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CROSSLINKED GELATIN HYDROGELS

The present invention is situated in the field of regenerative medicine,
and in particular relates to the regeneration of soft tissues. More specifically,
the invention relates to hydrogel matrices and their biomedical applications as
systems for the controlled release of medicaments or for cell culture, delivery
and implantation.

Background to the invention

Hydrogels are polymer materials suitable for use as substrates for the
regeneration of soft tissues due to their low mechanical characteristics and
high hydrophilicity. They are three-dimensional macromolecular polymer
networks, able to absorb a large quantity of aqueous solutions or biological
fluids, without being subject to solubilisation.

Among the various types of hydrogels, those containing gelatin have
proved to be very promising materials in the biomedical sector. Gelatin is a
product of natural origin, derived from collagen, which aids cell adhesion but
does not present immunogenicity under physiological conditions, is highly
biocompatible, completely resorbable in vivo, inexpensive and readily
available. The main drawback associated with gelatin is its low mechanical
properties, which limit its possible uses as a biomaterial in the
non-crosslinked state.

In fact, although gelatin can spontaneously form a gel in aqueous
solution at low temperature (< 5-10°C), it presents thermoreversible
behaviour, ie. it liquefies again at temperatures exceeding 30°C.
Consequently, in order for it to be used as a biomaterial in the biomedical
field, it is necessary to increase its stability and mechanical properties under
physiological conditions. The formation of inter- and intra-molecular covalent

bonds (crosslinking) is therefore important to improve some properties, such
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as density and solubility, to facilitate control of its degradation and the
possible release of substances in vivo, and in general to improve its thermal,
mechanical and chemical stability in a biological environment.

The scientific literature describes a number of methodologies for
crosslinking gelatin, using two different crosslinking methods, physical and
chemical.

Physical crosslinking, by UV irradiation or heat treatment, presents the
advantage of not introducing external chemical agents which are potentially
toxic for the body, but is not very effective, and makes it difficult to control
the crosslinking stability and density in the final matrix.

Chemical crosslinking includes the use of chemical agents, which are
divided into two classes: non-zero length (such as aldehydes, epoxides and
isocyanates) and zero length (such as acyl azides and carbodiimides), and
involves the formation of covalent bonds through a condensation reaction, as
described by Kuijpers A.J., et al., Journal of Biomaterials Science, Polymer
Edition 11 (3) 225-243, 2000.

State of the art

The literature describes products based on crosslinked gelatin and the
use of methylenebisacrylamide (MBA) as crosslinker. See for example A.J.
Kuijpers et al, ] Biomater Sci Polymer Edn, 2000, 11(3):225-24; P. Dubruel et
al, Biomacromolecules 2007, 8:338-344; S. Van Vlierberghe et al,
Biomacromolecules 2007, 8:331-337.

WO 2010/060104 A2 discloses semisolid implantable matrices
comprising a hydrogel, which are useful for carrying liposomes containing
bioactive materials to sites or tissues of interest. The matrix can consist of
various biodegradable materials, among which gelatin is mentioned, and can
also contain a crosslinker able to form a semisolid matrix with the hydrogel.

The various crosslinking agents mentioned  include  N,N’-
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methylenebisacrylamide (MBA). However, the document does not describe a
gelatin hydrogel crosslinked with N,N’-methylenebisacrylamide.

WO 2008/121422 A2 discloses semisolid implantable matrices
containing monocyte cells and comprising a material with the characteristics
of a hydrogel. Gelatin is mentioned among the various possible hydrogels. The
matrix can also contain a crosslinker, selected from a list that includes MBA.
Once again, the document does not disclose a gelatin hydrogel crosslinked
with N,N’-methylenebisacrylamide.

Sadeghi M et al, Materials vol. 4, no. 3 (p. 543-552) and Kumari M et
al, Journal of Applied Polymer Science, vol. 119 no. 1 (p. 363-370) report the
preparation of gelatin-based hydrogel crosslinked with MBA. In both cases,
the cross-linking reaction between gelatine and N,N’-methylenebisacrylamide
involves a radical mechanism and generates carbon-carbon non hydrolysable
bonds. In contrast, the Michael-type reaction according to the present
invention proceeds via a nucleophilic addition of free amino groups present in
the gelatin and the o3 unsaturated carbonyl group in the bisacrylamide.

Van Vlierberghe S et al, Biomacromolecules vol. 8 no. 2 (2007),
p. 331-337, disclose the reaction between gelatine B and methacrylic
anhydride, wherein the cross-linking takes place on the gelatine carbon-chain
without involving lisine moieties.

Description of the invention

The invention provides gelatin hydrogels crosslinked with
bisacrylamides obtained by functionalisation of primary or secondary amines,
which possess advantageous mechanical and stability properties in a
physiological environment and are particularly advantageous for use in cell
culture, growth and proliferation, for the controlled release of bioactive
molecules, and to promote tissue regeneration.

Specifically, subject of the present invention is gelatin hydrogels
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crosslinked with bisacrylamides of primary or secondary amines, obtainable
by a Michael-type addition reaction process via the nucleophilic addition of
free amino groups in gelatin (lateral lysine groups and the few terminal amine
groups) and the o3 unsaturated carbonyl group in the selected bisacrylamide,
said process comprising the following steps:

(a) reaction of gelatin with bisacrylamide in a water medium;

(b) purification of the product obtained at step (a);

(c) optional drying or lyophilization.

The bisacrylamides of primary or secondary amines are preferably
selected from N,N’-methylenebisacrylamide (MBA), N,N’-
ethylenebisacrylamide, bis-acryloylpiperazine and bis-acryloylcystamine
(CH2=CH- (C=0)-NH-S-S-NH-(C=0)-CH=CH2) (crosslinking agents).
Water-soluble  bisacrylamides  obtainable by  functionalisation of
homobifunctional oligomers such as polyoxyalkylenediamine using the
Schotten-Bauman reaction (N,N’-polyoxyalkylene bisacrylamide) can also be
used. The crosslinking agent N,N’-methylenebisacrylamide (MBA) is most
preferred.

The gelatin used to prepare the hydrogels according to the invention can
be of different origin. Type A gelatin is preferably used.

The reaction is conducted in the presence of a tertiary amine compound
with low molecular weight or an inorganic base to obtain a pH suitable for
deprotonation of the primary amine groups of the gelatin, and their activation
in the presence of the crosslinking agent.

The reaction 1is conducted in aqueous solution, using gelatin
concentrations ranging between 5 and 40% w/v, with a molar ratio of between
0.5 and 2.5 between the amine-equivalent groups present in the gelatin (mM
(NH,) lysine) and the acrylamide-equivalent groups present in the crosslinking

agent. The operations are performed at a temperature between 30 and 70°C,
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preferably between 40 and 50°C, in the presence of triethylamine (0.1 -
0.3 ml/g of gelatin), or a similar tertiary amine compound with a low
molecular weight such as triethanolamine, triethylenediamine or N,N,N’,
N’-tetraethylenediamine (TEMED), or an inorganic base, such as NaOH or
LiOH, preferably LiOH monohydrate. The crosslinking agent is added last to
the reaction mixture, under stirring. The reaction mixture is then transferred to
a stove thermostated at a temperature between 30 and 70°C, preferably
between 40 and 50°C, and left to react for between 4 and 24 hours, preferably
12 hours.

The hydrogels thus obtained are subjected to a washing process
specifically designed to eliminate any excess of the crosslinking agent and
other unreacted constituents, consisting of successive washes with pure
ethanol, 0.1M HCI solution, and finally with distilled water.

The hydrogels according to the invention can be stored in an aqueous
environment until use, or more preferably under anhydrous conditions, after
stove-drying to a constant weight or freeze-drying.

A further subject of the invention is therefore a composition containing,
in an aqueous medium or in dried form, a gelatin hydrogel crosslinked with a
bisacrylamide as defined above.

The hydrogels according to the invention are obtained under mild
conditions, thus avoiding high temperatures, organic solvents, or the use of
complex chemical reactions or compounds which can release potentially toxic
residues. The Michael addition reaction used to prepare the hydrogels
according to the invention is particularly advantageous because it can be
conducted at ambient temperature or just above, in a short time and in aqueous
solution.

In addition, the hydrogels of the invention can be hydrolysed in

physiological conditions and with a degradation kinetics suitable for tissue
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regeneration. The degradation of the amide groups occurs by hydrolysis in
physiologic conditions and it is induced by M+ mesomeric electron
delocalization from the secondary amino groups to the carbonyl groups in beta
position.

None of the gelatin crosslinking mechanisms previously reported in the
literature take place by the Michael addition procedure described in the
present invention.

The hydrogels according to the invention are insoluble in aqueous
solvents and are able to increase their volume and weight by up to 3 orders of
magnitude. They were characterised by stability tests in aqueous solutions and
in a physiological environment at 37°C (swelling and weight loss), and by
dynamic-mechanical characterisation.

The results of the dynamic-mechanical tests demonstrate that hydrogels
based on the gelatin according to the invention have better properties than the
comparison materials not containing gelatin.

The synthesis methodology used to prepare the hydrogels according to
the invention produces bio- and haemo-compatible matrices with much higher
stability in a physiological environment (over 35 days) than similar substances
already present on the market or undergoing trials.

The hydrogels according to the invention have advantageous characteristics
in terms of cytotoxicity and cytocompatibility in vitro which makes them suitable
for use as cell culture, growth and proliferation media. In particular, the hydrogels
according to the invention guarantee a micro-environment suitable for cell
adhesion and subsequent maintenance of the ideal conditions for the cell culture,
including adult stem cells isolated from adipose tissue.

A further subject of the invention is therefore the use of a crosslinked
gelatin hydrogel as defined herein, or of a composition containing it, for cell

culture, differentiation or proliferation.
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The hydrogels and compositions according to the invention can be used as
substrates to promote in vivo or in vitro regeneration of soft tissues, such as
adipose tissue, vascular tissue and skin. They are also useful in the field of
controlled release of medicaments, in particular polypeptides and active
biomolecules, such as growth factors. They are also suitable for use as cell carriers.

Further subjects of the invention are therefore a crosslinked gelatin hydrogel
as defined herein, containing a biologically active substance or cells, and the use of
a crosslinked gelatin hydrogel as defined herein, or of a composition containing it,
for in vitro regeneration of soft tissues, controlled release of medicaments,
polypeptides and active biomolecules, and as a cell carrier.

A further aspect of the invention relates to implantation or grafting of
tissues or cells, in particular adult stem cells isolated from adipose tissue,
wherein said cells are contained in a hydrogel as defined herein.

The invention will now be illustrated in greater detail by the following
examples.

Example 1 - Experimental synthesis procedure and examples of

products
All the reagents used were obtained from Sigma Aldrich: MBA, code

146072, type A porcine gelatin, code G2500-100G, hexamethylenediamine,
code H11696, and triethylamine, code T0886. The reaction solvent is distilled
water (Idrochimica Srl, Milan).

A material synthesised by substituting gelatin with an aliphatic diamine,
hexamethylenediamine (HEX), was used as comparison material; said material
is indicated by the code MBA/HEX.

Different hydrogels were synthesised by varying the quantity of the
reagents. For example, Table 1 shows three different synthesis methods. The
comparison product, not containing gelatin, is indicated by the code MBA/HEX.

The experimental procedure was as follows:
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A 15% solution (15SMBA47, 15SMBA23) or a 25% solution (25MBA47)
w/v of gelatin A in distilled water was poured into a Petri dish (=5 cm),
selected as reaction vessel, and heated to 50°C on a thermostated plate; 0.1 ml
of triethylamine was then added under stirring. MBA in the quantities reported

5 in Table 1 was added after 30 minutes, again under stirring at S0°C. After a
few minutes’ stirring, the synthesis mixture was transferred to a stove
thermostated at 50°C and left overnight. At the end, the product of reaction
underwent three successive washes: immersion for 12 hours in pure ethanol,
replaced with fresh ethanol every two hours; immersion in 0.1M HCI for one

10 hour; immersion in distilled water for 12 hours, with replacement every two
hours, followed by immersion in distilled water overnight.

When the washing process was finished, a manual punch of a diameter
suitable to obtain specimens of appropriate dimensions for the subsequent
characterisation tests was used.

15 Table 1: Codes and quantities of reagents used to synthesise the

different hydrogel samples

GELATIN type A MBA HEX TEA
hydrogel :

mg mM (NH, lysine) | mg mM mg mM | ml
MBA/HEX | - - 1000 | 6,490 | 367,52 |3,24 |0,1
15SMBA47 | 1000 | 0,31 47,8 0,310 |- - 0,1
25MBA47 | 1000 | 0,31 47,8 0,310 |- - 0,1
15SMBA23 | 1000 | 0,31 23,9 0,155 |- - 0,1

The estimate of the amine groups present in the gelatin was determined
experimentally by titration, according to the method described by Cayot P. et
20 al, Analytical Biochemistry 249, 184-200, 1997.

Example 2 - Swelling and weight loss tests

The tests were conducted on specimens with initial dimensions o=12

mm and h=5 mm, stove-dried at 30°C to constant weight. Three specimens
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were used for each type of hydrogel synthesised. The dry weight of each one
was measured before beginning the test. Each specimen was immersed in
distilled water and placed in a stove thermostated at 37°C throughout the
duration of the test. The time points considered were between 5 and 840 hours
(35 days). At each time point the specimens were weighed, and the weight
values in the dry and swollen states were used to calculate the weight

variation according to the following formula:

Wtimepom t— Wd?’y
; * 100
Wd?‘y

alWeignt % =
where Wimepoins 15 the swollen weight of the sample at the timepoint
considered and Wy, is the dry weight.

The weight variation of each type of hydrogel analysed was expressed
as the mean and standard deviation of the values obtained for the three
specimens of the same type.

The swelling process was conducted in distilled water and in buffered
saline solution (Phosphate Buffered Saline, PBS, pH=7.4, Sigma, P4417), to
establish the stability at physiological pH.

Figure 1 shows the weight variation values measured in PBS. All the
hydrogels based on gelatin/MBA proved stable in a physiological environment
in vitro for up to 35 days, presenting rapid swelling kinetics in the first few
hours of the test, reaching a plateau between 50 and 100 hours after
immersion, with no weight reductions for up to 35 days. The swelling value at
plateau was the greatest (approx. 800%) for the hydrogels synthesised under
the highest dilution conditions, whereas in the case of synthesis at higher
concentrations, the maximum swelling value remained around 550%. No
differences were observed between hydrogels synthesised with different
quantities of MBA, the concentration of the reaction mixture being equal.

Conversely, the comparison material (MBA-HEX) proved stable at the test
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times considered, but the swelling values were very low (not exceeding 50%).

Example 3 - Spectroscopic characterisation

The spectroscopic characterisation of the gelatin/MBA hydrogels was
performed by Fourier transform infrared spectroscopy (FTIR), using the Nicolet
6700 spectrometer (Thermo Electron Corporation). The analysis was conducted
with the Single Bounce-ATR (Attenuated Total Reflectance) accessory, which
allows the study of small surfaces. The samples analysed by FTIR were previously
stove-dried under vacuum at 37°C for 72 hours, in such a way as to eliminate from
the spectrum the contribution made by the water present in the specimens. The
FTIR analyses were conducted with the following experimental parameters:
spectral window = 4000-600 cm ', number of scans = 64, crystal = ZnSe.

IR spectroscopy allowed the presence of the bands relating to the
functional groups characteristic of formation of amide-amine bonds to be
verified (stretching of N-C bond of the secondary amines at 1220- 1047 cm’™
and tertiary amines at 1111-1087 cm™'; stretching of the C=0 of the amide
bond at 1548 cm™'; angle deformation of the N-H amide bond at 1642 cm™).
The IR spectra of the hydrogels obtained in example 1 are shown in Figure 2.

Example 4 - Mechanical properties

The mechanical properties of the gelatin/MBA hydrogels were studied
with a dynamic mechanical analyser (DMA mod. 2980, TA Instruments),
using mechanical compression tests in frequency sweep and stress relaxation
tests with subsequent strain recovery. All the mechanical tests were conducted
on cylindrical specimens (¢ = 5 mm, h = 3 mm) previously brought to a
swelling plateau in distilled water. Three specimens were characterised for
each formulation of the gelatin and MBA hydrogels and for the MBA/HEX
formulation used as comparator.

Mechanical compression tests

Compression tests were performed in frequency sweep (f = 0.5 - 10 Hz,
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T = 37°C, n = 10 cycles) at a constant temperature (37°C) to obtain the
complex modulus trend on variation of frequency. In particular, information
can be obtained about the real component of the complex modulus, known as
the conservative modulus (E’), which represents the energy accumulated in the
material and consequently correlated with its elastic behaviour, and the
imaginary component, called the dissipative modulus (E”), which represents
the dissipated energy linked to the viscous component of the material. The
E”/E’ ratio, called tan delta, allows the contribution made by the two
components to be evaluated on variation of the test parameters.

In the dynamic mechanical compression tests, the hydrogels according
to the invention presented conservative and dissipative modulus values that
varied according to their chemical composition. As shown in Table 2, the

conservative modulus (E’) was between 4 and 21 kPa.
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For all the gelatin-based hydrogels according to the invention, a
prevalence of the elastic component was observed as the stress frequency and
the number of test cycles increased, whereas for the control material, the
viscous component prevailed as frequency increased. This behaviour is clearly
shown in the graphs in Figure 3, which show the fan delta trend in three
different test cycles, on variation of the stress frequency for the comparison
material (MBA-HEX) and for hydrogel IS MBA23.

Stress relaxation and deformation recovery tests

Stress relaxation tests were conducted followed by recovery of
deformation in compression at 37°C. Constant deformation (5%) was applied
to the samples, and the trend over time of the stress required to maintain the
deformation value imposed was studied; when the deformation was removed,
the ability to recover the original size was studied. Five stress relaxation
cycles were performed, each followed by deformation recovery, to obtain the
stress and deformation trends over time.

Slight stress relaxation was observed for all the gelatin-based hydrogels
according to the invention, which remained constant for the 5 test cycles;
moreover, although residual deformation remained after the first cycle, it was
completely eliminated in the subsequent cycles. This behaviour indicates that
the elastic component prevails under cyclical or repeated stress conditions.
Conversely, the comparison material did not show a viscous component, but
appeared much weaker. For example, Figure 4 shows the trend of stress
relaxation in compression for the comparison material (MBA-HEX) and for
hydrogel 1SMBA23.

The dynamic mechanical test results indicate that the hydrogels based
on gelatin present the best overall properties compared with the comparison
material not containing gelatin. Synthesis conditions such that gelatin-based

hydrogels present a behaviour wherein the elastic component prevails over the
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viscous component can also be selected.

Example 5 - Tests of indirect cytocompatibility with cell line 1.929

In vitro cytotoxicity tests were performed to verify that no products
with low molecular weight and/or reaction residues were released. These
products, if present, can be released into the cell growth environment and
influence cell activity, even causing cell death.

The viability of murine fibroblasts in the L1929 line cultured for 24
hours in contact with culture medium wherein the hydrogels were immersed
for different times (eluted at 4-168h) was evaluated by MTT colorimetric
assay (M5655, Sigma).

The hydrogels proved not to be cytotoxic; in fact, cells cultured in the
presence of eluates obtained for up to 7 days’ immersion presented viability
levels not significantly different from those obtained for cells cultured in clean
culture medium (control), as shown in Figure 5.

Example 6 - Tests of interaction with adipose tissue stem cells

(ASC)

Tests of interaction in vitro with stem cells isolated from adipose tissue

obtained by liposuction from patients who underwent mastectomy were
performed. The ASC cells were isolated according to the protocol described
by Rigotti et al, Clinical treatment of radiotherapy tissue damage by
lipoaspirate transplant: a healing process mediated by adipose derived adult
stem cells, Plast Reconstr Surg. 2007; 119(5):1409-1422, by enzymatic
digestion of fatty tissue and centrifugation cycles. The cells were cultured on
the hydrogels, differentiation being induced by Adipogenic Induction Medium
(AIM) in Dulbecco’s Modified Eagle’s Medium DMEM (Ham’s F12 + 1%
Human Serum Albumin) and the cells subsequently being cultured in
Adipogenic Differentiation Medium (ADM) in DMEM (Ham’s F12 + 1%

Human Serum Albumin). Differentiation into adipocytes was studied by
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evaluating the presence of the lipid drops produced and detected by Oil Red O
staining (Sigma-Aldrich).

7 days after seeding, Oil Red O staining confirmed the differentiation
with adipocyte formation, as shown in Figure 6.

In view of the findings reported in the literature (Tanzi MC et al,
Adipose tissue engineering: state of the art, recent advances and innovative
approaches. Expert Rev Med Devices. 2009; 6(5):533-51), this result can be
considered very good.

Example 7 - Tests of interaction with human umbilical vein

endothelial cells (HUVEC)

The purpose of these cell interaction tests was to establish the
suitability of the hydrogels according to the invention to regenerate blood
vessels and, in general, for applications in contact with the cardiovascular
system.

Two different hydrogels were prepared: gelatin/MBA 25MBA47 and
15SMBA23.

After a purification procedure conducted under laminar-flow hood, the
samples (n = 3) were dried to constant weight and then swollen in an aqueous
solution containing 0.02% w/v of a recombinant elastin (HELP) with a similar
sequence to that of human elastin (Bandiera A, et al., Biotechnol Appl
Biochem. 2005; 42(Pt 3): 247-56), thus obtaining interpenetrating
gelatin/HELP lattices.

These hydrogels were then seeded with HUVEC cells (human umbilical
vein endothelial cells) cultured in Endothelial Cell Growth Medium MYV,
(basal medium; Promocell, Heidelberg, Germany). 48 hours after seeding, the
cultures were fixed with 4% v/v formalin and stained with toluidine blue.

Once again the results were very good: for all samples analysed, the

formation of a homogenous confluent single layer was observed (Figure 7),
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indicating the suitability of these matrices for applications involving the
reconstruction and treatment of vascular tissue.

Description of Figures

Figure 1 - Degree of swelling in a physiological environment at 37°C
of gelatin/methylenebisacrylamide hydrogels obtained with various
formulations, and of the comparison material MBA-HEX.

Figure 2 - FTIR spectra of three gelatin/MBA hydrogels obtained with
different formulations.

Figure 3 - trend of the tan delta parameter in three different test cycles,
on variation of stress frequency, for the comparison material (MBA-HEX) and
hydrogel 1SMBA23.

Figure 4 - Curves representing the trend of stress relaxation in
compression (5% constant deformation) for the comparison material (MBA-
HEX) and hydrogel 15SMBA23.

Figure 5 - Results of MTT viability assay performed on L929 cells in
contact with eluates obtained at different incubation times with the various
types of hydrogels. The data relating to the culture medium only are shown in
white.

Figure 6 - Oil Red O staining of ASCs differentiated into adipocytes on
a) 15SMBA23, and b) 15MBA47. Enlargement: 500X.

Figure 7 - HUVEC cultures on gel (A) 25MBA47 and (B) 15MBA23
conditioned with 0.02% w/v HELP 24 hours after seeding. Stain: toluidine

blue. Enlargement: 100X.
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CLAIMS

1. Hydrogel of gelatin cross-linked with bisacrylamides of primary or
secondary amines which are selected from N,N’-methylene-bisacrylamide
(MBA), N,N’-ethylene-bisacrylamide, bisacryloylpiperazine,
bisacryloylcystamine and N,N’-polyoxyalkylen-bisacrylamide, wherein said
hydrogel is obtainable by a Michael-type addition reaction process via the
nucleophilic addition of free amino groups in gelatin and the o, unsaturated
carbonyl group in the selected bisacrylamide, said process comprising the
following steps:

(a) reaction of gelatin with bisacrylamide in a water medium;

(b) purification of the product obtained in step (a);

(c) optional drying or lyophilisation.

2. Hydrogel according to claim 1, wherein the reaction of step (a)
comprises:

(a’) preparing an aqueous solution of gelatin at a temperature from 30 to
70°C in the presence of a tertiary amine compound or an inorganic
base, wherein the gelatin concentration is between 5 and 40%
wt/vol;

(b’) adding bisacrylamide to the solution obtained in (a’) in such an
amount that the molar ratio between the amino groups present in the
gelatin (mM (NH;) lysine) and the acrylamide groups present in the
bisacrylamide ranges from 0.5 to 2.5;

(c') heating the solution obtained in (b’) at a temperature of between 30
and 70°C for a time period of 4 to 24 hrs.

3. Hydrogel according to claim 1-2, wherein the purification of step (b)
comprises consecutive washings with ethanol followed by HC1 0.1 M and by

water.



10

15

20

25

WO 2012/164032 PCT/EP2012/060277
18

4, Hydrogel according to claim 1-3, wherein said bisacrylamide is
N,N’-methylene-bisacrylamide (MBA);

S. Hydrogel according to claims 1-4 wherein said tertiary amine is
triethylamine in amounts ranging from 0.1 to 0.3 ml per gram of gelatin.

6. Hydrogel according to any preceding claim, containing a
biologically-active substance or cells.

7. Composition containing a hydrogel according to claims 1-6 in an
aqueous medium or in dry form.

8. Hydrogel according to claims 1-6 or a composition according to claim 7
for use in the controlled release of drugs, polypeptides or active biomolecules.
0. Hydrogel or composition according to claim 8§, wherein said active
biomolecules are growth factors.

10.  Use of a hydrogel according to claims 1-6 or a composition according to
claim 8 for in vitro cell culture, differentiation or proliferation.

11. Use according to claim 10, wherein said cells are adult stem cells
isolated from adipose tissue and from human umbilical cord endothelial cells
(HUVEC).

12.  Use of a hydrogel according to claims 1-6 or a composition according to
claim 7 to support in vitro regeneration of a soft tissue.

13.  Use according to claim 12, wherein said soft tissue is adipose tissue,
vascular tissue or skin.

14.  Use of a hydrogel according to claims 1-6 or a composition according to
claim 7 as cell carriers.

15. Implant or grafting of a cell-containing an hydrogel according to claims

1-6 or a composition according to claim 7.
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Figure 2
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Figure 3
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Figure 4
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