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EP 1 963 365 B9
Description
FIELD OF THE INVENTION

[0001] The invention relates to cell carrier particles prepared from gelatins. More specifically the invention is directed
to such particles prepared from recombinantly produced gelatins. The invention is also directed at applications in which
such cell carriers are used, for example as injectable cell carrier, for tissue augmentation or cosmetic surgery or as
microcarrier in in vitro cell cultivation.

BACKGROUND

[0002] Itis well known that many animal cells need to be anchored to a surface in order to grow. Cells requiring surface
attachment are for example keratinocytes, fibroblasts, myocardiocytes, ovary cells, hepatocytes, Langerhans islets.
[0003] In many medical applications a matrix is provided to which cells can adhere thus facilitating cell growth. For
example in treatment of burn wounds or other open wounds sheet materials on which keratinocytes and/or fibroblasts
are grown are used as skin replacements as described in for example WO 00/29553.

[0004] Cell supports are used in a variety of applications in which cell attachment is important for proliferation of the
cells. Gelatin is a well known substrate for cell attachment. It is used as a coating on carrier materials such as polystyrene
or glass particles for cell culturing. Application of gelatin as a scaffold in tissue engineering or as a coating of implant
materials is also known. In most cases the gelatin is crosslinked. However, gelatin has several drawbacks. Being from
a natural source the composition is in principle undefined, and contaminations such as proteins, viruses and prions may
be present requiring further measures to guarantee biocompatibility.

[0005] WO 2005/079879 describes a process for producing cell carrier or medical material consisting of crosslinked
collagen fibers. Crosslinked gelatin layers are also used to coat implants. WO 00/6701 describes the use of gelatin
scaffolds for cell adhesion in repairing myocardial scar tissue or for coating pacemakers.

[0006] For in vitro cultivation of cells such as for example yeast cells or animal cells, carriers are used that provide a
surface for cell-attachment. The cell-binding properties of such surfaces can be enhanced by coating with gelatin, or the
carrier may consist of crosslinked gelatin particles.

[0007] EP 0 222 718 describes macroporous particles that are suitable as microcarriers for cultivation of anchor-
dependent cells, but is silent with respect to properties other than macroporosity. Preparation of gelatin microcarriers is
described in for example WO 90/13625, SU 1724687, WO 02/48247 and WO 03/104313.

SUMMARY OF THE INVENTION

[0008] It is an object of this invention to provide gelatin based cell carriers with uniform physical and (bio)chemical
properties such as biodegradability and cell attachment.

It is also an objective of this invention to provide such cell carriers with a uniform performance in applications in which
attached cells contribute to a tissue repairing or healing process or in in vitro cell cultivation processes.

It is further an objective of this invention to provide such gelatin based cell carriers having an improved cell attachment.
It is also further an object of this invention to provide cell carriers that have no risk of viral infections, are free from
contaminations that pose a health risk and have a reduced immunogenicity.

[0009] These objects were achieved by a cell carrier particle comprising crosslinked recombinantly produced gelatin
polypeptides, wherein said recombinantly produced gelatin polypeptides comprise at least two lysine residues, said
lysine residues being extreme lysine residues wherein a first extreme lysine residue is the lysine residue that is closest
to the N-terminus of the polypeptide and the second extreme lysine residue is the lysine residue that is closest to the
C-terminus of the polypeptide and said extreme lysine residues are separated by at least 25 percent of the total number
of amino acids in the recombinant gelatin polypeptide, and wherein the recombinantly produced gelatin polypeptides
comprise at least one RGD motif. It is a great advantage of the cell carriers of this invention that uniform cell carriers
can be produced in which the degree of cell attachment and the degree of crosslinking can be tuned or tailor made by
regulating the presence of factors such as lysine residues, further amino acids for crosslinking with lysine residues,
glycosylation and the presence of the specific cell binding sequences such as the amino acid sequence -arginine-glycine-
aspartic acid- (herein referred to as RGD-motifs). It is also an advantage that all particles made from one type of
recombinant gelatin have comparable properties.

DETAILED DESCRIPTION

[0010] Natural gelatins have several drawbacks. Besides the well known risk of prion contamination the material has
an undefined molecular weight due to its natural origin and due to its preparation method. A gelatin with a given average



10

15

20

25

30

35

40

45

50

55

EP 1963 365 B9

molecular weight has a broad molecular weight distribution. Methods like ultracentrifugation can separate a naturally
produced hydrolyzed gelatin in a higher and a lower weight fraction, but each fraction will have a broad size distribution.
Higher molecular weight fractions such as higher than 50 kiloDalton (kDa) may contain larger structures of up to 200
kDa or 300 kDa. Lower molecular weight fractions of for example less than 50 kDa will contain smaller molecules of less
then 5 kDa, or less than 1 kDa, or even smaller. By crosslinking such natural gelatins or collagens, cell carrier particles
can be formed, however, too large particles may form when crosslinking high molecular weight gelatin fractions, and
too small particles may form when crosslinking low molecular weight gelatin fractions.

[0011] It Is preferred to have a uniform cell carrier particle size, since this results in a uniform cell density in in vitro
cell culture applications and in medical applications. Too large particles will bind less cells relative to their volume, and
are therefore less effective. Too small particles will bind no cells and are therefore unproductive. We found that a gelatin
based cell carrier with a uniform particle size distribution, uniform physical and (bio)chemical properties and uniform
behavior can be made by using a recombinant gelatin that comprises at least two outer (also referred to as extreme)
lysine residues separated by at least 25% of the total number of amino acids in the recombinant gelatin polypeptide. In
a preferred embodiment the recombinantly produced gelatin polypeptide comprises at least one lysine residue between
the outer (extreme) lysine residues.

[0012] In a further preferred embodiment of the present cell carrier particles the recombinantly produced gelatin
polypeptides comprise at least two amino acid residues, said two amino acid residues being extreme amino acid residues,
which independently are selected from an aspartic acid residue and a glutamic acid residue, wherein a first aspartic acid
residue or glutamic acid residue is the aspartic acid residue or glutamic acid residue that is closest to the N-terminus of
the polypeptide and the second extreme aspartic acid residue or glutamic acid residue is the aspartic acid residue or
glutamic acid residue that is closest to the C-terminus of the polypeptide and said extreme aspartic acid residues and/or
glutamic acid residues are separated by at least 25 percent of the total number of amino acids in the recombinant gelatin
polypeptide. In yet a further embodiment the recombinantly produced gelatin polypeptides comprise at least one aspartic
acid residue or glutamic acid residue between said extreme extreme aspartic acid residues and/or glutamic acid residues.
[0013] Gelatins or collagens can be crosslinked via the amine groups of lysine, via carboxyl groups of glutamic acid
or aspartic acid, or a combination thereof. Suitable crosslinking agents are preferably those that do not elicit toxic or
antigenic effects when released during biodegradation. Suitable crosslinking agents are, for example, one or more of
glutaraldehyde, water-soluble carbodiimides, bisepoxy compounds, formalin, 1-ethyl-3-(3-dimethylaminopropyl) carbo-
diimide, bis-hydroxy-succinimides, glycidyl ethers such as alkylene glycol diglycidyl ethers or polyglycerol polyglycidyl
ether, diisocyanates such as hexamethylene diisocyanate, diphenylphosphorylazide, D-ribose. Crosslinking techniques
are also described by Weadock et. al. in Evaluation of collagen crosslinking techniques (Biomater. Med. Devices Artif.
Organs, 1983-1984, 11 (4): 293-318). In a preferred embodiment water-soluble 1-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide (EDC) is used.

[0014] Other suitable crosslinking agents are triazines such as for example dichlorohydroxy-triazine. Other crosslinking
compounds are divinyl sulfones, di-anhydrides, bifunctional imidates diepoxides or dimaleiimidines. It is also possible
to use bi-functional crosslinking compounds that have different active groups such as a bifunctional crosslinking com-
pound comprising an epoxyde and an anhydride in one molecule.

[0015] Also useful are enzymatic crosslinking compounds such as trans-glutaminase.

[0016] Also crosslinking compounds that can attach to more than 2 crosslinkable amino acid residues such as for
example lysine residues can be applied such as for example cyanuric chloride. In that respect compounds that combine
three or more reactive groups are envisaged such as a compound comprising two epoxide- and an anhydride group.
[0017] Inoneembodimentcrosslinking of the collageneous polypeptide is achieved by addition of one or more crosslink-
ing agents. These comprise agents that start crosslinking spontaneously upon addition to collageneous polypeptide
solution, or after adjusting for example, pH, or by photo initiation or other activation mechanisms.

[0018] A well known crosslinker that is considered to be biocompatible is for example glutaraldehyde, which crosslinks
two lysine residues. Another well known biocompatible crosslinker is EDC, which couples an amine and a carboxyl group.
[0019] To contribute to particle formation, the recombinant gelatin comprises at least two lysine residues. Preferably
the recombinant collagen polypeptide comprises at least 3, or atleast4, 5,6, 7,8, 9, 10, 11 or at least 12 lysine residues.
In a further embodiment the recombinant gelatin polypeptide comprises in addition to the lysines also at least two amino
acid residues selected from aspartic acid and glutamic acid, more preferably the recombinant gelatin polypeptide com-
prises at least 3, or atleast 4, 5, 6, 7, 8, 9, 10, 11or at least 12 aspartic acid and glutamic acid residues.

[0020] For contributing to the three dimensional network structure the lysines, aspartic acid and/or glutamic acid
residues should have a spatial distribution over the polypeptide. Thus in one embodiment each stretch of 50 amino acids
comprises at least 1, preferably at least 2, lysine residues or at least 1, preferably at least 2, aspartic acid or glutamic
acid residue or at least 1 lysine residue and at least 1 aspartic acid or glutamic acid residue. Preferably each stretch of
40 amino acids comprises at least 1 lysine residues and/or at least one aspartic- or glutamic acid residues, even more
preferably each stretch of 25 amino acids.

[0021] Preferably the crosslinkable amino acid residues are not adjacent to each other. More preferably they are
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separated by at least 5 amino acids, more preferably by at least 10 amino acids.

[0022] Especially in case of recombinantly produced gelatin, the number of lysine residues can be increased as
desired. Many crosslinking agents bind to lysine residues and/or N-terminal amines. Natural gelatins contain 25 to 27
lysine residues and 112-133 glutamic- and aspartic acid residues per 1000 amino acids. In recombinant gelatins the
number of lysines can be reduced to for example equal to or less than about 20, 15, 10 or 5 lysines per 1000 amino
acids or increased to for example equal to or more than about 30, 40 or 50 lysines per 1000 amino acids. The number
of glutamic- or aspartic acid residues can be decreased to for example equal to or less than about 100, 90, 80, 70, 60,
50, 40, 30, 20, 10 or 5 residues per 1000 amino acids or can be increased to for example equal to or more than 150
residues per 1000 amino acids.

[0023] When a part of ahuman collagen sequence is expressed, both asparagine and aspartic acid and both glutamine
and glutamic acid may be present in the recombinant polypeptide. When desired, the glutamine and asparagine residues
can be de-aminated, converting them to aspartic acid and glutamic acid residues.

[0024] In one embodiment the recombinant gelatin of the cell carrier particles is crosslinked by adding between 0.02
and 1.0 millimol crosslinking compound(s) per gram recombinant gelatin. Thus, the cross-linking compound(s) may be
present in an amount of about 0.02, 0.05, 0.1, 0.25, 0.5, 0.6, 0.7, 0.8, 0.9 or 1.0 millimol / gram gelatin. In another
embodiment the cell carrier particles are crosslinked by adding between 0.5 and 5.0 millimol crosslinking compound(s)
per gram recombinant gelatin (or radiation induced crosslinking which is equivalent hereto), preferably about 1.0 to 2.5
millimol/g. Thus, the cross-linking compound(s) may be present in an amount of about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0,
3.0, 4.0 and 5.0 millimol / gram recombinant gelatin. In yet another embodiment the recombinant gelatin is crosslinked
by adding between 0.25 and 2.5 millimol crosslinking compound(s) per gram gelatinous polypeptide.

[0025] Thus, the number of crosslinkable amino acid residues together with the amount of crosslinking compound
that is applied can be used to determine or customize the physical properties of the recombinant collagen particles. A
high number of crosslinkable residues and/or a high concentration of crosslinking compound can yield particles that are
suitable for cell cultures, in which the particles are subjected to mechanical stress. Lower numbers of crosslinkable
amino acid residues and/or low concentrations of crosslinking compounds can yield particles that are easily deformable
and can be applied for injectable collagen particles for medical or pharmaceutical applications.

[0026] In one embodiment the crosslinking agent is added to the gelatin during preparation of the cell carrier particles.
In another embodiment particles are formed, and crosslinking compound is added during the final stage of particle
formation or after particles have been formed, to produce particles that are surface-crosslinked, but have essentially no
internal crosslinking.

[0027] Recombinant production of gelatin makes it possible to obtain a monodisperse molecular weight distribution
and also a uniform amino acid composition of the gelatin polypeptides. When hydrolyzing natural gelatin for preparing
crosslinked cell carrier particles, low molecular weight fractions can be present that contain none or only one lysine
residue, or a cluster of lysine residues that are too dose together to effectively contribute to crosslinking. Such structures
do not contribute to the formation of particles. It is likely that many low molecular weight fractions from natural gelatins
do not have the amino acid sequence arginine-glycine-aspartic acid (-RGD-) which are advantageous for cell attachment.
So, even if a small cell carrier particle is formed it may not contribute to cell attachment.

[0028] Because of the variation in particle size, amino acid composition and hence degree of crosslinking when cell
carrier particles are made from natural gelatins, the degree of biodegradability is also variable. In applications such as
cell delivery in medical applications this may impose a further imbalance in the healing process, so that in one place
healing may proceed as intended, reaching full effect of treatment, while in other places beneficial effects may be impaired
and may not go to completion. In case of tissue augmentation or plastic surgery an imbalanced biodegradability may
cause the injected area to become irregular in shape, which is cosmetically unacceptable.

[0029] Now that according to the present invention particles with a uniform size and uniform properties can be made
using recombinant gelatin polypeptides it is also possible to tune the biodegradation speed, and more important, to
obtain a uniform biodegradation speed.

[0030] Thus, according to the invention with recombinant gelatins cell carrier particles can be produced that have
more uniform properties than particles prepared from natural gelatin. The size distribution will be narrower. No extreme
small or extreme large particles will be formed. Thus it can be expected that less than 10% of the particles in a population
prepared from recombinantly produced gelatins will have a size that deviates more than 20% from the average size,
and it can further be expected to have essentially no particles that deviate more than 50% from the average size.
Preferably less than 5% of the particles have a size that deviates more than 20% from the average particle size. More
preferably less than 5% of the particles have a size that deviates more than 10% from the average particle size. Most
preferred is that less than 2.5% of the particles have a size that deviates more than 5% from the average particle size.
[0031] The cell carrier particles may be porous or non porous or may comprise cavities to increase the number of
cells that can adhere, as described in for example WO 2003/104313.

[0032] Suitable gelatin polypeptides to make the recombinant cell carrier particles according to the invention are
gelatins (or collagens) from recombinant sources. Although strictly speaking there is a difference between collagen and
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gelatin, these differences are in principle not essential to the invention, although specific requirements may make the
selection of collagen or gelatin for a certain application obvious. In this respect "collagen" may also be read as "gelatin”
and "collagen polypeptide" may also be read as "gelatin polypeptide". A gelatin or collagen or collageneous or gelatineous
polypeptide is thus defined as being a polypeptide in which at least one GXY domain is present of at least a length of 5
consecutive GXY triplets and at least 20% of the amino acids of the gelatineous polypeptide are present in the form of
consecutive GXY triplets, wherein a GXY triplet consists of G representing glycine and X and Y representing any amino
acid. Suitably at least 5% of X and/or Y can represent proline and in particular at least 5%, more in particular between
10 and 33% of the amino acids of the GXY part of the collageneous polypeptide is proline.

[0033] The gelatineous polypeptide preferably has an average molecular weight of less than 150 kDa, preferably of
less than 100 kDa. Ranges of between 50 and 100 kDa are suitable or gelatineous polypeptides of less than 75 kDa
but more than 20 kDa or between 5 and 40 kDa may be used. Preferably the collageneous polypeptides have an average
molecular weight of at least 5 kDa, preferably at least 10 kDa and more preferably of at least 30 kDa. Lower molecular
weights may be preferred when higher concentrations of gelatineous polypeptides are required because of the lower
viscosity.

[0034] The method of making recombinant gelatineous polypeptides has been described in detail in patent applications
EP 0926 543 and EP 1 014 176 by the same applicant, the content of which is herein incorporated by reference. The
methodology is described in the publication 'High yield secretion of recombinant gelatins by Pichia pastoris’, M.W.T.
Werten et al., Yeast 15, 1087-1096 (1999). Suitable recombinant gelatins are also described in WO 2004/85473.
[0035] In one embodiment the recombinant gelatineous polypeptide does not form stable triple helices, specifically
notattemperatures of higherthan 5 degrees Celsius, or attemperatures higher than 25 degrees Celsius. Such gelatineous
polypeptides have preferably an amount of prolines present in GXY ftriplets that is comparable to collagen or gelatin
originating from mammals or collagens originating from cold-blooded animals such as fish. To prevent stable triple helix
formation less than 2 number percent, preferably less than 1 number percent, of the amino acids presentin the gelatineous
polypeptide are hydroxylated. Occurrence of hydroxyprolines can be reduced to be practically zero by expression in
micro organisms that do not co-express a prolylhydroxylase or fulfill that function in another way. Practically zero means
that the presence of hydroxyprolines in the growth medium of for example yeasts may result in incorporation of some
of these amino acids into the gelatineous polypeptide. Recombinant gelatineous polypeptides that are not hydroxylated
and have the advantage of avoiding the occurrence of anaphylactic shock are described in EP 1 238 675.

[0036] In a preferred embodiment the cell carrier particles comprise gelatineous polypeptides with excellent cell at-
tachment properties, and which do not display any health related risks Advantageously this is achieved by production
of RGD-enriched gelatineous polypeptides in which the percentage of RGD motifs related to the total number of amino
acids is at least 0.4. If the RGD-enriched gelatineous polypeptide comprises 350 amino acids or more, each stretch of
350 amino acids contains atleast one RGD motif. Preferably the percentage of RGD motifs is atleast 0.6, more preferably
at least 0.8, more preferably at least 1.0, more preferably at least 1.2 and most preferably at least 1.5.

[0037] A percentage RGD motifs of 0.4 corresponds with at least 1 RGD sequence per 250 amino acids. The number
of RGD motifs is an integer, thus to meet the feature of 0.4%, a gelatineous polypeptide consisting of 251 amino acids
should comprise atleast 2 RGD sequences. Preferably the RGD-enriched recombinant gelatinous polypeptide comprises
at least 2 RGD sequence per 250 amino acids, more preferably at least 3 RGD sequences per 250 amino acids, most
preferably at least 4 RGD sequences per 250 amino acids. In a further embodiment an RGD-enriched gelatineous
polypeptide comprises at least 4 RGD motifs, preferably at least 6, more preferably at least 8, even more preferably at
least 12 up to and including 16 RGD motifs.

[0038] The term 'RGD-enriched gelatineous polypeptide’ in the context of this invention means that the gelatineous
polypeptides have a certain level of RGD motifs, calculated as a percentage of the total number of amino acids per
molecule and a more even distribution of RGD

[0039] Natural gelatins are known to comprise RGD sequences. Only a fraction of the polypeptides in a natural
hydrolyzed gelatin will have an RGD sequence. It is important however that a recombinant particle does not contain too
large parts without RGD motifs. Too large parts without RGD sequence reduce the possibility of cell attachment. Appar-
ently not all RGD sequences in a gelatineous polypeptide are under all circumstances available for cell attachment. It
was found that cell attachment was remarkably improved in gelatineous polypeptides according to the invention com-
prising at least one RGD moitif in each stretch of 350 amino acids when compared to gelatins having a stretch of amino
acids of more than 350 without an RGD sequence. For gelatineous polypeptides of less than 350 amino acids it is
sufficient to have a percentage of RGD sequences of at least 0.4.

[0040] Recombinant gelatineous polypeptides used in this invention are preferably derived from collageneous se-
quences. Nucleic acid sequences encoding collagens have been generally described in the art. (See, e. g., Fuller and
Boedtker (1981) Biochemistry 20: 996-1006; Sandell et al. (1984) J Biol Chem 259: 7826-34; Kohno et al. (1984) J Biol
Chem 259: 13668-13673; French etal. (1985) Gene 39: 311-312; Metsarantaetal. (1991) J Biol Chem 266: 16862-16869;
Metsaranta et al. (1991) Biochim Biophys Acta 1089: 241-243; Wood et al. (1987) Gene 61: 225-230; Glumoff et al.
(1994) Biochim Biophys Acta 1217: 41-48 ; Shirai et al. (1998) Matrix Biology 17: 85-88; Tromp et al. (1988) Biochem
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J 253: 919-912; Kuivaniemi et al. (1988) Biochem J 252: 633640; and Ala-Kokko et al. (1989) Biochem J 260: 509-516.).
[0041] Forpharmaceutical and medical uses, recombinant gelatineous polypeptides with amino acid sequences closely
related to or identical to amino acid sequences of natural human collagens are preferred. More preferably the amino
acid sequence of the gelatineous polypeptide is designed by a repetitive use of a selected amino acid sequence of a
human collagen. A part of a natural collagen sequence comprising an RGD motif is selected. The percentage of RGD
motifs in such a selected sequence depends on the chosen length of the selected sequence, selection of a shorter
sequence results in a higher RGD percentage. Repetitive use of a selected amino acid sequence results in a gelatin
with a higher molecular weight, which is non-antigenic and with an increased number of RGD motifs (compared to natural
gelatins or collagens).

[0042] Thus in a preferred embodiment the recombinant gelatineous polypeptide comprises a part of a native human
collagen sequence. Preferably the RGD-enriched gelatineous polypeptide consists for at least 80 % of one or more parts
of one or more native human collagen sequences. Preferably each of such parts of human collagen sequences has a
length of at least 30 amino acids, more preferably at least 45 amino acids, most preferably at least 60 amino acids, up
to e.g. 240, preferably up to 150, most preferably up to 120 amino acids, each part preferably containing one or more
RGD sequences. Preferably the RGD-enriched gelatineous polypeptide consists of one or more parts of one or more
native human collagen sequences.

[0043] Anexample of a suitable source of a gelatineous polypeptide for preparing the recombinant particles according
to this invention is human COL1A1-1. A part of 250 amino acids comprising an RGD sequence is given in WO 04/85473.
RGD sequences in collageneous polypeptides can adhere to specific receptors on the cell wall called integrins. These
integrins differ in their specificity in recognizing cell binding amino acid sequences. Although both natural gelatin and,
for example, fibronectin may contain RGD sequences, gelatin can bind cells that will not bind to fibronectin and vice
versa. Therefore fibronectin comprising RGD sequences cannot always replace gelatin for cell adhesion purposes.
[0044] As already mentioned RGD-enriched gelatineous polypeptides can be produced by recombinant methods as
disclosed in EP-A-0926543, EP-A-1014176 or WO 01/34646. For the production and purification of gelatineous polypep-
tides that are suited for preparing cell carrier particles of this invention reference is made to the examples in EP 0 926
543 and EP 1 014 176. The preferred method for producing an RGD-enriched gelatineous polypeptides is by starting
with a natural nucleic acid sequence encoding a part of the collagen protein that includes an RGD amino acid sequence.
By repeating this sequence an RGD-enriched gelatineous polypeptide is obtained.

[0045] If X-RGD-Y is a part of the natural collagen amino acid sequence, a (part of a) gelatineous polypeptide with
three RGD amino acid sequences would have the structure -X-RGD-Y-(GXYG)m-X-RGD-Y-(GXYG)n-X-RGD-Y-, with
m and n being integers starting from 0. By varying n the number of RGD sequences on the total amino acids the
percentage of RGD motifs can be controlled. A clear advantage of this method is that the amino acid sequence remains
most natural and thus has the lowest risk of inducing immunological response in clinical applications.

[0046] Starting from a natural nucleic acid sequence encoding (part of) a gelatineous polypeptide, also point mutations
can be applied so as to yield a sequence encoding an RGD sequence. Based on the known codons a point mutation
can be performed so that an RGX sequence after mutation will yield an RGD sequence, alternatively also an YGD
sequence can be mutated to yield an RGD sequence. Also it is possible to carry out two mutations so that an YGX
sequence will give an RGD sequence. Also it may be possible to insert one or more nucleotides or delete one or more
nucleotides giving rise to a desired RGD sequence.

[0047] Thus the gelatineous polypeptides can be produced by expression of nucleic acid sequence encoding such
polypeptide by a suitable micro-organism. The process can suitably be carried out with a fungal cell or a yeast cell.
Suitably the host cell is a high expression host cells like Hansenula, Trichoderma, Aspergillus, Penicillium, Saccharo-
myces, Kluyveromyces, Neurospora or Pichia. Fungal and yeast cells are preferred to bacteria as they are less susceptible
to improper expression of repetitive sequences. Most preferably the host will not have a high level of proteases that
attack the collagen structure expressed. In this respect Pichia or Hansenula offers an example of a very suitable ex-
pression system. Use of Pichia pastoris as an expression system is disclosed in EP 0 926 543 and EP 1 014 176. The
micro-organism may be free of active post-translational processing mechanism such as in particular hydroxylation of
proline and also hydroxylation of lysine. Alternatively the host system may have an endogenic proline hydroxylation
activity by which the gelatineous polypeptide is hydroxylated in a highly effective way. The selection of a suitable host
cell from known industrial enzyme producing fungal host cells specifically yeast cells on the basis of the required pa-
rameters described herein rendering the host cell suitable for expression of gelatineous polypeptides which are suitable
for use as artificial skin in combination with knowledge regarding the host cells and the sequence to be expressed will
be possible by a person skilled in the art.

[0048] Inanother embodiment the recombinant gelatineous polypeptides for making cell carrier particles have a higher
glass transition temperature than natural occurring gelatins. Such sequences are described in WO 05/11740.

[0049] In a further embodiment, the gelatins used to make the cell carrier particles are low in glycosylation. There are
various methods for ensuring that glycosylation is low or absent. Glycosylation is a posttranslational modification, whereby
carbohydrates are covalently attached to certain amino acids of the protein or polypeptide. Thus both the amino acid
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sequence and the host cell (and enzymes, especially glycosyltransferases, therein) in which the amino acid sequence
is produced determine the glycosylation pattern. There are two types of glycosylation: N-glycosylation begins with linking
of GIcNAc (N-actylglucosamine) to the amide group of asparagines (N or Asn) and O-glycosylation commonly links
GalNAc (N-acetylgalactosamine) to the hydroxyl group of the amino acid serine (S or Ser) or threonine (T or Thr).
[0050] Glycosylation can, therefore, be controlled and especially reduced or prevented, by choosing an appropriate
expression host, and/or by modifying or choosing sequences which lack consensus sites recognized by the hosts
glycosyltransferases. Obviously, chemical synthesis of proteins or polypeptides results in unglycosylated proteins. Also,
glycosylated proteins may be treated after production to remove all or most of the carbohydrates or unglycosylated
proteins may be separated from glycosylated proteins using known methods.

[0051] Inyeasts N-linked glycosylation of asparagine occurs on the consensus sites Asn-X-Thr or Asn-X-Ser, wherein
X is an amino acid. Commonly glycosylation in yeast results in N-linked and O-linked oligosaccharides of mannose.
Thus, for expression in yeast the nucleic acid sequence may be modified or selected so that consensus sites are reduced
or preferably absent. The Asn codon and/or the Thr codon may be modified, e.g. by mutagenesis or de novo synthesis.
Preferably Asn and/or Thr is replaced by another amino acid. Also Asp may be replaced by another amino acid. In one
embodiment the polypeptide sequence contains no Ser and/or no Asn.

[0052] To analyze the degree of post-translational modification or to determine the content of glycosylation mass
spectrometry, such as MALDI-TOF-MS (Matrix Assisted Laser Desorption lonization mass spectrometry) can be carried
out as known in the art.

[0053] Alternatively the amount of glycosylation can be determined using the titration method described by Michel
Dubois et al, "Colorimetric Method for Determination of Sugars and Related Substances", Analytical Chemistry, vol 28,
No.3, March 1956, 350 356. This method can be used to determine simple sugars, oligosaccharides, polysaccharides,
and their derivatives, including the methyl ethers with free or potentially free reducing groups.

[0054] The content of glycosylation of the gelatineous polypeptide used is preferably equal to, or less than about 2
(m/m) %, more preferably less than about 1 (m/m) %, most preferably less than about 0.5 (m/m) %, 0.2 (m/m) % or 0.1
(m/m) %. In a preferred embodiment the degree of glycosylation is zero. The degree of glycosylation refers to the total
carbohydrate weight per unit weight of the collageneous polypeptides as determined by for example MALDI-TOF-MS
(Matrix Assisted Laser Desorption lonization mass spectrometry) or the titration method by Dubois referred to above.
The term ‘glycosylation’ refers not only to monosaccharides, but also to polysaccharides such as di-, tri- or tetra sac-
charides.

[0055] Cells that can be adhered and / or grown on recombinant particles of the invention can be any living, genetically
modified or malignant living cell. Preferred are human (or mammalian) cells such as fibroblasts, keratinocytes, melano-
cytes, Langerhans’cells, myocardiocytes and the like. In a preferred embodiment the cells are obtained from the subject
to be treated.

[0056] Therecombinantgelatin polypeptide may further comprise one or more bioactive compounds such as hormones,
growth promoters, antibiotics, immune-suppressors, and the like. Further the cell carrier particles may comprise one or
more compounds that can aid in wound healing processes. A "bioactive compound" is any compound (either a natural
compound or a synthetic compound) which exerts a biological effect on other cells. Such compounds are widely available
in the art. The compound may be incorporated in the particles during its manufacture or, alternatively, it may be added
subsequently to the particles. In one embodiment two cell carrier batches comprising recombinant particles are provided
in which each cell carrier batch carries a different cell or bioactive compound which can be injected after mixing said
two batches or which can be injected subsequently.

[0057] The cell carrier particles can have an average size of from 1 to 500 micron.

[0058] In one embodiment the particles are suitable as injectable cell carriers and have an average particle size of
less than or equal to 200 pm, e.g. between 10 and 200 um, or between 10 and 175 pm, or between 10 and 150 um or
between 10 and 125 um. Alternatively such particles have an average particle size of less than or equal to 100 um, e.g.
between 10 and 75 pm. Injectable cell carriers can for example be applied for delivery of tissue repairing cells without
the need of invasive surgery such as the delivery of myocardiocytes in myocardial scar tissue.

[0059] In another embodiment the particles are suitable as injectable tissue fillers or for tissue augmentation or plastic
surgery or cosmetic surgery. For such applications the average particle size is preferably more than or equal to 100 wm.
Average particle sizes of 150 to 500 are also preferred. Other suitable average particle sizes are 220, 250, 300, 350,
400 and 450 pm. Particles suitable as tissue fillers or augmenters should be deformable so that no lump formation
occurs, but a natural impression is obtained after injection of the particles.

[0060] Inyetanother embodimentthe recombinant collagen particles are suitable as porous or nonporous microcarriers
for in vitro cell cultures. Preferably microcarriers have an average size of between 100 and 200 uwm. Such microcarriers
are well known in the art and are described in for example WO 2003/104313, WO 90/13625, SU 1738851, SU 1321748
and in "Pure gelatin microcarriers: synthesis and use in cell attachment and growth of fibroblasts and endothelial cells"
- (Wisseman et al, In Vitro (1985) 21,7, 391-401).

[0061] Inoneembodimentthe cell carrier batch comprises a monodisperse recombinant particle population. In another
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embodiment the cell carrier is a mix of two or more monodisperse recombinant particle populations, each population
having a different average size.

[0062] The particles according to the invention can be prepared from recombinant gelatin with methods known in the
art in which particles are formed out of a starting solution of the recombinant gelatin. Such methods comprise particle
formation using oil/water emulsion techniques which may comprise phase inversion such as described in for example
EP 222 718 or WO 2003/104313 or precipitation techniques such as described in for example SU 1161548.

EXAMPLES

Example 1: Preparation of gelatin based cell carrier particles by precipitation in acetone

[0063] A volume of 20 ml of a 2% aqueous solution of a recombinant gelatin (SEQ ID NO 1, 21 kDa) was added, while
stirring, to 50 ml of acetone to which 0.1 ml of a 25% solution of N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide (EDC)
had been added. The turbid dispersion was left standing without stirring for 10 minutes. The mixture was quenched in
500 ml of water. The particles were washed from remaining EDC and acetone by 3 cycles of centrifugation and resus-
pension in water. Finally the particles were dried in vacuo. Particles with an average size of approximately 20 pm were
obtained (microscopic analysis).

[0064] In a similar way particles were produced with a recombinant gelatin containing an RGD-motif (SEQ ID NO 2,
24 kDa)

[0065] For comparison, particles were prepared according to the method described above using a hydrolyzed limed
bone gelatin with an average molecular weight of 21 kDa.

[0066] Visual comparison learned that the particles prepared from recombinant gelatin were having a more uniform
size, i.e. are significantly more monodisperse.

Example 2: Comparison of cell attachment

Cell types and culture conditions

[0067] Green monkey kidney (Vero) cells, Chinese hamster ovary (CHO) cells, normal rat kidney fibroblast (NRK-
49F) cells, and Madin Darby canine kidney (MDCK) cells were purchased from ATCC. All four cell types were passaged
and maintained in 75 cm@2 flasks at 37 DEG C. in a 5 % CO2 environment. Vero and NRK-49F cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM), CHO cells were cultured in Ham’s F-12 Nutrient Mixture, and MDCK
cells were cultured in Minimum Essential Medium (MEM) with Earle’s salts.

[0068] With the Vero and CHO cells, the medium was supplemented with 10% fetal bovine serum (FBS), 2 mM L-
glutamine, 20 mM HEPES buffer, 1 mM sodium pyruvate, 100 p.g/ml streptomycin, and 100 units/ml penicillin (final pH
7.1). With the NRK-49F cells, the DMEM was supplemented with 5% FBS, 2 mM L-glutamine, 1 mM sodium pyruvate,
non-essential amino acids (0.1 mM each), 100 wg/ml streptomycin, 100 units/ml penicillin, and 0.25 p.g/ml of amphotericin
B (final pH 7.1). With the MDCK cells, the MEM was supplemented with 10% FBS, 2 mM L-glutamine, non-essential
amino acids (0.1 mM each), and 100 pn.g/ml streptomycin, 100 units/ml penicillin, and 0.25 pwg/ml of amphotericin B (final
pH 7.1).

[0069] In order to standardize the physiology of cells prior to each experiment, cells were passed into 150 cm@?2
flasks 2 to 3 days prior to inoculation of microcarrier beads. Cells were trypsinised (0. 05 % trypsin, 0.53 mM EDTA in
PBS) for removal from the flasks. For the microcarrier experiments, the cells were centrifuged to remove the trypsin
medium and resuspended to about 1.times.10@6 cells/ml in culture medium. The viable cell concentration was deter-
mined by Trypan dye exclusion (0.4 % Trypan blue in 0.9% saline).

Cell Culture and Assays in Spinner Flasks

[0070] For the cell attachment assay, 20 mg/ml of cell carrier particles were used and the cell concentration was
1.5.times.10@5 cells/ml for each cell type.

Cell carrier particles were cultured with 100 ml cultures being maintained in 250 ml spinner vessels and stirred with
suspended magnetic impellers (50 rpm).

[0071] The kinetics of cell attachment were assayed as a decrease in supernatant cell concentration. For sample
removal the agitation was stopped briefly (about 30 seconds) at which time the cell carrier particles settled and a
supernatant sample was removed for cell quantitation as described below.

For the cell counts, the cells were stained by mixing with an equal volume of crystal violet (0.1% w/w) in 0.1 M citric acid,
and then counted with a hemocytometer. Cell depletion from the medium was used as an indicator of cells attached to
beads
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[0072] To verify that cells removed from the medium were indeed attached to cell carrier particles (and not lysed),
cells attached to cell carrier particles were quantitated at the end of each cell attachment assay. One ml aliquots of well-
agitated carrier medium were removed, the microcarriers were allowed to settle, and the settled cell carrier particles
were resuspended in crystal violet/citric acid as described above. After incubating 1 hour at 37 DEG C., the suspension
was sheared by sucking into and out of a Pasteur pipette to release nuclei, which were quantitated with a hemocytometer.
[0073] With the above method the conventional gelatin particles were compared to the particles made from recom-
binantly produced gelatin containing an RGD-motif (SEQ ID NO 2). Although the percentage of RGD motifs in the starting
material for preparing the cell carrier particles is the same (both 0.8 percent), the particles made from the recombinant
collagen gave a much better cell attachment. This is attributed to the more uniform presence of RGD and the better
distribution thereof in the recombinant collagen.

SEQUENCE LISTING

[0074]
<110> Fuji Photo Film B.V.
<120> Recombinant gelatin particles for cell adhesion
<130> P6006558PCT

<140> EP 05112965.8
<141> 2005-12-23

<160> 2

<170> Patentln version 3.3
<210> 1

<211> 209

<212> PRT

<213> Atrtificial sequence

<220>
<223> Recombinant gelatin

<400> 1
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Claims

10.

1.

12.

13.

A cell carrier particle comprising crosslinked recombinantly produced gelatin polypeptides, wherein said recom-
binantly produced gelatin polypeptides comprise at least two lysine residues, said lysine residues being extreme
lysine residues wherein a first extreme lysine residue is the lysine residue that is closest to the N-terminus of the
polypeptide and the second extreme lysine residue is the lysine residue that is closest to the C-terminus of the
polypeptide and said extreme lysine residues are separated by at least 25 percent of the total number of amino
acids in the recombinant gelatin polypeptide and wherein the recombinantly produced gelatin polypeptides comprise
at least one RGD motif.

The cell carrier particle according to claim 1, wherein the recombinantly produced gelatin polypeptides comprise at
least one lysine residue between said extreme two lysine residues.

The cell carrier particle according to claim 1 or 2, wherein the recombinantly produced gelatin polypeptides comprise
at least two amino acid residues, said two amino acid residues being extreme amino acid residues, which independ-
ently are selected from an aspartic acid residue and a glutamic acid residue, wherein a first aspartic acid residue
or glutamic acid residue is the aspartic acid residue or glutamic acid residue that is closest to the N-terminus of the
polypeptide and the second extreme aspartic acid residue or glutamic acid residue is the aspartic acid residue or
glutamic acid residue that is closest to the C-terminus of the polypeptide and said extreme aspartic acid residues
and/or glutamic acid residues are separated by at least 25 percent of the total number of amino acids in the recom-
binant gelatin polypeptide.

The cell carrier particle according to claim 3, wherein the recombinantly produced gelatin polypeptides comprise at
least one aspartic acid residue or glutamic acid residue between said extreme extreme aspartic acid residues and/or
glutamic acid residues.

The cell carrier particle according to any one of the preceding claims wherein lysine residues are coupled to aspartic
acid and/or glutamic acid residues.

The cell carrier particle according to claim 5, wherein recombinantly produced gelatin are crosslinked using 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDC).

The cell carrier particle according to any one of the preceding claims wherein each stretch of 50 amino acids of said
recombinantly produced gelatin polypeptides comprises at least two lysine residues.

The cell carrier particle according to any one of the preceding claims, wherein each stretch of 50 amino acids of
said recombinantly produced gelatin polypeptides comprises at least one amino acid residue independently selected
from aspartic acid or glutamic acid.

The cell carrier particle according to any one of the preceding claims, wherein less than 10 percent of said particles
have a size that deviates more than 20 percent from the average size of said particles.

The cell carrier particle according to any one of the preceding claims wherein essentially no particles are present
that deviate more than 50% from the average size of said particles.

The cell carrier particle according to any one of the preceding claims wherein the percentage of RGD-motifs related
to the total number of amino acids in the RGD-motif-containing recombinantly produced gelatin polypeptide is at
least 0.4 and if said collagen polypeptide comprises 350 amino acids or more, each stretch of 350 amino acids
contains at least one RGD-motif.

The cell carrier particle according to any one of the preceding claims, wherein the percentage of RGD-motifs is at
least 0.6, preferably at least 0.8, more preferably at least 1.0 more preferably at least 1.2 and most preferably at
least 1.5

The cell carrier particle according to any one of the preceding claims, wherein the molecular weight of said recom-

binantly produced gelatin polypeptides is between 2.5 kDa and 150 kDa, preferably between 10 kDa and 100 kDa
and more preferably between 20 and 75 kDa.

12



10

15

20

25

30

35

40

45

50

55

14.

15.

16.

17.

18

EP 1963 365 B9

The cell carrier particle according to any one of the preceding claims for use as injectable cell carrier for local delivery
of cells wherein said particles have an average particle size of less than or equal to 200 um.

The cell carrier particle for the use according to claim 14, wherein said cells are myocardiocytes which are delivered
at myocardial scar tissue sites.

The a cell carrier particle according to any one of claims 1-13 for use as injectable cell carrier for tissue augmentation
or plastic surgery.

The cell carrier particle according to any one of claims 1-13 for use in cosmetic surgery.

Use of a cell carrier particle according to any one of claims 1-13 as a microcarrier in in vitro cell cultivation.

Patentanspriiche

1.

10.

Zelltragerteilchen umfassend vernetzte rekombinant hergestellte Gelatinepolypeptide, wobei die rekombinant her-
gestellten Gelatinepolypeptide wenigstens zwei Lysinreste umfassen, wobei es sich bei den Lysinresten um duRerste
Lysinreste handelt, wobei ein erster dul3erster Lysinrest der Lysinrest ist, der am nachsten am N-Terminus des
Polypeptids liegt, und der zweite auRerste Lysinrest der Lysinrest ist, der am nachsten am C-Terminus des Poly-
peptids liegt, und die duBersten Lysinreste durch wenigstens 25 % der Gesamtzahl von Aminosauren in dem
rekombinanten Gelatinepolypeptid getrennt sind und wobei die rekombinant hergestellten Gelatinepolypeptide we-
nigstens ein RGD-Motiv umfassen.

Zelltragerteilchen nach Anspruch 1, wobei die rekombinant hergestellten Gelatinepolypeptide wenigstens einen
Lysinrest zwischen den duRersten zwei Lysinresten umfassen.

Zelltragerteilchen nach Anspruch 1 oder 2, wobei die rekombinant hergestellten Gelatinepolypeptide wenigstens
zwei Aminosaurereste umfassen, wobei es sich bei den zwei Aminosaureresten um auflerste Aminosaurereste
handelt, welche unabhangig voneinander ausgewahlt sind aus einem Asparaginsaurerest und einem Glutamins&u-
rerest, wobei ein erster Asparaginsaurerest oder Glutaminsaurerest der Asparaginsaurerest oder Glutaminsaurerest
ist, der am nachsten am N-Terminus des Polypeptids liegt, und der zweite duerste Asparaginsaurerest oder Glut-
aminsaurerest der Asparaginsaurerest oder Glutaminsaurerestist, der am nachsten am C-Terminus des Polypeptids
liegt, und die &uRersten Asparaginsaurereste und/oder Glutaminsaurereste durch wenigstens 25 % der Gesamtzahl
von Aminosauren in dem rekombinanten Gelatinepolypeptid getrennt sind.

Zelltragerteilchen nach Anspruch 3, wobei die rekombinant hergestellten Gelatinepolypeptide wenigstens einen
Asparaginsaurerest oder Glutaminsdurerest zwischen den duflersten Asparaginsaureresten und/oder Glutamin-
saureresten umfassen.

Zelltragerteilchen nach einem der vorangehenden Anspruiche, wobei Lysinreste an Asparaginsaure- und/oder Glut-
aminsaurereste gekoppelt sind.

Zelltragerteilchen nach Anspruch 5, wobei rekombinant hergestellte Gelatine unter Verwendung von 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimid (EDC) vernetzt wird.

Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei jeder Abschnitt von 50 Aminosauren der re-
kombinant hergestellten Gelatinepolypeptide wenigstens zwei Lysinreste umfasst.

Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei jeder Abschnitt von 50 Aminosauren der re-
kombinant hergestellten Gelatinepolypeptide wenigstens einen Aminosaurerest umfasst, der unabhangig vonein-

ander ausgewahlt ist aus Asparaginsaure oder Glutaminsaure.

Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei weniger als 10 % der Teilchen eine GroRe
aufweisen, die mehr als 20 % von der mittleren Grée der Teilchen abweicht.

Zelltragerteilchen nach einem der vorangehenden Anspriche, wobei im Wesentlichen keine Teilchen vorhanden
sind, welche mehr als 50 % von der mittleren Grof3e der Teilchen abweichen.
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Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei der Prozentsatz von RGD-Motiven, bezogen
auf die Gesamtzahl von Aminosauren in dem RGD-Motiventhaltenden rekombinant hergestellten Gelatinepolypep-
tid, wenigstens 0,4 betragt, und wenn das Collagenpolypeptid 350 Aminosauren oder mehr umfasst, jeder Abschnitt
von 350 Aminos&uren wenigstens ein RGD-Motiv enthalt.

Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei der Prozentsatz von RGD-Motiven wenigstens
0,6, vorzugsweise wenigstens 0,8, mehr bevorzugt wenigstens 1,0, noch mehr bevorzugt wenigstens 1,2 und am
meisten bevorzugt wenigstens 1,5 betragt.

Zelltragerteilchen nach einem der vorangehenden Anspriiche, wobei das Molekulargewicht der rekombinant her-
gestellten Gelatinepolypeptide zwischen 2,5 kDa und 150 kDa, vorzugsweise zwischen 10 kDa und 100 kDa und
mehr bevorzugt zwischen 20 und 75 kDa liegt.

Zelltragerteilchen nach einem der vorangehenden Anspriiche zur Verwendung als injizierbarer Zelltrager fir die
lokale Verabreichung von Zellen, wobei die Teilchen eine mittlere TeilchengréRe von weniger als oder gleich 200

wm aufweisen.

Zelltragerteilchen fir die Verwendung nach Anspruch 14, wobei die Zellen Myokardiozyten sind, welche an myo-
kardialen Narbengewebestellen verabreicht werden.

Zelltragerteilchen nach einem der Anspriiche 1-13 zur Verwendung als injizierbarer Zelltrager fir eine Gewebever-
mehrung oder plastische Chirurgie.

Zelltragerteilchen nach einem der Anspriiche 1-13 zur Verwendung in der kosmetischen Chirurgie.

Verwendung eines Zelltragerteilchens nach einem der Anspriiche 1-13 als ein Mikrotrager in einer in vitro-Zellkul-
tivierung.

Revendications

Particule support de cellule comprenant des polypeptides de gélatine produits de maniére recombinante et réticulés,
dans laquelle lesdits polypeptides de gélatine produits de maniére recombinante comprennent au moins deux
résidus de lysine, lesdits résidus de lysine étant des résidus de lysine extrémes ou un premier résidu de lysine
extréme est le résidu de lysine qui est le plus proche de la terminaison N du polypeptide et le second résidu de
lysine extréme est le résidu de lysine qui est le plus proche de la terminaison C du polypeptide et lesdits résidus
de lysine extrémes sont séparés par au moins 25 pour cent du nombre total d’acides aminés dans le polypeptide
de gélatine recombinant et ou les polypeptides de gélatine produits de maniére recombinante comprennent au
moins un motif RGD.

Particule support de cellule selon la revendication 1, dans laquelle les polypeptides de gélatine produits de maniére
recombinante comprennent au moins un résidu de lysine entre lesdits deux résidus de lysine extrémes.

Particule support de cellule selon la revendication 1 ou 2, dans laquelle les polypeptides de gélatine produits de
maniére recombinante comprennent au moins deux résidus d’acide aminé, lesdits deux résidus d’acide aminé étant
des résidus d’acide aminé extrémes, qui sont indépendamment choisis parmi un résidu d’acide aspartique et un
résidu d’acide glutamique, ou un premier résidu d’acide aspartique ou résidu d’acide glutamique est le résidu d’acide
aspartique ou résidu d’acide glutamique qui est le plus proche de la terminaison N du polypeptide et le second
résidu d’acide aspartique ou résidu d’acide glutamique extréme est le résidu d’acide aspartique ou résidu d’acide
glutamique qui est le plus proche de la terminaison C du polypeptide et lesdits résidus d’acide aspartique et/ou
résidus d’acide glutamique extrémes sont séparés par au moins 25 pour cent du nombre total d’acides aminés dans
le polypeptide de gélatine recombinant.

Particule support de cellule selon la revendication 3, dans laquelle les polypeptides de gélatine produits de maniére
recombinante comprennent au moins un résidu d’acide aspartique ou résidu d’acide glutamique entre lesdits résidus

d’acide aspartique et/ou résidus d’acide glutamique extrémes.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle les résidus de
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lysine sont couplés aux résidus d’acide aspartique et/ou d’acide glutamique.

Particule support de cellule selon la revendication 5, dans laquelle les polypeptides de gélatine produits de maniére
recombinante sont réticulés a I'aide de 1-éthyl-3-(3-diméthylaminopropyl)carbodiimide (EDC).

Particule support de cellule selon 'une quelconque des revendications précédentes, dans laquelle chaque étendue
de 50 acides aminés desdits polypeptides de gélatine produits de maniére recombinante comprend au moins deux
résidus de lysine.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle chaque étendue
de 50 acides aminés desdits polypeptides de gélatine produits de maniére recombinante comprend au moins un
résidu d’acide aminé indépendamment choisi parmi I'acide aspartique ou I'acide glutamique.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle moins de 10
pour centdesdites particules ontune taille qui s’écarte de plus de 20 pour cent de la taille moyenne desdites particules.

Particule support de cellule selon 'une quelconque des revendications précédentes, dans laquelle essentiellement
aucune particule, qui s’écarte de plus de 50 % de la taille moyenne desdites particules, n’est présente.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle le pourcentage
de motifs RGD liés au nombre total d’acides aminés dans le polypeptide de gélatine produit de maniere recombinante
contenant des motifs RGD est d’au moins 0,4 et si ledit polypeptide de collagéne comprend 350 acides aminés ou
plus, chaque étendue de 350 acides aminés contient au moins un motif RGD.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle le pourcentage
de motifs RGD est d’au moins 0,6, de préférence d’au moins 0,8, de maniére davantage préférée d’au moins 1,0,
de maniére davantage préférée d’au moins 1,2 et de maniére préférée entre toutes d’au moins 1,5.

Particule support de cellule selon I'une quelconque des revendications précédentes, dans laquelle la masse molé-
culaire desdits polypeptides de gélatine produits de maniére recombinante est comprise entre 2,5 kDa et 150 kDa,
de préférence entre 10 kDa et 100 kDa et de maniére davantage préférée entre 20 et 75 kDa.

Particule support de cellule selon 'une quelconque des revendications précédentes pour une utilisation en tant que
support de cellule injectable destiné a une distribution locale de cellules ou lesdites particules ont une taille moyenne

de particule inférieure ou égale a 200 pm.

Particule support de cellule pour l'utilisation selon la revendication 14, dans laquelle lesdites cellules sont des
myocardiocytes qui sont distribués au niveau de sites de tissu de cicatrice myocardiques.

Particule support de cellule selon I'une quelconque des revendications 1 a 13 pour une utilisation en tant que support
de cellule injectable destiné a 'augmentation du tissu ou la chirurgie plastique.

Particule support de cellule selon 'une quelconque des revendications 1 a 13 pour une utilisation dans la chirurgie
cosmétique.

Utilisation d’'une particule support de cellule selon I'une quelconque des revendications 1 a 13 en tant que micro-
support dans la culture de cellules in vitro.
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