of eulture was confimednotto e . . o
dedifferentiated. On the other 20 hand, the expression amount of type IP/

collagéh Was® decredsed White type! F eolidgeit wag elqressed inthene start
chondocyte (P4) at four Subculre 30Ut 30 daye afe he it o

culture. This shows the characteristics of _he de ﬁfe?gﬁtiﬁgdm& 1 show

chondedeyte r @5hand it vas cantirnaed thatdhe cpeadracyte (P4) at four b
subculture about 30 days after the start of culture was dedifferentiated. 27

Rediffe’gntat .61 of deditrererised cHontitéGte and GADPH

(glyceroaldehyde-6-phoaphate dehydrogenase) in the
chondrocyte (P0) immediately after starting culture and
in the 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
chondrocyte (PO0) immediately after the start of
culture. This shows the characteristics of the
chondrocyte (pre-dedifferentiated chondrocyte), and the
chondrocyte (PO) immediately after the start of culture
was confirmed not to be dedifferentiated. On the other
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,
and it was confirmed that the chondrocyte (P4) at
fourth subculture about 30 days after the start of

culture was dedifferentiated.



into chondrocyte The chondrocyte (P4: dedifferentiated chondrocyte,
200,000 cells) at fourth subculture about 30 days after 5 the start of

culture was cultured by embeading in a three-dimensional matrix of
aterocollagen for 7 days using a medium (a medium in Example 1 for
redifferentiating the dedifferentiated chonglr700yte into the chono!rocyte)
containing 5 pg/mL of insulin 10 (manufaétured by MP Biochemlcals_ Co.)

and 200 nm/mL of BMP-2 (human recombinant bone morphogenetlc
protein-2z<manutacturedshy Yamanouchi Pharmaceytical Co,) i a basal
medium Dulbecco's Modified Eagle's Medium Nutrient Mixture F-12 HAM
(trade%?ﬁe:%ﬂEMfSi% 95 manufactured by Sigma ChemicaLCo.), and
using a medi i in Ex le 2 for redifferentiating the
dedi?ferentiat%%}ic(h%)ﬂr?dgr%%lﬁgéy%teo &%%hégnedgrgjgyt%s “Containing 1057 M oFY e
T3 (L-3(®,50triiodethysonine) ivaddition te the abevespentioned 4ays afrer
components in the basal 20 medium. This culture corresponds to the -

> method 6 the® inventioR for Fedifférentiating #he dedifferantagns in a

10

15

20

chondreeyte Intodbe-chandropde. Theamauats of expression of ype |
collagen (Col-l), type Il collagen (Col-11) and type X co?lgge- 2 §( o] -%/m

the dedifferentiatertichondracytesicultured Eusing he abpye-mentioned
two cultuc[gg?edia were measured. The amounts of expression of type |

2R collagen: type f-collagén dhd §pa X siFehtinthed chondrocyte into

the chondrocyte) containing 5 pg/mL of insulin
(manufactured by MP Biochemicals Co.) and 200 nm/mL of
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/F12,
manufactured by Sigma Chemical Co.), and using a medium
(a medium in Example 2 for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte)
containing 10-7 M of T3 (L-3,3",5" ~triiodothyronine) in
addition to the above-mentioned components in the basal
medium. This culture corresponds to the method of the
invention for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte.

The amounts of expression of type T collagen
(Col-I), type II collagen (Col-II) and type X collagen
(Col-X) in the dedifferentiated chondrocytes cultured
using the above-mentioned two culture media were

measured. The amounts of expression of type I
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dedifferentiated chondrocyte (control) are shown in FIGS. 2, 3 and 4,
respectively. In FIGS. 2 to 4, Bl denotes the medium containing BMP-2
and insulin, while 5 BIT denotes the medium containing BMP-2, insulin
and T3. The r_esults in FIGS. 2 to 4 show that the expression amount of
type | collagen characteristic of the dedifferentiated chondrocyte
decreases, the 10 expression amount of fygpe Il collagen characteristic of
the chondrocyte increases and the expression amount of type X collagen

expressed ahen, the,gartilageds | camarted,intq the. bone dends 1o.be,, .
slightly increased as compared with the dedifferentiated chondrocyte as a
15 cofiftBl WiferPthieldédifferdritiated ehbadroeyte is> tultared asingrthen
medi r redifferentiating the dedifferentiated chondrocyte into the
chon(ﬂé)g/té %j' E%a?nnp e 21’(Bﬁ)eggr?t%?nﬂﬁr%‘}/slnin%ng BRIP-2 THe ratio™”
(C/D)wf the amaunt (Gof expressien andpreguction. 0£20.type I, yhiie
collagen when the dedifferentiated chondrocyte is cultured using the
medi?%ﬁn%%&%ﬁé 1-{B81) 61 tediffe raritrating the Béktifferentiatedin and
chondrgcyte into the chondrocyte containing insulin and BMP-2 to the
amount (D) of expression and production of type If 25 collagen in the
dedifferentiated chendiocyte as ke scorttral vas abeut 10..\Whenthe

dedifferentiated chondrocyte is cultured 29 using the medium. for
red:%ﬁﬁéﬁﬁgﬁﬁ@tmyount of type I collagen characteristic of

the dedifferentiated chondrocyte decreases, the
expression amount of type IT collagen characteristic of
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
control, when the dedifferentiated chondrocyte is
cultured using the medium for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 1 (BI) containing insulin and BMP-2. 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 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
collagen in the dedifferentiated chondrocyte as the
control was about 10,

When the dedifferentiated chondrocyte is cultured
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dedifferentiated chondrocyte into the chondrocyte in Example 2 (BIT)
containing insulin, BMP-2 and T3, on the other hand, the expression
amount of type 5 collagen characteristic of the chondrocyte largely
decreases, the expression amount of type T~T _ collagen characterist_ic
of the dedifferentiated chondrocyte largely increases, and the expression
amount of type X cottager expressed w N the cartilage is converted into
10 the bone tends to be slightly decreased as compared with the

dedifferentiated, ehendrogyte: as a-contrale The:ratio:(G/0) of the amount
(C) of expression and production of type Il collagen when the
dedifféféhtiatéd BRéRdraeyte radtred using the 1semediumforyte in

diff e |ferent|ated chondrocyte intq the hondroc te in
e e s s

Example 2 (BIT) contamlng inst Dy of™
expressioncanc: praductionofdype th-collagen iathe rﬂeglﬁeg%gatgd
chondrocite as a control was 20 on 20 more. These results show that the

chon&rdevisiEdh 68 retfifférehtiated imto e chonardeyte by cmtuaﬁémhe
chon@r@@ﬁ%@iggtem?ée@s&%&%9?9&(“%@&%@" h%”%mc}’ge
2 or re fferen mg

dedifferentiation using the 25 redifferentiatinn me um

the deldifferentiates:chondfocyte tohontkaeyte accordingotaiExamples 1

and 2, 1t L was alsonfggggstggt vg/pl%n tk}llee ngregelffesﬁen |gt|nn rEr;edlgmt for .

rediff-réntiating tHe ’ pression amount ot type
collagen expressed when the cartilage is converted into
the bone tends to be slightly decreased as compared
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
dedifferentiated 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

londrocyte to chondrocyte according

to Examples 1 and 2. It was also found that, when the
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dedifferentiated chondrocyte into the chondrocyte in Example 2 is used,
the dedifferentiated chondrocyte can be efficiently and readily
redifferentiated into the 5 chondrocyte as compared with using the
medium for redifferentiating the dedifferentiated chondrocyte into the
chondrocyte in Example 1. - Study of preferable amount of each
component in the medium for making dedifferentiated chondrocyte to be
10 redifferentiated into chondrocyte Preferable ranges of the contents of

insulin: BVP:2 ang: T3 in ediym for rediffgrentiating the .
dedifferentiated chondroc;g/it?efe iﬂtk?gt%mck%gd%gétjé%gﬁgr%b éE i the
contaifirglinéalis BMP:-2 and T3 were \tselusidated by the fallewing:
three g.orgﬁaz%sor}s. First, ngen the contents of BMP-2 were changed to

400 ng/mL, 200 Ag/mL aRd 100 AG/ME respBEfivelyavith & sontamore can
insulircef & gimk ang-a content.af 13 of, 10:7 M Abe expressign amount of
type 1l collagen was 20 the largest when the content of BMP-2 was 200
ng/mLE RIS 5= Begond, whenahe€onténts of Tigwere changed td c10-6

M, 10-7.M. -8 M, respectively, with a content of insulin of 5 g/mL
and a{%%gr?% o%%&l%f ?O %5%?)@0 %'8 rﬁ%,%%léeenx%lrgétseign AMBAREy el te

collagenewaisdhe targest whenethengontent of T3 was 10-7 N (FIG. 6). a.

Third, the contents of insulin were changed to
- Study of preferable amount of each component in the

medium for making dedifferentiated chondrocyte to be
redifferentiated into chondrocyte -

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 changed 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).
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50 g/mL, 5 g/mL and 0.5 g/mL, respectively, with a content of BMP-2 of
200 ng/mL and a content of T3 of 10-7 F, the expression amount of type
Il collagen was 5 the largest when the content of insulin was 5 g/mL (FIG.
7). The results above showed than the redifferentiating ability of the
dedifferentiated chondrocyte into the chondrocyte was excellent when the
10 contents of insulin, BMP-2 and T3 werel5 ug/mL, 200ng/mL and 10-7
M, respectively, in the medium for redifferentiating the differentiated

chondrocyte g, chondrocyte.in Example 2. ; Effect of analogue 15 The
effect of the analogue on redifferentiation of 'the dedifferentiated
chondrdcyte into, the ghondroeyte was siydied as-tollewshy,ehanging:r,
2MP-2 to its analogue BMP-4 in the medium of the invention for

rediffefentiating the detifféremtiatéd cREH8rocstsirto 20rthechondraeyter
The dedifferentiated chopdracyte was, gyltured-as descri e%gﬁva'oug'ywas

using the same culture media for redifferentiating the de |fferen_t|a(%é3 |
chonddcyté dmtecthie chomdraodyte doExamples | anci2 iandvase in ydieh,
BMP-%I}AiaGs cq nged to BMP-4 in Example 25 2. The amounts of _
expression of type _ collagen, type Il collagen and type X collagen in the

cultured dedifferendiated-ehondrosyte,wete;measured..The 32 amounts

of expression of type | collagen, type Il
redifferentiating ability of the dedifferentiated
chondrocyte into the chondrocyte was excellent when the
contents of insulin, BMP-2 and T3 were 5 pg/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 -

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
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
2. The amounts of expression of type I collagen, type
IT collagen and type X collagen in the cultured

dedifferentiated chondrocyte were measured. The
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collagen and type x collagen in the dedifferentiated chondrocyte (control)
are shown in FIGS. 8, 9 and 10, respectively. In FIGS. 8 to 10, "BI"
denotes the 5 medium containing BMP-2 and insulin; "BIT" denotes the
medium containing BMP-2, insulin and T3; and "BMP-4" denotes the

medium containing BMP-4, insulin and T3.9The ratio (C/D) of the amount

(C) of expression and production of type ?I“collagen obtained by 10_ _
culturing the dedifferentiated chondrocyte using the medium containing

insulinaBMR-4and T340:the-amaunt: (B)of expression,and productian of
type 1l collagen in the dedifferentiated chondrocyte (control) was 20 or
more. 183 & feésulizinHIES 8 110 shew that the rediffeféntiation.ated

mediushaws approxigialely the same tedfferentiating abity asin,
Example 2 even when BMP-2 is changedhto Its analogue BMP- in'the ="
mediune foe redifferentiating the dediffereatiated clrandreeyte:20:1Q 1o
chondrocyte in Example 2., - Mechanical properties of“the cultured
produ@teé%llP@Hiﬁ@%ﬂi&?éﬂ‘@h@%r’o%yﬁéldm@éHéﬁ@rfbcy@@FM)d@tff@Dﬂh the
subculture: ahout, 30.days aftenhe start of &Hﬁ%‘_f%rgf 25%0,-’0991&6“&?1!-%5’
the chondrocyte differentiated to the dedifferentiated c ondrocyte,. were
cultureld by ernbedding<a anraterocollagendhres dimensienal magixifor 21
: culture media used were the medium for
days 33 Th%he ratio (C/D) of the amount (C) of expression
and production of type II collagen obtained by
culturing the dedifferentiated 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.

The results in FIGS. 8 to 10 show that the
redifferentiation medium shows approximately the same
redifferentiating ability as in Example 2 even when
BMP-2 is changed to its analogue BMP-4 in the medium
for redifferentiating the dedifferentiated chondrocyte
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
the chondrocyte differentiated to the dedifferentiated
chondrocyte, were cultured by embedding in an

aterocollagen three dimensional matrix for 21 days.
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redifferentiating the dedifferentiated chondrocyte into the chondrocyte
used in Example 1, which contains 5 g/mL of insulin (manufactured by MP
Biomedicals Co.) 5 and 200 ng/mL of 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/F:@, manufactured by Sigma
Chemical 10 Co.), and the redifferen*_iation medium for redifferentiating

the dedifferentiated chendracyte dnto, the. chendracyte ysed jin Example 2,
which contains 10-7 M of T3 (L-3,3',5'-triiodothyrcnine, manufactured by

EMD Bigscéiehed €o-} iri additiohtothe abovests mentionedcompanentsint o

in the basal medium. These culture methods correspond to the method
for redifferentiatingrﬁﬁétc?edff?g%njﬁgpe%g{ %H‘Sﬁ rocyte’itS the EhomtiScyte

according4o'the invention1 As showninEtG.LL, the ecampression strength,,
(gr) 20 (measured with VENUSTRON, manufactured by Axsym Co.) as a
mechdHiCal PropBryTof thé thféR-dimersienal cutteire iproductby the

three-dimensional qulture showed an increasing tendency as compared
with the cultur% product%f choﬁdroc’ytén (élounitsrao) gﬁﬁlﬁgbd%i’n%id%de%igdlrﬁ%%
contaifiimgrne insuling BMP<2 and T 3x(seelG Skl andpd)dn FAGS. 11
and 12, "BI" deaotes the medium containing BMP-2 and insulin, while

"BIT" denotes the 34 thediutit ComtaininG BMPL  Hstiintand732 HAM

(trade name: DMEM/F12, manufactured by Sigma Chemical
Co.), and the redifferentiation medium for
redifferentiating the dedifferentiated 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-
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)
(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
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
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- Mechanical properties of cultured product of the redifferentiated
chendrocyte The de _d'=ff=:rentiated chondro cyt. (260,000 cells) S was
cultured in the three-dimensional matrix of aterocollagen for 21 days
using the medium for redifferentiating the dedifferentiated c_hondro_cy_te
into the chondrocyte in Example .1 and the medium for redifferentiating
the dedifferentiated chondrocyte into 10 thé chondrocyte in Example 2.
The culture product was implanted to a node mouse for 2 months, and the

compression-strength, (gr) of thestransplanted cylture, praduct was
measured as described above. As shown in FIG. 13, the compression

strength [ty ME5 6 the culture:prodact, which was<obtainethby usiﬂgtnh@
mediup for redifferentiating the dedifferentiated chondrocyte into the
chondrg;ecc)g/){g g%gogr%elcnlfattg gxgﬁnop e rf,c\kfgs? higher than the culture product

of the chondrocyteasia controk andLhe oompression.strength2Owas, | . |
approximately the same as the auricular cartilage (native cartilage) in the

living B6dy (See BrES. 13 ante 14).1AFIGSasand 44, *Bl denotes the

medium contajning EMP-2 and insulin, while "BIT" denotes the medium
containing BMP-%sulin arnd T3. ngrhgsrﬁg iur-r%?ofnree%llffénre%ﬁﬁtmg the

dedifferentiate: chondrocyte intodhechondeocyte and-the-mathed for o 51t

redﬁﬂ%ﬁgﬂ%ﬂﬂ%ﬁ??&??ﬁge?i“ggg%ple 1 and the medium for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte in Example 2. The culture product was
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)
of the culture product, which was obtained by using the
medium for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte according to Example
2, was higher than the culture product of the
chondrocyte as a control, and the compression strength
was approximately the same as the auricular cartilage
(native cartilage) in the living body (see FIGS. 13 and
14). In FIGS. 13 and 14, “BI” denotes the medium
containing BMP-2 and insulin, while “BIT” denotes the
medium containing BMP-2, insulin and T3.

The medium for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte and

the method for redifferentiating the dedifferentiated
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?S chondrocyte into the chondro,Irte according to the invention are able
to efficiently and readily redifferentiate the dedifferentiated chondrocyte,
in which characteristics of the cartilage have been 5 attenuated by
dedifferentiation during in vitro culture, into the chondrocyte, and. can be
favorably used for continued culture. The chondrocyte cultured and
proliferated by redifferentiation front the dedifferentiated chondrocyte
using the medium for i0 redifferentiating the dedifferentiated chondrgcyte

into theehandrogyte @-ﬂq(gh%l%zet@ﬁ’gﬂcggfW%reggjgggg&ahqe to the

dedifferentiated chondrocyte into the chondrocyte according to the
inventidh’ fialyllse: favorably usedbas fimplanrtation materiads: for deficient or
impairgd ortions .of the cartil of nose, ear, trachea and joint, and
as cosr%(ij%?nezﬁgﬁglé%?tﬁ%%ogr%gzﬁéf?&ﬁ%&%ﬁﬁ*isﬁlﬁf@ﬁ@@hﬂ?or in

regenerative medicine 0f the cagtilage - LLOYD WISE, 36 M8 Ryc oy
redi=_erentiaticn medium used for making dedifferentiated chondrocyte to
be redifferentiatas into Grginarchcndroeytes cartilage s charattesitics of

said d(ggggg;%nt'@t@g chondrogcyte . having been attenuated due to
dedifferentiation after%i%?é?er?n%é%%%ﬁg 1l’%leaftur"ia‘%f(j)n?EéraltigiD MedigmraPLy

comprsiag: for continued culture. The chondrocyte cultured
and proliferated by redifferentiation from the
dedifferentiated chondrocyte using the medium for
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 impaired
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.
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insulin; at least one member selected from the group 10 consisting of
BMP-2 'tone morphogenetic protein-2) and analogues thereof; and.73
(triiodothyronine), wherein the dedifferentiated human chondrocyte is

redifferentiated into the original chondrocyte while 15 expression of typeLLOYD w)gg

X collagen is suppressed. 2.. The redifferentfation medium according to
claim 1, wherein the analogue of BMP-2 is; BMP-4. 20 3. The
redifferentiation medium according to claims 1 or claim 2, wherein the
insulin is present at a concentration from 0.05 to 500 ug/mL. 4. The
redifferentiation medium 25 according té any’6ne of claims 1 to 3 ,éhe at
least one member selected form the group cons sling of BMP-2 an 1,
analogues th%e'reof present at LLOYD VISL}IEEp 6%%:‘&“ g%%%? Srom M/t FHe v
redifferenfiation- mediumg acearding te any one-ofclaims-bto 4. whergin Tl
is present at a concentration f ron. 10-9 to 10 M. 5 6. The ‘
rediffet@nitia_jon théeditinT “accordingto s one 6P BIAMS I fo 5 fuftherage
compeisingatdeast.one member.selegted: from the group consisting of

fibroblast growth factor 2 (FGF-2),
having been attenuated due to dedifferentiation after
differentiation and maturation, said medium comprising:
insulin;
at least one member selected from the group
consisting of BMP-2 (bone morphogenetic protein-2) and
analogues thereof; and
T3 (triiodothyronine),
wherein the dedifferentiated human chondrocyte is

redifferentiated into the original chondrocyte while

expression of type X collagen is suppressed.

2. The redifferentiation medium
according to claim 1, wherein the analogue of BMP-2 is
BMP-4 .

3. The redifferentiation medium

according to claims 1 or claim 2, wherein the
insulin is present at a concentration from 0.05 to

500 ug/mL.

4. The redifferentiation medium
according to any one of claims 1 to 3, the at least one
member selected form the group consisting of BMP-2 and

analogues thereof is present at
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insulin-like growth factors (IGF-I), parathyroid 10 hormone (PTH), growth
hormone (GH;, glucocortico_d, vitamin D, IL-1 receptor antagonist,

estrogen, androgen, transformation growth factor a (TGFa), LLOYD wisE

transformation growth factor f3 (TGFP), bone morpnogenic proreins
(BMP), epidermal growth factor, platelet- derived growth facrors,
transferrin, selenious acid, linoieic acid, allbumin, ascorbic
acid,.chondromodu-'_ins, heparin binding factor, a-fibroblast_ growth
factor, ;vascular endothelial.growth factor, mitoge , ~ nic hormone,
connective tissue growth factor. hepatdciite growth 26 fagtor, arachidonic

acid, prostadglandin A, prostaglandin B, pregtaglandin E, prosta gandin F
and n_s=amine. 7. The redifferentiation medium LLOYD]‘\7VrI%I]Eg go" mecium
acco-aing i an"8ne DLEEEIMmS e & vhidreimshé red-Herentiatein 73 | <

chondrocyte is sglected from hyaline. chondrocyte and elastic
chondrocyte. 8 The rédiﬁ_e%tiéfgﬁorrﬁe%iﬁrrﬁ %%_c%oftd?né any dhe aims

1to 7, wheréin the redifferentiated chondrogyte is;cultured by.any one of ..
plate caucltgcr)?athree-dimensional culture and pellet culture. 9. A .
redifferentiation tethod 20 it Fof makirig- dedifferentiated ehondrocyte to

be 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), glucocorticoid,
vitamin D, IL-1 receptor antagonist, estrogen,
androgen, transformation growth factor o (TGFao) ,
transformation growth factor B (TGFB), bone morphogenic
proteins (BMP), epldermal growth factor, platelet-
derived growth factors, transferrin, selenious acid,
linoleic acid, albumin, ascorbic acid, chondromodulins,
heparin binding factor, a-fibroblast growth factor,

vascular e I ial ! r ‘ j
la ndothelial growth factor, mitogenic hormone,

E— . N
connective tTissue growth factor, hepatocyte growth

th

actor, arachidonic acid, prestaglandin 2,
prostaglandin B, prostaglandin E, prostaglandin F and
histamine.

7. The redifferentiation medium
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redifferentiated into original chondrocyte, cartilage characteristics of said

dedifferentiated chondrocyte having been attenuated due is

dedifferentiation after differentiation and maturation, said method LLOYD WISE

comprising 15 the step of: redif_ferentiating the dedifferentiated

chondrocyze into the original chondrocyte by culturing the

dedifferentiated chondrocyte using the rediffe_entia,.in mediem.

according g _ to claims 1 to 9 20 while expression of type "h collagen is

suppressed. 1 IQUThg:- rgglﬁerent a_inc. method according to claim 9,

wherein the cuituring continued for r 310 E Weeks, < 6 wherein tne
redifferentiated chondrocyte is selected from hyaline

chondrocyte and elastic chondrocyte.
8. The redifferentiation medium

ccording to any one of claims 1 to 7, wherein the
redifferentiated chondrocyte is cultured by any one of
plate culture, three-dimensional culture and pellet
culture.
A redifferentiation method
for for making dedifferentiated chondrocyte to be
redifferentiated into original chondrocyte, cartilage
characteristics of said dedifferentiated chondrocyte

having been attenuated due to dedifferentiation after

redifferentiating the dedifferentiated chondrocyte
into the original chondrocyte by culturing the
dedifferentiated chondrocyte using the

redif

h

erentiating medium according to claims 1 to O
while expression of type X collagen i1s suppressed.

10.. The redifferentiating
method according to claim 9, wherein the culturing is

continued for 3 to ¢ weeks.



