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for making dedifferentiated ghondrocyte to be

FrereHErererr e rrI~i~ *166166* D E S C

RI P T 1 ON RED FFERENTI ATI ON MEDI UM FOR VAKTI NG
DEDI FFERENTI ATED CHONDROCYTE TO BE REDI FFERE
10 ciaoRocrTe 5 Tecnnical Fiets the prese NN

invention relates to a redifferentiation nedi
*166166*

redifferentiated 10 into original chondrocyte,
cartilage characteristics of said dedifferentiated
chondrocyt e havi ng beeh s dt trertuat ad zdoent o
dedifferentiation during in vitro culture. Background
Art 15 Cartilage constitutes ear, nose, trachea, joint
and i PERFVEFR DI T IgNs MEDFHY FORaNAK Mp®r DEDLF RER EINATIES ED
for nei MY BRNT G Pty SiEc REDABEBRENEGHTDY FRRICHINGDROGH TE
effecting daily activity of l[ife. Wien the cartil age

is inmpaired by trauma such as damage of articular 20

cartil age, aging-rel at edginseasesisugh as arthrosis
deformans, inflammatory di seases such as rheunatoi d
art hritiBhe |rgesrsi zedecanbnl ageadefect after surgery
of t unoys s, and congenital anomaly, daily life is
seVvET Sy § TR irdd CSuBR At Hat Ubpf el @ethakinies such as
. 25 é/@“gt hecone difficult and normal posture cannot
ad J}_% T =) e} a .he.,.r £ 3
be I Nt alned.” The CRARBEPCHES phe i Rht e Hfffecesd i ar e
:Egﬁﬁto(8¥ﬂ§ﬂn%qet%%kéESngé§68§§§ii§bé“¥3aﬁ&%&%?is@?gs of
said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation during in vitro
culture.
Background Art
Cgrtilage constitutes ear, nose, trachea,. joint
and intervertebral disc, and is as important as bones
for maintaining physical morphology of human and for
effecting daily activizy 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 aft
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surgery
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OL tumors, and congenital anomaly, daily life is

s
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verely 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

*G00002*
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nunber of the patients manifesting the arthrosis

~I 1001010 11O 11O 1L 1 11 111 *@&0002* 2 deformans
is estimated to be about 900,000 per year Therefore,
effective therapy for These diseases is desired.

Wi | e these di seases have been conventionally 5
treated by using artificial c&tilage or by

transpl antation of patient's own cartil age, these

met hods often cause problenms of durability, infection
and “§oR6FaBFt &5 t ¢ Dulitared Hrekef Goouts8P0i AP0 neansy=ar.

wi thout these problens has been desired and .
devel'oprent < 10%of St ectndl gy P or C&naBEFRgat BgRTRT atd ve
t hepapyQf the cartilage is urgently expected.

Technol ogy for efficiently culturing the

chondr ocyhelkstiessendi ada 05 H-eaeneLat EMRvEH@I&P&’l%f
the cartilage. Wile many nethods for culturing and 15
prokFrferading thievchordrideyte baveibegs sepeyted (see
patent docunents | and 2), the chondrocyte is
dedFFRePRMT LRGP @ iFGtaIRaSE- Pikecaet i bagkuyr itigse
culture with a quite hi %h, Rr obabi_lity. As counter-
neasures” and sol Vig Smeans £ ShcAuRakiker Y hetrfpction
chogggo, s b ged fibloblast-1ike -
dedi f?e%ﬁ% ;E?%dv é'c%g;# r%%yt e?kfgﬁérkgréf es%}rﬁpr&érbeak
nmethothéor tredhd frropntdmat hag Hhendediffes ettd ated i comens
chondrocyte using a hydrostatic pressure, and a met Rod -
f orof etk ¢y oy dtdmgntahe idedréenenst aéed ichonir @eYtge

cartilage is urgently expected.
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Technology for effici
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/ culturing the

L.

chondrocyte is essential for regenerative therapy of
the cartilage. While many methods for culturing and
proliferating the chondrocyte have been reported (see
patent documents I 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 s case the
chondrocyte has been changed to fibloblast-like
dedifferentiated chondrocyte, there are propcsed a
method for redifferentiating the dedifferentiated
chohdrocyte using a hydrostatic pressure, and a method

for redifferentiating the dedifferentiated chondrocyte

Q

by three-dimensional culture. However, it 1is the

ated chondrocyte cannot
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be easily and iently
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25 by three-di mensiona= culture. However, it is the
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

i nt 8r 6F i R hathehorandeyte, theart meagedehar act @Fdst itGS
of said dedifferentiated chondrocyte having been

att entated Uue T dSdTSOSRErAEinA BUuFa eI Vitr o
cul tyce.cPatent. docunent 1. Jpn. Pat. | n. KOKAI 10
Pu b{di"éaff ‘gh“ 'ch.t 2003-534792 “PaPéft lascﬁ%?ﬂ%‘?%a ifpable
Pat@fA@pfﬂzi@%%@§TaAaJQEEGQEQOQeggfngQ§E§Q;ﬁ9;the

Di scl osure of Invention The present inventiorris :
di reededf ¢ versiol atiang dhbed rboyeenyenbi onad i A oblem and . o
attaining the following object. Nanely, the object of '
t hec3hvemyoreharacs egioviide oa mediutedoff ekt ted
dedifferentiated chondrocyte to be redifferentiated

i Nt CHONYroTY e and R/t REBSFBRATEE @i iy

dedj £ 4 i.at.ed .chondr te to.pe redifferentiated
iré%géﬁﬁﬁﬁﬁ%ﬁgﬁﬁéf%?hggﬁg§¥uﬁpaﬁﬁ“fﬂecuhﬂFﬁbd bei ng

| nport antad ot efddsignt by ngdu§ggg A&§ﬂ9§9¥ tation
materials for deficient or inpaired Tites of nose,
earfult riacheiarand .j @iont-and7gpsneti c

Patent document 2: Jpn. Pat. Appin. KOKAT
Publication No. 2004-502401
Discliosure of Invention
The present invention is directed to solving the
conventiocnal problems and attaining tﬁe following
object.
Namely, the object of the invention is to provide

2 medium for making dedifferentiated chondrocyte to be

()]
Hh

redi

erentiated into chondrocyte and a method for
making dedifferentiated chondrocyte to be

redifferentiated inzto chondrocyte, the medium and the

h

method being important for efficiently producing

transplantation materials for deficien* or impaired
cites of ncse, 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 ef

iciently and
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25 materials for cosnetic surgery; being able to
contribute to the devel opnent of regenerative nedicine
of the cartilage; and being able to efficiently and 4
readily redifferentiate the dedifferentiated
chondrocyte, which has been changed 'co

fibroblast-like <cells by dedi4ferentiation during in
vitro culture, into the original chondrocyte. 5 As a
result of intensive studies by the inventors of the

i nvERBFOAY b= €aki aren thied tst dthgs d@do fifatentiated
congideration, it has been found that the_ _

ded FPeFeRtY 5t ed' thHohdToC\ReED FRaRAREhTe had beierd sitidse
of the.gcartilk - heen attenuated by 10 N

dedi ffe%g‘?ﬁi‘l‘é‘t@‘?‘grr#@%eg‘n' %g“éDf“fF F&nfl ylahitTeddiiyprre.
redifhteremnst i & agh ddit o-HdiRi @k, gbnal chondrocyte by

using conbination of insulin and BVD-2, and

pref erabty atogetheroidteidivEhetuavept bpn-ns Hasedors
on the above- nentioned discovery by the inventors,
and®treats FofeS Folty rigkihe abevetabnt | aned mprobl ens
are_gs_fol | ows: ﬁ%; a redifferentiati on nedi um used

f or “Haki 1g = dedif fér SRS 2P0 EABREr BBJE ethd be
redyf§erantd at ' rigi,pal chondrocyte, cartilage
char%%té??if?%ggg¥igggggdgg%ggéréﬁtfgfé CHIRF-6&FEELCS
havb ng: theern 20 1aldeenuateddreat 0. dgdi £ grenti ati on
during in vitro culture, said nediun1coﬁbrising:

| ns@td ¥t L errh tatadieast caoneenembetiset eetad framithe
group consisting of BMF-2 and anal ogues thereof; " <2>

t hef $&di Frerendtad dmtredhanefbyimakicigondrocyte 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

Q.
(]
0.
‘_l
Ih
Ih
[0}
In}
D
o
ct
'_1

ated chondrocyte to be redifferentiated

into original chondrocyte, cartil Characteristics of

V)]
\Q
(6]

said dedifferentiated chondrocyte having been
attenuated due to dedifferentiation durinc in vitro
culture, said medium comprising: insulin; and at .least

one member selected

Hh

rom the group consisting of BMP-2
and analogues thereof;

<2> the redifférentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to <1», further comprising

T3;
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into chondrocyte according to <1>, further conprising
T3; 5 <3>the redifferentiatior medium for making

dedifferentiated chondrocyte to be redifferentiated

into chondrocyte according to any one of <1> and <2>,
wherei n the anal ogue of BMP-2 3s BMP-4; 5 <4> the
redifferentiatior, mediumfor making dedifferentiated
chondrocyte to be redifferentiated into chondrocyte
accor di ng>Potaay refes b reriss 4td o3 medivhe rel nmk heng
ins%giqus resent at a concentration. from 0.05 to
500 antfei DAt het UM HIentticabronededf enefiorated
maki; | rentiated chondrocyte to be
redﬁ?%grgﬁgbg%gﬁ$'%rﬁ?f?ﬂ%ﬁﬁ&r&@y? YaBB8r 8f nglt ?hy<2>
onewdkrelx £0e <4raiohersl mush sf, . one member
selected formthe gr%ﬁ%Cﬁtgﬁiigt?Egbgg %NP-Z and

anal ogues4theneofed 5t p¥eseitatabnlhed: GANELAL K AL QN
from1l ng/nL to 40 ginl; <6> the redifferentiation
medPEff e r akd aiged dadindrecenti abede cheatf peydre i@ cbe
redi.fferentiated into chondrocyte according to any
one BF°<13° ékqﬁﬁ%e AHESTERRITIC] gnpresenet atla to <3>,
congentration f ), 40-9 tao 20 10-5 M <7> the A

r edig? f IéF‘gltht Trgf i %?g_ul#%dilﬁm"frérse%kr ng® TS IHerEntrateam
choodoecysesd® e/nredifflerentiated into chondrocyte
according to any one of <1> to <6>, further

conpri si AZ> ath¢ east: Miecmerbetosehest @ f6OMaking

dedifferentiated chondrocyte to be redifferentiated

into chondrocyte according to any one of <1> tc <4>,
whgrein the at least one member selected form the group
consisting of BMP-2 and analogues thereof is present at
a concentration from 1 ng/mL tec 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 is present a:t. & concentration from 10-9 to
10-5 ™,

<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

-
L

-2), insulin-like growth factors (IGF-1;

{FG

parathyroid hormone (PTH), growIh hormone {GH; ,



10

[
(@]}

20

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

par at hyroi d hornmone (PTH), growth hornone (GH, 6

gl ucocorticold, vitanmin D, IL-1 receptor antagoni st,
estrogen, androgen, transformation growh factor a
(TGF(x), transformation growt hgfactor P (TG-(3), bone
nor phogeni c proteins (BMP),. epidernmal growth factor,

5 platelet-derived growmh factors, tran_sferrln,

sel enllvegsoradrd;idl i notehin aLi oiL-al bwet c@SEALRLEN: st
acid, chondronodulins, heparin binding factor,

a- f iDrOHIY8St 2GRHERAE B f alet DS L avrasddloar gepdobhéktabr o
growth factor, _poitogenic hormone, connective tissue
growt h ' Taét of - 10 HEPat ey e Grower “PacBor TGEB) . bone
ar aglySeRLEer AL 9y PIOSE ndin .A,__Prostagl andin B,

pr ost zi%l a%di % EIg Op%)%rg%agf%}gﬂdi ﬁ%rl'a‘aﬁlagh%?ﬁm“ nes © <8
thepﬂedbﬁéeF@@fia&&OitduxﬂlﬂBdE@&SUa%EQQSferrin selenious
dedifferentiated chondrocyte to be redifferentiated
15 ieft6, chondiotytzcatcorldiungnt 0 2anyrone 9€igl> to
<7>, wherein the redifferentiated chondrocyte is

sel (?@‘PBEIOIF‘?%%”PT%/@Ifﬁ‘i@%%@d@ééylﬁefandoel astfibroblast
chondrocyte, .. <9> the redifferentiation mediumfor
making dedr T erent! HteH Cham§reeitdat o9pevth factor,

" edif £85EALL AtStho 2D, |1:0,2hapdr 0¢yLe_according to any
one of 21> to <85 'vmcgng‘l%%?ﬁé r“é)éls?fe?ﬁ%‘ftr%t‘%%“torf

chohdpecyt ecd sgedudrured by, e@xcgﬂgogic%@{*@ cul ture,
three-di nensional culture and pellet culture; <10> a

r edPtPerentdradiom mettved sfgdrntaki BY prostaglandin E,

™

prostaglandin ¥ and histamine:;

h

<8> the redifferentiatior medium for making
dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according tTo 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
into chondrocyte according to any one of <1> to <8>,
wherein the redifferentiated chondrocyte is cultured bv
any one of plane culture, three-dimensional culture and
pellet culture;

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

salid dedifferentiated chondrocyte having been
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into original chondrocyte, cartilage characteristics

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

into the original chondrocyte by culturing the 5

dedi fferentiated chondrocyte using the nedi um
accGrdiFRgatee any eheldli<derqrsiegsion<titrinbein vitro
red%&ﬂg&ggtiatlgn g;thod according to <10>, wherein.

cul turing i s EontTHUES foT"E 156 WEEkSLeP<®P> t he
redi-bherentLati op: nethod ording.to_any 10 one of .
<10> Sﬁd%<1%§?h§gé€§i{§%ré?é%ﬂf%#gﬁaﬁ%'“Sf“Pﬁ%ar%ﬁ%ﬁﬁtl“‘o
(O) tak expyessi orhank g wduiady onefyiygerht col lagen

in the redifferentiated chondrocyte to the anmpunt (D)

of erprédsront antbPpraduciiarywf usype khe @ohlagencidrding
the dedifferentiated chondrocyte is 1 or 15 nore;

<135°t RAYr BAF f Prent it ioh ‘met hod according to any

one of <10z to <12>,. wherein the expression/production
amount of "type’f col1AgerT i A HE dBFi P PEr BAEPAERRY tO
chordpecylgets; gayal- 1,0 of nore thap ghe 20, eala
expressfon%%roﬁﬁggﬁﬁﬁkéﬁg%ﬁgpdgnfygg“% g%Tlég%% f st
chondrocyte>i thé¢ he=d i 8 e ot dhh@e@RBUNE Q8 raing o any
production of type !l collagen is equal to or '"LesSs -
t hafret he expr essi oti/iproductriedn aneunt-06 type) Idf the

collagen in_the chondrocyte in the living body, and
t hedmount (C) of expression and production of type II

collagen in the redifferentiated chondrocyte toc the

amount (D) of expression and production of type IT

th

collagen in the dedifferentiated chondrocyte is 1 or

<13> the redifferentiation method according te any

t

cne of <10> to <12>, wherein the expression/production
amount of type I collagen in the dedifferentiated
chondrocyte is egual to or more than the
expression/production amount of type 1 collagen in the
chondrocyte in the living body, the amount of
production of type II collagern is equal 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 coliiagen in the dedifferentiated



10

15

20

N
(S]]

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, fractur® strength and Young's
nodulus in the 5 dedifferentiated chondrocyte are

Iargﬁr than those ;n the redifferen-fated
chodPEEYPEYTBr i 8FC Description of Drawings FIG 1

shows ph raphs, Lh.which the left one shows the
chondrocgﬁgg(ng Fvedt at e At e SRR AGeeIging to any
cul bee<18ndcbher Bl ghinone shoys, the,chondrocyte (P4)

at the fourth passageéjsubéﬁlturé”éﬁ&%? 3 ‘%3 éhafter

t he fskarturef scukhyrie, adespaaid wlnbqauihe photegraphs at
the top show el ectrophoresi s bands show ng expression

of §eResiprehheathdrmhowne (tROaiemiadbat et yaaf tiessd 5 n
star%in cuLture and in the chondrocyte (P4) at the
fouFt'R PEESabRicRutAT e MBARY ™30 days after the

start of culturegp, FlG | s. a graph showi.ng the
results of neasafgﬁ%n?é%?”%%éggiﬁ?eigﬁaﬁ“ Fount of

type | cghbagenshém%iﬂh&ﬂB@é&%ﬁJf‘ykeQREéEthe left .one

chondrocyte cultured using a redifferentiafion nedi um
consapbnb ngne nsubidrodBiR- 2 pand inF@dianel sk fige A Sl LUng
medi um containing insulin and BMP-2. FIG 3 is a
graﬁngﬁéﬁjn@ﬂ@ﬁ@y?éggmﬁscm@ snhows the chondrocyte (P4)
at the fourth passaged subculiure about 30 days after
the start of culture, respectively. The photographs at
the top show electrophoresis bands showing expression
of genes in the chondrocyte (P0O) 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 cul-ured using a
redifferentiation medium containing insulin, BMP-2 and
T3, and using a culture medium containing insulin and
BMP-2.
FIG. 3 is a grapnh showing the results of
measurement of the expression amount of type I

collagen in the dedifferentiated chondrocyte cultured

-
0n
|_J
3
Q
o))
[n]
1)
Q

iifferentiation medium containing insulin,
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25 neasurenent of the expression anount of type
collagen in the dedifferentiated chondrocyte cul tured
using a redifferentiation nmediumconzair_ing insulin,
9 BMP-2 and T3, and using a culture medi um
containing insulin and BMP-2. FIG 4 is a graph

showi ng the results of neasurenent of the expression
anmount of type X collagen 5 in the dedifferentiated
chondrocyte cultured using a redifferen-iation nedi um
conBHFnEngnEnsal i and BMEY andtu IkircaR@aiskNgo e Sk 144 e
medi umcontal ni ng insulin and BMP-2. FIG 5 is a

gr aﬂ)ﬁsfslhéw Agda¥ 8- obt ai ned by 10 studyi ng and
comparin ereferabl e ranges of the content of BMP-2
in the redrfférent?alf s’ n%‘tﬁ‘\frﬁ%oﬁfal ﬁlSHétSmsul in,

BMF 2 and.J3,for-r fferentiatin
dedi ffer eni{l at e%l cﬁmncrrxgacy%e it 6 %O cﬂond¥%‘cﬁ €9ntagen

Exampl en2. 6d6: B Geb i85 2 %%plfal&hg%nguﬁéﬁ}a:@%@' hed
by studying and conparing preferable ranges of

contedt ffefehnsution inedihe redidfiarapt Lﬁ&upﬁ.,ﬁeﬁl&}#ﬂﬁ and
containing insulin, BWP-2 and T3 for

rediff eFRAtFRING tHE Tidedimeénentiat edn chpndragyire and

intg Lhﬁ chondrocyte in 20 Exanple 2. FIG %is a

gr ap% ow ng data obtained by studying and conpari ng

preferabbecranges of IaE)e, content, 4of (T3 {31 théa

redi fferentiation medium contai i Ag 2 RS Y BVE- 2

andsd3d§ Oig reck fdarencinat ibhd sLhepe ranges of the content
of BMP—2 in the redifferentiation medium containing
insulin, BMP-2 and T3 for redifferentiat ing the
dedifferentiated chondrocyte into the chondrocyte in
Examplie 2.

FIG. 6 1is & graph showing data cbtained 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 ir
Example 2.

FIG. 7 is a graoh showing data obtained by
studying and comparing preferabie ranges of the content
©f T3 in the redifferentiation medium containing
insulin, BMP-2 and T2 for redifferentiating the
dedifferentiated chondrocy:ie into the chondrocyte in

Exampie 2.

FIG. 8 1s a graph showing the results of
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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 i
collagen in tine redifferentiation nediumfor
redifferentiating the cultured dedifferentiated
chondrocvte when the content3oOof insulin, BMP-2 and
T3 are 5 g/m,, 5 200 ng/nL and 10-7 M respectively,
and in the redifferentiation nedium having the sane
conPBEFET BRCAS CHEeStt ived sslsove except bhatyBVPA 2diSagen
chan eg fo BWP-4. FIG_9 is a graph show n the

resul't " of “ﬁﬁastﬁiﬂnﬁﬁ“%ﬁﬁ Fﬁ@Léﬁpré§sF%ﬁl Cigfcing
typghl agen 4 ffere tiatjon nedlum

f or redf%%élggénit‘l at 1 ng tr}w“g“c*ﬁl tar 64 °HeaPFY T eMa ated
chondnosyt € shemd:-he [corivents .9f hnsgLLn— >-2 and T3
are 5 g/, 200 ng/nL and 10-7 M respectlvely, and in
t he2@@did frekr enid atd-on Mediespehayivagyt hengane 4a
conposition as descri bed above except that BMP-2 |s
chaﬁ%@&Ff%F%%Flaﬁ *FF Gedlorm Sagigpaphe shaw Nt ition as
resyults . nmeasurenent of the expreSS|on amount of
type Xco ?dgﬁﬁ? FXRE r cBPFf BMERE| &% i Drenaad Gm BYP-4.

rediffer i ad iy g | tured, dedifferentiated
chondrogigi'a%éﬁgfﬁQLi%%nggﬁgg oftgnsuff%‘*BNP'Z and
T3 s regidfly, 20Q nRgkibrand; 40- ImMinf espectively, and
inthe redifferentiation nedium having the sane
conposiadean igs cheeseriiliédrahover exsepddibate BVP-2 i s
changed Lo BWP-4.

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 redifferentiat

]

ton medium having the same
compesition as described above except that BMP-2 is
changed to BMP-4.

FIG. 10 is & grapnh showing the results of

measurement of the expressior amount of type X collagen

~

in the redifferentiation medium for redifferentiatin

«Q

the cultured dedifferentiated chondrocyte when the
contents of insulin, BME—2 and T3 are 5 ug/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 1s a graph showing the r

(D

=1y

sults o

measurement of the compr

(=3
[

ssion strength as a mechanical

property of three-dimensional culture products obtained
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25 FIG 11 is a graph showing the results of
measurenent of the conpression strength as a
nmechani cal property of three-dinmensional culture
products obtained 11 by three-dinensional' culture.
FIG 12 shows phot ographic data of the

t'hree-di nensi onal culture products obtained by three-
di mensi onal culture. 5 FIG 13 shows a graph show ng
the results of nmeasurenment of the conpression

st r éngtmrgs-dimechanneal cuproperty of the culture
product which_was obtained by wusing the culture

redi f f er édtS-ati“oR"REAI BAPFoFantedi fdagreersti ahieng t he
dedhﬁﬂgggg&%g%gg ghpndrpg¥te into 10 the chondrocyte, :
and subcut aneouslyetr ahspianteP A4S &P adaedmBusehfeR-

2 mnths.siEh& 141shpows photographic data of the

culture product which was obtai ned by using the

culture medi iBesrblbat i @ugdiHHNRS the resuits of
redifferentiating the 15 dedifferentiated chondrocyte

i nt eekerenendr ofytiee eompresubicut aneeusky kEanspdantedal
into a nude mpuse for 2 nonths. Best Mbde for Carrying
Cut FERESThVefiti bRE FP-eciFT drenticat oA chredRaneforined by
making 20 dedifferentiated chondrocyte tq be
redfrgggeﬁgraf%gLufﬁt?f%ﬂﬂﬁ%ﬁ%§ &C8ngefethotl¥ or
meki-eg; rdedbfif erentd atied chandrocyte to be, e ;
redi fferenti at ed i%to chondToGyfé)gT%éd =hondrocyte into
r edichkereatiiad ¢ prle MeghidimuaceeLARY st Q Epgnsplanted inte 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 redifferentiatinc the
dedifferentiated chondrocyte into the chondrocyte, and

subcutaneously transplanted intoc a nude mouse for
2 months.
Best Mode for Carrying Out the Invention

(redifferentiation medium for making

h

dediffierentiated chondrocyte to be redifferentiated

t

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

The redifferentiation medium according to¢ the

present invention for redifferentiating the

H

dedif

[}

erentiated chondrocyte into the chondrocyte is

ed

rh

u

u)

or redifferentiating the dedif

-h

erentiated
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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 toidedifferen-iation during
invitro culture. The redifferentiation nmediumb5
conprises insulin and at | east one of BMP-2 and
analddguesothiee eof s c amd prefleratingrfyrkhecagonpsyses
T3, and optionally, further conprises suitably

sel ECPEG- BF het L edrponehits defid fisg@inf-fietent cabnadrocyte
nmet ;according to the 10 present invention for =
red?ggéﬁén??g?ingtTTﬁﬁ“ﬂ%d?%?éféﬁﬁﬁaﬁéﬁréﬁéhﬂFb%?t%?rlng
i ntant he-ehopdrocyl e d the.step of ..
redifferentigg{ﬁgy%he de Ff?gﬁékgﬁéfgdggﬂoﬁd?b%gte

i nt coopirgbaal ichondr e er iRy seulshur bRYpBE; Lna

dedi fferentiated chondrocyte in the 15

r ediefRépenes athoreavedianm girstflee apiesentir t YL NE bk 1 sand
optignal ly, an aditional step of other treatnent
appropr P2t ePy*- s¥tEcted, fugdieir| sgareharactel faticsaifected
saigtgggiégﬁ%quLated chondrocyt e havi ng been

at t enuat ed e to dedifferentiation during in vitro 20

cul ture, rdhersedi 4 argnti.atjon mediumof the invention
f or rediffereﬁ?i{éiﬁgpfﬁgkgégvgﬁggen rated’® ° the
chopdeseyt ei teenchondiec yeas randehhearethod, of the
invention for redifferentia-ing the dedifferentiated
choAdfbéyteenviated chondrocyte into the chondrocyte

comprises the step oI redifferentiating

t

he ‘

¢

dedifferentiated chondrocyte into originazl chondrocvie
by culturing the dedifferentiated chondrocyte in the
redifferentiation medium of the present invention, and

optionally, an aditional step of other treatm

[0}

nt

appropriately selected, cartilage characte ics of

cr

is

M

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

chondrocyte, and the method of the invention for
redifferentiating the dedi

fh
F4h
(]
|
(0]
o
+
I

: iated chondrocyte to
tne chondrocyte will be described below.
Insulin-used is not varticularly restricted, and

may be -appropriately selected aspending on the purpose.
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25 the chondrocyte will be described below Insulin
used is not particularly restricted, and may be
appropriately sel ected dependi ng on the purpose. 13
For exanple, it may be either commercia-1 avail able
insulin or appropriately synthesized insulin. Wile
the content of insulin in thei3redifferentiation
medium for redifferentiating the 5 dedifferentiated
chondrocyte into the chondrocyte is not particularly
restPrceedmahg, ndy ey approprhieat elopmeselect edavailable
dependi ng on the purpose, the content is preferably
froﬁ?69g5nt8r5®®p£ﬁ9ﬁ}a¢%%ﬁf%%ﬂﬁh@ﬁﬂ&@ﬁoﬁnﬁuyinot be

al ways ipduced_when 10 the_content of insulinis |less
than 0.0 Hg%ﬁLTMQhT?%“e?hd%tt%QﬁFﬁﬁﬂ redif'Ferenti ati on

may rbe: F nhibit ek Whene 4 he, cont %td-.emeggaég&gg{hm}-

Above- menti oned BMP-2 denotes bone norphooenic

pr otied nf Per Jivei BMY ZHend¥cbar tineyl apbycresbrbefed ;

15 and may be appropriately sel ected depending on the

purpeseraBandCkta ey tres wiidierd ancomagr beabbyravaid@hlye

product or an appropriately synthesized product.

Whi f%f%n%?%g%"eo%?dlgmv-oz i nErpasei cahar Fgntent is

restrigl nd-, ppraopri ately sel ected from

t hose ZO%M"Wt 'Zosgr Cf%g)of K96Fsbl e exanple is

BVP-4.  #safsfeddnd Rasto0ng selected firom BV 2 and,
e e S R o B Bl

anal ogues thereof, use can be nade o 2 and

i n coabioratéron.ofl niraddiitd a4, 1wlis| enBVPs 20 91, BV 4 JiRY e
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.

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

As for at least one selected from BME-2 and
analogues thereof, use canr be made of BMP-2 and BMP-4
in combination. 1In addition, while BMP-2 or BMP-4 may
be used alone, BMP-Z is preferably used alone.

In the redifferentiation medium for

redifferentiating the dedifferentiated chondrocyte into

t

the chondrocyte, the content of at leas- one selectead

4
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be used alone, BMF-2 is preferably used alone. 25 In
the redifferentiation mediumfor redifferentiating

the dedifferentiated chondrocyte into the

chondrocyte, the content of at |east one selected 14
from BMP-2 and anal ogi es thereof is not particularly
restricted, and may be appropnizately sel ected

depending on the purpose, but the preferable content
is, for exanple, from=ng/m to 40 g/nL. 5

RediffrPer BHErg- hof, anayogiots bendmdifced whenpdheicularly
content of at |east one selected from BMP-2 and

analF GG &S CERBr eBRdi BaY &% ARPHPPE IfGRAl, Sahetieed depending
I nduct L.on f.r ifferengiattp be inhibited when
theggoﬁgéan“8§§%édgd%{f%ﬂrﬂf“géfggéedéﬁat%%tth%¢cﬁQf

hor @EQFQEU EQQQIDF%?MLHGJO Mhie I3 is not
particularly restricted and may "be appropriately

sel ect edrRdépendiagr ofic {dre nplr PRSE el AhqueXanPh &, <he
either a commercially avail able product or an
appFEPERAEePy aynitresi et priduckdrdyobeBuserl.arkb The
redifferentiation nediumfor redifferentiating the
dedFPFg?%h?Fat%ﬂr%%bhH%déVFbtWﬁPo;tﬁé/@hondrb@yﬂQduction
furthe Loing. T3 is advantageous qver the nmedi um
Con%gi%?ﬁgg%%§%+T%aéﬁﬁlngléésﬁngﬁ§l§8Fe%?%ﬁi?Q%nﬁontent
BVP=2--a4a4d a@aﬁggﬂ§s t hereof without T3, since the 20
dedi fferenti ated chondrocyte can be nore efficiently
redi f f er eht datedenhii @ EXPHeSHicdr qf -t YpE-h £oldag8n
that increases during osteogenesis can be efficiently
Sup%Féégeag is not particularly restricted and may be

-

.appropriacely selected depending on the purpcse; ifor
example, either a commercially available product or an

appropriately synthesized product may be used.

()

i |
Fh

H
D
3

The redifferentiation medium for ifferentiating
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 T2, since the
dedifferentiated chondrocyte can be more efficiently
redifferenziated while expression of type X colilagen
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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VWhile the content of T3 in the redifferentiation 25
medium for redifferentiatiog the dedifferentiated
chondrocyte into the chondrocyte is not particularly
restricted and may be app_oprlately sel ected dependi ng
15 on the purpose, it is preferably from10-9 tc 10-5
N. Redifferentiation may not he efficiently induced
when the content of T3 is less than 10-9 M while

redifferentiation may be inhibited when the content 5

excedds- TR PE e s@heAt t he rortenblof TE3ni S0wdt hinlthe M.
above-nentioned range, .the dedifferentiated
chondrocS?%h*EﬁﬁeBélﬁﬁF%“eW?YcW%ﬁHQ%/%ﬁﬂﬁcﬂﬁéﬁéﬁtﬁa@e@ed
as cmared w.th theo lum.cont ai.ning.insulin and at
| east onéngéF%éfg ?Fgﬁ?swaziﬁhdfﬁﬁhﬁ8§8eﬁrtH%%%%f
Wt haddi fE2rehQ:Whibe hyperX Gl:lagen my, be; . ntent
efficiently suppressed " from bei ng expressea. iTe

ot herxc=eiponerbsMar ewnet faf tdcaiearl v restei ¢1e¢; and .
may be appropriately sel ected depending on the

pur pES¥e-Exaipbesdt hereof tir|dsde fdemponeat sd 1Shdtdtocy e
may affect redifferentiation of the dedifferentiated
chortd o &yt B°Ffit 5 t hel Thohd GG & f8 - 186 Fens scomMrered

conpanent s thak: qry.affect. redifferentiation of the
dedifferentigtédg%hoéﬁﬁcﬁﬂhqgi‘ﬁf&ﬁﬁﬁeaﬁa Zhond vy

ar e skQtecRakt Fesharhy- 7 estd igfad rd QEXrQSf without T3
appropriately sel ected dependi ng on the purpose. ’

Exampliés ofpehg cohpomentmdyneleude ficheabl ast g o dtq
factor 2 (FG~2), insulin-like growth factors (1G--1),
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 intc the

-

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

glucocorticoid (dexamethasone), vitamin D, IL-1

receptor antagonist, estrogen, androgen (such as
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}ﬁl
n

par at hyroi d hornmone (PT'H), growth hornone (GH), 25

gl ucocorticoid (dexanet hasone), vitamn D, !L-
receptor antagoni st, estrogen, androgen (such as
testosterone), transformation growh factor a (TGH(Xx),
16 transformation growh factor , (TGFp), bone

nor phogenic proteins (BMP), €& dernmal growth factor,
ol atel e-- derived growth factors, transferrir.

sel eni ous acid, 1=noleic acid, albumn, ascorbic

aci d,” RGRAFGOAGI FREYCE Faperd b bilkdifng Paveonerphogenic
a-fi hl.a t gmﬁh =act or I ntravascul ar gromﬁh
fa(:tpgioOC %&vrélon %tté eﬁ%f?hg RotfonePlatelet

COﬂI”&éG{llv\éG tglwéﬁkalfw‘ gEowt bs Fact ors - nepat O%ngnigﬁs‘?"‘gbld

factor, arachidonic acid, prostaglandi

prOSLa@hamdla Bg, pébsmﬁ&ﬂﬁﬂuhdbﬁilcp%QﬁbagLﬁBQanowéb"H%s
10 histam ne. Each of the other conponents descri be

abo@epﬁayﬂ bérdsed &t ove;. or-fiplamalsict yroktkhese tay,
be used in $np|nat|pn_cThe sol vent is not
par ti CaPEPFGUT 85t 7T QteY ity ceis @evapppep¢¢€ﬂkﬂgﬁting

sel dep 0 Qth= ur pose. favorapbl e
exa%%%ggps mgggé 9%% e é) &egwsfeﬁFFFQed WeRECAE

M| hirpQER €xcWat er Thﬁc&9ﬂkﬁ tGto [o n f the
ot her 20 conponen?géln t he rgd]%¥e%2%?lg %%%é%e

for prredagiaenent i Bt ingp dtheydedi:ihf er eptbat &6 andin v ang
chondrocyte into the chondrocyte is not particularly

restisteBENcand may be appropriately sel ected

dependlng on the purpose
ther 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. 2
favorable example is water.

Water includes sterilized water and Milli ipore Q
water. |

The content (total content) of the other
components in the redifferentiation medium for
redifferentiating the dedifferentiated chondrocyte into
the chondrocyte is no* particularly restricted, and may

be appropriately selected depending on the purpose.

The dedifferentiated chondrocyte as the target c¢f
the redifferentiation medium of the invention for
redififerentiating the dadifferentciated chondrocyte into

the chondrocyte is a cell derived from the chondrocyte,
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The dedifferentiated chondrocyte as the target of 25
the redifferentiati on nediumof the invention for
redi fferentia-inc the dedi __eren lalLe-d chondrocyte
into the chondrocyte is a cell derived fromthe
chondrocyte, |Ii car_-: lage characteristics of which
have been attenuated by dedififerentiation during in
Vi-ro culture. The cartilage characteristics as used
herei n neans the expression/production anmount of type
| colaragencandnabatypei 41iconldiagen cdhnhbhe bewing:cbadysteq
Attenuation of the cartilage characteristics neans
t hat¥t HEIF At 6N A B) Cof A Wi CadBu it tEA) ol “exer essi on
and prod ion of. type | _collagen to the anount (B)
of expre?@%o%aghd‘a%%o%%%{?%ﬁfﬁﬁ type®F CoFFagehcth means
t he cghonrdroeyt €4 ps & L0 dedi fferentiate hondr ocyt e
bef ore the choﬁ%ég%%%%%%déé‘%f@ér é’ﬁtugF%dE)iéCf*av & ang
mor eyper Ithatlihged afd aHL/DBvinf sbhe . anRUntn () N o=
expressi on and production of type |I[ collagen to the
anoRe CPytélaexpriessiore @t iprodeetsonnet tiyderddio
col | agen in the chondrocyte (pre- 15 dedifferentiated
choﬁ§?8CyP§)‘%%f%W%PW%e”ﬁhéﬁdﬁé@yﬁéSF@“ and production of
dedifferentj L is 1 or -less. Th

ng : Eaf&%raféﬁ) 101 H@@?ﬁe(ﬁgaﬂg tHRression and

pre-dedi fferen chondr

chopdeacyt €oh ot he,dd vi ngbady f tam phi ¢ ce (pre-
ded?fferentiétedhgﬁ%ndrocyte%ig dé?%védfnﬂ%%%ﬁ@Fﬁeﬂp“e

t hedebonde oeyt eatisd therdedidyfer eptkEat8dc h£hoNHOCW-L = 15
havi ng attenuated cartilage characteristics, the ~
pred@edi feeeentdaced scHormdr ooyke or tnat the ratio (C/D)

of -th

[

amount (C) of expression and production of type

IT collagen to the amount (D) o

Hh

expression and
. production of type II collagen in the chondrocyte (pre-

dedifferentiated chondrocyte) before =he 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.

9]

Whether the chondrocyte the dediiferentiated

chondrocyte having attenuated cartilage

[

characteristics, the pre-dedifferentiated chondrocyte
Oor the chondrocyte (redififerentiated chondrocyzte)

redifferentiated from the dedifferentiated chondrocyze
may be judged from the expression/production amount of

type 1 collagern, the expression/production amount of

type II collagen, and the expression/production amount



N
[§al

or the chondrocyte (redifferentiated. chondrocyte)
redifferentiated fromthe dedifferentiated chondrocyte
25 may be judged fromthe expression/production anount

of type |I collagen., the expression/production anount

of type IT collagen, and the expression/production
anount 18 of type X collagen,1& he conpression

strength, fracture strength, Young' s nodul us and

equi l i brium conpression coefficient. The cell in

whi &F W@ Sexpre@33PBAT/ ptlodueeipre snipuntst rengicht ypeatture
colgag%% i.s soaller than_%n the chondrocyte in the

li vithg BEay, tREPEXPr BT biF p? Bd kY ior PafsEnEoBR T eE § ben

| celd-agen .+l arger than in the chondrocyte in the
l'iving body, and the conpression strength, fracture

st rengt h,rh¥ouwrg'1s :Aodul s and eguidd brd-um.compressi on, .«
1S coefficient are lower than in the chondrocyte in -
t he ofl ityprg IBodylinayeiel § usigerl 4:0 therhiighkyeposshblgoyre
to be the dedifferentiated chondrocyte, while the

cel L0 fRewARERANEhROGXpressi Y produet/pondanbunt afoun: of
type go&laﬁfg is spal]er than in the chondrocyte in

t he "¥5% ivifig-B8aY, * T he® kpr eS8 brMpréGuebPBArafpEmt in

of Re ;L kg0 en, | ger than.in the chondrocyte
in %ﬁe lﬁ#v?%gbgggy,agﬁ 1?%é‘%%ﬁﬁf§§§ﬁoﬁ“§t?%ﬁﬁth?rge“urc
fraetuéegtﬁtreegh@:sYﬂﬂﬁgi@srHHH”é&%i@@9r§QHi&%QE%QQ%ion
conpression coefficient are higher than in the
chor@eééycéenn ehe POvdx viman hodyheaynbadjiudged {9 be

hi ghl'y possible to be the redifferentiated
chond 689t BOAY MRe ke wanflrior yiee hppbducessaible to be

Car%kgaggdg?%égéntiated chondrocyte, while the cell ir
which the expression/production amount of type
collagen is smaller than in the chondrocyte in the
living body, the expression/production amount of type
Ii collagen is larger tThan in the chondrocyte in the
living body, and the compression strength, fracture

strength, Young’s modulus and eqguilibrium compression

(D
=

coefficient are higher than in the chondrocyte in the

living body may

o
(D
)
[t
0,
Q
(D
0.
ot

©0 be highliy possible to be
the redifferentiated chondrocyte.

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

e

Hh
=

dedifferentiated or redif entiated 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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and is netachromatic to toluidine blue, the non-
dedifferentiated or redifferentiated chondrocyte can

be 25 discrimnated by toluidine blue staining. In
the chondrocyte, generally, the expression/production
anmount of type | collagen is 19 small, the
expression/ producti on anount qfo type collagen that

i ncreases when converted into the bone is small, the
expr essi on/ producti on anmount of. type Il collagen is

| ar §8&land expresstoni of / mtodwastorongoah: 50 ECL2A

gene, _COL9A1l gene, COL1ll 2 gene, Aggrecan gene M-

ri| FPh-28°genB2 ant" EFoHth O igPVegeRe i8thi gherbone is
thagm'@1thghgeg§fferen-fﬁted,chondrocyte. Accordin %y,

t he “chondr ocyt 6”15 TTKEMP 16" e * Ehafgeact o - ~vpe

fibeebhagtrl i ke degl f1arent)ated chondrocyte 10 when
type _ collagen isgtxpressegﬁgﬁ%uﬁ%oggcad %ﬁa?hénﬁ o
choAdroayt eensj n@@Lm%negefﬂ:@Ll@@QS)@leng,en@gnga]Ilvp T ’%?ene,

gene, Aggrecan gene, Matrillin 3 gené and
ChoMdFBrbdiri A degrerrdarGhdniqghimpdexpresseshd nid hei gner
nor ppl _chondrocyte, these genes and proteins such as

15 tYpR LI TOF | et i 91 atesulanengtoexpe essi on of
these ggpes, be markers of the normal chondrocyte.
ProteoegEgé'ﬁg§gé SgagefvgxﬁgCfﬁéenﬁﬁké?k%ﬁyt?ﬂabe

nor gBkngshondr ooyt &, idL-addiLi on e Lhese. proteins.
Specific exanples of the chongrocyf%‘rﬁg %kﬁé Qpridrocyte

hyavhae choadl ocviieGiCh sas xakbisgdbabne oo 6+ 1.

(chondrocyte derived from non-| oaded portion of the

ar t Feet@roerre i | dge)cafdleadt genehondLoxytdne, COLI1AD
gene, Aggrecan gene, Matrillin 3 gene and
Chondromodulin 1 gene are highly expressed in the
normal chondrocyte, these genes and proteins such as
type I coliagen 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 zhe chondrocyte inciude

hvaline chondrocvte such as artcicular chondrocyte

(chondrocyte derived from non-ioaded pcrtion 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 orf

hese chondrocytes is usually used

ct

- -~

alone, a plurality of them may be used together.



(chondrocyte derived fromcostal cartilage); and

el astic chondrocyte such as auricul ar chondrocyte 25
(chondrocy-e derived fromauricular cartilage). Wile
each of these chondrocytes is usually used alone, a
plurality of them may be used together. 20 Exanples

of the redifferentiated ci hondCocyte are the sane as
the pre-dedifferentiated c' hondrocy-e. Wile the
redifferentiated chondrocyte is no- particularly
restrict & ¥ Eeng-ash e hectat for ¢/ i@ten Sibherocyte are
epr§55|on amount _of the type Il collagen (C) to the
express~2on Amouff Bfct ?E?TSqﬁqut%ﬁﬂﬂoagéﬁn€Eﬁ ¥ - t he
dedigf-f;gecenti.at.e hondr.oc exCe . the ratio is
preferablykloko?lgnrggﬁnﬁ¥%§bre g}ab*y “From 100 to
100@ariQc\ibl-eyt hesamindd ofs seed ngG ohetherio (c/p1 of
dedi fferenti ated chondrocyte on the medium for '

5 redithfepsntreasing theudedif fiereentyicat €d ebopdsOcyt® <o
into. the chondrocyte is not particularly restricted
and “Ray<*Bé& =&ppPoprieatel Yiselgcttewedépendi hgoon tihe in
pur pgse, o5t ;19.is refgjang fromabout 105 to about
109 cel mt o ©* Ao e® pref< &@chﬂhﬁw@éﬁoﬁ?slbﬁ ?%?zﬂﬁmﬂp
108; gegggégg 17hegcel | rtrophi c when .t
anmount = of segglgg %f@iﬁ%ﬂ%%dﬁé Eilafe% Ehoridt o
is hess. than 105 cells/mn, mhlle the cell may be

~ hypoxic and 20 hypotrophic when the anount of seeding

1C  of the déWiftetentamtet clfondeanyie oexecreds 109

cell s/, The dedifferentiated chondrocyte seeded on
thededl ferentiated chondrocyte on the medium for

redi

Hl

ferentiating the dedifferentiated chondrocyte into

the chondrocyte is not particularly restricted and may

be appropriately selected depending on the purpose,

=
(@)}

is preferably from about 105 to about 109 cells/mL,

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

-2

The

3

eu

D

1 may bs hypertrophic when the amount of

I—h

seeding of the dedifferentiated chondrocyte 1s less
than 105 cells/mlL, while the cell may be hypoxic and
20 hypotrophic when the amount of seeding of the

dedifferentiated chondrocyte exceeds 109 cellis/mL.
Tne dedifferentiated chondrocyie seeded on the
medium for redifferentiating the dedifferentiated

chondrocyte into the chendrocyte is not particularly

N
w

restricted, and may be appropriatelv

R
w
o
}.
[0}
0
ot
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on the purposs. Whil vorable examples of the

dedifferentiated chondroc

(D

include those changed to
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medium for redifferentiating the dedifferenti ated.
chondrocyte into the chondrocyte is no- particularly
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 dedifferentihated chondrocyte by
dedi fferentiation of the chondrocyte during in vitro
culture, and -hose extracted as the dedifferentiated
chorfdroo@pce £ felent f or aercisndrare ar eferabler-Thecia-ion
culture condition of the aedifferentiated chondrocyte
in tHe TEJCFPEFEREY AR | BFF Radiltmioro cadichter emtd ariawe
the dedifferentiated, chon.drocy e into the .
choﬁ%&G@fﬁ%oiggnb ©par Ut Y ATESt FRreredoc kg ndye
be aﬁﬁﬁ@@rhgtgbyesgggggggﬂggpending on the purpose. 1C
While the culture rinme is no- particularly restricted
and may U@eappﬂopfba&@ﬁ&r@ﬁhﬁQEGQH@E@%QQE@grSQQi%{EE
purpose, it is usually 1 week or nore, preferably
f r o"¥NEsoeyReeks. tRedifdieifentinatican orByebeum for
insufficient when the 15 culture tine is less than _
weekR SSWhi FESPhea cit€ urhe 1esséiarers tRsedothondrocyte into
par t.hcu ricted and_nay._be appropriately
sele?%egﬁgé%gﬁé§§% l%ﬁ“%hgaﬁdﬁpéééflPtE?§Eﬁ§ﬁéﬁPyaﬁﬁomay
32 e 4g6roprefesably: fd0m34.12 ‘he
Redi ffe%’ent?ati ona}naie 5SS ﬁpéf%éaég%t i%g T IPHEP i e
when t heWculeutieet @nperat Wige ks hessphhan-32C.. ., Wile
the oxygen partial pressure in the culture )
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

While the culture temperature is no- particularly
restricted and may be appropriately selected depending

on the purpose, it is usually from 32 to 42°C,

Redifferentiation may be impaired or the cell may

die when the culture temperature is less than 32C.

ct

While the oxygen partial pressure in the culture
1s not particularly restricted and may be appropriately

selected depending on the purpose, it is usually from

10 to 30%, preferably from 15 o 25%
Redifferentiation may be impaired or the cell mav

die when the oxygen partial pressure is less than 10%.
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i's not particularly restricted and may be

appropriately selected depending on the purpose, it

is usually frorr, 2 3 10 to 30% preferably from? to
25% Redifferentiation may be inpaired or the cell nay
di e when the oxygen partial pressure is less than 100.
22 Wi, 1lle the pHin the cultupe is not particuiarl v
restricted and may be appropriately sel ected Dependi ng
on the purpose, it is usually from6 to 8, preferably
from 6. 5Wé 15 Redi plerenthatcwnurmy e ddwpaizred-ql athe
cell may die when the pHis less than 6 or exceeds B
The "EFFdFiRy ABEhBAY i 3S ner prertiiaduliar Isg lecestr ieperting
andcﬂayhgeogpgrogrialel% se[ected_dependin% on the

pur pose. "Exanpr 85’ of “the Luituri ig Hetthdd ¥o PrefesrPly
pl atsg-gukt yr e, (Hogol ayer culture), three- di nmensional
culture and pellet culture. Each of these nethods may
be used akanefe®endiapl o ahd bofindhe LBt heds, nay, be ..
used in conbination. The three-dinmensional culture is-
pr effércabhen appacpt hem 1dSs Therpléabe ewktare £nonol ayer
culture) is =two- dinensional culture effected on a

pl ate or TP&t FRIEHFERNY TRCRPR dshmes- diawsAsionaly

cul ture, Lhe,cel ks are cultured on or within a _

t hr ee- di mensi onal et rix “HECAFF-6I-6 iaf&r PaFed nderensting
col Lbagene bhbeige or zRANAl Weopke agid,. CRameraially
avai l abl e materials such as aterocollager_ > "~
(manutactsrethby Kewaken fmide16hem cahsSure), tnree-

dimensional culture and pellet culture.

BEach of these methods may be used alone, or a
piurality of the methods may be used in combination.
Tne three-dimensional culture is preLefable among them.

The plate culture (monolayer culture) is two-

i

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

4

fold material) made of collagen, fibrin or

t—h

(sca

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 therecf may be

appropriately selected depending on the purpos=e.
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Co.) may be used for the three-dinmensional culture.
The three-di nensional matrix (scaffold material) - 25
is not particuiarly restricted, and the nmaterial,
property, shape, structure and size thereof may be
appropriately sel ected dependi ng on the purpose. 23

‘Exanpl es of the scaffold matefial include po_v-D

| actide, poly-L-lactide, poly-DL-1actide, polyglycolic
acid, polvlact'ic acid, hyroxyapatite, calcium
phosphat &*2Bal-8F ubd phios phad ef ¢ v re syapat itheluBs poly-D-

a-erqcol lL.ager:, collagen, fibrin, alginate, aga= and
geléﬁrﬁ}dChep%%ytﬁeﬁﬁgﬁh‘Grﬁﬁpéhﬁﬁyiﬁéhﬁgéd aPohelverlic

a p%@&@|i5819£a${¥%'§%1 i QM/ a %tq%gd togggggr'

At erocol | agen i s favorabl e “anong t hem ' A favorabl e
propeetyhatel hea D@L Yo Ssphael,. nlloIhe shape, my be
appropriately sel ected depending on the required
shapeeftorot hegamt erd dlsyarsed ifrorin, t EAnSphanf ak§oON HIC
cosnmetic materials. Exanples of the favorable
str@etaren genetaldy tiiaRd widgydrogsmeyroet uses ameste, or
strycture aygvsgpngg 15 structure, In the pellet
cul fure. " T he ehondr byt Cultturéd By UERe pPagieer-
cul hueeot§1 Pegl.edis and, 4.5, oW tyrad pre he culture
medi um wi th being gently centrlfuge . Round pellets
of the cul tavethiced |srage-optai ned hycthe 20 peldet
culture. By the pellet culture, it is possible "to
make resliheaptaruitay dob caidrotrdabe:goagubated dgoshding
hi gh density. | _

on-the réquired shape for the materials used for

transplantation or cosmetic material

w0

Examples of the favorable structure generally
include porous structure, mesh structure. and sponge
sStructure.

In the peilet culture, the chondrocyte cultured by
the plate culture is peeled, ana is cultursd in the
cuiture 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 td be coaguliated in a
nigh density.

According to the redefferentiation method of the
present inventior in which the dedifferentiated
chondrocyte is redifferentiated into the condrocyte by
using the redifferentiation medium of the present

invention for redifferentiating the dedifferentiated
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According to the redefferentiation nethod of the
present invention in which the dedifferentiated 25
chondrocyre is redifferentiated into the condrocyte by
using the redi fferenitiatlon nediumof the present
invention for redifferentiating the dedifferentiated
24 chondrocyte into the chiorjgdrocyte, the resultant
redi fferentiated chondrocyte can be used to form
transplantation materials for the inpaired or damaged
car talager cafy tehe nnesene earontirdehea and j.Qisnt . ,apd for
5 cosnetic materials for cosnetic suroery. The nethod
f or QdtidrEnsg téetprobhbedabinge tdwen beswdeliaRb form
redifferentiated chondrocyre is not particularly
r est it 2 aRd *REY "BES appt Dpf Pat ¥l imvelicetiedr damaged
dependi.ng . the_purpose. For exanple, the 10 nmethod
incﬁ%ﬁégqﬁ'dvgfnéﬁfigﬂ%d’p?%te fﬁgﬁﬁFbanénéﬁépéye?Nd for
cul tdy@er ithree=di peosional gl ture and . pel | et
culture. Wiile eacﬁegf ?hgée&#%f%g%““%ﬁyybe used al one
or a plunal neynet the ﬁ@lﬁ@ﬂﬁn@ﬁ%:Qﬁxﬂﬁ§@r591ng rhe
conbi nation, 15 the three-dimensional culture néthod
i s FRPOL&BRE aRBA§Levtherast ed\dwughcyher eési soa
probl em.that the chondrocyte is relatively easily
dedipﬁrréﬁéh?iaér@dfaﬁ'drﬂc%a’%%feoﬁ% mev fiebpobrastisikey
dedif.ferenti ondrocyte when the 20 chondrocyte
is gﬁlfﬁfég 8£§QE§QT?f%§%ﬁQﬁjqugﬂﬁFro fBF SYHBR bur pose
of megener ahiveqardigine of, the cartilage, ;_the
dedi fferenti at ed ch%ﬁ%?%gs%é'ggﬁggg"g%?iEFéh?fy and
(monolayer culture), three-dimensional culture and

pellet culture.

Whiie each of these methods may be Csed 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 chondrocyzte
is relatively easily dedifferenziated and changed to s

fibroblast-like dedif

Fh
0}

re

jos
ot

tiated chondrocyte when

+

h

()

=

chondrocyte is cultured and proliferated in vitro fo

regenerative medicine ¢

+

Fh
Hty
jox
(]

the purpose o cartilage
roi ‘

=
=

1

0

the dedifferentiated chondrocyte can be e iently and
readily redifferentiated into the chondrocyte by using

the redifferentiation medium of the present invention

®
h

F

[
]
()
Q.
h
oy

D

fo 1fferentiating the dedifferentiated chondrocvie

into the chondrocyte,

o]
<

Dy using the method of the

present invention for redifferentiating the
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rreadily redifferenciated into the chondrocyte by using
the redifferentiation nmedium of the present invention
25 for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte, or by using the

met hod of the present invention for redifferentiating
the 25 dedifferentia-ed chondrsocyte into the
chondrocy-.e. Accordingly, the resultant chondrocyte
(mass of | the chondrocyte) obtained by further

cul tefrAgerretipedif feoentéoated ichandnecyhenaayches .
favorably used for 5 treating various diseases related
to tHECEHMPPLEgethy “embedtli nF e okondr oogte dhtora
cartil Lcient_.cite. The invention may be

favgpg 9§Og§%r?e Qf%*n?%d%%éﬁﬁfﬁV§ Her4pyof “bhe

car tbhiages rshncer Lhe., shondrocy Lracted fromihe .
patient himself caﬁ bgggg'cdituﬁgaﬁgﬁd§%e g?%éﬁ 1ot her
pat terttiingovdetoto dsecaddie ealdieas sbhencartil age o by
(mass of the chondrocyte) Exanples Wile exanples of ~
t heSTFRPERALNBNTE | $hdred descrd bedo iancdetal bgbelom, cidie
invention [ s not restricted any 15 way to these
exafpf8:s. TR DIFY &R et 4t oo a0RaRBE beyPRL i 9 oto
dedi.ffgrentiated . chondrocyte due to dedifferentiation
A cEé%a{léééf‘?’br%T?Taé)yat"‘ont”mdiaum*giécm_?*”ce the
manuhaat e 8¢ bYe Sariiax; nt aini pe, FEE- 2 20 be
(fi brobl astggr om}gﬁrgf};ﬁ&o%f;m ,Ct%reﬁ?iagﬁhsr&ﬁ%fﬁ iK' P
gr omtht faetioand) reinsidd no tthanshenthn andos@lenis use
acid was added to 50 by nass of FBS (fetal bovine
Sergh? fpll as the cartilage (mass of the chondrocyte) .

Examples
While examples of the invention will be described
ir detail below, the inven=-ion is not restricted any

— AL LT

way To these examples.

chondrocyte dus to dedifferentiation -

A chondrocyte proliferation medium (10 mL;
manufactured by Cambrex Co.] cdhtaining FGE-2
(fibroblast growth factor-2)
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 culzure (menoliayer
culture). The plate culture (monolayer culture)

R . -9 \ 3 F j
condition was 37C, 30 days, pH 7 and oxygern partial
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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 (nonol ayer
cl.1~ ,,,r e The plate culture (nonol ayer
culture)) O condition was 37C, 30 days, pH, and
oxygen partial 26 pressure of220% In FIG 1, the
phot ograph at the |left shows chondrocyte (PO

i medi ately after starting culture, and the
photgfaphratot Ré%r.i ght shows the chondrocyte 5 (P4)
at fourth subculture about 30 days after the start of
cul ture. The Photlograghs at oehart opr ofheF 1G] sshew

el ecty QR []IQ[ i hands _show ng, expressi on of genes of
type | co Ciéén,‘%?))/pé”ﬁ“rgtﬁ?‘a\ée%”a% GADPHRY cuiture,
(gl vdrceronl dehyderepphoapriat g dehydrogenase),in the .
10 chondrocyt e (%é)) P mredr at eﬁ/&gjgt%{ Starti %Bogﬁf?rﬁr%
and (84 tahe fohendr eapter €34 éﬁoJﬂNgdlﬁa%%bgngPrghe start
about 30 days after the start of culture. These
photdgreaphsirehowThRaphtyperddncadd agen ©was of eXPE €SS esh ow
and tyegg | collagen was not expressed in the 15

chorfdr ey POBEF 1 nhdef it B10 dig erxadse ssear pfofenes of
cul ture. ;This 0 he chara terinst ics of the
chor%frpocjt éO(érﬁgfﬁzd%W%r%ﬁﬁ%‘tﬁ“&h@ﬁl&ir GEYFR), and

t he (herdoackte 6RO - hramdiatel s Lehhe start, .of
culture was confirned not to be égféiltr??é%ggfia%%dfhem

t he cotoheirocg0ehand) tires®Xreassi-on -ameunt- ofi g tyPe Ude anc

col l agen was
in the chondrocyte (P4) at fourth subculture about

th
(9]}

30 days after the start of culture.

These photographs show tha* type II collagen was

expressed and type collagen was not expressed in the

- chondrocyte (P0) immediately aft

I=h
ct
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=
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C
U}
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culture. This shows the characteristics o the

chondrocyte (pre-dedi

t=h
=
0]

erertiated chondrocyte), and the
chondrocyte (P0) immediately after the start of culturs
was confirmed not to be dedifferentiated. On the other

nand, the expression amount of typ

[{)]

IT collagen was

decreased while <ype I colla sed in the

Q
(b

n wa

9]

eXpre

w

chondrocyte (P4) at fourth subculture zbout 30 davs

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

Ft

th

]

start o

culture was dedifferentiated.



1C

15

20

e}
o

decreased while Type | collagen was expressed in the
chondrocyte (P4) at fourth subcul ture 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 subcul ture about 30 days after the start of
culture was dedifferentiated. - Redifferenr at ion of
dedi fferenti ated chondrocyte into chondrocyte The
chondrrGEye SEPRL 1 8B dpPY f oF etrd il ‘et hidrdrdcyhendrocyte
ZOOjQ]Q)ceIIsL at _fourth subculture about 30 days

after 5 the startSof culture was cul tured by

enbeddi NngHN - Lee: di jopal. matrix . of o
a-erocol%gbenﬁfgp_gvégyng%Si#EkifﬁﬁﬁﬁndﬁlfadnEBPﬂﬁT?hytef
Examploe obof ee116edif f es@nid alilg, the dedifesgntiglede, .,
chondrocyte into the chondrocyte) containing 5 g?ni T
of itMsulsicar10of manlf act ured dy MR Bi Bgherbsaksn&oi) -
and 200 nminL of BMD-2 (human reconbi nant bone
nor 6ROGERBLTR P} Bt et r ivgfufeactered lbyeanamout hays
Phaﬁgqggu%iggé.g§.)aiqnq _basal_ _nedi um Dul becco' s
Modified Eagre’s" Medium ™ Rutri eeTRERt dr 8°F- 12 HAM
(tradgirageen DMEM £12,, 1 f red by Sigma .
Cheni cal gg.?, andﬁ%sfﬁgﬁgﬁﬁggrﬁﬁkg(ﬁgﬁ%dfﬁ%ﬁ@TPcyte 1nto
ExampkecBoharoteeh f fesentirationg Lhen:dedi {fearentiated
chondrocyte into the chondrocyte) " containing 10-7 M
of TBaprigd¢3ursd -by iNdutdyennicae)y to.  agdit?on 4/ the -
above- nent i oned conponents in the basal 20 nmedi um
Thi 8METFt (hemdr FEsndentto bohe merhbdgefiet he protein-2,
inv%gkhgghiggeéqgltjerentL@tigg the dedifferentiated
Ct Yy Yamanouchi Phiarmaceutical Ce.) in =&
basal medium Dulbecco’s Modified Eagle’s Medium
Nutrient Mixture F-12 HAM (trade name: DMEM/F12,

manuractured by Sigma Chemical Cc.), and using a medium

(a medium in Example 2 for redifferentiating

he

I

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 I collagen

(Col-I), type II collagen (Col-II) and type X collagen

1 ) . + j1 + ¢ F B 3
(Col-X) 1in the dedifferentiated cnondrocytes cultured

1=

la were

C
—

using the above-maniioned two cu

=

Ture

=
=
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chondrocyte into the chondrocyte. The anounts of
expression of type I collagen (Col-1), type |

collagen (("ol-11) and type X collagen 25 (Col-X) in
the dedifferentiated chondrocyces cultured using the
above-nentioned two culture nedia were neasured. The
anounts of expression of type2B 28 collagen, type

coll agen, and type v collagen in the dedifferentiated
chondrocyte (control) are shown in FIGS 2, 3 and 4,
respectfYRTy. LYRF H:GS.02 agerd 2nBT tygendt es’t hesmedi ume
conggépgpg BNPrzwgnqsinsuanL while 5 BIT denotes the
medi GhT cont & m Y BVP-2' LRGN f CRRATOTS. @ TheSh@ygulits
in FFES. t ow. that the_.expression ampunt of __
typé'$§b6%1dgéﬁuigér§%% Ff%f?élgf ?he'9°5' < to 4, BI
dediéfierentimd ebChendpekte ideCrases, 1 tNedfin white
expressions anmount of type | collagen characteristic
of Bihedehorel otha eddicrmeasesaandnbheMexXpr essd\0nn and
anmount of type X coll agen expressed when the

carfflage is converted into the bone tends to be
inghtIyTchrgaqu as conpared with the _ .
dedi f f er €Mt i 5180 CholdrFd&it e 2ad ©a 415P€6nER®Y , thehen t he
dedj tdated ghondracyte is_,cultured using .the — _
ned%%én%%hdrrgda?%fdg]re%ﬁ a&%ﬁg‘t s—ﬁaaaw rearfﬁ'eg':tlé:’d*c or
chonigls ogad e iduteo tihe cehendnaeyterkNge Exainl e 1 (Bl)
containing insulin and BMP-2. The ratio (CD) of the
amoexe € Qiof aopnessifonyandIpr eduthgon @far2Q YRRk of
col | agen when the dedifferentiated chondrocyte is '
cul tRfF e U TRF e imEdirareisnaERarpk ee Ao {Bi9idrommount of

Type X col_agen expressed when the cartilage :is
converted into the bone tends tc 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

1s cultured using the medium in Example 1 (BI) for

redifferentiating the dedifferentiated chondrocyte into

the chondrocyte containing insulir and BME-2 tc the

t

amount (D) of expression and production of type II

coillagen in the dedifferentiated chondrocyte as th

1]

control was about 10.

When the dedifferentiated chondrocyte is cultured
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redifferentiating the dedifferentiated chondrocyte
into the chondrocyte containing insulin and BMP-2 to
the anount (D) expression and production of type II
25 collagen in the dedifferentiated chondrocyte as the
control was about 10. When the dedifferentiated
chondrocyte is cultured 29 wugeng the nedium for
redifferentiating the dedifferentiated chondrocyte
into the chondrocyte in Exanple 2 (BIT) containing
i NSHEERY BWVP-Redigt 758, roiififlkereotther ihandhet he
expression_anount of type |I 5 collagen. characteristic
?ﬁ%‘th%hﬁ? oty e | A YelircYdbc rease s het ReoRSER BEST Gim
amognt of .t ypeg T+, coll.agen _characteristic of the
ded?gfrggieﬁt?a?%g‘ )chanAd%o‘%y‘tné; T'&rgely ?ﬁ%réa‘%réif an@"
t hetRXpE €561 ORa@dIDUWH: Qfkdr\UisG8 oY aeLLAGSA expr essed
when the cartilage is converted into 10 the bone tends
to belsiégghttyadecredsed casrcomparednanbéfcd hevrge1y
dedi f Terenci at ed chondrocyte as a contr0' _. The ratio
(C/ BFChi2 e arrurRxQIEs séorexpressi oA amck T aducticen
of t $§ I _collagen when the dedifferentiated
Chofel A5 % 15 BUITurdd GSPng CERENT 15 ARCR RAGTSIEY =
redifferentjat e dedifferentiated chondrocyte
int%éf éﬁch%ﬁéoﬁ%%y‘%% ia%%EigﬁpFépﬁ'féfﬁ et it g X
I nseibl e g BVRZo b B3 whent Rgeappunt 160 of - EX.es8i 0.
and production of type Il collagen in"the '
dedif$ evert i mdretk chondr séybetas accobis®d AR GLJ
20 nore. These results show that the chondrocyte can
be With the dedifferentiated chondrocyts as a control.

The ratio (C/D) of the amount (C) of expression and
production of type II col.agen when the

dedifferentiated chondrocyte is cultured using the

medium for redifferentiating the dedifferentiate

o

chondrocyte into the chondrocyte in Example 2 |

o}
t

IT)
containing insulin, BMP-2 anc T3 to the amoun: (D) of
expressior and production of type II collagen in the
dediiferentiated chondrocyte as a control was 20 or
more.

These results show that the chondrocyte can be
redifferentiated into the chéndrocyte by culturing the
chondrocyte differentiated to the dedifferenziated
chondrocyte by dedifferentiation vsing the
recifferentiation medium for red-fferentiating the

dedifferentiated chondrocyte to chondrocyte according

+

It was also found that, when the

2]

to Examples 1 and
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redifferentiated into the chondrocyte by culturing the
chondrocyte differentiated to the dedifferentiated
chondrocyte by dedifferentiation using the 25

red fferentiation neQ.umfor red=fferent iat?ng the

dedi fferenti ated chondrocyte to chondrocyte accordi ng

to Exanples 1 and 2. __ was alzo found that, when the

30 redifferen_iatlon nmediumfor redifiere:,clafrog

the dedifferentiated chondrocyte into the chondrocyte
in 4§Qﬂﬁﬁ3§ﬁ@ji§tdsedm6ﬁhEmdfmﬂfféﬁfﬁﬁéﬁﬁﬁﬂia:ing ~he
chondrocyte can be efficiently and readily

r ediF5erremicatéd tRAt 6RPMRI Serondi o yitte asiondrpared in

wi th._using the nediym for rel ifferen _ng the

dediTTerent icated “cRdndrotyte i Mt ethe ‘@horaPpeypeyte can
I NXyWiL ki 1Pt YAy of . preferabl e amount .of each =
conponent i n tnﬁé%; %‘hpe |ffrr% ‘oﬁ\' rfac?e‘n*g“dre“dni'“flfaér nt7af ed's
chonticocybeyre be cdfpsesh ffarentd ated HeNtQa: un for
chondrocyte Preferable ranges of the contents of

i nsdscA f feBVPT2aaAdg T3¢ niddef fmdintmaf-@6 chondrocyte into
redifferentiating the dedifferentiated chondrocyte

i nt 5°EhENCRORAFBESt &7 i F*amBdenpl-e 2 contai ning i nsul in,
BMP- 2 ang, T3 were 15 el uci dated by the follow ng three
conpari Sofs. FrTst-lwheh T CoMie AES oF OBRPOS eire the
changed ut0 o400, PGk e 2 TEL.and 100 ng/imi, _ .
respectively, I\?\II F% giéd c%ﬂ%eér}tg!%#lait%guI“Pﬁn%fgsyﬁég/“rﬂ be
andradeconteaht0itdd Dito HohdMothe expression anmount
of type Il collagen was 20 the | argest when the

cont ent &feBRPaRinasa2fs ngi mhe Secord:swbeniihelin,
contBents of T3_were changed to

ME-2 and T3 in the mecdium for redifferentiating the
A - el ~

dedifferentiated chondrocyte into the chondrocyte in

Examplie 2 containing insulin, BME-2 and T3 were

: 3

elucidated by the following three comparisons.

Hy

First, when the contents of BMP-2 wers changed to
400 ng/mL, 200 ng/mi and 100 ng/mL, respectively, with
& content of insuliin of 5 ug/mL and a content of T3 of

10-7 M, the expression amount of type II collagen was

the largest when the conten: of BMP-2 was 200 ng/mL

t‘l]

(F'IG. 5).

Second, when the contents of T3 were changed to

16-6 M, 1C-7 M and 10-8 M, respectively, with a content
of insulin of 5 pug/mL and 2z content of BMP-2 of

200 ng/mL, the expressicn amount of + pe II collagen
was the largest when the content of T3 was 10-7 M

I‘l]

(

IG. ©6).
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10-6 M 10-7 M and 10-8

M respectively, with a

‘content of insulin of 5 g/nL and a content of BMP-2

of 25 200 ng/nL, the expression anmobunt of type TI
collagen was the | argest when the content of 73 was

10-7 M (FIG 6) 31 Thi
were changed to 50 g/ ni,

rd, the contents oL insulin
5 g/my and 0.5 g/ nL,

respectively, with a content of BMP-2 of 20C ng/nL

and a content of T3 of

10-7 M the expression anmpunt

of type IThicel,| agenceasendstbe 1a8gest when 4heces 1o
content of insulin was 5 g/m- (FIB. 7). The results

abov® stgwed Ehat/nheand

edi § frey/ent,i akispgcabirklty wfth =

the dedifferentiated chondrocyte into the chondrocyte
was EXCEeft MRt Aé 40° comtentancof: iavsakinn, oBVPE 202

and 53 wer e 5 uglat, 200 ngigt and 107 M

respectively, in

e-edi UM T8t YediFferentPat poagn ties

di f ferentirabed GhondrREyL e, . Ghondrocyte, in Exanple
2. Effect of analogue 15 The effecf‘ofX%heaanél%éHﬁf

on rigdicf.f @yenti ati on of

the dedi fferenti at ed

chondrocyte into the chondrocyte was studied as

fol |l ows Byechamyiing BMPVE swmowdds creatalcogue BMP-4 in

the nedi.umof the invention for redifferentiating the
dedi"fféréft Fated" chandr eyt intd20=Fhéfenondt ot e.
Thec%%@h&&@?@@tiﬁ%?dt§Q998£?1X£ERMBS CU|Lg£?gn?§wmm the

descri bed previously usi
contents cf insulin,

200 ng/mL and 106-7 M,
redifferentiating the
chondrocyte in Exampl

- Effect of analogu

W
[())

(e}

H
[}
[}
Hh

n

the dedifferentiated

n e sarre "4l fare

BMP~2 and T3 were 5 ug/mL,

respectively, in the medium for

n]

differenziated chondrocyte to

-~

e Z.

fect of the analogue on redifferentiation of

chondrocyte into the chondrocyte

was studied as follows by changing BMP-2 to icts

analcgue BMP-4 in the

redifferentiating the

]
[y
[{}]

the chondrocyte
cultured as described
media for redifferent
chondrocyte into the

and one in which BMP-

medium of the invention for
dedifferentiated chondrocyte intc
dedifferentiated chondrocyte was
rreviously using the same culture
lating the dedifferentiated

chondrocyte in Examples 1 and 2

2 was changed o BMP-¢ in Example

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

IT collagen and type X collagen in the cultured

dedifferentiated chondrocyte were measured. The
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nedia for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte in Exanples 1 and 2
and one in which BWP-2 was changed to BMP-4 in Exanple
25 2. The ampunts of expression of tvoe |I coll agen,
type | collagen and type X collagen in the cultured
dedi fferenti ated chondrocyte were neasured. The 32
anounts of exoression of type _ collagen, type
collage: and type X co lagen in the dedi ferenltlaced
choﬁﬂFb%&Fe“écéﬁ?F@P? aF eC S Howire iIn cPILG8g=8, 9vmadIil0,
resgggtlvely GS. 8 to 10, "BI" denotes the 5
nedluﬁrcgﬁtaFHanyDBwb ° arff §hsdl i-he @BP¥”*ééﬁ@¥e%-~u
the - anta i nsul.in T

Iwgﬂy%é rdm,ca R bﬁ*Pg Ehgé 'shown. in _?Eq § rn%?ﬁlTP

4" “denotes the nedi um cont ai Ai ng~BVP- 4/
and rE3peTheveati o (£ Djcof ¢ he, amunb(Chiofbres tne

expression and production of type Il collagen
obt aievedmbyotOacubbyrBing-2 hendeadishfienentbateddenoctes the
chondrocyte usi ng the nmedium containing insulin,

BVPI293HE F3NEDLEHeT aftbmE - (D)2 1eh expr@§5|@moamBMP g
production of type. |? collagen in the A
ded FF8r&nt Fate %h%%d?%ﬁmﬁ 1@coﬁyrof) Wagudpn gpnd T3,
nore. 15 e.results 1 19 10 ow.t hat the
redlfferg§E|a%|gﬁ heétﬂﬁ?sﬁ?%s RSP oxi At 8F y© FRES SHifE
rediehbepestibat i g abid ity ﬁ§<kﬂlggéﬁpbﬁ glﬁﬂﬁﬂaWhe”
BMP-2 is changed to its anal ogue BMP-4 in the medi um
f or crédif f eg en¢ atéayr theerdedickbieraohiabeg: € hondiOcy:e
20 to chondrocyte in Exanple 2.

medium containing insulin, BMP-4 and T2 to the amoun=:

(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 thaz the
redifferentiation medium shows approximately the same
redifferentiating ability as in Example 2 even when
BMP-2 is changed zc its analogue BMP-4 in the medium
for redifferentiating the dedifferentiated chondrocyte
to chondrocyte in Example 2. .

- Mechanical properties of the cultured product o

Hhy

redifferentiated chondrocyte -

The chondrocyte (P4) at fourth subculture abou:
30 days after the start of culture, or 200,000 cells of
the chondrocyte differentiated to the dedifferentiated
chondrocyte, were cultu

aterocollagen three dimensional matrix for 21 days.
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- Mechanical properties of the cultured product of
redi fferentiated chondrocyte The chondrocyte (P4) at
fourth subculture about 30 days after the start of

cul ture, or 200,000 cells of 25 the chondrocyte
differentiated to the dedifferentiated chnoro.y'te,
were cultured oy e noeo, duly 33'In an aterocoll agen
three dinensional matrix for 21 days. 33 The culture
medi a used were the nediumfor redifferentiating the
ded| L-kf%rfémﬂuét‘eﬂleéhén@hﬁ@@yWQ*@ ntlee ntefye uohdndr ocyt e

used in le 1, which contains 5 g/l of insulin

( manutact i é?cﬁ "5 - B BF bRt Sat 5= 1 )i e t5CaR@02g@ oAy ATinTo
of - 2. Lecg nant _ bone rphogeneti ¢

pr otedgfn fglamrlﬁgyact ugg%l %f/ aa&ré%beugﬁ Wn#’%ﬁr feeeatMEal
Co. )5 iy /arbasak npedi um Bl becsq;,s o Medtvfol ed fagless. c.
Medi um Nutrient Mx--u re F-12 HAM (trade nane: -~ =
DVEMIRL 2,0 Cmagufnact fir ede by Siaginen Q&ﬂ@m@b&haﬂ;@ Een}, and
the redifferentiation nmediumfor redifferentiating

t he "PEAPOEFRERE F ab Bet ehomdr oeytug dattugedt hg Ehmadmcryi e
used.in Exanple 2, _which contains 10-7 Mof T3

(i - 3PgImEcep odb‘?hyr%n' me} relifuttec fgfédn By lERMEro’ s

Bi o ence Ln 110 tothe bove 15 nentioned
con%%lr?e*ﬁ?svdicﬁa%l lum U™ ST géx “Baftbre Enjé%%ods
cor resperdnket hmmxdﬁpﬂf nud=eqdifterg t n L,
dedi fferenti ated chondr ocyﬁul r‘{jt%gl tﬁe hg%{éﬂpog@%%ﬁlc
accérdingand the fewehtdam:ids ishowadiomFE& 11, the
conpression strength (gr) 20 (neasured with
VEN@S@R@NeYﬁﬁﬁﬂﬁﬁbT%r%ﬁﬁkﬂﬁd%@ﬁﬁﬂQGOlﬁuas chondrocyte into

the chondrocyte used in Example 2, which contains

10-7 M of T3 (I-23,3",5" ~triiodothyrenine, manufactured
by EMD Bicscience Co.) in addition to the above-
mentioned components in the basal medium. These

cuiture 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 T2 (see FIGS. 11 and

lrJ

190 T - ! > ; I ;
123, In FIGS. 11 and 1z, “BI” denotes the medium

containing BMP-2 and insulin, while “BIT” denotes +he
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a mechani cal property of the three-dinensional culture
product by the three-dinensional culture showed an
i ncreasi ng tendency as conpared with the culture
product of chondrocyte (control) cultured in a nmedium
25 containing no insulin, BWP-2 and T3 (see FIGS. 11
and 12). In FIGS. i_ and 12, "BI" 6=no-es the medi um
containing BMP-2 and insulin, while "BIT" denotes the
34 nedium containinc BMP-2, insulin and TI. -
Mec HEH-cdl Gy opéntnesBUF-2ul tusedi praducts.of the
redi fferentiated chcndrocyte The dedifferentiated
chondr 0¢y¥& (300600 EepRy ©5 wasteidd wreduicn phethe
three-didrer. si. L,matrix of _ateroco Ilaaen for 21
daygteeljg'i'ﬁgrt%éq%gd?ufnn‘r%?‘o?édTffer entiating the
dedl ffer QTHEI Qfe%Qf@QQB 1 L) Y T"Ccho-’ 0 e L 7=
Exanple 1 and the rred?E?f?%? !:t?{jelg?% Cg\?e‘nt‘irégtoi’(rE1)é‘bt ﬁéT‘D"
dediviefse centtivated i chondr eyt €-d hon s il hhgchopdrecyt e
in Exanple 2. The culture product was inplanted to a
nodétREasef£6ee2 Ronthl,dand thieng conpressuansstrengt h
(grée%f. the transplanted culture product was neasured
as 4ESCFITEEEPEhBTEI? A S HEWH: § 1P FAGLaL8d thendrocyte into
co gssi ; gth. (gr 5 of_ the culture product,
oh EheEnORLRbEEg %} %s‘])“r‘%)gllf He 2tfediGni"EGr . for
redirbbecesteati ng: dhe- wledidferentdated chondrocyte . .
into the chondrocyte accor d% ng toéngxgnﬁfevgg%m%%yt' ke
hi gher thandtheycal frurecproduct. ofrHehen) ehpndE OEYLE: 38 <
a control, and the conpression strength

implanted tc a node mouse for 2 months, and the

Hhy

compression strength (gr) of the transplanted culture
product was measured as described above.

As shown in FIG. 13, the compression strength (gr)
©f the culture product, which was obtained by using the
medium for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte according to Example
2, was nigher than the cul=ure product of the
chondrocyte as 2 control, and the compressior strength
was approximately the same as the auricular cartilage
(native cartilage) in the Ziving body (see FIGS. 12 and
14). In FIGS. 12 and 14, “BI” denotes the medium
containing BMP-2 and insulin, while “BIT” denores the

medium containing BMP-2, insulin and T3.

The medium for redifferentiating the

t

dediffsrentiatsg chonarocyte into the chondrocvie and

(

the method for redifferentiatin e dedi

(R

fer lated

o

T

(D

ot

n

«Q



20 was approxi mately the sane as the auricul ar
cartilage (native cartilage) in the living body (see
FIGS. 13 and 14). In FIGS. 13 and 14, "BI" denotes
the nmedium containing BMP-2 and insulin, Wiile "BIT"
denotes the nedium containing BWP-2, insulin and T3.
25 The nmedium for redifferentizating the
ded_frerentiated chondrocyte into.the chondrocyte and
the nethod for .redifferentiating the dedifferentiated
351 chehdndrotyt ent at oh¢ hehahondnocy te caceondi fg 110 t he
invention are able ro efficiently and readily
red {FFEPEAPRaB &St Aol teel S Erianitaratied achondadtyt e, in
whi ¢h characterl tics 4ﬁthe cartil age have been 5
attenuated by - d% T 1T ST GG dUETRE FhoRdveEYes, in
cul tHEe, LALE Lhe, ¢ y and c n_be favarably
used for cgﬁtlngeﬁ %qutgg-ﬁihe fhon Fecytaeuttdr ed
andapretitecatea dyaredifdpnentiat i fromthe.
dedi fferenti ated chondrocyte using the fredi um for 10
redFfferent i artngciiherdedifderent iaatedashondroeyt8,1 y
into the chondrocyte and the nethod for
redFFF%réﬂFla??ﬂffu%qur%%&ﬁ'PferéWFlaneddc¢mwnhcngﬂ4mred
|nt 1&h}? %Fopdroqyte accar, to the inven-ion my
avo abry” used adY ifmpltd Fa Do aralRr F 5% oy

def@g@ggfeg%p{{gggé%ﬂﬁ?gaqgabtlo af. %he Cartllagg of

nose, ear, trachea and |oi nt as Coshretid”

mat eedaf sefofit {he PSR |d‘éc11$l£r=935¥uaam&i diforfid&te in
useful for regenerative nedicine of the cartilade.
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 zosmetic materials for the cosmetic

surge y and is quite useful for regenerative medicine

0f the cartiliage.

o]
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LLOYD WSE 35 P _ MT redifferentlatlon nedium used

for maki ng dedifferentiated ci hondrocvte to be
redifferentidted into original cnondrocvte, carti_aae

S characteristics of said dedifferentiated chonarocvtg pyp WISE
hav-nc been attenuated due to ded-tferentiaticr. of

tor differentiation and maturation, Said nedium

~conprising: inSUIln; at | eastone nember sel ect ed

fromthe group 10 consisting of BMP-2 ; bone

nor phogenetic protein-2) and , angl ogues thereof; and

T3 (triiodothvronine) whefern the dedifferentiated

human chandrocvte is redif ere-;.d:8: 8,010 the O

lgi ndl c' ?0ndrp'cVte wh. e 15 éx“rglr‘ésfs??gﬁ'é%“f?/%em“d‘um

Col vd'egeAok Smsong essedk i 2an-The dsedihbhareptiation,.

medi um _according to claim1, wherein the anal ogue of
BVWPI2CisTeBRPL 45t 20 I tcThwer iisddaif enentiratioe, @eal Umge
according-to.clainms 1 or claim2, wherein the insulin

i s presént=atShltontentiidt iF6AEGFEOT1052¢ ocBOTirocyte

V-1 ghilndpedhe redifferentiation medium 25 according

to gnyzgﬁeoéf"c él“'rfs“g_ "tcg © “t"hé‘vg‘t%*“tea%?%ﬁé“ a-ter
menber csebeel £di HOraMd hR @QUQ GONSESHI R84 Of BMZ A and ..

insulin;
at least one member selectsed from the group

consisting of BMP-2 !bone morphogenezic protein-2) and

wherein the dedifferentiated human chondrocyte is
redifferentiated into the original chondrocvte whi’e

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

3. The redifferentiation medium
accordi ] ' i

< ding to claims 1 or claim 2, wherein the
insulin is present at a concentration from C.05 to

500 pg/mL.

4. The redifierentiation medium
according To any one of claims I Tc 3, the at leas: one
memper selected form the group consisting of BMP-2 and

analogues thereof is present at
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anal ogues thereof is present at LLOYD WSE a
concentration: fromnqgto 40 g/'n¥. The

-red-ferentia_io.; nedium according to any one of LLOYD wise

claims | to 4.., wherein T3 is present a- a oor:ceo
1-1 -=0,-, - = 6 The rea__=even-_a-ion nedi um
accorulnc to any one o_ clains;-l to' 5 . furl.
conDri.sinp a- |eas_ one nenber selected frorr the

Qoup.. consist no of fibroblast grow=sl? =actor
i Nsu i apricenitcecgbawe Rokact ghgnl 4005 -&%/ - parathvrod
f 0 hornmone ( 9TH, , grow _ hornone &T

gl ucooOr fi-cOid, Vitamin L, 1i-1nseceoto?s antadon).stoq;
estrogen, . androgen, transformation growh- factor a-

' TC. Fa Pt afisFOr raYi 8RS gPBwe he faetior:G4( Tivirsde in banes
no rpphg_g ni .C _pro _e s (Bn!P) , o, dermal grow =h
~ac_o=, “g”l'a:_“'“l fi '“aéFFVéd‘G%W}rF‘?%C’{%T%FQ rigns errlrl,
sel enioug .acid, linoiei" acid, albumr, ascorbic N
acid, chondronodulins, hecarln:~ o Ha e THE G 5104 pedium
brcea®rcgnowto. any=ast 055 MasGi ar endot hel ~. = grow ;

; factor, mtogenic hornone, connective tissue growh
—actGIPTheEFpE —aevi ea gr omth Rbrifactsern e akachi-denig.
acid, Dreszaalandir. P,, prostaglandin B,

pr ostAgrandrf. o, Tpr et Wy arttiav=e dadtol, 2, SFcantne. 7
The redisferepriazion: medi um LLOYD W SE

- 4

“aCTors S5 — a :
Zactors -1}, ‘parathvroid

Um

group

nhormone (PTH:

i}
La}
O
s,

|
oy
o}
0]
3
o]
o]
[}
(l)
s
Q
'_l
o
)
O

)
o]
[
ot

vitamin D, IL-1 receptor antagonist
anarogen, transformation growih Zactcr o (TGFQ)

Trarsformation grow:zh factor B (TGTR)

£, transrierrin, selenious acid,
tinoielc acic, albumin, ascorbic acid, chondromodulins
rom iins,

heparin binding Zfactor, c-Ifibroblilast gr

connecTive tisSus2 growih factor

ractor, arachidonic acid, prestaglandir 2
bros-aglanain 3, prestaglandin E, prestaglandin P oand

histamine.

7. The redifferentiatior medium
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38 according cc' acv cne of ciains 1 cc 6 , whe-e__

fly red fferentiated chondrocyc e - selected - _or,'m

hya i nc chondrocvte and el astic chondrocyte. 8., The LLOYD WISE
-ediffer _r -alor med4um 5 according to any one of

claims O7 GP.. r -f red-if _erentiated
chondroc, y-I-e s cul tured anggone O-7-)la-,a- Lure,
“hr ee-di mensional | -Ure and pellet culture.

rec-__eren~la~IOn ne-:hod for naking dedi _ferentia
ec shonCiOhgyre dov beng ed ffieren=-a- %délngg OtLglnﬁl
chondr ocvt e, car |Iaa characterls---- I cs oF sa

duet . tq — —|at|or and naul-a--lon sald
net 69" %D-S““Vs?ﬁ?u?*%ﬂﬁ%fﬂ%&?%@ﬁqgmtﬁfere---a--ng t he
oedifi-efen sated cnondrocv_e _.into the C iQ _:ial

chondrocvt DV cU ~Ur_nc the ‘déd “erefr S5ced” ERpMEEdium
ocVeeeotBime Ne éeﬁhﬁvngnCJachuo nedlyn1accord|nqwto
claims _to C 20 Wile exntesslon o_ =y- 1
CO|KQQEH-$fkﬁﬁkﬁ¢Hd¥§ﬁhnqrdH}—p The~n§qhﬁtgr900é§ulgq; of
met hod according I-o claim9 wherein the cul =ur_nc _

co: PLEmBIct ¥6#T% 0 B ueksmensional culture and peliet

culturs,
9 L regcifiavran-
eCcliiIerentiation mezhod
for tor making dedifferentiated chondrocyte teo be

rediZrerentiated into original chondrocyte, cartilaqgs

Vo om e L .
regirfeorart - a~dina ko 1 § - " 3 :
regdizerentl SaTING neg QEQL_Ieren_laL_ph CNoncrocvyvLe

10 The recdifferentiating
- ~ —~ 2 .
MeThnoc according to cliaim 9, wherein the cuiturine is



