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DESCRIPTION 

Title of Invention: IMMUNOISOLATION DEVICE 

Technical Field 

5 [0001] 

Cross-Reference to Related Application 

This application claims priority to Japanese Patent 

Application No. 2020-180919 filed on October 28, 2020 (the 

disclosure of which is incorporated herein by reference). The 

10 present invention relates to an immunoisolation device.  

Background Art 

[0002] 

Immunoisolation devices have been developed as a means 

15 for performing cell transplantation therapy without the need to 

administer an immunosuppressant. In particular, in 

transplantation of somatic cells derived from iPS cells, for 

which the risk of canceration is a concern, a decrease in the 

function of transplanted cells, or the like, macroencapsulation 

20 immunoisolation devices are considered an effective method in 

that the transplantation site can be identified and that the 

devices can be replaced.  

[0003] 

Important functions required as macroencapsulation 

25 immunoisolation devices are the following: cells or cell clusters 

can be uniformlyfixed in a dispersed state without aggregation; 

oxygen and/or nutritional components are allowed to easily 

permeate transplanted cells; desired physiologically active 

substances (cytokines, hormones, growth factors, etc.) that are 

30 released by cells and are required for a therapeutic effect can 

easily be released according to the cell response, and permeation 

of immunoresponsive cells and immune response factors can be 

prevented; and the transplanted devices are excellent in 

biocompatibility, and are less likely to adhere to surrounding 

35 tissue and less likely to induce inflammatory responses, such as



granulation.  

[00041 

Many immunoisolation devices using porous membranes 

have been studied, but have problems such as a decrease in 

5 permeability due to protein adsorption to porous membrane 

materials, a decrease in permeability due to fibrosis, and a 

decrease in permeability due to adhesion to surrounding tissue.  

Internal necrosis of cell clusters etc. is considered 

to be induced when the diameter exceeds 500 pm. In order to 

10 easily maintain engraftment of embedded cells to a recipient and 

release physiologically active substances, it is necessary to 

appropriately control the overall thickness of such a device, and 

it is desirable that the immunoisolation membrane constituting 

the device is as thin as possible. On the other hand, for 

15 transplantation into the body, it is necessary to improve the 

strength and durability of the membrane to prevent the device 

from breaking or being twisted. However, it is not easy to 

achieve both a reduction in the membrane thickness and 

improvement in durability.  

20 

Summary of Invention 

Technical Problem 

[0005] 

An object of the present invention is to provide a 

25 macroencapsulation immunoisolation device that can be easily 

removed, does not break, and is suitable for improvement in the 

diffusion efficiency of a physiologically active substance 

required for transplantation while maintaining an immunoisolation 

effect, in long-term transplantation.  

30 [00061 

Another object of the present invention is to provide 

an invention that achieves excellent biocompatibility without 

interfering with engraftment of a material to be transplanted, 

such as cells and cell clusters, and simultaneously achieves a 

35 reduction in the diffusion distance in a device and improvement



in durability while maintaining immunoisolation properties.  

Solution to Problem 

[0007] 

5 The present invention provides the following 

immunoisolation device.  

[1] 

An immunoisolation device comprising an embedding 

chamber for a material to be transplanted, the embedding chamber 

10 being covered with an immunoisolation membrane.  

[2] 

The immunoisolation device according to [1], wherein 

the immunoisolation membrane comprises at least two members 

selected from the group consisting of fiber structures, porous 

15 membranes, and hydrogels.  

[3] 

The immunoisolation device according to [1], wherein 

the immunoisolation membrane is a multilayer membrane comprising 

at least two layers selected from the group consisting of fiber 

20 structure layers, porous membrane layers, and hydrogel layers.  

[4] 

The immunoisolation device according to any one of [1] 

to [3], wherein the immunoisolation membrane suppresses entry of 

immunoresponsive cells and immune system humoral factors into the 

25 embedding chamber.  

[5] 

The immunoisolation device according to any one of [1] 

to [4], wherein the immunoisolation membrane blocks permeation of 

immunoresponsive cells and has insulin and glucose permeabilities 

30 of 50% or more and an immune system humoral factor permeability 

of 30% or less.  

[6] 

The immunoisolation device according to [5], wherein 

the immunoisolation membrane has insulin and glucose 

35 permeabilities of 50% or more, and an immune system humoral



factor permeability of 10% or less.  

[71 

The immunoisolation device according to any one of [1] 

to [6], wherein the immunoisolation membrane has a tensile 

5 strength of 1 MPa or more.  

[8] 

The immunoisolation device according to any one of [1] 

to [7], wherein the immunoisolation membrane comprises a fiber 

structure layer, and a porous membrane layer and/or a hydrogel 

10 layer formed on the fiber structure layer.  

[9] 

The immunoisolation device according to any one of [1] 

to [7], wherein the immunoisolation membrane comprises a porous 

membrane layer and a hydrogel layer formed on the porous membrane 

15 layer.  

[10] 

The immunoisolation device according to any one of [1] 

to [8], wherein the immunoisolation membrane is obtainable by 

applying a polymer raw material to a fiber structure used as a 

20 substrate to form a porous membrane among short fibers of the 

fiber structure.  

[11] 

The immunoisolation device according to any one of [1] 

to [10], wherein the immunoisolation membrane is obtainable by 

25 directly applying a hydrosol solution to a fiber structure used 

as a substrate and performing hydrogelation by using heat, 

temperature, light, or chemical action.  

[12] 

The immunoisolation device according to any one of [1] 

30 to [9], wherein the immunoisolation membrane is obtainable by 

directly applying a hydrosol solution to a porous membrane used 

as a substrate and performing hydrogelation by using heat, 

temperature, light, or chemical action.  

[13] 

35 The immunoisolation device according to any one of [1]



to [10] and [12], wherein the immunoisolation membrane comprises 

a porous membrane of an ethylene-vinyl alcohol copolymer.  

[14] 

The immunoisolation device according to any one of [1] 

5 to [13], wherein the hydrogel comprises a polyvinyl alcohol-based 

polymer.  

[15] 

The immunoisolation device according to any one of [1] 

to [14], wherein the outermost layer surface of the 

10 immunoisolation membrane comprises an ethylene-vinyl alcohol 

copolymer.  

[16] 

The immunoisolation device according to any one of [1] 

to [15], wherein the outermost layer surface of the 

15 immunoisolation membrane is formed of a fiber structure of an 

ethylene-vinyl alcohol copolymer, and is smoothly compressed.  

[17] 

The immunoisolation device according to any one of [1] 

to [16], wherein the immunoisolation membrane has a thickness of 

20 10 pm or more and 300 pm or less.  

[18] 

The immunoisolation device according to any one of [1] 

to [17], wherein the thickness of multiple layers comprising a 

hydrogel and a porous membrane that form the immunoisolation 

25 membrane is 10 pm or more and 300 pm or less.  

[19] 

The immunoisolation device according to any one of [1] 

to [18], wherein the thickness of multiple layers comprising a 

fiber structure and a porous membrane that form the 

30 immunoisolation membrane is 10 pm or more and 300 pm or less.  

[20] 

The immunoisolation device according to any one of [1] 

to [19], wherein the thickness of multiple layers comprising a 

fiber structure and a hydrogel that form the immunoisolation 

35 membrane is 10 pm or more and 300 pm or less.



Advantageous Effects of Invention 

[00081 

The present invention provides an immunoisolation 

5 device that achieves both a reduction in the diffusion distance, 

which is effective in improving the permeabilities of materials, 

such as physiologically active substances and nutrients, and 

improvement in durability to withstand transplantation for a long 

period of time.  

10 

Brief Description of Drawings 

[00091 

Fig. 1 is a perspective view of a bag-shaped 

immunoisolation device.  

15 Fig. 2 is a cross-sectional view of a tubular 

immunoisolation device.  

Fig. 3 is a cross-sectional view of an immunoisolation 

membrane comprising two layers, i.e., a porous membrane and a 

non-woven fabric.  

20 Fig. 4 is a cross-sectional view of an immunoisolation 

membrane comprising two layers, i.e., a non-woven fabric and a 

porous membrane.  

Fig. 5 is a cross-sectional view of an immunoisolation 

membrane in which a non-woven fabric and a porous membrane are 

25 integrated.  

Fig. 6 is a cross-sectional view of an immunoisolation 

membrane comprising two layers, i.e., a porous membrane and a 

hydrogel.  

Fig. 7 is cross-sectional view of an immunoisolation 

30 membrane obtainable by multiple layer formation of a non-woven 

fabric and a hydrogel.  

Fig. 8 is cross-sectional view of an immunoisolation 

membrane comprising three layers, i.e., a hydrogel layer, a non

woven fabric layer, and a porous membrane layer.  

35 Fig. 9 is cross-sectional view of an immunoisolation



membrane comprising a hydrogel layer and a layer in which a non

woven fabric and a porous membrane are integrated.  

Fig. 10 shows an outline of a material permeability 

test.  

5 

Description of Embodiments 

[0010] 

In the present specification, the digits subsequent to 

significant digits should be construed as being rounded off, 

10 unless otherwise specified. For example, unless otherwise 

specified, "1 or less" includes 1.4, and "10 or less" includes 

10.4; however, "1 or less" does not include 1.5, and "10 or less" 

does not include 10.5 or 11.  

The immunoisolation device of the present invention 

15 comprises an embedding chamber capable of embedding a material to 

be transplanted and an immunoisolation membrane, and the 

embedding chamber is covered with the immunoisolation membrane, 

thereby suppressing the entry of immune cells and cytokines into 

the embedding chamber. The immunoisolation membrane comprises at 

20 least two members selected from the group consisting of fiber 

structures, porous membranes, and hydrogels.  

[0011] 

The "fiber structure" is, for example, a non-woven 

fabric, a woven fabric, or a knitted fabric, and is preferably a 

25 non-woven fabric. Examples of materials of the fiber structure 

include gelatin, collagen, chitin, chitosan, fibronectin, 

dextran, cellulose, polyethylene (PE), polypropylene (PP), 

polyurethane, polyamide, polyester, polyvinyl alcohol (PVA), 

ethylene-vinyl alcohol copolymers, polylactic acid, polyglycolic 

30 acid, polylactic acid-polyglycolic acid copolymers, PVA modified 

with a monomer such as methacrylic-modified PVA and acrylic

modified PVA, polycaprolactone, polyglycerol sebacate, 

polyhydroxyalkanoic acid, polybutylene succinate, polymethylene 

carbonate, cellulose diacetate, cellulose triacetate, 

35 methylcellulose, propylcellulose, benzyl cellulose,



carboxymethylcellulose, fibroin, silk, and the like. The fiber 

structure layer may be composed of one fiber structure layer, or 

two or more fiber structure layers may be laminated to form a 

single fiber structure layer. When the immunoisolation device of 

5 the present invention comprises two or more fiber structure 

layers, the fiber structure layers may be directly laminated, or 

a porous membrane layer or a hydrogel layer may be interposed 

between two fiber structure layers.  

[0012] 

10 The thickness of the fiber structure layer is not 

particularly limited, and is preferably 10 pm or more and 290 pm 

or less, and more preferably 15 pm to 150 pm.  

[0013] 

Examples of hydrosols for producing the "hydrogel" 

15 include sols that gel in the presence of a metal ion to form 

hydrogels; sols that gel in response to temperature to form 

hydrogels; sols that gel in response to pH to form hydrogels; 

sols that gel in response to light to form hydrogels; and the 

like. Metal ions and pH are examples of chemical action. To gel 

20 these hydrosols, an operation such as bringing a metal ion into 

contact with a hydrosol, adjusting the temperature to gelling 

conditions, adjusting the pH to gelling conditions, applying 

light under gelling conditions, or providing a magnetic field 

under gelling conditions may be performed depending on the 

25 characteristics of the gel used.  

[0014] 

Examples of hydrogels obtainable by gelling in the 

presence of a metal ion include alginate gels obtainable by 

gelling in the presence of a divalent or trivalent metal ion, 

30 preferably an alkaline earth metal ion, such as a calcium ion or 

a magnesium ion; carrageenan gels obtainable by gelling in the 

presence of a calcium ion and/or a potassium ion; acrylic acid

based synthesis gels obtainable by gelling in the presence of a 

sodium ion; and the like.  

35 [0015]



Examples of temperature-responsive hydrogels include a 

temperature-responsive hydrogel obtainable by crosslinking 

poly(N-isopropylacrylamide) with polyethylene glycol (trade name: 

Mebiol Gel), methylcellulose, hydroxypropyl cellulose, a 

5 copolymer of lactic acid and ethylene glycol, a triblock 

copolymer of polyethylene glycol and polypropylene oxide (trade 

name: Pluronic (registered trademark), Poloxamer), agarose, 

polyvinyl alcohol, and the like.  

[0016] 

10 Examples of pH-responsive hydrogels include alginate 

gels, chitosan gels, carboxymethyl cellulose gels, acrylic acid

based synthesis gels, and the like.  

[0017] 

Examples of photoresponsive hydrogels include a 

15 synthesis gel in which azobenzene and cyclodextrin are combined 

in the skeleton, a gel composed of a supramolecule having fumaric 

acid amide as a spacer, a gel obtainable by crosslinking or 

bonding via a nitrobenzyl group, a gel composed of modified 

polyvinyl alcohol, and the like.  

20 [0018] 

The thickness of the hydrogel layer is not particularly 

limited, and is preferably 10 pm to 290 pm, more preferably 20 pm 

to 200 pm, and even more preferably 30 pm to 100 pm.  

[0019] 

25 The hydrogel layer may be composed of one hydrogel 

layer, or two or more hydrogel layers may be laminated to form a 

single hydrogel layer. When the immunoisolation device of the 

present invention comprises two or more hydrogel layers, the 

hydrogel layers may be directly laminated, or a porous membrane 

30 layer or a fiber structure layer may be interposed between two 

hydrogel layers.  

[0020] 

The hydrogel can adjust the permeabilities of, for 

example, nutritional substances such as glucose, physiologically 

35 active substances such as insulin, and immune system humoral



factors, the strength, etc. by crosslinking.  

[0021] 

The "porous membrane" is a membrane with multiple 

pores. Whether a membrane is a porous membrane can be confirmed 

5 by a scanning electron microscope (SEM) image or a transmission 

electron microscope (TEM) image of the cross-section of the 

membrane.  

[0022] 

The thickness of the porous membrane is not 

10 particularly limited, and is preferably 15 pm to 290 pm, and more 

preferably 30 pm to 150 pm.  

[0023] 

The average pore size of the porous membrane is not 

particularly limited, and is preferably 0.01 pm to 10 pm, more 

15 preferably 0.01 pm to 5 pm, and even more preferably 0.01 to 3 

pm. The average pore size can be determined by an SEM image or a 

TEM image.  

[0024] 

The maximum pore size of the porous membrane is not 

20 particularly limited, and is preferably 0.01 pm to 10 pm, more 

preferably 0.01 pm to 5 pm, and even more preferably 0.01 pm to 4 

pm. When the porous membrane has a maximum pore size within the 

above ranges, the porous membrane can suppress the entry of 

immunoresponsive cells into the embedding chamber and achieves 

25 sufficient permeation of nutritional substances such as amino 

acids, vitamins, inorganic salts, and carbon sources (such as 

glucose); oxygen; carbon dioxide; and physiologically active 

substances such as cytokines, hormones, and insulins. The average 

pore size or the maximum pore size can be determined from an SEM 

30 image or a TEM image.  

[0025] 

It is preferred that the porous membrane comprises a 

polymer and is substantially composed of the polymer. The polymer 

forming the porous membrane is preferably biocompatible.  

35 [0026]



The polymer may be, for example, a thermoplastic or 

thermosetting polymer. The polymer may be biocompatible. Specific 

examples of polymers include ethylene-vinyl alcohol copolymers, 

polysulfones, cellulose acetate and like cellulose acylate, 

5 nitrocellulose, sulfonated polysulfones, polyethersulfone, 

polyacrylonitrile, styrene-acrylonitrile copolymers, styrene

butadiene copolymers, saponified products of ethylene-vinyl 

acetate copolymers, polyvinyl alcohol, polycarbonates, 

organosiloxane-polycarbonate copolymers, polyester carbonate, 

10 organopolysiloxane, polyphenylene oxide, polyamides, polyimides, 

polyamideimides, polybenzimidazoles, polytetrafluoroethylene 

(PTFE), and the like. These may be homopolymers, copolymers, 

polymer blends, polymer alloys, etc. in terms of, for example, 

solubility, optical properties, electrical properties, strength, 

15 and elasticity. Hydrophilic polymers such as 

polyvinylpyrrolidone, hydroxypropyl cellulose, hydroxyethyl 

cellulose, and polyethylene glycol may be contained as polymers 

forming the porous membrane. The biocompatibility can be improved 

by combining hydrophilic and hydrophobic polymers.  

20 [0027] 

The porous membrane is preferably a membrane formed 

from one composition as a single layer and preferably does not 

have a multilayer, laminated structure.  

[0028] 

25 The porous membrane layer may be composed of one porous 

membrane layer, or two or more porous membrane layers may be 

laminated to form a single porous membrane layer. When the 

immunoisolation device of the present invention comprises two or 

more porous membrane layers, the porous membrane layers may be 

30 directly laminated, or a hydrogel layer or a fiber structure 

layer may be interposed between two porous membrane layers.  

[0029] 

The amount of glucose, insulin, an immune system 

humoral factor, or the like permeating the immunoisolation 

35 membrane can be measured by inserting the porous membrane in a



connection site between two glass chambers having the same 

volume, pouring a sample solution of a known concentration of 

insulin or the like into chamber A under stirring at 370C, and 

quantifying the amount of insulin or the like contained in a 

5 liquid sampled from chamber B after a certain period of time by 

ELISA or the like. The amounts of liquids in chambers A and B are 

adjusted to be equal when the sample solution is poured into 

chamber A.  

[00301 

10 The permeability of glucose, insulin, an immune system 

humoral factor, or the like through the immunoisolation membrane 

is a value expressed as a percentage of what the amount of each 

substance permeating into chamber B after 24 hours, measured by 

the above method, is with respect to the concentration at which 

15 equilibrium is reached, i.e., half of the concentration of the 

substance poured into chamber A. More specifically, for example, 

the permeability can be determined by the following formula: 

[permeability (%) of each substance]=[concentration of each 

substance in chamber B after 24 hours of 

20 measurement]/{[concentration of each substance in chamber A at 

the start of measurement]+2}x100 

[0031] 

The immunoisolation membrane of the present invention 

has insulin and glucose permeabilities of preferably 50% or more, 

25 more preferably 90% or more, and even more preferably 95% or 

more.  

[0032] 

The immunoisolation membrane of the present invention 

has an immune system humoral factor permeability of preferably 

30 30% or less, and more preferably 10% or less.  

[00331 

The immunoisolation membrane of the present invention 

comprises two or more members selected from the group consisting 

of fiber structures, hydrogels, and porous membranes, and may 

35 contain all three members. The fiber structure, hydrogel, and



porous membrane may each form a layer, the layers may be clearly 

separated at their boundaries, the boundary between two layers 

may be indistinct, or two or three members may be integrated to 

form a single layer. For example, the immunoisolation membrane 

5 comprising two members, i.e., a fiber structure and a hydrogel, 

may be a multilayer immunoisolation membrane in which the fiber 

structure layer and the hydrogel layer are clearly separated, an 

immunoisolation membrane having a mixed layer of the fiber 

structure layer and the hydrogel between the fiber structure 

10 layer and the hydrogel layer, or an immunoisolation membrane 

composed of a single layer formed by fully integrating the fiber 

structure and the hydrogel. The immunoisolation membrane 

comprising two members, i.e., a fiber structure and a porous 

membrane, may be a multilayer immunoisolation membrane in which 

15 the fiber structure layer and the porous membrane layer are 

clearly separated, an immunoisolation membrane having a mixed 

layer of the fiber structure layer and the porous membrane 

between the fiber structure layer and the porous membrane layer, 

or an immunoisolation membrane composed of a single layer formed 

20 by fully integrating the fiber structure and the porous membrane.  

The immunoisolation membrane comprising two members, i.e., a 

hydrogel and a porous membrane, may be a multilayer 

immunoisolation membrane in which the hydrogel layer and the 

porous membrane layer are clearly separated, an immunoisolation 

25 membrane having a mixed layer of the hydrogel layer and the 

porous membrane between the hydrogel layer and the porous 

membrane layer, or an immunoisolation membrane composed of a 

single layer formed by fully integrating the hydrogel and the 

porous membrane.  

30 [0034] 

When the immunoisolation membrane comprises multiple 

layers, the layers may be bonded by an adhesive, heat, pressure, 

or the like. When adjacent layers are formed of highly compatible 

materials, the layers can be bonded by sequentially forming the 

35 layers. The thickness of the immunoisolation membrane is not



particularly limited, and is preferably 10 pm or more and 300 pm 

or less.  

[00351 

The immunoisolation membrane preferably has a tensile 

5 strength of 1 MPa or more. The tensile strength can be measured 

according to JIS K 7127;1999.  

[00361 

The outer layer of the immunoisolation membrane may be 

formed of a fiber structure, a hydrogel, or a porous membrane, or 

10 may be formed of a mixture of two or three of these. The inner 

layer of the immunoisolation membrane may be formed of a fiber 

structure, a hydrogel, or a porous membrane, or may be formed of 

a mixture of two or three of these. The outer layer of the 

immunoisolation membrane is preferably biocompatible in order to 

15 prevent it from being recognized as foreign. The immunoisolation 

membrane is required to have permeability necessary to allow 

sufficient oxygen and nutrients to permeate the material to be 

transplanted inside. Since it is necessary to block the entry of 

immunocompetent cells into the embedding chamber, it is preferred 

20 that the outer surface, inner surface, or inside of the 

immunoisolation membrane has areas having a pore size that blocks 

permeation of immunocompetent cells throughout the 

immunoisolation membrane.  

[00371 

25 The material to be transplanted may be introduced into 

the embedding chamber using a device such as syringe for 

injecting a suspension of the material to be transplanted; or an 

opening may be provided in the immunoisolation membrane, the 

material to be transplanted may be introduced into the embedding 

30 chamber through the opening, and then the opening may be closed 

to block the entry of immunoresponsive cells and immune system 

humoral factors through the opening. Since oxygen and nutrients 

can permeate through the portion of the immunoisolation membrane 

other than the opening, the opening can be closed to suppress 

35 permeation of substances, including nutrients. After the



immunoisolation device of the present invention is implanted in a 

living body, the material to be transplanted that has reduced 

function in the embedding chamber may be removed, and a new 

functional material to be transplanted may be introduced. This 

5 operation may be repeated. The immunoisolation device may be used 

repeatedly for introduction of materials to be transplanted. The 

immunoisolation device may be removed together with the material 

to be transplanted. When the immunoisolation device is left in 

place and only the material to be transplanted is replaced, a 

10 tubular access port that is accessible externally may be provided 

in the immunoisolation device in advance, an end of the access 

port may be placed externally or subcutaneously, and the material 

to be transplanted may be replaced through the access port. It is 

important to join the access port and the device with a highly 

15 biocompatible resin, such as an ethylene-vinyl alcohol copolymer, 

in such a manner as to not cause leakage. It is also important to 

take measures to prevent infection at the external end by, for 

example, using a sterilized injection needle or catheter under 

infection prevention measures and sealing the end with a 

20 biocompatible material after the replacement operation.  

[00381 

The immunoisolation membrane of the present invention 

has sufficient strength, is stable in the body of a recipient, 

and can suppress the entry of immunocompetent cells into the 

25 embedding chamber; thus, the entry of the material to be 

transplanted that is inside the embedding chamber into the body 

of a recipient can be also suppressed at the same time.  

Therefore, even if the material to be transplanted is derived 

from iPS cells, for which canceration is a concern, the material 

30 is safe for use.  

[00391 

In one preferred embodiment of the present invention, a 

fiber structure with excellent durability is used as a substrate, 

a porous polymer membrane or a hydrogel, or both a porous 

35 membrane and a hydrogel, is formed on the fiber structure,



thereby achieving both a reduction in thickness of the device, 

which improves the diffusion efficiency of a physiologically 

active substance, and durability due to increased strength, while 

maintaining the immunoisolation effect.  

5 [0040] 

The immunoisolation device according to a preferred 

embodiment of the present invention preferably has shape 

retainability to have sufficient strength in a living body.  

[0041] 

10 Examples of immunoresponsive cells include macrophages, 

cytotoxic T cells, natural killer cells, dendritic cells, helper 

T cells, and the like. Examples of immune system humoral factors 

include antibodies, complements, cytokines, and the like.  

[0042] 

15 The immunoisolation device according to a preferred 

embodiment of the present invention has a bag shape, a tubular 

shape, a cylindrical shape, a rectangular cylindrical shape, a 

spherical shape, a cubical shape, a rectangular-parallelepiped 

shape, a sheet shape, or a hollow-fiber shape, and cells for 

20 transplantation are embedded inside the immunoisolation device.  

The material to be transplanted may be cells, cell clusters, a 

cell sheet, or a graft, and physiologically active substances 

other than cells, such as enzymes, hormones, cytokines, and 

drugs, can also be used. Preferred cells, cell clusters, and 

25 grafts are those that release physiologically active substances 

out of the immunoisolation device. That is, cells, cell clusters, 

and grafts contain physiologically active substance-producing 

cells.  

[0043] 

30 The immunoisolation device according to a particularly 

preferred embodiment of the present invention comprises any of 

the following four multilayer structures (i) to (iv): 

(i) a fiber structure or a hydrogel is used as a substrate, and a 

porous membrane is formed on the substrate; 

35 (ii) a fiber structure is used as a substrate, and a hydrogel is



formed by impregnating the hydrogel into the fiber structure; 

(iii) a porous membrane is used as a substrate, and a hydrogel is 

impregnated onto the porous membrane; 

(iv) a fiber structure is used as a substrate, a porous membrane 

5 is formed, and further, a hydrogel is formed.  

[0044] 

To maintain the functionality of the device, the fiber 

structure, porous membrane, and hydrogel are preferably formed of 

materials that are excellent in safety and biocompatibility.  

10 [0045] 

The material permeability can be controlled by the pore 

size of the porous membrane or the strength and degree of 

crosslinking of the hydrogel. To exhibit an immunoisolation 

function, it is desirable that the pore size of the porous 

15 membrane is less than or equal to a size that does not allow 

cells to pass therethrough and that the hydrogel can suppress the 

permeation of immune response factors such as cells and 

antibodies without suppressing the permeation of physiologically 

active substances.  

20 [0046] 

To improve durability, it is desirable that high

strength fibers are used for the fiber structure.  

[0047] 

To prevent adhesion to surrounding tissue and fibrosis, 

25 it is desirable that the immunoisolation membrane is composed of 

a material with excellent biocompatibility. When the 

immunoisolation membrane is composed of multiple materials, it is 

desirable that a material with excellent biocompatibility is used 

as the transplantation side, i.e., the contact surface of the 

30 outermost layer that comes into contact with the transplantation 

site in a recipient. Examples of materials with excellent 

biocompatibility include ethylene-vinyl alcohol copolymers.  

[0048] 

Preferred embodiments of the present invention are 

35 described below with reference to the drawings.



[00491 

As device schematic views, Fig. 1 shows an 

immunoisolation membrane molded into a bag, and Fig. 2 shows an 

5 immunoisolation membrane molded into a tube. The bag-shaped 

device (Fig. 1) is molded by fusing (a3) multiple immunoisolation 

membranes (al and a2) as shown below by using heat, ultrasound, 

high frequency, or electron beam while having a certain distance 

(a4) to ensure an embedding chamber space. A spacer may be 

10 provided to ensure a certain distance (a4).  

[0050] 

The tubular device (Fig. 2) is formed of 

immunoisolation membranes (b1, b2, and b3) molded into a tubular 

shape. The tubular device is molded by allowing the embedding 

15 chamber to be embedded in the tubular interior (b4), and fusing 

and sealing both of the tubular ends by heat, ultrasound, high 

frequency, electron beam, or the like.  

[0051] 

In Figs 3 to 9, the outermost layer is in contact with 

20 the transplantation site, and the innermost layer is in contact 

with the embedding chamber. Figs. 3 and 4 show the multiple layer 

formation of a porous membrane (1) and a fiber structure (2).  

[0052] 

Fig. 3 shows a two-layer structure in which the porous 

25 membrane (1) is the outer layer and the fiber structure (2) is 

the inner layer, and the outermost layer (3) is in contact with 

the site to be transplanted and the innermost layer (4) is in 

contact with the embedding chamber.  

[0053] 

30 Fig. 4 shows a two-layer structure in which the fiber 

structure (6) is the outer layer and the porous membrane (5) is 

the inner layer, and the outermost layer (7) is in contact with 

the site to be transplanted and the innermost layer (8) is in 

contact with the embedding chamber.  

35 [0054]



Fig. 5 shows a composite layer obtainable by directly 

applying the porous membrane (10) to the substrate of the fiber 

structure (9).  

[00551 

5 In the outermost layer surface (11), the porous 

membrane (10) covers the fiber structure (9), and the innermost 

layer surface (12) may be either the porous membrane (10) or the 

fiber structure (9).  

[00561 

10 Fig. 6 shows the multiple layer formation of the porous 

membrane (13) and the hydrogel (15). The hydrogel (15) is 

impregnated and fixed (14) in the porous membrane (13), the 

outermost layer surface (16) is formed of a porous membrane (10), 

and the innermost layer surface is formed of a hydrogel (17).  

15 [0057] 

Fig. 7 shows the multiple layer formation of the fiber 

structure (18) and the hydrogel (19). The hydrogel (19) is 

impregnated and fixed in the fiber structure (18), the outermost 

layer surface (20) is formed of a fiber structure (18), and the 

20 innermost layer surface (21) is formed of a hydrogel (19).  

[00581 

Fig. 8 shows a composite layer obtainable by composing 

the multilayer devices of Figs. 3 and 7, wherein the outermost 

layer surface (22) is formed of a porous membrane and the 

25 innermost layer surface (23) is formed of a hydrogel.  

[00591 

Fig. 9 shows a composite layer obtainable by composing 

the multilayer devices of Figs. 5 and 6, wherein the outermost 

layer surface (24) is formed of a porous membrane and the 

30 innermost layer surface (25) is formed of a hydrogel.  

[00601 

The present invention relates to a device for 

transplantation for use in cell transplantation therapy and the 

like, and particularly to an immunoisolation device for 

35 protection against immune rejection reaction of a material to be



transplanted.  

[00611 

The immunoisolation device is intended to be mainly 

used for cell transplantation therapy as a regenerative medicine 

5 product; however, it can also be applied to the transplantation 

of physiologically active substances other than cells, such as 

enzymes, hormones, and drugs.  

[0062] 

As shown in Fig. 1 or Fig. 2, the device concept view 

10 shows that the device has a bag or tubular shape. In the device, 

a material to be transplanted, which is to be transplanted, such 

as cells or cell clusters, is embedded as an embedding chamber.  

The embedding chamber indicates a chamber in which the material 

to be transplanted, such as cells or cell clusters, is uniformly 

15 fixed in a dispersed state in the fixation material inside the 

embedding chamber. The fixation material may be a hydrogel or 

hydrosol as described above, or a cell scaffold material such as 

collagen fibers. As the fixation material, a hydrosol, a 

hydrogel, or a cell scaffold material that is subjected to 

20 sterilization treatment can be used. The fixation material may be 

present before the introduction of the material to be 

transplanted into the embedding chamber surrounded by the 

immunoisolation membrane, and the material to be transplanted and 

the fixation material may be introduced later into the 

25 immunoisolation device formed of an immunoisolation membrane.  

[0063] 

When the immunoisolation membrane of the present 

invention is a single porous membrane or a combination of a 

porous membrane and a fiber structure, it is preferable to 

30 combine a hydrogel as a fixing material. This is because the 

hydrogel can effectively suppress the contact between immune 

system humoral factors and a material to be transplanted. On the 

other hand, if the immunoisolation membrane comprises multiple 

layers (two or three layers) of a combination of a porous 

35 membrane and/or a fiber structure with a hydrogel, the hydrogel



in the immunoisolation membrane suppresses the entry of immune 

system humoral factors. Accordingly, the fixation material may be 

a hydrogel, or a scaffold material other than a hydrogel that is 

capable of dispersing and fixing a material to be transplanted 

5 can be widely used.  

[0064] 

In addition to the role of uniformly fixing cells by 

adjusting a fixation material such as a hydrogel, the embedding 

chamber can have a role of preventing the entry of immune system 

10 humoral factors such as antibodies into the material to be 

transplanted.  

[0065] 

The immunoisolation membranes shown in Figs. 3 to 9 are 

composed of a combination of several materials. In Figs. 3 to 9, 

15 the outermost layer is in contact with a recipient's transplant 

site tissue, and the innermost layer is in contact with the 

embedding chamber. These immunoisolation membranes are used to 

form a bag (Fig. 1) or tubular shape (Fig. 2); and an embedding 

chamber, in which a cell or cell mass, which is a material to be 

20 transplanted is fixed therein is embedded, thus obtaining an 

immunoisolation device.  

[0066] 

Figs. 3 and 4 show the multiple layer formation of the 

porous membrane (1 or 5) and the fiber structure (2 or 6). Figs.  

25 3 and 4 show an immunoisolation membrane obtainable by applying 

the porous membrane layer on the fiber structure layer. The 

thickness of multiple layers comprising the fiber structure and 

porous membrane that form the immunoisolation membrane is not 

particularly limited, and is preferably 10 pm or more and 300 pm 

30 or less.  

[0067] 

Fig. 3 shows a two-layer structure in which the porous 

membrane (1) is the outer layer and the fiber structure (2) is 

the inner layer, and the outermost layer (3) is in contact with 

35 the site to be transplanted and the innermost layer (4) is in



contact with the embedding chamber.  

[00681 

Fig. 4 shows a two-layer structure in which the fiber 

structure (6) is the outer layer and the porous membrane (5) is 

5 the inner layer, and the outermost layer (7) is in contact with 

the site to be transplanted and the innermost layer (8) is in 

contact with the embedding chamber.  

[00691 

It is desirable that the porous membrane has a pore 

10 size of 5 pm or less, which is smaller than the cell size, due to 

the need to suppress cell permeation from the recipient and the 

need to have a function of preventing leakage of cells of a 

material to be transplanted. As a membrane material, materials 

with excellent biocompatibility that are less likely to cause 

15 adhesion or inflammation with the recipient's transplantation

surrounding tissues are desirable. For example, ethylene-vinyl 

alcohol copolymers and cellulose are desirable.  

[0070] 

It is desirable that the film thickness of the 

20 multilayer membrane is as thin as possible, not more than 100 Pm, 

considering the mass diffusion efficiency of the physiologically 

active substance from the material to be transplanted.  

[0071] 

The fiber structure is obtainable by thermally, 

25 mechanically, or chemically bonding fibers, or by combining 

fibers. By adjusting the basis weight (basis weight amount) 

according to the fiber diameter or amount, the permeability and 

filtration properties can be adjusted in addition to the 

strength. For example, the basis weight (basis weight amount) is 

30 preferably 10 to 200 g/m 2, and more preferably 50 to 150 g/m 2 . The 

basis weight can be measured by cutting out a fiber structure of 

a given area and measuring the weight. The fiber structure 

preferably has an average pore size of 1 to 100 pm, and more 

preferably 1 to 50 pm in terms of retention properties of a cell 

35 mass, which is a material to be transplanted. The average pore



size can be measured by the method described in JIS K 3832-1990 

(test solution: distilled water; test gas: air; method of 

moistening the test filter: method B). Figs. 1 and 2 each show a 

concept view in which the porous membrane, which is the outer 

5 layer, and the fiber structure are thermally, mechanically, or 

chemically bonded or fixed to form multiple layers. It is 

desirable that the thickness of the fiber structure is as thin as 

possible, not more than 100 pm, considering the mass diffusion 

efficiency of the physiologically active substance from the 

10 material to be transplanted. However, it is necessary to fully 

consider that the main object of the multiple layer formation of 

the fiber structure is to improve the durability of the 

immunoisolation membrane containing the porous membrane.  

[00721 

15 As in the porous membrane, a material having excellent 

biocompatibility is desirable as the fiber material of the fiber 

structure. However, in the case of Fig. 3, since the membrane 

with which the recipient is in contact is the porous membrane, 

which is the outermost layer, the fiber material is not limited 

20 to the above as long as the material does not adversely affect a 

material to be transplanted. In contrast, in Fig. 4, since the 

outermost layer is the fiber structure, it is desirable that the 

fiber material of the fiber structure is a material having high 

biocompatibility. It is desirable that the surface of the fiber 

25 structure is smoothed by thermal, mechanical, or chemical 

treatment. The material having excellent biocompatibility include 

ethylene-vinyl alcohol copolymers.  

[0073] 

Fig. 5 shows a composite layer obtainable by directly 

30 applying the porous membrane (10) to the substrate of the fiber 

structure (9). The difference between Fig. 5, and Figs. 3 and 4 

is that Fig. 5 does not show a two-layer structure in which the 

fiber structure and the porous membrane are separately produced 

and bonded together; rather, it shows a one-layer structure in 

35 which the porous membrane is present in the fiber structure of



the fiber structure. For example, the porous membrane can be 

formed among short fibers of the fiber structure by applying a 

polymer solution on the substrate of the fiber structure, and 

solidifying the polymer raw material by phase separation, which 

5 is a phase transition phenomenon.  

[0074] 

Specifically, the solution of a polymer constituting 

the porous membrane is applied, and is impregnated into the fiber 

structure as a substrate; then, the resultant is exposed to a 

10 poor solvent in which the polymer is insoluble or a low

temperature environment or the like, thereby precipitating and 

solidifying the polymer. Thus, the porous membrane layer is 

applied on the surface of the fiber structure or in the fiber 

structure.  

15 [0075] 

From the above, the thickness of the porous membrane is 

determined by the fiber thickness of the fiber structure. The 

thickness of the immunoisolation membrane can be reduced as 

compared to those of Figs. 3 and 4, while at the same time, the 

20 strength of the porous membrane can be improved depending on the 

strength of the fiber structure.  

[0076] 

In the outermost layer surface (11), the porous 

membrane (10) covers the fiber structure (9), and the innermost 

25 layer surface (12) may be either the porous membrane (10) or the 

fiber structure (9). As in the case of the porous membrane, it is 

desirable that the fiber material of the fiber structure is a 

material having excellent biocompatibility. Since the membrane 

with which the recipient is in contact is the porous membrane, 

30 which is the outermost layer, it is desirable that the porous 

membrane is a material having excellent biocompatibility; 

however, the fiber material of the fiber structure is not limited 

thereto as long as the fiber structure does not adversely affect 

the material to be transplanted.  

35 [0077]



Fig. 6 shows the multiple layer formation of the porous 

membrane (13) and the hydrogel (15). The hydrogel (15) is 

impregnated and fixed (14) in the porous membrane (13), the 

outermost layer surface (16) is formed of the porous membrane 

5 (10), and the innermost layer surface is formed of the hydrogel 

(17). Fig. 6 shows an immunoisolation membrane in which the 

hydrogel layer is formed on the porous membrane layer. The 

thickness of multiple layers comprising the hydrogel and the 

porous membrane that form the immunoisolation membrane is not 

10 particularly limited, and is preferably 10 pm or more and 300 pm 

or less.  

[0078] 

It is desirable that the porous membrane has a pore 

size of 5 pm or less, which is smaller than the cell size, due to 

15 the need to have a function of suppressing cell invasion from the 

recipient and preventing leakage of cells which is a material to 

be transplanted. As a membrane material, a material having 

excellent biocompatibility that is less likely to cause adhesion 

or inflammation with the transplantation-surrounding tissues of a 

20 recipient is desirable. For example, ethylene-vinyl alcohol 

copolymers and cellulose are desirable.  

[0079] 

Although cell invasion and cell leakage can be 

suppressed in the porous membrane, it is not easy to suppress the 

25 invasion of immune system humoral factors such as IgG antibodies 

without suppressing the permeability of necessary physiologically 

active substances. Therefore, by adjusting the gel strength or 

density of crosslinking of the hydrogel impregnated and fixed in 

the porous membrane, it is possible to suppress the invasion of 

30 immune system humoral factors such as IgG antibodies without 

suppressing the permeability of physiologically active 

substances. Preferable examples of the hydrogel include polyvinyl 

alcohol-based polymers, chitosan, and alginic acid salts.  

[0080] 

35 Multiple layer formation is performed by directly



applying a hydrosol solution to a porous membrane, which is used 

as a substrate, and performing hydrogelation by using heat, 

temperature, light, or chemical action.  

[0081] 

5 The porous membrane can be formed among short fibers of 

the fiber structure by directly applying the polymer solution of 

the porous membrane using a hydrogel as a substrate, and 

solidifying the polymer raw material by phase separation, which 

is a phase transition phenomenon. Some porous membrane raw 

10 materials may require pre-treatment to reduce the water content 

by pre-drying the hydrogel.  

[0082] 

It is desirable that the porous membrane, which is the 

outer layer, is a material having more excellent biocompatibility 

15 than that of the hydrogel, and serves to protect the hydrogel 

from causing adhesion or inflammation with the recipient's 

transplantation-surrounding tissues.  

[0083] 

Fig. 7 shows the multiple layer formation of the fiber 

20 structure (18) and the hydrogel (19). The hydrogel (19) is 

impregnated and fixed in the fiber structure (18), the outermost 

layer surface (20) is formed of the fiber structure (18), and the 

innermost layer surface (21) is formed of the hydrogel (19). Fig.  

7 shows an immunoisolation membrane in which the hydrogel layer 

25 is formed on the fiber structure. The thickness of multiple 

layers comprising the fiber structure and the hydrogel that form 

the immunoisolation membrane is not particularly limited, and is 

preferably 10 pm or more and 300 pm or less.  

[0084] 

30 In the single fiber structure, it is not easy to 

suppress the invasion of immune system humoral factors such as 

IgG antibodies in addition to cell invasion and cell leakage, 

without suppressing the permeability of necessary physiologically 

active substances. Thus, by adjusting the gel strength or density 

35 of crosslinking of the hydrogel impregnated and fixed in the



fiber structure, the invasion of immune system humoral factors 

such as IgG antibodies can be suppressed in addition to the cell 

invasion and cell leakage, without suppressing the permeability 

of physiologically active substances. Preferable examples of the 

5 hydrogel include polyvinyl alcohol-based polymers, chitosan, and 

alginic acid salts.  

[00851 

The polyvinyl alcohol-based polymer can be produced, 

for example, by saponification of a polyvinyl ester obtainable by 

10 polymerizing a vinyl ester-based monomer, and converting the 

ester group in the polyvinyl ester to a hydroxyl group.  

[00861 

Examples of the vinyl ester-based monomer include vinyl 

formate, vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl 

15 isobutyrate, vinyl pivalate, vinyl versatate, vinyl caproate, 

vinyl caprylate, vinyl caprate, vinyl laurate, vinyl myristate, 

vinyl palmitate, vinyl stearate, vinyl oleate, and like aliphatic 

vinyl esters; vinyl benzoate, and like aromatic vinyl esters.  

These vinyl ester-based monomers may be used alone or in a 

20 combination of two or more.  

[0087] 

Among the vinyl ester-based monomers, aliphatic vinyl 

esters are preferred, and vinyl acetate is more preferred in view 

of production cost. In other words, the polyvinyl ester is 

25 preferably polyvinyl acetate obtainable by polymerization of 

vinyl acetate.  

[00881 

The polyvinyl ester may contain a structural unit 

derived from other monomers than vinyl ester monomers, as 

30 required, to the extent that the effect of the present invention 

is not impaired. Examples of other monomers include c-olefins 

such as ethylene, propylene, n-butene, and isobutylene; acrylic 

acid or salts thereof; alkyl acrylates such as methyl acrylate, 

ethyl acrylate, n-propyl acrylate, i-propyl acrylate, n-butyl 

35 acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl



acrylate, dodecyl acrylate, and octadecyl acrylate; methacrylic 

acid or salts thereof; alkyl methacrylates such as methyl 

methacrylate, ethyl methacrylate, n-propyl methacrylate, i-propyl 

methacrylate, n-butyl methacrylate, i-butyl methacrylate, t-butyl 

5 methacrylate, 2-ethylhexyl methacrylate, dodecyl methacrylate, 

and octadecyl methacrylate; acrylamide derivatives such as 

acrylamide, N-methylacrylamide, N-ethylacrylamide, N,N

dimethylacrylamide, diacetoneacrylamide, acrylamidopropane 

sulfonic acid or salts thereof, acrylamidopropyl dimethylamine or 

10 salts or quaternary salts thereof, N-methylolacrylamide or 

derivatives thereof; methacrylamide derivatives such as 

methacrylamide, N-methylmethacrylamide, N-ethylmethacrylamide, 

methacrylamidopropanesulfonic acid or salts thereof, 

methacrylamidopropyl dimethylamine or salts or quaternary salts 

15 thereof, N-methylolmethacrylamide or derivatives thereof; N

vinylamide derivatives such as N-vinylformamide and N

vinylacetamide; vinyl ethers such as methyl vinyl ether, ethyl 

vinyl ether, n-propyl vinyl ether, i-propyl vinyl ether, n-butyl 

vinyl ether, i-butyl vinyl ether, t-butyl vinyl ether, dodecyl 

20 vinyl ether, and stearyl vinyl ether; nitriles such as 

acrylonitrile and methacrylonitrile; vinyl halides such as vinyl 

chloride and vinyl fluoride; vinylidene halides such as 

vinylidene chloride and vinylidene fluoride; allyl compounds such 

as allyl acetate and allyl chloride; maleic acid or salts 

25 thereof, ester or acid anhydride; vinyl silyl compounds such as 

vinyl trimethoxysilane; isopropenyl acetate; etc. These can be 

used alone or in a combination of two or more.  

[00891 

The average polymerization degree of the polyvinyl 

30 alcohol-based polymer in the present specification is the average 

polymerization degree measured according to JIS K 6726:1994, as 

described above. Specifically, the average polymerization degree 

can be determined from the intrinsic viscosity that is measured 

in water at 300C after raw material PVA has been saponified and 

35 purified.



[00901 

The degree of saponification of the polyvinyl alcohol

based polymer is preferably 50 mol% or more, more preferably 60 

mol% or more, and even more preferably 65 mol% or more, from the 

5 viewpoint of improving the water solubility of the polyvinyl 

alcohol-based polymer.  

[0091] 

From the viewpoint of inhibiting an uncured gel 

solution described below from having high viscosity, and 

10 improving the storage stability of the uncured gel solution, the 

degree of saponification of the polyvinyl alcohol-based polymer 

is preferably 99 mol% or less.  

[0092] 

In the present specification, the saponification degree 

15 of a polyvinyl alcohol-based polymer means the ratio (mol%) of 

the number of moles of the vinyl alcohol unit to the total number 

of moles of the structural unit (e.g., vinyl acetate unit) that 

can be converted to a vinyl alcohol unit by saponification in the 

raw material PVA and a vinyl alcohol unit. The saponification 

20 degree of a polyvinyl alcohol-based polymer can be measured 

according to JIS K 6726:1994.  

[00931 

By the etherification reaction of a compound containing 

an ethylenically unsaturated group and a glycidyl group in the 

25 molecule (e.g., (meth)acrylic acid glycidyl, allyl glycidyl 

ether, etc.) with the hydroxyl group of the side chain of the 

polyvinyl alcohol-based polymer in the presence of a base, a 

(meth)acryloyl group and/or an allyl group can be introduced to 

the polyvinyl alcohol-based polymer.  

30 [0094] 

Multiple layer formation is performed by directly 

applying a hydrosol solution to a fiber structure, which is used 

as a substrate, and performing hydrogelation by using heat, 

temperature, light, or chemical action.  

35 [00951



It is desirable that the fiber structure, which is the 

outer layer, is a material having more excellent biocompatibility 

than that of the hydrogel, and examples include ethylene-vinyl 

alcohol copolymers. Since the fiber structure also serves to 

5 protect the hydrogel from causing adhesion or inflammation with 

the recipient's tissues, it is desirable that the surface of the 

fiber structure, which is the outermost layer, is smoothed by 

thermal, mechanical, or chemical treatment.  

[00961 

10 Fig. 8 shows a composite layer obtainable by composing 

the multilayer devices of Figs. 3 and 7, wherein the outermost 

layer surface (22) is formed of a porous membrane and the 

innermost layer surface (23) is formed of a hydrogel.  

[0097] 

15 Multiple layer formation is performed by applying the 

hydrosol solution to the fiber structure site of multiple layers 

comprising a porous membrane and a fiber structure, and 

performing hydrogelation by using heat, temperature, light, or 

chemical action.  

20 The three-layer structure provides stronger 

immunoisolation properties than those of the two-layer structure, 

and also improves the strength as an immunoisolation membrane.  

Both the permeability and immunoisolation properties can be 

adjusted by the pore size of the porous membrane, which is the 

25 outer layer, and the gel strength and degree of crosslinking of 

the hydrogel, which is the inner layer.  

[00981 

Fig. 9 shows a composite layer obtainable by composing 

the multilayer devices of Figs. 5 and 6, wherein the outermost 

30 layer surface (24) is formed of a porous membrane and the 

innermost layer surface (25) is formed of a hydrogel.  

[00991 

The multiple layer formation with a hydrogel provides 

stronger immunoisolation properties and also improves the 

35 strength as an immunoisolation membrane. Both the permeability



and immunoisolation can be adjusted by the pore size of the 

porous membrane, which is the outer layer, and the gel strength 

and degree of crosslinking of the hydrogel, which is the inner 

layer.  

5 

Examples 

[0100] 

The invention is described in more detail below on the 

basis of examples.  

10 

Example 1: Multiple layer formation by bonding 

1) Multiple layer formation 

Multiple layer formation of a porous membrane (average 

pore size 1.8 pm, maximum pore size 3.4 pm) formed by a polymer 

15 phase separation reaction using an ethylene-vinyl alcohol 

copolymer, and a non-woven fabric (weight basis: 51.5 g/m 2 , 

average pore size: 20 pm) produced by a melt-blown method using 

an ethylene-vinyl alcohol copolymer was performed.  

[0101] 

20 For the multiple layer formation, the porous membrane 

was layered on a material in which a mist of dimethyl sulfoxide 

containing 5 wt% of ion exchange water was sprayed on the joining 

site of the porous membrane and the non-woven fabric. A pressure 

of 200 kg/cm2 was applied from the side of the non-woven fabric to 

25 conduct pressure-bonding under heating at 60°C.  

[0102] 

A 100-pm-thick porous membrane and a 200-pm-thick non

woven fabric were used for trial production. The tensile strength 

(JIS K 7127; 1999) of the porous membrane and the non-woven 

30 fabric was respectively 1.5 MPa and 5 MPa. By the multiple layer 

formation, the tensile strength was increased to 5 MPa from 1.5 

MPa, which was the tensile strength of the single porous 

membrane.  

Measurement conditions 

35 Name of device: Model 210XL universal testing machine (Intesco



Co., Ltd.) 

Test speed: 50 mm/min 

Sample shape: type 5 

Test temperature: 23.0°C 

5 [0103] 

2) Material permeability test 

The glucose, insulin, and IgG permeabilities for such a 

porous membrane and non-woven fabric were measured. From each 

permeability, the estimated value of the permeability in the case 

10 of multiple layer formation was calculated. The estimated value 

is based on the assumption that the pores of the porous membrane 

do not collapse at the joining interface due to the multiple 

layer formation.  

The measurement was conducted by the following method.  

15 The sample was placed between chambers a and b (Fig. 10); insulin 

(30 U/L), glucose (5 mg/mL), and IgG (0.5 pg/mL) were prepared in 

chamber a, and then stirring was performed with a stirrer under 

constant temperature at 370C. 24 hours later, the concentration 

changes of insulin, glucose, and IgG in chamber b were measured 

20 by ELISA, thus calculating the permeability of each material 

(Table 1).  

[0104] 

Table 1 

Permeability Porous Non-woven Multiple 

after 24 membrane fabric layer 

hours alone alone formation 

(Estimated 

value) 

Glucose 100% 100% 100% 

Insulin 84.8% 100% 80.6% 

IgG 5.2% 19.7% 4.2% 

[0105] 

25 A bag-shaped device formed of a multilayer membrane and 

a porous membrane in which mouse fibroblast NIH/3T3 cells (2*106 

cells) were encapsulated was prepared, and cultured in the wells 

of a 6-well plate. The culture surface was observed on day 7, and



cells attached to the wells and a culture supernatant were 

collected to count cell nuclei. The results indicate that no cell 

invasion was observed as in the case of the single porous 

membrane.  

5 [01061 

Example 2: Multiple layer formation by impregnation 

A non-woven fabric produced from polypropylene fiber by 

a melt-blown method was used as a substrate, and a porous 

membrane was formed on the non-woven fabric by a polymer phase 

10 separation reaction, using an ethylene-vinyl alcohol copolymer.  

[0107] 

A 200-pm-thick polypropylene non-woven fabric was used 

for trial production. The tensile strength of the non-woven 

fabric was 5 MPa.  

15 [0108] 

For multiple layer formation, the non-woven fabric was 

immersed in a dimethyl sulfoxide solution of 20 wt% ethylene

vinyl alcohol copolymer heated to 800C for 90 seconds, and then 

immersed in a coagulated liquid DMSO/water 50% at 400C for 15 

20 minutes. Thus, a porous membrane was obtained by a phase 

separation reaction.  

By the multiple layer formation by impregnation, the 

membrane thickness was 200 pm, which was the same as the 

thickness of the single non-woven fabric, and the tensile 

25 strength was increased to 5 MPa from 1.5 MPa, which was the 

tensile strength of the single porous membrane. The average pore 

size was 0.1 pm and the maximum pore size was 1.5 pm.  

[0109] 

Example 3 (membrane + PVA hydrogel) 

30 1) Multiple layer formation 

Multiple layer formation of a porous membrane obtained 

by a polymer phase separation reaction using an ethylene-vinyl 

alcohol copolymer and a hydrogel mainly comprising a polyvinyl 

alcohol was performed.  

35 [0110]



A 100-pm-thick porous membrane was used for trial 

production.  

[0111] 

For the multiple layer formation, a sol obtained by 

5 adding a phenyl (2,4,6-trimethylbenzoyl) phosphinate lithium 

salt, which was a water-soluble photoradical polymerization 

initiator, to 10% of a methacryloyl-modified polyvinyl alcohol 

(average polymerisation degree: 1700, saponification degree: 98.0 

to 99.0 mol%, methacryloyl group denaturation rate: 1.2 mol%) to 

10 have a concentration of 0.1% by mass, and dissolving was used.  

The sol was applied onto a PET film to a thickness of 200 pm 

using a bar coater, and then a porous membrane was placed. The 

sol and the porous membrane were firmly adhered using a 

laminator. Thereafter, the sol surface was placed on top, and 

15 irradiation was performed with 365 nm light at an intensity of 15 

mW/cm 2 for 3 minutes, thus forming the hydrogel on the porous 

membrane.  

[0112] 

2) Material permeability test 

20 For multilayer membranes, the glucose, insulin, and IgG 

permeabilities were measured. The sample was placed between 

chambers a and b (Fig. 10); insulin (30 U/L), glucose (5 mg/mL), 

and IgG (0.5 pg/mL) were prepared in chamber a, and then stirring 

was performed with a stirrer under constant temperature at 37°C.  

25 24 hours later, the concentration changes of insulin, glucose, 

and IgG in chamber b were measured by ELISA, thus calculating the 

permeability of each material. The results indicate that the 

glucose, insulin, and IgG permeabilities were respectively 93.4%, 

62.8%, and 2.5% (Table 2). A bag-shaped device in which mouse 

30 fibroblast NIH/3T3 cells (2*106 cells) were encapsulated in the 

multilayer membrane was prepared, and cultured in the wells of a 

6-well plate. The culture surface was observed on day 7, and 

cells attached to the wells and a culture supernatant were 

collected to count cell nuclei. The results indicate that no cell 

35 invasion was observed as in the case of the single porous



membrane.  

[01131 

In conventional devices in which a material to be 

transplanted is encapsulated in a hydrogel, the thickness of the 

5 hydrogel to completely encapsulate a material to be transplanted.  

For example, a thickness of about 500 pm is needed to encapsulate 

a cell mass having a diameter of 150 pm. A hydrogel having a 

thickness of 500 pm was prepared using a polyvinyl alcohol 

modified with a methacryloyl group, and a substance permeability 

10 test was performed. The glucose and insulin permeabilities were 

respectively 54% and 6.8%. This confirmed that the composite 

membrane of a thin-layer PVA gel exhibited higher mass diffusion 

efficiency than conventional devices.  

[0114] 

15 Table 2 

Permeability Porous Multiple 
after 24 membrane layer 
hours alone formation 
Glucose 100% 93.4% 

Insulin 84.8% 62.9% 

IgG 5.2% 2.5% 

[0115] 

Example 4 (Non-woven fabric + PVA hydrogel) 

Multiple layer formation of a non-woven fabric produced 

using an ethylene-vinyl alcohol copolymer by a melt-blown method 

20 and a hydrogel mainly comprising a polyvinyl alcohol was 

performed.  

[0116] 

A 200-pm-thick ethylene-vinyl alcohol copolymer non

woven fabric was used for trial production. The tensile strength 

25 of the non-woven fabric was 5 MPa.  

[0117] 

For multiple layer formation, the methacryloyl-modified 

polyvinyl alcohol solution as described in Example 3 was used. A 

hydrogel was formed on the membrane of the non-woven fabric in 

30 the same manner as in Example 3.



The glucose, insulin, and IgG permeabilities of the 

multilayer membrane were measured in the same manner as in 

Example 3. The glucose and insulin permeabilities were 

respectively 95.3% and 74.3%. The IgG permeability in the single 

5 non-woven fabric was 19.7%; however, it could be reduced to 7.8% 

when multiple layers of non-woven fabric and hydrogel ere formed 

(Table 3).  

[0118] 

Furthermore, a bag-shaped device in which mouse 

10 fibroblast NIH/3T3 cells (2*106 cells) were encapsulated in the 

multilayer membrane was prepared, and cultured in the wells of a 

6-well plate. The culture surface was observed on day 7, and 

cells attached to the wells and a culture supernatant were 

collected to count cell nuclei. The results indicate that no cell 

15 invasion was observed as in the case of the single porous 

membrane.  

[0119] 

Table 3 

Permeability Non-woven Multiple 

after 24 fabric layer 

hours alone formation 

Glucose 100% 95.3% 

Insulin 100% 74.3% 

IgG 19.7% 7.8% 

[0120] 

20 Example 5 (multilayer membrane obtained by impregnation + PVA 

hydrogel) 

Multiple layer formation of the multilayer membrane 

produced in Example 2 and a hydrogel mainly comprising a 

polyvinyl alcohol can be performed. For multiple layer formation, 

25 using the same method as in Example 3, the hydrogel can be formed 

on the multilayer membrane produced in Example 2.  

Explanation of Reference Symbols 

[0121] 

30 al Immunoisolation membrane



a2 Immunoisolation membrane 

a3 Fusing 

a4 Certain distance 

bl Immunoisolation membrane 

5 b2 Immunoisolation membrane 

b3 Immunoisolation membrane 

b4 Tubular interior 

1 Porous membrane 

2 Fiber structure 

10 3 Outermost layer 

4 Innermost layer 

5 Porous membrane 

6 Fiber structure 

7 Outermost layer 

15 8 Innermost layer 

9 Fiber structure 

10 Porous membrane 

11 Outermost layer surface 

12 Innermost layer surface 

20 13 Porous membrane 

14 Impregnation and fixation 

15 Hydrogel 

16 Outermost layer surface 

17 Hydrogel 

25 18 Fiber structure 

19 Hydrogel 

20 Outermost layer surface 

21 Innermost layer surface 

22 Outermost layer surface 

30 23 Innermost layer surface 

24 Outermost layer surface 

25 Innermost layer surface



CLAIMS 

[Claim 1] 

An immunoisolation device comprising an embedding 

chamber for a material to be transplanted, the embedding chamber 

5 being covered with an immunoisolation membrane.  

[Claim 2] 

The immunoisolation device according to claim 1, 

wherein the immunoisolation membrane comprises at least two 

10 members selected from the group consisting of fiber structures, 

porous membranes, and hydrogels.  

[Claim 3] 

The immunoisolation device according to claim 1, 

15 wherein the immunoisolation membrane is a multilayer membrane 

comprising at least two layers selected from the group consisting 

of fiber structure layers, porous membrane layers, and hydrogel 

layers.  

20 [Claim 4] 

The immunoisolation device according to any one of 

claims 1 to 3, wherein the immunoisolation membrane suppresses 

entry of immunoresponsive cells and immune system humoral factors 

into the embedding chamber.  

25 

[Claim 5] 

The immunoisolation device according to any one of 

claims 1 to 4, wherein the immunoisolation membrane blocks 

permeation of immunoresponsive cells and has insulin and glucose 

30 permeabilities of 50% or more and an immune system humoral factor 

permeability of 30% or less.  

[Claim 6] 

The immunoisolation device according to claim 5, 

35 wherein the immunoisolation membrane has insulin and glucose



permeabilities of 50% or more, and an immune system humoral 

factor permeability of 10% or less.  

[Claim 7] 

5 The immunoisolation device according to any one of 

claims 1 to 6, wherein the immunoisolation membrane has a tensile 

strength of 1 MPa or more.  

[Claim 8] 

10 The immunoisolation device according to any one of 

claims 1 to 7, wherein the immunoisolation membrane comprises a 

fiber structure layer, and a porous membrane layer and/or a 

hydrogel layer formed on the fiber structure layer.  

15 [Claim 9] 

The immunoisolation device according to any one of 

claims 1 to 7, wherein the immunoisolation membrane comprises a 

porous membrane layer and a hydrogel layer formed on the porous 

membrane layer.  

20 

[Claim 10] 

The immunoisolation device according to any one of 

claims 1 to 8, wherein the immunoisolation membrane is obtainable 

by applying a polymer raw material to a fiber structure used as a 

25 substrate to form a porous membrane among short fibers of the 

fiber structure.  

[Claim 11] 

The immunoisolation device according to any one of 

30 claims 1 to 10, wherein the immunoisolation membrane is 

obtainable by directly applying a hydrosol solution to a fiber 

structure used as a substrate and performing hydrogelation by 

using heat, temperature, light, or chemical action.  

35 [Claim 12]



The immunoisolation device according to any one of 

claims 1 to 9, wherein the immunoisolation membrane is obtainable 

by directly applying a hydrosol solution to a porous membrane 

used as a substrate and performing hydrogelation by using heat, 

5 temperature, light, or chemical action.  

[Claim 13] 

The immunoisolation device according to any one of 

claims 1 to 10 and 12, wherein the immunoisolation membrane 

10 comprises a porous membrane of an ethylene-vinyl alcohol 

copolymer.  

[Claim 14] 

The immunoisolation device according to any one of 

15 claims 1 to 13, wherein the hydrogel comprises a polyvinyl 

alcohol-based polymer.  

[Claim 15] 

The immunoisolation device according to any one of 

20 claims 1 to 14, wherein the outermost layer surface of the 

immunoisolation membrane comprises an ethylene-vinyl alcohol 

copolymer.  

[Claim 16] 

25 The immunoisolation device according to any one of 

claims 1 to 15, wherein the outermost layer surface of the 

immunoisolation membrane is formed of a fiber structure of an 

ethylene-vinyl alcohol copolymer, and is smoothly compressed.  

30 [Claim 17] 

The immunoisolation device according to any one of 

claims 1 to 16, wherein the immunoisolation membrane has a 

thickness of 10 pm or more and 300 pm or less.  

35 [Claim 18]



The immunoisolation device according to any one of 

claims 1 to 17, wherein the thickness of multiple layers 

comprising a hydrogel and a porous membrane that form the 

immunoisolation membrane is 10 pm or more and 300 pm or less.  

5 

[Claim 19] 

The immunoisolation device according to any one of 

claims 1 to 18, wherein the thickness of multiple layers 

comprising a fiber structure and a porous membrane that form the 

10 immunoisolation membrane is 10 pm or more and 300 pm or less.  

[Claim 20] 

The immunoisolation device according to any one of 

claims 1 to 19, wherein the thickness of multiple layers 

15 comprising a fiber structure and a hydrogel that form the 

immunoisolation membrane is 10 pm or more and 300 pm or less.
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Fig.3 
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Fig.4 
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Fig.5 
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Fig.6 
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Fig.7 
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Fig.9 
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