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Regenerative Medicine for Articular Cartilage using
Chondrocyte Sheets and the Development of
a Vitrification Method for Cell Sheets

Miki Maehara, Eriko Toyoda, Takumi Takahashi, and Masato Sato*

Department of Orthopaedic Surgery, Surgical Science, Tokai University School of Medicine
143, Shimokasuya, Isehara, Kanagawa 259-1193, Japan

We are undergoing clinical research for regenerative medicine using chondrocyte sheets for the treatment of artic-
ular cartilage. We previously concluded a successful clinical study using autologous chondrocyte sheets and are now
conducting our second clinical study using allogeneic chondrocyte sheets. Currently, allogeneic chondrocyte sheets
are fabricated from chondrocytes derived from the surgical remains of juvenile polydactyly patients, which show
promise as a new cell source. The use of allogeneic chondrocytes allows the fabrication of chondrocyte sheets for
transplantation from those cells whose safety and quality have been established prior to fabrication. However, to fur-
ther accelerate joint treatment with chondrocyte sheets, the development of a practical system for storing a ready-
made supply of chondrocyte sheets, i.e. a preservation system, is indispensable from the viewpoint of cost reduction
and stable supply. Here, we report the development of a vitrification method for chondrocyte sheets that allow the
long—term cryopreservation of transplantation-ready chondrocyte sheets. This technology will accelerate the popu-
larization of chondrocyte sheets used in articular cartilage regeneration.

Keywords : chondrocyte sheet / osteoarthritis / articular cartilage  regenerative medicine / vitrification

—EERGT 5 L ARBEPNETH 5720, BEiK

1. [FUBHIC FORAEEOERHIHFLLEIN TV,

RIE O BE I3 g &, &R 2R
L, REEZLZ LV OMEO RO 5058 & %1 HE
29 5. BT D% BN L 5D TEB Y,
MM ERIZDT5% T8 TH S, HIMEOMAT,

* Corresponding Author

Tel: 0463-93-1121

Fax: 0463-96-4404

E-mail: sato-m@is.icc.u-tokai.ac.jp

FLlzhFTTlo, HOMEZ HW TR L 728k
Ty — M X 5 HEEEFEE HIE L2 e Mgl
BRRIIZE 24T > C & 7. BAE, Hirchtry—R&
L CEHIRIE TR BEFEALRR 2> © HLEE L 7-8k5 e %
v, ARSI S — b2 & 2 A EERRE
2iToTwb, —J, HRMIZLV L OBHITH
LAREEZ TS A27-0121%, iy —troLFg
A A R AR OBENIASTRTH L, TLI1ZD
NETICHIIE Y — P O RAFEM ORI ICHET 5



Autologous chondrocyte sheets |

Patients

‘ Knee chondrocytes

@’/‘/d/ﬁ?

‘ Allogeneic chondrocyte sheets ‘

Young polydactyly donors

oz

O
c @/“
Oz o
.H‘ o

Culture in temperature-
responsive culture inserts

%%%’l-} == II}

Polydactyly -derived
chondrocyte stock

MEMBRANE, Vol.43 No.2 (2018) 51

Chondrocyte sheet

Quality testing
of sheets

Transplantation

Safety testing
of cells

Fig.1 Regenerative treatment of knee cartilage using chondrocyte sheets.
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Fig.2 Mechanism of cartilage repair using chondrocyte
sheets.
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Fig. 3  Histological appearance from the transplantation of
fresh or vitrified chondrocyte sheets. Safranin O
staining and immunostaining for type I/II collagens
for each group (scale bar = Imm). (from Tani et al.,
2017)®
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Fig.4 The macrostructure of polydactyly—derived chondro-
cyte sheets before vitrification and after rewarming
the vitrified sheet.
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Fig.5 The microstructure of polydactyly—derived chondro-
cyte sheets in the fresh and vitrified groups.
(scale bar = 10 um)
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