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Description
Technical Field
[0001] The present invention relates to a method for
producing a biocompatible transparent sheet which exhibits a biocompatibility and a high bioadherence of ability
to adsorb a biologically relevant substance, which can
be used as a novel biomaterial, and which can be used
to observe the propagation, differentiation, and/or the like
of living cells in real time; and a cell sheet which is prepared in such a manner that cells are seeded on the
biocompatible transparent sheet and then propagated.
Background Art
[0002] Biocompatible ceramics such as hydroxyapatite have high biocompatibility; hence, metals and ceramics coated with hydroxyapatite are excellent biomaterials.
It has been confirmed that the propagation and/or differentiation of cells can be promoted in such a manner that
the cells are cultured on substrates of these materials
(see Patent Document 1). Sheets coated with the biocompatible ceramics have high abilities to adsorb biologically relevant substances and therefore have been investigated for use as isolation/analysis sheets for nucleic
acids, proteins, and the like (see Patent Documents 2
and 3). Furthermore, there are transparent strips which
are used to directly observe living cells and which are
prepared by grinding a bulk of biocompatible ceramics
sintered at high temperatures.
[0003] In addition to these sheets, a high bioadherence
cultured sell sheet laminated on a porous film made from
a hydrophobic organic solvent solution containing a biodegradable polymer and an amphipatic polymer (see
Patent Document 4) or fibrous film, and a layered sheet
of such high bioadherence cultured sell sheet (see Patent
Document 5) are known hitherto.
[0004] Guofeng Xu et al. (J. Am. Chem. Soc. 2001,
123, 2196-2203) discloses thin ceramic films of carbonated apatite assembled via a biomimetic pathway. A freestanding, continuous, transparent precursor film of carbonated calcium phosphate in an amorphous phase is
prepared by a solution-inhibited templating method at an
air-water interface. The precursor film is heated at 900
°C and transformed into a dense crystalline film that retained the overall shape of the precursor.
[0005] Substrates coated with biocompatible ceramics
are non-flexible and therefore are limited in working
range. Cells cultured on the coatings cannot be collected
such that tissues composed of the cells perform desired
functions. Any cell sheets that are absorbed in living organisms after transplantation cannot be prepared- Since
metal and ceramic substrates are opaque, it is impossible
to observe the behavior, such as adhesion or differentiation, of living cells in real time.
[0006] The biocompatible ceramic-coated sheets can
adsorb the biologically relevant substances or can be
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used to isolate the biologically relevant substances but
cannot be used to observe the interaction between the
biologically relevant substances in real time because
these sheets are opaque.
[0007] Further, there is a limitation on thinning the bulk
of biocompatible ceramics by grinding; hence, any transparent strips which are flexible and soft cannot be obtained from the bulk biocompatible ceramics. Therefore,
such transparent strips cannot be used as coating materials for tissues, such as soft tissues, required to be soft.
[0008] In addition, the porous film contains a synthetic
resin of amphiphatic polymer and therefore may be biologically toxic. The high bioadherence cell culturing sheet
contains the fibrin gel and therefore may cause viral infections.
Patent Document 1: Laid Open Japanese Patent Application
Publication
(Unexamined)
No.
278609/2005
Patent Document 2: Laid Open Japanese Patent Application Publication (Unexamined) No. 88819/1995
Patent Document 3: Laid Open Japanese Patent Application
Publication
(Unexamined)
No.
156814/1998
Patent Document 4: Laid Open Japanese Patent Application
Publication
(Unexamined)
No.
157574/2001
Patent Document 5: Laid Open Japanese Patent Application Publication (Unexamined No. 00608/2005
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[0009] It is an object of the present invention to provide
a method for producing a biocompatible transparent
sheet that is flexible, soft, and safe. The biocompatible
transparent sheet has high biocompatibility and a high
ability to adsorb a biologically relevant substance, can
be used as a novel biomaterial, and can be used to observe the propagation, differentiation, and/or the like of
living cells in real time.
[0010] The biocompatible transparent sheet has much
biocompatibility, a high bioadherence and a safety.
Therefore, the biocompatible transparent sheet can be
used as a novel biomaterial or used as a sheet for isolating or adsorbing a protein or DNA or a substrate for
culturing cells. The cells cultured on such biocompatible
transparent sheet can be directly used for transplantation
without requiring a peeling operation or the like. The biocompatible sheet is transparent and therefore it can be
used to monitor the propagation and/or differentiation of
cells or biomolecular attraction in real time. The shape
of the sheet can be varied by varying the shape of the
substrate. The biocompatible transparent sheet is flexible and soft and therefore can be used as a coating material applied to a portion that has not been coated with
the biocompatible ceramic film. If cells are seeded on the
biocompatible transparent sheet, the cells are grafted
thereto or propagated thereon. Hence, if the biocompat-
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ible transparent sheet is used as a substrate for cell culture, a cell sheet which can be directly transplanted to
an affected area together with cells can be obtained.
Brief Description of Drawings

5

[0011]
Fig. 1 shows schematic views illustrating steps of
producing a biocompatible transparent sheet.
Fig. 2 is a schematic view of a laser ablation system
used to produce a biocompatible transparent sheet.
Fig. 3 shows schematic views illustrating steps of
producing another biocompatible transparent sheet.
Fig. 4 is a photograph of an example of a biocompatible transparent sheet.
Fig. 5 is a graph showing the X-ray diffraction pattern
of a biocompatible transparent sheet.
Fig. 6 is a photograph showing a situation where a
biocompatible transparent sheet is forcedly bent.
Fig. 7 is a phase-contrast micrograph of an example
of a cell sheet.
Fig. 8 is a photograph showing that a cell sheet can
be grasped with a pair of tweezers.
Fig. 9 is an enlarged view of another example of a
biocompatible transparent sheet.

(ii) Biocompatible ceramics
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(1) Film-forming step
[0014] In the film-forming step, the biocompatible ceramic film 2 is formed on a substrate 1 shown in Fig. 1(a)
by a laser abrasion process or the like Fig. 1(b) shows
the completion of the film.

45

(i) Substrate
[0015] The substrate 1 is made of a material soluble
in a solvent incapable of dissolving biocompatible ceramics. The material is not particularly limited. Examples of
the material include alkali metal halides such as sodium
chloride and potassium chloride, water-soluble inorganic
salts such as amorphous magnesium oxide, and watersoluble organic compounds such as crystalline amino
acids including glycine. In particular, sodium chloride is
preferable because sodium chloride can be readily crys-

tallized and is inexpensive.
[0016] The substrate 1 has a tabular shape as shown
in Fig. 1(a). The shape of the substrate 1 is not limited
to such a shape. The substrate 1 may have an arbitrary
shape, such as a hemispherical shape or a tubular shape,
suitable for producing the biocompatible transparent
sheet.
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Best Mode for Carrying Out the Invention
[0012] 1. Biocompatible transparent sheet
[0013] A biocompatible transparent sheet according to
the present invention includes only a biocompatible ceramic film including no support and is produced through
steps schematically shown in Figs. 1(a) to 1(e). The production of the biocompatible transparent sheet principally
includes a film-forming step and a dissolving step and
may further include a drying step and a heat-treating step
for crystallization. These steps are described below in
detail.
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[0017] Biocompatible ceramics refer to apatite, raw
materials therefore, and mixtures containing the raw materials. The appetites herein refer to minerals having the
formula M10(ZOn)6X2, wherein M represents, for example, Ca, Na, Mg, Ba, K, Zn, or Al; ZOn represents, for
example, PO4, SO4, or CO3; and X represents, for example, OH, F, O, or CO3. Examples of the apatite usually
include hydroxyapatite and carboxyapatite. In particular,
a hydroxyapatite is preferably used herein due to exhibiting a high biocompatibility. An exemplary source material of the apatite is tricalcium phosphate (TCP). An exemplary mixture containing the apatite is a bioapatite obtained from a bovine bone or the like.
(iii) Laser abrasion process
[0018] The laser ablation process is explained below
in reference to Figure 2, which shows a schematic view
of a laser ablation system 5.
[0019] As shown in Fig. 2, the substrate 1 is rotatably
fixed on a sample holder (not shown) mounted in a vacuum deposition chamber 51. A molded material formed
of a powder of the biocompatible ceramics by pressure
forming with a pressure mold is mounted on a target 52
in a position opposed to the substrate 1.
[0020] The vacuum deposition chamber 51 is evacuated to a predetermined vacuum level with an evacuation
unit 53. After having completed of evacuation, the substrate 1 is heated to a predetermined temperature with
a heater 54 and rotated with the sample holder.
[0021] A steam-containing gas or a carbon dioxidecontaining gas is introduced into the vacuum deposition
chamber 51 through a gas introduction nozzle 55. The
target 52 is irradiated with a laser beam L generated from
a laser beam apparatus 56 including a laser beam generator 56, for example, a ArF excimer laser beam generator, a mirror 56b, a lens 56, and the like. This causes
the biocompatible ceramics contained in the target 52 to
be decomposed into atoms, ions, clusters, and/or the like,
whereby a surface of the substrate 1 that faces the target
52 is covered with a biocompatible coating of apatite ceramics. Examples of the steam-containing gas include
steam, an oxygen-steam mixed gas, an argon-steam
mixed gas, a helium-steam mixed gas, a nitrogen-steam
mixed gas, and an air-steam mixed gas. Examples of the
carbon dioxide-containing gas include carbon dioxide,
an oxygen-steam-carbon dioxide mixed gas, an argonsteam-carbon dioxide mixed gas, a helium-steam-car-
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bon dioxide mixed gas, a nitrogen-steam-carbon dioxide
mixed gas, and an air-steam-carbon dioxide mixed gas.
These gases can be used alone or in combination.
[0022] In order to allow the biocompatible transparent
sheet to be flexible and soft and In order to allow the
biocompatible transparent sheet to have a predetermined strength, the biocompatible transparent sheet has
a thickness of 1 to 100 mm and preferably 40 to 50 mm.
Therefore, conditions for forming the Biocompatible ceramic film by the laser ablation process, for example, the
temperature of the substrate and the pressure of an atmosphere gas, need to be adjusted in consideration of
the configuration and/or performance of the laser ablation
system such that the biocompatible transparent sheet
has a thickness within the above range.
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(2) Dissolving step
[0023] In the dissolving step, the substrate 1 having
the biocompatible ceramic film thereon is dipped in a solvent, whereby the substrate is dissolved off. Fig. 1(c)
shows a situation in which the substrate 1 having the
biocompatible ceramic film 2 thereon is dipped in the solvent 11 contained in a vessel 10. Fig. 1(d) shows a situation in which the substrate 1 is dissolved off.
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(i) Solvent
[0024] The solvent is not particularly limited except that
the solvent is incapable of dissolving the biocompatible
ceramic film 2. Examples of the solvent include polar solvents and nonpolar solvents. Preferable examples of the
solvent include aqueous solvents, which are inexpensive
and nontoxic. Particularly preferable examples of the solvent include pure water, buffer solutions for cell culture,
and liquid culture media for cell culture.
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(3) Drying step
[0025] In the drying step, the biocompatible ceramic
film 2, which is separated from the substrate 1 because
the substrate 1 is dissolved off, is taken out of the solvent
11 and then naturally or mechanically dried. Fig. 1(e)
shows the biocompatible ceramic film 2 that has been
dried up.
[0026] As described above, the biocompatible transparent sheet can be produced by a combination of the
above established techniques, that is, film formation, solvent immersion, and film drying. The above-mentioned
transparent sheet having a high biocompatibility, can be
used as a novel biomaterial, and can be used to observe
the propagation, differentiation, and/or the like of living
cells in real time.
[0027] The present invention is not limited to the above
embodiment. Various modifications may be made within
the scope of the present invention as set forth in the
claims.
[0028] For example, a substrate 7 shown in Fig. 3(a)

40

45

50

55

5

6

may be used. This substrate 7, as well as that substrate
1, includes a part 7a made of a material soluble in the
solvent 11 and another part 7b made of a material, such
as glass or steel, insoluble in the solvent 11. As shown
in Fig. 3(b), this substrate 7 may further include projections 7c which are made of a material soluble in the solvent 11 and which are arranged on the upper surface of
the part 7a in a predetermined pattern.
[0029] If this substrate 7 is used, other substrates need
not be prepared for the production of biocompatible transparent sheets; hence, the biocompatible transparent
sheets can be produced at low cost. If this substrate 7,
which includes the projections 7c arranged in a predetermined pattern as shown in Fig. 3(b), is used, a biocompatible transparent ceramic sheet 8 having perforations 8a as shown in Fig. 3(d) can be produced in such
a manner that a biocompatible ceramic film 8 is formed
(a film-forming step, the state of the formed film is shown
in Fig. 3(c)), this substrate 7 is dissolved off (a dissolving
step), and the biocompatible ceramic film 8 is then dried
(a drying step) as described in the above embodiment.
[0030] This substrate 7 can be produced in such a manner that a coating of a material soluble in the solvent 11
is formed on a glass or steel sheet insoluble in the solvent
11 by a laser ablation process, a sputtering process, an
ion beam deposition process, an electron beam deposition process, a vacuum evaporation process, a molecular
beam epitaxy process, a chemical vapor deposition process, or the like; a liquid containing the material soluble
in the solvent 11 is sprayed on the coating, and the coating is then dried.
[0031] For this biocompatible transparent sheet 8, the
diameter of the perforations 8a and the distance between
the perforations 8a can be controlled by varying the size
of the projections 7c and the distance between the projections 7c, respectively. This is effective in controlling
the rate of cell proliferation. Cells can be propagated in
such a manner that substances are exchanged through
the perforations 8a; hence, different types of cells can be
propagated on both surfaces of this biocompatible transparent sheet 8. A multilayer sheet which contains different types of cells and which has a complicated structure
can be readily produced by tacking a plurality of sheets
identical to this biocompatible transparent sheet 8 having
the different cells propagated on both surfaces thereof.
[0032] In the film-forming step, the following process
may be used instead of the laser ablation process: for
example, a sputtering process, an ion beam deposition
process, an electron beam deposition process, a vacuum
evaporation process, a molecular beam epitaxy process,
a chemical vapor deposition process, or the like. After
the biocompatible ceramic film is formed or dried, the
biocompatible ceramic film may be heat-treated in a
steam-containing gas or a carbon dioxide-containing gas
at a high temperature of 300°C to 1200°C in a heat-treating step so as to be crystallized. This allows the biocompatible transparent sheet to be denser.
[0033] Furthermore, a plurality of different biocompat-

7

EP 2 003 194 B1

ible ceramics may be used in combination. In particular,
for example, bioapatite and stoichiometric apatite may
be used in combination. The bioapatite used herein is
bioabsorbable and therefore is superior in tissue inducibility. In contrast, the stoichiometric apatite used herein
remains in living organisms and therefore is superior in
tissue stability. A combination of these apatites is effective in producing a sheet having a tissue inducibility and
tissue stability. This sheet is transparent and therefore
can be used to observe living cells with a microscope by
the excellent tissue-inducible effect of the bioapatite.

5
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2. Cell sheet
[0034] A cell sheet according to the present invention
is one prepared by propagating cells on a surface of a
biocompatible transparent sheet and can be directly
transplanted to an affected area.

15

(1) Cells

20

[0035] Examples of the cells include, but are not limited
to, corneal epithelial cells, epidermal keratinocytes, oral
mucosal cells, conjunctival epithelial cells, osteoblastic
cells, nerve cells, cardiac muscle cells, fibrocytes, vascular endothelial cells, hepatic parenchymal cells, adipose cells, and stem cells capable of differentiating into
these cell. These cells may be used alone or in combination. The origins of these cells need not be particularly
limited. Examples of the origins thereof include human,
canine, cat, rabbit, rat, pig, and sheep. In the case where
the cell sheet is used to human therapy, human cells are
preferably used.
(2) Culturing process
[0036] In particular, the cells are cultured as described
below. The biocompatible transparent sheet is placed
into a culture vessel such as a petri dish, an appropriate
cell culture solution is poured into the petri dish, a culture
medium is removed, and the cell culture solution is
caused to penetrate the biocompatible transparent
sheet. The culture medium is replaced with fresh one
several times and the biocompatible transparent sheet
is then left for an appropriate time, whereby the biocompatible transparent sheet is impregnated with the cell culture solution. The cells are seeded on the biocompatible
transparent sheet, the cell culture solution poured into
the petri dish, and the cells are then cultured for an appropriate period under ordinary culture conditions. The
cell culture solution may be replaced with fresh one as
required.
[0037] The cells may be propagated on both surfaces
of the biocompatible transparent sheet instead of that the
cells are propagated on one surface thereof. If a biocompatible transparent sheet having perforations is used and
different types of cells are propagated respectively on
both surfaces thereof, only humoral factors which are
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produced by these cells and which are released into a
culture solution are allowed to pass through the perforations pass through the perforations. This provides, for
example, a cell sheet which has epithelial cells (for example, epidermal keratinocytes) propagated on one surface thereof and feeder cells propagated on the other
surface.
[0038] Examples of the feeder cells used include fibrocytes, tissue stem cells, and embryo-stem cells. The
feeder cells are not particularly limited and may be freely
modified depending on applications thereof. The epithelial cells and the feeder cells need not isolated from one
type animal. However, the epithelial cells and the feeder
cells are preferably isolated from one type animal in the
case where this sheet is used for transplantation. Alternatively, the epithelial cells and the feeder cells are preferably isolated from human in the case where this sheet
is used for human therapy.
(3) Culture medium
[0039] A culture medium used to culture the cells may
be ordinary one and is not particularly limited. Examples
of the culture medium include D-MEM, MEM, HamF12
medium, and HamF10 medium. These culture media
may be supplemented with a fetal calf serum or no serum.
In the case where the cell sheet is used for human therapy, the culture medium preferably contains a component which has an obvious origin or which is certified to
be used as a medical drug.
(4) Transplantation technique
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[0040] The cell sheet having the cells propagated thereon is directly transplanted to an affected area alone or
in combination with a plurality of stacked sheets identical
to the cell sheet. The use of the stacked sheets allows a
three-dimensional tissue composed of the cells to be
transplanted to the affected area. A technique using, for
example, a pair of tweezers is used to take the cell sheet
out of the culture solution, to stack the cell sheet on the
sheets, and to transplant the cell sheet to the affected
area.
[0041] A technique for securing the transplanted cell
sheet to a living tissue is not particularly limited and may
be a known one. The cell sheet may be secured to the
living tissue with sutures. Alternatively, the cell sheet may
be attached to the affected area and then covered with
a bandage by making use of the compatibility between
the cell sheet and the living tissue.
(5) Applicable disorders

55
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[0042] Disorders to which the cell sheet is applicable
are not particularly limited. In particular, the cell sheet
having chondrocytes propagated thereon can be used
to treat osteoarthritis, a cardiac muscle sheet having cardiac muscle cells propagated thereon can be used to
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treat ischemic heart disease, and stacked cell sheets
each having epidermal cells or dermal cells propagated
thereon can be used to treat burn injuries, keloids, birthmarks, and the like.
[0043] The present invention is further described in detail with reference to examples below. The claims of the
present application are not limited to the examples in any
sense.
Example 1
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(1) Production of biocompatible transparent sheet
[0044] A hydroxyapatite film is formed on a substrate
of sodium chloride crystal through a laser ablation process. In particular, the sodium chloride crystal substrate
of 10 mm 3 10 mm 3 2.5 mm, was fixed on a sample
holder mounted in a laser ablation system (which was
designed by Hontsu Laboratory of the biology-oriented
science and technology school of Kinki University and
was manufactured by Seinan Industries Co., Ltd.) and
was then treated for 18 hours by the laser ablation process using an ArF excimer laser (λ = 193 nm, a pulse
width of 20 nanoseconds), whereby the hydroxyapatite
film was formed. The hydroxyapatite film had a thickness
of about 12 mm. The temperature of a substrate was
300°C, an atmosphere gas used was an oxygen-steam
mixed gas, and the mixed gas had a pressure of 0.8
mTorr.
[0045] The sodium chloride crystal having the hydroxyapatite film formed thereon was dipped in pure water such that sodium chloride was eluted, whereby the
hydroxyapatite film, which was transparent, was isolated.
The isolated transparent hydroxyapatite film was cleaned
with pure water, naturally dried, and then post-annealed
(heat-treated) at 400°C for ten hours in an oxygen-steam
atmosphere, whereby the transparent hydroxyapatite
film was crystallized into a biocompatible transparent
sheet.

15% FBS-supplemented Dulbecco’s modified Eagle medium (D-MEM) placed in a culture petri dish, 2 ml of a
solution containing human osteoblastic cells suspended
at a density of 2 3 105 cells/ml was poured onto the
biocompatible transparent sheet, and the human osteoblastic cells were then cultured for 24 hours in an incubator (37°C, a CO2 concentration of 5%). The cell sheet
was observed with a phase-contrast microscope. Fig. 7
shows the observation result. After the human osteoblastic cells were cultured for 12 days, the cell sheet was
capable of being grasped with a pair of tweezers as
shown in Fig. 8.
Example 2
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(1) Production of biocompatible transparent sheet
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(2) Evaluation of produced biocompatible transparent
sheet
[0046] Fig. 4 shows the biocompatible transparent
sheet produced as described above. The thickness
thereof was determined to be about 12 mm with a stylustype thickness meter. The X-ray diffraction pattern of the
biocompatible transparent sheet was measured by 2θ-θ
X-ray diffractometry. Fig. 5 shows the measurement results. The X-ray diffraction pattern shown in Fig. 5 indicates that the biocompatible transparent sheet, which
was produced by a method according to the present invention, is crystalline. A force was applied to the biocompatible transparent sheet, whereby the biocompatible
transparent sheet was bent as shown in Fig. 6. This confirms that the biocompatible transparent sheet is flexible
and soft. A cell sheet was prepared in such a manner
that the biocompatible transparent sheet was dipped in
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[0047] A 2-mm thick glass plate was surface-treated
for four hours by a laser ablation process in the same
manner as that described in Example 1, whereby the
glass plate was coated with amorphous magnesium oxide at a thickness of 5 mm. A 0,1-mm thick metal mask
having holes, arranged in a matrix at intervals of 100 mm,
having a diameter of 50 mm was placed onto the glass
plate. The glass plate was treated for eight hours by a
laser ablation process such that amorphous magnesium
oxide pillars with a height of 20 mm were formed, whereby
a substrate having surface micro-irregularities was prepared.
[0048] The substrate, which had the surface micro-irregularities, was fixed on a sample holder mounted in a
laser ablation system and was then treated for 18 hours
by a laser ablation process using an ArF excimer laser
(λ = 193 nm, a pulse width of 20 nanoseconds) in the
same manner as that described in Example 1, whereby
the substrate was coated with a hydroxyapatite film having a thickness of about 12 mm. The temperature of the
substrate was equal to room temperature, an atmosphere gas used was an oxygen-steam mixed gas, and
the mixed gas had a pressure of 0.8 mTorr.
[0049] The substrate was coated with the hydroxyapatite film was dipped in pure water such that a portion
made of amorphous magnesium oxide was dissolved off,
whereby the hydroxyapatite film, which was transparent,
was separated from the glass plate. The separated transparent hydroxyapatite film was cleaned with pure water
and then naturally dried, whereby a biocompatible transparent sheet having perforations, arranged in a matrix at
intervals of 100 mm, having a diameter of 50 mm was
obtained. Fig. 9 is a micrograph of the biocompatible
transparent sheet.
(2) Evaluation of produced biocompatible transparent
sheet

55

[0050] The thickness of the obtained biocompatible
transparent sheet was determined to be about 12 mm
with a stylus-type thickness meter.
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Claims
1.

12

biocompatible transparent sheet.

A method for producing a biocompatible transparent
sheet, comprising:

Patentansprüche
5

a film-forming step of forming a biocompatible
ceramic film on or above a substrate including
a portion soluble in a solvent incapable of dissolving biocompatible ceramics; and
a dissolving step of dissolving the substrate having the biocompatible ceramic film by immersing
the substrate in the solvent.
2.

3.

4.

5.

6.

7.

8.

The biocompatible transparent sheet-producing
method according to Claim 1, wherein the substrate
includes a portion insoluble in the solvent in addition
to the solvent-soluble portion.
The biocompatible transparent sheet-producing
method according to Claim 1 or 2, wherein the biocompatible ceramic film is formed by any one of a
laser ablation process, a sputtering process, an ion
beam deposition process, an electron beam deposition process, a vacuum evaporation process, a molecular beam epitaxy process, and a chemical vapor
deposition process.
The biocompatible transparent sheet-producing
method according to any one of Claims 1 to 3, further
comprising a drying step of drying the isolated biocompatible ceramic film isolated by dissolving the
substrate.
The biocompatible transparent sheet-producing
method according to any one of Claims 1 to 4, further
comprising a step of heat-treating the biocompatible
ceramic film in a high-temperature atmosphere containing at least one of a steam-containing gas and a
carbon dioxide-containing gas, the heat-treating
step being performed after the biocompatible ceramic film is formed or dried.
The biocompatible transparent sheet-producing
method according to any one of Claims 1 to 5, wherein the biocompatible ceramic film is made of hydroxyapatite.
The biocompatible transparent sheet-producing
method according to any one of Claims 1 to 5, wherein the biocompatible ceramic film is composed of different types of biocompatible ceramics.
A method of producing a flexible, soft cell sheet which
can be directly transplanted to a living organism,
comprising producing a biocompatible transparent
sheet according to the method of any one of Claims
1 to 7, seeding cells onto the biocompatible transparent sheet and then propagating the cells on the

1.

einen filmbildenden Schritt zur Bildung eines biokompatiblen keramischen Films auf oder über
einem Substrat, einschließlich eines Teils, der
in einem Lösungsmittel lösbar ist, das keine biokompatiblen Keramiken auflösen kann; und
einen Auflösungsschritt zur Auflösung des Substrats mit dem biokompatiblen keramischen
Film durch Eintauchen des Substrats in das Lösungsmittel.
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2.

Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach Anspruch 1, wobei das
Substrat zusätzlich zu dem in Lösungsmittel lösbaren Teil einen Teil umfasst, der im Lösungsmittel
nicht gelöst werden kann.

3.

Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach Anspruch 1 oder 2, wobei
der biokompatible keramische Film durch eines von
einem Laserablationsverfahren, einem Kathodenzerstäubungsverfahren, einem Ionenstrahldepositionsverfahren, einem Elektronenstrahldepositionsverfahren, einem Vakuumverdampfungsverfahren,
einem Molekularstrahlepitaxieverfahren oder einem
chemischen
Gasphasenabscheidungsverfahren
gebildet wird.

4.

Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach einem der Ansprüche 1 bis
3, ferner umfassend einen Trocknungsschritt zur
Trocknung des isolierten biokompatiblen keramischen Films, der durch Auflösung des Substrats isoliert wurde.

5.

Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach einem der Ansprüche 1 bis
4, ferner umfassend einen Schritt zur Wärmebehandlung des biokompatiblen keramischen Films
unter Hochtemperatur-Atmosphäre, die mindestens
eines von einem wasserdampfhaltigen Gas und einem kohlenstoffdioxidhaltigen Gas enthält, wobei
der Schritt zur Wärmebehandlung durchgeführt wird,
nachdem der biokompatible keramische Film gebildet oder getrocknet wurde.

6.

Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach einem der Ansprüche 1 bis
5, wobei der biokompatible keramische Film aus Hydroxyapatit besteht.
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Verfahren zur Herstellung einer biokompatiblen
transparenten Folie, umfassend:
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7.

8.
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Verfahren zur Herstellung einer biokompatiblen
transparenten Folie nach einem der Ansprüche 1 bis
5, wobei der biokompatible keramische Film aus verschiedenen Arten biokompatibler Keramiken besteht.
Verfahren zur Herstellung einer flexiblen, weichen
Zellfolie, die einem lebenden Organismus direkt
transplantiert werden kann, umfassend die Herstellung einer biokompatiblen transparenten Folie gemäß dem Verfahren nach einem der Ansprüche 1
bis 7, das Säen von Zellen auf der biokompatiblen
transparenten Folie und die anschließende Verbreitung der Zellen auf der biokompatiblen transparenten Folie.

1.

Procédé de production d’une feuille transparente
biocompatible, comprenant :
une étape de formation de film consistant à former un film céramique biocompatible sur ou audessus d’un substrat comprenant une partie soluble dans un solvant incapable de dissoudre
des matériaux céramiques biocompatibles ; et
une étape de dissolution consistant à dissoudre
le substrat présentant le film céramique biocompatible en immergeant le substrat dans le solvant.

2.

3.

4.

5.

Procédé de production de feuille transparente biocompatible selon la revendication 1, dans lequel le
substrat comprend une partie insoluble dans le solvant en plus de la partie soluble dans le solvant.
Procédé de production de feuille transparente biocompatible selon la revendication 1 ou 2, dans lequel
le film céramique biocompatible est formé grâce à
l’un quelconque parmi un procédé d’ablation laser,
un procédé de pulvérisation cathodique, un procédé
de dépôt par faisceau d’ions, un procédé de dépôt
par faisceau d’électrons, un procédé d’évaporation
sous vide, un procédé d’épitaxie par jet moléculaire,
et un procédé de dépôt chimique en phase vapeur.
Procédé de production de feuille transparente biocompatible selon l’une quelconque des revendications 1 à 3, comprenant en outre une étape de séchage consistant à sécher le film céramique biocompatible isolé par dissolution du substrat.
Procédé de production de feuille transparente biocompatible selon l’une quelconque des revendications 1 à 4, comprenant en outre une étape consistant à traiter de manière thermique le film céramique
biocompatible dans une atmosphère à haute tem-

pérature contenant au moins un gaz contenant de
la vapeur et un gaz contenant du dioxyde de carbone, l’étape de traitement thermique étant mise en
oeuvre après que le film céramique biocompatible
est formé ou séché.

5

6.

Procédé de production de feuille transparente biocompatible selon l’une quelconque des revendications 1 à 5, dans lequel le film céramique biocompatible est constitué d’hydroxyapatite.

7.

Procédé de production de feuille transparente biocompatible selon l’une quelconque des revendications 1 à 5, dans lequel le film céramique biocompatible est composé de différents types de matériaux
céramiques biocompatibles.

8.

Procédé de production d’une feuille de cellules flexible souple qui peut être transplantée directement
dans un organisme vivant, comprenant les étapes
consistant à produire une feuille transparente biocompatible selon le procédé de l’une quelconque
des revendications 1 à 7, semer des cellules sur la
feuille transparente biocompatible et propager ensuite les cellules sur la feuille transparente biocompatible.
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