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BIOCOMPATIBLE, POROUS MATERIAL, METHOD FOR ITS
PRODUCTION AND USE OF THE SAME

Field of the Invention

The present invention relates to a method for pre-
paring a biocompatible, porous material as carrier for
cells, to sailid bilocompatible, porous material prepared
by means of said method and to use of the biocompatible,
porous material.

Background Art

Carrier materials can be used for, for instance,
chromatographic separation purposes, as ion exchanger
in affinity chromatography or in gel filtration and as
carrier material in implantation.

The carriers that are currently available for cells
are not optimal in every respect.

Macroporous particles which can be used, for
instance, in cultivation of cells are described in
SE 464,816. The particles in said patent publication are
spherical and are mainly used for cultivation of cells on
a large scale for preparation of vaccines. The technique
for producing the macroporous particles differs from the
method according to the invention.

The drawback of previously used macroporous par-
ticles for cells is that the particles are not optimal,
or even usable, in implantation of the particles in the
body of an individual. If any step in the implantation
of the macroporous particles should cause gerious con-
sequences and it should be desirable to remove the par-
ticles, this would be impossible owing to the spherical
and minimal structure.

In cultivation of different cells for preparing
tissues, entire organs or other three-dimensional struc-
tures on different carriers, there is thus a need for a
material, the form of which may be varied within wide
limits for the specific application. In cultivation of
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e.g. skin cells for preparing artificial skin or other
three-dimensional formg, it is necessary to have large
carriers.

In implantation of the material it is important,
for instance, to be able to remove it from the indivi-
dual’s body when required. Important properties of the
material are that it ie biocompatible and that it is pos-
sible to vary the form of the material for the specific
purpose. Both the cell types and the different applica-
tions determine the form of the carrier.

Summary of the Invention

An object of the present invention therefore is to
provide a method for preparing a biocompatible, porous
material as carrier for cells, which comprises casting
a dispersion containing a polymer phase and a solvent
phase, removing the solvent and crosslinking the polymer
phase.

Another object of the invention is a biocompatible,
porous material as carrier for cells, prepared by cast-
ing a dispersion containing a polymer phase and a solvent
phase, removing the solvent and crosslinking the polymer
phase.

One more object of the invention is use of a bio-
compatible, porous material, prepared as described above,
as carrier for cells.

An additional object of the present invention is a
method for implanting a biocompatible, porous material
as carrier for cells in an individual for production of
substances, comprising injecting said biocompatible,
porous material into the individual and then letting the
cells on the biocompatible, porous material produce said
substances.

The biocompatible, porous material according to the
present invention may be used both as carrier for cells
in cultivation of cells and as carrier for existing cells
for production of a desirable substance beforé/after

implantation in an individual. The cells can either be
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the individual’s own cells or cells from another source
(characteristic of the species or foreign to the spe-
cies). In some cases, the cells as such can be the desir-
able product, for instance attached initial stages of
adipocytes (preadipocytes) on the carrier which after
implantation can propagate so as then to be converted
into adipocytes (fat cells). One field of application for
this is for instance plastic surgery. Another example is
myoblasts (muscle cells) which can be used in treatment
of e.g. cardiac infarction. One more example is hepato-
cytes (liver cells) which can be used to render toxic
subgtances in liver lesions harmless. Also more complex
structures, such as the islets of Langerhans, can be
attached to and/or in the porous carrier. The islets of
Langerhans are composed of a plurality of different cell
types and constitute the system that regulates the blood
sugar content. These islets are considerably larger and
require a pore size of the carrier of 50-200 pum.

The term “substance” used herein relates to the
substances that can be produced by wvarious cells or
microorganisms, for instance antibiotics, pharmaceutical
substances, e.g. dopamine which is a key substance in
Parkinson’s disease, and different interferons which are
active substances in treatment of cancer.

According to an embodiment of the inventive method,
the decomposability of the biocompatible, porous material
is determined by the degree of crosslinking of the poly-
mer phase.

According to yet another embodiment of the inventive
method, an agent is added for enhancing or changing the
adhesion of cells to said biocompatible, porous material
during casting of the dispersion, or the agent is bound
chemically to the polymer or added later. Agents affect-
ing the cell adhesion can be either single molecules or
proteins. Examples of the former are positively or nega-
tively charged substances, such as hexamethylene diamine

and amino caproic acid. Examples of more complex struc-
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tures are peptides containing the amino acid sequence
Arginine-glycine-aspargine or derivatives thereof. This
sequence promotes the adhesion of cells to the carrier.
Examples of proteins are fibronectin and laminin. Also
non-defined mixtures of proteins (obtained by extraction
of tissues) such as ECM (extracellular matrix) can be
used.

The polymer phase is preferably selected among gela-
tin, polysaccharides and synthetic polymers, gelatin
being particularly preferred. The polymer phase is cross-
linked preferably chemically or by heating. The polymer
phase is preferably aqueous.

To obtain a form that fits the specific application,
for instance in cultivation of skin cells on the biocom-
patible, porous material for production of artificial
skin, the dispersion can be cast into membranes, tubes
or other convenient forms. Larger formg can be required,
for instance, in production of artificial skin or other
three-dimensional forms. Preferably, the dispersion is
cast according to the present invention into membranes.

In cultivation of cells, the biocompatible, porous
material can be used for production of artificial skin,
artificial organs, fatty tissue, blood vessels etc.

The biocompatible, porous material is prepared so
that the cells are present both inside and on the outside
of the biocompatible, porous material. This results in
optimal use of the material.

In this description, the expression “carrier for
cells” is intended to comprise carriers that can be used
in cultivation of wvarious cells, and carriers which can
be used for cells to achieve production of desirable
substances. The expression “carrier for cellg” also
includes medical implants for implantation in the human
body.

A surprising effect in the preparation of the bio-
compatible, porous material according to the invention

is that the pores obtained in the material are uniformly



WO 02/48247 PCT/SE01/02778

10

15

20

25

30

35

5

distributed through the cross-section of the material.
Thus, a more uniform distribution of the cells in the
biocompatible, porous material is achieved.

Description of Preferred Embodiments

Example 1

6.7 g gelatin is dissolved in 53 ml deionised water
by heating to 50°C. To this solution 11.0 g Tween 80
(polyoxyethylene (20) sorbitanmonooleate) isg added. The
mixture is agitated. Then the mixture is cooled to 35°C.
At this temperature, a mixture of cyclohexane (18 ml)
and Tween 80 (0.6 g) is added. The resulting mixture is
agitated vigorously. Then this mixture is poured onto a
glass slide with a 1l-mm-thick packing along the peri-
phery, then another glass slide is placed on top, after
which the two glass slides are pressed together by means
of clips. The form is chilled with cold water until the
temperature is below 20°C. The form is separated and the
formed gelatin membrane is washed with acetone until all
the water and Tween 80 have been removed. After that the
membrane is allowed to air-dry and obtains the appearance
of white paper. The membrane formed must be crosslinked
so as not be dissolved at temperatures above 25°C.

Crosslinking

A suitable form/size is cut out from the dried mem-
brane by means of a pair of scissors. 0.97 g membrane isg
rehydrated in 39 ml 0,1 M phosphate buffer, pH 8.0. To
this, 97 pl hexamethylene diisocyanate (crosslinking
agent) and 0.5 pl triethylamine (catalyst) are added. The
crosslinking reaction is allowed to proceed for two hours
at 25°C under agitation. The reaction is stopped by add-
ing 0.24 g glycine. Then the mixture is allowed to stand
over night. The membrane is washed with deionised water,
hot (70°C) deionised water and finally with acetone. The
membrane is dried in air. The crosslinked membrane can

now be autoclaved at 120°C without being dissolved.
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The example above results in a membrane having an
ideal pore size of 20-30 um, which pore size is optimal
for cultivation of cells and adhesion of cells.

To obtain a membrane having a pore size in the range
10-20 um, the example above is applied, except that 7.9 g
Tween 80 is added to the gelatin solution. After cooling
as described above, a mixture of 6.6 ml cyclohexane and
0.8 g Tween 80 is added.

In the production of the membrane above, larger
pores can be obtained by using a higher Tween concen-
tration. An increase of the amount of cyclohexane also
results in larger pores and simultaneously a larger total
pore volume. An increase of the agitation speed results
in smaller pores. There are thus great possibilities of
varying the porosity of the membrane within wide limits.

The resistance of the biocompatible, porous material
to heat, enzymes etc. is proportional to the crosslinking
degree. An increased concentration of crosslinking agent,
for instance hexamethylene diisocyanate, results in
increased resistance. An increasing crosslinking time
also results in increased resistance.

The crosslinking reagents that are used in the pre-
paration can be, for instance, bifunctional, such as

diisocyanates and aldehydes.



WO 02/48247 PCT/SE01/02778

CLAIMS

1. A method for preparation of a biocompatible,

5 porous material as carrier for cells, which comprises
casting a dispersion containing a polymer phase and
a solvent phase, removing the solvent and crosslinking
the polymer phase.

2. A method as claimed in claim 1, wherein the

10 decomposability of the biocompatible, porous material
is determined by the degree of crosslinking of the poly-
mer phase.

3. A method as claimed in claim 1 or 2, wherein an
agent for enhancing or changing the adhesion of cells to

15 said biocompatible, porous material is added during cast-
ing of the dispersion, or the agent is bound chemically
to the polymer or is added later.

4. A method as claimed in claim 3, wherein said
agent 1s selected from the group consisting of positive-

20 1y or negatively charged substances and peptides.

5. A method as claimed in claim 4, wherein said
agent is selected from the group consisting of hexa-
methylene diamine, amino caproic acid, peptides contain-
ing the amino acid sequence arginine-glycine-aspargine,

25 fibronectin and laminin.

6. A method as claimed in any one of claims 1-5,
wherein the polymer phase is selected among gelatin,
polysaccharides and synthetic polymers.

7. A method as claimed in any one of claims 1-6,

30 wherein the polymer phase is crosslinked chemically or
by heating.

8. A biocompatible, porous material as carrier for
cells, prepared according to any one of claims 1-7.

9. Use of a biocompatible, porous material, prepared

35 Dby means of the method according to any one of claims 1-7

or according to claim 8 as carrier for cells.
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10. Use as claimed in claim 9, for production of
substances.

11. Use as claimed in claim 9, for cultivation of
cells.

12. Uge ag claimed in claim 11, wherein the bio-
compatible, porous material is used for cultivation of
artificial skin, artificial organs, fatty tissue and
blood vessels.

13. Use as claimed in any one of claims 10-12,
wherein the cells are present both inside and on the
outside of the biocompatible, porous material.

14. A method for implanting a biocompatible, porous
material as carrier for cells in an individual for pro-
duction of substances, comprising injection of said bio-
compatible, porous material, prepared by means of the
method according to any one of claims 1-7 or 8, into
the individual and then letting the cells on the bio-
compatible, porous material produce said substances.
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