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Tissue engineering is moving rapidly from fundamental research to commercial
applications. The first product is an autologous cultured epidermal substitute. Other
representative products are allogeneic cultured dermal substitute and allogeneic cul-
tured skin substitute. Surgical closuré with auto-skin grafting is the gold standard for
treatment of victims with extensive deep skin defects. Therefore, tissue engineers have
to develop cultured skin substitutes, taking into account the succeséful application of
auto-skin grafting, Kuroyanagi developed an allogeneic cultured dermal substitute,
which was composed of a two-layered spongy matrix of hyaluronic acid and atelo-
collagen containing fibroblasts. This product is able to release a number of biologically
active substances that are necessary for wourid healing. A multi-center clinical study
on the use of this product has been performed at 30 hospitals across Japan as. the
Regenerating Medical Millennium Project of the Ministry of Health, Labor and
Welfare. '
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Guest Editorial

Studies on Regenerative Medicine in Japan

Tissue engineering is moving rapidly from funda-
mental research to commercial applications. Struc-
tural tissues, such as skin, cornea and cartilage, will
most likely continue to dominate the first wave of
success stories, thanks to their relative simplicity in
structure as well as in cell source. The U.S. Food and
Drug Administration has already approved a living
skin product. The next tissue to be widely used in
humans will most likely be cartilage for orthopedic
and craniofacial applications. Regenerating Medical
Millennium Projects of the Ministry of Health, Labor
and Welfare have started in Japan since 2001. These
projects cover many fields including skin, comea,
bone, cartilage, blood vessels, nerves and bone
Marrow.

Regenerative medicine is based on tissue engi-
neering, a new field of science. In general, the
tissue-engineered products include three prime
constituents, ie., cells, cell growth factors and
materials (often referred to as scaffolds). In the
first approach, cell growth factors, such as basic
fibroblasts growth factor (bFGF), endothelial
growth factor (VEGF) and bone morphogenic pro-
tein (BMP), are applied into a site of damaged tis-
sues, together with a proper material to make it
possible to release in a sustained fashion. In some
cases, these factors are applied directly into a site
of damaged tissues. These factors cause the
patient’s own cells to migrate into the desired area,
turn into the correct type of cell and regenerate
the lost tissue.

In the second approach, the usual procedure
entails the proliferation of isolated cells in culture.
These cells are seeded on or within a scaffold, such
as biodegradable synthetic polymer or collagen, the
protein that forms the natural support scaffolding
of most tissues. As well as delivering the cells, the
scaffold both creates and maintains a space for the
formation of new tissue and guides its structural
development. In the case of bone, bio-ceramic is
used as a scaffold to maintain adequate mechanical
strength. In this approach, the patient receives
autologous cells that have been harvested previ-
ously and incorporated into a three-dimensional

11

scaffold. The entire structure of cells combined
with a scaffold is transplanted into the lost area of
tissue, where the cells replicate, reorganize and
form new tissue. When a biodegradable material is
used as a scaffold, the scaffolding materials break
down, leaving only a completely natural final prod-
uct, a neo-organ in the body. In some cases, cell
growth factors were preloaded into a scaffold to
promote the formation of a neo-organ. According
to this technique, allogeneic cells can also be com-
bined with a scaffold. Although these cells are
rejected gradually in the immune system, they are
able to release some types of cell growth factors,
and regenerate a damaged tissue as quickly as
possible.

Of course, the holy grail of tissue engineering
remains complete internal organs such as liver, pan-
creas, and kidney. A number of investigators have
demonstrated that new liver-like tissues can be cre-
ated in animals from transplanted liver cells, but the
entire function of the organ has not yet been repli-
cated. Some investigators have been attempting the
implantation of encapsulated pancreatic islets iso-
lated from pigs, the clusters of cells that contain the
insulin-secreting components, to restore the proper
pattern of insulin release. Some investigators are
using kidney cells in animal tests to make a neo-
organ that possesses the filtering capability of the
kidney. Even the heart is a target for regenerative
medicine. Some researchers have been trying the
application of cardiac muscle cells derived from
bone marrow to repair the damaged area of heart. It
will likely take scientists ten to twenty years to learn
how to grow an entire heart, but tissues such as
heart valves and blood vessels may be available
SOONET.

The tissue-engineered products used in clinical
applications are composed of human cells isolated
from own tissue or a donot’s tissue, The successful
application is dependent on the cell source. The
three products skin, cornea and cartilage can be pre-
pared by using their cultured cells. On the contrary,
other sophisticated organs with various functions
should be prepared by using cells derived from bone



12 GUEST EDITORIAL

marrow or embryonic stem cells. This is why the Prof. Yoshimitsu Kuroyanagi
study of these organs has remained at the funda- Regenerative Tissue Engineering
mental step. The practical use of these organs Graduate School of Medical Sciences, Kitasato
depends on how to proliferate these cells in culture University Kitasato 1-15-1, Sagamihara, Kanagawa
after isolation from bone marrow or the mass of 228-8535, Japan
embryonic stem cells. , E-mail: kuroyana@ce.ahs.kitasato-u.ac.jp

This review includes studies on regenerative med-
icine in Japan, covering various organs, i.e., skin, cor-
nea, cartilage, bone, blood vessels, liver, pancreas,
kidney and heart.
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Establishment of Banking System for Allogeneic Cultured
Dermal Substitute

Yoshimitsu Kuroyanagi, Kentaro Kubo, Hiromich Matsui, Hyun Jung Kim,
Shinichiro Numari, Yho Mabuchi, and Shizuko Kagawa

R&D Center for Artificial Skin, School of Allied Health Sciences, Kitasato University, Kanagawa, Japan

Abstract: Allogeneic cultured dermal substitute (CDS)
was prepared by culturing fibroblasts on a two-layered
spongy matrix of hyaluronic acid (HA) and atelo-collagen
(Col). Allogeneic CDS can be cryopreserved and trans-
ported to other hospitals in a frozen state. Vascular endot-
helial growth factor (VEGF), basic fibroblast growth factor
(bFGF), hepatocyte growth factor (HGF), platelet derived
growth factor (PDGF)-AA, transforming growth factor
(T'GF)-$1, keratinocytes growth factor (KGF), interleukin
(IL)-6 and IL-8 were contained in the culture medium
which was used in preparing CDS over a cultivation period
of one week (fresh CDS culture medium sample). After
thawing a cryopreserved CDS, the CDS was recultured in
a culture medium for one week. VEGF, bFGE, HGF, TGF-
Bl and IL-8 were contained in the culture medium which
was used in reculturing CDS for one week (cryopreserved

CDS culture medium sample), although some cytokines
were detected at a lower level than those before freezing.
This finding suggests that the cryopreserved CDS retains
its ability to release these cytokines.Clinical research on
allogeneic CDS, which was newly developed at the R & D
Center for Artificial Skin of Kitasato University, has been
carried out in medical centers across Japan with the sup-
port of the Millennium Project of the Ministry of Health,
Labor and Welfare. It was demonstrated that the allogeneic
CDS functions as an excellent cell therapy for intractable
skin ulcers as well as burn injuries. The spongy matrix itself,
as well as the cytokines released from the allogeneic CDS,
seemed to be beneficial for the treatment of intractable
skin defect. Key Words: Cultured dermal substitute—
Fibroblasts—Hyaluronic acid—Collagen—Cell growth
factor—Tissue engineering.

A variety of skin substitutes have been developed
(Table 1 and Fig. 1), and the following are commer-
cially available in the U.S.A.: autologous cultured
epidermal substitute (CES) composed of stratified
keratinocytes (1-5) (Epicel); allogeneic cultured der-
mal substitute (CDS) composed of fibroblasts on a
scaffold (6-11) (Dermagraft and Trans Cyte); and
allogeneic cultured skin substitute (CSS) composed
of keratinocytes and fibroblasts on a scaffold (12-16)
(Apligraf). Allogeneic CDS and CSS require an
appropriate matrix, i.e., a scaffold for fibroblasts and/
or keratinocytes. Recently, however, the use of these
allogeneic products has declined, possibly due to
problems in material design.
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Kuroyanagi and colleagues developed an alloge-
neic CDS composed of a spongy collagen containing
fibroblasts (17-20). The efficacy of this allogeneic
CDS on wound healing has been studied in animal
tests and in preliminary clinical trials. On the basis
of this technique, an advanced version of CDS was
developed through the cultivation of fibroblasts on a
two-layered spongy matrix of HA and Col (21-25).
HA has a high capacity for hydration, resulting in a
moist environment at the wound site. HA molecules

TABLE 1. Type and function of tissue-engineered skin
products

(1) Autologous products: permanent coverage
Autologous cultured epidermal substitute*
Autologous cultured dermal substitute
Autologous cultured skin substitute

(2) Allogeneic products: cell therapy for wound healing
Allogeneic cultured epidermal substitute
Allogeneic cultured dermal substitute*

Allogeneic cultured skin substitute®

* US.A. products.
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Cultured Epidermal Substitute
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FIG. 1. Structure of tissug-engineered skin products.

play a critical role in several cellular functions, such
as migration and proliferation, by promoting adhe-
sion and .disadhesion on the tissue substrate (26).
Collagen and collagen-derived peptides act as
chemoattractants for fibroblasts in vitro, and may
have similar activity in vivo (27). The fibroblasts
incorporated in this CDS can release cytokines and
extracellular matrix (ECM) that are necessary for
wound healing. This CDS is designed to promote
wound healing by synergic effect of both the fibro-
blasts and the matrix.

Since April 2001, the R&D Center for Artificial
Skin of Kitasato University has been the heart of the
Regenerating Medical Millennium Project (skin
department) of the Ministry of Health, Labor and
Welfare. This center has established a banking system
for cryopreserved allogeneic CDS, and distributed it
to hospitals in a frozen state (28). A multicenter clin-
ical study on the use of allogeneic CDS was per-
formed in thirty hospitals across Japan. The results of
a multicenter clinical study suggest that this type of
allogeneic CDS can effectively promote the healing
of full-thickness severe skin defects, such as chronic
ulcers and burn injuries (29,30).

ESTABLISHMENT OF CELL BANKING

Cell banking was established by the procedure
described in previous articles (22,23). A small piece
of skin was obtained from patients younger than 1
year old during surgical excision of excrescence.
These patients were free from infectious viruses such
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as HBV, HCV, HIV and HTLYV, and also negative
on the treponema pallidum hemagglutination test
(TPHA). All procedures were in compliance with the
ethical guidelines of St. Marianna Medical College.
The sterilized piece of skin was immersed in Dul-
becco’s modified Eagle’s medium (DMEM) contain-
ing dispase for 20h at 4°C. After this enzymatic
treatment, the epidermis was mechanically separated
from the dermis. The dermis was minced and then
treated with 0.5% collagenase in DMEM supple-
mented with 1% fetal bovine serum (FBS) for 2 h at
37°C to obtain the cellular suspension. Fibroblasts
isolated by enzymatic treatment were cultivated suc-
cessively in a culture medium to establish cell bank-
ing. The cultured fibroblasts were suspended in a
cryo-tube containing: DMEM supplemented with
10% DMSO and 20% FBS and then cryopreserved
in liquid nitrogen according to a conventional
procedure. The cells were checked to be negative
for viruses including HBV, HCV, HIV, HTLV and
Parvovirus. -

PREPARATION OF CULTURED DERMAL
- SUBSTITUTE (CDS)

The CDS .was prepared using a method described
in previous articles (22,23). Prior to seeding of fibro-
blasts, the two-layered’ sponge of HA and Col
(10.5 cm x 9.5 cm) was immersed in 50 mL of culture
medium in a polystyrene dish (11 cmx10cm) to
hydrate the sponge (Fig. 2). Excess culture medium
was carefully removed from the dish by suction. The
fibroblasts obtained from successive cultivation of
the cryopreserved cells were seeded onto the two-
layered sponge by adding 5 mL of cellular suspension
dropwise onto the collagen surface of the sponge.
The number of fibroblasts on the two-layered sponge
was adjusted to 1.0 x 10° cells/cm® The cell-seeded
sponge was kept in an incubator in a humidified
atmosphere of 5% CO, at 37°C overnight, followed
by the addition of 50 mL of cultured medium and
culturing for one week (Fig. 3). The fibroblasts used
in production of CDS were checked for mycoplasma
and confirmed to be negative. The culture medium
used in the production of CDS was checked for bac-
teria and confirmed to be negative.

CRYOPRESERVING AND THAWING OF CDS

Cryopreserving and thawing of CDS was per-
formed according to the method described in previ-
ous articles (22,23). The CDS was turned upside
down in a polystyrene dish and the culture medium
was replaced with 30 mL of DMEM supplemented
with 10% DMSO and 20% FBS. The CDS was frozen



