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MIDDLE EAR MUCOSA-LIKE CELL SHEET, 
PROCESS OF PRODUCING THE SAME AND 

METHOD OF USING THE SAME 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 13/823,240 filed Jul. 18, 2013, which is national 
phase of International Application No. PCT/JP2011/071147 
filed Sep. 15, 2011, which claims priority to Japanese Appli 
cation No. 2010-226055, filed Sep. 15, 2010, which applica 
tions are incorporated herein by reference in their entirety for 
all purposes. 

TECHNICAL FIELD 

0002 The present invention relates to a middle ear 
mucosa-like cell sheet useful in the field of medicine, biology, 
drug discovery, pharmacology, etc., a method for producing 
the same, and a method of use thereof. The present applica 
tion claims priority to a Japanese application (Japanese Patent 
Application No. 2010-226055) filed on Sep. 15, 2010. 

BACKGROUND ART 

0003. In surgeries of middle otitis including choleste 
atoma in the field of otolaryngology, in cases where the 
mucosa can be preserved, recovery of physiological functions 
of the mucosa can be expected, and pneumatic space is 
assured in the middle ear cavity or the mastoid antrum after 
Surgery. However, in many cases of cholesteatoma, it is dif 
ficult to preserve the mucosa in the mastoid antrum. Espe 
cially, in cases where a large area of the bone surface is 
exposed, it is highly probable that the formed eardrum is 
concaved again due to the occlusion of the isthmus of tym 
panum or due to the postoperative change of the drilled out 
mastoid antrum to form reconstitutive cholesteatoma (see 
Non-patent documents 1 and 2). Further, it is known that 
under Such a diseased State, conversion of the mucosa to 
epithelium after Surgery is delayed and the function of gas 
exchange through the mucosa and the function of the cilia are 
largely lost. 
0004. Accordingly, if the mucosa is regenerated on the 
Surface of the bone exposed in a large area after Surgery at an 
early stage, prevention of the re-adhesion of the eardrum and 
reconstitutive cholesteatoma is expected. In fact, although 
transplantation of nasal mucosa or oral mucosa, and use of 
collagen sponge have been studied, Suturing in the narrow 
middle earcavity is difficult, and it was found that the exposed 
bone surface is not appropriate as a scaffold of taking (see 
Non-patent documents 3 and 4). Further, there are many 
unclear points about the effect thereof. 
0005 Under the background, a novel cell culture method 

to detach cultured cell without being treated with a protease is 
described in Patent document 1, wherein cells are cultured at 
a temperature which below the upper limit or over the lower 
limit critical dissolution temperature, then the temperature is 
changed to a temperature which over the upper limit or below 
the lower limit critical dissolution temperature on the cell 
culture substrate which covered up its surface with a polymer 
of which the upper limit or lower limit critical dissolution 
temperature for wateris within a temperature range of 0 to 80° 
C. Further, an detachment procedure for cultured skin cells 
with low damage is described in Patent document 2, wherein 
cells are cultured at a temperature below the upper limit or 
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over the lower limit critical dissolution temperature, then the 
temperature is changed to a temperature over the upper limit 
or below the lower limit critical dissolution temperature by 
using the temperature-responsive cell culture Substrate. It has 
been enabled to plan various new developments for conven 
tional culturing technique by using the temperature-respon 
sive cell culture substrate. As described in Patent document 3, 
if this technique will be developed more and use real cell 
existing in a liver tissue for a cell sheet, it is feasible that the 
sheet could maintain liver tissue cell function for a long term 
that is impossible by prior art. 
0006. However, there has been no discussion about nasal 
mucosa sheets with specific form. 
0007 If a mucosa can be reconstructed promptly on the 
Surface of an exposed bone after the Surgery in the operation 
of a middle otitis, an operative procedure of cholesteatoma of 
middle ear and adhesive otitis media may be changed. That is, 
if mucosa of mastoid antrum can be reconstructed after the 
Surgery as expected, the mastoid antrum could be cavernous 
healing and we expect that plombage of mastoid antrum will 
be needless. On the other hand, when we think about clinical 
application to human, Some problems surface. Further, there 
are some problems when a patient has advanced lesion, for 
example, tissue removal from a middle ear mucosa is difficult 
and it need preoperation to obtain the mucosa, in Some cases, 
a mucosa from healthy tissue may be needed and ethical 
problem may also surface. However, nasal mucosa is easy to 
obtain in outpatient situation and it is preferably less burdens 
on patients. 

CITATION LIST 

Patent Documents 

0008 Patent Document 1: Japanese Unexamined Patent 
Publication (Kokai) No. 02-21 1865 

0009 Patent Document 2: Japanese Unexamined Patent 
Publication (Kokai) No. 05-192138 

0010 Patent Document 3: Japanese Unexamined Patent 
Re-publication (Saikohyo) No. 2007-080990 

Non-Patent Documents 

0011 Non-patent document 1: Ann. Otol. Rhinol. Laryn 
gol., 104,369-373 (1995) 

0012 Non-patent document 2: Laryngoscope, 108, 1840 
1845 (1998) 

0013 Non-patent document 3: Acta. Oto-Laryngologica., 
127, 1038-1044 (2007) 

0014 Non-patent document 4: Acta. Oto-Laryngologica., 
126, 801-810 (2006) 

SUMMARY OF THE INVENTION 

Technical Problem 

0015. Accordingly, an object of the present invention is to 
resolve above problems including postoperative problems of 
middle otitis. That is, this invention provide a novel middle 
ear mucosa-like cell sheet, a manufacturing method and an 
method of using the same, which are derived from ideas 
totally different from conventional arts. 

Solution to Problem 

0016 To solve the above-described problems, the present 
inventors studied from various angles. As a result, the present 
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inventors discovered that the middle ear mucosa-like cell 
sheet obtained by culturing the cells in the nasal mucosa 
tissue and reconstituting the cells into the form of a sheet is 
engrafted on the surface of the bone in the middle ear, hyper 
plasia of the granulation tissue and the bone and the develop 
ment of the fibroblast cells in the middle ear are suppressed, 
so that the sheet can be used as a Substitute of the mucosa in 
the middle ear lost by surgery of middle otitis or the like. The 
present inventors further discovered that the middle ear 
mucosa-like cell sheet of the present invention is useful as a 
Substitute mucosa when the mucosa in the nasal cavity or oral 
cavity is lost. The present invention was completed based on 
these discoveries. 
0017. That is, the present invention provides a middle ear 
mucosa-like cell sheet retaining cilia in the Surface layer. The 
present invention also provides a process of producing the 
middle ear mucosa-like cell sheet on the surface of a substrate 
coated with a temperature-responsive polymer. The present 
invention further provides a method of using the obtained 
middle ear mucosa-like cell sheet. The present inventors think 
that the present invention is a very important invention which 
was first realized using a cell structure, that is, a cell sheet, that 
was obtained by a novel concept unique in the world. 
0018. According to the present invention, a middle ear 
mucosa-like cell sheet comprising nasal epithelium cells 
retaining cilia thereof, wherein the middle ear mucosa-like 
cell sheet is detached from a culture substrate is provided. 
Examples of the middle ear mucosa-like cell sheet of the 
present invention include the following embodiment as a 
preferred embodiment, but are not limited thereto. 
0019. In one embodiment of the present invention, nasal 
epithelium cells to be used for a middle ear mucosa-like cell 
sheet of the present invention are originated from mucosa in 
nasal cavity, in paranasal sinus or in mastoid antrum. Prefer 
ably, the nasal epithelium cells are originated from Superior 
turbinate mucosa, middle turbinate mucosa, inferior turbinate 
mucosa or mastoid antrum mucosa. More preferably, the 
nasal epithelium cells are originated from inferior turbinate 

COSa. 

0020. In one embodiment of the present invention, the 
middle ear mucosa-like cell sheet of the present invention has 
a ventilatory function, a granulation tissue antiproliferative 
function and/or a mucin secretion function. 

0021. In one embodiment of the present invention, cells 
using for the middle ear mucosa-like cell sheet of the present 
invention is transgenic. 
0022. In one embodiment of the present invention, the 
middle ear mucosa-like cell sheet may be in the form of a 
laminate comprising two or more middle ear mucosa-like cell 
sheets. In another embodiment, the middle ear mucosa-like 
cell sheet may be in the form of a laminate comprising two or 
more middle ear mucosa-like cell sheets, wherein each 
middle ear mucosa-like cell sheet comprises one or more 
kinds of cells selected from vascular endothelial cell, endot 
helial precursor cell, fat-derived cell and mesenchymal stem 
cell. 
0023. According to the present invention, provided is a 
process of producing a middle ear mucosa-like cell sheet, 
comprising culturing nasal epithelium cells on a cell culture 
substrate coated with a polymer whose hydration force 
changes within a temperature range of 0 to 80°C., wherein the 
cells are cultured within a temperature range where the hydra 
tion force of the polymer is weak; and then changing the 
temperature to a temperature at which the hydration force is 
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strong to detach the cultured middle ear mucosa-like cells 
while retaining the form of a sheet. Further, preferred 
embodiments of the middle ear mucosa-like cell sheet of the 
present invention include following embodiments, but not 
limited thereto. 
0024. In an embodiment of the present invention, the cell 
culture Substrate is a cell insert which has a porous membrane 
for a cell culture surface. 
0025. An embodiment of the present invention comprises 
stacking the detached middle ear mucosa-like cell sheet on 
another middle ear mucosa-like cell sheet, or, optionally, 
repeating this operation, to stack the middle ear mucosa-like 
cell sheets. The middle ear mucosa-like cell sheet is one 
detached from the cell culture substrate without being treated 
with a protease. The middle ear mucosa-like cell sheet may be 
detached by intimately contacting the cultured cells with a 
carrier at the end of culturing, and detaching the cell sheet 
together with the carrier. 
0026. In an embodiment of the present invention, the 
middle ear mucosa-like cells may be collected from a living 
tissue. The number of the cells seeded in the culturing may be 
3x10" to 2x10 cells/cm. 
0027. In an embodiment of the present invention, in the 
process of producing a middle ear mucosa-like cell sheet, the 
polymer whose hydration force changes within a temperature 
range of 0 to 80°C. is poly(N-isopropylacrylamide). 
0028. According to the present invention, provided is a 
method of using a middle ear mucosa-like cell sheet, com 
prising transplanting the middle ear mucosa-like cell sheet 
according to any one of claims 1 to 10 to a middle ear cavity 
or a mastoid antrum. 
0029. An embodiment of the present invention, a trans 
plantation site may be preliminarily coated with a fibrin glue. 
0030. An embodiment of the present invention may be for 
treating cholesteatoma of middle ear, adhesive otitis, postop 
erative mucocele of paranasal sinus, frontal sinus cyst, 
oropharyngeal cancer, oropharyngeal cancer or paranasal 
cancer or laryngeal cancer, or reconstruction of middle ear 
cavity. 

Advantageous Effects of Invention 
0031. The middle ear mucosa-like cell sheet illustrated by 
the present invention is engrafted on the surface of bone of the 
middle ear, and inhibits such as the hyperplasy of granulation 
tissue, the hyperplasy of bone, and the progression of fibro 
blast within middle ear cavity, and becomes an alternative of 
the mucosa of middle ear cavity which is lost by an operation 
Such as otitis media. Also, this middle ear mucosa-like cell 
sheet becomes a useful mucosa when a membrane in nasal 
cavity or oral cavity is lost. 

BRIEF DESCRIPTION OF DRAWINGS 

0032 FIG. 1 is a schematic diagram of the preparation of 
nasal mucosa cell sheet in Example 1. 
0033 FIG. 2 illustrates the condition of nasal mucosa cell 
sheet obtained in Example 1. 
0034 FIG. 3 is a schematic diagram of the transplantation 
of nasal mucosa cell sheet in Example 1. 
0035 FIG. 4 illustrates the state of the hyperplasy of bone 
eight weeks after removing the mucosa of middle ear cavity in 
Example 1. X-ray CT (Latheta LCT-200) (ALOKA Co., Ltd.) 
was used for the imaging. ex: external acoustic meatus, bulla: 
middle ear bone alveolus, at: epitympanum. 
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0036 FIG.5 illustrates the state of the hyperplasy of bone 
eight weeks after removing the mucosa of middle ear cavity 
and laying the nasal mucosa cell sheet of the present invention 
in Example 1. X-ray CT (Latheta LCT-200) (ALOKA Co., 
Ltd.) was used for the imaging. ex: external acoustic meatus, 
bulla: middle ear bone alveolus, at: epitympanum. 
0037 FIG. 6 illustrates the state of the hyperplasy of bone 
eight weeks after removing the mucosa of middle ear cavity 
and laying the nasal mucosa cell sheet of the present invention 
in Example 1. X-ray CT (Latheta LCT-200) (ALOKA Co., 
Ltd.) was used for the imaging. ex: external acoustic meatus, 
bulla: middle ear bone alveolus, at: epitympanum. 
0038 FIG. 7 illustrates the state of the hyperplasy of bone 
eight weeks after removing the mucosa of middle ear cavity 
and laying the nasal mucosa cell sheet of the present invention 
in Example 1. at: epitympanum, tim: tympanum, ex: external 
acoustic meatus, bulla: middle ear bone alveolus. 
0039 FIG. 8 illustrates the state of the surface of middle 
earbone eight weeks after removing the mucosa of middle ear 
cavity and transplanting the nasal mucosa cell sheet of the 
present invention in Example 1. 
0040 FIG. 9 illustrates the function of the middle ear 
cavity after the transplantation of the nasal mucosa cell sheet 
in Example 1. 
0041 FIG. 10 is a schematic diagram of the preparation of 
nasal mucosa cell sheet in Example 2. 
0042 FIG. 11 is a schematic diagram of the preparation of 
nasal mucosa cell sheet in Example 2. 
0043 FIG. 12 is a schematic diagram of the preparation of 
nasal mucosa cell sheet in Example 2. 
0044 FIG. 13 is a diagram comparing the human mucosa 
tissue in Example 2. 
0045 FIG. 14 is a diagram comparing the human mucosa 
with the nasal mucosa cell sheet in Example 2. 
0046 FIG. 15 illustrates the state of the human nasal 
mucosa cell sheet obtained in Example 2. 
0047 FIG. 16 illustrates the state of the human nasal 
mucosa cell sheet obtained in Example 2. 
0048 FIG. 17 illustrates the state of the epithelial tissue 
layer of human nasal mucosa obtained in Example 3. 
0049 FIG. 18 illustrates the state of the other mucosa 
tissue detached the epithelial tissue layer of human nasal 
mucosa in Example 3. 
0050 FIG. 19 illustrates the state of the human nasal 
mucosa cell sheet obtained in Example 3. 
0051 FIG. 20 illustrates the state of the human nasal 
mucosa cell sheet obtained in Example 3. 

DESCRIPTION OF EMBODIMENTS 

0052. In the present invention, a middle ear mucosa-like 
cell sheet uses cells which retaining cilia on cell surface. The 
ciliate cells are preferable to account for more than 5%, 
preferably more than 8%, more preferably more than 10%, 
still more preferably more than 15%, most preferably more 
than 20% of whole cell to constitute the middle ear mucosa 
like cell sheet of the present invention. If ciliate cells are 
account for less than 5%, a transplanted cell sheet may not 
produce an effect and is not preferable. A type of the cell is not 
particularly limited but representatives include a nasal epi 
thelium cell. In that regard, it makes no difference for use 
when a nasal epithelium cells are originated from mucosa in 
nasal cavity, in nasal sinus or in mastoidantrum, but cells may 
be originated from Superior turbinate mucosa, middle turbi 
nate mucosa, inferior turbinate mucosa, mastoid antrum 
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mucosa for example. Among them, inferior turbinate mucosa 
is particularly preferable as it is easy to collect. In the present 
invention, when nasal mucosa is used for material, which is 
abundant in living body and easy to collect as to be able to do 
in outpatient department, less burdens on patients and also 
ethical problem for patients may be avoided, which is pre 
ferred. Further, in the present invention, a surface of a cell has 
abundant cilia and preferable when using a nasal epithelium 
cell. Also, the present invention may include cells except 
mucosa cells, and it is not limited about a type of cells, but 
includes one or more kinds of cells selected from vascular 
endothelial cell, vascular endothelial precursor cell, fibro 
blast, marrow-derived cell, fat-derived cell, mesenchymal 
stem cell. Also, it is not limited about content ratio of these 
cells. 

0053 A cell using in the present invention including cells 
collected directly from living tissue, cells collected directly 
and differentiated by culture system or cell strains, but the 
type is not limited. The origin of the cells are not particularly 
limited, and examples thereof include human, rat, mouse, 
guinea pig, marmoset, rabbit, dog, cat, sheep, pig, goat, mon 
key or its immunocompromised animals, and in case of using 
a middle ear mucosa-like cell sheet of the present invention 
for treatment of human, we may preferably use cells origi 
nated from human, pig, monkey, chimpanzee. The present 
invention preferably uses a medium which usually used for 
cell culture, and it is not in particular a limited thing about 
using such a medium. 
0054. In the present invention, cells in mucosa in nasal 
cavity, nasal sinus, or mastoid antrum need to be treated by a 
specific process to make an individual state. The process 
includes a explant cultural method to seed tissues direct onto 
a culture Substrate, a explant cultural method wherein a Sur 
face of a nasal mucosa epithelium tissue layer is detached 
physically from collected tissue and the epithelium tissue 
layer is seeded onto a culture Substrate, a cultural method 
wherein collected tissue is treated by protease and the indi 
vidual tissue is cultured, or combination of these methods 
according to the fixed method, and it is not limited. In the 
present invention, if gland tissues may be preliminary 
detached from collected nasal mucosa, a gland cell may not 
be mixed into the ultimately obtained nasal epithelium cell 
sheet, and a secretion by a gland cell may not cause, prefer 
ably. Inventors found it by energetic examination that human 
nasal mucosa epithelium tissue could be detached from 
human nasal mucosa, and it is extremely convenient when 
they carry out the present invention. Then a medium for this 
purpose may be performed according to a fixed method and it 
is not particularly limited, but includes KCM medium, DME 
medium, F-12 medium in case to use a nasal epithelium cells. 
At that time, an additive into the medium which is usually 
used for cell culture includes a cell culture for serum may be 
added. Also, to increase an adhesion of cells to Surface of 
culture Substrate for use, it may be coated by collagen, lami 
nin, fibronectin, matrigel and the mixture of these as needed, 
and it is not particularly limited by these conditions in the 
present invention. In the present invention, the mucosa cell 
obtained in this way is seeded onto a temperature-responsive 
cell culture substrate which is a characteristic of the present 
invention as mention it later, then manufacture a cell sheet. At 
that time, the number of the cell sow in the culturing is 
preferably 3x10" to 2x10 cells/cm, more preferably 4x10' 
to 1.5x10 cells/cm, still more preferably 5x10 to 1x10 
cells/cm. When dissemination density is less than 3x10' 
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cells/cm, the hyperplasy rate of the mucosa cell is bad, and 
the expression degree of the function of produced middle ear 
mucosa-like cell sheet may be turned worse, and it is not 
preferable to perform the present invention. On the contrary, 
when seeded cell count is more than 2x10 cells/cm, the 
hyperplasy rate of the mucosa cell may be turned worse, and 
it is not preferable. A medium to use may be performed 
appropriately based on cells to use according to a fixed 
method, and it is not particularly limited, for example in case 
of the nasal epithelium cells include KCM medium, DMEM 
medium, F-12 medium, or mixture thereof. At that time, an 
additive into the medium which is usually used for cell culture 
such as the serum may be added. Inventors found it that when 
human nasal epithelium cells are cultured, regardless of a 
form of culture Substrate as mention it later, if human serum 
is added, the cultured human nasal epithelium cells are grow 
well and as a result, a human nasal epithelium cell sheet 
having physical strength and flexibility could be produced. 
Further, if the serum use for it is an autologous serum from the 
patient whom the nasal mucosa tissue is collected, a human 
nasal epithelium cell sheet may increase more physical 
strength and flexibility and produce preferable condition for 
the present invention. At that time, serum concentration in 
medium for use is preferably 0.5-35%, preferably 1-20%, 
more preferably 5-15%, most preferably 8-12%. When serum 
concentration is less than 0.5% or more than 30%, strength of 
the cell on culturing may be weakend, and not preferable for 
the present invention. Further, to improve adherability of cell 
on surface of the culture substrate for use, it may be coated by 
collagen, laminin, fibronectin, matrigel and the mixture of 
these as needed, and it is not particularly limited by these 
conditions in the present invention. 
0055. In the present invention, the cells may be cultured at 
a temperature Zone in which the hydration force of a polymer, 
of which hydration force varies in the temperature range of 0 
to 80° C., is weak on a cell culture substrate the surface of 
which is coated with the polymer. Usually, the temperature 
may preferably be 37°C. which is a temperature for culturing 
cells. The temperature-responsive polymer for use in the 
present invention may be any of a homopolymer or copoly 
mer. As such polymers, there can be mentioned polymers 
described in Japanese Unexamined Patent Publication (Ko 
kai) No. 2-21 1865. Specifically, it can be obtained by 
monopolymerization or copolymerization of the following 
monomers. Monomers that can be used include, for example, 
a (meth)acrylamide compound, a N-(or N,N-di)alkyl-substi 
tuted (meth)acrylamide derivative, or a vinylether derivative, 
and in the case of a copolymer, any two or more of these can 
be used. Furthermore, a copolymer with monomers other than 
the above monomers, a graft polymer or copolymer with each 
other, or a mixture of polymers and copolymers can be used. 
Also, crosslinking can be performed as long as it does not 
impair the inherent property of the polymer. Since cells are 
cultured and detached at this time, and separation is carried 
out in the range of 5° C. to 50° C., temperature-responsive 
polymers include, but not limited to, poly-N-n-propyl acry 
lamide (the lower critical dissolution temperature of the 
monomer alone is 21°C.), poly-N-n-propyl methacrylamide 
(the lower critical dissolution temperature of the monomer 
alone is 27°C.), poly-N-isopropyl acrylamide (the lower 
critical dissolution temperature of the monomer alone is 32 
C.), poly-N-isopropyl methacrylamide (the lower critical dis 
solution temperature of the monomer alone is 43° C.), poly 
N-cyclopropyl acrylamide (the lower critical dissolution tem 
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perature of the monomer alone is 45°C.), poly-N-ethoxyethyl 
acrylamide (the lower critical dissolution temperature of the 
monomer alone is 35° C.), poly-N-ethoxyethyl methacryla 
mide (the lower critical dissolution temperature of the mono 
mer alone is 45° C.), poly-N-tetrahydrofurfuryl acrylamide 
(the lower critical dissolution temperature of the monomer 
alone is 28°C.), poly-N-tetrahydrofurfuryl methacrylamide 
(the lower critical dissolution temperature of the monomer 
alone is 35°C.), poly-N,N-ethylmethyl acrylamide (the lower 
critical dissolution temperature of the monomer alone is 56° 
C.), poly-N,N-diethyl acrylamide (the lower critical dissolu 
tion temperature of the monomer alone is 32° C.), and the 
like. Monomers as used herein for copolymerization include, 
but not limited to, polyacrylamide, poly-N,N-diethyl acryla 
mide, poly-N,N-dimethyl acrylamide, polyethylene oxide, 
polyacrylic acid and a salt thereof, hydrated polymers such as 
polyhydroxyethyl methacrylate, polyhydroxyethyl acrylate, 
polyvinyl alcohol, polyvinyl pyrrolidone, cellulose, and car 
boxymethyl cellulose. 

0056. A method of coating the surface of the substrate with 
each of the above polymer as used in the present invention 
include, but not limited to, subjecting the substrate and the 
above monomer or polymer to an electron beam irradiation 
(EB), gamma-ray irradiation, ultraviolet ray irradiation, 
plasma treatment, corona treatment, and an organic polymer 
ization reaction, or physical adsorption Such as coating and 
kneading. The amount coated of a temperature-responsive 
polymer on the surface of the culture substrate may be in the 
range of 1.1-2.3 g/cm, preferably 1.4-1.9 g/cm, and more 
preferably 1.5-1.8 g/cm. If the amount of coating is less 
than 1.1 ug/cm, the cells on the polymer cannot be easily 
detached even if stimulated, and inconveniently deteriorates 
work efficiency. Conversely, if the amount of coating exceeds 
2.3 kg/cm, the cells cannot easily attach to the region, and 
thus the cells cannot be fully attached. In Such a case, if a 
cell-adhering protein is further coated on the temperature 
responsive polymer coating layer, the amount of the tempera 
ture-responsive polymer coating on the Substrate Surface may 
be 2.3 ug/cm or more, and the amount coated of the tempera 
ture-responsive polymer may preferably be 9.0 ug/cm or 
less, preferably 8.0 ug/cm or less, and suitably 7.0 ug/cm or 
less. When the amount coated of the temperature-responsive 
polymer is 9.0 ug/cm or more, it makes the attachment of 
cells difficult even if a cell-adhering protein is further coated 
on the temperature-responsive polymer coating layer, and 
thus is not desirable. The type of such a cell-adhering protein 
includes, but not limited to, one type or a mixture of two types 
or more of for example, collagen, laminin, laminin 5. 
fibronectin, matrigel, etc. The method for coating these cell 
adhering proteins may follow any standard method, and usu 
ally a method of applying an aqueous solution of a cell 
adhering protein to the Substrate Surface, and then removing 
the aqueous solution and rinsing is used. The present inven 
tion is a technology of using the cell sheet perse as much as 
possible using a temperature-responsive culture dish. Thus, 
an extremely large amount of a cell-adhering protein coated 
on the temperature-responsive polymer is not preferred. The 
measurement of the amount coated of a temperature-respon 
sive polymer and the amount coated of a cell-attaching pro 
tein may follow any standard method, and there can be men 
tioned a method of measuring directly the cell-attached part 
using FT-IR-ATR, and a method of immobilizing a previously 
labelled polymer in a similar method and then estimating 
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from the amount of the labelled polymer immobilized to the 
cell-attachment part, and any of the two methods can be used. 
0057. In the present invention, in order to detach and 
recover the cultured cell sheet from the temperature-respon 
sive substrate, the temperature of the culture substrate to 
which the cultured cells are attached can be varied to higher 
than the upper critical dissolution temperature or lower than 
the lower critical dissolution temperature of the coating poly 
mer on the culture substrate for detaching. At this time, this 
can be performed in the culture medium or in another isotonic 
Solution, which can be selected depending on the purpose. In 
order to detach and recover more quickly and more effi 
ciently, there can be used a method of lightly tapping or 
shaking the Substrate and furthermore a method of stirring the 
culture medium using a pipet, alone or in combination. The 
culture conditions other than the temperature may follow any 
standard method, and is not specifically limited. For example, 
the medium used may be one to which a known serum such as 
fetal calf serum (FCS) has been added or a serum-free 
medium that contains no such serum. 

0058. The above will now be explained by taking poly(N- 
isopropylacrylamide) as an example of a temperature-respon 
sive polymer. Poly(N-isopropylacrylamide) is known to be a 
polymer having a lower critical dissolution temperature of 
31°C. Therefore, in a free state, the polymerchain dehydrates 
at a temperature of 31° C. or higher in water, thereby aggre 
gating and becoming cloudy. Conversely, at a temperature of 
31° C. or lower, the polymer chain hydrates and becomes 
dissolved in water. According to the present invention, this 
polymer has been coated and immobilized on the surface of 
the substrate such as a petridish. Thus, at a temperature of 31 
C. or higher, the polymer on the Substrate Surface may dehy 
drate, but since the polymer chain is coated and immobilized 
on the substrate surface, the substrate surface comes to exhibit 
hydrophobicity. Conversely, at a temperature of 31° C. or 
lower, the polymer on the substrate surface may hydrate, but 
since the polymer chain is coated and immobilized on the 
substrate surface, the substrate surface comes to exhibit 
hydrophilicity. The hydrophobic surface at this time is the 
surface suitable for cells attachment and growth, and the 
hydrophilic Surface becomes a Surface to which cells cannot 
attach, and thus the cells in culture or the cell sheet can be 
easily detached only by cooling. 
0059. As a substrate that is coated, those commonly used 
in cell culture Such as glass, reformed glass, polystyrene, a 
compound Such as polymethylmethacrylate may be used, and 
a Substance that can be shaped such as a polymer compound 
other than the above and ceramics can be used. 

0060 A form of the culture substrate in the present inven 
tion is not in particular a limited thing, but for example, there 
are dish, multi plate, flask, porous membrane, and also cell 
insert-like form in which cells are cultured on its porous 
membrane or flat membrane. Among them, when cells are 
cultured on porous membrane or on culture Substrate with 
porous membrane in which the form like cell insert is used, 
the cell is cultured on porous membrane, accordingly, a 
medium is always produced through porous membrane dur 
ing culturing, as a result, a ciliate cell used for the present 
invention may be stimulated its cilia and obtained cell sheet of 
the present invention may become physically strong and flex 
ible cell sheet as it is preferable. At that time, it was find out 
that when the cell use for the present invention is an epithe 
lium cell, the cell sheet is preferably multilayered and the 
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obtained cell sheet may become physically stronger and more 
flexible cell sheet as it is preferable. 
0061 The middle ear mucosa-like cell sheet of the present 
invention is intact from damage by protein degradative pro 
tease represented by dispase, trypsin during culturing. Thus, 
therefore, a middle ear mucosa-like cell sheet detached from 
the Substrate has an adhesive protein, and when detaching the 
mucosa cell to be sheet-like, it retains some degree of desmo 
some conformation between cells. By this conformation, it 
provides proper adhesion with affected tissue and effective 
performance of transplantation when transplants it. For dis 
pase that is a proteolytic enzyme, it is generally known that a 
cell-cell desmosome structure can be detached while main 
taining it for 10-40%. However, since most of the basal mem 
brane-like proteins in between the cell-substrate are 
destroyed, the cell sheet obtained has a weak strength. In 
contrast, the cell sheet of the present invention maintains 60% 
or more of both of the desmosome structure and the basal 
membrane-like protein, and thus various effects mentioned 
above can be obtained. 

0062 Also, in a method of the present invention, when 
detach and collect a middle ear mucosa-like cell sheet from a 
culture Substrate at the end of the culturing, a carrier may be 
closely-detached on a cultured cell and collected the middle 
ear mucosa-like cell sheet together with the carrier as needed. 
Typically, when detach and collect a cultured middle ear 
mucosa-like cell sheet from a temperature-responsive Sub 
strate at the end of the culturing, detach the carrier on the 
cultured cell, then change the temperature of coating a poly 
mer on the culture substrate to set over the upper limit or 
below the lower limit critical dissolution temperature to be 
able to detach the middle ear mucosa-like cell sheet together 
with carrier. The carrier used as needed may include for 
example, hydrophilizated polyvinylidene fluoride (PVDF), 
polypropylene, polyethylene, cellulose and their derivatives, 
chitin, chitosan, collagen, papers like Japanese paper, ure 
thane, netted or stocking netted high-a polymer material like 
spandex. In case if the carrier is netted or stocking netted 
high-a polymer material, it offer greater flexibility to a middle 
ear mucosa-like cell sheet, and a middle ear mucosa-like cell 
sheet may be produce which having a proper form for the 
transplantation site of middle ear cavity and mastoid antrum 
cavity. 
0063 A middle ear mucosa-like cell sheet of the present 
invention is originated from a cell retaining cilia. Therefore, 
the present invention has some characteristic function Such as 
ventilatory function, gas exchange function by the cilia. That 
is, when the cell sheet of the present invention is transplanted 
into the middle ear cavity, nasal cavity and oral cavity, inside 
of the cavity can be ventilated by the cilia present in the cell 
sheet Surface layer. A purpose of the present invention is to 
manufacture a cell sheet having Such functions and to trans 
plant in living body as to revitalize a vital function. On the 
other hand, when culturing ciliate cell, it is known that cilia on 
the cell Surface are lost during a culturing process. In the 
present invention, it is not particularly limited, if even cilia are 
exist in the finally provided cell sheet, but when considering 
the final purpose of the present invention, more than 5%, 
preferably more than 8%, more preferably 10%, still more 
preferably 15%, most preferably more than 20% for a total 
cell count to constitute a cell sheet in which cilia may be 
existed in the cell. In general, a proportion of ciliate cell of 
mucosatissue Surface layer in middle ear cavity is considered 
to be about 10%, and it is preferable that the present invention 
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is close to living tissue original state. In the present invention, 
ventilatory function and gas exchange function are regarded 
as synonymous, and all the function may be regarded as a 
function of cilia in cell surface layer. Also, middle ear 
mucosa-like cell sheet obtained by the present invention may 
secrete a specific Substance Such as mucin, hyaluronan and 
polysaccharide and a kind and Volume of the Substance is not 
particularly limited. Further, a cell sheet used for the present 
invention may be a transgenic to enhance the function of the 
cell sheet, and the method of transgenic may be on usual 
a. 

0064. In the present invention, a middle ear mucosa-like 
cell sheet may be the form of a laminate including two or more 
middle ear mucosa-like cell sheets. The number of the lami 
nates not particularly limited, but the stratifying number of 
times is preferably 10 times or less, preferably 5 times or less, 
more preferably 2 times or less. In case where a middle ear 
mucosa-like cell sheet is stratified, the cell density per single 
area of the sheet improves and preferably, the function as a 
middle ear mucosa-like cell sheet also improves. Further, 
middle ear mucosa-like cell sheet of the present invention, 
which is in the form of a laminate including two or more 
middle ear mucosa-like cell sheets, wherein each middle ear 
mucosa-like cell sheet includes one or more kinds of cells 
selected from vascular endothelial cell, endothelial precursor 
cell, fat-derived cell and mesenchymal stem cell in the range 
where the function of the present invention as described 
above is not impaired. 
0065. A method for fabricating a multilayered cell sheet of 
the present invention is not specifically limited, and the mul 
tilayered cell sheet can be obtained by detaching the cultured 
cells in a sheet-like form and layering the cultured cell sheets 
with each other using, as needed, a device for moving cul 
tured cells. At this time, the temperature of the culture 
medium is not specifically limited, as long as it is lower than 
the upper critical dissolution temperature when the polymer 
coated on the surface of the culture substrate has the tempera 
ture, or higher than the temperature of the lower critical 
dissolution temperature when the polymer has the tempera 
ture. However, it is needless to say that a low temperature 
range in which cultured cells cannot grow or a high tempera 
ture range in which cultured cells die is obviously not suitable 
for culturing. Culture conditions other than the temperature 
may follow any standard method, and is not specifically lim 
ited. For example, the medium used may be one to which a 
known serum such as fetal calf serum (FCS) has been added 
or a serum-free medium that contains no such serum. Also, as 
needed, a device for moving a cell sheet can be used. Such a 
device is not specifically limited with regard to the material or 
shape, as long as it can capture the detached cell sheet. As 
Such a material, generally, a material Such as polyvinylidene 
difluoride (PVDF), silicone, polyvinyl alcohol, urethane, cel 
lulose and a derivative thereof, chitin, chitosan, collagen, 
gelatin, or fibringlue may be used in the form of a membrane, 
aporous membrane, annonwoven fabric, or a wovenfabric by 
being contacted with the cell sheet. 
0.066. A middle ear mucosa-like cell sheet obtained from 
the present invention may be transplanted into a transplanta 
tion site in a living body. The transplantation site includes 
defective site in middle ear cavity, mastoid antrum, nasal 
cavity and oral cavity. Among them, the transplant to the 
defective mucosa in middle ear cavity may expect an effect of 
the present invention most and it is preferable. A transplan 
tation site may be preliminarily neovascularized, and even if 
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the site is applied an adhesive ingredient between the cells 
Such as fibrin glue and collagen, it is not particularly limited. 
Also, a method of the neovascularization may not be particu 
larly limited but including a method wherein embed the FGF 
which is a blood vessel growth factor in the micro-sphere, and 
effect on the living body for 8 to 10 days while changing the 
composition of the micro-sphere, size, an infusion range; a 
method wherein cut a polyethylene terephthalate mesh to any 
size and make a bag, and inject the FGF which dissolved in 
highly-concentrated agarose solution inside of the bag, then 
remove the bag 8 to 10 days later and make a space in which 
blood vessel is instructed. 

0067. A middle ear mucosa-like cell sheet which trans 
planted in the present invention retaining a basal membrane 
like protein and its Survival characteristics is quite preferable. 
At the time of the transplantation, the number of the cell count 
may change depending on a purpose, and when cells to trans 
plant are sheet-like, the total activity of function in which the 
cell sheet retains by changing the size and form may change. 
Further, when transplanting a middle ear mucosa-like cell 
sheet of the present invention, hyperplasy of granulation tis 
sue, bone hyperplasy and further, extension of fibroblast at 
transplantation site may be inhibited. The mechanism has 
been analyzed at present, but as a result, it maintain a space 
retiring in cavity and Suppress the narrowing of the space by 
transplantation of a middle ear mucosa-like cell sheet of the 
present invention. 
0068. By application of a middle ear mucosa-like cell 
sheet for human according to the present invention, treatment 
of cholesteatoma of middle ear, adhesive otitis, postoperative 
mucocele of paranasal sinus, frontal sinus cyst, oropharyn 
geal cancer, oropharyngeal cancer or paranasal cancer or 
laryngeal cancer, or reconstruction of middle ear cavity may 
be enable, but the purpose of the invention is not particularly 
limited thereto. 

EXAMPLES 

0069. The present invention is described in detail below 
based on the examples without being limited thereby. 

Example 1 

0070 A tissue fragment of rabbit nasal mucosa collected 
under the germfree condition was ex-planted onto a culture 
dish coated with type 1 collagen, and a primary culture was 
done with a KCM medium (Keratinocyte culture medium). 
Consequently, the nasal mucous epithelial cells crawled out 
of the Surrounding area of the tissue fragment, and increased 
rapidly. Several days after the culture, the interfusion of the 
cells displaying the fibroblast cytoid form in part was 
observed. After culturing up to about 80% confluent, the nasal 
mucosa epithelial cells were recovered from the culture dish, 
and disseminated at a cell density of 5x10" cells/cm onto the 
temperature-responsive culture dish (poly (N-isopropylacry 
lamide), coat Volume 2.0 Lig/cm) coated with collagen for 
tissue (CELLGEN). At that time, the temperature-responsive 
culture dish was obtained by applying 0.35 ml of N-isopro 
pylacrylamide monomer dissolved in isopropyl alcohol at 
35% onto the Falcon 3002 petri dish (6 cm diameter), then 
irradiating an electron ray of 0.25 MGy strength as it is, and 
coating with N-isopropylacrylamide monomer (PIPA Am) 
over the entire surface of culture dish. After the culture for six 
days, it was transferred to the CO incubator at 20°C., and 
recovered Successfully as the nasal mucosa cell sheet by 
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performing low temperature treatment for 20 minutes. The 
process of operation is illustrated in FIG. 1. 
0071. When the manufactured nasal mucosa cell sheet was 
examined histologically by HE staining, it became obvious 
that epithelial cell like cells are arranged at one layer on the 
surface layer, and in the lower layer they have 3-dimensional 
structure consisted of some layer offibroblast like cells. From 
the result of immunostaining, it was revealed that the cells 
arranged in single layer on this surface layer are Pan-CK 
positive epithelial cells, and are approximated very much to 
the normal mucosa tissue of middle ear consisted of the 
monolayer mucosa epithelium and the lower layer connective 
tissue, since the lower layer was composed of Vimentin posi 
tive fibroblasts. It is very interesting that in the process of 
subculture, the epithelial cell and the fibroblast respectively 
increased and segregated, and they had the same structure as 
a biological tissue. In addition, the ultrastructural observation 
of the cell sheet was done by using an electron microscope. 
From the observation of the surface layer of the nasal mucosa 
cell sheet by the scanning electron microscope (SEM), it was 
revealed that the hetero cells, such as the cells having count 
less microVilli on the cell surface and the cells having the 
cilia-like structure, are mixed. Also, from the result of obser 
vation by the transmission electron microscope (TEM), the 
structure of cell adhesion devices, such as the tight junction 
and the desmosome, the basement membrane-like structure 
in border of the epithelial layer and the fibroblast layer, and 
moreover, the deposition of ECM on the cell sheet undersur 
face which is important for an engraftment of the cell sheet 
were confirmed (FIG. 2). 
0072 The obtained nasal mucosa cell sheet was trans 
planted to the rabbit which was removed the mucosa of 
middle ear cavity in advance, and the effect of middle ear 
mucosa-like cell sheet of the present invention was con 
firmed. The process of operation at that time is illustrated in 
FIG. 3. Consequently, the narrowing in the middle ear cavity 
progressed and the obvious hyperplasy of bone was observed 
in the group which was removed the mucosa of middle ear 
cavity and then transplanted nothing (FIG. 4), however, the 
narrowing in the middle ear cavity did not progress and the 
hyperplasy of bone was not also observed in the group trans 
planted the middle ear mucosa-like cell sheet of the present 
invention (FIG. 5). This result was also found in the coronal 
CT (FIG. 6), or in the staining after collecting and making the 
decalcified section of the tissue of middle ear cavity (FIG. 7). 
In addition, from the analysis of the decalcifying section of 
transplanted region, it was observed that the engrafted nasal 
mucosa-like cell sheet remains (FIG. 8). 
0073. For the evaluation of the function of the middle ear 
cavity which was transplanted the middle ear mucosa-like 
cell sheet of the present invention, as illustrated in FIG.9, the 
middle earcavity of rabbit was shut by plugging the portion of 
the auditory tube, the intra-middle ear cavity gas exchanger 
was inserted from the lateral part of the external acoustic 
meatus, and the function was measured by the Small pressure 
sensor. Consequently, the measured value of the group trans 
planted the middle ear mucosa-like cell sheet of the present 
invention was better dominantly than that of the group 
removed the middle ear mucosa, and the value was almost 
close to a normal value. It is thought that the atmospheric 
pressure of the inside and outside of the tympanum is main 
tained at a state almost equal to normal tissue, and the optimal 
conductive function into inner ear can be maintained. Accord 
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ingly, it was confirmed that the middle ear mucosa-like cell 
sheet of the present invention is interchangeable with the 
middle ear mucosa. 

Example 2 

0074 By the same method as Example 1, the section of 
inferior turbinate mucosa tissue in human nasal cavity (FIG. 
12 upper left photograph) collected under the germfree con 
dition was explanted on the culture dish coated with type I 
collagen, and a primary culture was done with KCM medium 
(Keratinocyte culture medium) (FIG. 12 lower left photo 
graph). As illustrated in FIG. 10, the human nasal mucosa cell 
was disseminated on the cell insert whose porous membrane 
portion was coated with 1.5ug/cm volume of poly (N-iso 
propylacrylamide) by the same method as Example 1, and the 
obtained nasal mucosa cell was cultivated with the culture 
surface touched to air. After the culture for six days, it was 
transferred to the CO incubator at 20° C., and recovered 
Successfully as the human nasal mucosa cell sheet by per 
forming low temperature treatment for 20 minutes (FIG. 12 
lower right photograph). The process of operation is illus 
trated in FIG. 11. Also, the situation of each process was 
illustrated in FIG. 12. In general, the middle ear mucosa is a 
part of the respiratory epithelium as well as the tracheal 
epithelium and the nasal mucosa epithelium, and it is known 
that the form of the mucosa epithelium is different in the site 
within the middle ear cavity (FIG. 13 left column: the human 
normal middle ear mucosa, FIG. 13 right column: the human 
normal nasal mucosa). The site near an opening of auditory 
tube is abundantly covered with pseudostratified columnar 
epithelium including ciliated cell assuming the function of 
egestion, but with the migrating to backward of middle ear 
cavity near tympanum, most part represents the form of flat 
epithelium of cell without cilia. This time, in the result of 
performing the morphological verification of the human 
middle ear mucosa and nasal mucosa, the nasal mucosa has 
Subcutaneous grand tissue abundantly. However, it was 
proved that the expression forms of protein, Such as cytok 
eratin, cadherin and catenin in epithelial cell, resemble 
greatly (FIG. 14). Therefore, it is considered to be possible 
enough to make the cell sheet similar to middle ear mucosa by 
recovering the epithelial cell of nasal mucosa. In addition, the 
ultrastructural observation of the human nasal mucosa cell 
sheet was performed by using an electron microscope. From 
the observation of the surface layer of the nasal mucosa cell 
sheet by the Scanning electron microscope (SEM), it was 
revealed that the hetero cells, such as the cells having count 
less microVilli on the cell surface and the cells having the 
cilia-like structure, are mixed (FIG. 15). Also, from the result 
of observation by the transmission electron microscope 
(TEM), the structure of cell adhesion devices, such as the 
tight junction and the desmosome, the basement membrane 
like structure in border of the epithelial layer and the fibro 
blast layer, and moreover, the deposition of ECM on the cell 
sheet undersurface which is important for an engraftment of 
the cell sheet were confirmed (FIG. 16). 
0075 Accordingly, the middle ear mucosa-like cell sheet 
of the present invention was obtained by using the tempera 
ture-responsive culture substrate. The obtained cell sheet was 
transplanted to rabbit, and the effect was examined. The obvi 
ous inhibition of the hyperplasy of bone and the narrowing in 
the middle ear cavity, was confirmed in the group of sheet 
transplantation. Then, in this time, for clinical application, the 
cell sheet using human cell was examined. And the cell sheet 
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was able to be manufactured from inferior turbinate mucosa 
in human nasal cavity as well as animal model (ten examples 
conducted). Consequently, the middle ear mucosa-like cell 
sheet having the 3-dimensional structure approximated very 
much to middle ear mucosa tissue of living Subject was suc 
cessfully generated from the cell which was subcultured and 
grown from the mucosa tissue fragment collected from infe 
rior turbinate mucosa in human nasal cavity. It required about 
3 weeks from the collection of mucosa to the recovery of cell 
sheet. According to the examination of this time, the cell sheet 
using nasal mucosa cell was considered to be a useful graft 
material in the regeneration of mucosa after an operation of 
otitis media. 

Example 3 
0076. The portion of nasal mucosa epithelial tissue was 
detached from inferior turbinate mucosa tissue in human 
nasal cavity which was collected under the germfree condi 
tion, the nasal mucosa epithelial tissue was explanted on 
commercially-supplied culture dish, and the primary culture 
was done with KCM medium. The obtained nasal mucosa 
epithelial tissue is illustrated in FIG. 17, and the rest detached 
the nasal mucosa epithelial tissue is illustrated in FIG. 18. The 
human nasal mucosa cell was disseminated on the cell insert 
whose porous membrane portion was coated with 1.2 Lig/cm 
volume of poly (N-isopropylacrylamide) by the same method 
as Example 1, and cultivated with the culture surface touched 
to air. At that time, the KCM medium containing human 
serum 10% was utilized as a medium. After the culture for 
seven days, it was transferred to the CO incubator at 20°C., 
and recovered Successfully as the human nasal mucosa cell 
sheet by performing low temperature treatment for 20 min 
utes. The ultrastructural observation of the human nasal 
mucosa cell sheet was performed by using an electron micro 
scope. From the observation of the surface layer of the nasal 
mucosa cell sheet by the scanning electron microscope 
(SEM), it was revealed that the nasal mucosa epithelial cell 
which was cultured on the cell insert with medium contained 
human serum as the present invention, promotes the increase 
of cilia of the cell surface, and has abundant microVillion the 
cell surface (FIG. 19, FIG. 20). 

Example 4 

0077. The human nasal mucosa cell sheet obtained in 
Example 3 was explanted to rabbit which was removed the 
mucosa of middle ear cavity in advance by the same method 
as Example 1. Consequently, the narrowing in the middle ear 
cavity did not progressed and the hyperplasy of bone was not 
also observed in the group transplanted the middle ear 
mucosa-like cell sheet of the present invention. According to 
the examination of this time, the cell sheet using nasal mucosa 
cell was considered to be a useful graft material in the regen 
eration of mucosa after an operation of otitis media, and the 
future clinical application as a novel postoperative therapeu 
tic method leading significant change in operative procedure 
for the cholesteatoma of the middle ear and adhesive otitis 
media is expected. 
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INDUSTRIAL APPLICABILITY 

0078. The middle ear mucosa-like cell sheet manufactured 
on the temperature-responsive culture Substrate is engrafted 
on the surface of bone of the middle ear, and inhibits such as 
the hyperplasy of granulation tissue, the hyperplasy of bone 
and the progression offibroblast within middle earcavity, and 
becomes an alternative of the mucosa of middle ear cavity 
which is lost by an operation Such as otitis media. Also, this 
middle ear mucosa-like cell sheet becomes a useful mucosa 
when a membrane in nasal cavity or oral cavity is lost. 
We claim: 
1. A method of transplanting a middle ear mucosa-like cell 

sheet into a Subject in need thereof, the method comprising 
transplanting a middle ear mucosa-like cell sheet to a middle 
ear cavity or a mastoid antrum of a subject, 

wherein the middle ear mucosa-like cell sheet comprises 
nasal epithelium cells retaining cilia thereof, and nasal 
mucosa cells, and 

wherein the nasal epithelium cells originates from inferior 
turbinate mucosa, middle turbinate mucosa, or mucosa 
in paranasal sinus. 

2. The method of claim 1, wherein the middle ear mucosa 
like cell sheet is transplanted to a transplantation site prelimi 
narily coated with a fibrin glue. 

3. The method of claim 1, wherein the subject is in need of 
treatment for cholesteatoma of middle ear, adhesive otitis, 
postoperative mucocele of paranasal sinus, frontal sinus cyst, 
oropharyngeal cancer, oropharyngeal cancer, paranasal can 
cer or laryngeal cancer, or reconstruction of a middle ear 
cavity. 

4. The method of claim 1, wherein the middle ear mucosa 
like cell sheet is detached from a culture substrate prior to 
transplantation. 

5. The method of claim 4, wherein the detached middle ear 
mucosa-like cell sheet comprises an adhesive protein that is 
intact and was not damaged by a protease. 

6. The method of claim 1, wherein the middle ear mucosa 
like cell sheet is multilayered. 

7. The method of claim 1, wherein the middle ear mucosa 
like cell sheet does not comprise a gland cell. 

8. The method of claim 1, wherein the middle ear mucosa 
like cell sheet has a ventilatory function. 

9. The method of claim 1, wherein the middle ear mucosa 
like cell sheet has a granulation tissue inhibitory function. 

10. The method of claim 1, wherein the middle ear mucosa 
like cell sheet has a mucin secretion function. 

11. The method of claim 1, wherein the middle ear mucosa 
like cell sheet is transgenic. 

12. The method of claim 1, wherein the middle ear mucosa 
like cell sheet is in a laminate form comprising two or more 
middle ear mucosa-like cell sheets, 

wherein each middle ear mucosa-like cell sheet comprises 
one or more types of cell selected from the group con 
sisting of a vascular endothelial cell, an endothelial pre 
cursor cell, a fat-derived cell, and a mesenchymal stem 
cell. 


