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Description

TECHNICAL FIELD

[0001] The present invention relates to a cell culture
substrate useful in, for example, biological and medical
fields.

BACKGROUND ART

[0002] Recently, animal cell culture technology has
been remarkably developed, and also research and de-
velopment targeting animal cells have been carried out
over a variety of wide-scale fields. At the first stage of
development, animal cells as a target have been used
for making products of the cells themselves or making
products of materials produced by the cells. Currently,
cells and their surface proteins are analyzed to design
useful medicines. Furthermore, treatment by growing pa-
tients’ cells in vitro or enhancing the function of the cells
and then returning the cells to the patients’ bodies are
being put into practice. At present, the technology for
culturing animal cells is one field to which many research-
ers pay attention.
[0003] Many animal cells including human cells are an-
chorage-dependent. That is, in order to culture animal
cells in vitro, the cells must be once attached to some-
thing. Against such background, many researchers have
studied or developed substrate surfaces that were more
desirable for cells before, but all these technologies are
involved in those during cell culture. Cultured anchorage-
dependent cells produce adhesive proteins by them-
selves when they adhere to something. The adhesive
proteins must therefore be destroyed usually by enzyme
treatment in order to detach the cells by conventional
techniques. On such occasion, cell surface proteins that
are produced by the cells during the culture and are in-
herent to various types of cells are also simultaneously
destroyed. This severe problem, however, has no actual
countermeasure and has not been investigated very of-
ten. It is believed that this problem on the collection of
cells should be solved for breakthrough in research and
development using animal cells in the future.
[0004] Against such background, JP-A-Hei-2-211865
describes a new method of cell culture including culturing
cells on a cell culture support having a substrate surface
coated with a polymer having an upper or lower critical
solution temperature to water of 0 to 80°C at a temper-
ature lower than the upper critical solution temperature
or not lower than the lower critical solution temperature
and then detaching the cultured cells without enzyme
treatment by changing the culturing temperature to a tem-
perature of not lower than the upper critical solution tem-
perature or lower than the lower critical solution temper-
ature. JP-A-Hei-5-192138 describes a method of cultur-
ing skin cells using this temperature-responsive cell cul-
ture substrate at a temperature lower than the upper crit-
ical solution temperature or not lower than the lower crit-

ical solution temperature and then detaching the cultured
skin cells with low damage by changing the culturing tem-
perature to a temperature of not lower than the upper
critical solution temperature or lower than the lower crit-
ical solution temperature. In addition, JP-A-2008-220354
describes a method of repairing surface protein of the
cultured cells using this temperature-responsive cell cul-
ture substrate. The use of the temperature-responsive
cell culture substrate contributes to further development
of conventional culturing technology.
[0005] The conventional culturing technology has
been developed in diverse new ways using the temper-
ature-responsive cell culture substrate. However, in this
technology, the entire surface of the cell culture substrate
is uniformly coated with a temperature-responsive poly-
mer, and the size of the resulting cell sheet always de-
pends on the size of the culture substrate. In addition,
the cell sheet has a circular shape because the shapes
of the culture surfaces of existing culture vessels are usu-
ally circular. Accordingly, a disadvantage of the shape is
that the cell sheets cannot be efficiently arranged on an
affected area when they are grafted onto the affected
area. Consequently, there is a demand for more precisely
designing the temperature-responsive portion of the cul-
ture substrate surface.
[0006] Regarding the coating state of this temperature-
responsive polymer, Japanese Patent No. 3441530 dis-
closes a surface including a region having a specific af-
finity and a stimulation-responsive polymer region locally
in the culturing surface or in a patterned form. However,
this method to produce the substrate surface requires at
least two steps for forming the respective regions on the
same substrate surface and, therefore, is not efficient or
simple. Similarly, Japanese Patent No. 3641301 disclos-
es a surface including a region having a specific affinity
and a stimulation-responsive polymer region locally in
the culturing surface or in a patterned form. In this tech-
nology, too, the production process of the substrate sur-
face is not simple due to the reasons described above,
and there is a demand for developing a new method.
WO 01/68799 concerns a cell cultivation-support mate-
rial characterized by having a surface consisting of the
following two regions: a region A coated with a temper-
ature-responsive polymer; and a region B selected from
among: a region coated with the temperature-responsive
polymer in an amount different from in the region A, a
region coated with a polymer responding to a tempera-
ture different from in the region A, and a combination of
these two regions.
EP 0402718 is directed to a device for controlling cell
arrangement having a pattern composed of a cell adhe-
sive surface and a cell non-adhesive surface, which has
a good selectivity of cell adhesion and which can provide
a fine pattern of cells in high resolution by culturing cells
in a usual manner.

1 2 



EP 2 348 099 B1

3

5

10

15

20

25

30

35

40

45

50

55

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] The present invention has been made in order
to solve the problems in temperature-responsive cell cul-
ture substrates as described above. That is, the present
invention provides a novel temperature-responsive cell
culture substrate derived from an idea absolutely differ-
ent from existing technology.

SOLUTION TO PROBLEM

[0008] The present inventors have researched and de-
veloped countermeasures from various angles in order
to solve the above-mentioned problems. As a result, it
has been found that when one tries to graft a tempera-
ture-responsive polymer on a substrate surface using
electron beams, the graft density of the temperature-re-
sponsive polymer varies depending on the material of
the substrate even under the same conditions for irradi-
ation with electron beams. The present invention has
been made based on this finding, and it has been found
that in the case where a cell culture substrate is molded
in advance in such a manner that exposed surfaces of
two or more materials having different grafting efficien-
cies for a temperature-responsive polymer by electron
beams are flush with each other, it is not necessary to
fix the polymer by multiple steps, essential for conven-
tional methods, in the subsequent grafting of the temper-
ature-responsive polymer by electron beam irradiation,
and regions having the grafted temperature-responsive
polymer at different densities can be produced at the
same time by a single electron beam irradiation step.
Cells adhere to a surface on which a certain density of
temperature-responsive polymer is attached and grown
and, then are detached by changing the culturing tem-
perature. It is however known that cells do not adhere to
the surface when the density of the temperature-respon-
sive polymer is higher than the certain density. That is,
if a large density of the temperature-responsive polymer
is grafted in the other region in order to graft a certain
density of the temperature-responsive polymer in only a
specific region of the substrate surface, cells adhere to
only the specific region, grow, and are detached by mere-
ly changing the culturing temperature. Furthermore, by
making the surface into a specific shape, a cell sheet
having a desired shape or size can be obtained. The
present invention has been accomplished based on
these findings.
[0009] The present invention provides a temperature-
responsive cell culture substrate comprising: a substrate
grafted with a temperature-responsive polymer that var-
ies its interaction with water in a temperature range of 0
to 80°C on a surface having a pattern formed by two or
more materials exhibiting different grafting efficiencies
for the temperature-responsive polymer by electron
beam irradiation under the same conditions, wherein the

portions of the materials grafted with the temperature-
responsive polymer comprise:

a portion (1) having the temperature-responsive pol-
ymer fixed in a sufficient density for culturing cells
and detaching the culturing cells from the substrate
merely by a temperature operation, wherein the den-
sity of the temperature-responsive polymer is 0.7 to
2.5 mg/cm2 and wherein the material of the portion
(1) is any one of polystyrene, polycarbonate, and
polymethyl methacrylate or a combination of two or
more thereof; and
a portion (2) having the temperature-responsive pol-
ymer fixed in a sufficient density to inhibit cells from
adhering thereto, wherein the density of the temper-
ature-responsive polymer is 2.7 mg/cm2 or more, and
wherein the material of the portion (2) is any one of
polymethylpentene, polyethylene terephthalate, pol-
yethylene, polypropylene, and an ABS resin, or a
combination of two or more thereof, or polyoxymeth-
ylene, nylon, or polytetrafluoroethylene; and

wherein the temperature responsive polymer is selected
from homopolymers or copolymers of (meth)acrylamide
compounds, N-(or N,N-di-)alkyl-substituted (meth)acry-
lamide derivatives, and vinyl ether derivatives, or any two
or more of these monomers, or copolymers thereof with
ionic monomers.
[0010] Furthermore, the present invention provides a
method of producing a temperature-responsive cell cul-
ture substrate. The process includes applying a solution
of a monomer to form a temperature-responsive polymer
that varies its interaction with water in a temperature
range of 0 to 80°C or a solution of the polymer or a mixture
of the monomer and the polymer to the entire surface of
a substrate, the surface having a pattern formed by two
or more materials exhibiting different grafting efficiencies
for the temperature-responsive polymer by electron
beam irradiation under the same conditions,
wherein the temperature responsive polymer is selected
from homopolymers or copolymers of (meth)acrylamide
compounds, N-(or N,N-di-)alkyl-substituted (meth)acry-
lamide derivatives, and vinyl ether derivatives, or any two
or more of these monomers, or copolymers thereof with
ionic monomers;
the portions comprise a portion (1) made of any one of
polystyrene, polycarbonate, and polymethyl methacr-
ylate or a combination of two or more thereof, and a por-
tion (2) made of any one of polymethylpentene, polyeth-
ylene terephthalate, polyethylene, polypropylene, and an
ABS resin, or a combination of two or more thereof, or,
polyoxymethylene, nylon, or polytetrafluoroethylene;
and then irradiating the entire surface of the substrate
with the same electron beams to form:

the portion (1) having the temperature-responsive
polymer fixed in a sufficient density for culturing cells
and detaching the culturing cells from the substrate
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merely by a temperature operation, wherein the den-
sity of the temperature-responsive polymer is 0.7 to
2.5 mg/cm2; and
the portion (2) having the temperature-responsive
polymer fixed in a sufficient density to inhibit cells
from adhering thereto, wherein the density of the
temperature-responsive polymer is 2.7 mg/cm2 or
more.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the substrate described in the
present invention, cells adhere to only a region that allows
cells to adhere thereto of the substrate surface and can
be detached from the region by merely changing the tem-
perature. Accordingly, a cell sheet having a predeter-
mined shape can be obtained. In addition, according to
the present invention, regions having different graft den-
sities of the temperature-responsive polymer can be si-
multaneously produced by a single electron beam irra-
diation step.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[Fig. 1] Fig. 1 is a diagram illustrating the shape of a
polystyrene portion of Example 1.
[Fig. 2] Fig. 2 is a diagram illustrating an entire basal
dish of a temperature-responsive cell culture sub-
strate of Example 1.
[Fig. 3] Fig. 3 is a diagram illustrating an entire basal
dish of a temperature-responsive cell culture sub-
strate obtained in Example 1.
[Fig. 4] Fig. 4 is a diagram illustrating the results of
culturing human skeletal muscle myoblast in Exam-
ple 1, wherein the cultured cells are stained for con-
venience of observation.
[Fig. 5] Fig. 5 is a diagram illustrating cultured cells
after cooling in Example 1.
[Fig. 6] Fig. 6 is a diagram illustrating an entire basal
dish of a temperature-responsive cell culture sub-
strate of Example 2.
[Fig. 7] Fig. 7 is a diagram illustrating an entire basal
dish of a temperature-responsive cell culture sub-
strate of Example 3.

DESCRIPTION OF EMBODIMENTS

[0013] In this application, the term "grafting" refers to
fixation (binding) of a temperature-responsive polymer
that varies its interaction with water in a temperature
range of 0 to 80°C to the surface of a culturing substrate.
In this application, the term "fixation" has the same mean-
ing as that of "grafting". The density thereof is expressed
as weight per unit area, "mg/cm2", in this application, as
shown below, but is not limited thereto.
[0014] In the application, the term "grafting efficiency"

refers to the degree of "fixation" or "grafting" of a temper-
ature-responsive polymer that varies its interaction with
water in a temperature range of 0 to 80°C to a substrate
surface. That is, if a temperature-responsive polymer that
varies its interaction with water in a temperature range
of 0 to 80°C is fixed at a larger density to a specific sub-
strate surface among substrate surfaces composed of
different materials under the same conditions, the spe-
cific substrate surface is a material having a high grafting
efficiency.
[0015] The present invention provides a novel temper-
ature-responsive cell culture substrate. This substrate
has a specific surface to which a temperature-responsive
polymer is grafted. The cell culture substrate having the
specific surface is an exposed surface composed of two
or more materials exhibiting different grafting efficiencies
for the temperature-responsive polymer that varies its
interaction with water in a temperature range of 0 to 80°C
by electron beam irradiation under the same conditions.
That is, a temperature-responsive cell culture substrate
of the present invention must include a surface portion
(1) that allows cells to adhere thereto and to grow thereon
during cell culturing and that allows the adhering and
grown cells to be detached therefrom by changing the
culturing temperature (hereinafter referred to as "cell ad-
hering surface (1)") and a surface portion (2) that does
not allow the cells to adhere thereto at all (hereinafter
referred to as "cell non-adhering surface (2)") after graft-
ing of the temperature-responsive polymer. The material
of the cell adhering surface (1) is any of polystyrene, poly-
carbonate, and polymethyl methacrylate, or a combina-
tion of two or more thereof.
Among them, particularly preferred is commonly used
polystyrene as a substrate for cell culture.
[0016] In the present invention, a surface that becomes
the cell non-adhering surface (2) after it is irradiated with
electron beams under the same conditions as those for
irradiation to the cell adhering surface (1) is necessary.
The temperature-responsive polymer is grafted to the
material at a density that does not allow cells to adhere
to the temperature-responsive polymer by irradiation with
electron beams under the same conditions as those for
irradiation with electron beams to the material of the cell
adhering surface (1) that is any of polystyrene, polycar-
bonate, and polymethyl methacrylate or a combination
of two or more thereof. The material is selected from
polymethylpentene, polyethylene terephthalate, polyeth-
ylene, polypropylene, an ABS resin, polyoxymethylene,
nylon, and polytetrafluoroethylene. Among them, pre-
ferred is polymethylpentene compatible with any of pol-
ystyrene, polycarbonate, and polymethyl methacrylate
or a combination of two or more thereof as the material
of the cell adhering surface (1) during molding the sub-
strate.
[0017] As described above, the present invention uti-
lizes a substrate having a surface on which materials
exhibiting different grafting efficiencies for a temperature-
responsive polymer by electron beam irradiation are ex-

5 6 



EP 2 348 099 B1

5

5

10

15

20

25

30

35

40

45

50

55

posed. The specific examples of the material of the cell
adhering surface (1) and the specific examples of the
material of the cell non-adhering surface (2) on which the
temperature-responsive polymer is grafted at a density
not to allow cells to adhere thereto by being irradiated
with electron beams under the same conditions as those
for obtaining the cell adhering surface (1) have been ex-
emplified. However, the material used as the cell non-
adhering surface (2), such as polymethylpentene and
polyethylene terephthalate, can provide a surface that
allows cells to adhere thereto and to grow thereon during
cell culturing and that allows the adhering and grown cells
to be detached therefrom by changing the culturing tem-
perature by grafting the temperature-responsive polymer
through irradiation with electron beams under optimized
conditions. Accordingly, in the present invention, the ma-
terial of the cell non-adhering surface (2) is determined
according to the material of the cell adhering surface (1).
For example, if the material of the cell adhering surface
(1) is polymethylpentene or polyethylene terephthalate,
the material of the cell non-adhering surface (2) is poly-
tetrafluoroethylene. The present invention is directed to
graft a temperature-responsive polymer on a single cell
culture surface composed of different materials by elec-
tron beam treatment at a single time at different densities
for regions of the respective materials. The conditions of
electron beam irradiation, such as dose, intensity, time,
and acceleration voltage, are not particularly limited and
may be those for common irradiation. The material of the
temperature-responsive polymer to be grafted may be a
monomer thereof or the polymer itself or a mixture of the
monomer and the polymer. The material may be applied
to the substrate surface in a solution or solid form or in
a form of a mixture of the solution and the solid. The state
of the material is not particularly limited in the present
invention.
[0018] In the present invention, the proportion between
the cell adhering surface (1) and the cell non-adhering
surface (2) is not particularly limited, and, for example,
the culture substrate surface may be composed of a cell
non-adhering surface (2) surrounding a cell adhering sur-
face (1), or the reversal positional relationship, i.e., a cell
adhering surface (1) surrounding a cell non-adhering sur-
face (2). Alternatively, the substrate surface may have a
plurality of regions of the cell adhering surface (1) and/or
the cell non-adhering surface (2). The shape of the sur-
face of each material is also not particularly limited, but
polygonal cell sheets obtained from the cell adhering sur-
face (1) can be favorably transplanted at a plurality of
sites without overlapping. Specific examples include tri-
angular, quadrangular, tetragonal, and hexagonal cell
sheets. Among them, a quadrangular cell sheet, which
is easy to handle, is preferred. In addition, in the present
invention, the following fact has been also found: The
contoured part of each shape is a boundary of regions
where the temperature-responsive polymer is grafted at
different densities. In one region separated by the bound-
ary, cells have grown into a sheet form and adhere to the

substrate surface, while in the other region, cells do not
adhere thereto at all. Such a boundary can effectively
work as a starting point for easily detaching the cultured
cells in a sheet form.
[0019] The present invention utilizes a temperature-
responsive polymer having variable hydration ability in a
temperature range of 0 to 80°C. In the present invention,
the temperature-responsive cell culture substrate as an
object has a surface coated with the polymer having var-
iable hydration ability in a temperature range of 0 to 80°C.
The temperature-responsive polymer used in the present
invention may be either a homopolymer or a copolymer,
which can be prepared by homopolymerization or copo-
lymerization of (meth)acrylamide compounds, N-(or N,N-
di-)alkyl-substituted (meth)acrylamide derivatives, and
vinyl ether derivatives. In the case of a copolymer, any
two or more of the above monomers can be used. Fur-
thermore, copolymers with ionic monomers for improving
adhesion and growth of cells can be used. In addition,
the polymers can be cross-linked in the range that does
not impair the inherent properties.
[0020] In the present invention, the density of the tem-
perature-responsive polymer fixed in the cell adhering
surface (1) is such that it is fixed at a sufficient density
for culturing cells and detaching the cultured cells from
the substrate surface merely by a temperature operation,
which is 0.7 to 2.5 mg/cm2, preferably 1.3 to 2.3 mg/cm2,
more preferably 1.5 to 2.1 mg/cm2, and most preferably
1.8 to 2.0 mg/cm2. A polymer density of larger than 2.5
mg/cm2 decreases the adhesion of cells, and a density
of smaller than 0.7 mg/cm2 does not cause detachment
even if the temperature is changed, which does not cause
a significant difference from the cell non-adhering surface
(2) and disadvantageously prevents the technology of
the present invention from being sufficiently achieved.
The density of a fixed polymer may be measured by a
common process, for example, either a direct measure-
ment by FT-IR-ATR or estimation based on the density
of a labeled polymer labeled in advance and fixed by the
same process.
[0021] In the present invention, the density of the tem-
perature-responsive polymer fixed in the cell non-adher-
ing surface (2) is such that it is fixed at a sufficient density
to inhibit cells from adhering thereto, which is 2.7 mg/cm2

or more, preferably 3.0 mg/cm2 or more, more preferably
3.5 mg/cm2 or more, and most preferably 4.0 mg/cm2 or
more. At a polymer density of smaller than 2.7 mg/cm2,
a significant difference cannot be found between the cell
adhering surface (1) and the cell non-adhering surface
(2), which disadvantageously prevents the technology of
the present invention from being achieved.
[0022] The shape of the culture substrate in the present
invention is not particularly limited, and examples thereof
include dish, multi-plate, flask, and cell-insert shapes.
[0023] In the cell culture support of the present inven-
tion, the temperature-responsive polymer coated on the
substrate causes hydration or dehydration by changing
the temperature, and it was revealed that the temperature
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range is 0 to 80°C, preferably 10 to 50°C, and more pref-
erably 20 to 45°C. A temperature higher than 80°C may
cause disadvantageous death of cells, and a temperature
lower than 0°C generally disadvantageously causes a
significant decrease in cell-growth rate or causes death
of cells.
[0024] The present invention utilizes a substrate hav-
ing a surface on which materials exhibiting different graft-
ing efficiencies for a temperature-responsive polymer by
electron beam irradiation are exposed. Such a substrate
may be formed by any method without particular limita-
tion. Examples of the method include insert molding and
coinjection molding, and they are properly used accord-
ing to the shape and size of the product, and the material
to be used for the molding.
[0025] In the present invention, a temperature-respon-
sive polymer is grafted using electron beams on a sub-
strate surface on which materials exhibiting different
grafting efficiencies for the temperature-responsive pol-
ymer by electron beam irradiation are exposed. Since
one object of the present invention is to simplify the elec-
tron beam irradiation procedure, a smaller number of cy-
cles of the electron beam irradiation are preferred. The
method thereof is not particularly limited, and, for exam-
ple, in a preferred method, a monomer solution to form
a temperature-responsive polymer or a polymer solution
or a mixture thereof is applied to the entire surface of a
substrate that has been patterned by two or more mate-
rials exhibiting different grafting efficiencies for the tem-
perature-responsive polymer that varies its interaction
with water in a temperature range of 0 to 80°C, and then
the entire surface of the substrate is irradiated with elec-
tron beams at a single time.
[0026] The temperature-responsive cell culture sub-
strate of the present invention can be used for, but not
limited to, various cells, for example, animal, insect, and
plant cells and bacteria. Among them, preferred are an-
imal cells many of which are commercially available. An-
imal cells are derived from, for example, human, monkey,
dog, cat, rabbit, rat, nude mouse, mouse, guinea pig,
hog, sheep, Chinese hamster, bovine, marmoset, or Af-
rican green monkey, but are not particularly limited. Par-
ticularly preferred cells in the present invention are es-
tablished cell lines of animal cells, which can be stably
cultured. Examples of the cell lines include, but not limited
to, an NIH/3T3 cell line (mouse embryonic fibroblast),
3T3-Swiss albino cell line (mouse embryonic fibroblast),
A549 cell line (human lung carcinoma cell), HeLa cell line
(human cervical carcinoma cell), Vero cell line (normal
African green monkey kidney cell), 293 (human fetal kid-
ney cell), 3T3-L1 (mouse fibroblast), HepG2 (human
hepatocellular liver carcinoma cell), MCF-7 (human
breast cancer cell), V79 (Chinese hamster fibroblast),
COS-7 (African green monkey kidney cell), CHO-K1
(Chinese hamster ovary cell), WI-38 (human lung fibrob-
last), MDCK (dog kidney cell), and MRC-5 (normal hu-
man lung fibroblast). The number of seeding cells, cul-
turing time, and medium for culturing the cells may be

usual conditions without any limitation.
[0027] The terms outlined above will be explained by
poly(N-isopropylacrylamide) as an example of the tem-
perature-responsive polymer. The temperature-respon-
sive cell culture substrate of the present invention has a
surface including a surface (1) that allows cells to adhere
thereto and to grow thereon during cell culturing and that
allows the adhering and grown cells to be detached there-
from by changing the culturing temperature and a surface
(2) that does not allow the cells to adhere thereto at all.
On both surfaces, poly(N-isopropylacrylamide) is graft-
ed. Poly(N-isopropylacrylamide) is known as a polymer
having a lower critical solution temperature of 31 °C and
causes dehydration in water at a temperature of 31 °C
or higher if it is a free state to aggregate the polymer
chains to cause white turbidity. On the contrary, at a tem-
perature of lower than 31 °C, the polymer chains are hy-
drated into a water-dissolved state. In the substrate as
an object of the present invention, this polymer is fixed
to the surface of a substrate such as a petri dish. In the
surface (1) that allows cells to adhere thereto and to grow
thereon during cell culturing and that allows the adhering
and grown cells to be detached therefrom by changing
the culturing temperature, the polymer on the substrate
surface is similarly dehydrated at a temperature of 31 °C
or higher, and since the polymer chain covers the sub-
strate surface and is fixed thereto, the substrate surface
shows hydrophobicity. Conversely, at a temperature low-
er than 31 °C, the polymer on the substrate surface is
hydrated, while the polymer chain covers the substrate
surface and is fixed thereto; thus, the substrate surface
shows hydrophilicity. The hydrophobic surface is a sur-
face suitable for adhesion and growth of cells, while the
hydrophilic surface is a surface to which cells cannot ad-
here. Accordingly, cells during culturing can be detached
by merely cooling. Meanwhile, in the surface (2) that does
not allow cells to adhere thereto at all, since the grafted
density of poly(N-isopropylacrylamide) is too high, cells
do not adhere thereto at all. That is, cells adhere to and
grow in a predetermined region only, and the cells can
be detached by changing the culturing temperature.
[0028] According to the present invention, cells can ad-
here to and grow on only a predetermined surface region
of the temperature-responsive cell culture substrate, and
the cultured cells can be detached by changing the cul-
turing temperature. According to the method of the
present invention, such a substrate can be easily pro-
duced, which contributes to propagation of a cell culture
technology using the temperature-responsive cell culture
substrate.

EXAMPLES

[0029] The present invention will be described in fur-
ther detail below based on examples, but should not be
limited to these examples.
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EXAMPLE 1

[0030] Poly-N-isopropylacrylamide was selected as a
temperature-responsive polymer, and a polystyrene res-
in was selected as a material that was grafted by the
polymer to form a surface that allows cells to adhere
thereto and to grow thereon during cell culturing and that
allows the adhering and grown cells to be detached there-
from by changing the culturing temperature. First, the
polystyrene surface was molded. Fig. 1. shows a design
of the molded product. The injection molding was carried
out under the following conditions: a cylinder temperature
of 200°C, an injection pressure of 400 kg/cm2, an injec-
tion rate of 10/100 mm/sec, a cooling time of 20 sec, and
a die temperature of 50°C. The injection molding machine
used was a model M-100 manufactured by Meiki Co.,
Ltd. Then, this flat polystyrene plate was placed in the
model M-100 manufactured by Meiki Co., Ltd. and was
injection-molded into a polymethylpentene to form a
polymethylpentene dish having a quadrangular polysty-
rene surface. Fig. 2 shows a design of the molded prod-
uct. The black quadrangular portion in Fig. 2 corresponds
to the polystyrene surface. The injection molding was
carried out under the following conditions: a cylinder tem-
perature of 300°C, an injection pressure of 470 kg/cm2,
an injection rate of 10/100 mm/sec, a cooling time of 23
sec, and a die temperature of 55°C. The resulting molded
product is shown in Fig. 3. The drawing shown in the right
of Fig. 3 is a schematic view of a cross section cut with
a straight line passing through the central portion of the
molded product. It shows the assembly of the polystyrene
portion and the polymethylpentene portion. A basal dish
of an inventive temperature-responsive cell culture sub-
strate was produced using polystyrene and polymethyl-
pentene.
[0031] Then, a temperature-responsive polymer was
grafted on this basal dish using electron beams. Onto
the basal dish, 0.07 mL of isopropyl alcohol containing
52% N-isopropylacrylamide monomer was applied. The
entire surface of the basal dish was irradiated with elec-
tron beams at a dose of 0.25 MGy for fixing poly-N-iso-
propylacrylamide (PIPAAm) on the surface of the basal
dish. After the irradiation, the basal dish surface was
washed with deionized water to remove the remaining
monomer and PIPAAm not bound to the basal dish, fol-
lowed by drying in a clean bench and sterilization with
gaseous ethylene oxide. Thus, a temperature-respon-
sive cell culture substrate was obtained. The density of
the temperature-responsive polymer grafted on the sub-
strate surface was measured. The polystyrene surface
was coated at a density of 1.9 mg/cm2 and the polymeth-
ylpentene surface was coated at a density of 3.0 mg/cm2.
Through the procedure described above, a temperature-
responsive cell culture substrate of the present invention
was produced.
[0032] This substrate surface was immersed with 8 mL
of a cell culture solution (SkBM basal medium containing
10% bovine fetal serum, EGF, dexamethasone sodium

phosphate, gentamicin sulfate, and amphotericin B in a
usual manner) kept at 37°C. The substrate was placed
in a carbon dioxide culture apparatus at 37°C for 15 min-
utes. Then, 13105 cells/cm2 of human skeletal muscle
myoblasts were seeded on another substrate surface at
a cell density range where the cells do not come in contact
with one another and were cultured at 37°C under an
atmosphere of 5% carbon dioxide gas in a carbon dioxide
culture apparatus for four days. Fig. 4 shows the appear-
ance after the culturing. In Fig. 4, the cultured cells were
stained in blue for easy observation. It can be confirmed
that the cultured human skeletal muscle myoblasts be-
come confluent to form a sheet-like shape. The temper-
ature-responsive cell culture substrate was taken out
from the carbon dioxide culture apparatus, and the hu-
man skeletal muscle myoblasts obtained in the sheet-
like shape were detached from the substrate surface by
leaving the substrate to stand at 20°C for 15 minutes.
Fig. 5 shows the results. Accordingly, a temperature-re-
sponsive cell culture substrate of the present invention
can be obtained and a cultured cell sheet having a de-
sired shape and size can also be obtained by culturing
cells using this substrate.

COMPARATIVE EXAMPLE 1

[0033] To the basal dish of the temperature-responsive
cell culture substrate prepared in Example 1 was applied
0.07 mL of isopropyl alcohol containing 35% N-isopro-
pylacrylamide monomer. The entire surface of the basal
dish was irradiated with electron beams at a dose of 0.25
MGy for fixing poly-N-isopropylacrylamide (PIPAAm) on
the surface of the basal dish. After the irradiation, the
basal dish surface was washed with deionized water to
remove the remaining monomer and PIPAAm not bound
to the basal dish, followed by drying in a clean bench and
sterilization with gaseous ethylene oxide. Thus, a tem-
perature-responsive cell culture substrate was obtained.
The density of the temperature-responsive polymer graft-
ed on the substrate surface was measured to confirm
that the polystyrene surface was coated at a density of
1.3 mg/cm2 and the polymethylpentene surface was coat-
ed at a density of 2.4 mg/cm2. Human skeletal muscle
myoblasts were seeded on this substrate and were cul-
tured as in Example 1. As a result, the cells on the poly-
styrene portion of the temperature-responsive cell cul-
ture substrate surface grew to a confluent state, and the
cells on the polymethylpentene portion at the circumfer-
ence thereof also grew. As in Example 1, the tempera-
ture-responsive cell culture substrate was cooled, but the
cells on the entire surface of the temperature-responsive
cell culture substrate were detached not to give a quad-
rangular cell sheet.

EXAMPLE 2

[0034] Poly-N-isopropylacrylamide was selected as a
temperature-responsive polymer, and a polystyrene res-
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in was selected as a material that was grafted by the
polymer to form a surface that allows cells to adhere
thereto and to grow thereon during cell culturing and that
allows the adhering and grown cells to be detached there-
from by changing the culturing temperature, as in Exam-
ple 1. The polystyrene surface was molded into a shape
shown in Fig. 6. First, a quadrangular polystyrene plate
was produced under the following injection conditions: a
cylinder temperature of 200°C, an injection pressure of
400 kg/cm2, an injection rate of 10/100 mm/sec, a cooling
time of 20 sec, and a die temperature of 50°C (one black
portion at the center of Fig. 6), as in Example 1. The
injection molding machine used was a model M-100 man-
ufactured by Meiki Co., Ltd., as in Example 1. Then, this
flat polystyrene plate was placed in the model M-100
manufactured by Meiki Co., Ltd. and was injection-mold-
ed into a polymethylpentene to form a polymethylpentene
dish having a quadrangular polystyrene surface. On this
occasion, the molding was performed in such a manner
that only a part of the polystyrene plate is exposed (four
quadrangular portions in Fig. 6) and other portion is coat-
ed with polymethylpentene. Four quadrangular portions
in Fig. 6 correspond to the polystyrene surfaces. The
injection molding was carried out by the following condi-
tions: a cylinder temperature of 300°C, an injection pres-
sure of 470 kg/cm2 an injection rate of 10/100 mm/sec,
a cooling time of 23 sec, and a die temperature of 55°C.
A basal dish of the temperature-responsive cell culture
substrate of the present invention was produced using
polystyrene and polymethylpentene. Then, a tempera-
ture-responsive polymer was grafted on this basal dish
using electron beams. Onto the basal dish was applied
0.07 mL of isopropyl alcohol containing 54% N-isopro-
pylacrylamide monomer. The entire surface of the basal
dish was irradiated with electron beams at a dose of 0.25
MGy for fixing poly-N-isopropylacrylamide (PIPAAm) on
the surface of the basal dish. After the irradiation, the
basal dish surface was washed with deionized water to
remove the remaining monomer and PIPAAm not bound
to the basal dish, followed by drying in a clean bench and
sterilization with gaseous ethylene oxide. Thus, a tem-
perature-responsive cell culture substrate was obtained.
The density of the temperature-responsive polymer graft-
ed on the substrate surface was measured to confirm
that the polystyrene surface was coated at a density of
2.0 mg/cm2 and the polymethylpentene surface was coat-
ed at a density of 3.1 mg/cm2. Through the procedure
described above, a temperature-responsive cell culture
substrate of the present invention was produced. Human
skeletal muscle myoblasts were cultured as in Example
1 for four days and were cooled as in Example 1 to detach
cell sheets from the four quadrangular portions shown in
Fig. 6. Accordingly, it was confirmed that the tempera-
ture-responsive cell culture substrate of the present in-
vention can be obtained and that cultured cell sheets
having desired shapes and sizes can be obtained by cul-
turing cells using this substrate.

EXAMPLE 3

[0035] Investigation was performed as in Example 2
except that exposure portions of the polystyrene surface
were four circular portions as shown in the center of Fig.
7. Human skeletal muscle myoblasts were cultured by
the procedure as in Example 1 for four days and were
cooled as in Example 1 to detach cell sheets from the
four circular portions shown in Fig. 7. This confirmed that
the temperature-responsive cell culture substrate of the
present invention can be obtained and that cultured cell
sheets having desired shapes and sizes can be obtained
by culturing cells using this substrate.

INDUSTRIAL APPLICABILITY

[0036] Using a substrate described in the present in-
vention, cells adhere to and grow on only a region of the
substrate surface where cells can adhere to, and a cell
sheet having specific shape and size can be obtained.
The cultured cell sheet obtained by this method is highly
expected to be used for clinical applications such as cor-
neal transplant, skin transplant, corneal disease treat-
ment, and ischemic heart disease treatment. The present
invention can produce such a substrate by a single elec-
tron beam irradiation operation. Accordingly, the present
invention is significantly useful in the medical and biolog-
ical fields, such as cellular engineering and medical en-
gineering.

Claims

1. A temperature-responsive cell culture substrate
comprising: a substrate grafted with a temperature-
responsive polymer that varies its interaction with
water in a temperature range of 0 to 80°C on a sur-
face having a pattern formed by two or more mate-
rials exhibiting different grafting efficiencies for the
temperature-responsive polymer by electron beam
irradiation under the same conditions, wherein the
portions of the materials grafted with the tempera-
ture-responsive polymer comprise:

a portion (1) having the temperature-responsive
polymer fixed in a sufficient density for culturing
cells and detaching the culturing cells from the
substrate merely by a temperature operation,
wherein the density of the temperature-respon-
sive polymer is 0.7 to 2.5 mg/cm2 and wherein
the material of the portion (1) is any one of pol-
ystyrene, polycarbonate, and polymethyl meth-
acrylate or a combination of two or more thereof;
and
a portion (2) having the temperature-responsive
polymer fixed in a sufficient density to inhibit
cells from adhering thereto, wherein the density
of the temperature-responsive polymer is 2.7
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mg/cm2 or more, and wherein the material of the
portion (2) is any one of polymethylpentene, pol-
yethylene terephthalate, polyethylene, polypro-
pylene, and an ABS resin, or a combination of
two or more thereof, or polyoxymethylene, ny-
lon, or polytetrafluoroethylene; and
wherein the temperature responsive polymer is
selected from homopolymers or copolymers of
(meth)acrylamide compounds, N-(or N,N-
di-)alkyl-substituted (meth)acrylamide deriva-
tives, and vinyl ether derivatives, or any two or
more of these monomers, or copolymers thereof
with ionic monomers.

2. The temperature-responsive cell culture substrate
according to Claim 1, wherein the portion (2) of Claim
1 surrounds a single portion (1).

3. The temperature-responsive cell culture substrate
according to Claim 2, wherein the portion (1) of Claim
2 has a quadrangular shape.

4. The temperature-responsive cell culture substrate
according to any one of Claims 1 to 3, wherein the
temperature-responsive polymer is poly-N-isopro-
pylacrylamide.

5. The temperature-responsive cell culture substrate
according to Claim 4, wherein the temperature-re-
sponsive polymer of Claim 4 is copolymerized with
an ionic monomer component.

6. A method of producing a temperature-responsive
cell culture substrate, the process comprising apply-
ing a solution of a monomer to form a temperature-
responsive polymer that varies its interaction with
water in a temperature range of 0 to 80°C or a solu-
tion of the polymer or a mixture of the monomer and
the polymer to the entire surface of a substrate, the
surface having a pattern formed by two or more ma-
terials exhibiting different grafting efficiencies for the
temperature-responsive polymer by electron beam
irradiation under the same conditions,
wherein the temperature responsive polymer is se-
lected from homopolymers or copolymers of
(meth)acrylamide compounds, N-(or N,N-di-)alkyl-
substituted (meth)acrylamide derivatives, and vinyl
ether derivatives, or any two or more of these mon-
omers, or copolymers thereof with ionic monomers;
the portions comprise a portion (1) made of any one
of polystyrene, polycarbonate, and polymethyl meth-
acrylate or a combination of two or more thereof and
a portion (2) made of any one of polymethylpentene,
polyethylene terephthalate, polyethylene, polypro-
pylene, and an ABS resin, or a combination of two
or more thereof or polyoxymethylene, nylon, or pol-
ytetrafluoroethylene;
and then irradiating the entire surface of the sub-

strate with the same electron beams to form:

the portion (1) having the temperature-respon-
sive polymer fixed in a sufficient density for cul-
turing cells and detaching the culturing cells from
the substrate merely by a temperature opera-
tion, wherein the density of the temperature-re-
sponsive polymer is 0.7 to 2.5 mg/cm2; and
the portion (2) having the temperature-respon-
sive polymer fixed in a sufficient density to inhibit
cells from adhering thereto, wherein the density
of the temperature-responsive polymer is 2.7
mg/cm2 or more.

7. The method according to Claim 6, wherein the sub-
strate having a surface that is patterned by two or
more materials exhibiting different grafting efficien-
cies for a temperature-responsive polymer that var-
ies its interaction with water in a temperature range
of 0 to 80°C by electron beam irradiation under the
same conditions is formed by either coinjection mold-
ing or insert molding.

8. The method according to Claim 6 or 7, wherein the
irradiation of electron beam is at a single time.

Patentansprüche

1. Temperaturreaktives (temperature-responsive)
Zellkultursubstrat, umfassend: ein Substrat, das mit
einem temperaturreaktiven Polymer, das seine
Wechselwirkung mit Wasser in einem Temperatur-
bereich von 0 bis 80°C variiert, auf einer Oberfläche
gepfropft ist, die ein Muster aufweist, das durch zwei
oder mehr Materialien gebildet wird, die unterschied-
liche Pfropfungsgrade für das temperaturreaktive
Polymer bei Elektronenstrahlbestrahlung unter den
gleichen Bedingungen aufweisen, wobei die Berei-
che der Materialien, die mit dem temperaturreakti-
ven Polymer gepfropft sind, umfassen:

einen Bereich (1), der das temperaturreaktive
Polymer in ausreichender Dichte fixiert aufweist,
um Zellen zu kultivieren und die kultivierten Zel-
len nur durch einen Temperaturvorgang von
dem Substrat abzulösen, wobei die Dichte des
temperaturreaktiven Polymers 0,7 bis 2,5
mg/cm2 beträgt und wobei das Material des Be-
reichs (1) irgendeines von Polystyrol, Polycar-
bonat und Polymethylmethacrylat oder einer
Kombination von zwei oder mehr davon ist; und
einen Bereich (2), der das temperaturreaktive
Polymer in ausreichender Dichte fixiert aufweist,
um Zellen daran zu hindern, daran zu haften,
wobei die Dichte des temperaturreaktiven Poly-
mers 2,7 mg/cm2 oder mehr beträgt und wobei
das Material des Bereichs (2) irgendeines von
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Polymethylpenten, Polyethylenterephthalat,
Polyethylen, Polypropylen und einem ABS-Harz
oder einer Kombination von zwei oder mehr da-
von oder Polyoxymethylen, Nylon oder Polytet-
rafluorethylen ist; und
wobei das temperaturreaktive Polymer aus Ho-
mopolymeren oder Copolymeren von
(Meth)acrylamid-Verbindungen, N-(oder N,N-
di-)alkylsubstituierten (Meth)acrylamid-Deriva-
ten und Vinylether-Derivaten oder beliebigen
zwei oder mehr von diesen Monomeren oder
Copolymeren davon mit ionischen Monomeren
ausgewählt ist.

2. Temperaturreaktives Zellkultursubstrat gemäß An-
spruch 1, wobei der Bereich (2) aus Anspruch 1 ei-
nen einzigen Bereich (1) umgibt.

3. Temperaturreaktives Zellkultursubstrat gemäß An-
spruch 2, wobei der Bereich (1) aus Anspruch 2 eine
viereckige Form aufweist.

4. Temperaturreaktives Zellkultursubstrat gemäß ei-
nem der Ansprüche 1 bis 3, wobei das temperatur-
reaktive Polymer Poly-N-isopropylacrylamid ist.

5. Temperaturreaktives Zellkultursubstrat gemäß An-
spruch 4, wobei das temperaturreaktive Polymer aus
Anspruch 4 mit einer ionischen Monomerkomponen-
te copolymerisiert ist.

6. Verfahren zur Herstellung eines temperaturreakti-
ven Zellkultursubstrats, wobei das Verfahren um-
fasst:

das Aufbringen einer Lösung eines Monomers
zur Bildung eines temperaturreaktiven Poly-
mers, das seine Wechselwirkung mit Wasser in
einem Temperaturbereich von 0 bis 80°C vari-
iert, oder einer Lösung des Polymers oder eines
Gemischs von dem Monomer und dem Polymer
auf die gesamte Oberfläche eines Substrats,
wobei die Oberfläche ein Muster aufweist, das
durch zwei oder mehr Materialien gebildet wird,
die unterschiedliche Pfropfungsgrade für das
temperaturreaktive Polymer bei Elektronen-
strahlbestrahlung unter den gleichen Bedingun-
gen aufweisen,
wobei das temperaturreaktive Polymer aus Ho-
mopolymeren oder Copolymeren von
(Meth)acrylamid-Verbindungen, N-(oder N,N-
di-)alkylsubstituierten (Meth)acrylamid-Deriva-
ten und Vinylether-Derivaten oder beliebigen
zwei oder mehr von diesen Monomeren oder
Copolymeren davon mit ionischen Monomeren
ausgewählt ist;
wobei die Bereiche einen Bereich (1), der aus
irgendeinem Vertreter von Polystyrol, Polycar-

bonat und Polymethylmethacrylat oder einer
Kombination von zwei oder mehr davon ist, und
einen Bereich (2), der aus irgendeinem Vertreter
von Polymethylpenten, Polyethylenterephtha-
lat, Polyethylen, Polypropylen und einem ABS-
Harz oder einer Kombination von zwei oder
mehr davon oder Polyoxymethylen, Nylon oder
Polytetrafluorethylen ist, umfassen;
und dann das Bestrahlen der gesamten Ober-
fläche des Substrats mit derselben Elektronen-
strahlung zur Bildung von:

dem Bereich (1), der das temperaturreakti-
ve Polymer in ausreichender Dichte fixiert
aufweist, um Zellen zu kultivieren und die
kultivierten Zellen nur durch einen Tempe-
raturvorgang von dem Substrat abzulösen,
wobei die Dichte des temperaturreaktiven
Polymers 0,7 bis 2,5 mg/cm2 beträgt; und
dem Bereich (2), der das temperaturreakti-
ve Polymer in ausreichender Dichte fixiert
aufweist, um Zellen daran zu hindern, daran
zu haften, wobei die Dichte des temperatur-
reaktiven Polymers 2,7 mg/cm2 oder mehr
beträgt.

7. Verfahren gemäß Anspruch 6, bei dem das Substrat,
das eine Oberfläche aufweist, die mit zwei oder mehr
Materialien in einem Muster versehen ist, die unter-
schiedliche Pfropfungsgrade für das temperaturre-
aktive Polymer, das seine Wechselwirkung mit Was-
ser in einem Temperaturbereich von 0 bis 80°C va-
riiert, bei Elektronenstrahlbestrahlung unter den glei-
chen Bedingungen aufweisen, entweder durch
Mehrkomponentenspritzgießen oder Umspritzen
(insert molding) gebildet wird.

8. Verfahren gemäß Anspruch 6 oder 7, bei dem die
Bestrahlung mit Elektronenstrahlen zu einem einzi-
gen Zeitpunkt erfolgt.

Revendications

1. Substrat de culture de cellules sensible à la tempé-
rature comprenant : un substrat greffé avec un po-
lymère sensible à la température qui fait varier son
interaction avec l’eau dans une plage de tempéra-
ture de 0 à 80 °C sur une surface ayant un motif
formé par deux matériaux ou plus présentant des
efficacités de greffage différentes pour le polymère
sensible à la température par irradiation par faisceau
d’électrons dans les mêmes conditions, dans lequel
les parties des matériaux greffés avec le polymère
sensible à la température comprennent :

une partie (1) ayant le polymère sensible à la
température fixé avec une densité suffisante
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pour la culture des cellules et le détachement
des cellules cultivées du substrat simplement
par exploitation de la température, la densité du
polymère sensible à la température étant de 0,7
à 2,5 mg/cm2 et le matériau de la partie (1) étant
n’importe quel élément choisi parmi un polysty-
rène, un polycarbonate et un polyméthacrylate
de méthyle ou une combinaison de deux de
ceux-ci ou plus ; et
une partie (2) ayant le polymère sensible à la
température fixé avec une densité suffisante
pour empêcher les cellules d’adhérer à celle-ci,
la densité du polymère sensible à la température
étant supérieure ou égale à 2,7 mg/cm2, et le
matériau de la partie (2) étant n’importe quel élé-
ment choisi parmi un polyméthylpentène, un po-
lytéréphtalate d’éthylène, un polyéthylène, un
polypropylène et une résine ABS ou une com-
binaison de deux de ceux-ci ou plus, ou un po-
lyoxyméthylène, un nylon ou un
polytétrafluoroéthylène ; et
dans lequel le polymère sensible à la tempéra-
ture est choisi parmi les homopolymères ou les
copolymères de composés (méth)acrylamide,
de dérivés de (méth)acrylamide substitués par
un groupe N-(ou N,N-di-)alkyle, et de dérivés
d’éther vinylique, ou de deux de ces monomères
ou plus, ou des copolymères de ceux-ci avec
des monomères ioniques.

2. Substrat de culture de cellules sensible à la tempé-
rature selon la revendication 1, dans lequel la partie
(2) de la revendication 1 entoure une partie (1) uni-
que.

3. Substrat de culture de cellules sensible à la tempé-
rature selon la revendication 2, dans lequel la partie
(1) de la revendication 2 a une forme quadrangulaire.

4. Substrat de culture de cellules sensible à la tempé-
rature selon l’une quelconque des revendications 1
à 3, dans lequel le polymère sensible à la tempéra-
ture est un poly-N-isopropylacrylamide.

5. Substrat de culture de cellules sensible à la tempé-
rature selon la revendication 4, dans lequel le poly-
mère sensible à la température de la revendication
4 est copolymérisé avec un composant monomère
ionique.

6. Procédé de production d’un substrat de culture de
cellules sensible à la température, le procédé com-
prenant l’application d’une solution d’un monomère
pour former un polymère sensible à la température
qui fait varier son interaction avec l’eau dans une
plage de température de 0 à 80 °C ou une solution
du polymère ou un mélange du monomère et du po-
lymère sur toute la surface d’un substrat, la surface

ayant un motif formé par deux matériaux ou plus
présentant des efficacités de greffage différentes
pour le polymère sensible à la température par irra-
diation par faisceau d’électrons dans les mêmes
conditions,
dans lequel le polymère sensible à la température
est choisi parmi les homopolymères ou les copoly-
mères de composés (méth)acrylamide, de dérivés
de (méth)acrylamide substitués par un groupe N-(ou
N,N-di-)alkyle, et de dérivés d’éther vinylique, ou de
deux de ces monomères ou plus, ou des copolymè-
res de ceux-ci avec des monomères ioniques ;
les parties comprennent une partie (1) se composant
d’un quelconque élément choisi parmi un polystyrè-
ne, un polycarbonate et un polyméthacrylate de mé-
thyle ou une combinaison de deux de ceux-ci ou plus,
et une partie (2) se composant d’un quelconque élé-
ment choisi parmi un polyméthylpentène, un polyté-
réphtalate d’éthylène, un polyéthylène, un polypro-
pylène et une résine ABS ou une combinaison de
deux de ceux-ci ou plus, ou un polyoxyméthylène,
un nylon ou un polytétrafluoroéthylène ;
et ensuite l’irradiation de toute la surface du substrat
avec les mêmes faisceaux d’électrons pour former :

la partie (1) ayant le polymère sensible à la tem-
pérature fixé avec une densité suffisante pour
la culture des cellules et le détachement des cel-
lules cultivées du substrat simplement par ex-
ploitation de la température, la densité du poly-
mère sensible à la température étant comprise
entre 0,7 et 2,5 mg/cm2 ; et
la partie (2) ayant le polymère sensible à la tem-
pérature fixé avec une densité suffisante pour
empêcher les cellules d’adhérer à celle-ci, la
densité du polymère sensible à la température
étant supérieure ou égale à 2,7 mg/cm2.

7. Procédé selon la revendication 6, dans lequel le
substrat ayant une surface façonnée avec un motif
par deux matériaux ou plus présentant des efficaci-
tés de greffage différentes pour un polymère sensi-
ble à la température qui fait varier son interaction
avec l’eau dans une plage de température de 0 à 80
°C par irradiation par faisceau d’électrons dans les
mêmes conditions, est formé par moulage par co-
injection ou par moulage par insertion.

8. Procédé selon la revendication 6 ou 7, dans lequel
l’irradiation du faisceau d’électrons est réalisée en
une fois.
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