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METHOD FOR PREPARATION OF 
CARTILAGE CELL 

The present claims the benefit of an international appli-
cation, PCT/JP2008/05 1327, filed on Jan. 23, 2008, which in 
turn claims priority to JP 2007-012160 filed on Jan. 23, 
2007, all of which are incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to a method of preparing 
chondrocytes. More specifically, the present invention 
relates to a method of preparing chondrocytes from per-
ichondrocytes. 

BACKGROUND ART 

When human cartilage is congenitally deficient or 
becomes damaged or deficient in the course of lifetime, 
usually the cartilage is not regenerated. For treating diseases 
of such human cartilage, a method has been used in which 
a cartilage tissue is taken from a site of a patient and 
transplanted into the deficient site of the patient. However, 
this method has problems that the donor site and the amount 
of the tissue that can be taken are limited. Then, methods in 
which a part of autologous chondrocytes is taken, cultured 
cx vivo and returned to the deficient site have been devel-
oped (Non-Patent Documents Nos. 1-4) and applied clini-
cally (Non-Patent Documents Nos. 5, 6 and 7). 

However, these methods using chondrocytes have two 
problems: invasion into the donor site and retention of the 
shape of a regenerated tissue for a long time. The first one 
(invasion) is a problem that the donor site from which a 
cartilage tissue has been taken for culture may result in 
deformities, such as defect or recess, or dysfunction. The 
second one (retention of the shape for a long time) is a 
problem whether a tissue regenerated with cultured cartilage 
can retain its shape for a long time without being absorbed. 

In order to solve these problems, other sources of chon-
drocytes have been sought for. That is, an idea has been 
contemplated in which cells other than chondrocytes are 
differentiated cx vivo into chondrocytes and returned into 
the living body. Examples of these cells include embryonic 
stem cells, mesenchymal stem cells, cells derived from the 
synovial membrane of knee joint, and adipocytes (Non-
Patent Documents Nos. 1-4). All of these cells have been 
confirmed to differentiate into chondrocytes. However, clini-
cal application of embryonic stem cells is difficult from an 
ethical viewpoint; collecting mesenchymal stem cells or 
cells derived from the synovial membrane of knee joint is 
difficult and highly invasive; differentiating adipocytes into 
chondrocytes is still under development; and mesenchymal 
stem cells have the problems of invasion and differentiation 
efficiency. Thus, any of these cells has not reached the stage 
of clinical application. 

To date, in vivo and cx vivo researches have confirmed 
that perichondrium forms cartilage (Non-Patent Documents 
Nos. 8-10). In those researches, perichondrium is trans-
planted as a mass without being isolated. Such transplant is 
far from clinical application. 
[Non-Patent Document 1] 
van Osch G J et al, Plast Reconstr Surg 107:433-440 (2001) 
[Non-Patent Document 2] 
Brittberg et al, The New England Journal of Medicine 

331:889-895 (1994) 
[Non-Patent Document 3] 
Ting et al, Annals of Plastic Surgery 40:413-42 1 (1998) 

2 
[Non-Patent Document 4] 
Rodriguez et al, Plastic and Reconstructive Surgery 103: 

1111-1119 (1999) 
[Non-Patent Document 5] 

5 Ochi M et al, J Bone Joint Surg 84:571-578 (2002) 
[Non-Patent Document 6] 
Yanaga H et al, Aesth Plast Surg 28: 212-221 (2004) 
[Non-Patent Document 7] 
Yanaga H et al, Plast & Reconstr Surg 117: 2019-30 (2006) 

10 [Non-Patent Document 8] 
Ove Engkvist et al., Scand J Plast Reconst Surg. 1979, 13; 

275-280 
[Non-Patent Document 9] 

15 
Ove Engkvist et al., Scand J Plast Reconst Surg. 1979, 13; 

37 1-376 
[Non-Patent Document 10] 
Duynstee et al., Plasr and Reconst Surg. 2002, 110(4). 

1073- 1079 
20 [Patent Document 1] 

Japanese Unexamined Patent Publication No. 2005-511083 
[Patent Document 2] 
Japanese Unexamined Patent Publication No. 2003-5 1875 
[Patent Document 3] 

25 Japanese Unexamined Patent Publication No. 2005-500085 
[Patent Document 4] 
Japanese Unexamined Patent Publication No. 2001-103965 

30 

DISCLOSURE OF THE INVENTION 

Problem for Solution by the Invention 

It is an object of the present invention to provide a method 
of preparing chondrocytes which is less invasive to a donor 

35 site. 

Means to Solve the Problem 

Toward the solution of the above-described problems, the 
40 present inventors have developed a method of using per-

ichondrium covering the outside of auricular cartilage or 
costicartilage. The present inventors have succeeded in 
producing proteoglycan and type II collagen (matrixes pecu-
liar to chondrocytes) by isolating and proliferating perichon-

45 drocytes from perichondrium and differentiating the resul-
tant perichondrocytes into chondrocytes in vivo or cx vivo. 

The present invention may be summarized as follows. 
(1) A cell derived from a human perichondrial tissue, the cell 

being capable of differentiating into a chondrocyte. 
50 (2) The cell according to (1), wherein the human perichon-

drial tissue consists of its outermost layer and fibroblast 
layer. 

(3) The cell according to (1), wherein the human perichon-
drial tissue consists of its outermost layer, fibroblast layer 

55 and innermost layer. 
(4) A method of preparing the cell according to (1), wherein 

the method comprises culturing cells isolated from a 
human perichondrial tissue. 

(5) A composition comprising the cell according to any one 
60 of (1) to (3). 

(6) The composition according to (5) for use in proliferating 
a cell derived from a human perichondrial tissue, the cell 
being capable of differentiating into a chondrocyte. 

(7) The composition according to (5) for use in preparing 
65 human chondrocytes. 

(8) The composition according to (5) for use in cell trans-
plant. 
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(9) The composition according to (8), wherein the cell 
transplant aims at any one of treatment of congenital 
auricular deformity, treatment of costicartilage defect, 
treatment of damage to articular cartilage, treatment of 
tracheal cartilage defect, rhinoplasty, genioplasty, plastic 
surgery of small facial recesses, corrective surgery of 
facial left-right asymmetry, corrective surgery around 
eyelids, or cosmetic surgery of face. 

(10) The composition according to any one of (5) to (9), 
which further comprises a matrix produced by the cell 
according to (1). 

(11) The composition according to any one of (5) to (10), 
which further comprises a scaffold. 

(12) A method of preparing chondrocytes, comprising dif-
ferentiating the cell according to (1) into chondrocytes. 

(13) The method according to (12), wherein cell masses are 
formed by culturing the cell according to (1) in centrifuge 
tubes. 

(14) The method according to (12), wherein the cell accord-
ing to (1) is multi-layered by plate culture. 

(15) The method according to any one of (12) to (14), 
wherein the cell according to (1) is proliferated and/or 
differentiated in a medium containing a serum. 

(16) The method according to (15), wherein the serum is 
bovine serum. 

(17) The method according to (15), wherein the serum is an 
autoserum. 

(18) The method according to any one of (12) to (17), 
wherein the cell according to (1) is differentiated into 
chondrocytes in a medium containing DEME/F 12, a 
serum, antibiotics and antimycotics. 

(19) The method according to (18), wherein the medium 
further contains dexamethasone and/or L-ascorbic acid. 

(20) The method according to (18) or (19), wherein the 
medium further contains an insulin-like growth factor 
and/or a basic fibroblast growth factor. 

(21) Chondrocyte prepared by the method according to any 
one of (12) to (20). 

(22) A composition comprising the chondrocytes according 
to (21) and/or a cartilage tissue formed by the chondro-
cytes. 

(23) The composition according to (22) for use in transplant 
treatment. 

(24) The composition according to (23), wherein the trans-
plant treatment aims at any one of treatment of congenital 
auricular deformity, treatment of costicartilage defect, 
treatment of damage to articular cartilage, treatment of 
tracheal cartilage defect, rhinoplasty, genioplasty, plastic 
surgery of small facial recesses, corrective surgery of 
facial left-right asymmetry, corrective surgery around 
eyelids, or cosmetic surgery of face. 

(25) The composition according to any one of (22) to (24), 
which further comprises a matrix produced by the chon-
drocytes according to (21). 

(26) The composition according to any one of (22) to (25), 
which further comprises a scaffold. 

(27) A method of transplanting the cell according to any one 
of (1) to (3) into a living body. 

(28) A method of transplanting the chondrocytes according 
to (21) and/or a cartilage tissue formed by the chondro-
cytes into a living body. 

(29) Use of the cell according to any one of (1) to (3) for cell 
transplant. 

(30) Use of the chondrocytes according to (21) and/or a 
cartilage tissue formed by the chondrocytes in transplant 
treatment. 

4 
(31) A method of preparing a matrix produced by chondro-

cytes, comprising differentiating the cell according to (1) 
into chondrocytes and allowing the chondrocytes to pro-
duce the matrix. 

5 (32) The method according (31), wherein the matrix is type 
II collagen and/or proteoglycan. 

EFFECT OF THE INVENTION 

10 The method of preparing chondrocytes of according to the 
present invention need not collect a cartilage tissue. There-
fore, it is possible to minimize the invasion into donor sites. 

Further, by using perichondrocytes comprising cartilage 
stemlprogenitor cells, the method of the present invention 

15 makes it possible to retain the shape of a regenerated tissue 
for a long time. 

The present specification encompasses the contents 
described in the specification and/or the drawings of Japa-
nese Patent Application No. 2007-012160 based on which 

20 the present patent application claims priority. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application file contains at least one drawing 
25 executed in color. Copies of this patent or patent application 

publication with color drawings,(s) will be provided by the 
Office upon request and payment of the necessary fee. 

FIG. 1. Histological Examination of Human Perichon-
drium at the Time of Collection. 

30 While cartilage tissue is stained blue with Alcian blue, 
perichondrium is not stained. Only the outermost layer and 
the fibroblast layer of perichondrium may be collected. 
Alternatively, the outermost layer, the fibroblast layer and 
the innermost layer (zone of transition to the cartilage 

35 matrix) may be collected. a: before collection; arrow: per-
ichondrium; b: perichondrium alone is being detached; c: 
perichondrium has been detached; d: the innermost layer of 
perichondrium (zone of transition to the cartilage matrix) 
may also be collected; e: collected perichondrium consisting 

40 of the outermost layer and the fibroblast layer alone. Alcian 
blue staining. Magnification: 200 

FIG. 2. Centrifuge Tube Culture of Perichondrocytes 
Like a cell mass of chondrocytes, a cell mass of perichon-

drocytes forms a cartilage tissue in a centrifuge tube. a: 
45 cartilage tissue regenerated from perichondrocytes; b: car-

tilage tissue regenerated from chondrocytes. Alcian blue 
staining. Bar: 200 im 

FIG. 3. The matrix (proteoglycan)-producing capacity of 
perichondrocytes is enhanced by multi-layering in vitro, in 

50 the same manner as seen in chondrocytes. a: bright field; b: 
Alcian blue staining. 

FIG. 4. The matrix (proteoglycan)-producing capacity of 
perichondrocytes is enhanced by multi-layering in vitro, in 
the same manner as seen in chondrocytes. The matrix-

55 producing capacity of perichondrocytes is comparable to 
that of chondrocytes. 
a: mono-layered perichondrocytes; b: multi-layered (triple-

layered) perichondrocytes; c: mono-layered chondro-
cytes; d: multi-layered (triple-layered) chondrocytes. 

60 Alcian blue staining. 
FIG. 5. RT-PCR in Multi-Layered Culture of Perichon-

drocytes and Chondrocytes 
In perichondrocytes, type I collagen decreases and type II 

collagen increases as a result of multi-layering. 
65 FIG. 6. Quantitative Determination by Real Time PCR in 

Multi-Layered Culture of Perichondrocytes and Chondro-
cytes 
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In perichondrocytes, type I collagen tends to decrease and 
type II collagen tends to increase as a result of multi-
layering. 

FIG. 7. Proteoglycan is produced in the supematant as a 
result of multi-layering in vitro. The proteoglycan-produc-
ing capacity of perichondrocytes is almost comparable to 
that of chondrocytes. 

FIG. 8. Cultured human perichondrocytes form a cartilage 
tissue in, vivo. 

This Figure shows the state after two months of subcu-
taneous transplanting of cultured perichondrocytes in the 
back of NOD/SCID mouse. Alcian blue staining, a: magni-
fication 200; b: magnification 400 

FIG. 9. Cultured human perichondrocytes produce type I 
and type II collagen and form a cartilage tissue in vivo. 

This Figure shows the state after two months of subcu-
taneous transplanting of cultured perichondrocytes in the 
back of NOD/SCID mouse. Alcian blue staining. Type I 
collagen (red) and type II collagen (green). a: magnification 
100; b: magnification 400 

FIG. 10 shows the layer structure of perichondrium and 
cartilage such as elastic cartilage and hyaline cartilage. 

FIG. 11 supplements FIG. 1. 
A human perichondrial tissue is collected in outermost 

layer and separate two layers of fibroblast layer and inner-
most layer. Those other than these layers fall under cartilage 
tissue. a: outermost layer and fibroblast layer; b: innermost 
layer; c: cartilage tissue. Alcian blue staining. Magnification: 
200 

FIG. 12 The Growth Capacity of Human Perichondro-
cytes. This Figure shows microscopic comparison of the 
colony forming activities of perichondrocytes and chondro-
cytes. Compared to human chondrocytes, human perichon-
drocytes formed a larger colony after one month of culture. 
Human chondrocytes (dotted arrow). Human perichondro-
cytes (solid arrow). Scale bar: 500 im 

FIG. 13 The Growth Capacity of Human Perichondro-
cytes. This Figure shows comparison of the colony-forming 
activities of human perichondrocytes, cells in the perichon-
drium-cartilage transition zone, and chondrocytes. 

Perichondrocytes, cells in perichondrium-cartilage tran-
sition zone and chondrocytes were cultured for 14 days. 
Comparison of the numbers of colonies formed by 50 cells 
or more revealed that perichondrocytes have a high colony-
forming activity. Thus, it was revealed that perichondrocytes 
have a high growth capacity localized therein. 

(Briefly, 500 cells from each type of the above cells were 
plated in a 3.5 cm cell culture dish. Two weeks later, the 
number of colonies formed was counted. Those colonies 
formed by 50 cells or more were counted.) 
*: p<O.00l (Mann Whitney U-Test with Bonferroni correc-

tion) n=27 (patient No.=3) 
FIG. 14 The Growth Capacity of Human Perichondro-

cytes. This Figure shows comparison of the long-term 
growth capacities of human perichondrocytes, cells in the 
cartilage-perichondrium transition zone, and chondrocytes. 

Perichondrocytes, cells in cartilage-perichondrium tran-
sition zone and chondrocytes were used to compare their 
growth capacities in long term culture. The results revealed 
that perichondrocytes have a high growth capacity. 
*: p<O.00l (Mann Whitney U-Test with Bonferroni correc-

tion) n=5 (patient No.=5) 
FIG. 15 In Vitro Induction of Differentiation into Lipid 

and Bone 
Multipotency was examined in vitro. Panel A: Induction 

of lipid differentiation: while perichondrocytes formed lipid 
droplets and were stained with Oil red 0 (lipid staining 

6 
reagent), chondrocytes did not form lipid droplets and were 
not stained with Oil red 0. Panel B: Induction of bone 
differentiation: while perichondrocytes showed a large num-
ber of Ca deposits and were stained with alizarin red, 

5 chondrocytes showed no Ca deposits and were not stained 
with alizarin red. Thus, multipotency to lipid and bone was 
recognized in perichondrocytes. 

FIG. 16 In Vitro Induction of Differentiation into Carti-
lage 

10 Panel A: Induction of Cartilage Differentiation in Human 
Perichondrocytes 

The extracellular matrix-producing capacity was 
increased by (A) mono-layered, (B) double-layered and (C) 

15 
triple-layered culture of perichondrocytes in a differentiation 
inducing medium. When perichondrocytes were stained 
with type I collagen (red), type II collagen (green) and DAPI 
(blue), it was also confirmed that the extracellular matrix-
producing capacity was increased by (D) mono-layered, (E) 

20 double-layered and (F) triple-layered culture. When a dif-
ferentiation inducing medium was not used, extracellular 
matrix was not produced even when (G) mono-layered, (H) 
double-layered and (I) triple-layered culture was performed. 

A-C, G-I: Alcian blue staining; D-F: type I collagen 
25 staining (red), type II collagen staining (green) and DAP 

staining I (blue). Scale bar: 200 im 
Panel B: Induction of Cartilage Differentiation in Human 
Chondrocytes 

The extracellular matrix-producing capacity was 
30 increased by (A) mono-layered, (B) double-layered and (C) 

triple-layered culture of chondrocytes in a differentiation 
inducing medium. When chondrocytes were stained with 
type I collagen (red), type II collagen (green) and DAPI 
(blue), it was also confirmed that the extracellular matrix-
producing capacity was increased by (D) mono-layered, (E) 
double-layered and (F) triple-layered culture. 

When a differentiation inducing medium was not used, 
extracellular matrix was not produced even when (G) mono-

40 layered, (H) double-layered and (I) triple-layered culture 
was performed. Scale bar: 200 im 

Thus, perichondrocytes differentiated into cartilage in 
vitro in almost the same manner as chondrocytes differen-
tiated. 

45 A-C, G-I: Alcian blue staining; D-F: type I collagen 
staining (red), type II collagen staining (green) and DAP 
staining I (blue). Scale bar: 200 im 

FIG. 17 Histological Examination of Cartilage Tissues 
Regenerated in vivo from Human Perichondrocytes and 

50 Chondrocytes 
Panel A: Human Perichondrocytes-Derived and Human 
Chondrocytes-Derived Regenerated Cartilage Tissues after 
One Month of Transplant (A-D: perichondrocytes-derived 
cartilage tissue; E-H: chondrocytes-derived cartilage tissue) 

55 While the human perichondrocytes-derived regenerated 
cartilage was covered with type I collagen, the chondro-
cytes-derived regenerated cartilage was not covered with 
type I collagen. 
Panel B: Human Perichondrocytes-Derived and Human 

60 Chondrocytes-Derived Regenerated Cartilage Tissues after 
Three Months of Transplant (A-D: perichondrocytes-de-
rived cartilage tissue; E-H: chondrocytes-derived cartilage 
tissue) 

While the human perichondrocytes-derived tissue was 
65 covered with type I collagen in the same manner as seen one 

month after transplant, the chondrocytes-derived regener-
ated cartilage was not covered with type I collagen. 




