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R I P T I O N REDIFFERENTIATION 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, 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 20
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
.25 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
~IIOO110II0 II0 II0 III I II III *G00002* 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 donor site troubles. Therefore, solving means
without these problems has been desired and
development 10 of technology for enabling regenerative
therapy of the  cartilage is urgently expected.
Technology for efficiently culturing the
chondrocyte.is essential for regenerative therapy of
the cartilage. While many methods for culturing and 15
proliferating the chondrocyte have been reported (see
patent documents I and 2), the chondrocyte is
dedifferentiated to fibroblast-like cells during
culture with a quite high probability. As counter-
measures and solving means for such a case the 20
chondrocyte has been changed to fibloblast-like
dedifferentiated chondrocyte, there are proposed a
method for redifferentiating the dedifferentiated
chondrocyte using a hydrostatic pressure, and a method
for redifferentiating the dedifferentiated chondrocyte



25 by three-dimensiona= culture. However, it is the
status quo that the dedifferentiated chondrocyte
cannot  be easily and efficiently redifferentiated
into the 3  original chondrocyte by these methods. In
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 during in vitro
culture. Patent document 1: Jpn. Pat. Appln. KOKAI  10
Publication Nc. 2003-534792 Patent document 2: Jpn.
Pat. Appin. KOKAT  Publication No. 2004-502401
Disclosure of Invention The present invention is
directed to solving the  15 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 20 making
dedifferentiated chondrocyte to be  redifferentiated
into chondrocyte, the medium and the  method being
important for efficiently producing  transplantation
materials for deficient or impaired  cites of nose,
ear, trachea and joint and cosmetic 



25 materials for cosmetic surgery; being able to
contribute to the development of regenerative medicine
of the cartilage; and being able to efficiently and 4
readily redifferentiate the dedifferentiated
chondrocyte, which has been changed 'co
fibroblast-like  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
redifferentiated into the original chondrocyte by
using  combination of insulin and BMD-2, and
preferably  together with T3. The invention is based
on the above- mentioned discovery by the inventors,
and means for 15 solving the above-mentioned problems
are as follows:  <1> a redifferentiation medium used
for making  dedifferentiated chondrocyte to be
redifferentiated  into original chondrocyte, cartilage
characteristics of said dedifferentiated chondrocyte
having been 20 attenuated due to dedifferentiation
during in vitro  culture, said medium comprising:
insulin; and at least  one member selected from the
group consisting of BMF-2  and analogues thereof; <2>
the redifferentiation medium for making  



25 dedifferentiated chondrocyte to be redifferentiated
into chondrocyte according to <1>, further comprising
T3; 5  <3> the redifferentiatior 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; 5 <4> the
redifferentiatior, 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  dedifferentiated chondrocyte to be
redifferentiated  into chondrocyte according to any
one of <1> to <4>,  wherein the at least one member
selected form the group  consisting of BMP-2 and
analogues thereof is present at 15 a concentration
from 1 ng/mL to 40 gimL; <6> the redifferentiation
medium for making  dedifferentiated chondrocyte to be
redifferentiated  into chondrocyte according to any
one of <1> to <5>,  wherein T3 is present at a
concentration from 10-9 to  20 10-5 M; <7> the
redifferentiatior_ medium for making  dedifferentiated
chondrocyte to be redifflerentiated  into chondrocyte
according to any one of <1> to <6>,  further
comprising at least one member selected from 



25 the group consisting of fibroblast growth factor 2
(FGF-2), insulin-like growth factors (IGF-1),
parathyroid hormone (PTH), growth hormone (GH, 6
glucocorticold, vitamin D, IL-1 receptor antagonist,
estrogen, androgen, transformation growth factor a
(TGF(x), transformation growth factor P (TGF(3), bone
morphogenic proteins (BMP),. epidermal growth factor,
5 platelet-derived growth factors, tran_sferrln,
selenlous  acid, linoleic acid, albumin, ascorbic
acid,  chondromodulins, heparin binding factor,
a-fibroblast  growth factor, vascular endothelial
growth factor,  mitogenic hormone, connective tissue
growth factor, 10 heparocyte growth factor,
arachidonic acid,  prostaglandin A, Prostaglandin B,
prostaglandin E,  prostaglandin r' and histamine; <8>
the redifferentiation medium for making
dedifferentiated chondrocyte to be redifferentiated
15 into chondrocyte according to any one of <1> to
<7>, wherein the redifferentiated chondrocyte is
selected  from. hyaline chondrocyte and elastic
chondrocyte.  <9> the redifferentiation medium for
making dedifferentiated chondrocyte to be
redifferentiated  20 into chondrocyte according to any
one of <1> to <8>,  wherein the redifferentiated
chondrocyte is cultured by  any one of plane culture,
three-dimensional culture and  pellet culture; <10> a
redifferentiation method for making 



25 dedifferentiated chondrocvte to be redifferentiated
into original chondrocyte, cartilage characteristics
of  said dedifferentiated chondrocyte having been 7
attenuated due to dedifferentiation during in vitro
culture, said method comprising tine step of
redifferentiat_ng the dedifferentiated chondrocvte
into  the original chondrocyte by culturing the 5
dedifferentiated chondrocyte using the medium
according  to any one of <1> tc <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 expression and production of type II  collagen
in the redifferentiated chondrocyte to the  amount (D)
of expression and production of type II  collagen in
the dedifferentiated chondrocyte is 1 or  15 more;
<13> the redifferentiation method according to any
one of <10> to <12>, wherein the expression/production
amount of type I collagen in the dedifferentiated
chondrocyte is equal to or more than the 20
expression/production amount of type I collagen in the
chondrocyte in the living body, the amount of
production of type !I collagen is equal to or 'Less
than  the expression/production amount of type II
collagen in  the chondrocyte in the living body, and
the 



25 expression/production amount of type II collagen is
equal to or more than the expression/production amount
of type II collagen in the dedifferentiated 8
chondrocyte; and <14> the redifferentiation method
according to any  one <10> to <13>, wherein
compression strength,  fracture strength and Young's
modulus in the 5 dedifferentiated chondrocyte are
larger than those ;n  the redifferen-fated
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 start of culture, respectively. The photographs at
the top show electrophoresis bands showing expression
of genes in the chondrocyte (PO) immediately after 15
starting culture and in the chondrocyte (P4) at the
fourth passaged subculture about 30 days after the
start of culture. FIG. 2 is a graph showing the
results of  measurement of the expression amount of
type I collagen  20 in the dedifferentiated
chondrocyte cultured using a redifferentiation medium
containing insulin, BMP-2 and  T3, and using a culture
medium containing insulin and  BMP-2. FIG. 3 is a
graph showing the results of  



25 measurement of the expression amount of type
collagen in the dedifferentiated chondrocyte cultured
using a redifferentiation medium conzair_ing insulin,
9  BMP-2 and T3, 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 X collagen  5 in the dedifferentiated
chondrocyte cultured using a redifferen-iation medium
containing insulin, BMF-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,
BMF-2 and T3 for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 2. 15 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 chondrocy-e
into the chondrocyte in 20 Example 2. FIG. % is a
graph showing data obtained by  studying and comparing
preferable ranges of the content  of T3 in the
redifferentiation medium containing  insulin, BMF-2
and T3 for redifferenciating the 



25 dedifferentiated chondrocyte into the chondrocyte
in  Example 2. FIG. 8 is a graph showing the results
of 10  measurement of the expression amount of type i
collagen  in tine redifferentiation medium for
redifferentiating  the cultured dedifferentiated
chondrocvte when the  contents of insulin, BMP-2 and
T3 are 5 g/ml,, 5 200 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. 9 is a graph showing the
results of  measurement of the expression amount of
type 1  10 collagen in the redifferentiation medium
for redifferentiating the cultured dedifferentiated
chondrocyte when the contents of insulin, BMP-2 and T3
are 5 g/mL, 200 ng/mL and 10-7 M, respectively, and in
the redifferentiation medium having the same 15
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 20 the cultured dedifferentiated
chondrocyte when the  contents of insulin, BMP-2 and
T3 are 5 g/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. 



25 FIG. 11 is a graph showing the results of
measurement of the compression strength as a
mechanical  property of three-dimensional culture
products obtained 11  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
strengt^ as a mechanical  property of the culture
product which was obtained by  using the culture
redifferentiation medium for  redifferentiating the
dedifferentiated chondrocyte into 10 the chondrocyte,
and subcutaneously transplanted into a  nude mouse for
2 months. FIG. 14 shows photographic data of the
culture  product which was obtained by using the
culture  redifferentiation medium for
redifferentiating the 15 dedifferentiated chondrocyte
into the chondrocyte, and  subcutaneously transplanted
into a nude mouse for 2 months. Best Mode for Carrying
Out the invention  (redifferentiation medium for
making 20 dedifferentiated chondrocyte to be
redifferentiated  into chondrocyte, and method for
making  dedifferentiated chondrocyte to be
redifferentiated  into chondrocyte) The
redifferentiation medium according to the  



25 present invention for redifferentiating the
dedifferentiated chondrocyte into the chondrocyte is
used for redifferentiating the dedifferentiated 12
chondrocyte into original chondrocyte, cartilage
characteristics of said dedifferentiated chondrocyte
having been attenuated due to dedifferen-iation during
in vitro culture. The redifferentiation medium 5
comprises insulin and at least one of BMP-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  dedifferentiated chondrocyte
into the chondrocyte  comprises the step of
redifferentiating the  dedifferentiated chondrocyte
into original chondrocyte,  by culturing the
dedifferentiated chondrocyte in the 15
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 20
culture, The redifferentiation medium of the invention
for  redifferentiating the dedifferentiated
chondrocyte to  chondrocyte, and the method of the
invention for  redifferentia-ing the dedifferentiated
chondrocyte to 



25 the chondrocyte will be described below. Insulin
used is not particularly restricted, and  may be
appropriately selected depending on the purpose. 13
For example, it may be either commercia-1 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. Redifferentiation may not be
always induced when  10 the content of insulin is less
than 0.05 g/mL, while  induction of redifferentiation
may be inhibited when  the content exceeds 500 ug/mL.
Above-mentioned BMP-2 denotes bone morphooenic
protein-2. The BMP-2 is not barticularly restricted
15 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 20 Known in the art, a favorable example is
BMP-4.  As for at least one selected from BMF-2 and
analogues thereof, use can be made of BMP-2 and BMP-4
in combination. In addition, while BMP-2 or BMF-4 may



be used alone, BMF-2 is preferably used alone. 25 In
the redifferentiation medium for  redifferentiating
the dedifferentiated chondrocyte into  the
chondrocyte, the content of at least one selected 14
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 = ng/m_ to 40 g/mL. 5
Redifferen-is-ion, 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 g/mL. 10 T3 denotes thyroid
hormone (triiodothryoninej  While T3 is not
particularly restricted and may be  appropriately
selected depending on the purpose; for  example,
either a commercially available product or an
appropriately synthesized product may be used. 15 The
redifferentiation medium for redifferentiating  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 20
dedifferentiated chondrocyte can be more efficiently
redifferentiated while expression of type X collagen
that increases during osteogenesis can be efficiently
suppressed. 



While the content of T3 in the redifferentiation  25
medium for redifferentiatiog the dedifferentiated
chondrocyte into the chondrocyte is not particularly
restricted and may be app_oprlately selected depending
15  on the purpose, it is preferably from 10-9 tc 10-5
N. 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 T3 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 components are not particularly  restricted and
may be appropriately selected depending  on the
purpose, examples thereof include components 15 that
may affect redifferentiation of the  dedifferentiated
chondrocyte into the chondrocyte and  solvents. The
components that may affect redifferentiation  of the
dedifferentiated chondrocyte into the 20 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 (PT'H), growth hormone (GH), 25
glucocorticoid (dexamethasone), vitamin D, !L-l
receptor antagonist, estrogen, androgen (such as
testosterone), transformation growth factor a (TGF(x),
16  transformation growth factor , (TGFp), bone
morphogenic  proteins (BMP), epidermal growth factor,
olatele-- derived growth factors, transferrir.,
selenious acid,  1=noleic acid, albumin, ascorbic
acid, chondromodulins, 5 heparin binding factorr
a-fibroblast growth =actor,  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, or a plurality of them may
be used in  combination. The solvent is not
particularly restricted and may  15 be appropriately
selected depending on the purpose. A  favorable
examnie is water. Water includes sterilized water and
Millipore Q  water. The content (total content) of the
other  20 components in the redifferentiation medium
for  redifferentiating the dedifferentiated
chondrocyte into the chondrocyte is not particularly
restricted, and may  be appropriately selected
depending on the purpose. 



The dedifferentiated chondrocyte as the target of  25
the redifferentiation medium of the invention for
redifferentia-inc the dedi__eren 1aLe-d chondrocyte
into  the chondrocyte is a cell derived from the
chondrocyte, li  car_-: lage characteristics of which
have been attenuated  by dedifferentiation during in
vi-ro culture. The cartilage characteristics as used
herein means  the expression/production amount of type
I collagen and  5 type II 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 I collagen in
the chondrocyte (pre 10 dedifferentiated chondrocyte)
before the chondrocyte is  dedifferentiated is I 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- 15 dedifferentiated
chondrocyte) before the chondrocyte is
dedifferentiated is 1 or -less. The
pre-dedifferentiated chondrocyte means the
chondrocyte in the living body from which the
dedifferentiated chondrocyte is derived. 20 Whether
the chondrocyte is the dedifferentiated  chondrocy-e
having attenuated cartilage  characteristics, the
pre-dedifferentiated chondrocyte  



or the chondrocyte (redifferentiated. chondrocyte)
redifferentiated from the dedifferentiated chondrocyte
25 may be judged from the expression/production amount
of  type I collagen., the expression/production amount
of  type IT collagen, and the expression/production
amount 18  of type X collagen, the compression
strength, fracture  strength, Young's modulus and
equilibrium compression  coefficient. The cell in
which the expression-/producrio^ amount  5 of type II
collagen is smaller than in the chondrocyte  in the
living body, the expression/production amount o=  type
I collagen is larger than in the chondrocyte in  the
living body, and the compression strength, fracture
strength, Young's modulus and equilibrium compression
1S 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  collagen is smaller than in the chondrocyte in
the 15 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 20 living body may be judged to be
highly possible to be  the redifferentiated
chondrocyte. Since the chondrocyte produces a
cartilage matrix  



and is metachromatic to toluidine blue, the non-
dedifferentiated or redifferentiated chondrocyte can
be 25 discriminated by toluidine blue staining.  In
the chondrocyte, generally, the  expression/production
amount of type I collagen is 19  small, the
expression/production amount of type  collagen that
increases when converted into the bone is  small, the
expression/production amount of. type II  collagen is
large, and expression of at leas- one of 5 COL2A1
gene, COL9A1 gene, COL1I 2 gene, Aggrecan gene  Ma-
rillin. 3 gene and Chondromodulin 1 gene is higher
than in the dedifferen-fated 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 COL2Ai gene, COL9Ai gene, COL11A2
gene, Aggrecan gene, Matrillin 3 gene and
Chondromodulin 1 gene are highly expressed in the
normal chondrocyte, these genes and proteins such as
15 type =I collagen as the results of expression of
these  genes may be markers of the normal chondrocyte.
Proteoglycan may also serve as the marker of the
normal  chondrocyte in addition to these proteins.
Specific examples of the chondrocyte include  20
hyaline chondrocvre such as articular chondrocyte
(chondrocyte derived from non-loaded portion of the
articular cartilage) and costal chondrocyte  



(chondrocyte derived from costal cartilage); and
elastic chondrocyte such as auricular chondrocyte 25
(chondrocy-e derived from auricular cartilage). While
each of these chondrocytes is usually used  alone, a
plurality of them may be used together. 20  Examples
of the redifferentiated cihondrocyte are the same as
the pre-dedifferentiated c'hondrocy-e.  While the
redifferentiated chondrocyte is no- particularly
restricted as long as the ratio (C/D; o 5 the
expression amount of the type II collagen (C) to  the
express' on amount of the type II collagen (D) in  the
dedifferentiated chondrocyte exceeds 1, the ratio  is
preferably 10 or more, more preferably from 100 to
1000. 10 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, _ 15 is preferably from about 105 to about
109 cells/mL,  more preferably from about 106 to about
108 cells/mL.  The cell may be hypertrophic when the
amount of seeding of the dedifferentiated chondrocyte
is less  than 105 cells/mL, while the cell may be
hypoxic and  20 hypotrophic when the amount of seeding
of the dedifferentiated chondrocyte exceeds 109
cells/mL.  The dedifferentiated chondrocyte seeded on
the  



medium for redifferentiating the dedifferentiated.
chondrocyte into the chondrocyte is no- particularly
25 restricted, and may be appropriately selected
depending  on the purpose. While favorable examples of
the  dedifferentiated chondrocyte include those
changed to 21  the dedifferentiated chondrocyte by
dedifferentiation  of the chondrocyte during in vitro
culture, and -hose  extracted as the dedifferentiated
chondrocyte, the  former is more preferable. The
culture condition of the aedifferentiated  chondrocyte
in the redifferentiation medium for  redifferentiarinc
the dedifferentiated chon.drocy e into  the
chondrocyte is not particularly restricted, and may
be appropriately selected depending on the purpose. 1C
While the culture rime is no- 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  15 culture time is less than _
week. While the culture temperature is not
particularly  restricted and may be appropriately
selected depending  on the purpose, it is usually from
32 to 42C  preferably from 34 to 39C. 20
Redifferentiation may be impaired or the cell may  die
when the culture temperature_ is !ess 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 frorr,  2 3 10 to 30%, preferably from ? to
25%. Redifferentiation may be impaired or the cell may
die when the oxygen partial pressure is less than 100.
22  Wh,11e the pH in the culture is not particuiarI v
restricted and may be appropriately selected Depending
on the purpose, it is usually from 6 to 8, preferably
from 6.5 to 5 Redifferentiation may be impaired or the
cell may  die when the pH is less than 6 or exceeds B.
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 (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 amonc them. 15 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  20 hyaluronic acid. Commercially
available materials such as  aterocollager_
(manufactured by Kawaken Fine Chemicals  



Co.) may be used for the three-dimensional culture.
The three-dimensional matrix (scaffold material)  25
is not particuiarly restricted, and the material,
property, shape, structure and size thereof may be
appropriately selected depending on the purpose. 23
Examples of the scaffold material include po_v-D
lactide, poly-L-lactide, poly-DL-lactide, polyglycolic
acid, polvlact'ic acid, hyroxyapatite, calcium
phosphate, calcium phosphate, hvrox_yapatite, 5
a-erocollager:, collagen, fibrin, alginate, aga= 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. 10 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  15 structure. In the pellet
culture, the chondrocyte cultured by  the plate
culture is peeled, and is cultured in the  culture
medium with being gently centrifuged. Round  pellets
of the cultured cells are obtained by the 20 pellet
culture. By the pellet culture, it is possible  to
make resultant cultured cells to be coagulated in a
high density. 



According to the redefferentiation method of the
present invention in which the dedifferentiated 25
chondrocyre is redifferentiated into the condrocyte by
using the redi fferenitiatlon medium of the present
invention for redifferentiating the dedifferentiated
24  chondrocyte into the chioridrocyte, the resultant
redifferentiated chondrocyte can be used to form
transplantation materials for the impaired or damaged
cartilage of the nose, ear, trachea and joint, and for
5 cosmetic materials for cosmetic suroery. The method
for culturing or proliferating the  resultant
redifferentiated chondrocyre is not  particularly
restricted, and may be appropriately  selected
depending on the purpose. For example, the 10 method
includes above-mentioned plate culture  (monolayer
culture), three-dimensional culture and  pellet
culture. While each of these methods may be used alone
or a  plurality of the methods may be used in
combination, 15 the three-dimensional culture method
is favorable among  others. Although there is a
problem that the chondrocyte  is relatively easily
dedifferentiated and changed to a  fibroblast-like
dedifferentiated chondrocyte when the 20 chondrocyte
is cultured and proliferated in vitro for  the purpose
of regenerative medicine of the cartilage,  the
dedifferentiated chondrocyte can be efficiently and  



readily redifferenciated into the chondrocyte by using
the redifferentiation medium of the present invention
25 for redifferentiating the dedifferentiated
chondrocyte  into the chondrocyte, or by using the
method of the  present invention for redifferentiating
the 25  dedifferentia-ed chondrocyte into the
chondrocy-.e.  Accordingly, the resultant chondrocyte
(mass of I the  chondrocyte) obtained by further
culturing the  redifferentiated chondrocyte may be
favorably used for 5 treating various diseases related
to the cartilage 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
patient himself can be 10 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  15 way to these
example-s. - Differentiation of chondrocyte into
dedifferentiated  chondrocyte due to dedifferentiation
A chondrocyte proliferation medium (10 mL;
manufactured by Cambrex Co.) containinc FGF-2 20
(fibroblast growth factor-2) , IGF-1 (insulin.-like
growth factor-1), insulin, transferrin and selenic
acid  was added to 5o 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 (monolayer
c 1..1 ~. ,,,r e, The plate culture (monolayer
culture))  O condition was 37C, 30 days, pH , and
oxygen partial 26  pressure of 20%. 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 start  of
culture. The photographs at the top of FIG. 1 show
electrophoresis bands showing expression of genes of
type I collagen, type II collagen and GADPH
(glviceroaldehyde-e-phoapriate dehydrogenase) in the
10 chondrocyte (PO) 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  15
chondrocyte (PO) 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  20 hand, the expression amount of type II
collagen was 



decreased while Type I collagen was expressed in the
chondrocyte (P4) at fourth subculture about 30 days
after the start of culture. This shows the
characteristics of the dedifferentiated chondrocyte,
25 and it was confirmed that the chondrocyte (P4) at
fourth subculture about 30 days after the start of
culture was dedifferentiated. - Redifferenr at ion of
dedifferentiated chondrocyte  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
embedding in a three-dimensional matrix of
a-erocollagen for 7 days  using a medium (a medium in
Example I for  redifferentiating the dedifferentiated
chondrocyte into  the chondrocyte) containing 5 g/mL
of insulin 10 (manufactured by MP Biochemicals Co.)
and 200 nm/mL of  BMD-2 (human recombinant bone
morohogenetic protein-2,  manufactured by amanouchi
Pharmaceutical Co.) in a  basal medium Dulbecco's
Modified Eagle's Medium  Nutrient Mixture F-12 HAM
(trade name: DMEM/F12, 15 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 20 medium.
This culture corresponds to the method of the
invention for redifferentiating the dedifferentiated  



chondrocyte into the chondrocyte. The amounts of
expression of type I collagen  (Col-I), type II
collagen (('ol-lI) and type X collagen  25 (Col-X) in
the dedifferentiated chondrocyces cultured  using the
above-mentioned two culture media were measured. The
amounts of expression of type I 28  collagen, type
collagen, and type v collagen in the  dedifferentiated
chondrocyte (control) are shown in  FIGS. 2, 3 and 4,
respectively. In FIGS. 2 to 4, BT  denotes the medium;
containing BMP-2 and insulin, while 5 BIT denotes the
medium containing BMP-2, insulin and  T3. The results
in FIGS. 2 to 4 show that the  expression amount of
type I collagen characteristic of  the
dedifferentiated chondrocyte decreases, the 10
expressions amount of type I collagen characteristic
of  the chondrocvte increases and the expression
amount of  type X collagen expressed when the
cartilage is  converted into the bone tends to be
slightly increased  as compared with the
dedifferentiated chondrocyte as a 15 control, when the
dedifferentiated chondrocyte is  cultured using the
medium for redifferentiating the  dedifferentiated
chondrocyte into the chondrocyte in  Example 1 (BI)
containing insulin and BMP-2. The ratio (C/D) of the
amount (C) of expression and production of  20 type Ii
collagen when the dedifferentiated chondrocyte  is
cultured using the medium in Example 1 (BI) for 



redifferentiating the dedifferentiated chondrocyte
into  the chondrocyte containing insulin and BMP-2 to
the  amount (D) 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  using the medium for
redifferentiatinq the  dedifferentiated chondrocyte
into the chondrocyte in  Example 2 (BIT) containing
insulin, BMP-2 and 7-3, on  the other hand, the
expression amount of type I 5 collagen. characteristic
of the chondrocyte largely  decreases, the expression
amount of type TI collagen  characteristic of the
dedifferentiated chondrocyte  largely increases, and
the expression amount of tvice v  collagen expressed
when the cartilage is converted into 10 the bone tends
to be slightly decreased as compared  with the
dedifTerenciated chondrocyte as a contr0'_.  The ratio
(C/D) of the amount (C) of expression and  production
of type _I collagen when the dedifferentiated
chondrocyte is cultured using the  15 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
20 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 25
red'fferentiation meQ-.um for red=fferent iat?ng the
dedifferentiated chondrocyte to chondrocyte according
to Examples 1 and 2. __ was also found that, when the
30  redifferen_iatlon medium for redifiere:,c1afrog
the  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  redifferen_ng the
dedifferentiated chondrocyte into  the chondrocyte
inxamoie I. - 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,  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 15 elucidated by the following three
comparisons. First, when the contents of BMP-2 were
changed to  400 ng/mL, 200 ng/TEL and 100 ng/mL,
respectively, with  a content of insulin of 5 ug/mL
and a content of T3 of  10-7 M, the expression amount
of type II collagen was 20 the largest when the
content of BMP-2 was 200 ng/mL  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 g/mL and a content of BMP-2
of 25 200 ng/mL, the expression amount of type TI
collagen  was the largest when the content of 73 was
10-7 M  (FIG. 6) 31  Third, the contents oL insulin
were changed to 50 g/mL, 5 g/mL and 0.5 g/mL,
respectively, with a  content of BM-P-2 of 20C ng/mL
and a content of T3 of  10-7 M, the expression amount
of type IT collagen was  5 the largest when the
content of insulin was 5 g/m-- (FIB. 7). The results
above showed that the  redifferentiating ability of
the dedifferentiated  chondrocyte into the chondrocyte
was excellent when the 10 contents of insulin, BMP-2
and T3 were 5 ug/mL, 200 ng/mL and 10-7 M,
respectively, in the medium for  redifferentiating the
differentiated chondrocyte to  chondrocyte in Example
2. Effect of analogue  15 The effect of the analogue
on redifferentiation of  the dedifferentiated
chondrocyte into the chondrocyte  was studied as
follows by changing BMP-2 to its  analogue BMP-4 in
the medium of the invention for  redifferentiating the
dedifferentiated chondrocyte into 20 the chondrocyte.
The dedifferentiated chondrocyte was  cultured as
described previously using the same culture  



media for redifferentiating the dedifferentiated
chondrocyte into the chondrocyte in Examples 1 and 2
and one in which BMP-2 was changed to BMP-4 in Example
25 2. The amounts of expression of tvoe I collagen,
type  I collagen and type X collagen in the cultured
dedifferentiated chondrocyte were measured. The 32
amounts of exoression of type _ collagen, type _77 _
collage: and type X co lagen in the dedi_ferenitiaced
chondrocyte (control) are shown in FIGS. 8, 9 and 10,
respectively. _n 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. The ratio (C/D) of the amount (C) of
expression  and production of type II collagen
obtained by 10 culturing the dedifferentiated
chondrocyte using the  medium containing insulin,
BMP-4 and T3 to the amount  (D) of expression and
production of type I? collagen in  the
dedifferentiated chondrocyte (control) was 20 or
more. 15 The results in FIGS. 8 to 10 show that the
redifferentiation medium shows approximately 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
20 to chondrocyte in Example 2. 



- Mechanical properties of the cultured product of
redifferentiated chondrocyte  The chondrocyte (P4) at
fourth subculture about  30 days after the start of
culture, or 200,000 cells of  25 the chondrocyte
differentiated to the dedifferentiated  chnoro.y'te,
were cultured oy e moeo, duly --'In an aterocollagen
three dimensional matrix for 21 days. 33  The culture
media used were the medium for  redifferentiating the
dedl=ferentiated chondrocyte into  the chondrocyte
used in Example 1, which contains 5 g/mL of insulin
(manufactured by MP Biomedicais Co.)  5 and 200 ng/mT.
of BMP-2 (human recombinant bone  morphogenetic
protein-2, manufactured by Yamanouch'  Pharmaceutical
Co.) in a basal medium Dulbecco's  Modified Eagle's
Medium Nutrient Mix--u re F-12 HAM  (trade name:
DMEM/F12, manufactured by Sigma Chemical 10 Co.), and
the redifferentiation medium for  redifferentiating
the dedifferentiated chondrocyte into  the chondrocyte
used in Example 2, which contains 10-7 M of T3
(i-3,3',5' lodothyron_ne, manufactured  by EMD
Bioscience Co.) in addition to the above 15 mentioned
components in the basal medium. These  culture methods
correspond to the method for  redifferentiating the
dedifferentiated chondrocyte into  the chondrocyte
according to the invention. As shown in FIG. 11, the
compression strength (gr)  20 (measured with
VENUSTRON, manufactured by Axsym Co.) as  



a mechanical property of the three-dimensional culture
product by the three-dimensional culture showed an
increasing tendency as compared with the culture
product of chondrocyte (control) cultured in a medium
25 containing no insulin, BMP-2 and T3 (see FIGS. 11
and 12). In FIGS. i_ and 12, "BI" 6=no-es the medium
containing BMP-2 and insulin, while "BIT" denotes the
34  medium containinc BMP-2, insulin and TI. -
Mechanical properties of cultured product of the
redifferentiated chcndrocyte  The dedifferentiated
chondrocyte (_00,000 ceps)  5 was cultured in the
three-dimer_sional matrix of  ateroco llaaen for 21
days using the medium for  redifferentiating the
dedifferentiated chondrocyte into the chondrocyte in
Example 1 and the medium for  redifferentiating the
dedifferentiated chondrocyte into  10 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 FAG. 13, the
compression strength (gr)  15 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 



20 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.
25 The medium for redifferentiating the
ded_frerentiated chondrocyte into the chondrocyte and
the method for .redifferentiating the dedifferentiated
351  chondrocyte into the chondrocyte according to the
invention are able ro efficiently and readily
red_fferentiate the dedifferentiated chondrocyte, in
which characteristics of the cartilage have been 5
attenuated by dedifferentiation during j: n vitro.
culture, into the chondrocyte, and can be favorably
used for continued culture. The chondrocyte cultured
and proliferatea by redifferentiation from the
dedifferentiated chondrocyte using the medium for 10
redifferentiating the dedifferentiated chondrocyte
into  the chondrocyte and the method for
redifferentiatino  the dedifferentiated chondrocyte
into the chondrocyte  according to the inven-ion may
be favorably used as  implantation materials for
deficien7 or impaired 15 portions of the cartilage of
nose, ear, trachea and  joint, and as cosmetic
materials for the cosmetic  surgery, and is quite
useful for regenerative medicine  of the cartilage. 



LLOYD WISE  35 P _ M T redifferent1atIon medium  used
for making dedifferentiated cihondrocvte to be
redifferentidted into original cnondrocvte, carti_aae
5 characteristics of said dedifferentiated chonarocvte
hav-nc been attenuated due to ded-tferentiaticr. of
tor  differentiation and maturation, Said medium
comprising:  inSUIln; at least one member selected
from the group 10 consisting of BMP-2 ;bone
morphogenetic protein-2) and  analogues thereof; and
T3 (triiodothvronine) wherein the dedifferentiated
human chondrocvte is  redif ere--.la-_e,_` into the Or
lgi ndl c'?Ondrp'cVte wh._e 15 expression of type
Col-d'gen iS suocressed. 2.. The redifferentiation
medium  according to claim 1, wherein the analogue of
BMP-2 is  BMP-4. 20 3. The red__ferentiatlor, mealum
according to claims 1 or claim 2, wherein the  insulin
is present at a concentration from 0.105 to 500
!-ig/mL. 4. The redifferentiation medium  25 according
to any one of claims _ to 3 , the at 'Least one
member selected form the grouo consisting of BM?-2 and



analogues thereof is present at LLOYD WISE  a
concentration: from nqto 40 g/'m7. The
-red-ferentia_io.; medium  accordinq to any one of
claims I to 4.., wherein T3 is  present a- a oor:ceo
1-1 -=o,-, - ` 6 The rea__=even-_a-ion medium:
accorulnc to any one o_ claims 1 to' 5 . furl.
comDri.sinp a- leas_ one member selected frorr the
Qroup..  consist no of fibroblast grow=l? =actor
insulin-l- ice growth factors ( Imo: -_) , parathvrod
f  _ 0 hormone ( 9TH; , grow-_ hormone (GH ,
glucoo0rtic0id, Vitamin L, 1i-1 receoto?- antadonlst,
estrogen,  androgen, transformation grow-h- factor a
'TC.Fa  transformation growth factor G (Ti~~3) , bone
mo rDhogeni_C  pro _e_^s (Bn!P) , o, dermal grow =h
~ac_o=, pia: lti derived Growth factors, -rans_errlrl,
selenious acid,  linoiei" acid, album_r, ascorbic
acid, chondromodulins,  hecarln: oina:n^ fac:o_, a-f
brco_aS_ grow:..-, =actor, Vascular endothel~ = grow:;
; factor, mitogenic hormone,  connective tissue growth
=actor, help =ocvte growth 20 factor, arachidonic
acid, Dres=aalandir. P,,  prostaglandin B,
prostaglandin. 0, pros:aglandin = and  h,-,s-:amine. 7
The redi_ferenria=ion: medium LLOYD WISE  



38 according cc' acv cne of ciaims 1 cc 6 , whe-e__.
fly  red_fferentiated chondrocyc e _- selected -_or,'m
hya_inc  chondrocvte and elastic chondrocyte. 8., The
-ediffer _ r__-aior med4um  5 according to any one of
claims O 7 GiP..r; r -f  red-if _erentiated
chondroc,y-l-e _s cultured any one O-7-)la-,a- Lure,
:hree-dimensional l -Ure and pellet  culture.
rec-__eren~la~lOn me-:hod  for making dedi _ferentia
ec shonCrO'cyre to be red fferen=_a`ed into original
chondrocvte, car ilaa  characteris----'l cs of said
dedifferentiated chondrocvte  having been attenuated
duet to O =r=  -_ - _ _n=iatior, and maul-a--ion, said
method co=)_ _si nc  she steo o rediffere---a--ng the
oedifi-eren sated cnondrocv_e  into the Cr iQ'_:ial
chondrocvt DV cUl ~Ur_nc the  ded__feren:_aced cnond
ocvice Uslne ne redl_ erenciacino medium according to
claims _ to C  20 While exmresslon o_ =y-,- 1'
collagen i5 SUm presse,,, 10.. The redifferenciatinc
method according I-o claim 9 wherein the cul=ur_nc _s
co: tinued for to 6 weeks. 


