Journal of Stem Cells & Regenerative Medicine

An exclusive & FREE online journal

www.pubstemcell.com JSRM/Vol6 No.1, 2010; p10-14

Review Article

L 4

L 4

Application of a Thermo-Reversible Gelation Polymer, Mebiol Gel, for Stem Cell
Culture and Regenerative Medicine
Ken Kataoka and Nam-ho Huh*

Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Kita-ku, Okayama,
Japan

* Dr. Nam-ho Huh,Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
2-5-1 Shikata-cho, Kita-ku, Okayama 700-8558, Japan. E-mail address: namu@md.okayama-u.ac.jp

Published online on 05 Apr 2010

Abstract

Recent studies have revealed the possible utility of a three-dimensional culture
system using a thermo-reversible gelation polymer, Mebiol Gel. It is a purely
synthesized biocompatible copolymer composed of thermoresponsive polymer
blocks [poly(N-isopropylacrylamide-co-n-butyl methacrylate) poly(NIPAAm-
co-BMA)] and hydrophilic polymer blocks (polyethylene glycol [PEG]). Mebiol
Gel is characterized by its temperature-dependent dynamic visccoelastic
properties. Mebiol Gel is used as a biocompatible scaffold for three-dimensional
culture without any toxicity. Representative biological scaffolds for three-
dimensional culture, i.e. type I collagen and Matrigel, interact with cells and
affect cellular functions, but Mebiol Gel hardly showed such effects. Because of
its innertness, Mebiol Gel enables clonal expansion of single stem cells.
Application of Mebiol Gel to tissue defects in animal models revealed that
Mebiol Gel enhanced tissue regeneration with activation of stem cells and
prevention of inflammation. Thus, Mebiol Gel is suitable for preparation of cells
for transplantation and is useful for direct application to promote regeneration of
damaged tissues in vivo.
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Introduction:

Recent progress in stem cell biology has
opened up the possibility of new cell-based
therapeutic  approaches in  regenerative
medicine. To apply the cell-based therapies to
patients with various diseases, including
heart diseases, diabetes, and neural
degenerative disorders, preparation of cells for
tissue regeneration will be one of the highest
hurdles to overcome. "* Many different types
of cells have been cultivated for this purpose,
among which stem cells of various origins are
the most promising materials because of their
high propagation capability and diverse
differentiation potentials. *

In general, cells that compose solid tissues in
vivo can only grow in an anchorage-dependent
manner in vitro. *° Thus, colony formation in
three-dimensional culture matrices can be used
as a selection tool for cells with a capacity of
anchorage-independent growth. ® Stem cells
possess normal cell properties, form solid
tissues in vivo, and grow with attachment to
culture substrates in a monolayer culture.
However, many types of stem cells, including
neural stem cells’ and mammary gland cells®,
have been shown to grow in suspension.
Three-dimensional  culture systems can
%Jpport growth of stem cells without a niche.

We previously reported the utility of a three-
dimensional culture system using a thermo-
reversible gelation polymer, Mebiol Gel, to
isolate neural and skin stem cells.'" "> In this
concise review, we focused on the application
of Mebiol Gel for stem cell culture and
regenerative medicine.

Mebiol Gel, a thermo-reversible gelation
polymer:

A thermo-reversible gelation polymer, Mebiol
Gel, is a copolymer composed of
thermoresponsive polymer blocks [poly(N-
isopropylacrylamide-co-n-butyl methacrylate)
poly(NIPAAm-co-BMA)] and hydrophilic
polymer  blocks  (polyethylene  glycol
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[PEG])."*'"* Mebiol Gel is characterized by its
temperature-dependent dynamic visc oelastic
properties.''®"” The thermoresponsive blocks
are hydrophilic at temperatures below the sol-
gel transition temperature and are hydrophobic
at temperatures above the sol-gel transition
temperature. The hydrophobic interaction
results in formation of a homogenous three-
dimensional polymer network in water. The
sol-gel transition temperature can be
controlled by altering the chemical
composition of NIPAAm-co-BMA and PEG.
Cells or tissues can be embedded in liquid
Mebiol Gel solution at lower temperatures and
cultured three-dimensionally in a hydrogel
state at 37°C.

A number of new in vitro and in vivo
applications of Mebiol Gel have been
reported. For example, Mebiol Gel has been
used for wound dressing,'® microcapsules for
pancreatic islets,”” a drug delivery system,”
and three-dimensional culture matrices for
various  cells.”"*** Extracellular matrices,
including collagen and Matrigel, have been
used as scaffolds for clonal expansion of cells
in three-dimensional culture. Materials from
biological sources, however, cannot be
absolutely free from contamination with
unknown substances, including pathogens.
Mebiol Gel 1is a purely synthesized
biocompatible polymer that has no biological
contaminants.

Biological effects of Mebiol Gel on culture
cells:

Biological effects of Mebiol Gel have been
extensively  studied.'*'®  These studies
demonstrated that Mebiol Gel was not toxic to
cells but suppressed the growth of fibroblasts,
which wusually grow in an anchorage-
dependent manner in vitro. Madhavan et al.
reported that Mebiol Gel continuously
supported the growth of animal cell lines
without showing any toxicity.”” In addition,
Mebiol Gel is biologically inert. Hishikawa et
al. reported that collagen gel by itself altered
the gene expression profile of mesenchymal
stem cells but that Mebiol Gel did not.**
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We compared the effect of Mebiol Gel with
that of representative scaffolds, i.e., type I
collagen and Matrigel.”> The neuroblastoma
cell line SH-SY5Y has been reported to
differentiate into neuronal cells in vitro.*® In
type 1 collagen gel or in Matrigel, the cells
showed an elongated shape and formed many
processes (Figure 1C, 1D). In Mebiol Gel,
however, the colonies that formed were
completely round, and no interaction between
cells and the matrix was indicated (Figure 1E,
1F). Our data indicated that Mebiol Gel is a
suitable scaffold for three-dimensional culture
of certain types of cells without unexpected
interaction.

Figure 1

Figure 1

Figure 1: Effects of various scaffolds on cells in
culture. SH-SY5Y neuroblastoma cells were cultured on
an uncoated dish (A), on a type I collagen-coated dish
(B), in a type I collagen gel at day 4 (C), in Matrigel at
day 3 (D), and in Mebiol Gel at day 4 (E) and at day 7
(F). Bars, 50 2m.

Clonal expansion of a single stem cell in
Mebiol Gel:

Clonal expansion of stem cells from primary
culture has great significance because it is the
only way to determine the range of
differentiation potential and self-renewing
capacity of individual cells. In our previous
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study, we clonally propagated neural stem
cells in Mebiol Gel. Neural stem cells formed
single-cell-derived homogeneous spheroids.''
We also succeeded in isolation of multipotent
stem cells from mouse embryonic skin using
Mebiol ."*

Embryonic stem cells and induced pluripotent
stem (iPS) cells were also shown to form
spheroids in Mebiol Gel in a clonal manner.
When mouse iPS cells (iPS-MEF-Ng-20D-
17)* were inoculated in Mebiol Gel, spheroids
were formed from single cells (Figure 2A).
The spheroid-forming iPS cells stably
expressed a stem cell marker, Nanog (Figure
2B).

Figure 2

Figure 2. Spheroid formation of mouse induced
pluripotent stem (iPS) cells in Mebiol Gel. Single iPS
cells were cultivated in Mebiol Gel for 7 days (A). A
stem cell marker, Nanog, was expressed in spheroid-
forming cells (B). Bars, 100 mm.

These results indicate that Mebiol Gel is a
potent tool for isolation and propagation of
stem cells of a broad variety of origins.

Application of Mebiol Gel for regenerative
medicine:

Mebiol Gel has been experimentally used as an
artificial pancreas and wound dressing
material in the treatment of skin defects and
has been proved to be effective.' "

Nagaya et al. reported that liver regeneration
was accelerated by Mebiol Gel treatment.28
When the surgical defect was covered with
Mebiol Gel, fibrosis was suppressed and
proliferation of hepatocytes was enhanced. In
the process of regeneration, Mebiol Gel
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provoked marked neovascularization, which is
a prerequisite for tissue regeneration.
Furthermore, hepatic stem cells were activated
during the liver regeneration process.”

Sudha et al. reported that human corneal
limbal epithelial cells could be cultivated in
Mebiol Gel and that the cells showed both
limbal and corneal phenotype.” Sitalakshmi
demonstrated that transplantation of limbal
epithelial cells grown in Mebiol Gel could
reconstruct the surgically damaged corneal
epithelium in a rabbit model.”’ Since Mebiol
Gel is a synthetic and biodegradable polymer,
it rarely induces adverse immune response,
contrary to future application of allogeneic
biomaterials such as human amniotic
membrane.

These observations demonstrated that Mebiol
Gel provides suitable environments for tissue
regeneration without adverse inflammatory
responses.

Conclusion:

In conclusion, three-dimensional culture of
stem cells using Mebiol Gel has the following
advantages: (1) it enables clonal expansion of
stem cells from single cells, (2) it is simple
and easy without the need for a sophisticated
apparatus such as a cell sorter, and (3) s ince
Mebiol Gel is a purely synthesized copolymer,
it is free from biological contamination. In
addition, Mebiol Gel provides suitable
environments for tissue regeneration in vivo.
Thus, Mebiol Gel is suitable for preparation of
cells for transplantation and is useful for direct
application to promote regeneration of
damaged tissues in vivo .
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