Col I agen-containing Cell Carrier The present invention relates to the use of
a col |l agen-contai ning conposition for the «cultivation of biological cells,
a nethod for the cultivation of biological cells, a method for the

i npl antation of biological material into an organismand a nethod for the

i nprovenent of a conposition in its suitability for the cultivation of
biologi- cal cells. Carriers for the cultivation of biological cells are
generally known in the art. Such <carriers are often referred to as matrix
or scaffold. These carriers provide the breeding ground or, in general, the
basis on which the cells growin cell culture. Collagen-containing conpounds
represent the best-known type of cell carriers. Collagen, as an ani nal
protein of the extracellular matrix, belongs to the scleropro- teins and is
usual |y water-insoluble and fibrous in structure. It is one of the main
conponents in the structure of connective tissues, e.g. skin, blood vessels,
| i gamrents, tendons and cartilage, and in the structure of bones and teeth.
Because of these properties, collagen-based bionmaterials from ani nal
sources have already been used in nmedicine for several years now.
Especially in the clinically applicable products for henostasis, as a

repl acenment for dura or in different areas of plastic surgery, collagens
were able to establish thenselves as a carrier material. These col |l agens, of
which, to 2 date, 28 different types have been identified and at |east 10
additional proteins with collagen-1like domai ns have been regi stered, show
only margi nal difference between the individual species. As a distinct
identification pattern has not been discovered and as their enzyne-based
degradati on does not produce any toxic degradation products, collagens are
consi dered bi oconpati ble. The collagen matri xes so far offered on the market

show a very high variance W th, oo containing Cell Carrier

The present invention relates to the use of a collagen-containing composition for the
cultivation of biological cells, a method for the cultivation of biological cells, a
method for the implantation of biological material into an organism and a method
for the improvement of a composition in its suitability for the cultivation of biologi-

cal cells.

Carriers for the cultivation of biological cells are generally known in the art. Such
carriers are often referred to as matrix or scaffold. These carriers provide the breeding

ground or, in general, the basis on which the cells grow in cell culture.

Collagen-containing compounds represent the best-known type of cell carriers.
Collagen, as an animal protein of the extracellular matrix, belongs to the scleropro-
teins and is usually water-insoluble and fibrous in structure. It is one of the main
components in the structure of connective tissues, e.g. skin, blood vessels, ligaments,
tendons and cartilage, and in the structure of bones and teeth. Because of these
properties, collagen-based biomaterials from animal sources have already been used
in medicine for several years now. Especially in the clinically applicable products for
hemostasis, as a replacement for dura or in different areas of plastic surgery, collagens

were able to establish themselves as a carrier material. These collagens, of which, to



respect to their properties. Thus, it was found out that, when used in
vitro, sonme of the collagen nmatrixes used for the cultivation of biological
cells cause inflammatory reactions resulting in catabolic nmetabolism
processes. Anot her disadvantage of the collagen matrixes currently
available is that they are very thick - usually exceeding 200 pm- and that
they can, thus, not be exam ned under the,m croscope. In additi- on to this,
the collagen matri xes offered for the culTivation of biological cells have,
so far, been very expensive. An alternative carrier for the cultivation of
cells are the so-called hydrogels. A hy- drogel is a water-containing but
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200 pm - and that they can, thus, not be examined under the microscope. In additi-

on to this, the collagen matrixes offered for the cultivation of biological cells have, so

far, been very expensive.

An alternative carrier for the cultivation of cells are the so-called hydrogels. A hy-
drogel is a water-containing but water-insoluble polymer, whose molecules are
chemically (e.g. through covalent or ionic bonds) or physically (e.g. by means
interlinking the polymer chains) linked to produce a three-dimensional network.
Due to integral hydrophilic polymer components, they expand in water under a
considerable intake of volume but without losing their material cohesion. However,
the disadvantage of hydrogels is that, given their enormous water-retaining capacity,

they are mechanically unstable.

Furthermore, the hydrogels often condense during the colonisation with cells.

Therefore, hydrogels are very limited in their use.

The so-called hyaluronic acid represents another matrix suitable for the colonisation
with biological cells. This matrix consists of macromolecules of the matrix of cartila-
ge, which is why, in the unmodified form, it shows a high biocompatibility. The

molecule chains have to be linked in order to generate a suitable structure with a



ned from brown al gae, which consists of L-guluronic acid and D mannuronic
acid. By adding EDTA and/or Na-citrate, the product can be gel atinised or

| i quefied, which gives the alginate simlar properties for the cultivation
of cells as those already described for the collagen-based gels, however

wi th inproved resuspension possibili- ties for cellular and nol ecul ar

bi ol ogi cal anal yses. Despite the advantaggs over other carrier matrixes and
t he good properties of the material in vitro, it was unsuccessful when used
in vivo. In vivo, the substance is hard to absorb and causes consi derabl e

i mmune and foreign-body reactions. Therefore, alginate is not yet suitable
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as a carrier material for human implants.

Another carrier material for biological cells is agarose. It behaves in a similar way to
alginate. Agarose consists of two saccharide chains and is obtained from the cell walls
of red algae. Like alginate, it causes immune and foreign-body reactions when used in

vivo so that agarose cannot yet be used for human implants.

Other scaffolds are based on fibrin. This concerns a globular plasma protein, which,
due to its ability of “meshing” polymerisation, amongst other things causes the
blood to clot. However, also fibrin has up to now not withstood the test for use in
vivo. The use of fibrin as a cell carrier is largely unexplored and must still be extensi-

vely evaluated. Furthermore, fibrin is very expensive.

Other matrixes used for the cultivation of biological cells are based on chitin or
chitosan. Chitin forms the basic material for the production of chitosan. To this end,
the acetyl groups of chitin are chemically or enzymatically split off. Both chitin and
chitosan are biopolymers that are not separated by a precisely defined crossover.
Usually chitosan is being referred to, when the degree of deacetylation is higher than

40 - 50% and the compound is soluble in organic acids. However, chitin and chito-



san are very limted in their applicability and |i kew se have not yet proven
t hensel - ves when used for the cultivation of cells. Chitinis not a

mat eri al produced inside the body and, therefore, it is constantly a
foreign body in the organism The use of chitin as a cell carrier still has
to be fundanentally researched. At present, there are al so nunerous
synthetic scaffolds being tested. Included in this are the polyners

pol yl actide (PLA) and pol ygl ycolide (PGA) as well as poly-L-lactic acid
PPLA (also referred to as "bioglass"). A special characteristic of PLA and
PGA is their low solubility in aqueous nmedia that only inproves through the
degr adat i orfaBfare vpy liwitpedn thpigiapplicabilityrangt bkgwise hayenpbjetprogen themsel-
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leading to the erosion of these materials. However, it has been shown that these
polymers are not suitable for the cultivation of biological material. Through sponta-
neous hydrolysis, absorbable polymers disintegrate and produce organic acids.
Osteoblasts differentiate in acid settings so that a higher quantity of these polymers

can lead to bone destruction rather than build bones.

Against this background, the object underlying the invention is to provide a new
composition for the cultivation of biological cells that avoids the disadvantages
known for the cell carriers of the art. In particular, a composition should be provided

that can be produced economically on a large scale and at a constant high quality.

This object is solved through the use of a composition for the cultivation of biologi-

cal cells, comprising the following parameters:

Collagen [wt. -%]: approx. 30 to 80,
Amide nitrogen [wt. -9): approx. 0.06 to 0.6,
Polyol [wt. -%]: approx. 0 to 50,
Fat [wt. -%]: approx. 0 to 20,
Ash [wt. -%)]: approx. 0 to 10,
Water [wt. -%]: approx. S to 40,

pH value: approx. 3 to 10,



Water [w. approx. 5 to 40, pH value: approx. 3 to 10, 5 Wight per unit
area [g/nej: approx. 10 to 100, Tensile strength [NNmmgj: approx. 0.5 to
100, or 20 to 100. Such a conposition has already been nade comrercially
available in formof a film by Naturin GibH & Co. KG Badeni astrasse 13,

Wi nheim The reference nunbers assigned to these filns by Naturin are, for
exanpl e: 400011899, 400023747, 400024203 400026193, 400019485, 400000084
and 400000109. This finding was surprising. Until now, this conpound was
used exclusively in the food industry, for exanple in the area of ham
production as a separating filmbet- ween net and neat. Above all, it was
not expect e¥eighhpesuiih ateangoBilt i onsanes. 1 10Qul arly suitable for the

cultivati OWEBEiéggtg%mL%?%eri al . 5 %x_c@_?ggsl'b ,iQPZ(?FoCP(‘SGji ng to the

i nvention can n a large scale an i's of a constant high
quality. It stands out due to its good bioconpatibility, its very thin film
thickness, its relatively high transparency and its high nmechanical
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particular configuration the conposition conprises the follow ng

paranmeters: . _
This finding was surprising. Until now, this compound was used exclusively in the

food industry, for example in the area of ham production as a separating film bet-
ween net and meat. Above all, it was not expected that such compositions were

particularly suitable for the cultivation of biological material.

The composition according to the invention can be reproduced on a large scale and
is of a constant high quality. It stands out due to its good biocompatibility, its very
thin film thickness, its relatively high transparency and its high mechanical stability,

resulting in a wide range of applications.

Furthermore, it is preferred when glycerin or sorbite are used as polyol, which is
provided in a concentration of 0 to 50 wt.-% (glycerin), and/or 0 to 40 wt.-% (sorbi-
te).

This measure has the advantage that polyols are used that have particularly proven
themselves in the specified concentration as wetting agent or a water-bonding agent

to prevent drying-up.

According to a particular configuration the composition comprises the following

parameters:

Collagen [wt. -%]: approx. S0 to 70,
Amide nitrogen [wt. -%]: approx. 0.14 to0 0.4,



Collagen [wt. -9%: approx. 50 to 70, Amde nitrogen [wt. -9%: approx. 0.14
to 0.4, 6 dycerin [w. -9%: approx. 12 to 35, Fat [w. %: approx. 3 to
7, Sorbite [w. % : approx. 0 to 20, Ash [wt. 9%: approx. 0.5 to 3, Water
[w. approx. 12 to 18, pH value: approx. 5.5 to 8  Wight per unit area
[g/n2]: approx. 20 to 40, Tensile strength [NNme]: approx. 5 to 25, or 40
to 80. The concentrations of the individyal ingredients were further
optimzed with this nethod so that the Conmposition is further inproved in
its suitability for the cultiva- tion of biological cells. To this end, it
Is preferred that the fat is essentially vegetable oil. The use of vegetable
Oi | to presHyweaid fvet. C6hposi ti on accapporngdl2z® 3%)e i nvention has turned out

to be particw arI(y ‘advant ageous. Due to_ the 1I7ncreased el asticity, vegetable
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Tensile strength [N/mm?|: approx. S to 235, or 40 to 80.

The concentrations of the individual ingredients were further optimized with this
method so that the composition is further improved in its suitability for the cultiva-

tion of biological cells.
To this end, it is preferred that the fat is essentially vegetable oil.

The use of vegetable oil to preserve the composition according to the invention has
turned out to be particularly advantageous. Due to the increased elasticity, vegetable
oil clearly widens the range of the composition’s application. The use of vegetable
oils can also prevent rancidity, thus facilitating the manufacture and storage of the
composition. It is clear that a minimal amount of residual animal fat does not offset

the advantages of the vegetable oil.

According to a particularly preferred configuration, the pH value of the composition
according to the invention is approx. 5.0 to 8.0, preferably 6.8 to 8.0, more prefera-

bly approx. 7.0 to 8, most preferably approx. 7.2 to 7.5.

As the inventors have found out, the cultivation of biological cells is particularly
successful at the specified pH values. Thus, the composition shows a pH value that
lies in the physiological area and, therefore, provides a setting that broadly resembles
the natural environment of the biological cells. The compositions made commer-

cially available by, for example, Naturin GmbH & Co. KG, usually have a pH value of



successful at the specified pH values. Thus, the conposition shows a pH
value that 1lies in the physiological area and, therefore, provides a
setting that broadly resenbles the natural environnment of the bi ol ogical
cells. The conpositions made commer- cially available by, for exanple,
Naturin GwH & Co. KG wusually have a pH value of 7 approx. 4.8. In such
acidic environnents, for exanple, the cultivation of biological mterial
sensitive to acids is not possible. The desired pH val ue can be adjusted
t hrough the incubation of the conposition in, for exanple, calciumor
magnesi um cont ai ni ng phosphate buffers, mhereby other traditional buffers
vel | - knownapeiox0nsp, 18 khth %@1d1@eﬁﬂ?orﬁh&nl§r foreadaigly, tﬁ@'&%ﬁtoﬁﬁblﬁégléﬂ' S
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10, Weight it are prox. 10 to 100, Tensile strength

[N m2] : E}Bﬁﬁ‘i ﬂsaffafefts‘%‘glxrsgné@? ‘0 100, inits suitability for the

cultivation of biological cells, which includes the followng steps: (1)

Provi sion of the conmposition, and (2) Adjusting the pH value to approx. 5.0

or 8.0, préaganabthistbackgrpund, atothet obfcO of the present invention also relates to a

method to improve a composition with following parameters:

Collagen [wt. -%]: approx. 30 to 80,

Amide nitrogen [wt. -%]: approx. 0.06 t0 0.6,

Polyol [wt. -%]: approx. 0 to 50,

Fat [wt. -%]: approx. 0 to 20,

Ash [wt. -%]: approx. 0 to 10,

Water [wt. -%]: approx. S to 40,

pH Value: approx. 3 to 10,

Weight per unit area [g/m?[: approx. 10 to 100,

Tensile strength [N/mm?]: approx. 0.5 to 100, or 20 to 100,

in its suitability for the cultivation of biological cells, which includes the following

steps:

(D) Provision of the composition, and
(2)  Adjusting the pH value to approx. 5.0 or 8.0, preferably to approx. 6.8 to 8.0,
more preferably to approx. 7.0 to 7.8, most preferably at approx. 7.2 to 7.5.

Thanks to this “optimisation method”, commercially available films like, for exam-
ple, those offered by Naturin GmbH & Co. KG, show a clearly improved suitability
for use as cell culture carriers. Step (2) is preferably carried out as an incubation of the

composition in a buffer solution with a pH value of approx. 7.2 to 7.5.



nore preferably to approx. 7.0 to 7.8, nost preferably at approx. 7.2 to
7.5. Thanks to this "optim sation nethod", commercially available filns

i ke, for exam ple, those offered by Naturin GrbH & Co. KG show a clearly
inproved suitability for use as cell culture carriers. Step (2) is
preferably carried out as an incubation of the conposition in a buffer
solution with a pH value of approx. 7.2 to 7.5. 8 The optim sation nethod
preferably conprises an additional step %3), during which the conposition
is incubated with highly fat-sol uble substances. This neasure has the

advant age that, for exanple, fat-soluble substances are ex- tracted by using
100- % acet Be optthdsajical imeyhexd preferablyngeaspiises anf astditivreal sttt (3)adiiong ovhich

bi ol ogi cal erials can thu e further. inproved., | ddition, during the
opti m satitoﬂngaé%}ti%%(ﬂtl%%ck,solpa{l]%age‘?&'"ikﬁ%lgpﬁlvfé"hg@blﬁye Sl“PStiagc re- ferred that step
(3) includes a step (3.1), during which the conposition is washed in the

buffer solution. During this step (3.1), the renaini ng1 hi ghly fat-sol uble
subst ancesThisdneasure dwe sthgr 3dvangageethat ofar agnamaplentptsebiblr svbstaneesratgiked so
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conpri ses bivlogicidinhatenals cai eipus(8) furider imgrovedch the drying of the
conposition takes place. This neasure has the advantage that it serves to
obtain a product that is sinple to handle and that can be stored al nost
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During this step (3.1), the remaining highly fat-soluble substances and, if necessary,
other contaminating residuals are removed so that the membrane is then ready for

use or can be further processed or treated.

Preferably, the optimisation method according to the invention also comprises an

additional step (4), during which the drying of the composition takes place.

This measure has the advantage that it serves to obtain a product that is simple to

handle and that can be stored almost indefinitely.

Following a preferred configuration, the composition according to the invention is

configured as a flat film.

Thanks to this measure, the composition is provided in a form that is particularly
suitable for both cell cultivation applications and the implantation of biological
material in an organism. The composition according to the invention configured as a

film can be easily cut or pressed to any shape or size.

Against this background, the composition is preferably configured as a carrier or

matrix or “scaffold”, respectively, for cell cultivation applications or as a carrier for



material in an organism The conposition according to the invention
configured as a filmcan be easily cut or pressed to any shape or size.

Agai nst this background, the conposition is preferably configured as a
carrier or matrix or "scaffold", respectively, for cell cultivation
applications or as a carrier for 9 the inplantation of biological material
into an organism preferably of stemand precursor cells or specific tissue
cells. Due to its bioconpatibility and i1s adherence- supporting properties,
it can be used for immobilizing cells. This can be of great relevance in
the field of regenerative nedicine, for exanple, in the devel opnent of cel

tul tures f@fe ithplafRiMoh of BSI6gIcal RARGF] ARt GA bighABfh, preferdily BI femhan@Vver,
it can also be used for other tissues. Therefore, it is also suitable for
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culture dIS ether wth the cells growing onit. As an alternative, the
conposi ti o?i‘aﬁb@ rdPHE f3519%e i nvention is configured as a tubular casing.

A particular advantage is the fact that the flat film according to the invention ad-
heres onto flat synthetic surfaces after drying without any extra help. As a result, the
film, for example with the cell culture’s plastic surface, produces a bubble-free unit,
which remains intact even during low-strain cell cultivation. Thus, cell-affecting
gluing and affixing aids in the cell culture can be eliminated. For specific applicati-
ons, however, this bonding can be dissolved using mechanical tools, e.g. tweezers,
without causing damage and the film can be removed from cell culture dish together

with the cells growing on it.

As an alternative, the composition according to the invention is configured as a

tubular casing.

This configuration is particularly suitable for use as a cell and substance reservoir for

implantation tests.

In dry conditions, the flat film or tubular casing according to the invention com-
prises a thickness of approx. 5 to 200 pm, preferably 10 to 100 pm, more preferably
15 to 30 pm, more preferably approx. 20 pm, and most preferably approx. 15 pm.



This configuration is particularly suitable for use as a cell and substance
reservoir for inplantation tests. In dry conditions, the flat filmor
tubul ar casing according to the invention com prises a thickness of approx.
5to 200 pm preferably 10 to 100 pm nore preferably 15 to 30 pm nore
preferably approx. 20 pm and nost preferably approx. 15 pm 10 This
nmeasure has the advantage that a partic%jarly thin filmor casing is
provided that is transparent and can al'so be exam ned under the m croscope.
This is not the case as regards the coll agen-based cell carriers known in
current state-of-the-art technology. According to the invention, the

thi ckness Thisdat®ure hasl the advaithgd thaICmPhltticﬁlhrlyTﬁﬁntfﬂlrrmdi’ dnsiag'is peoeided
equivalent to air-dried so that an absolute residu- al humn dj renaiﬂg,
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carried ouf by means of ionising radiation or, nore preferably, by neans of
bet a and/ otechaoiogyr Adrending toTtlhﬁsmrveagumetlmeaéhtcﬂiees;dmaﬂctagemeﬁatn a dried
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undamaged. Agai nst this background the optim sation nmethod according to the
i nvention com prises the additional step (5) during which the

radtat] on- &L bin 8t Ml IRnEPR AT B ALASEon PRI Erpdda | S

preferred t i'oh St cor ven nis urn

with a dyewhnmer& @rr@fbiaw;acefrhe@besbyzmnabs foriibing rayiatiohr @i, nbee prefgasbly, by

in-vitro diagnostics, the conposition can be differently col oured.
means ofI beta and/or gamrrrr?a-radlatlon y

This measure has the advantage that contaminating organisms are killed and con-
taminations of the biological material to be cultivated are broadly avoided. The
radiation-sterilization method offers the advantage that the heat-sensitive collagen

remains undamaged.

Against this background the optimisation method according to the invention com-
prises the additional step (5) during which the radiation-sterilization of the com-

pound takes place.

Furthermore, it is preferred that the composition according to the invention is also

furnished with a dye, preferably a fluorescence-absorbing dye.

For the purpose of in-vitro diagnostics, the composition can be differently coloured.
In doing process, fluorescence-coloured cells that have penetrated through the film
can be established during so-called penetration tests for pharmacological, physiologi-
cal or cell-biological tests because a, for example, fluorescence-absorbing colour of
the composition covers the fluorescent cells that have not been penetrated. Then,

only the penetrated cells glow during the fluorescence microscopic test.



I n doing process, fluorescence-coloured cells that have penetrated through
the film can be established during so-called penetration tests for

phar macol ogi cal , physiologi- cal or cell-biological tests because a, for
exanpl e, fluorescence-absorbing colour of the conposition covers the
fluorescent cells that have not been penetrated. Then, only the penetrated
cells glow during the fluorescence nicrqﬁcopic test. 11 Another subject
matter of the present invention is a nethod for the cultivation of

bi ol ogi cal material, using the follow ng steps: (1) Providing a conposition
suitable for use as a carrier for biological material, (2) Contacting the
bi ol ogi cal Anatherisabjeaf tattehef ¢benpoesent dnvensivd i$3) metlved fo1i g cHEvatomposi ti on

with the bjological material un cultivation conditions, whereby the
conpositiohm%ﬁg9§pwgﬁ?¢oﬂgﬂgﬁyFgﬁ%ﬁ%ﬂ%?%ﬁ&mjth the application according to
the invention described is used as the conposition. Another object of the

present invention relates to a nethod for the inplantation of biological
materi al ifi)o aProvidingiasomposition witabletfheuseds aoearrigr for bpdogicdl)m@epal, di ng a
conposi tiop,sui t.abl e .for, use. as carri.er..for hiologj.cal terial, (2)

Cont acti ng“the P%#%SP%&Weﬁ%&%ﬂ?aFnﬁf?ﬂ‘Fﬁ%Q%%ﬁ%ﬁEP§P8ﬂg“gﬁd (3) Introducing
the bi ol ogi3sal nrRub&tigg the ceaiparionvwith the mologial maeridlnteda@ncultivgddn S m
wher eby the conposj.tion above-nentioned in connection with the application
according to t MR YeRYi on described is used as the conposition. Another
subject-matter of the present invention relates to the use of the

conposition according to the invention for the determnation of the
i nvasi on awtlersblyatieagbmipogitiopohbore-mentibnédimar comtdcsion with the application

according to the invention described is used as the composition.

Another object of the present invention relates to a method for the implantation of

biological material into an organism, comprising the following steps:

(1) Providing a composition suitable for use as a carrier for biological material,
(2)  Contacting the biological material with the composition, and
(3) Introducing the biological material in contact with the composition into an

organism,

whereby the composition above-mentioned in connection with the application

according to the invention described is used as the composition.

Another subject-matter of the present invention relates to the use of the composition
according to the invention for the determination of the invasion and metastasising

potential of tumor cells.

Common in-vitro test methods for the invasion and metastasising potential of tumor
cells are based on the following principle: the penetration capacity of tumor cells is
measured through a perforated and non-degradable synthetic film. In in vitro tests,
this system, for example, serves to measure the effect of anti-carcinogenic pharma-

ceuticals on the penetration capacity of the cells. The invasiveness of a tumor cell,



Common in-vitro test nethods for the invasion and netastasi sing potential of
tunor cells are based on the following principle: the penetration capacity
of tunor cells is neasured through a perforated and non-degradabl e
synthetic film In in vitro tests, this system for exanple, serves to
measure the effect of anti-carcinogenic pharma- ceuticals on the penetration
capacity of the cells. The invasiveness qof a tunor cell, 12 however, does
not only depend on the mgration capacity through gaps (pores) in the
connective tissue but also on the cells' ability to enzymatically degrade or
rebuild the connective tissue's conponents that mainly consist of the

col ljagens. hauﬁvdrgde§nod 01|Myt hépzelnl Kless , thhlcvmgwn:fn'dtapaamzl thtcmgdﬁgabss@dres) in
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the composition according to the invention opens up a new area in in-vitro diagnos-

tics.

The composition according to the invention can also be used to determine the
proteolytic activity of non-tumor cells and their invasion potential, e.g. as a vitality

test for stem cells.

It is clear that the characteristics both mentioned above and explained in the follow-
ing are not only applicable in the respective given combination but also in other
combinations or in an isolated approach, without departing the scope of the present

invention.

The invention is now explained in more detail on the basis of embodiments from
which further criteria and advantages as well as characteristics of the invention arise.

Reference is made to the figures attached that show the following:

Fig. 1 shows a collagen inlay with a thickness of 20 pm for a cell culture panel with 6
cavities (A), a tubular casing according to the invention as a cell reservoir for implan-

tation tests (B, B).



The invention is now explained in nore detail on the basis of enbodinents
from which further criteria and advantages as well as characteristics of
the invention arise. Reference is made to the figures attached that show
the followng: Fig. 1 shows a collagen inlay with a thickness of 20 pmfor a
cell culture panel with 6 cavities (A), a tubular casing according to the
invention as a cell reservoir for inplan- tation tests (B, B ). 13 Fig. 2
shows the result of a BrdU proliferati or43assay on human mesenchymal stem
cells (hMsC). I mune-cytochem cal analysis of the BrdU-positive cells. The
cells were cultivated on a conventional synthetic culture surface (A A

and on th€F1§OE|sﬁ0ngﬂe redulld &f Q(B@@U(?brﬁﬁfefre&ldxﬁstbg\tﬁﬂhhﬂﬂnamdsdd&ﬁyﬁm gtémyi t h
BrdU for one hour. Fig. 3 shows the result of the BrdU proliferation assay
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was cultivated together wth hMSCs under osteogenic differentiation
conditions (A A); alkaline phosphate activity fromenbryonal (E18) nurine
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Figures B m@de@ecﬁ{zagmﬁaalﬁr@m@mnuous m neral i zation of the 3-di nensi onal
matrix. The integration and penetration capacities depend on the cell type.
Fig. 6 shows the inplantation of a cell-free tubular casing according to the

I nvention Fig. 4 shows a top view of a mineralised collagen matrix that was cultivated together
with hMSCs under osteogenic differentiation conditions (A, A); alkaline phosphate
activity from embryonal (E18) murine osteoblasts from the cranial calotte after a two-

week cultivation phase on the collagen matrix (B, B).

Fig. 5 shows a paraffin cross section through the collagen matrix that was cultivated
with embryonal (E18) murine osteogenic progenitors from the cranial calotte under
proliferation conditions (A, A) and osteogenic differentiation conditions (B, B).
Figures B and B’ clarify the continuous mineralization of the 3-dimensional matrix.

The integration and penetration capacities depend on the cell type.

Fig. 6 shows the implantation of a cell-free tubular casing according to the invention

in a C57/BL6-murine (A) and the implanted matrix after 6 weeks in the nude murine

(B).

Fig. 7 shows the tubular film according to the invention directly prior to the implan-
tation that colonised for one day with hMSCs (A) as well as the explanted implant

grown into the connective tissue after 6 weeks (B).



in a C57/BL6-murine (A) and the inplanted matrix after 6 weeks in the nude
murine (B). Fig. 7 shows the tubular filmaccording to the invention
directly prior to the inplan- tation that col onised for one day with hMSCs
(A) as well as the explanted inplant grown into the connective tissue after
6 weeks (B). 14 Fig. 8 shows the tubular filmaccording to the invention
follow ng the explantation after 6 vveek in a C57/BL6-nurine in an enl arged
presentation. The bl ood vessels that per4\/ade the collagen filmare clearly
recogni sable. Fig. 9 shows the He-colouring on a paraffin cut that was nade
froman explanted inplant. Enbodinments 1. Coll agen-containing conposition
The i nvent bigs Sudhewssbednbiilial fikmresderdingne tld &lventiandollawireg e dgtlamtation GrbH

& Co. KG d out t t apl t ' i -
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Fig. 9 shows the He-colouring on a paraffin cut that was made from an explanted

implant.

Embodiments

1. Collagen-containing composition

The inventors used seven films made commercially available by Naturin
GmbH & Co. KG and found out that they were suitable for the application ac-
cording to the invention. The parameters of the commercially available films

tested are listed in the following Table 1:
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1.1 Production of conpositions in filmform according

16

Production of compositions in film form according to the invention

Bovine hide splits serve as the starting material for the production of the
composition according to the invention in film form, which, with regard to
their traceability and the hygiene standards, meet the requirements specified
in Regulation (EC) No. 853/2004.

These bovine hide splits are roughly mechanically pre-cut and in several
method steps at first washed with water and subsequently decomposed using
alkaline. The level of decomposition can be varied and depends on factors
such as the duration of the treatment, the concentration of the alkaline me-
dium (pH value) and the temperature. Lime water, sodium hydroxide solution
or a mixture of these two components are normally used to set the alkaline
medium. However, other alkaline combinations are equally suitable. The alka-
line treatment is carried out at a pH value of, for example, 12.5 and can range,
for example, from 15 hours to over 150 hours, depending on the intended in-
tensity of the hide decomposition. Amide nitrogen proved as a possible pa-
rameter for the analytical tracing of the level of decomposition of the collagen

tissue: the more intensive the decomposition, the lower the amide nitrogen.

After reaching the desired level of decomposition, acid is added and, subse-
quently, water is repeatedly used for rinsing. The acidification is usually done
using hydrochloric acid over a period of 6 to 10 hours, reaching a pH value of
< 2, preferably < 1. The use of other acids is also possible. The pH value is sub-
sequently increased from 2.6 to 3.3 by means of numerous downstream rins-

ing procedures using water.

The resulting “collagen callosities” are then mechanically processed by means
of mincing and pressing the minced material through perforated discs with

gradually smaller aperture sizes into a gel-like, viscoelastic matter.



Bovine hide splits serve as the starting material for the production of the
conposition according to the invention in filmform which, with regard to
their traceability and the hygi ene standards, neet the requirenents
specified in Regulation (EC) No. 853/2004. These bovine hide splits are
roughly nmechanically pre-cut and in several nethod steps at first washed
with water and subsequently deconposed ligi ng alkaline. The | evel of
deconposition can be vari ed and depends '0on factors such as the duration of
the treatnment, the concentration of the al kaline me- dium (pH value) and the
tenperature. Line water, sodium hydroxide solution or a mxture of these
fwo conponkitls Qeelopmemat dsya fistilnt osgtositien mokBl i ne  nmedi um However, ot her
al kal i ne conbi nations are equally suitable. The alka- line treatnment is
carried out at a pH value of, for exanple, 12.5 and can range, for exanple,
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the hide deconposition. nitrogen prove as a possi ble pa- raneter for
t he anal yti cal uhreaiymmf watm andweeid arfe adidednpbtlie japre t]fnet lhi‘ pHl vadugels ad-
tissue: the nor

After reaching 1 j%ﬁtisgfjtg)gﬁ ]ilﬁ at%lg\?‘egecfgposohbggﬁc%rgﬁgé %e ggeg?egse ﬂﬂgtr ggg e-

quently, water bestweapead 2l amiezlsfmr 9%.I TR m@(tuifmmbaeqwhn‘tlyqadssemht@;gmmal |y
done using hydrochloric acid oyer EfrlOd of 6 to, 10 hour ching a pH

e
val ue of < 2, HTBPEGTIYpAT,Isaefate ﬁ@ddg cgrennapuied tgoy a|5§t)n9 & PBie? The

pH val ue is subcorﬁ;@gylesélt Yorl WHi@R&RrdstiRfgledd filM PaseLthrBEANS tAhnBLAREOQUS
downstream rins- ing procedures using water. The resulting "collagen
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through a re- hydratlon zone before it is wrapped up.

1.2 Development as a tubular casing (compositions no. 2 to 7)

The viscoelastic collagen mass from 1.1 is transferred into a moulding mixer,
into which glycerine is added depending on the formula. The pH value and
the percentage of dry matter are adjusted at the same time as the water and

acid are added.

The homogenous mass is subsequently extruded through a ring slotted nozzle,
thereby producing an endless tubular casing. A simultaneous injection of sup-

porting air protects the tubular casing against collapsing.

The transport of the blown tubular casing through the extrusion line proceeds
differently in detail depending on the type of intestine to be produced. In
principle, there is the possibility to pass through chemical-containing showers
and drying segments in a variable sequence. At the end of the extrusion line
the dried tubular casing is laid flat between squeegees and wound up on

spools in this condition.



17 1.1.1 Developnment as a flat film (conposition no. 1) This "concentrated"
collagen mass is transferred into an agitator into which the glycerine,

wat er and acid are added. At the sane tinme, the pH value is ad- justed to
preferably 2.6 - 3.2 and the percentage of dry collagen is adjusted between
1.6 wt.-%and 2.5 w.-% The m xture subsequently passes through a

honogeni ser, is aerated and subsequentlyaooured through a slit nozzle onto a
conveyor belt, on which the resulting geﬁ filmpasses through a tunnel

drier. Before entering the drier, it is fum gated preferably using anmonia
gas, thus raising the pH value of the gel. At the end of the drier, the
dried fil mpassébe tubulouéjlms obtimgdltlzri ondergner thefmak tieatmentwwhyepehy Uy 1. 2
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i njection of suP- porting air protects the tulg)ul ar casi ng agai nst '

col | apsi ng. Thelarrexagpde ta sfitableewpy bah te b downd taseduge the Sigentent, mhictusi on
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be produced. 1 ntOseRN L abdpBEL ) De RRAELEONAT P 15420 The M BE HaE
chem cal - cont ai rdlrigtestinesetcs proginde dr gollagers @gatesttis, fon eaampid, alebaibedgnefs-2. At

t he end of the r ysi line the dried tubul ar, casi is laid flat between
squeegees and V\ﬁﬁ%é%gp?ﬁﬁpe @%&Feéltf Are mcgr}&(brﬁm%t ‘noﬁ}e chlosure of the current

application by reference.
1.2 Adjusting the pH value

The pH value is adjusted through the use of a calcium and magnesium con-
taining phosphate buffer [phosphate buffered saline (PBS) with Ca** and Mg*™
(PAA H15-001)] that adjusts the pH value of the collagen-based film in the
physiological area of pH 7.2 to pH 7.5. To this end, the collagen film is
washed with the buffer system by means of agitation for 5 days. The buffer is
exchanged twice a day.

Alternatively, the collagen membrane can also be immersed for an hour in a
phosphate buffer containing glycerine with a pH value of 7.3 (phosphate
buffer: 15.6 g of KH,PO,, 71.3 g of Na:HPO, x 2 H,0 and 492.9 g of glycerine
are dissolved into 7722 g of distilled water). Afterwards, the processed film is
left to drain and placed into a tenter frame, where it dries overnight at room

temperature.
1.3  Further optional processing

After a short equilibration in distilled water, the collagen membrane is pro-

cessed with 100 % acetone to extract the fat-soluble substances and break



18 The tubular filnms obtained then undergo a thermal treatnent, whereby
they acquire the required nechanical stability for their |ater use.
Conpositions ac- cording to the invention in filmor tubular formcan al so
be made on the basis of other collagen sources, whereby the processing of
the collagen gel may dif- fer in its detail fromthe precedi ng descriptions.
Based on pig hide collagen, for exanpl a suitable way has to be found to
reduce the fat content, which, for exanple, is described in DE 100 60 643
and EP 1 423 016. The use of natu- ral intestines to produce a collagen
matter is, for exanple, described in ES 2 017 564. These docunents are

i ncor por at ed i ndewa thieswatesselublef prokaing Xftesrthe ramovalcef thenadsyonexfthe alnied. 1. 2
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wth Ca** and Mydltiun{ BAA nidnedidin-Fofagting phosplsate baffpi(iv g/l &KC1f0.2;HeH,PO,

col | agen-based filmin the hysi ol ogi.cal area of pH 7.2 t H75 TqQ this
end, the col | aght: NAGHBIE NagHlefeantiydats hd SpGarErHEOsng HP0Dame: bect-
agi tation for 5zdaysn lffbﬁobllfofﬁL Tb infinseARGBhteMsale, thel@¥shify ?%d&ﬁhté’ﬁ' 'z

t he col |l agen nenbrane can al so be imersed for an hour in a phosphate

buf f er cont ai ni Fpeatedcetimes faf arte Roysieagh indistifled watgtphosphate buffer: 15.6
g of KH2PO4, 71.3 g of Na2HPO, x 2 H20 and 492.9 g of glycerine are

di ssolved into 7722 g of distilled water). Afterwards, the processed filmis
left to draign apdyipgaced into a tenter frame, where it dries overnight at
room tenperature. 1.3 Further optional processing

The available membrane or film is dried. This can be done in a drying cabinet
at 60°C, whereby a humidity value of < § %, for example 3%, can be reached.
The membrane can also be dried at room temperature simply by leaving it to
dry in the air so that it will finally adjust itself to the relative air humidity de-
pending on the balancing humidity of the membrane or film that usually

amounts to between approx. 8 wt.-% and approx. 13 wt.-%.
1.5  Shaping and radiation sterilisation

The dried collagen membranes or films obtained can be cut in any way or
punched, e.g. in DIN A5 sheets. These sheets are then sterilised by means of

beta or gamma irradiation at 25 kGy or 50 kGy.

The collagen film can, for example, be finished as an insert for synthetic deep-
ening cups of any construction type, for example microtitre plates, or pro-
duced as preferably seamless tubular casings with a diameter of < 2 mm,
approx. 12 mm up to several centimetres. Thermal welding or gluing the film

is also possible.



After a short equilibration in distilled water, the collagen nenbrane is
pro- cessed with 100 % acetone to extract the fat-sol ubl e substances and
break 19 down the water-soluble proteins. After the renoval of the acetone,
the dried nenbrane is washed at negative pressure 3 tinmes for one hour each
using the cal cium and nmagnesi um contai ni ng phosphate buffer (in g/l: KO
0.2; KH2P04 0.2; Nad 8.0; NazHPO4 anhysglsous 1.15; CaCl2-2H20 in H15-001
0.132; MyCl2- 2HzO in H15-001 0.1). To elimnate the buffer salt, the
washi ng procedure is repeated 3 tines for one hour each in distilled water.
1.4 Drying The avail abl e nenbrane or filmis dried. This can be done in a
dryi ng cabilfet Paxamgders afHdedpducaduserapesition| ageosing t¢; the ipvantiop i fidm3o,
can be reached. ¢, The nenbrane can al so be dried at room tenperature sinply
by leaving it to dry in the air so that it will finally adjust itself to
the relative air humdity de- pending on the bal ancing hunidity of the
menbrane or filmthat usuall anounts tQ between appr ox - % and
approx. 13 wt: Jhe pasamefers %%dléfﬁE?"rtaﬂﬂt&Pilé%?nsElBN piﬁs&&eﬁ%ﬁedrwe the feliowing agen
menbranes or fikip wala?%e?ﬁ?ea'%ﬁe&% a'cBo@Q%cé"WtkP{he ?MEE@&‘& d8s@ibeliinD N
AS sheets. These sheéts are then sterilised by means of beta or gamma
irradi ation at 28.kGyherebgahk Gyeps Tdescuilodd dyencdridameecwith festiopxhphere et
finished as an i Ert for synthetic deep- ening cups of any construction
type, for exanpf I Sotitre pl ates, or pro- duced as preferably seanl ess
tubul ar casings wth a dianeter of < 2 mm approx. 12 mmup to several
centinetres. Thermal welding or gluing the film is also possible.



20 1.6 Paraneters of the produced conposition according to the invention in
film form The paraneters of different flat collagen filns are presented in
the following table 2, which were reached in accordance with the procedures
described in 1.1.1, whereby the steps described in accordance with section
1.3 were not carried out. 21 Sanple ABCDEFOG Collagen [Ww.-9% 58 61
61 61 55 55 55 Amde nitrogen 28 37 37 3/ 31 31 31 [mol/ 100g dry

collagen] A ycerine [w.-% 16 25 25 25 30 30 30 vegetable oil [wt.- 500
0 00O oho] Sorbite [w.%4 3 000O0O0O0 Ash (6000; [w. 2111111
%9 Vater content 16 13 13 13 14 14 14 pHvalue 5.2 7.0 7.0 7 07.17.1217.1
Wei ght per unit 32 38 29 23 30 27.5 25 area [g/nR2]: Tensile strength, 60 67
61 44 59 piafiple | engrin (N2 B C D E F G

Collagen [wt.-%] 58 61 61 61 55 55 55

Amide nitrogen | 28 37 37 37 31 31 31

[mmol/100g

dry collagen]

Glycerine [wt.-%] 16 25 25 25 30 30 30

vegetable oil [wt.- ) 0 0 0 0 0 0

%]

Sorbite [wt.-%] 3 0 0 0 0 0 0

Ash(600°C); [wt.- 2 1 1 1 1 1

%]

Water content 16 13 13 13 14 14 14

pH value 5.2 7.0 7.0 7.0 71 7.1 7.1

Weight per unit| 32 38 29 23 30 27.5 25

area [g/m?]:

Tensile strength, | 60 67 61 44 59 54 48

length [N/mm?]

Tensile strength, | 52 54 48 38 S2 47 43

cross [N/mm?]

Type of sterilisa- | none ™* ™*) ™ ™* ™ ™

tion and dose

Table 2: parameters of the produced films based on collagen

*) For every sample from 1 to 6, there were 5 sub-tests: without sterilisation (a),
beta-radiation 25 kGy (b), beta-radiation 50 kGy (c), gamma-radiation 25 kGy
(d) and gamma-radiation 50 kGy (e)



Tensile strength, 52 54 48 38 52 47 43 cross [NmR] Type of sterilisa-
none (*) (*) (*) (*) (*) (*) tion and dose Table 2: paraneters of the
produced fil ms based on collagen (*) For every sanple from1l1l to 6, there
were 5 sub-tests: without sterilisation (a), beta-radiation 25 kGy (b),
beta-radiation 50 kGy (c), ganmma-radi ation 25 kGy (d) and gamma-radi ati on
50 kGy (e) 22 The follow ng nethods of gnalysis were applied: Collagen over
hydr oxi proline regulation / am de nitrogen anal ogue EP1676595 (Geistlich
Sohne AG / Gycerine over HPLC / vegetable oil through Soxhlet extraction
/| Sorbite over HPLC / Gravinetric ash after incin- eration in a nuffle
furnace for 5 héhedollawipgaesthodepbanatesiy veragapbiedcontent  after drying in
the drying cabinet at 150C / pH value by snipping the film into small

pi eces, inserting the snippets in a 5-% NaCl solution and neasuring using a

gl ass el ectrodeCeflagen 16ver m;tcBSxi/prdIﬁﬁes p:gﬁlalﬂl@ht ar gmidey MRidgehnimaldghe cm X
10 cmpiece of filmwth balancing humdity / tensile strength |en th way's

and across by nERHY P> a(GEFFShGan nea AQebt Plygemne ivse Hhtdel vggeigBle 0@TS
Testsysteme GrbH)roabh SoxRiet eRRAHIH PREMtedves WL@P%riﬁhﬁHlé’ QSIPHﬂEIdlhthl of

the punched sanpl e body and a traverse speed o mm m : I'tivation
of bi ol ogi cal naragionan a mliﬂe:@rm:agmfcatﬁ baursfattGQQ @bhﬁwnmemc Wiagsr congedws a

col L agen i1 m aggier A 10 chlR)AYSABIAR aliishic? /P SNBSSy QB by

configured as an Ins or a aV| ture ubuI ar
into small pieces, inserting the snippets in a 5-% NaCl solutlon and measunng

using a glass electrode after 10 minutes / mass per unit area by weighing a 10
cm x 10 cm piece of film with balancing humidity / tensile strength length-
ways and across by means of a UTS universal testing machine (model 3/205,
UTS Testsysteme GmbH) after air-conditioning at 21°C/ 60% relative humidity

of the punched sample body and a traverse speed of 100 mm/min.

2. Cultivation of biological material

2.1  Configuration of the composition

Fig. 1 shows a collagen film according to the invention with a thickness of 20
um, configured as an insertion for a cavity of cell culture panel (A). A tubular
casing is shown in the part illustration (B), which is schematically presented
in part illustration (B). The tubular casing is shown at reference number 1.
The cells are shown at reference number 2, which can be placed in the interior
of the casing. An active substance or growth factors are shown at reference
number 3, which also can be placed in the casing in order to influence the

biological cells.
2.2 Proliferation behaviour of human cells

The proliferation behaviour of human cells, mesenchymal stem cells MSC and

the human cell line SaOS2 on the collagen film according to the invention did



casing is shown in the part illustration (B), which is schematically
presented in part illustration (B'). The tubular casing is shown at
reference nunber 1. The cells are shown at reference nunber 2, which can be
placed in the interior of the casing. An active substance or growh factors
are shown at reference nunber 3, which also can be placed in the casing in
order to influence the biological cellsy32.2 Proliferation behaviour of
human cells The proliferation behaviour of human cells, mesenchymal stem
cells MSC and the human cell line SaGS2 on the collagen filmaccording to
the invention did 23 not show any difference in conmparison with the
conventional culet vEeWoany slidereacs &3 Gompasisop| withi thec convandiopakicHltivatignre 2.

The cells were Srbdiiasefl {0 phC eaNERtbANAlaRhas! i Cilsbhict cANIVERRPOA D and

on the coll agen m accor e 1 nvén I ncu ate vvlth Br dU
f.or one hour. Thenwutimmat pasii¢ Icuul$uret5|uaﬂac©(l‘\)(3)d ghdhs collhageudllhagmrcﬂunlgrmat 1,

the cells at 2, .the co t t he BrdU itive cell.s at 6.
The statisti caI “éwvﬁﬁb%ﬂﬁg?“‘# ‘%lagelg ’rtBaI?aU @F SPFEWUEO@:\ ,& Wdﬁ{”he MIT
vitality test (E;)mahE{Bprsﬁﬁﬁmlwmlmgénguﬁeat31 théfct By 467, Asie canagergﬂbifelsqast

di fferences are shown between the colla en filmac- cor di r:)%éto t he |nv§nt| on

and the convent PBR4Ne Brdldpositiysels at 6. Bhegstadisticad te’VMulaPP? he BrdHrgroH
murine progeni t gfgioh!RH gt(ﬁ?aﬁ& ffiéﬁ&mmftﬁes%m J}B/R ReifRiGn kdvated on

this matri x under osteogenic differentiation cond e eval uati on
of the bioconpatibility of the collagen filmaccording to the i nven- tion.

The result is. presented in Part i1llustr t|on
Sverviow of & nRHERAISd BenifRgarditisrances ate shown Betwaen Y c3lgeh il ac

cording to the invention and the conventional plastic basins.
2.3  Biocompatibility

Both embryonal murine progenitors from the cranial calotte and hMSCs were
cultivated on this matrix under osteogenic differentiation conditions for the
evaluation of the biocompatibility of the collagen film according to the inven-

tion. The result is presented in figure 4.

Part illustration (A) shows an overview of a mineralised collagen matrix ac-
cording to the invention, which was cultivated together with hMSCs under
osteogenic differentiation conditions. Part illustration (B) shows the alkaline
phosphate activity of embryonal murine osteoblasts from the cranial calotte
after a 2-week cultivation period on the collagen foil according to the inven-
tion. The schematic part illustrations (A’) and (B) show the collagen mem-
brane at 1, the cells at 2a and the cells after detection of the cellular alkaline

phosphate activity at 2b.

The detection of the alkaline phosphate activity and the cell-induced miner-
alization clarifies the differentiation potential of the cultivated cells and, thus,

the biocompatibility of the matrix according to the invention.



cording to the invention, which was cultivated together with hMSCs under
osteogenic differentiation conditions. Part illustration (B) shows the

al kal i ne phosphate activity of enbryonal murine osteoblasts fromthe
cranial calotte after a 2-week cultivation period on the collagen foil
according to the inven- tion. The schematic part illustrations (A) and (B')
show the col l agen nem brane at 1, the cg/ls at 2a and the cells after
detection of the cellular al kaline phosphate activity at 2b. The detection
of the al kaline phosphate activity and the cell-induced mner- alization
clarifies the di erre_nti a}ti oerrﬁ\gfoten,ti al] of the cultivated cells and, thus,
t he bi ocorr%é‘ii bEHHXptioN QtBrestimensioRal iR §tHEt YW eSe i nvention. 24 2.4
Cultivation of three-dinensional tissue structures Paraffin cross-sections
are made from col oni sed col |l agen filnms. These were his- tochemcally

anal ysed wi t h rBaaffih tioss-beetions ereahadafrooncoldhided eslldgeni finpt Ehessemdre chis-n

figure. S. Part illustratio , sho the paraffjn_.cross-sectjon un- der
br o1 ferat i on RS, aparied vithsRea oh e Bt oL be Jeatl & Pre
differen- tiati ghte®@nekighiRNS. Pakt R{s@atioh QA] hﬁ sEOWS ageparaffiiirods-§eetibRaurrel | s
and 4 to the sil- ver nitrate deposits. On the one hand, this experinent

shows the high f¢miokifqratien sangdigioant past illustationBi Bk uBdelepstengenic dibleren-

i ntegration abiiifiyn @bnafBrSe] beithth® cbliedi e 2 6 FRNSIRNAG 4 14 ML i x.
Wth the help o#l t%rlls rr}atrlnx' aCC(e)rcﬁ)Eg tco ﬁehtlrln\/en- gl?egn, ?ﬁe cu ﬁvati on
of three-di nensvenrskratd depositst ruct ures i s conceivable. 2.5 I nplantations

| npl ant ati on experinents were carried out on nude and C57/BL6 mce. To this
end, cell-loaded tubul ar casings according to the invention were im

On the one hand, this experiment shows the high mineralization potential
and, on the other hand, the integration ability of the cells within the three-
dimensional film/matrix. With the help of this matrix according to the inven-

tion, the cultivation of three-dimensional tissue structures is conceivable.
2.5 Implantations

Implantation experiments were carried out on nude and C57/BL6 mice. To
this end, cell-loaded tubular casings according to the invention were im-
planted in the area between the subcutis and the peritoneum. The result of
this experiment is shown in figure 6. Part illustration (A) shows the implanta-
tion and part illustration (B) shows the implanted matrix according to the in-
vention after 6 weeks in the nude mouse. The drawn-through arrow points to
the cell-loaded tubular casing according to the invention. With the help of the
fixing points, the tubular casing with the inserted non-biodegradable fila-
ments can also be easily located in part illustration (B); dotted arrow. In part
illustration (B), the preparation clearly shows the still existing tubular casing

according to the invention.

Figure 7, part illustration (A) shows the tubular casing according to the inven-
tion directly prior to the implantation, which was colonised for one day with

hMSCs. Part illustration (B) shows the explanted implant grown in the con-



planted in the area between the subcutis and the peritoneum The result of
this experinent is shown in figure 6. Part illustration (A shows the
i nplanta- tion and part illustration (B) shows the inplanted matrix
according to the in- vention after 6 weeks in the nude nouse. The
drawn-t hrough arrow points to the cell-Iloaded tubul ar casing according to
the invention. Wth the help of the fixiqng points, the tubular casing with
t he inserted non-bi odegradable fila- nents can al so be easily located in
part illustration (B); dotted arrow. In part illustration (B), the
reparation clearly shows the still existing.tubular casin according to
The i nvention. PPE¥eUSSUS BlFE 6 Weaks: TRETFBY: 1f RFCOmBEPRATENt THF6ICHFD CalFohs
according to thsftwwnn?ﬂaﬁfatwnrﬁfetin\fe@tyqsf e tub@ldr HRbiARt Rkl invhétChe-Was
colonised for one day with hMSCs. Part illustration (B) shows the explanted
i.npl ant grown i FPitRN Mipignt ahsemtianeProce$ue after 6 weeks. Thereby, it
becones apparent that even 6 weeks after the inplantation the integrity of
t he tubul ar casing renmains intact de- spite an incipient absorption process.
The i npl ant haSTﬁé@r@pl@ﬁtha@‘Mtaﬂ? gidven GARNE cbhMectiviesuge of tHehwhiaial @Al vard was
crossed by bl ood vessels; see also figure 8 The schematic

A, ‘). .
i | lustration (Afrostssbload V@%ﬁ?lsaﬁr@ﬁl%ﬁﬂ%ﬁ&& o{i)fhet yoematic dllyssrationd)
col I agen fibresp{z)s @moﬁlagesn g{?ﬁﬁﬂar\fﬁf@ﬁ'tﬁeQZIX%(ZB,W%H%&I FbRgiHalnsapal yses

of HE-col oured paraffin cu ow cells"'t hat ave mgrated into'the foi
accordi ng to thbldodwenselsofd). see al so figure 9. A blood vessel can be
clearly established in the area of the inplants (A arrow). In the
schematic illustration (A) 1 refers to the tubular casing, 2 to the cells, 5

to the col | agenihififrRshistbldgicat £1aPRds B SEEIcoRded parattinCctONABH! CMEs thatsue.
have migrated into the foil according to the invention; see also figure 9. A
blood vessel can be clearly established in the area of the implants (A, arrow).
In the schematic illustration (A’) 1 refers to the tubular casing, 2 to the cells, 5

to the collagen fibres, 7 to a blood vessel and 8 to the connective tissue.
3. Conclusion

The inventors could supply a collagen-containing composition, for example in
film or casing form, which is reproducible in large-scale manufacturing and
which is especially well-suited for the cultivation and generation of biological

materials.



3. Conclusion The inventors could supply a collagen-containing conposition,
for exanple in filmor casing form which is reproducible in |arge-scale
manuf acturing and which is especially well-suited for the cultivation and
generation of biological materials. 26 Cdains 1. Use of a conposition for
the cultivation of biological cells, conprising the follow ng paraneters:
Collagen [w. % : approx. 30 to 80, Amzsg nitrogen [wt. 9% : approx. 0.06 to
0.6, Polyol [wt. approx. 0 to 50, Fat [wt. approx. 0 to 20, Ash [w.
approx. 0 to 10, Water [wt. -%: approx. 5 to 40, pH Value: approx. 3 to
10, Weight per unit area [g/n2]: approx.. 10 to 100, Tensile strength

[N nmR]: approx. 0.5 to 100. 2. Use of I%n 1, characterized in that the
polyol is selected from dycerin [w. %: approx. 0 to 50, and/or Sorbite
[Ww. 9% : approx. 5 to 40. 3. Use of clains 1 or 2, characterized in that the
conposi ti od. conpist ésa tompositichdnr rihe attivationr of bicdogiaa)ecellswcompgisingplbreox .

50 to 70, Am d?olf%'v&iﬁg en g¥ter.5: approx. 0.14 to 0.4,

Collagen {wt. -%]: approx. 30 to 80,
Amide nitrogen [wt. -%)]: approx. 0.06 to 0.6,
Polyol [wt. -%)]: approx. 0 to 50,
Fat [wt. -%]: approx. 0 to 20,
Ash [wt. -%]: approx. 0 to 10,
Water [wt. -%]: approx. 5 to 40,
pH Value: approx. 3 to 10,
Weight per unit area [g/m?]: approx. 10 to 100,
Tensile strength [N/mm?]: approx. 0.5 to 100.

2. Use of claim 1, characterized in that the polyol is selected from:
Glycerin [wt. -%]: approx. 0 to 50, and/or
Sorbite [wt. -%]: approx. 5 to 40.

3. Use of claims 1 or 2, characterized in that the composition comprises the

following parameters:

Collagen [wt. -%)]: approx. 50 to 70,
Amide nitrogen [wt. -%]: approx. 0.14 to 0.4,
Glycerin [wt. -%]: approx. 12 to 35,
Fat [wt. -%]: approx. 3 to 7,
Sorbite [wt. -%]: approx. 0 to 20,
Ash [wt. -%]: approx. 0.5 to 3,

Water [wt. -%]: approx. 12 to 18,



Gycerin [wt. -%: approx. 12 to 35, Fat [w. -9%: approx. 3 to 7, Sorbite
[wt. -9 : approx. 0 to 20, Ash [w. -9%: approx. 0.5 to 3, Water [w. %:
approx. 12 to 18, 27 pH Value: approx. 5.5 to 8  Wight per unit area
[g/nmR2] . approx. 20 to 40, Tensile strength [NNme]: approx. 5 to 25. 4. Use
of any of the preceding clainms, characterized in that the fat is essentially
vegetable oil. 5. Use of any of the precggding clains, characterized in that
the pH value is at approx. 5.0 to 8.0, preferably at approx. 6.8 to 8.0,
nore preferably at approx. 7.0 to 7.8, nost preferably at approx. 7.2 to
7.5. 6. Use of ag% Qlf the preceding clains, chﬂéacgeri zed in that the
conposition is PEolt§ured as a flat fil3RPI9X-38&°8f any of the preceding

claims, charact eyéigelpdrudihadea [§)en2f:0MPOSAPprOR. 25to 4PNfigured as a tubul ar
casing. 8. Use of any of the preceding clains, characterized in that the

conposi tion in denglestiesgel INrmdonpr i seaPpaoX-hi tkéess of approx. 5 to 200
pm 9. Use of claim8, characterized in that the conposition in a dry
condition conprises a thickness of approx. 5 to 100 pm preferably of

approx. 104t o 3Use PianysithppedcRamly Maidhs, RBBFaRYerizé® if thatlthe a6 & &kerdtiyllyof
the preceding clains, characterized in that the conposition is configured
as a carrier foVeggS#MeeHti ons of cell cultivation.

S. Use of any of the preceding claims, characterized in that the pH value is at
approx. 5.0 to 8.0, preferably at approx. 6.8 to 8.0, more preferably at approx.
7.0 to 7.8, most preferably at approx. 7.2 to 7.5.

6. Use of any of the preceding claims, characterized in that the composition is

configured as a flat film.

7. Use of any of the preceding claims, characterized in that the composition is

configured as a tubular casing.

8. Use of any of the preceding claims, characterized in that the composition in a

dry condition comprises a thickness of approx. 5 to 200 pm.

9. Use of claim 8, characterized in that the composition in a dry condition
comprises a thickness of approx. 5 to 100 pm, preferably of approx. 10 to 30
pm, most preferably of approx. 15 pm.

10.  Use of any of the preceding claims, characterized in that the composition is

configured as a carrier for applications of cell cultivation.



28 11. Use of any of the preceding clains, characterized in that the
conposition is configured as a carrier for the inplantation of biological
material, preferably of stemprecursor cells, into an organism 12. Use of
any of the preceding clains, characterized in that the conposition is
sterilised through radiation. 13. Use of claim 12, characterized in that the
radiation sterilisation is carried out gging ionising radiation. 14. Use of
claim 13, characterized in that the ionising radiation is beta-radiation
and/ or gamma-radi ation. 15. Use of any of the preceding clains,

characterized in that the conposition .conprises . a dye referably a |
fluorescen g; ab F@?@yq%ﬁleg&ec .Bg(ﬂa”é‘sc agtlep,zqﬂﬂ}/q yﬂge r‘?ﬂ’?ﬁb‘ysftllfg_l 1S

i nvasi on and rrewﬁﬁgﬂealaaga patientoradheGnplaniaBish SrehibogichdAcHA! pEderably t hat
the conposition used is the conposition of the use of any of the clainms 1

t.o 14. 17. Met h@fstesr prasursenrcellsy iitp@R Bamis®| ogi cal material, conprising the
followng steps: (1) Providing a conposition suitable for use as a carrier
for biological material, (2) Contacting the biological naterial with the

conposi tion2. an@sedf anjcotbaid p@céditg CRIRGS thdradteikddird Beathine! @@hsaitidraier i al
under cultiva- tion conditions, characterized in that the conposition used
i s the conposit Stiliged Ehf@u%éadﬂtlo%cny of the clains 1 to 15. 29

13.  Use of claim 12, characterized in that the radiation sterilisation is carried out

using ionising radiation.

14.  Use of claim 13, characterized in that the ionising radiation is beta-radiation

and/or gamma-radiation.

15.  Use of any of the preceding claims, characterized in that the composition

comprises a dye, preferably a fluorescence-absorbing dye.

16.  Use of a composition to determine the invasion and metastasizing potential of
tumour cells, characterized in that the composition used is the composition of

the use of any of the claims 1 to 14.

17. Method for the cultivation of biological material, comprising the following

steps:

(1) Providing a composition suitable for use as a carrier for biological
material,

(2)  Contacting the biological material with the composition, and

(3)  Incubating the composition with the biological material under cultiva-

tion conditions,

characterized in that the composition used is the composition of the use of

any of the claims 1 to 15.



18. Method for the inplantation of biological material into an organi sm
conpris- ing the follow ng steps: (1) Providing a conposition suitable for
use as a carrier for biological mate- rial, (2) Contacting the biol ogical
material with the conposition, and (3) Introducing the biological material
in contact with the conposition into an organism characterized in that the
conposition used is the conposition of tdie use of any of the clains 1 to
15. 19. Method to inprove a conposition's suitability for the cultivation of
bi ol ogical cells, said conmposition conprising the follow ng paraneters:

Collagen [w,. -%: approx. .30 to 80 ide nitrogen [W. -94: approx. 0.06
fo 0 e bibyon MespS® By sdbisrtagon g B CHed it GHET inks b e BREotPiS 20
Ash [w. -9 : apy @ followmglfleps: V\at er [Ww. approx. S to 40, pH val ue:

approx. 3 to 10, Wi ght per unit area [g/nR]: approx. 10 to 100, Tensile
strength [NNmm®]: approx. 0.5 to 100, said nethod conprises the follow ng

steps: (1) Providi ng,the..conpasition, an 2) Adjusting the §[val e at
2pprox. 5.0 to Bo. “BiearuRg e tingsRhin ABfplctr 18t 852 kel RERolokRab Bt
7.0 to 7.8, nost prefigrably at 7.2 to 7.5. 30

(2) Contacting the biological material with the composition, and

3) Introducing the biological material in contact with the composition

into an organism,

characterized in that the composition used is the composition of the use of

any of the claims 1 to 15.

19.  Method to improve a composition’s suitability for the cultivation of biological

cells, said composition comprising the following parameters:

Collagen [wt. -%]: approx. 30 to 80,
Amide nitrogen [wt. -%): approx. 0.06 to 0.6,
Polyol [wt. -%]: approx. 0 to 50,
Fat [wt. -%)]: approx. 0 to 20,
Ash [wt. -%]: approx. 0 to 10,
Water [wt. -%)]: approx. S to 40,
pH value: approx. 3 to 10,
Weight per unit area [g/m?):  approx. 10 to 100,
Tensile strength [N/mm?: approx. 0.5 to 100,

said method comprises the following steps:

(1) Providing the composition, and
(2)  Adjusting the pH value at approx. 5.0 to 8.0, preferably approx. 6.8 to
8.0, preferably at approx. 7.0 to 7.8, most preferably at 7.2 to 7.5.



20. Method of claim 19, characterized in that step 2 conprises the follow ng
step: (2.1) Incubating the conposition in the buffer solution with a pH
value of approx. 7.2 to 7.5. 21. Method of clainms 19 or 20, characterized
inthat it conprises the following additional step: (3) Incubating the
conposition with strongly fat-soluble substances. 22. Method of claim 21,
characterized in that it conprises the fghl ow ng addi- tional step: (3.1)
Washi ng the conposition in buffer solution. 23. Method of any of the clains
19 or 21, characterized in that it conprises the follow ng additional step:

4) Dryi h ition. 24. Mt had of f th | ai . 23
Sl ot or D 200°; RAETRAE o £l 15 radiatienieein MR oth g Climoisth i Ticing Plep:

Radi ati on-sterilizing the composition.

(2.1) Incubating the composition in the buffer solution with a pH value of

approx. 7.2 to 7.5.

21.  Method of claims 19 or 20, characterized in that it comprises the following

additional step:
3) Incubating the composition with strongly fat-soluble substances.

22. Method of claim 21, characterized in that it comprises the following addi-

tional step:
(3.1) Washing the composition in buffer solution.

23.  Method of any of the claims 19 or 21, characterized in that it comprises the
following additional step:

(4) Drying the composition.

24. Method of any of the claims 18 or 23, characterized in that it comprises the

following additional step:

(5)  Radiation-sterilizing the composition.





