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plished. However, this culturing which employs the hollow fibers is a kind
of the monolayer culturing. TECHNICAL FIELD
On the other hand, as a simulation of the mesen- chyme, three-dimensional
cell culture (embed cul- This invention relates to a carrier for cell cul-
5   turing) in collagen sponge or in collagen gel is ture comprising ultra
fine fibers, which is useful for  intensively studied recently. By
employing the col- culturing animal and plant cells.                  lagen
gel culturing method, differentiation and pro- liferation of the corpus
mammae epithelium cells, BACKGROUND ART
hepatic parenchyma cells, salivary gland cells, thy- 10 mus cells and
pancreas cells, which are difficult to Cell culturing methods are grouped
into 1)      express their differentiation and proliferation func-
monolayer culturing, 2) suspension culturing and 3)  tions by the
conventional monolayer culturing were embed culturing, depending on the
carrier em-      first accomplished. In the conventional monolayer ployed.
In the monolayer culturing, the cells ad-  culturing, because the cells are
cultured on the here, extend and proliferate on a culture plate  15
surface of the substrate, the cells have flat shapes made of glass,
plastics or the like. In general, cells  which are utterly different from
the normal morphol- can proliferate only when they adhere to a carrier,
ogy of the cells in vivo. In contrast, in the collagen so that the
monolayer culturing is the most widely  gel culturing method, the
morphology of the cells employed culturing method at present. On the oth-
resembles that of the cells in vivo. On the other er hand, in case of
culturing cells which do not  20  hand, while the cell proliferation is
stopped upon necessitate the adhesion to a carrier, suspension  complete
covering of the surface by the cells in the culturing is generally employed
wherein cells are  monolayer culturing wherein the cells proliferate on
cultured in suspended state in a culture medium.   the surface of the
substrate, in the collagen gel From the viewpoint of the efficiency of the
culture,  culturing (three-dimensional culturing), the cells can suspension
culturing  is  most suitable.  For  25  consistently grow without changing
the morphol- adhesion-dependent cells, microcarrier culturing   ogy. Thus,
the embed culturing represented by the has been proposed, which is
inbetween the mon-     collagen gel culturing provides an environment
olayer culturing and the suspension culturing. How-  which is similar to
the microenvironment in vivo. As ever, it has been found that some kinds of
cells,  a result, the environment suitable for expression of particularly
most of the epithelial cells, cannot ex-  30  the differentiation and
proliferation functions of the press their differentiation and
proliferation functions  cells seems to be provided. in the monolayer
culturing and the microcarrier        The above-mentioned facts indicate
that the culturing. Thus, a culturing method by which the   two elements,
i.e., formation of the nutrients-feed- differentiation and proliferation
functions can be  ing and wastes-removing route and the formation of
expressed is intensively studied.             35  the three-dimensional
cell culturing carrier, are very It is considered that the cells normally
differen-  important for the cell differentiation. tiate and proliferate in
the body because the          Although the differentiation and the
proliferation microenvironment of the cells are suitable for the  of the
cells which were difficult in the conventional cells. More particularly,
the facts that 1) capillary  monolayer culturing have been successfully at-
system is streched around the cells and the feed-  40  tained by the
three-dimensional culturing using the ing of nutrients to, and removal of
wastes from the  collagen gel, this culturing method has problems in cells
are efficiently effected in vivo, 2) different  that the mechanical
strength of the collagen gel is kinds of cells coexist and they interact
each other  small and the collagen gel is difficult to be shaped in vivo,
and 3) cells exist in the mesenchyme      into various forms. These are big
problems when, consisting mainly of collagen fibers in vivo, so that  45
for examples, the culturing method is applied to a they exist in a
three-dimensional state, efficiently  large scale culturing. control the
differentiation and proliferation of the   The object of the present
invention is to pro- cells. Application of the enviroment similar to that
vide a carrier for cell culture which satisfies the in the body to a
culturing system is studied. For  above-mentioned two elements and which
also example, as a simulation of the capillary system   5o  overcomes the
above-mentioned problems in the controlling the feeding of nutrients and
removal of  collagen gel culturing. wastes in vivo, a culturing system in
which cells are cultured on the membranes of hollow fibers,    DISCLOSURE
OF THE INVENTION and in which the feeding of nutrients and the re- moval of
the wastes are conducted through the  s5      The object has been
accomplished by using membranes of the hollow fibers, has been pro-
ultra fine fibers. That is, this invention provides a 



posed and culturing with higher density than the   carrier for cell culture
comprising ultra fine fibers conventional monolayer culturing has been
accom-   with a fineness of not more than 1.0 denier. 3    3
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intervals among the fibers may preferably be sev- TION
eral tens of micrometers, at least 10 micrometers. The above-described
texture made of the ultra The ultra fine fibers employed in the present
fine fibers have a sufficiently high mechanical invention has a fineness of
not more than 1.0   5   strength comparable to ordinary woven fabric or
denier, preferably not more than 0.5 denier.        knit, and may be made
into any form. For example, The polymer constituting the ultra fine fibers
it can be formed into arbitrary form such as film, may appropriately be
selected from  polyesters,    rod, sphere (such as an aegagropila), flat
rectangle, polyamides, polytetrafluoroethylenes, polyolefins,  bellow and
spiral, which greatly contributes to the cellulose, polyamino acids,
collagen and the like,  io  promotion of efficiency and uniformity of the
cul- and polyesters are especially preferred.           ture. The texture
in the form of an aegagropila is Such polymers may have a substituent group
especially preferred. The carrier thus formed may with positive charge,
such as diethylaminoethyl    also be applied to pseudo suspension culturing
group.                                             using microcarriers. In
cases where fibers composed of a plurality  15  Preferred results may
usually be obtained by of components are used, the component to remain
napping the texture made of the ultra fine fibers. may be selected from the
above-mentioned poly-         The napped texture herein means those having
mers, and other components to be combined with     loop-naps and/or
raised-naps, and the like. Non- the component to remain may appropriately
be       limiting representative examples of the methods of selected from
polystyrenes, polyethylenes, water-  20  napping the texture include a
method in which soluble polyamides, polyesters soluble in aqueous   loops
are formed at the time of weaving or knitting, alkaline solution,
water-soluble polyvinyl alcohols  as in the case of manufacturing or
cutting piles; a and the like. The combination of the polymers may  method
in which the texture, after being formed, is be chosen appropriately case
by case depending     processed by, for example, using a nap-raising on the
spinning properties, processability, perfor-  25   machine to raise naps or
by using a sharling ma- mance and the like.
chine; and, in some cases, buffing method using a Although the carrier for
cell culture of the    sand paper. present invention may utilize the ultra
fine fibers    By napping the texture made of ultra fine fi- per se which
are made of the above-mentioned       bers, increase in the contact area of
the cells, polymers, in usual, it is preferred that the fibers be   30
promotion of the softness of the texture which in the form of a texture
such as woven fabric, knit,  enables to follow the morphological change of
the non-woven fabric, spun yarn and cotton.            cells, and promotion
of porosity controlling the sup- In forming the texture, the fibers which
has    ply of nutrients and removal of wastes, are brought already been in
the form of the ultra fine fibers  about, so that the performance as a
carrier for cell may be employed as they are. Alternatively, a   35
culture is promoted. texture may be first formed from fibers which can
The texture made of ultra fine fibers may be be made into ultra fine fibers
by chemical or phys-  impregnated with collagen gel. By combining the ical
means, and the fibers are then made into ultra  texture with the collagen,
the problems of the con- fine fibers to obtain a texture composed of ultra
ventional collagen gel, i.e., its low mechanical fine fibers. The ultra
fine fibers may be obtained by   40  strength and the difficulty in
shaping, may be over- carefully spinning a yam by a conventional method.
come. Alternatively, in case of employing polyesters, non-   The carrier of
the present invention may be stretched fibers may be stretched in certain
con-  used for culturing various animal and plant cells. ditions into ultra
fine fibers.                    Although the cells to be cultured are not
restricted, On the other hand, as the fibers which can be   45  the carrier
is especially suited for culturing the made into ultra fine fibers in a
later step, those  adhesion-dependent cells. Specific examples of the
multi-component fibers such as disclosed in Japa-  cells to be cultured
include endothelial and epi- nese Patent Publication (Kokoku) Nos. 22126/73
thelial cells such as vascular endothelial cells, and 22593/78, which can
be made into fibrils or    smooth muscle cells, hepatic parenchyma cells,
ultra fine fibers by removing or peeling off a com-   50  pancreas [err]
cells, epithelium cells and intestine 



ponent of the multi-component fibers may be em-    cells; fibroblasts; and
other organ parenchyma ployed. With these fibers, since the fibers can be
cells. made into ultra fine fibers after processing and so    The cells may
be cultured by conventional the processing may be conducted when the fibers
culturing methods using the carrier of the present have an ordinary
fineness, troubles in processing,  5s  invention. such as breakage of
fibers and generation of down      The most characteristic feature of the
carrier of during various fiber-processing steps in weaving or  the present
invention is that the carrier for cell knitting may be minimized, thus it
is preferred. The  culture is made of ultra file fibers. Surprisingly, it 4
5                 EP 0 286 688 B1                    6 was found that the
differentiation and proliferation  the conventional collagen gel. This is
because that functions of the cells are retained for a long period  the
diffusion speed of substances, especially the in the carrier made of the
ultra fine fibers. Although  diffusion speed of the medium to large
molecular the mechanism of this phenomenon has not yet       substances in
the structure of the present invention been clearly understood, it is
assumed as follows:   5   is much greater than that in the collagen gel.
Thus, As stated above, most of the cells are adhesion-   from the viewpoint
of nutrients supply and wastes dependent which can grow only when they
adhere     removal, the texture made of ultra fine fibers, again, to a
surface. Therefore, the most important prop-  provides the cultured cells
with suitable environ- erty required to the carrier for cell culture is to
ment. provide sufficient scaffolding area which the cells  10  Further,
since the carrier for cell culture, which can contact. The surface area
(which the cells can  is made of ultra fine fibers has a great mechanical
contact) per a unit volume of the texture made of  strength and is easy to
make into various forms, so ultra fine fibers is much larger than that of a
texture  that it is possible to employ the carrier in large made of fibers
with ordinary fineness, thus provid-  scale culturing. ing a suitable
environment with the adhesion-de-  15   The present invention will now be
described pendent cells.                                     concretely by
way of examples. On the other hand, in the texture of the woven fabric,
knit or the non-woven fabric, the surface of  Example 1 the fibers form
three-dimensional space so as to provide a morphology similar to that of
the mesen-  20  A woven fabric was prepared using composite chyme
consisting chiefly of collagen fibers. As    fibers 15OD-42f (with a single
yarn fineness of stated above, most of the epithelium cells can     about
0.1 denier) defined in Japanese Patent Pub- express their differentiation
and proliferation func-  lication (Kokoku) No. 22126/73, which fibers con-
tions as in vivo only when they are cultured by the  tained 50 parts of
island component polyester and three-dimensional culturing method using
collagen   25  50 parts of sea component polystyrene and which gel. It is
said that this is because the morphological  contained 16 islands. After
shrinkage, the fabric change of the cells in the three-dimensional cultur-
was immersed in trichloroethylene to remove poly- ing is smaller than that
shown in the two-dimen-   styrene and dried. sional culturing (monolayer
culturing), and the cells  After sterilization with an autoclave, the
fabric have the very similar morphology to that of the   30  was placed on
a petri dish and 10 ml of human cells in vivo. Further, while the
proliferation in the  fibroblasts (with a cell population of 1 x 105
two-dimensional culturing is limited because the   cells/ml) was injected
into the fabric. The culture proliferation is effected in a plane, in
three-dimen-  was conducted in a carbon dioxide gas incubator at sional
culturing, the proliferation is not stopped  [err] for 4 days. The cell
density at day 4 was 1.6 because the three-dimensional space is utilized.
35  x 107 cells/25 cm2/10 ml. As a control, similar This is also an
important point. In particular, the  experiment was conducted using a
plastic petri three-dimensional space provided by the ultra fine  dish to
obtain a final cell density of about 5 x [err] fibers is more flexible than
that provided by fibers  cells/25 cm2/10 ml. Thus, it was proved that the
with ordinary fineness, so that it can follow the  cell density of the
cultured cells is greatly pro- morphological change of the cells. As a
result, it  40   moted when the culture substrate of the present can allow
the cells to employ more physiological   invention is used. morphology. As
mentioned above, it is presumed that the cell culture utilizing the
flexible texture  Example 2 (three-dimensional space) provided by the ultra
fine 



fibers would give the cells more comfortable envi-  45  The fabric obtained
in Example 1 was placed ronment.
on a plastic petri dish and rat hepatic cells were On the other hand, as to
another important      injected therein at a cell population of about 5 x
element for the cultured cells, i.e., supply of nu-  104 cells/ml. The
culture medium was RPMI 1640 trients and removal of wastes, by employing
the    (containing 10%  of FCS). The culture was con- ultra fine fibers,
the porosity which controls the   5o  ducted in a carbon dioxide gas
incubator. After 6 supply of nutrients and the removal of wastes, as  days,
the cell population was increased to about well as the uniformity thereof
is promoted. There-  3.2 x 105 cells/ml and the hepatic cells kept alive
fore, in the cell culture in the texture made of ultra  for more than 2
weeks. On the other hand, as a fine fibers, the ingestion of nutrients
from, and  control, culture was conducted in the same manner excretion of
wastes to the external environment are  55  except that a petri dish coated
with the cell matrix much easier than in the case of employing a tex-   was
used. In the control experiment, most of the ture made of fibers with
ordinary fineness. Further,  cells died in 6 days of culture. These results
show this property is much better than that provided by  that the life of
the hepatic cells is greatly prolonged    7                 EP 0 28.6 688
B1                     8 when the culture substrate of the present
invention  5. The carrier for cell culture of claim 1, wherein is used.
the ultra fine fibers have a fineness of not more than 0.5 denier. Example
3 and Comparative Example 5   6. The carrier for cell culture of claim 1,
wherein Naps were raised on the fabric obtained in          the ultra fine
fibers are made of a polymer Example 1 with an abrasive paper and the
fibers         selected from the group consisting of polyes- were
intermingled with a high pressure water flow.      ters, polyamides,
polytetrafluoroethylenes and The fabric was then cut into circles with 1.5
cm        polyolefins. diameter and the circles were placed in wells of a
10 24-well microplate. Then 5 x 104 smooth muscle       PatentansprUche
cells obtained from the thoracic aorta of a rabbit were suspended in 1.5 ml
of culture medium and       1. TrAger fur eine Zelikultur, der ultrafeine
Fasern the suspension was added to the fabric. The cul-        mit einer
Feinheit von nicht mehr als 1,0 den ture medium was Dulbecco's modified
Eagle MEM    15      umfalt. medium containing 20% of fetal calf serum, and
the culture was conducted by gently shaking the      2. Tr~ger fur elne
Zellkultur nach Anspruch 1, der microplate in a [err] incubator at [err]
for 7 days.        in der Strukturform  eines Textilerzeugnisses Alter the
culture, all cells were detached by treating  vorliegt, das aus ultrafeinen
Fasern hergestellt the cells with 0.005% trypsin in PBS at [err] for 10
20  wurde. minutes and the number of the cells were counted using a
hemacytometer. The cell number was 4.0 x    3. Triger fur eine Zelikultur
nach Anspruch 2, 105.
worin die Struktur des Textilerzeugnisses ge- The cell number of the cells
cultured on a           noppt ist. similar napped fabric made of fibers
with a fine-  25 ness of 1.4 denier in a comparative example was     4.
TrAger fur eine Zellkultur nach Anspruch 2, 0.8 x 105, and the cell number
of the cells cultured    worin die Struktur des Textilerzeugnisses ein on a
microplate with the same area was 0.2 x 105.       gewebtes
Textilerzeugnis, ein gewirktes Textil- erzeugnis oder Faservlies ist.
INDUSTRIAL APPLICABILITY                        30 5. TrAger fUr eine
Zelikultur nach Anspruch 1, Since the carrier for cell culture of the
present    worin die ultrafeinen Fasern eine Feinheit von invention has
great flexibility so as to sufficiently   nicht mehr als 0,5 den aufweisen.
follow the morphological change of the cells, the compatibility thereof
with the cells is high. There-  35  6. Tr~ger fur eine Zellkultur nach
Anspruch 1, fore, it can allow the cells to retain their differenti-  worin
die ultrafeinen Fasern aus einem Poly- ation and proliferation ability for
a long period of    mer bestehen, das aus der Gruppe ausgewdhlt time.
Further, it has a high mechanical strength and    ist, die aus Polyestern,
Polyamiden, Polytetra- is easy to shape, it is useful as a carrier for
large   fluorethylenen und Polyolefinen besteht. 



scale culturing.                                40 Revendicatlons Claims 1.
Support pour la culture de cellules comprenant 1. A carrier for cell
culture comprising ultra fine     des fibres ultra-fines ayant une finesse
non fibers with a fineness of not more than 1.0  45      sup6rieure a 1,0
denier. denier. 2. Support pour la culture de cellules selon la 2. The
carrier for cell culture of claim 1, which is    revendication 1, qui se
presente sous la forme in the form of a fabric texture made of the ultra
d'une structure d'un textile constitu6 de fibres fine fibers.
50       ultrafines. 3. The carrier for cell culture of claim 2, wherein
3. Support pour la culture de cellules selon la the fabric texture is
napped.                        revendication 2, dans lequel la structure du
textile est lain6e. 4. The carrier for cell culture of claim 2, wherein
55 the fabric texture is woven fabric, knit or non-  4. Support pour la
culture de cellules selon la woven fabric.
revendication 2, dans lequel la structure du textile est un textile tissd,
un textile tricot6 ou 6    7                  EP 0 286 688 B1
8 when the culture substrate of the present invention  5. The carrier for
cell culture of claim 1, wherein is used.
the ultra fine fibers have a fineness of not more than 0.5 denier. Example
3 and Comparative Example 5   6. The carrier for cell culture of claim 1,
wherein Naps were raised on the fabric obtained in           the ultra fine
fibers are made of a polymer Example 1 with an abrasive paper and the
fibers          selected from the group consisting of polyes- were
intermingled with a high pressure water flow.       ters, polyamides,
polytetrafluoroethylenes and The fabric was then cut into circles with 1.5
cm         polyolefins. diameter and the circles were placed in wells of a
10 24-well microplate. Then 5 x 104 smooth muscle       PatentansprUche
cells obtained from the thoracic aorta of a rabbit were suspended in 1.5 ml
of culture medium and       1. TrAger fir eine Zelikultur, der ultrafeine
Fasern the suspension was added to the fabric. The cul-         mit einer
Feinheit von nicht mehr als 1,0 den ture medium was Dulbecco's modified
Eagle MEM    15      umfalt. medium containing 20% of fetal calf serum, and
the culture was conducted by gently shaking the      2. TrAger fur eine
Zelikultur nach Anspruch 1, der microplate in a C02 incubator at 37C for 7
days.        in der Strukturform  eines Textilerzeugnisses After the
culture, all cells were detached by treating   vorliegt. das aus
ultrafeinen Fasem hergestellt the cells with 0.005% trypsin in PBS at [err]
for 10   20  wurde. minutes and the number of the cells were counted using
a hemacytometer. The cell number was 4.0 x     3  Trager fOr eine
Zelikultur nach Anspruch 2, 105.
worin die Struktur des Textilerzeugnisses ge- The cell number of the cells
cultured on a           noppt ist. similar napped fabric made of fibers
with a fine-   25 ness of 1.4 denier in a comparative example was      4.
Trager far eine Zelikultur nach Anspruch 2, 0.8 x 105, and the cell number
of the cells cultured     worin die Struktur des Textilerzeugnisses ein on
a microplate with the same area was 0.2 x 105.        gewebtes
Textilerzeugnis, ein gewirktes Textil- erzeugnis oder Faserviies ist.
INDUSTRIAL APPLICABILITY                        30 5. TrAger far eine
Zellkultur nach Anspruch 1, Since the carrier for cell culture of the
present    worin die ultrafeinen Fasern eine Feinheit von invention has
great flexibility so as to sufficiently    nicht mehr als 0,5 den
aufweisen. follow the morphological change of the cells, the 



compatibility thereof with the cells is high. There-  35  6. Triger fur
eine Zellkultur nach Anspruch 1, fore, it can allow the cells to retain
their differenti-  worin die ultrafeinen Fasern aus einem Poly- ation and
proliferation ability for a long period of     mer bestehen, das aus der
Gruppe ausgewihIt time. Further, it has a high mechanical strength and
ist, die aus Polyestem, Polyamiden, Polytetra- is easy to shape, it is
useful as a carrier for large    fluorethylenen und Polyolefinen besteht.
scale culturing.                                40 Revendlcations Claims 1.
Support pour la culture de cellules comprenant 1. A carrier for cell
culture comprising ultra fine      des fibres ultra-fines ayant une finesse
non fibers with a fineness of not more than 1.0  45      superieure a 1,0
denier. denier. 2. Support pour la culture de cellules selon la 2. The
carrier for cell culture of claim 1, which is     revendication 1, qui se
presente sous la forme in the form of a fabric texture made of the ultra
d'une structure d'un textile constitu6 de fibres fine fibers.
50       ultrafines. 3. The carrier for cell culture of claim 2, wherein
3. Support pour la culture de cellules selon la the fabric texture is
napped.                        revendication--2, dans loquel la structure
du textile est lainee. 4. The carrier for cell culture of claim 2. wherein
55 the fabric texture is woven fabric, knit or non-  4. Support pour la
culture de cellules selon la woven fabric.
revendication 2, dans lequel la structure du textile est un textile tisse,
un textile tricot6 ou 6    9                   EP 0 286 688 B1
10 non tissd. 5.  Support pour la culture de cellules selon la
revendication 1, dans loquel les fibres ultrafi- nes ont une finesse non
supdrieure a 0,5 de-    6 nier. 6.  Support pour la culture de cellules
selon la revendication 1, dans lequel les fibres ultrafi- nes sont
constitutes d'un polymere choisi   10 dans le groupe constitu4 des
polyesters, po- lyamides, polyt6trafluoro6thylbnes et polyol6fi- nes. 15 20
25 30 35 40 45 50 65 7    


